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We strive and struggle 
to act out our self-assigned life roles, 

from jogger to blogger, 
from chief to thief, 

scurrying frantically beneath a singular sky, 
swimming furiously in a singular oxygen ocean. 

R. M. Howes, M.D., Ph.D. 
3/10/06 
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PROLOGUE 
 
 

Medicine’s magical aura carries within it 
visions of miraculous healings. 

Yet, closer inspection reveals a confusing cloud of  
old wife’s tales, superstitions, Shamanism,  

pseudo-scientific studies, statistical lies, 
unjustified trust, pharmaceutical greed, deadly pills,  

and questionable nostrums of all sorts. 
Holding this entire churning fog  

of screwed-up, conjured-up faux-facts together is  
the human bond of compassion, 

the glue of good intentions, 
the ever-influential placebo and  

the instinctive wisdom of the body. 
R. M. Howes, M.D., Ph.D. 

3/26/06 

 

In many ways, we are creatures modulated by our biochemical instincts and unable to 
change our physiological destinies.  Instincts of individual cells rapidly discuss their 
collective needs and sort through ingested food stuffs accordingly; normally, assimilating 
the essentials and discarding the un-needed.  Small dietary changes will make little 
difference.  Please remember that a hungry belly gives a human permission to violate any 
dietary regimen; in the animal world, it is a license to kill or cannibalize.  Our fatal flaw 
has been to believe that we can readily and easily change our biochemical signatures, 
only to be reminded that it is chiseled in cytoplasmic stone.  Our attempts to alter our 
fates have always come back to bite us in our presumptuous posteriors.  Our perceived 
successes are only temporary illusory mirages, arising from the dying thirst of trying to 
do better but which nature interprets as trying to interfere.  

 Instinct, the puppeteer, will ultimately pull most of the strings of life, which have been 
woven by genetics into the environmental fabric.  Compulsive attempts at controlling our 
destinies are an arduous, dangerous and at times, perhaps a futile evolutionary reflex.  
Ergo, we see the fanaticism of carbohydrate, fat or protein dieting.  We fantasize of a 
singular magic pill which is capable of giving us broad disease protection and of 
correcting wide ranging pathophysiologies.  Indeed, this is only a dream world.  Today, 
Pharma’s middle name is “harm.” 

We are a map of intertwined, twisting and writhing biochemical pathways and a cloudy 
condensate of speeding, blurred subatomic particles.  The continent of the body is ruled 
by the smallest of molecular species, electronically modified oxygen derivatives 
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(EMODs).  EMODs are not biological nomads but are tried and true travelers of the 
body’s cellular, tissue and organ mosaics.  As such, the tactician, hydrogen peroxide is 
allowed to roam the intracellular wilderness and extracellular expanse at will.  Singlet 
oxygen serves as a sentry and protoplasmic protector, by affecting neoplastic apoptotic 
execution. 

All chemical radicals have two faces, one for giving and one for taking, one for oxidation 
and one for reduction.  The metabolic mirror has the face of the other radical twin peering 
through from behind it, which conveniently lends itself to alternating oxidative states.  
Survival is about moral indifference and curing disease is about capitalization on 
opportunity and intellect utilization.  

Today’s scientific papers are filled with “fuzzy math and statistical chicanery” in 
attempts to garner some semblance of insight into the biochemically mysterious cell.  At 
times, it appears that we are willing to accept erroneous theories, if it will allow us to 
remain affixed to the governmental grant-teat for prolonged feeding.  We appear to have 
thought paralysis.  We must speak and question with impunity and not be afraid to put a 
suffocating foot onto the neck of another’s misguided theory.  In a world of 25,000 
journals, spewing out over a million papers per year, their collective pseudo-scientific-
vomitus rarely passes the smell test of veracity or the common sense test of clarity.  
Investigators fill pages with hyperbolic verbiage and fabricated charts and tables to 
support their myopic viewpoint, whilst readily ignoring the obvious.  Nothing could be 
more illustrative of this nonsensical situation than the incrimination of oxygen as being a 
ruthless killer of aerobes and biota. 

I believe that the free radical theory of oxidative stress and aging has outlived its time of 
usefulness and now serves only as a decaying red herring to obfuscate cognition and 
smear the path to scientific truth.  This is particularly true in the trumped up case of a 
cause and effect relationship between lipoprotein-cholesterol oxidation and 
cardiovascular disease, atherosclerosis and plaque formation.  The chemical kings-of-spin 
have convinced hordes of scientists that oxidative stress is “for real.” 

Basically, I can sum up the data concerning cardiovascular disease causation in the 
following few words:  “The literature is chock-full of conflicting, inconsistent and 
confusing data, which is frequently presented as absolute truths handed down by the man 
behind the curtain.  Researchers frequently lack the ability to see their results clearly and 
they paint over their studies with a translucent film of cheap mathematical make-up to 
hide their investigative imperfections.”   Yet, they hawk their faux-facts to stir up an 
internal civil war between the dark force of oxidation and the beneficent battalions of 
antioxidants. All the while, the so called battle between oxidants and antioxidants is only 
a war in a calculated world of perception….and nothing more. 

The metabolic and cardiovascular disease (CVD) predictive power of antioxidant criteria 
must be validated in clinical trials before it can be accepted.  This has not happened.  In 
fact, there is no predictive ability associated with the free radical theory of oxidative 
stress and aging. 
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Following years of intense investigation of the scientific literature, I now have "greater 
clarity and reduced uncertainty" about the impact of oxygen free radicals with the 
living/breathing cell.  The risks of unnatural EMOD (electronically modified oxygen 
derivatives) reduction, with antioxidants (scavengers, traps, quenchers, etc.), may well be 
greater than previously thought.  I believe that there exists a “tipping point” at which 
especially low EMOD levels (an insufficiency) allows for uncontrolled cellular 
proliferation.  Data from immunosuppressed patients clearly supports my view.  Thus, 
there is a need for real concern.  Double blind randomized controlled human studies 
started to indicate that the potential for antioxidant harm was a slumbering giant.  I 
believe that the behemoth has now been awakened, as indicated by increased risks for 
cancer, atherosclerosis, strokes and overall mortality.  

I believe that, in general, we fail to appreciate the fact that we swim beneath and within a 
sea of oxygen molecules, which constantly bathes all external and most internal parts of 
our being.  One in every five atmospheric molecules is an oxygen molecule.  We are 
continually immersed in this oxygen-ocean.  Thus, I do not accept the customary hoopla 
concerning the killer-toxicity of oxygen.  In fact, I empirically reject it. 
 
Additionally, I have written about the occurrence of bacterial vegetations on scarred or 
artificial heart valves and that I believe that the inability of these prosthetic valves to 
protect themselves with EMOD generation leads to the appearance of the bacterial 
growth.  I now further believe that a similar situation is responsible for the commonly 
recognized situation in which prosthetic materials surgically introduced into the body are 
niduses (nidi) for infection.  These prosthetic materials have a total lack of or an 
insufficiency of EMODs, because they can not produce them and consequently, they 
“allow” the development of bacterial infections.   
 
The scientific literature is replete with references to oxidation or radicals as being 
damaging or deleterious.  This is the direct effect of the flawed Free Radi-crap theory and 
to its carte blanche acceptance by the medico-scientific community. The history of free 
radicals illustrates this point clearly (The evolution of Free Radical Biology & 
Medicine: A 20-year history. Kelvin J. A. Davies and William A. Pryor. Free Radical 
Biology & Medicine 39 (2005) 1263–1290). 
 
In my 2005 monograph entitled, “Hydrogen Peroxide:  Scientific, Medical and 
Biochemical Overview,” I stated:  “Books with flamboyant titles, such as “Stop Aging 
Now” by Jean Carper and “Live Now, Age Later” by Isadore Rosenfeld, M.D, have 
misled the general population into believing that vitamins, antioxidants and dietary 
supplements can stop the aging process and prevent or reverse the diseases which 
commonly affect mankind.  To this I say, “Stop Jean Carper now.”   
 
As of 4/8/06 even the self appointed expert, Carper, is having second thoughts because of 
the preponderance of the current data.  She states, “If you’re avoiding eggs because you 
think they’ll raise your cholesterol, stop it.  Revisionist science says the anti-egg crusade 
was a mistake. In the 1960s, doctors thought cholesterol in food clogged arteries and that 
egg yolks were prime villains. But just because eggs themselves are high in cholesterol 
doesn’t mean they raise your blood cholesterol.  That idea has bitten the dust, says 
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Anthony L. Komaroff, M.D., in “Harvard Health Letter.”  I can only hope that Carper 
will update her slanted and erroneous opinion on antioxidants. 

Increasingly, the data points out the shortfalls of antioxidants and emphasizes the 
signaling and messenger activities of EMODs. Yet, the vitamin billion dollar supplement 
juggernaut pushes ahead.  Designer vitamin sales are now making half of the profits of 
the U.S. vitamin business. For many years, vitamins have been specially formulated for 
kids, seniors and animals or gender; the latest generation goes even further by targeting 
specific professions.  Among the first:  Health by Association’s Just for Teachers 
($19.95; teachersvitamins.com).  There are now multivitamin sprays, such as Homestead 
Market’s Micro Spray and even vitamin-charged chewing gum, like Amerifit Nutrition’s 
Vitaball.  Perhaps the most concerning of all is the genetic engineering which is presently 
being done to increase the antioxidant content of fruits and vegetables.  Yet, none of 
these manufacturers point out the dangers of the antioxidant vitamins.  Marketing has no 
conscience.  Hopefully, medicine still has ethical boundaries to protect our patients. 
 

Several large-scale, double-blind, placebo-controlled trials have shown convincingly that 
neither β-carotene nor vitamin E alone or in combination with other antioxidant vitamins, 
reduces the risk of fatal or nonfatal infarction (or other hard clinical end points) in an 
unselected population of people with established coronary heart disease (CHD) or at high 
risk of CHD.  Taking regular vitamin E supplements probably won't protect you from 
cancer or heart disease, according to a study on 7,030 patients in the Journal of the 
American Medical Association (Vol. 293, No. 11: 1338-1347, 2005). In fact, high doses 
appear to actually raise the risk of heart failure.  Research on nearly 40,000 healthy 
women showed no heart benefits from vitamin E pills and a study reported in November 
at the American Heart Association found that people taking high doses were 10% more 
likely to die of any cause than those taking smaller amounts.  In an editorial published 
with the study, University of Washington professors B. Greg Brown, MD, PhD, and John 
Crowley, PhD, say the work "effectively closes the door" on the idea that vitamin E will 
be of major benefit in preventing cancer or heart disease.   
 
However, I believe that these studies have “opened the door” on my Unified Theory 
and have shown that antioxidants lower EMOD levels and allow for increased 
diseases such as CVD and cancer.  Others’ studies, on over one million patients, 
have been run for me, showing support of my paradigm.  That is strong support. 
 
 

"As researchers and physicians,  
our most sacred criterion should be  

indisputable patient safety, and  
antioxidant therapy currently  

falls woefully short of this benchmark. 
R. M. Howes, M.D., Ph.D. 

3/17/06 
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Section 12.0 contains HIGHLIGHTS to this entire book.  Readers desiring a rapid 
read of important condensed facts can go to this section first or it can be utilized as 
a quick review of the entire book.   
 
 
 
 
1.0 INTRODUCTION        
 
Secondary to a perceived dangerously high cholesterol level, in 2002, I started taking 
Lipitor.  I had taken Pravachol for many years without any apparent problems.  However, 
within the first week of ingestion of Lipitor, my leg muscles were getting progressively 
sore and by the end of the first week, I could not raise my leg high enough to get on my 
motorcycle.  Needless to say, I stopped the Lipitor immediately and went to the internet 
to search for the answer to my symptoms.  To my surprise, I soon found that I was having 
a severe reaction to this statin drug, which was causing rhabdomyolysis in my leg 
muscles.  Fortunately, I had the common sense to promptly stop the Lipitor before 
permanent kidney damage had occurred.  This was the motivation to further my research 
into the shady world of cholesterol metabolism and the blurred world of oxygen free 
radical mythology.   
 
I quickly realized that I possessed limited scientific knowledge about cholesterol and 
statin drugs, other than the common misinformation and dogma provided on TV 
commercials and from drug detail salespeople.  In fact, I was shocked at the contrast 
between my commonly held views concerning elevated cholesterol levels, saturated fats 
vs unsaturated fats, obesity and the actual science underlying atherosclerosis and 
cholesterol biochemistry.  This experience jump-started my quest to become 
knowledgeable of this important area of medical science.    

1.0.1 Antioxidant Policy Statements and Recommendations 

Since the overwhelming preponderance of the lay and scientific literature implies that 
antioxidants are the cure-all for mankind’s ills, I want you to be aware of the actual 
scientific position and recommendations of our major medical organizations and of the 
results of major randomized, controlled clinical studies.  Not only do the antioxidants fail 
to prevent or cure our major pathophysiologies but they also have a potential for causing 
great harm.   

Both the American College of Cardiology and American Heart Association (AHA) in 
2002 and the AHA in 2004 state that “the scientific data do not justify the use of 

antioxidant vitamin supplements for CVD risk reduction.” 
 
In addition, the 2004 "Evidence-Based Guidelines for Cardiovascular Disease 
Prevention in Women (AHA)" concludes that antioxidant vitamin supplements 
should not be used to prevent CVD. 
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The American College of Cardiology/American Heart Association 2002 Guideline 
Update concludes that there is no basis for recommending that patients take 
vitamin C or E supplements or other antioxidants for the express 
purpose of preventing or treating coronary artery disease. 
 
The 2001 HDL-Atherosclerosis Treatment Study (HATS) showed that the addition of 
the antioxidant vitamins blunted the expected rise in the protective HDL-2 
cholesterol and apolipoprotein A1 subfractions of HDL. 
 
The 2002 Women’s Angiographic Vitamin and Estrogen Study (WAVE) showed 
some evidence of potentially adverse effects of antioxidant supplements 
on CVD with increased mortality and CVD. 
 
The Alpha Tocopherol Beta Carotene Cancer Prevention Trial reported an increase in 
cerebral hemorrhage for participants who were taking 50 mg of vitamin E daily. 
 
A 2005 meta-analysis of 19 clinical trials concluded that high-dosage ( 400 IU/d) 
vitamin E supplements may increase all-cause mortality and should be 
avoided (Miller). 
 
A meta-analysis of 15 studies in 2003 showed that clinical trials have failed to 
demonstrate a beneficial effect of antioxidant supplements on CVD 
morbidity and mortality (Vivekananthan). 
 
A 2005 study showed that there is enough evidence from large, well-designed studies 
to discourage the use of vitamin E in Parkinson's disease, cataract, and Alzheimer's 

disease (Pham). 
 
A 2005 study showed that available data do not support the supplementation of 
vitamin E in cardiovascular disease and cancer prevention (Pham). 
 
In 2002, the American Diabetes Association published a consensus statement which 
states, “There is no clear evidence of benefit from vitamin or mineral 

supplementation in people with diabetes who do not have underlying deficiencies.  
Routine supplementation of the diet with antioxidants is not advised because of 
uncertainties related to long-term efficacy and safety.” 
 
In a 2003 statement the USPSTF recommended that people do not take beta-carotene 

supplements to lower their chances of developing CVD or cancer. The USPSTF 
recommends neither for nor against taking vitamins A, C, or E; multivitamins with 
folic acid; or combinations of these vitamins for the primary purpose of preventing 
CVD or cancer. 
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The USPSTF recommends against the use of beta-carotene supplements, either 
alone or in combination, for the prevention of cancer or cardiovascular disease. In 2 
trials restricted to heavy smokers, beta-carotene supplementation was associated 
with higher incidence of lung cancer and higher all-cause mortality. 

A separate 2003 meta-analysis reported by researchers at Oregon Health and Science 
University who are affiliated with the Preventive Services Task Force also found no 
evidence that vitamins are useful in preventing cardiovascular disease (Annals of 
Internal Medicine 2003;139:56-70). 

As of 2003, the American Cancer Society does not recommend taking antioxidant 
vitamin supplements. "Overall, current knowledge makes it premature to generalize 
and make specific recommendations about antioxidant usage for those at high risk 
for cancer or undergoing treatment." 

In 2004, the Nutrition Committee of the American Heart Association Council on 
Nutrition, Physical Activity, and Metabolism concluded that the existing scientific 
database does not justify routine use of antioxidant supplements for the prevention 
and treatment of CVD. 

A variety of other large trials failed to show effect or actually suggested increased 
mortality with ß-carotene in the -tocopherol and ß-carotene (ATBC) trial (25,563 
men), the ß-Carotene and Retinol Efficacy Trial (CARET) (18,314 persons), and in 

studies of vitamin E including the ATBC trial, the Cambridge Heart Antioxidant 
Study (CHAOS) (2002 persons), the Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto miocardico (GISSI) (11,324 persons; this trial did, 
interestingly, show benefit of dietary supplementation with n-3 polyunsaturated 

fatty acids), the Heart Outcomes Prevention Evaluation (HOPE) Study (9,541 
persons), and the Heart Protection Study (HPS) (20,536 persons).   Please refer to 
section 2.6.5 “To Some, Antioxidants are a Religion” for specific references. 

Surprisingly, in contrast, in an article published on June 19, 2002, The Journal of The 
American Medical Association (JAMA) announced that all adults should take vitamin 
supplements to help prevent chronic diseases. 
 
 
Additionally, the literature abounds with glowing, careless accolades for the so called 
“proven benefits” of antioxidants. Please remember that, “Lipoprotein oxidation 
is critically important in allowing macrophages and other cells to 
remove lipids from the interstitial space, as modified lipoproteins are 
more readily cleared by scavenger receptors (which recognize the 
modified forms) than by the native LDL receptor.” 
 
As opposed to being a harmful event, LDL oxidation is needed for LDL cholesterol 
excretion. Exercise generates free radicals and oxidants that play a role in increasing 
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lipid peroxidation, as confirmed by the high levels of MDA, of serum lipids and 
fractions of membrane lipids.  Fifty-two male and female cases were selected with ages 
ranging from 35-65years. The control group consisted of 30 subjects. Measuring the 
maximal exercise capacity was done by using a motor driven treadmill or bicycle 
ergometer. There was a drop in post-exercise LDL level as well as a decrease in the 
levels of TG (triglycerides), total-cholesterol, and VLDL. HDL was only slightly 
increased in the post-exercise state (Lipid Profile and Lipid Peroxidation Pattern Pre and 
Post Exercise in Coronary Artery Disease. H. D. El-Yassin , N. M. A. Hasso, H.A. 
Airubayi. Turk J Med Sci 35 (2005) 223-228). I believe that this demonstrates that 
oxidation of LDL results in its being lowered through excretion and emphasizes the 
role of exercise and EMODs.  This supports my Unified Theory. 
 
Please refer to section 2.3 for a full discussion of antioxidant intervention studies. 

1.0.2 The Short Version 
 
Superoxide generated by the NADPH oxidase of phagocytes does not 
promote atherosclerosis in mice with either diet-induced or genetic 
forms of hypercholesterolemia. Despite the reduced lipid levels seen in CGD-
apoE-/- mice, lesion sizes were not reduced. Indeed, there was a nonsignificant 
13% increase in atherosclerosis (Impaired superoxide production due to a 
deficiency in phagocyte NADPH oxidase fails to inhibit atherosclerosis in mice. Kirk EA, 
Dinauer MC, Rosen H, Chait A, Heinecke JW, LeBoeuf RC. Arterioscler Thromb Vasc 
Biol. 2000 Jun;20(6):1529-35). 
 
Some of the following material was abstracted, excerpted or modified from:  Impaired 
superoxide production due to a deficiency in phagocyte NADPH oxidase fails to inhibit 
atherosclerosis in mice. Kirk EA, Dinauer MC, Rosen H, Chait A, Heinecke JW, 
LeBoeuf RC. Arterioscler Thromb Vasc Biol. 2000 Jun;20(6):1529-35. 

Superoxide generation by neutrophils, monocytes, and macrophages is of central 
importance in host defense and some believe that they may provide oxidants involved in 
the pathogenesis of atherosclerotic vascular disease (Heinecke JW. Oxidants and 
antioxidants in the pathogenesis of atherosclerosis: implications for the oxidized low 
density lipoprotein hypothesis. Atherosclerosis. 1998;141:1–15) (Ohara Y, Peterson TE, 
Harrison DG. Hypercholesterolemia increases endothelial superoxide anion production. J 
Clin Invest. 1993;91:2546–2551) (White CR, Brock TA, Chang L-Y, Crapo J, Briscoe P, 
Ku D, Bradley WA, Gianturco SH, Gore J, Freeman BA, Tarpey MM. Superoxide and 
peroxynitrite in atherosclerosis. Proc Natl Acad Sci U S A. 1994;91:1044–1048) (Rosen 
GM, Pou S, Ramos CL, Cohen MS, Britigan E. Free radicals and phagocytic cells. 
FASEB J. 1995;9:200–209).  

The major biochemical agent for superoxide production by these cells is the NADPH 
oxidase, a membrane-associated electron transport chain (Dinauer M. The respiratory 
burst oxidase and the molecular genetics of chronic granulomatous disease. Crit Rev Clin 
Lab Sci. 1993;30:329–369).  
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The integral membrane component of the oxidase, flavocytochrome b558, is composed of 
a large subunit, gp91-phox (glycoprotein91–phagocyte oxidase), and a small subunit, 
p22-phox. Multiple cytoplasmic subunits (p47-phox, p67-phox, p40-phox, Rac1, and 
Rac2) associate with the membrane species to provide the complete oxidase enzymatic 

activity. (De Leo FR, Ulman KV, Davis AR, Jutila KL, Quinn MT. Assembly of the 
human neutrophil NADPH oxidase involves binding of p67phox and flavocytochrome b 
to a common functional domain in p47phox. J Biol Chem. 1996;271:17013–17020) (Dusi 
S, Donini M, Rossi F. Mechanisms of NADPH oxidase activation: translocation of 
p40phox, Rac1 and Rac2 from the cytosol to the membranes in human neutrophils 
lacking p47phox or p67phox. Biochem J. 1996;314:409–412) NADPH oxidase directly 
reduces molecular oxygen (O2) to superoxide (O2

·-), with NADPH but not NADH as a 
cofactor according to the following chemical equation: 

NADPH+2O2 NADP++H++2O2
·- 

Dismutation of superoxide generates hydrogen peroxide, and both molecules are used 
to generate other reactive oxygen intermediates such as hypochlorous acid, hydroxyl 
radical, and peroxynitrite ion. The key role of the NADPH oxidase system in host 

defenses against microbial pathogens is illustrated by the clinical features of chronic 
granulomatous disease (CGD); in this genetic disorder, defects in components of the 
oxidase impair superoxide production, leading to recurrent bacterial and fungal infections 
(Meischl C, Roos D. The molecular basis of chronic granulomatous disease. Springer 
Semin Immunopathol.. 1998;19:417–434). The CGD phenotype has been reproduced in 
mice made deficient in gp91-phox or p47-phox. 

Several lines of evidence implicate superoxide in the pathogenesis of atherosclerosis 
(Berliner JA, Heinecke JW. The role of oxidized lipoproteins in atherogenesis. Free 
Radic Biol Med. 1996;20:707–727). One potential route involves the modification of 
LDL to oxidized LDL, which, unlike native LDL, exerts a wide variety of atherogenic 
effects in vitro and in vivo.  

Significantly, superoxide dismutase inhibits LDL oxidation (which generates H2O2) 
by cultured smooth muscle cells (Heinecke JW, Baker L, Rosen H, Chait A. Superoxide-
mediated modification of low density lipoprotein by arterial smooth muscle cells. J Clin 
Invest. 1986;77:757–761), endothelial cells (Steinbrecher UP. Role of superoxide in 
endothelial-cell modification of low-density lipoproteins. Biochim Biophys Acta. 
1988;959:20–30), and activated phagocytes (Hiramatsu K, Rosen H, Heinecke J, 
Wolfbauer G, Chait A. Superoxide initiates oxidation of low density lipoprotein by 
human monocytes. Arteriosclerosis. 1987;7:55–60) (Cathcart M, Chisolm GM III, Morel 
DW. Monocytes and neutrophils oxidize low density lipoprotein making it cytotoxic. J 
Leukoc Biol. 1985;38:341–350), all of which generate extracellular superoxide. 
Moreover, the lipids of LDL exposed to enzymatically generated superoxide are oxidized 
by reactions that require free or low-molecular-weight chelates of redox-active transition 
metal ions (Lynch SM, Frei B. Mechanisms of copper-dependent and iron-dependent 
oxidative modification of human low density lipoprotein. J Lipid Res. 1993;34:1745–
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1753). This requirement suggests that reactive intermediates derived from superoxide 

mediate LDL oxidation.  

Collectively, these results suggest that superoxide generated by cells of the artery 
wall could convert LDL into an atherogenic form in vivo.  However, proof of this has 
not followed and this study by Kirk et al. invalidates this approach. 

Excess superoxide is produced in arteries derived from cholesterol-fed rabbits, and 
endothelium-dependent vascular relaxation can be restored in such rabbits in part by 
treatment with superoxide dismutase (RMH Note:  This may be due to the generation 
of H2O2.) or probucol (Keaney JF Jr, Xu A, Cunningham D, Jackson T, Frei B, Vita JA. 
Dietary probucol preserves endothelial function in cholesterol-fed rabbits by limiting 
vascular oxidative stress and superoxide generation. J Clin Invest. 1995;95:2520–2529) 
((Mugge A, Elwell JH, Peterson TE, Hofmeyer TG, Heistad DD, Harrison DG. Chronic 
treatment with polyethylene-glycolated superoxide dismutase partially restores 
endothelium-dependent vascular relaxations in cholesterol-fed rabbits. Circ Res. 
1991;69:1293–1300). 

Recent studies suggest that reactive oxygen intermediates also promote smooth muscle 
cell proliferation (Griendling KK, Ushio-Fukai M. Redox control of vascular smooth 
muscle proliferation. J Lab Clin Med. 1998;132:9–15).  

Cultured vascular cells normally generate superoxide and hydrogen peroxide, and 
these intermediates have been proposed to regulate cell proliferation, hormone-induced 
hypertrophy, and apoptosis (Griendling KK, Ushio-Fukai M. Redox control of vascular 
smooth muscle proliferation. J Lab Clin Med. 1998;132:9–15) (Harrison DG. Endothelial 
function and oxidant stress. Clin Cardiol. 1997;20:11–17). The underlying mechanisms 
remain poorly understood, but they may involve elevation of intracellular calcium 

levels, activation of signaling pathways, and alteration of the redox status of critical 
intracellular or membrane-associated proteins. 

Superoxide also reacts with nitric oxide (NO). Released by endothelial cells lining the 
artery wall, NO plays a critical role in smooth muscle cell relaxation and regulation of 
vasomotor tone. Its reaction with superoxide occurs at a nearly diffusion-controlled rate, 
and the product is peroxynitrite (ONOO-), a potent oxidizing intermediate: 

O2
·-+NO ONOO- 

This reaction may contribute to atherosclerotic vascular disease by several different 
mechanisms. One relates to the ability of superoxide to directly scavenge NO, which may 
account for the defect in vascular relaxation observed in hypercholesterolemic animals 

and humans. Another potential mechanism involves LDL oxidation by peroxynitrite. 
Evidence that this mechanism may operate in vivo comes from the detection of elevated 
levels of 3-nitrotyrosine in LDL isolated from human vascular lesions (Leeuwenburgh C, 
Hardy MM, Hazen SL, Wagner P, Oh-ishi S, Steinbrecher UP, Heinecke JW. Reactive 
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nitrogen intermediates promote low density lipoprotein oxidation in human 
atherosclerosis. J Biol Chem. 1997;272:1433–1436).  

Because 3-nitrotyrosine is the stable end product of the reaction between peroxynitrite 

and the aromatic ring of free tyrosine, its detection in LDL raises the possibility that NO, 
by virtue of its ability to form reactive nitrogen intermediates, promotes atherogenesis. 
This scenario counters the well-established antiatherogenic effects of low levels of NO 
(Moncada S, Palmer R, Higgs E. Nitric oxide: physiology, pathophysiology and 
pharmacology. Pharmacol Rev. 1991;43:109–142) (Cooke JP, Tsao PS. Is NO an 
endogenous antiatherogenic molecule? Arterioscler Thromb. 1994;14:653–655). 

Overall, the contribution of reactive oxygen species produced via NADPH oxidase has 
potential for wide relevance to the etiology of atherosclerosis. In this report, Kirk et al 
used mice lacking gp91-phox to test the hypothesis that a deficiency in NADPH oxidase 
and therefore, in superoxide production protects against atherosclerosis in 

hypercholesterolemic mice. Surprisingly (to them), Kirk’s results showed that 
phagocyte NADPH oxidase is not needed for the initiation or 
progression of atherosclerosis in this animal model. 

Previous studies had demonstrated that peripheral blood neutrophils prepared from CGD 
mice failed to produce superoxide. In summary, in vitro studies have implicated a number 
of potential mechanisms whereby superoxide might contribute to atherosclerosis. These 
include LDL oxidation, scavenging of NO to produce peroxynitrite, and stimulation 
of proliferation of artery wall cells. Because of the multiple possibilities and the 
prominent role of macrophages in atherosclerosis, they expected that mice with defective 
NADPH oxidase would have less atherosclerotic plaque than wild-type mice. Instead, 
they found that the lack of functional NADPH oxidase failed to alter the average size 
of atherosclerotic lesions in C57BL/6 mice that were rendered hypercholesterolemic 
by a high-fat diet or a deficiency in apoE. 

One potential explanation is that superoxide may not play a leading role in initiating or 
advancing atherosclerosis. Indeed, most studies of superoxide have been carried out in 
vitro, which may have limited physiological relevance. For example, biochemical and 
pharmacological studies suggest that reactive nitrogen species derived from NO play a 
pathogenic role in acute arthritis (Amin AR, Abramson SB. The role of nitric oxide in 
articular cartilage breakdown in osteoarthritis. Curr Opin Rheumatol. 1998;10:263–268). 

 However, experimental arthritis is more pronounced in mice that lack the 
inducible form of NO synthase than in control animals, suggesting that NO 
actually exerts anti-inflammatory effects in vivo (McInnes IB, Leung B, Wei XQ, 
Gemmell CC, Liew FY. Septic arthritis following Staphylococcus aureus infection in 
mice lacking inducible nitric oxide synthase. J Immunol. 1998;160:308–315). This 
supports my Unified Theory and my proposal for an EMOD insufficiency syndrome 
which affects cancer, atherosclerosis, diabetes, arthritis, obesity and cataracts. 
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According to Kirk et al, a second explanation is that alternative pathways exist for 

superoxide production. For example, cultured nonphagocytic vascular wall cells and 
aortic tissue produce superoxide, monitored as lucigenin-dependent chemiluminescence. 
The biochemical mechanism may involve xanthine oxidase, mitochondrial oxidative 
phosphorylation, arachidonic acid metabolism, cytochrome P450, Mox1, or an NAD(P)H 
oxidase. The latter enzyme system has been only partially characterized. It bears 
similarities to the NADPH oxidase of phagocytes, although it does not require gp91-phox 
for activity. Its preference for NADH as a source of reducing equivalents serves as its 
distinguishing feature.  

Mox1 has been recently characterized from human and rat tissues and is a homolog of 
gp91-phox. Cells transfected with mox1 generate superoxide, with consequences that 
include alteration of cell growth and diminished aconitase activity. The tissue distribution 

of mox1 differs from that of gp91-phox and includes rat aortic vascular smooth muscle 
cells. Thus, we tested whether mox1 mRNA could be found in mouse aortic tissue and 
whether or not expression was influenced by the loss of gp91-phox. Kirk et al have 
shown for the first time that mox1 mRNA is present in mouse aortas. They also found no 
overall differences in the levels of mox1 mRNA between apoE-/- and CGD-apoE-/- mice, 
suggesting that the mox1 and NADPH oxidase superoxide-generating systems may be 
independently regulated. The presence of mox1 in aortic tissue raises the possibility that 

superoxide generated by this enzyme plays a role in atherogenesis. Collectively, data 
show that superoxide produced by NADPH oxidase found in the plentiful collection of 
phagocytes in mouse plaques fails to influence atherosclerosis in mice, but that multiple 
other sources of superoxide exist in arterial tissue, which may contribute to atherogenesis. 
I believe that the overall redox status of the specific area or site will prove to be of 
utmost importance and please remember that the redox status can be a rapidly 
changing quantity. 

Cultured vascular wall cells can also generate superoxide by a pathway that involves 
autoxidizing thiols. For example, incubating smooth muscle cells in medium free of L-
cystine (the disulfide form of L-cysteine) inhibited both superoxide production and LDL 

oxidation. Adding L-cystine back to the medium reversed both effects. This observation 
led to the proposal that smooth muscle cells take up L-cystine and reduce it to a thiol, 
which moves out of the cell. Autoxidation of the thiol then generates superoxide, which 
mediates LDL oxidation when metal ions are present. The ability of thiols to oxidize LDL 
in the absence of cells supports this proposal (Heinecke JW, Kawamura M, Suzuki L, 
Chait A. Oxidation of low density lipoprotein by thiols: superoxide-dependent and -
independent mechanisms. J Lipid Res. 1993;34:2051–2061).  

Moreover, cultured macrophages and endothelial cells use an L-cystine–dependent 
pathway to generate extracellular thiol and to oxidize LDL. This pathway may be 
physiologically relevant because premature atherosclerosis and endothelial 
denudation are common in people with homocystinuria, a genetic disorder that greatly 
elevates levels of plasma homocysteine (Welch GN, Loscalzo J. Homocysteine and 
atherothrombosis. N Engl J Med. 1998;338:1042–1050). 
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Tribble et al recently examined the physiological role of intracellular superoxide 
production in atherosclerosis by using transgenic mice that overexpress CuZn 
superoxide dismutase. These mice were backcrossed onto the C57BL/6 background and 
fed an atherogenic diet for 18 weeks. As in Kirk’s experiments, there were no differences 

in lesion area between the transgenic and wild-type mice. In fact, superoxide 
dismutase activity was correlated positively with lesion size in the 
transgenic mice. The authors concluded that overexpression of superoxide 
dismutase failed to produce the expected antiatherogenic effect (Tribble DL, Gong 
EL, Leeuwenburgh C, Heinecke JW, Carlson EL, Verstuyft JG, Epstein CJ. Fatty streak 
formation in fat-fed mice expressing human copper-zinc superoxide dismutase. 
Arterioscler Thromb Vasc Biol. 1997;17:1734–1740). I believe that this is another 
example of a failed antioxidant enzyme study. 

Because CuZn superoxide dismutase is a cytosolic enzyme, these observations suggest 

that intracellular sources of superoxide are unlikely to play a critical role in 
atherosclerosis, at least in this animal model. 

Although their wild-type and CGD mice had lesions of similar size, they found 1 
difference pertaining to the lack of functional NADPH oxidase. Both total cholesterol 
and triglyceride levels were lower in the CGD-apoE-/- mice than in the apoE-/- mice. 
Both groups of animals had been bred on the C57BL/6 background, making it unlikely 

that other genetic differences can account for the discrepancy in lipid levels. One 
complication is that most of our CGD-apoE-/- mice appeared to have lung granulomas. 
The mice were housed in modified, specific pathogen-free conditions in microisolator 

cages, and long-term treatment with antibiotics did not seem warranted on the basis of 
observations in C57BL/6 mice lacking gp91-phox. Despite the modest lung and spleen 
pathologies, the CGD-apoE-/- mice appeared healthy and had weight gains comparable to 
those in apoE-/- mice.  

Therefore, the differences in lipid levels were unlikely to be due to acute illness, which 
would be expected to elevate rather than lower triglyceride levels (Feingold KR, Soued 
M, Adi S, Staprans I, Neese R, Shigenaga J, Doerrler W, Moser A, Dinarello CA, 
Grunfeld C. Effect of interleukin-1 on lipid metabolism in the rat: similarities to and 
differences from tumor necrosis factor. Arterioscler Thromb. 1991;11:495–500). It is 
noteworthy that reactive species have been implicated in signal transudation, raising the 
possibility that the NADPH oxidase modulates lipoprotein metabolism.  

Despite the reduced lipid levels seen in CGD-apoE-/- mice, lesion sizes were not reduced. 
Indeed, there was a nonsignificant 13% increase in atherosclerosis when 
lesion area was normalized to plasma cholesterol levels in the CGD-apoE-/- mice, making 
it unlikely that NADPH oxidase plays an important role in the etiology of atherosclerosis. 
I believe that this supports my contention that sufficient EMOD levels are necessary 
to prevent accumulation of plaque microaggregates.  

In summary, Kirk et al’s results suggest that superoxide production by the NADPH 
oxidase of phagocytes is not of central importance in the initiation or progression of 
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atherosclerosis in hypercholesterolemic C57BL/6 mice. This observation mirrors findings 
from mice that overexpressed CuZn superoxide dismutase, suggesting that 
intracellular production of superoxide also is not pertinent to lesion 
formation. 

Kirk’s work, indicating that atherosclerosis plaque formation is not related to intracellular 
EMOD levels, is supported by the studies on a million-plus patients who have 
participated in failed antioxidant studies aimed at preventing or reversing atherosclerosis. 
Clearly, EMOD production can be separated from formation of atherosclerotic 
plaques. 

Some of the following were comments by Schultz and Harrison on Kirk’s study: 

Schultz and Harrison state that Kirk et al, in Arteriosclerosis, Thrombosis, and Vascular 
Biology, have provided us with an extraordinarily important study addressing the 
relative importance of the NADPH oxidase and the role of macrophage-derived 
superoxide in the atherosclerotic process. These investigators examined the development 

of atherosclerotic lesions in 2 different experimental settings. In one, both control mice 
and mice lacking gp91phox were fed atherogenic diets. In these animals, the high-fat diet 
resulted in similar increases in plasma lipids, and the development of atherosclerotic 

lesions was identical between the control and the gp91phox-deficient mice. A genetic 
cross between the gp91phox knockouts and apoE knockouts produced offspring with a 
small but nonsignificant decrease in plasma lipid levels versus gp91phox–apoE(+/+) 
controls but again, showed no change in atherosclerotic lesion size (Quest for Fire. 
Seeking the Source of Pathogenic Oxygen Radicals in Atherosclerosis. David Schultz; 
David G. Harrison. Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:1412).  

The article by Kirk et al represents a significant advance in our understanding of 
atherosclerosis. The study clearly shows that the macrophage NADPH oxidase is not 
critical in the development of atherosclerosis. However, it is impossible to conclude 
that oxidative processes can be excluded as having a role in atherosclerosis.  

Several different reactive oxygen intermediates can be shown in vitro to initiate lipid 

oxidation and peroxidation. These include superoxide, hydrogen peroxide, 
peroxynitrite, hypochlorous acid, and the hydroxyl radical. In the case of severe 
hypercholesterolemia, as produced in the cholesterol-fed mice or the apoE-deficient mice 
studied by Kirk et al, it is quite likely that many different ROS, derived from many 
different sources, can react with the abundant lipoproteins that accumulate in the vessel 
wall.  

Alternatively, lipoxygenase enzymes react with esterified fatty acids to directly form 
the lipid alkoxyl radical (LO·). This lipid radical can react with molecular oxygen to 
form a lipid alkylperoxyl radical (LOO·). In this manner, lipoxygenase may initiate 
lipid peroxidation without forming superoxide or any of superoxide’s reactive 

products. Of substantial importance, a 12-lipoxygenase–deficient mouse has been 
created and crossed with the apoE-deficient mouse. Mice lacking both the apoE gene and 
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the lipoxygenase gene had a dramatic reduction in atherosclerotic lesions compared with 

mice lacking the apoE gene only (Tillman C, Witztum JL, Rader DJ, Tangirala R, Fazio 
S, Linton MF, Colin D. Disruption of the 12/15-lipoxygenase gene diminishes 
atherosclerosis in apo E-deficient mice. J Clin Invest. 1999;103:1597–1604). Thus, it is 
possible that in the normal situation, superoxide (and other radicals) derived from the 
phagocytic NADPH oxidase contributes to lipid oxidation, but when this enzyme is 
absent, other sources are perfectly capable of filling the bill. 

Another lesson that has repeatedly been hammered home from studies of knockout mice 
is that substantial redundancy exists in biology, and deletion of 1 enzymatic pathway 
often leads to compensation by 1 or more alternative pathways.  

Lipoprotein oxidation is critically important in allowing macrophages 
and other cells to remove lipids from the interstitial space, as modified 
lipoproteins are more readily cleared by scavenger receptors (which 
recognize the modified forms) than by the native LDL receptor. Thus, 
lipoprotein oxidation is a normal adaptive process, and it would not be 
surprising to find that this occurs via several pathways. Again, I believe that oxidation 
of the microaggregates allows for the excretion of the modified cholesterol products 
and protects against CVD. 

On a lighter note, the burning of carbon-based fuel is an oxidation reaction. In 1982, an 
excellent movie was released, Quest for Fire, directed by Jean-Jacques Annaud. This film 
depicted a prehistoric odyssey of early man, searching far and wide for fire, which was 
clearly important for survival. Today, we are continuing to look for little fires, in the form 
of oxidation reactions occurring in the vessel wall, with the ultimate goal of stamping 
them out. This quest is made difficult by the elusive nature of their sources and by the 
likelihood that several sources exist. Hopefully, we will be as successful as the 
protohumans in Quest for Fire, who eventually found their fire, learned to control it, and 

evolved to our present state (Quest for Fire. Seeking the Source of Pathogenic Oxygen 
Radicals in Atherosclerosis. David Schultz; David G. Harrison. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2000;20:1412). I believe that these oxidative fires 
are essential for homeostasis, prooxidant protection and oxidative self healing. 
Oxidation is essential for aerobic life. 

1.1 CVD Background 

Reportedly, there are 350,000 births and 150,000 deaths each day world wide.  
Atherosclerotic cardiovascular disease results in >19 million deaths annually, and 
coronary heart disease (CHD) or cardiovascular disease (CVD) accounts for the majority 
of this toll.  

According to a report on 4/6/06, each year cardiovascular disease kills 13 million people 
in developing third world countries, almost triple the number who dies from AIDS, 
tuberculosis and malaria combined, researchers said Wednesday. Cardiovascular disease 
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— including heart disease, heart failure and stroke — is the world's biggest killer, and it 
often strikes people in their prime working years of 35 to 64. 

In China, deaths from cardiovascular disease have skyrocketed alongside the country's 
rapid economic development, making it the No. 1 killer — fueled by smoking, high blood 
pressure, diabetes and obesity, said Dr. Runlin Gao, a cardiologist at Fu Wai Hospital. 
"The total disease burden of cardiovascular disease in China is higher than in the United 
States and most other Western countries," he said. "Cardiovascular disease has been 
the leading cause of deaths in China since the 1990s." 

In many developing countries, growing prosperity has led to vast changes in diet and 
lifestyle. Easy access to cheap, fatty foods along with migration from rural farming areas 
into cities has altered the way many people live. Dean Jamison, a health economics 
professor at the University of California, San Francisco, said taxing tobacco and reducing 
trans fat in foods, as the Dutch have done, are effective government interventions to help 
lower cardiovascular disease risk factors. 

While the number of male smokers has dropped in China from 61 percent to 54 percent 
over the past two decades, Gao said cigarette-smoking continues to rank as the country's 
highest contributor to cardiovascular disease. 

Cardiovascular diseases (CVD)—coronary artery disease, hypertension, congestive heart 
failure, and stroke—are the leading cause of death and disability in the Western world. In 
the United States, the CVD death toll is nearly one million each year, and in 2002 the 
estimated cost of CVD treatment was $326.6 billion (Lefkowitz RJ, Willerson JT. 
Prospects for cardiovascular research. JAMA. 2001; 285: 581–587). To provide early 
prognosis and better therapies for preventing and curing these diseases, an understanding 
of the basic pathophysiologic mechanisms of CVD is essential. Despite major advances in 
treatment of coronary heart disease patients, a large number of victims of the disease who 
are apparently healthy die suddenly without prior symptoms. Available screening and 
diagnostic methods are insufficient to identify the victims before the event occurs. 
The recognition of the role of the vulnerable plaque has opened new avenues of 
opportunity in the field of cardiovascular medicine. This consensus document 
concludes the following. Rupture-prone plaques are not the only vulnerable plaques. 
All types of atherosclerotic plaques with high likelihood of thrombotic complications 
and rapid progression should be considered as vulnerable plaques. 

Vulnerable plaques are not the only culprit factors for the development of acute coronary 

syndromes, myocardial infarction, and sudden cardiac death. Vulnerable blood (prone to 
thrombosis) and vulnerable myocardium (prone to fatal arrhythmia) play an important 
role in the outcome. Therefore, the term "vulnerable patient" has been proposed to be 
more appropriate now for the identification of subjects with high likelihood of developing 
cardiac events in the near future.  

Recently developed assays (eg, C-reactive protein), imaging techniques (eg, CT and 
MRI), noninvasive electrophysiological tests (for vulnerable myocardium), and emerging 
catheters (to localize and characterize vulnerable plaque) in combination with future 
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genomic and proteomic techniques will guide us in the search for vulnerable patients. It 
may lead to the development, which might ultimately reduce the incidence of acute 
coronary syndromes and sudden cardiac death (From Vulnerable Plaque to Vulnerable 
Patient. A Call for New Definitions and Risk Assessment Strategies: Part II. Morteza 
Naghavi, et al. Circulation. 2003;108:1772 ).  I believe that the essential role of oxygen 
and EMODs has been essentially overlooked in the etiology, management and 
treatment of CVD. 

During the past decade, our understanding of the pathophysiology of coronary artery 
disease (CAD) has undergone a remarkable evolution. These advances have altered our 

concepts of and clinical approaches to both the chronic and acute phases of CAD. 
Previously considered a cholesterol storage disease, we currently view 
atherosclerosis as an inflammatory disorder, which I view as a disease of hypoxia. 
The appreciation of arterial remodeling (compensatory enlargement) has expanded 
attention beyond stenoses evident by angiography to encompass the biology of 
nonstenotic plaques. Revascularization effectively relieves ischemia, but we now 

recognize the need to attend to nonobstructive lesions as well. Aggressive management of 
modifiable risk factors is thought to reduce cardiovascular events and should accompany 
appropriate revascularization.  

It is now believed that disruption of plaques that may not produce critical stenoses cause 
many acute coronary syndromes (ACS). The disrupted plaque represents a "solid-state" 
stimulus to thrombosis. Alterations in circulating prothrombotic or antifibrinolytic 

mediators in the "fluid phase" of the blood can also predispose toward ACS.  

Recent results have established the multiplicity of "high-risk" plaques and the widespread 
nature of inflammation in patients prone to develop ACS. These findings challenge 
traditional views of coronary atherosclerosis as a segmental or localized disease. Thus, 
treatment of ACS should involve 2 overlapping phases: first, addressing the culprit lesion, 
and second, aiming at rapid "stabilization" of other plaques that may produce recurrent 
events (Pathophysiology of Coronary Artery Disease. Peter Libby, MD; Pierre Theroux, 
MD. Circulation. 2005;111:3481-3488).  Further, I believe that EMOD biochemistry 
should be at the forefront of CVD treatment. 

For almost fifty years, the lipid hypothesis or “diet-heart” idea has dominated 
medical thinking about heart disease. This theory proposes that when we eat foods rich 
in saturated fat and cholesterol, cholesterol or oxidized cholesterol is then deposited in 
our arteries in the form of plaque or atheromas that cause blockages. If the blockages 
become severe, or if a clot forms that cannot get past the plaque, the heart is starved of 
blood and a heart attack or a stroke occurs. 

You may know that the cholesterol that our bodies make, and that which we get 
from traditional foods, likely does not cause heart disease, unless you have familial 
hypercholesterolemia. Yet, unrestrained advertisers and marketers continue to push the 
false impression that cholesterol is causative of cardiovascular disease.  Many 
distinguished scientists have pointed to serious flaws in this theory, not the least of which 
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is the fact that heart disease in America has increased during the period when 
consumption of saturated fat has decreased. "The diet-heart idea," said the distinguished 
George Mann "is the greatest scam in the history of medicine." The number of dissidents 
continues to grow, even as this increasingly untenable theory has been applied to the 
whole population, starting with low fat diets for growing children and mass 
medication with cholesterol-lowering drugs being pushed on adults.  

So, what causes heart disease? Actually, we do have some clues; and these clues present 
such a complicated picture, that it is nearly beyond the abilities of dedicated scientists to 
unravel them. However, I believe that the picture is not so complex that the average 
consumer can still make reasonable life-style adjustments to somewhat improve his 
chances.  In my opinion it basically all comes down to “Eat less, exercise more and do 
all things in moderation, while avoiding extremes of physical or mental stress.” 

Atherosclerosis claims more lives than all types of cancer combined.  The loss of 
heart and brain function as a result of reduced blood flow is termed heart attack and 

stroke, respectively, and these two clinical manifestations of atherosclerosis are often 
referred to as coronary artery disease and cerebrovascular disease and are commonly 
referred to by the collective term cardiovascular disease (CVD).   

Coronary Heart Disease (CHD) is different in that it is not a single disease, but a 
complex of diseases of varied etiology. Some of the recognized causes of heart disease 
include damage to the heart muscle or valves due to a congenital defect; or to 
inflammation and damage associated with various viral, bacterial, fungal, rickettsial or 
parasitic diseases. Rheumatic fever or syphilis can lead to heart disease, as can genetic or 
autoimmune disorders in which cellular proteins in the heart muscle are deranged or 
which disrupt enzymes affecting cardiac function.  I believe that anything which alters 
the ability of the vascular cells to produce a sufficiency of EMODs will lead to heart 
disease. 

These factors probably contributed to most cases of heart disease recorded in the early 
part of the century, when rates of infectious diseases were much higher and antibiotics 
were not in use. Nevertheless, heart disease was seemingly relatively rare in 1900, 
accounting for approximately 8 percent of all deaths in the US. Myocardial infarction 
(MI) was almost nonexistent in 1910 and caused no more than 3,000 deaths per year in 
1930. 

But by 1950, CHD was the leading cause of mortality in the US, causing more than 30 
percent of all deaths, and the figure has been climbing ever since and continues to climb 
in actual number of deaths. Today CHD accounts for about 45 percent of all deaths. The 
incidence rose most precipitously between 1920 and 1960. Since that time, mortality rates 
from CHD have declined somewhat. This means that victims of heart disease are living 
longer, due perhaps to improved surgical techniques, the advent of angioplasty and the 
use of anti-clotting drugs given to heart attack victims. But the morbidity rates and the 
incidence of heart disease continue to rise, although at a lower rate than before. Of 
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greatest concern is the high rate of heart disease in American men between the ages of 45 
to 65, which is a period of extreme stress and great family and career responsibilities. 

Dr. Dudley White, inventor of the electrocardiograph machine, stated the following 
during a 1956 American Heart Association televised fund-raiser: "I began my practice as 
a cardiologist in 1921 and I never saw an MI patient until 1928." By 1960, there were 
at least 500,000 MI deaths per year in the US. Rates of stroke have also increased 
and the cause is similar—blockage in the large arteries supplying the brain with blood, 
which blocks delivery of oxygen. 

It was previously believed that the factors that initiate a heart attack (or a stroke) are 
twofold. One is the pathological buildup of abnormal plaque, or atheromas, in the 
arteries, plaque that gradually hardens through calcification. Blockage most often occurs 
in the large arteries feeding the heart or the brain. This abnormal plaque or 
atherosclerosis should not be confused with the fatty streaks and thickening that is 
found in the arteries of both primitive and industrialized peoples throughout the 
world. Some believe that this thickening is a protective mechanism that occurs in 
areas where the arteries branch or make a turn.  Please remember that the diameter 
of the blood vessel increases up to a 40-50% occlusion, such that the same amount of 
blood is carried by the vessel and remember that the smaller plaques are the more 
dangerous ones and more likely to rupture.  Also, please remember that 
approximately 45% of new born infants can have fatty streaks of the aorta. 

The other factor of the myocardial infarction (MI) equation is the blood clot or thrombus 
that blocks blood flow to the heart or brain.  Yet a heart attack due to a clot or a 
vasospasm can occur even in the absence of arterial blockages. A relatively new view 
of coronary artery disease is that it is an inflammatory process, characterized by cycles of 
irritation, injury, healing and reinjury inside the blood vessel. The inflammatory response 
is actually a defense mechanism that helps the body heal but when the inflammatory 
process goes awry, plaques may rupture, provoking clots that lead to heart attacks.  

At this point I need to discuss the term “injury,” which is physical damage or harm 
to a part of the body.  I believe that by definition, injury implies that damage has 
occurred for the EMOD production of the vascular wall and this allows for the 
accumulation of the particulate microaggregates which form plaque.  Obviously, in 
no instance, does injury improve the EMOD capabilities of the vascular wall.  This 
is the common thread to the many etiologies of atheroma formation, plaque 
formation, bacterial vegetations, etc.  

Thus, our bodies respond oxidatively to injury, which is the primary method that it has 
available to it.  Oxidation is a response to injury, an attempt to heal and to restore the 
vascular wall biochemistry to its pre-injury condition.  Plaque buildup is a manifestation 
of vascular wall biochemical injury.  Thus, I believe that our efforts should be aimed at 
avoiding vascular injury and at restoring the oxidative capacity to our system of 
homeostasis and prooxidant protection.  Other factors such as arrhythmias, leaking 
aneurysms or vasospasms may require other treatment modalities to block clot formation. 
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Vasoactive or atherogenic agents include angiotensin II, endothelin, glucose, insulin and 
thrombin.  Thus, many other agents possess the atherogenic tendencies other than 
cholesterol and VLDL and LDL.  Enteroviral infection may play an important role in 
coronary plaque instability and may precipitate thrombotic occlusion.  Chlamydia 
pneumoniae, cytomegalovirus and herpes simplex have been implicated as potential 
atherogenic agents.   

At the molecular level, signaling in response to pro-atherogenic agents requires as well as 
causes generation of EMODs.  Proatherogenic agents comprise a large variety of 
molecules. It has been identified that cytokines, including tumor necrosis factor-γ 
(TNF-γ), interferon-γ (IFN-γ), interleukin-1,-6 (IL-1, IL-6), and angiotensin II (Ang 
II) stimulate intracellular generation of EMODs. High levels of low-density 
lipoprotein (LDL), especially in the form of oxidized low-density lipoprotein (ox-
LDL), have also been shown to increase intracellular EMODs generation.   

1.2 A Glimpse at Good Data and a Bad Theory 

 
 

Startling research from the biggest studies ever 
show that antioxidants—A, C & E— 
are equivocal in treating all diseases, 

other than vitamin deficiencies. 
These studies show that lauded antioxidants are  

equal-opportunity, mediocre  
and misleading failures. 

R. M. Howes, M.D., Ph.D. 
3/16/06 

 
 
 
 
Proof of principle of the efficacy of antioxidants, or of interfering with systems that 
generate EMODs, has been attempted in animal models of atherogenesis, atherosclerosis 
regression, and reperfusion injury.  Yet, after decades of research and millions of 
dollars, most have reached disappointing conclusions, again illustrating the repeated 
failures of antioxidant therapy and repeatedly demonstrating that the Free Radi-
Crap theory (this is my tongue-in-cheek term for the free radical theory) is wrong and 
misleading. (Hennekens, C.H., Buring, J.E., Manson, J.E., et al.  Lack of effect of long 
term supplementation with beta carotene on the incidence of malignant neoplasms and 
cardiovascular disease.  N Engl J Med  1996; 334: 1145-1149) (Hennekens, C.H., Buring, 
J.E., Manson, J.E., et al.  Lack of effect of long term supplementation with beta carotene 
on the incidence of malignant neoplasms and cardiovascular disease.  N Engl J Med 
1996; 334: 1145-1149) (Yusuf, S., Dagenais, G., Pogue, J., et al.  Vitamin E 
supplementation and cardiovascular events in high risk patients:  the Heart Outcomes 
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Prevention Evaluation Study Investigators.  N Engl J Med  2000; 342: 154-160) (Waters, 
D.D., Alderman, E.L., Hsia, J., et al.  Effects of hormone replacement therapy and 
antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal women:  
a randomized controlled trial.  JAMA  2002; 288: 2432-2440). 
 
We have seen over and over again that factors which increase EMODs result in the 
regression of atherosclerotic lesions and that vitamin supplements and antioxidants 
fail to do so.  There is a point of convergence in the biochemical mechanisms for 
HBO, hyperoxia, PDT, and the Howes’ singlet oxygen therapy system, in that they 
all increase production of EMODs, especially O2

.-, H2O2 and 1O2.  I believe that these 
EMODs appear to be the agents responsible for plaque dissolution. 

Since many authors believe that EMODs are widely known to be involved in the 
progression of atherosclerosis, it is not surprising that antioxidant therapies are reportedly 
one of the most effective and promising strategies against atherogenesis. To date, there 
are at least five anti-atherosclerotic agents that have exhibited anti-oxidant effects, 
albeit to varying degrees (1) probucol; (2) HMG-CoA reductase inhibitors; (3) AT1R 
blockers and ACE inhibitors; (4) vitamins E and C; and (5) peroxisome 
proliferator-activated receptor-γ (PPAR-γ) ligands.  Clinical results are quite 
controversial (Matkovics A. Antioxidants and vascular diseases. Orv Hetil 2003; 144: 
475–481) and under certain circumstances, some can exhibit prooxidant activity. 

As of March 2006, the American Heart Association (AHA) doesn't recommend using 
antioxidant vitamin supplements until more complete data are available. The AHA goes 
on to say, “Oxidation of low-density lipoprotein (LDL or "bad") cholesterol is important 
in the development of fatty buildups in the arteries. This process, called atherosclerosis, 
can lead to heart attacks and strokes. Until recently, it was thought that LDL cholesterol 
lipoprotein oxidation and its biological effects could be prevented by using antioxidant 
supplements. However, more recent clinical trials have failed to demonstrate a 
beneficial effect of antioxidant supplements. Some studies even suggest that 
antioxidant supplement use could have harmful effects.  At this time, the scientific 
evidence supports a diet high in food sources of antioxidants and other heart-protecting 
nutrients, such as fruits, vegetables, whole grains and nuts instead of antioxidant 
supplements to reduce risk of CVD.”  This is a far cry from what is heard daily on media 
broadcasts.  I believe that the American public is being “radically” misled. 

Some of the following material was excerpted, abstracted or modified from:  Vitamin E 
Supplements: Good in Theory, but Is the Theory Good? E. Robert Greenberg M.D. Ann 
Intern Med 2005; 142 (1): 75-76. 
 
Much of the U.S. public has been misled by manufacturers and have an unhealthy 

faith in the benefits of nutritional supplements (Blendon RJ, DesRoches CM, Benson 
JM, Brodie M, Altman DE. Americans' views on the use and regulation of dietary 
supplements. Arch Intern Med. 2001;161:805-10).  A third of all adults, and half of those 
older than 55 years of age, report taking at least 1 supplement daily (Millen AE, Dodd 
KW, Subar AF. Use of vitamin, mineral, nonvitamin, and nonmineral supplements in the 
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United States: The 1987, 1992, and 2000 National Health Interview Survey results. J Am 
Diet Assoc. 2004;104:942-50).  
 

The shelves of pharmacies, grocery stores, and "nutrition centers" are packed with a wide 
variety of nutritional supplements, which accounted for an estimated $18.8 billion in 
sales in the United States in 2003 alone (Supplement Business Report. Nutrition Business 
Journal. San Diego, CA; 2003). Many of these supplements are promoted as 
"antioxidants," a poorly defined category that includes vitamins C and E, some 
carotenoids, and many other phytochemicals and plant extracts. Vitamin E is the most 
widely used and it is taken daily as a specific supplement (usually containing 400 IU of 
-tocopherol) by 22% of U.S. adults older than 55 years of age. 

The alleged benefit of antioxidants is prevention of the major chronic diseases that affect 
modern adults. Belief in the preventive value of antioxidants rests largely on 
misconceptions based on two bodies of evidence. The first is epidemiologic observation, 
which has been interpreted as showing a decreased risk for disease among persons who 
consume relatively greater amounts of antioxidants in their diets or as supplements 
(Stanner SA, Hughes J, Kelly CN, Buttriss J. A review of the epidemiological evidence 
for the ‘antioxidant hypothesis’. Public Health Nutr. 2004;7:407-22).  

The second is in vitro laboratory and animal experiments, which have implicated 
oxidative chemical processes in the pathogenesis of conditions such as atherosclerotic 
cardiovascular disease, cancer, neurodegenerative diseases, and chronic lung disease 
(Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature. 
2000;408:239-47) (Klaunig JE, Kamendulis LM. The role of oxidative stress in 
carcinogenesis. Annu Rev Pharmacol Toxicol. 2004;44:239-67).  

Ironically, clinical trials of antioxidant supplements have shown that the oxidative 
theory lacks predictability but antioxidants continue to be widely used, even by 
physicians (Muntwyler J, Hennekens CH, Manson JE, Buring JE, Gaziano JM. Vitamin 
supplement use in a low-risk population of US male physicians and subsequent 
cardiovascular mortality. Arch Intern Med. 2002;162:1472-6) (Frank E, Bendich A, 
Denniston M. Use of vitamin-mineral supplements by female physicians in the United 
States. Am J Clin Nutr. 2000;72:969-75). Many doctors have little accurate information 
regarding supplements and their potential for harm.  

Even Dr. Andrew Weil, the integrative medicine guru, still unabatedly recommends 
wide spread use of antioxidants as follows:  

His daily tip on 3/08/06 was “Eating right, getting regular exercise and managing stress 
are all vital to achieving optimum health, but sometimes these just aren’t enough. While 
vitamins and supplements shouldn't be taken as substitutes for a healthy diet, they can be 
beneficial by filling in any gaps. A high-quality antioxidant can help address the damage 
caused by free-radicals, boost immunity, help reduce stress-related fatigue, and increase 
musculoskeletal and skin integrity. In short, antioxidants can provide an extra layer of 
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protection for your health. Look for an antioxidant formula that provides mixed 
carotenoids, selenium and coenzyme Q10.”   

Surely, he must have seen some of the data showing increased risk of cancer, heart 
disease, stroke and overall mortality secondary to use of antioxidants.  Oh, I forgot…. He 
is selling theses products.  I supposed that this gives him a free pass on presenting the 
potentially harmful studies on antioxidants. 

1.3.0 The Current Atherosclerosis Hodgepodge 
 
In response to injury, pathogens, growth factors and cytokines, and during normal 

metabolic events such as respiration and phagocytosis, eukaryotic cells produce oxidant 
EMODs. 
 
In spite of this normal situation, Madamanchi et al. provide the following theoretical 
mishmash scenario in their atherosclerosis overview: 
 
“The majority of cardiovascular disease results from complications of atherosclerosis. An 
important initiating event for atherosclerosis may well be the transport of oxidized low-
density lipoprotein (Ox-LDL) across the endothelium into the artery wall. This is likely to 
occur at the sites of endothelial damage which are caused by Ox-LDL itself as well as 
physical or chemical forces and infection. Endothelial cells, smooth muscle cells (SMCs), 
and macrophages are the sources of oxidants for the oxidative modification of 
phospholipids. Ox-LDL can damage endothelial cells and induce the expression of 
adhesion molecules such as P-selectin and chemotactic factors such as monocyte 
chemoattractant protein-1 and macrophage colony stimulating factor (CSF). These 
processes lead to the tethering, activation, and attachment of monocytes and T 
lymphocytes to the endothelial cells. Endothelial cells, leukocytes, and SMCs then secrete 

growth factors and chemoattractants which effect the migration of monocytes and 
leukocytes into the subendothelial space. Monocytes ingest lipoproteins and morph into 
macrophages; macrophages generate reactive oxygen species (ROS), which convert Ox-
LDL into highly oxidized LDL, which is, in turn, taken up by macrophages to form foam 
cells. Foam cells combine with leukocytes to become the fatty streak, and as the process 
continues foam cells secrete growth factors that induce SMC migration into the intima. 
SMC proliferation, coupled with the continuous influx and propagation of monocytes and 
macrophages, converts fatty streaks to more advanced lesions and ultimately to a fibrous 
plaque that will protrude into the arterial lumen. Later, calcification can occur and fibrosis 
continues, yielding a fibrous cap that surrounds a lipid-rich core. This formation may also 
contain dead or dying SMCs. In acute coronary syndromes (eg, myocardial infarction), 
when fibrous plaques rupture, the formation and release of thrombi may ultimately 
occlude vessels.”  (Oxidative Stress and Vascular Disease. Nageswara R. Madamanchi; 
Aleksandr Vendrov; Marschall S. Runge. Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2005;25:29). This accounting is based on fanciful and wishful thinking.  
Proof is absent and associations are presented in the face of considerable data to the 
contrary.  
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1.3.0.1 Lipoprotein Metabolism 
 
The major lipids in the plasma are fatty acids, triglycerides (TG), cholesterol (free and 
esterified cholesterol) and phospholipids (PL). They are important in maintaining the 
structure of cell membrane (cholesterol, phospholipids), steroid hormone synthesis 
(cholesterol), and energy metabolism (TG and fatty acid).   
 
Since lipids are not water-soluble, they are transported in the plasma in association 
with proteins as “lipoproteins.” Lipoproteins consist of a hydrophobic core of TG and 
cholesterol esters (CE) surrounded by a hydrophilic surface of free cholesterol (FC), 
phospholipids and apolipoproteins.  
 
Plasma lipoproteins are typically classified into five major subclasses on the basis of their 
densities; chylomicrons (CM), very low-density lipoproteins (VLDL), intermediate-
density lipoproteins (IDL), low-density lipoproteins (LDL) and high-density lipoproteins 
(HDL). Some lipoprotein subclasses can be further separated by particle density or size, 
electrical charge, or apolipoprotein content.  There are distinct and constant differences in 
the electrical charge of LDL subfractions. Negative charge increases with increasing 
density of LDL particle. 
 
HDL is synthesized primarily in the liver and small intestine. HDL precursor is a 
(nascent) discoidal particle that comprises phospholipid, cholesterol, apoE and apoA, but 
is devoid of cholesterol ester. The nascent HDL is also formed during lipolysis of TRLs. 
It becomes a mature spherical HDL by trapping cholesterol ester into the core of the 
particle with the help of the enzyme, lecithin:cholesterol acyltransferase (LCAT), which 
catalyzes the transfer of free fatty acyl group from phosphatidylcholine (PC) to free 
cholesterol with the formation of lyso-PC and cholesterol ester.  HDL consists of a 
heterogeneous group of particles with varying density and size (diameter range, 5-12 
nm). 
 
HDL has various potentially antiatherogenic properties, including reverse transport of 
cholesterol from cells of the arterial wall to the liver, inhibition of LDL oxidation by 
HDL-bound PON1, regulation of coagulation and fibrinolysis and inhibition of platelet 
activation, neutralization of endotoxin or lipopolysaccharide, and inhibition of the 
chemotaxis of monocytes and the adhesion of leukocytes to the endothelium via HDL. 
The different antiatherogenic functions are exerted by different components of the HDL, 
namely apolipoproteins, phospholipids, enzymes or lipid transfer proteins.   
 
1.3.1 Basic LDL Metabolism 
 
LDL particles are the main carriers of cholesterol in the circulation and play the key roles 
in the cholesterol transfer and metabolism.  LDL can pass through the junctions between 
capillary endothelial cells and bind to LDL receptor on cell membranes that recognize 
apoB-100. The subsequent uptake of LDL into the cells is followed by lysosomal 
degradation with release of free cholesterol into the cytosol. LDL receptors are 
saturable and subject to down regulation by an increase in intracellular cholesterol. The 
LDL receptor expression regulates the plasma level of cholesterol. The defects of LDL 
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receptor and its function cause familial hypercholesterolemia, a genetic disorder in 
which the LDL receptor activity is reduced either because of a reduced number of LDL 
receptors, or formation of structurally altered LDL receptors. LDL particles are cleared 
from the circulation either by hepatic or extrahepatic pathway. Liver takes up 75% of 
LDL; about 75% of this removal are receptor mediated, and 25% nonreceptor-mediated. 
Two third of the extraphepatic uptake is receptor-mediated, and one third nonreceptor-
mediated.   
 
About half of the fatty acids in LDL are polyunsaturated fatty acids (PUFAs), mainly 
linoleic acid with minor amounts of arachidonic acid and docosahexaenoic acid. These 
PUFAs are protected against free radical attack and oxidation by antioxidants, 
primarily α-tocopherol (6 molecules per LDL particle), with minor amounts of γ-
tocopherol, carotenoids, cryptoxanthin and ubiquinol-10. The amount of PUFAs and 
antioxidants varies significantly within individuals, resulting in a great variation in LDL 
oxidation susceptibility.  I believe that the fact that LDL carries 6 molecules of a-
tocopherol (the antioxidant) with it, that this is indicative that the “bad” LDL 
cholesterol carries a reducing potential with it.  This reducing potential will work 
against the prooxidant protective capabilities of the vascular wall to produce an 
EMOD deficiency state, which “allows” plaque formation. 
 
LDL particle size and density distribution have been shown to be affected by age, gender, 
diet, hypertriglyceridemia, obesity, insulin resistance, hormone status, and drugs. LDL 
particle size correlates strongly with insulin sensitivity in obese subjects in diabetics and 
even in normoglycemic men. However, in multiple regression analysis insulin sensitivity 
has not been independently correlated with LDL particle size after adjustment for plasma 
TG and HDL. Thus, this association reflects complex interactions between insulin 
resistance and lipid metabolism. In addition, drugs like betablockers and lipid lowering 
agents can also influence LDL particle size. Fibrates and some statins therefore have 
been used to modulate the LDL particle size in some clinical studies. 
 
Small dense LDL often coexists with hypertriglyceridemia and low level of HDL; this 
triad has been nominated as the atherogenic lipoprotein phenotype (ALP) or 
proatherogenic lipoprotein profile.  
 
The molecular and cellular mechanisms for the initiation of atherosclerosis are still 
debated. At present, three competing hypotheses have been proposed to explain the 
initiating events in atherosclerosis. The “response-to-injury” hypothesis emphasizes the 
role of apoB-containing lipoproteins and proposes that endothelial dysfunction or 
denudation is the first step in atherogenesis. The “LDL oxidation” hypothesis 
emphasizes the alleged significance of the oxidation of LDL in atherogenic responses, 
such as the recruitment of macrophages and other inflammatory cells to the 
subendothelial spaces. The “response-to-retention” hypothesis proposes that the 
initiating event in early atherosclerosis is the subendothelial retention and accumulation 
of apoB-containing lipoproteins. These hypotheses are by no means mutually exclusive, 
and may even be considered mutually compatible or intermixed.   
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Whether the oxidized LDL is indeed involved in the initiation of atherosclerosis is a 
debated question.  The cells of the artery wall, including macrophages, endothelial cells 
and smooth muscle cells, secrete oxidative products that can initiate lipid oxidation. 
Monocyte-derived macrophages are known to produce oxidizing radical species.  
Although it is still unclear which oxidative mechanisms or radical species are 
involved, potential candidates include ceruloplasmin, 12/15-lipoxygenase (LO), 
myeloperoxidase, NADPH oxidase, reactive nitrogen species, or other macrophage-
generated oxidants, and cytochrome p450. In addition, catalytically active copper and 
iron (e.g. Cu2+ or Fe2+) have been found in atherosclerotic lesions, and the copper-
carrying protein of plasma (ceruloplasmin) can catalyze LDL oxidation. The most 
common method for the initiation of LDL oxidation in vitro involves incubation with 
copper ion.   
 
The small dense LDL particles are more susceptible to oxidation than large buoyant LDL 
particles, which may to a large extent be due to differences in antioxidant content. LDL 
susceptibility to oxidation in vivo is also influenced by the particle's immediate 
microenvironment, including local antioxidant concentrations, transition metal 
availability, pH and the presence of HDL and HDL-associated enzymes.  The HDL-
combined enzymes, PON1, paraoxonase-3 (PON3), platelet-activating factor 
acetylhydrolase (PAF-AH) and LCAT, have shown the ability to protect LDL against 
oxidation in vitro by preventing the generation of phospholipid hydroperoxides.   
 
“Oxidized LDL” is not a single, chemically homogeneous entity, but represents a 
spectrum of oxidized particles with variable content.  It is generally believed that "fully 
oxidized LDL" does not exist in the circulation. Both oxidized phospholipids and 
oxysterols are toxic and possess various biological activities that are potentially 
proatherogenic.  Products of lipid peroxidation, such as oxidized cholesterol, fatty acids, 
phospholipids and isoprostanes, are found in atherosclerotic lesions and plasma, and 
some degradation products of these oxidized lipids have been demonstrated in urine.  I 
believe that this oxidized product is a more readily excreted form of LDL. 
 
 
Free radicals are inherently unstable and highly reactive molecules because of the 
presence of unpaired electrons. As a result, they can react locally to accept or donate 
electrons to other molecules to achieve a more stable state. Reaction of a radical with a 
nonradical (all biological macromolecules, lipids, proteins, nucleic acids, and 
carbohydrates) theoretically produces a free radical chain reaction with the formation of 
new radicals, which in turn can react with macromolecules.  Lipid peroxidation is 
perhaps the most extensively studied consequence of free radical attack. 
 
Reactive free radicals, e.g., the hydroxyl radical, have the capacity to abstract a hydrogen 
atom (H•) from a methylene group (-CH2-) of fatty acids, leaving behind an unpaired 
electron on the carbon (-•CH-). PUFAs are particularly prone to free radical attack 
because the presence of a double bond weakens the carbon-hydrogen bond at the 
adjacent carbon atom. The remaining carbon-centered radical undergoes molecular 
rearrangement resulting in a conjugated diene. Conjugated dienes can combine with 
oxygen forming a peroxyl radical and initiate a chain reaction that continues either until 
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the substrate is consumed or the reaction is theoretically terminated by a chain-breaking 
antioxidant such as vitamin E. Oxidation of LDL results in extensive fragmentation of 
LDL PUFAs with conjugation of the fragments to LDL apolipoprotein B and 
phospholipids.   
 
1.3.2 Antioxidant Defenses 
 
It is widely believed that living organism has developed a complex antioxidant network 
to counteract free radicals that are detrimental to human life. Cellular antioxidant 
defenses include the superoxide dismutase (SOD), glutathione peroxidase, and catalase 
enzymes. The human blood antioxidant defense system consists of ascorbic acid 
(ascorbate or vitamin C), α-tocopherol (vitamin E), β-carotene (vitamin A precursor), 
ubiquinol-10, uric acid (urate), bilirubin, albumin, protein-bound thiol (sulfhydryl) 
groups, and flavonoids. In addition, some lipophilic antioxidants such as α-tocopherol, γ-
tocopherol, β-carotene, retinol and ubiquinol-10 are also found in cell membranes. 
Dietary phytoestrogens, such as genistein and daidzein, may have antioxidant role in 
atherosclerosis prevention. 
 
As you will see, there is wide variation in study results for antioxidant intervention in the 
atherosclerotic process.  I believe that the oxidative modification theory is wrong but, in 
fairness, I will, nonetheless, present some of the data which was thought to support the 
oxidative theory.  The LDL oxidation hypothesis has been tested in several prospective 
clinical trials. The Cambridge Heart Antioxidant Study (CHAOS) and the Secondary 
Prevention with Antioxidants of Cardiovascular Disease in Endstage Renal Disease 
(SPACE) (Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, 
Weissgarten Y, Brunner D, Fainaru M, Green MS. Secondary prevention with 
antioxidants of cardiovascular disease in endstage renal disease (SPACE): randomised 
placebo-controlled trial. Lancet 2000;356:1213-8), have shown that intake of vitamin E 
can significantly reduce the risk for nonfatal myocardial infarction in patients with 
CAD (Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. 
Randomised controlled trial of vitamin E in patients with coronary disease: Cambridge 
Heart Antioxidant Study (CHAOS). Lancet 1996;347:781-6) or reduce the 
cardiovascular events in renal failure patients. 
 
However, there were no decreases in cardiovascular mortality and total mortality in the 
CHAOS study, and the duration (1.4 years of follow-up) of these two trials was relatively 
short. In contrast, the Alpha-Tocopherol, Beta-Carotene Cancer prevention (ATBC) trial 
with low dose of vitamin E failed to prevent cardiovascular events in heavy smokers 
without known CAD during a 5.3-year follow-up duration.  
 
The Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico (GISSI) 
trial reported that, during a 3.5-year follow-up, vitamin E supplementation had no 
significant effect on the composite end-point of death, non-fatal myocardial 
infarction (MI) and stroke in 11,324 patients with known MI (Dietary 
supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial 
infarction: results of the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio della 
Sopravvivenza nell'Infarto miocardico. Lancet 1999;354:447-55).  
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Likewise, dietary supplementation with vitamin E had no beneficial effect on 
endpoints in the Heart Outcomes Prevention Evaluation (HOPE) trial in which 
9,541 patients with symptomatic CAD were followed for 4.5 years (Yusuf S, Dagenais 
G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and cardiovascular events in 
high-risk patients. The Heart Outcomes Prevention Evaluation Study Investigators. N 
Engl J Med 2000;342:154-60).  
 
Recently, in the Heart Protection Study (HPS), administration of an antioxidant 
cocktail (vitamin E, vitamin C and beta-carotene) for over the 5 years had no effect 
on any type of vascular end points, although this regimen increased blood vitamin 
concentrations substantially (MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 high-risk individuals: a randomised placebo-controlled trial. 
Lancet 2002;360:23-33). 

The following study was presented at the American Heart Association 2004 Scientific 
Sessions, New Orleans, Louisiana, and simultaneously published in the Nov. 10, 2004, 
Early Release Article issue of the Annals of Internal Medicine. The Medical Research 
Council/British Heart Foundation Heart Protection Study, which is the study cited by 
Dr. Gibbons, randomized 10,269 patients to 660 IU/day of vitamin E and 10,267 to 
placebo control. The vitamin E group was associated with about a 10% increase in 
mortality. (Raymond Gibbons, MD, a professor of medicine at the Mayo Clinic in 
Rochester, Minnesota).  Dr.Gibbons, who served as chair of the scientific program 
committee at the meeting, said he has been urging his patients to stop taking vitamin 
E for years. Dr. Gibbons said that cardiovascular disease prevention guidelines from 
"vitamin E is ‘not recommended'. It doesn't get clearer than that — don't take it."  
Gibbons said he hopes this latest report will finally debunk the vitamin E myth.

The July 2004 issue of the Journal of the American Academy of Pediatrics, published a 
report, from the Children’s National Medical Center in Washington, on more than 8,000 
infants and found a possible link between the use of multivitamin supplements and 
the risk of asthma and food allergies.  It found “an association between early infant 
multivitamin intake and asthma among black infants and an association between 
early infant multivitamin intake and food allergies in formula-fed infants.”  The 
investigators said that more than 50% of all toddlers in the United States are taking 
multivitamins. 

Even in 2001, the thrust of the data was turning against the overly-hyped antioxidant 
supplements. (Antioxidant supplements to prevent heart disease:  Real hope or empty 
hype? Thuan L. Tran, MD Vol. 109 / No. 1 / Jan. 2001 / Postgraduate Medicine). 

It is clear that the antioxidant cocktails have no benefit in the prevention of CVD 
(The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group. The effect of 
vitamin E and beta- carotene on the incidence of lung cancer and other cancers in male 
smokers. N Engl J Med. 1994; 330: 1029–1035) (Heart Protection Study Collaborative 
Group. MRC/BHF Heart Protection Study of antioxidant vitamin supplementation in 20 
536 high-risk individuals: a randomised placebo-controlled trial. Lancet. 2002; 360: 7–
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22) (Brown BG, Zhou XQ, Chait A, et al. Simvastatin and niacin, antioxidant vitamins, 
or the combination for the prevention of coronary disease. N Engl J Med. 2001; 345: 
1583–1592).  

Additionally, the antioxidant beta carotene has been shown to increase lung cancer 
and CVD mortality and, in the ATBC study, appeared to attenuate the benefit of 
alpha tocopherol (Rapola JM, Virtamo J, Ripatti S, et al. Randomized trial of alpha-
tocopherol and beta-carotene supplements on incidence of major coronary events in men 
with previous myocardial infarction. Lancet. 1994; 349: 1715–1720). 

The finding of the ATBC study of a significant increase in hemorrhagic strokes in 
male smokers with all-rac-AT is alarming (Kaul N, Devaraj S, Grundy S, et al. Failure 
to demonstrate a major anti-inflammatory effect with alpha tocopherol supplementation 
(400IU/day). Am J Cardiol. 2001; 87: 1320–1323).  

Prescribing antioxidants such as α-tocopherol and ascorbic acid as an adjunctive 
therapy in primary prevention must await the results of ongoing clinical trials with 
these agents ((Jialal I, Devaraj S. Antioxidants and atherosclerosis: don’t throw out the 
baby with the bath water. Circulation. 2003; 107: 926–928).   Beta carotene should not be 
prescribed at all. 

1.4 Tone Down the Antioxidant Hype 

A major problem of antioxidant therapies is the lack of specificity. Extensive radical 
scavenging, or delivery of oxygen boosts via the blood, perturbs the body’s natural 
redox balance, and unwanted, often unpredictable, side effects are common.  

Some of the following material was summarized from an article by J.M. Hirsch, 
Associated Press Writer (12/11/05): 

Oregano packs 42 times more antioxidants than apples, cooked tomatoes may 
prevent prostate cancer, and chocolate and wine may or may not all be health foods.  
Leading researchers say all those unsupported headlines, food packaging claims and 
seemingly contradictory studies about antioxidants have fostered a faulty silver bullet 
mind-set that can hinder health more than help.   

Jeffrey Blumberg, a scientist at Tufts University's Friedman School of Nutrition, 
worries that the hype about antioxidants creates a false sense of security. Researcher 
Jeffrey Blumberg acknowledges that "There is no such thing as a super- food.”  

Foods labeled as antioxidant-rich (everything from bottled tea to bags of frozen berries) 
have become a $526 million industry that continues to grow.  Even foods that otherwise 
have seen sales slump are getting a boost from antioxidant claims, says Phil Lempert, a 
food industry analyst and editor of SupermarketGuru.com. "It's clear that regardless of 
whether or not people understand what 'rich in antioxidants' means, it is certainly a logo 
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or a stamp that says 'Buy me! I'm going to help you live forever,'" Lempert says that is 
not scientifically supported. 

Experts are saying that not enough is known about how antioxidants work to justify 
focusing one's diet on any particular antioxidant supplement or food. 

It is not clear if the claimed benefits of antioxidants are due to the antioxidants 
themselves or to the overall diet and the way the antioxidants interact with other 
nutrients.  The evidence increasingly suggests the latter, says Howard Sesso, a 
professor of medicine at Brigham and Women's Hospital in Boston. That means 
eating patterns make a difference, but probably not eating particular foods or taking 
supplements. Thus, taking supplements probably does not make a difference. 

Studies of beta carotene supplements alone have been mostly disappointing. And 
there is little evidence that one antioxidant is better than another. 

Also unknown is whether quantity counts. Manufacturers brag about the amount of 
antioxidants in their products, but studies have yet to establish that more (i.e., 
antioxidant intake) is better, or whether the body can even absorb the amounts 
contained in most foods. 

So how should people work antioxidants into their diets? Think of the big picture.  
Healthy diets are like healthy investment portfolios — diversified, says John Erdman 
Jr., a professor of internal medicine at the University of Illinois at Urbana-
Champaign. There's probably not much harm in eating a lot of blueberries, but that can't 
be said of all antioxidant-rich foods. The calories in fruit juice and alcohol, for example, 
add up quickly and obesity negates the benefits of even the healthiest foods.  

Even people trying to address specific health problems would do better to eat a broad mix 
of foods than to tailor their diets around certain ingredients, the experts say.  

"When people get prostate cancer, all of the sudden they make all the changes in their 
diet," Erdman says. "We don't even know if those changes make a difference then.  

Consumers also must be critical of companies' health claims about antioxidants, many 
of which are unregulated and unsupported by science. And studies often are funded 
by the industries that benefit when products are dubbed super-foods.  Bottom line — 
eat a balanced diet.  Experts advise focusing on balance, moderation and variety, and 
leaving the phytochemicals, flavanols and phenolic acids to scientists. 

1.5 Vascular Cells 
 
Virtually all types of vascular cells produce O2

-. and H2O2 (Griendling, K. K., 
Sorescu, D. and Ushio-Fukai, M.  NAD(P)H oxidase: role in cardiovascular biology and 
disease.  Cir Res 2000: 86; 494-501).   
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The production of reactive oxygen species in the blood vessel wall is enhanced in 
experimental models of hypercholesterolemia, hypertension, diabetes, and balloon 

injury to the coronary arteries. Moreover, in angiotensin II–induced hypertension, 
excess free radical production was predominantly localized to the media.  All layers 
of the vascular wall produce EMODs. 

The smooth muscle cell response to growth factors is now known to be dependent 
on the intracellular generation of H2O2  (Bae YS, Kang SW, Seo MS, Baines 
IC, Tekle E, Chock PB, and Rhee SG. Epidermal growth factor (EGF)-induced 
generation of hydrogen peroxide. Role in EGF receptor-mediated tyrosine 
phosphorylation. J Biol Chem 272: 217–221, 1997) (Sundaresan M, Yu ZX, Ferrans VJ, 
Irani K, and Finkel T. Requirement for generation of H2O2 for platelet-derived growth 
factor signal transduction. Science 270: 296–299, 1995). 

Among 2e-oxidants (two electron) produced in vivo, H2O2 is perhaps the most 

abundant. It freely diffuses through cell membranes and may travel several cell 
diameters before reacting with targets such as thiols and heme. Diseased vessels 
produce increased levels of H2O2 (Griendling KK, Sorescu D, and Ushio-Fukai M. 
NAD(P)H oxidase: role in cardiovascular biology and disease. Circ Res 86: 494–501, 
2000), and activated neutrophils at normal circulating concentrations can produce 
200–400 µM H2O2 over a 60-min period (Liu X and Zweier JL. A real-time 
electrochemical technique for measurement of cellular hydrogen peroxide generation and 
consumption: evaluation in human polymorphonuclear leukocytes. Free Radic Biol Med 
31: 894–901, 2001).  I believe that this is a protective mechanism of the body to 
protect itself from accumulation of microaggregates and plaque formation. 

H2O2 may be involved in modulating ·NO bioactivity. Although H2O2 does not react 
with ·NO, it does produce arterial relaxation in an endothelium- and eNOS-
dependent manner (Thomas SR, Chen K, and Keaney JF Jr. Hydrogen peroxide 
activates endothelial nitric-oxide synthase through coordinated phosphorylation and 
dephosphorylation via a phosphoinositide 3-kinase-dependent signaling pathway. J Biol 
Chem 277: 6017–6024, 2002). 

Hydrogen peroxide treatment also promotes chronic increases in eNOS activity by 
upregulating transcription and enhancing mRNA stability (Drummond GR, Cai H, 
Davis ME, Ramasamy S, and Harrison DG. Transcriptional and posttranscriptional 
regulation of endothelial nitric oxide synthase expression by hydrogen peroxide. Circ Res 
86: 347–354, 2000) via a mechanism that involves activation of Ca2+/calmodulin kinase II 
and janus kinase 2 signaling pathways. Therefore, H2O2 may promote both acute and 
chronic increases in eNOS activity that could serve as a compensatory response to so 
called oxidative stress.  This supports my view that H2O2 is protective for the 
vascular wall. 

Paradoxically, although treatment of endothelial cells with H2O2 promotes eNOS 
activity above basal levels, ambient levels of H2O2 can inhibit agonist-stimulated ·NO 
bioactivity. For example, in cerebral arterioles, H2O2 impairs ·NO-mediated arterial 
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relaxation in response to acetylcholine or authentic ·NO, an effect that appears to 
involve O2

–· as it is reversed by SOD. I believe that this argues that more H2O2 will not 
impair NO-mediated arterial relaxation, but, in fact, corrects it. 

Mice with a defect in H2O2
 detoxification due to cellular glutathione peroxidase 

deficiency have impaired endothelium-dependent vasodilator function (Forgione 
MA, Weiss N, Heydrick S, Cap A, Klings ES, Bierl C, Eberhardt RT, Farber HW, and 
Loscalzo J. Cellular glutathione peroxidase deficiency and endothelial dysfunction. Am J 
Physiol Heart Circ Physiol 282: H1255–H1261, 2002). 

H2O2
 increases smooth muscle cell gelatinase activity and ONOO– activates matrix 

metalloproteinase-9 to generate collagenase activity (Rajagopalan S, Meng XP, 
Ramasamy S, Harrison DG, and Galis ZS. Reactive oxygen species produced by 
macrophage-derived foam cells regulate the activity of vascular matrix 
metalloproteinases in vitro. Implications for atherosclerotic plaque stability. J Clin Invest 
98: 2572–2579, 1996).  

A number of smooth muscle cell mitogens actually require H2O2 production for a 
proliferative response (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, and Finkel T. 
Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science 270: 296–299, 1995). However, higher concentrations of H2O2 
are associated with smooth muscle cell apoptosis and necrosis (Deshpande NN, 
Sorescu D, Seshiah P, Ushio-Fukai M, Akers M, Yin Q, and Griendling KK. Mechanism 
of hydrogen peroxide-induced cell cycle arrest in vascular smooth muscle. Antioxid 
Redox Signal 4: 845–854, 2002), 

Blood vessels exposed to H2O2 exhibit relaxation that is blocked by methylene blue, 
an inhibitor of soluble guanylyl cyclase (Burke TM and Wolin MS. Hydrogen peroxide 
elicits pulmonary arterial soluble relaxation and guanylate cyclase activation. Am J 
Physiol Heart Circ Physiol 252: H721–H732, 1987). The activity of H2O2 to increase 

smooth muscle cell cGMP is dependent on catalase and is temporally related to the 
formation of compound I.  Emerging evidence that H2O2 also acts as an 

endothelium-derived hyperpolarizing factor suggests that the mechanism outlined 
above is relevant for the control of vascular tone (Matoba T, Shimokawa H, 
Nakashima M, Hirakawa Y, Mukai Y, Hirano K, Kanaide H, and Takeshita A. Hydrogen 
peroxide is an endothelium-derived hyperpolarizing factor in mice. J Clin Invest 106: 
1521–1530, 2000). 

The molecular mechanisms whereby H2O2 prevents vascular smooth muscle cells from 
becoming apoptotic remain to be determined. While the findings of some studies indicate 
that H2O2 stimulates smooth muscle cell proliferation, reports by other groups indicate 
that H2O2 can also induce apoptosis and/or promote vascular smooth muscle cell death. 
These studies collectively suggest that under certain conditions, H2O2 can promote either 
vascular smooth muscle cell proliferation or cell death, a paradox that underscores the 
importance of this reactive oxygen species to smooth muscle cell function.  I believe that 
this is not a paradox but is an illustration of the modulatory capabilities 

Page 38 of 302 



of EMODs, especially H2O2, even in the vascular wall.  This is no paradox if 
one considers the secondary messenger activity of H2O2. 

Shingu, et al, showed that endothelial cells and smooth muscle cells have very low 
levels of catalase activity and therefore are more susceptible to damage by H2O2 (Shingu 
M, Yoshioka K, Nobunaga M, Yoshida K. Human vascular smooth muscle cells and 
endothelial cells lack catalase activity and are susceptible to hydrogen peroxide. 
Inflammation. 1985;9:309–320). However, I believe that this is excellent evidence 
which shows that the endothelium and the vascular wall needs high levels of H2O2 to 
protect itself from atherosclerotic particle aggregation.  If the endothelium does not 
need high levels of H2O2 then I ask, “Why has it not evolved high levels of catalase 
to deal with the EMODs and H2O2, which are produced by all three layers of the 
vascular wall?” 

The pivotal role of GSH-Px in vascular antioxidant protection is further pointed out by the 
findings that catalase activity is lacking in human vascular cells (Shingu M, Yoshioka 
K, Nobunaga M, Yoshida K. Human vascular smooth muscle cells and endothelial cells 
lack catalase activity and are susceptible to hydrogen peroxide. Inflammation. 
1985;9:309–320).  I believe that a most important question is, “If antioxidant 
protection is so important in preventing atherosclerosis, then, why is catalase 
missing from human vascular cells?”  I believe the answer is that the prooxidative 
protective activity is much more important in preventing plaque aggregation and 
allowance of plaque formation. 

Other agonists and mechanical forces have also been shown to increase EMOD 
production in vascular cells.  PDGF, thrombin, TNF-α. and lactosylceramide activate 
NAD(P)H oxidase dependent O2

-. production in SMCs.   
 
In endothelial cells, mechanical forces, including cyclic stretch and laminar and 
oscillatory shear stress, stimulate NAD(P)H oxidase activity (De Keulenaer, G. W., 
Chappell, D. C., Ishizaka, N., Nerem, R.M., Alexander, R.W. and Griendling, K.K.  
Oscillatory and steady laminar shear stress differentially affect human endothelial redox 
state.  Circ Res. 1998; 82; 1094-1101). 
 
In SMCs, H2O2 induces tyrosine phosphorylation of the EGF-r and stimulates it 
association with Shc (src homology complex)-Grb2 (growth factor receptor-bound 
protein 2)-Sos (son-of-sevenless) complex to activate subsequent signaling cascades 
(Rao, G. N.  Hydrogen peroxide induces complex formation of SHC-Grb2-SOS with 
receptor tyrosine kinase and activates ras and extracellular signal-regulated protein 
kinases group of mitogen activated protein kinases.  Oncogene. 1996; 13; 713-719). 

A weak glutathione-related enzymatic antioxidant shield is present in human 
atherosclerotic plaques.  I believe that a specific antioxidant/prooxidant imbalance, 
operative in the vascular wall may be involved in atherogenic processes in humans 
and that balance is shifted in the antioxidant direction, as evidenced by the presence 
of a high content of ascorbate, vitamin E, and urate.   
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An emerging consensus also underscores the importance for some in vascular disease of 
oxidative events in addition to LDL oxidation. These include the production of reactive 
oxygen and nitrogen species by vascular cells, as well as oxidative modifications 
contributing to important clinical manifestations of coronary artery disease such as 
endothelial dysfunction and plaque disruption.  

Despite this abundant data however, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 
atherosclerosis. These include the poor performance of antioxidant strategies in 
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation.  

Indeed, it remains to be established that oxidative events are a cause rather than an 
injurious response to atherogenesis.  

In this context, inflammation needs to be considered as a primary process of 
atherosclerosis, and oxidative stress as a secondary event. To address this issue, Stocker 
and Keaney have proposed an "oxidative response to inflammation" model as a means of 
reconciling the response-to-injury and oxidative modification hypotheses of 
atherosclerosis.  But any way you look at it, antioxidants fail to protect, reverse or 
stop the atherosclerotic plaque development in humans. 

Actually, hyperlipidemia drugs (e.g., ciprofibrate and elofibrate) result in the 
proliferation of peroxisomes, an increase in the activity of oxidases and the excessive 
production of H2O2.   (RMH Note:  this argues that these drugs and hydrogen 
peroxide acts to help cure arteriosclerosis.). 

1.6 Mn-SOD and Vascular Physiology 

Although the levels of Mn-SOD in blood vessels are relatively small, Mn-SOD may 
exert important functional effects in cerebral circulation, because endothelium expresses 
high levels of Mn-SOD (Suzuki K, Tatsumi H, Satoh S, Senda T, Nakata T, Fujii J, 
Taniguchi N. Manganese-superoxide dismutase in endothelial cells: localization and 
mechanism of induction. Am J Physiol. 1993; 265: H1173–1178) and levels of Mn-SOD 
are higher in cerebral arteries than in extracranial arteries (Napoli C, Witztum JL, de 
Nigris F, Palumbo G, D’Armiento FP, Palinski W. Intracranial arteries of human fetuses 
are more resistant to hypercholesterolemia-induced fatty streak formation than 
extracranial arteries. Circulation. 1999; 99: 2003–2010).  Please remember that Mn-
SOD generates H2O2.  I believe that this supports my theory and emphasizes the 
need for high H2O2 levels in the normal endothelium, which is needed to oxidize 
microaggregates and prevent plaque formation. 

The mitochondrial content of cerebral endothelium is greater than that in other cells 
(Oldendorf WH, Cornfield ME, Brown WJ. The large apparent work capability of the 
blood-brain barrier: a study of the mitochondrial content of capillary endothelial cells in 
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brain and other tissues of the rat. Ann Neurol. 1977; 1: 409–417), and high levels of Mn-
SOD may be required to limit oxidative stress in the metabolically active cerebral 
endothelium (the blood-brain barrier).  Actually, I believe that the high levels of H2O2 
produced by SOD are needed for normal cerebral function.  The brain is very rich 
in SOD, but it is almost completely devoid of catalase, and its GPx activity is also 
relatively low. 

Recent studies of Mn-SOD heterozygous–deficient mice (Mn-SOD+/-) on an 
apolipoprotein E–deficient background indicate that Mn-SOD protects against vascular 
mitochondrial DNA damage and development of atherosclerosis in aorta. With 
regard to the microcirculation, preliminary studies indicate that endothelial function is 

impaired in cerebral arterioles from Mn-SOD+/- mice (Didion and Faraci, unpublished 
data, 2002).  This makes my point in regard to the prevention of atherosclerosis. 

Treatment of cholesterol-fed rabbits with SOD conjugated to polyethylene glycol 
increased vascular SOD activity and improved ·NO-mediated arterial relaxation 
(Mugge A, Elwell JH, Peterson TE, Hofmeyer TG, Heistad DD, and Harrison DG. 
Chronic treatment with polyethylene-glycolated superoxide dismutase partially restores 
endothelium-dependent vascular relaxations in cholesterol-fed rabbits. Circ Res 69: 
1293–1300, 1991). I believe that this is the effect of increased levels of H2O2 from 
SOD.  Thus, H2O2 improves vascular NO function indirectly. 

I believe that arteriosclerosis is similar to cancer, in that, it is always with us and it is 
allowed to manifest itself in times of EMOD deficiency states, in which there can be 
aggregation of circulating particulates or microaggregates.  Only when the plaque-
dissolving EMODs are in a deficiency state, will the plaques be allowed to aggregate and 
form blockages.  Also, it should be kept in mind that all layers of the arterial wall are 
capable of and are constantly producing EMODs.  I believe that this normal steady 
state of EMOD production keeps arteriosclerotic buildup from occurring.  This is 
analogous to the increased levels of EMODs produced by PDT, which can dissolve 
clots in situ.  As long as the body is producing adequate EMOD levels by the arterial 
wall, clots will be dissolved and oxidized cholesterol particulates will not aggregate 
and they will be excreted via the liver.  A deficiency state of RONS (EMODs) will 
allow for plaque formation. 
 
There is a reversibility of arteriosclerosis which has been seen in smokers, after they 
stop smoking.  I believe that this is also another example of spontaneous regression.  
This illustrates my belief that arteriosclerosis is potentially always present and it is only 
through the activity of our internal oxidative-cure system that it is kept in abeyance.  
During times of deficiency levels of EMODs, plaque is allowed to manifest itself as 
arterial blockages.  
  
Excessive production of EMODs in the vasculature allegedly contributes to 
cardiovascular pathogenesis. Among biologically relevant and abundant reactive oxygen 
species, superoxide (O2

·–) and hydrogen peroxide (H2O2) appear most important in 
redox signaling. O2

·– predominantly induces endothelial dysfunction by rapidly 
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inactivating nitric oxide (NO·). H2O2 influences different aspects of endothelial cell 
function via complex mechanisms (Hua Cai. NAD(P)H Oxidase–Dependent Self-
Propagation of Hydrogen Peroxide and Vascular Disease. Circulation Research. 
2005;96:818). Yet, we have seen that H2O2 can aid NO function. 
 
Please keep in mind that, even though EMODs have repeatedly been accused of 
being causative of atherogenesis, it has been shown that supplementation 
with antioxidant vitamins does not lower serum lipid and lipoproteins or 
blood pressure (Hodis, H. N., Mack, W. J., LaBree, L., Mahrer, P. R., Sevanian, A., 
Liu, C. R., Liu, C. H., Hwang, J., Selzer, R. H. & Azen, S. P. (2002) Circulation 106, 
1453-1459) (Collins, R., Armitage, J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 
360, 23-33) (Brown, B. G., Zhao, X. Q., Chait, A., Fisher, L. D., Cheung, M. C., Morse, 
J. S., Dowdy, A. A., Marino, E. K., Bolson, E. L., Alaupovic, P., et al. (2001) N. Engl. J. 
Med. 345, 1583-1592) (Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto 
miocardico (1999) Lancet 354, 447-455) (Waters, D. D., Alderman, E. L., Hsia, J., 
Howard, B. V., Cobb, F. R., Rogers, W. J., Ouyang, P., Thompson, P., Tardif, J. C., 
Higginson, L., et al. (2002) J. Am. Med. Assoc. 288, 2432-2440) (Fang, J. C., Kinlay, S., 
Beltrame, J., Hikiti, H., Wainstein, M., Behrendt, D., Suh, J., Frei, B., Mudge, G. H., 
Selwyn, A. P., et al. (2002) Lancet 359, 1108-1113).  
 
Moreover, a recent study, conducted in more than 20,000 subjects, found that 
vitamin E, vitamin C, and -carotene supplementation resulted in small but 
significant increases in plasma Tchol (serum total cholesterol), LDL-C (low density 
lipoprotein-cholesterol), and TG (triglyceride) concentrations (Collins, R., Armitage, 
J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 360, 23-33).  

In another study, no significant differences were found in serum lipid, lipoprotein, 
and CRP (C reactive protein) concentrations, BP (blood pressure), or IMT (intima-
media thickness) between supplemented and not-supplemented subjects (L Fontana, 
T E. Meyer, S Klein and J O. Holloszy. Long-term calorie restriction is highly effective 
in reducing the risk for atherosclerosis in humans. PNAS. April 27, 2004, vol.101, no. 17, 
pp. 6659-6663).  

I discuss the role of H2O2 and EMODs in great detail in my book 
entitled, “The Medical and Scientific Significance of Oxygen Free 
Radical Metabolism” in section 3.5.10.  

Please do not forget the Baylor studies, in section 10.3, which showed that H2O2 would 
mobilize vascular wall lipids and dissolve plaque. 

1.7.0 PROOXIDANT PROTECTION 

Actually, I should look at the failed antioxidant studies as proof of my EMOD 
deficiency theory.  These investigators have run the studies for me showing that 
antioxidants can decrease EMODs and simultaneously increase the incidence of heart 
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disease, strokes, cancer and overall mortality. This is extremely strong support for my 
Unified theory. 

1.7.1 Vitamin E Increases the Risk for Death 

Let’s just look at two of many such studies.  Two large clinical trials reported in the 
1990s showed a statistically significant increase in risk for death among participants 
(mostly men with a history of heavy smoking) who received ß-carotene, an agent 
previously thought to be nearly free of serious toxicity (The effect of vitamin E and beta 
carotene on the incidence of lung cancer and other cancers in male smokers. The Alpha-
Tocopherol, Beta Carotene Cancer Prevention Study Group. N Engl J Med. 
1994;330:1029-35) (Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, 
Glass A, et al. Effects of a combination of beta carotene and vitamin A on lung cancer 
and cardiovascular disease. N Engl J Med. 1996;334:1150-5).  In medicine, this result is 
as serious as it gets. 

More recently, the authors of a meta-analysis of clinical trials of antioxidant supplements 
and gastrointestinal cancer concluded that random assignment to supplements may have 
increased overall mortality (Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. 
Antioxidant supplements for prevention of gastrointestinal cancers: a systematic review 
and meta-analysis. Lancet. 2004;364:1219-28).  

Miller and colleagues report the results of a carefully conducted meta-analysis of clinical 
trials of vitamin E supplementation in about 135,000 patients (Miller ER 3rd, Pastor-
Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-analysis: High-dosage 
vitamin E supplementation may increase all-cause mortality. Ann Intern Med. 
2005;142:37-46). They conclude that high doses of vitamin E increase the risk for 
death. Their meta-analysis involved data from 19 randomized trials, which recorded 
12,504 deaths. Overall, being randomly assigned to receive vitamin E had no effect, 
either positive or negative. However, the data suggested a decreased risk for death 
associated with vitamin E in trials that used lower doses (<400 IU) and showed a 
statistically significant trend toward increased risk at doses of 400 IU and above. 

The finding of possible harm (death) with higher doses of vitamin E was surprising 
to physicians and nutritionists and has serious implications for the tens of millions of 
people who regularly use vitamin E supplements. Of particular concern, more evidence 
for an elevated mortality risk at high doses of vitamin E comes from 2 other trials 

that administered vitamin E together with ß-carotene, a supplement previously 
associated with an increased risk for death. (MRC/BHF Heart Protection Study of 
antioxidant vitamin supplementation in 20,536 high-risk individuals: a randomised 
placebo-controlled trial. Lancet. 2002;360:23-33) (A randomized, placebo-controlled, 
clinical trial of high-dose supplementation with vitamins C and E and beta carotene for 
age-related cataract and vision loss: AREDS report no. 9. Arch Ophthalmol. 
2001;119:1439-52).  

Page 43 of 302 



Likewise, much of the data on low doses of vitamin E comes from trials of multiple 
vitamin and mineral supplements in Chinese populations whose nutritional status and 
causes of mortality differed profoundly from those of the North American and European 
participants in the other trials (Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, 
et al. Nutrition intervention trials in Linxian, China: supplementation with specific 
vitamin/mineral combinations, cancer incidence, and disease-specific mortality in the 
general population. J Natl Cancer Inst. 1993;85:1483-92) (Li JY, Taylor PR, Li B, 
Dawsey S, Wang GQ, Ershow AG, et al. Nutrition intervention trials in Linxian, China: 
multiple vitamin/mineral supplementation, cancer incidence, and disease-specific 
mortality among adults with esophageal dysplasia. J Natl Cancer Inst. 1993;85:1492-8). 
Nonetheless, the Chinese study is frequently cited by proponents of antioxidant 
supplementation for Americans. 

While Miller and colleagues' report provides intriguing evidence suggesting that higher 
doses of vitamin E cause death, the case is not ironclad but is highly convincing and 
high-dose vitamin E supplementation is unjustified. Ample evidence indicates that 
taking high-dose vitamin E in later adult life (when most use of vitamins currently occurs) 
has no favorable health effects, and Miller and colleagues' meta-analysis raises the 
possibility of harm. However, many users of nutritional supplements report that they 
would continue to take the supplements even if they were shown to be ineffective in 
scientific clinical studies (Blendon RJ, DesRoches CM, Benson JM, Brodie M, Altman 
DE. Americans' views on the use and regulation of dietary supplements. Arch Intern 
Med. 2001;161:805-10).  

The public's faith in vitamin E, and in antioxidants generally, reflects the strong 
belief of scientists and health professionals in the theory that exogenous antioxidants 
prevent chronic diseases.  This has been proven to be wrong.  Ten years have passed 
since publication of the first large trial showing that vitamin E supplementation had no 
effect in preventing cancer and cardiovascular disease, and subsequent trials have 
repeatedly confirmed this result. The story is similar for other presumed antioxidants, 
such as ß-carotene and vitamin C.  

The public has been misled and the notion that consumption of antioxidants in diet and 
supplements can prevent disease appears to have drawn strength, rather than to have been 
weakened, by contrary results from clinical trials. Investigators have manipulated the data 
and have called attention to isolated findings of possible antioxidant benefits for 
subgroups of trial participants, so called surrogate end points, or for secondary end points, 
when the overall results of a trial clearly showed the theory invalid and the 
ineffectiveness and possible harm of antioxidant supplements.  

After ß-carotene, initially viewed as an extremely potent antioxidant, was shown to be 
harmful in clinical trials and to have caused increases in lung cancer, some scientists 
opined that the result represented a pro-oxidant property of the agent under certain 
conditions; thus, they made the seemingly perverse outcome fit the antioxidant theory. 
They have repeated this dangerous pattern over and over again.   
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Meanwhile, research based on the antioxidant theory continues apace; a recent search of 

the 2004 National Institutes of Health funding database produced more than 700 hits for 
the term antioxidant. Most funded studies are basic research, but they include many 
clinical trials testing vitamin E supplements in tens of thousands of patients, with dosages 
ranging from 400 to 2000 IU/d, for prevention of a variety of conditions such as 
dementia, heart disease, and prostate cancer. These research projects have all passed some 
sort of peer review. It is time for the scientific and public health communities to face 
the fact that the free radical theory lacks predictability for human disease and that 
it has been invalidated as a viable theory. 

In defense of these antioxidants, Dr. Hemila has stated that over forty controlled trials 
examined the effect of vitamin C supplementation on the common cold.  A recent meta-
analysis of placebo-controlled trials found that regular vitamin C supplementation 
reduced the duration of common cold infection in adults by 8%, and in children by 
13.5%. Furthermore, although vitamin C supplementation showed no effect on the 
common cold incidence in the ordinary population (, vitamin C decreased the incidence 
of colds by half in six trials with participants under heavy acute physical stress (Hemilä 
H. Vitamin C, respiratory infections, and the immune system. Trends Immunol 
2003;24:579-80) (Douglas RM, Hemila H, D’Souza R, Chalker EB, Treacy B. Vitamin C 
for preventing and treating the common cold (Cochrane Review). In: The Cochrane 
Library, Issue 4, 2004).  However, he further states, “The practical significance of the 
findings of vitamin C and E studies is not clear. Although regular vitamin C 
supplementation has consistently reduced the symptoms of colds, the effect has been 
modest, and it is not clear whether the effect is similar with large therapeutic doses 
initiated right after the onset of symptoms.  Furthermore, it seems unjustified to assume 
that the above mentioned effects of vitamin C and E could be extrapolated to other 
“antioxidants”, yet it is evident that the findings of antioxidant trials are not as negative 
as Greenberg presented.”  Actually, based on my review of the world’s literature, I 
believe that the antioxidant trials are more negative than that indicated by 
Greenberg and this has little relevance to cardiovascular disease. 

1.7.2 Vitamin E “allows” Plasmodium yoelii (malaria) Infections 

Mice fed vitamin E-deficient diets containing omega-3 fatty acids survive infection 
with lethal Plasmodium yoelii. The current study sought to determine if antimalarial T- 
and B-cell responses were required for such dietary-mediated protection. In the first set of 
experiments, nu/nu mice (which lack alphabeta T-cell-receptor-positive T cells and do 
not produce antimalarial antibody) and nu/+ mice were fed casein-based diets containing 
4% menhaden oil, with or without vitamin E supplementation, for 4 weeks prior to 
infection with lethal P. yoelii. All mice fed diets containing vitamin E developed 
fulminating parasitemias and quickly died, whereas both nu/nu and nu/+ mice fed 
diets deficient in vitamin E controlled their parasitemias for the first 18 days of 
infection. Thereafter, the nu/nu mice became anemic and died, whereas the nu/+ mice 
produced antimalarial antibodies and survived. In the second set of experiments, 
scid/scid.bg/bg mice (which lack B cells and alphabeta and gammadelta T cells and have 
reduced NK-cell activity) were fed the experimental diet for 6 weeks and then infected 
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with the less virulent 17XNL strain of P. yoelii. Mice fed vitamin E-containing diets 
quickly died, whereas those fed the vitamin E-deficient diet survived without developing 
detectable parasitemias. Results from these experiments show that under prooxidant 
dietary conditions, mice were able to control and even survive malaria 
in the absence of malaria-primed T cells and antimalarial antibody. 
These results emphasize the importance of cellular oxidative processes in parasite 
elimination (Vitamin E-deficient diets enriched with fish oil suppress lethal Plasmodium 
yoelii infections in athymic and scid/bg mice. Taylor DW, Levander OA, Krishna VR, 
Evans CB, Morris VC, Barta JR. Infect Immun. 1997 Jan;65(1):197-202).  I can not 
overemphasize the importance of this experiment.  This verifies the prooxidant 
protective aspect of my Unified Theory.  Oxidatively compromised patients are 
placed at great jeopardy by the use of the antioxidant vitamin E. 

1.7.3 Vitamin E “allows” Tumor Growth 

To investigate whether the oxidative status of an 18:3(n-3) polyunsaturated fatty acid 
(PUFA)-enriched diet could modulate the growth of chemically induced rat mammary 
tumors, three independent experiments were performed. Experiments I and II examined 
the variation of tumor growth by addition of antioxidant (vitamin E) or a prooxidant 
system (sodium ascorbate/2-methyl-1,4-naphthoquinone) to a 15% linseed oil diet rich in 
18:3(n-3). Experiment III addressed the role of PUFA in the tumor growth modulation by 
vitamin E. For this purpose, we compared the effect of vitamin E in 15% fat diets 
containing a high level of 18:3(n-3) (linseed oil, high-PUFA diet) or devoid of 18:3(n-3) 
(hydrogenated palm/sunflower oil, low-PUFA diet). In Experiments I-III, tumor 
growth increased in the presence of vitamin E compared with control (without 
vitamin E). Furthermore, it decreased when prooxidant was added. In contrast, no 
difference was observed when the diet was low in PUFA, suggesting that sensitivity of 
PUFA to peroxidation may interfere with tumor growth. This observation was supported 
by growth kinetic parameter analysis, which indicated that tumor growth resulted from 
variations in cell loss but not from changes in cell proliferation. These data show that, in 
vivo, PUFA effects on tumor growth are highly dependent on diet oxidative status 
(Effect of an alpha-linolenic acid-rich diet on rat mammary tumor growth depends on the 
dietary oxidative status. Cognault S, Jourdan ML, Germain E, Pitavy R, Morel E, Durand 
G, Bougnoux P, Lhuillery C. Nutr Cancer. 2000;36(1):33-41).  Again, I believe that this 
supports my Unified Theory of prooxidant protection against tumor growth. 

1.7.4 H2O2 Benefits Vasculature 

Although an excess of reactive oxygen species (ROS) can damage the vasculature, low 
concentrations of EMODs mediate intracellular signal transduction pathways. 
Investigators hypothesized that hydrogen peroxide plays a beneficial role in the 
vasculature by inhibiting endothelial exocytosis that would otherwise induce vascular 

inflammation and thrombosis. They showed that endogenous H2O2
 inhibits thrombin-

induced exocytosis of granules from endothelial cells. H2O2 regulates exocytosis by 
inhibiting N-ethylmaleimide sensitive factor (NSF), a protein that regulates membrane 
fusion events necessary for exocytosis. H2O2 decreases the ability of NSF to hydrolyze 
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adenosine triphosphate and to disassemble the soluble NSF attachment protein receptor 
complex. Mutation of NSF cysteine residue C264T eliminates the sensitivity of NSF to 
H2O2, suggesting that this cysteine residue is a redox sensor for NSF. Increasing 
endogenous H2O2 levels in mice decreases exocytosis and platelet rolling on venules 
in vivo. By inhibiting endothelial cell exocytosis, endogenous H2O2 may protect the 

vasculature from inflammation and thrombosis (Hydrogen peroxide regulation of 
endothelial exocytosis by inhibition of N-ethylmaleimide sensitive factor. Kenji 
Matsushita et al. JCB, 2005 Volume 170, Number 1, 73-79). 

1.8 Recommended Normal Values (LDL, HDL) by American Medicine (figures 
may vary) 

Total cholesterol should be less than 200 mg/dL (5.18mmol/L). 

HDL (high density lipoprotein) cholesterol should not be less than 40 (1.04).  Values 
higher than 60 (1.6) are consider to be wonderful.  The higher the number, the better off 
you are supposed to be.  HDL cholesterol is promoted as the “good” cholesterol and it 
allegedly and arguably prevents heart attacks and strokes. 

LDL (low density lipoprotein) cholesterol is the so called “bad” cholesterol, which 
allegedly and arguably clings to the artery walls and obstructs them.  It is said that it 
bears the major responsibility for heart attacks and strokes.  If a patient has no indication 
of heart disease, then a reading for LDL of 130 (3.4) is acceptable.  Few people 50 and 
older have no indications of heart disease, so doctors would like to see LDL much lower.  
If a person has had a heart attack or has angina chest pain, the LDL should be 70 (1.8) or 
less.  Many so called experts say that you can not have an LDL reading too low.   

Dividing total cholesterol by HDL cholesterol yields a ratio that can compensate for both 
a high total and high HDL cholesterol.  If most of the total is HDL cholesterol, then you 
allegedly do not have to worry about the total number so much.  For men, the ratio should 
be 4.5 or less: for women 4.   

A good triglyceride reading is said to be less than 150mg/dL (1.7 mmol/L).  A borderline 
reading is 150-199 (1.7-2.2) and a high reading is 200 (2.3) and higher.  These readings 
can be affected by diet and nonfasting.  

1.9 Are you what you eat?  The “diet-heart idea”  
 
Admittedly, there was a time when I believed that we are what we eat but I now believe 
that this simple dogma is hardly the case.  It appears that our bodies remove the nutrients 
from food that the body needs and it rids itself of the things that it doesn’t need. Only if 
one lives in situations of dire poverty such as Ethiopia or Somalia, where good nutritious 
food may be extremely scarce, is the body limited to the use of only ingested foods for 
growth and maintainance of good health.    

Page 47 of 302 



The naïve notion that what you eat shapes your medical fate has exerted a strong pull 
throughout history. And its appeal continues to this day.  It's one of the great principles 
— no, more than principles, canons — of American culture to suggest that what you eat 
affects your health," says James Morone, a professor of political science at Brown 
University.  "It's this idea that you control your own destiny and that it's never too late to 
reinvent yourself," he said. "Vice gets punished and virtue gets rewarded. If you eat or 
drink or inhale the wrong things you get sick. If not, you get healthy." 

That very American dictum may in part explain the criticism and disbelief of physicians 
and nutritionists that recently greeted a report that a low-fat diet might not prevent breast 
cancer, colon cancer or heart disease, after all. 

The report, from a huge federal study called the Women's Health Initiative, raises 
important questions about how much even the most highly motivated people can change 
their eating habits and whether the relatively small changes that they can make really 
have a substantial effect on health.  More and more we see this pattern repeated in 
other studies and with other dietary nutrients or supplements. 

The study, of nearly 49,000 women who were randomly assigned to follow a low-fat diet 
or not, found that the diet did not make a significant difference in 
development of the two cancers or heart disease. But there were limitations to 
the findings: the women assigned to the low-fat diet, despite extensive and expensive 
counseling, never reached their goal of eating 20 percent fat in the first year —only 31 
percent of them got their dietary fat that low. And the study did not examine the effects of 
different types of fat — a fact that critics say is a weakness at a time when doctors are 
advising heart patients to reduce saturated fat in the diet, not overall fats. 

The researchers also found a slight suggestion that low fat might make a difference in 
breast cancer but the results were not statistically significant, meaning they may have 
occurred by chance.  

Still the study's results frustrate our primal urge to control our destinies by 
controlling what we put in our mouths. When it comes to this notion, it is 
remarkable how history repeats itself. Over and over, medical experts, nutritionists 
and self-styled medical experts have insisted and assured us that one diet or another 
can prevent disease, cure chronic illness and ensure health and longevity. Anyone 
who ignores their sage advice and dietary precepts is predictably doomed, according 
to these pseudo-gurus. 

Health-food and vitamin companies are touting more "energy-boosting" supplements and 
exotic-sounding brews to help you leap tall buildings in a single bound — or so it may 
seem. But do these supplements work? Can they be harmful? Samantha Heller, a 
nutritionist at NYU Medical Center and a contributor to Health magazine, says there is no 
magic energy supplement bullet.   
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Jean Anthelme Brillat-Savarin, the French 19th-century food writer, insisted that the 
secret to good health was to avoid carbohydrates.  For those who did not follow his 
advise he said, “Very well then; eat! Get fat! Become ugly and thick, and asthmatic, 
finally die in your own melted grease." 

A decade later, the Rev. Sylvester Graham exhorted Americans to eat simple foods like 
grains and vegetables and to drink water.  Beef and pork, salt and pepper, spices, tea and 
coffee, alcohol, he advised, all lead to gluttony.  The reward for living right, Graham 
promised, would be perfect health. 

Horace Fletcher, a wealthy American businessman who invented his diet in 1889. 
Fletcher found a method whereby you should eat only when you are hungry; eat only 
those foods that your appetite is craving; stop when you are no longer hungry and, the 
dictum for which he was most famous, chew every morsel of food until there is no 
more taste to be extracted from it.  Fletcher became known as the Great Masticator, 
and he advised all to chew their food and liquids 100 times a minute and to eat a low-
protein diet as a means to health and well-being. He promised that "Fletcherizing," as it 
became known, would turn "a pitiable glutton into an intelligent epicurean."  

Fletcher, 68, died of a heart attack in 1919, and his diet plan was on its way out, 
supplanted by the next new thing: counting calories. Its champions were two Yale 
professors, Irving Fisher and Eugene Lyman Fisk, who wrote the best-selling book "How 
to Live" in which they said, "Constant vigilance is necessary, yet it is worthwhile when 
one considers the inconvenience as well as the menace of obesity.” 

More recently, of course, the recommended diet, at least for heart disease and cancer 
prevention, has been to eat foods low in fat, which what led to the Women's Health 
Initiative.  Eight years later, the women who reduced dietary fat had the same rates 
of colon cancer, breast cancer and heart disease as those whose diets were 
unchanged.  They also weighed about the same and had no difference in diabetes rates, 
or in levels of insulin or blood sugar.   

In the meantime, the notion that fat was bad and that low-fat diets could protect against 
disease took hold, with scientists promoting it and much of the public believing it. And a 
low-fat food industry grew apace.  It was the same old thing that by a change in the diet 
that one could prevent major diseases.  There was epidemiological evidence and animal 
studies which predicted that the low fat diet was the way to go but that was proven to be 
another invalidated notion.    

In 2005, according to the NPD Group, which tracks food trends, 75 percent of Americans 
said they substituted a low-fat or no-fat food for a higher-fat one once a week or more. 
Criticisms have abounded since the JAMA article discredited the low fat diet approach.  
"Lifestyle goes beyond a modest difference in saturated fat," said Dr. Robert H. Eckel, 
president of the American Heart Association. Dr. Rossouw responded, "They're telling us 
that we chose the wrong kind of fat and that we just didn't know."  But, he said: "We're 
not stupid. We knew all that stuff." 
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Not everyone is attacking the study. Many scientists applaud its findings and say it is 
about time that some cherished dietary notions are put to a rigorous test. And some 
nonscientists are shocked by the reactions of the study's critics. 

"Whatever is happening to evidence-based treatment?" Dr. Arthur Yeager, a retired 
dentist in Edison, N.J., wrote in an e-mail message. "When the facts contravene 
conventional wisdom, go with the anecdotes?" 

For the last few years Greg Crister has been working on a biography of the 16th century 
humanist-merchant Alvise (Luigi) Cornaro.  He came to believe that if he ate less as he 
aged — and if he engaged in most things moderately, including work — he would live 
longer. The key was not what one ate but how much one ate and — here is where today's 
dietary gurus can learn — eating only what agreed with you. Although he never set hard 
limits, his focus was on routinely pushing back from the table before he was satisfied. As 
he put it, he focused on "not eating or drinking more than the stomach can easily digest, 
which quantity and quality every man should be perfect judge by the time he is 40." 
 
Advocating such a regimen, Cornaro intuited today's scientific inquiry, still ongoing, into 
caloric restriction and aging — how, in essence, too many burned calories lead to too 
many free radicals, leading to maimed body cells and illness and death. But Cornaro 
was not about caloric restriction. He was about something much tougher, and much more 
honest: the recognition that to make a habit is viscerally human, but to control a habit 
takes something from above — the head. 
 
It was a dietary guideline that got Cornaro, all but dead at 40, to age 83.  

According to Greg Crister the fat-cancer link, to be fair, has always been weak, but the 
notion that one can't lower one's risk of heart disease by keeping the plumbing unclogged 
by eating low fat — that was the paradigm buster. As Dr. Jules Hirsch, physician in chief 
emeritus at Rockefeller University in New York, put it, the study "should put a stop to 
this era of thinking that we have all the information we need to change the whole national 
diet and make everybody healthy." The end of an era! 

In a sense, "the era" was neo-Galenic, by which I refer to the 2nd century physician who 
believed that all bodily ailments could be righted by balancing bodily humors with the 
right foods, bleeding and herbs. Such is the function of our focus on finding and 
popularizing perfect dietary content. Right food, right bodily reaction, right health. 

The problem, some medical scientists said, is that many people and researchers get 
so wedded to their beliefs about diet and disease that they will not accept rigorous 
evidence that contradicts it. 

The truth, said Dr. David Altshuler, an endocrinologist and geneticist at Massachusetts 
General Hospital, is that while the Western diet and lifestyle are clearly important risk 
factors for chronic disease, tweaking diet in one way or another — a bit less fat or a 
few more vegetables — may not, based on studies like the Women's Health Initiative, 
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have major effects on health. "We should limit strong advice to where randomized trials 
have proven a benefit of lifestyle modification," Dr. Altshuler wrote in an e-mail 
message.  

Still, he said, he understands the appeal of dietary prescriptions. 

The promise of achieving better health through diet can be so alluring that even 
scientists and statisticians who know all about clinical trial data say they sometimes 
find themselves suspending disbelief when it comes to diet and disease. 

2.0 The “diet-heart” Hypothesis Controversy 
 
The low-fat "diet–heart hypothesis" has been controversial for nearly 100 years. The low-
fat–high-carbohydrate diet, promulgated vigorously by the National Cholesterol 
Education Program, National Institutes of Health, and American Heart Association since 
the Lipid Research Clinics-Primary Prevention Program in 1984, and earlier by the U.S. 
Department of Agriculture food pyramid, may well have played an unintended role in the 
current epidemics of obesity, lipid abnormalities, type II diabetes, and metabolic 
syndromes. This diet can no longer be defended by appeal to the authority of prestigious 
medical organizations or by rejecting clinical experience and a growing medical literature 

suggesting that the much-maligned low-carbohydrate–high-protein diet may have a 
salutary effect on the epidemics in question. 
 
Mann wrote in 1977: "A generation of research on the diet–heart hypothesis has 
ended in disarray" (Mann GV. Diet-heart: End of an era. N Engl J Med. 1977;297:644–
650).  
 
E. H. Ahrens, Jr., one of the originators of the diet–heart hypothesis, said in 1985 
that it was not yet proven that dietary modification could prevent CAD (Ahrens EH 
Jr. The diet-heart question in 1985: has it really been settled? Lancet. 1985;1085:7). 
 

Some of the following material was excerpted, abstracted or modified from:  Diet-heart 
hypothesis: will diversity bring reconciliation? Jose M Ordovas. American Journal of 
Clinical Nutrition, Vol. 82, No. 5, 919-920, November 2005. 

The first century of atherosclerosis research was dominated by the lipid hypothesis. Even 
when new hypotheses were brought to the table (ie, the oxidation hypothesis), they were 
put in the context of lipids (ie, oxidized LDL cholesterol). The reason for this may be 
traced to the beginning of the story, when Nikolaj N Anitschkow established the 
cholesterol-fed rabbit as a model for atherosclerosis research (Finking G, Hanke H. 
Nikolaj Nikolajewitsch Anitschkow (1885–1964) established the cholesterol-fed rabbit as 
a model for atherosclerosis research. Atherosclerosis 1997; 135: 1–7). 

One wonders how different this field might have been had Anitschkow decided to use an 

animal that is much more resistant to diet-induced atherosclerosis, such as the rat or 
mouse. During the ensuing decades, atherosclerosis moved from a laboratory curiosity to 
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a major public health concern and to the proposal by some of the diet-heart hypothesis, 
which proposes a sequence of etiologic relations between the saturated fat content of 
the diet, serum cholesterol concentrations, and the development of disease.  

From the beginning, the diet-atherosclerosis connection was far from being 
unanimously embraced by the scientific community. A notable early example of this 
enduring controversy was "Keys versus Pickering" (Health revolutionary: the life and 
work of Ancel Keys, (Documenting Public Health Leadership project of the Associations 
of Schools of Public Health and the Health Resources and Services Administration), 
DVD. Minneapolis, MN: University of Minnesota School of Public Health, 2002). The 
venue was the World Health Organization, and the year was 1955. There and then, Ancel 
Keys put forward his ideas expecting to be accepted on the spot, but he was challenged by 
Sir George Pickering, who according to witnesses said, "Yes, and Professor Keys would 
you be kind enough to cite for us the principle piece of evidence that you think supports 
this diet-heart theory of yours?" Keys's evidence, at that time, was not convincing and his 
hypothesis was not accepted, which drove him to build the evidence that would allow him 
to prove his point. This encounter was one of the driving forces behind the Seven 
Countries Study, which represents one of the most exciting adventures in early nutritional 
epidemiology (Mancini M, Stamler J. Diet for preventing cardiovascular diseases: light 
from Ancel Keys, distinguished centenarian scientist. Nutr Metab Cardiovasc Dis 2004; 
14: 52–7). This study, despite its shortcomings, solidified for many the notion that 
dietary factors and, more specifically, dietary fat and cholesterol were responsible in 
great part for the rise of cardiovascular disease (CVD) experienced in Western and 
industrialized societies during the 20th century.  

Promotion of the low-fat diet, which came to dominate current nutritional thought, began 
in earnest with the National Institutes of Health (NIH)-sponsored Lipid Research Clinics 

Coronary Primary Prevention Trial (LRC-CPPT) (The Lipid Research Clinics Coronary 
Primary Prevention Trial results. I. The relationship of incidence of coronary heart 
disease to cholesterol lowering. JAMA 1984;251:351–64). In this study, cholestyramine, 
given over some seven years, reduced serum cholesterol (SC) by about 10% and mortality 
by a widely publicized relative 24%. Although statistically significant, the absolute 
reduction was far less impressive: 2% in the placebo and 1.6% in the treated cohort.  
I believe that this is just the kind of “fuzzy math” that dominates today’s so called 
scientific investigations.  One must closely examine the data to determine “truth in 
calculations.”   

Another inference drawn from the LCR-CPPT proved to be less fortuitous. Even though 
the LCR-CPPT was a drug and not a diet trial, the LRC-CPPT investigators—the NIH, 
the National Cholesterol Education Program (NCEP), and the American Heart 

Association (AHA)—made a leap of faith: if lowering SC by medication was effective 
against CAD, reducing dietary fat intake would also lower SC and produce a similar 
result.  

There followed what became perhaps one of America's most extensive public relations 
campaigns: convincing the profession as well as the public that avoiding dietary fat was a 
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key element in the prevention and treatment of atherosclerotic CAD. The NIH, NCEP, 
AHA, USDA, and a host of medical organizations were joined by the food industry in 
publicizing and promoting this concept. One had only to walk through any supermarket to 
find a plethora of cookies, cakes, ice cream, and nearly every imaginable food product 
prominently marked "low-fat." The message, perhaps unintended, was unmistakable: 
eat all the low-fat foods you want; they are safe. Yet many of these low-fat foods were 
high in carbohydrates (Carb) and prepared with saturated and trans-fatty acids (Weinberg 
SL. The perils of health promotion: The low fat diet. Dayton Med. 2002;58:4–6). 

The medical literature contained warnings largely ignored by the profession and related 
organizations. Rosenman (Rosenman RH. The questionable roles of diet and serum 
cholesterol in the incidence of ischemic heart disease and its 20th century changes. 
Homeostasis. 1993;34:1–44), in an extensive review, found that SC is not strongly related 
to or primarily regulated by diet. He also cited widespread discordant beliefs about a 
causal role of diet in CAD.  

Replacing saturated and trans-unsaturated fats with unhydrogenated mono-unsaturated 
and poly-unsaturated fats was more effective in preventing CAD in women than in 
reducing overall fat intake (Hu FB, Stampfer MJ, Manson JE, et al. Dietary fat intake and 
the risk of coronary heart disease. N Engl J Med. 1997;337:1491–1499). However, 
because of its high-Carb content, LF-HCarb diets also decrease high-density 
lipoprotein (HDL) and increase triglycerides, well-established independent risk factors 
for coronary disease.   

"Information about the best diet (to prevent CAD) is incomplete, unscientific and 
often conflicting."  Amazingly, these unfortunate nutritional approaches were promoted 
aggressively by the profession and by the most credible medical organizations and 
institutions, in concert with the USDA and the food industry (Yancy WS, Jr., Westman 
EC, French PA, et al. Diets and clinical coronary events. Circulation 2003;107:10). 

Frustrated by the failure of traditional medical dietary advice, Americans sought weight 
loss through popular and highly publicized "Atkins" low-carbohydrate–high-protein 

(LCarb-HP) diets. These diets were rejected and criticized by mainstream medicine 
because of potential risks from increased protein and fat content. An AHA science 
advisory warned that LCarb-HP diets might cause metabolically induced kidney and liver 
damage and CAD (St. Jeor ST, Howard BV, Prewitt TE, et al. Dietary protein and weight 
reduction. Circulation. 2001;104:1869–1874). Thus far, however, there is little evidence 
to substantiate these warnings, and there is evidence that saturated fats, which 
represent the smallest proportion of calories by the USDA food pyramid, may carry 
little more risk than Carb, the class of food representing the bulk of USDA caloric 
recommendations. 

In a systemic review of dietary fat in preventing CAD, Hooper et al. point out: "Despite 
decades of effort, and many thousands of people randomized, there is still only 
limited and inconclusive evidence of the effects of modification of total, saturated, 
mono-unsaturated or poly-saturated fats on cardiovascular morbidity and 
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mortality"( Hooper L, Summerbell CD, Higgins JPT, et al. Dietary fat intake and 
prevention of cardiovascular disease: Systemic review. Br Med J. 2001;322:757–763). 
The Hooper et al. study included 27 trials, with 30,902 patient-years of observation, and 
reported a reduction of 9% in cardiovascular mortality and 16% in cardiovascular events, 
with little effect on total mortality. 

Katan et al.were concerned by the growing public perception that Carb was innocuous 
and warned that LF-HCarb diets, while reducing LDL, also lowered HDL and 
elevated triglycerides, which were independent CAD risk factors. They noted that, 
although dietary fat consumption had decreased since 1976, obesity in the U.S. had 
increased by one-third (Connor WE, Connor SL. Should a low-fat, high-carbohydrate diet 
be recommended for everyone? N Engl J Med 1997;337:562–7). 

Bravada et al. systematically reviewed 107 studies with 3,168 participants in order to 
determine the efficacy and safety of the LCarb-HP diet. There was wide disparity in the 
duration and design of these studies, which complicated the analyses. These authors 

concluded that there was inadequate evidence to make recommendations for or 
against the LCarb-HP diet, particularly among participants older than age 50 (Bravada 
DM, Sanders L, Huang J, et al. Efficacy and safety of low carbohydrate diets. A 
systematic review. JAMA. 2003;289:1837–1850). 

Foster et al. reported a one-year multi-center randomized trial comparing LCarb-HP and 
LF-HCarb diets in obese subjects. The LCarb-HP group had a greater decrease in serum 

triglycerides and increase in HDL than those receiving the LF-HCarb diet. Although this 
may have been due partly to the greater weight loss with the LCarb-HP diet, the changes 
were larger than expected from weight loss alone. There were no significant differences 
between the two groups in blood pressure, LDL, and insulin sensitivity (Foster GD, 
Wyatt HR, Hill J, et al. A randomized trial of a low-carbohydrate diet for obesity. N Engl 
J Med 2003;348:2082–90). 

Defense of the LF-HCarb diet, because it conforms to current traditional dietary 
recommendations, by appealing to the authority of its prestigious medical and 
institutional sponsors or by ignoring an increasingly critical medical literature, is no 
longer tenable (The diet–heart hypothesis: a critique. Sylvan Lee Weinberg, MD, 
MACC. J Am Coll Cardiol, 2004; 43:731-733). 

Nowadays, however, almost 100 y after Anitschkow's experiments and about 50 y since 
the launching of the Seven Countries Study, the polemic continues about the role of 
diet on the development of heart disease. Some are against the diet-heart model 
(Weinberg SL. The diet-heart hypothesis: a critique. J Am Coll Cardiol 2004; 43: 731–3) 
(Taubes G. Nutrition. The soft science of dietary fat. Science 2001; 291: 2536–45) and 
some embrace the idea (Grundy SM. Dietary fat: at the heart of the matter. Science 
2001; 293: 801–4).  I believe that this is the same path that is being followed by the 
free radical theory of oxidative stress and aging. 
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Lefevre et al (Lefevre M, Champagne CM, Tulley RT, Rood JC, Most MM. Individual 
variability in cardiovasclar disease risk factor responses to low-fat and low-saturated-fat 
diets in men: body mass index, adiposity, and insulin resistance predict changes in LDL 
cholesterol. Am J Clin Nutr 2005; 82: 957–63) present some results that may not soothe 
the above indicated controversy. However, the title and the opening statement of the 
manuscript contain the words that may hold the clue to reconciling the lingering polemic: 
"Individual variability in response." Lefevre et al's study design fulfills many of the 
expectations of a well-conducted dietary intervention study, namely, a randomized, 
double-blind, 3-period crossover controlled feeding design. The composition of the diets 
was conventional: the average American diet (38% of energy as fat and 14% of energy as 
saturated fatty acids), the Step I diet (30% fat; 9% saturated fatty acids), and the Step II 
diet (25% fat; 6% saturated fatty acids); the fat content was adjusted by adding or 
removing milk fat. The diets were fed for 6 wk each to 86 free-living, healthy men aged 
22–64 y.  

Compared with the average American diet, the Step I and Step II diets lowered LDL-
cholesterol concentrations by 7% and 12%, respectively. However, the bad news was 
that plasma HDL-cholesterol concentrations decreased on a similar magnitude, 
whereas plasma triacylglycerols increased by 14% and 16%, respectively. These 

results were, on average, similar to those from many previous studies that used similar 
experimental designs and diets. As in previous studies, the magnitude of individual 
variability in the response of plasma lipids to dietary intervention was astonishing.  

There were persons in the higher end of the body mass index distribution who had 
identical responses to those in the middle and lower ranges. Therefore, these data in 
isolation may not raise too many expectations regarding the influence of anthropometric 
variables on plasma lipid responses to dietary manipulation. The benefits of a 
hypocholesterolemic diet may not reach their maximum performance in subjects 
who are overweight or obese or who, as shown here, are insulin resistant.  

The other relevant outcome of the study relates to the results obtained for the ratio of total 
to HDL cholesterol, also known as the atherogenic ratio. Higher values have been 
associated with an increased CVD risk. Therefore, the elevations observed after the Step I 
and II diets cast some concerns about the efficacy of these low-fat diets to reduce CVD 
risk.  

When low-fat diets are provided ad libitum and result in weight loss, they have the 
positive effect of reducing LDL-cholesterol concentrations without the potential 
downsides of decreasing HDL-cholesterol concentrations and increasing triacylglycerol 

concentrations. Moreover, despite the indisputable epidemiologic evidence regarding the 
protective role of HDL cholesterol, what really matters is the efficacy of reverse 
cholesterol transport efficiency rather than HDL-cholesterol concentrations (Navab M, 
Ananthramaiah GM, Reddy ST, et al. The double jeopardy of HDL. Ann Med 2005; 37: 
173–8).  
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Deciding the suitability of a specific diet to reduce CVD risk based exclusively on its 
effects on the ratio of total to HDL cholesterol may be too vague. It would be unfortunate 
if somebody decides to interpret from these findings that the best diet therapy for 
overweight or obese people to decrease CVD risk would be a high-fat diet consisting of 
milk products.  

On the basis of the data, one may think about a hierarchical structure to dietary prevention 
or therapy for CVD. Thus, if the individual has insulin resistance or is obese, the primary 
emphasis should be in normalizing those conditions to achieve the maximum benefit of 
the hypocholesterolemic diets. Whether insulin, body mass index, or waist circumference 
are better determinants of impaired dietary responses cannot be assessed from the present 
study because multiple stepwise regression analyses are not advisable when using such 
highly correlated variables. Moreover, many other factors influence responses, including 
age, sex, physical activity, alcohol, smoking, and genetics.  

2.1 The Free Radi-Crap Theory 
 

The only justifiable reason 
for the existence of the free radical theory, 

is to make tarot card reading  
appear to be respectable. 

R. M. Howes, M.D., Ph.D. 
3/22/06 

 
In 1956, Dr. Denham Harman proposed the free radical theory, whereby oxygen free 
radicals supposedly were the cause for over 100 human diseases including cancer, heart 
disease and aging (Harman, D. 1956. Aging: a theory based on free radical and radiation 
chemistry. J. Gerontol. 11: 298-300).  Free radicals are chemicals which have unpaired 
outer orbital electrons and were thought to have damaging reactivity with biological 
molecules such as lipids, proteins and nucleic acids.  In vitro laboratory animal studies 
and epidemiologic observations seemed to support the free radical theory.  Thereafter, 
electronically modified oxygen derivatives (EMODs) were progressively demonized 
in the scientific literature and later free radicals were widely debased in the lay 
publications.  
 

The free radical theory of aging, elaborated and first investigated mainly by Harman and 
later by many others, suggests that oxygen free radicals are harmful byproducts of 
aerobic life and as such represent the basic cause of aging and numerous diseases 
(Harman, D. 1957. Prolongation of the normal life span by radiation protection 
chemicals. J. Gerontol. 12: 257-263) (Harman, D. 1961. Mutation, cancer and aging. 
Lancet 1: 200-201) (Harman, D. 1961. Prolongation of the normal life span and inhibition 
of spontaneous cancer by antioxidants. J. Gerontol. 16: 147-154) (Harman, D. 1981. The 
aging process. Proc. Natl. Acad. Sci. USA 78: 7124-7128) (Harman, D. 1988. Free 
radical theory of aging, current status. In Lipofuscin - 1987, State of the Art. I. Zs.-Nagy, 
Ed. :3-21. Akadémiai Kiadò, Budapest; Elsevier Science Publishers, Amsterdam) 
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(Harman, D. 1992. Role of free radicals in aging and disease. Ann. N.Y. Acad. Sci. 673: 
126-141) (Harman, D. 1994. Free radical theory of aging. Increasing the functional life 
span. Ann. N.Y. Acad. Sci. 717: 1-15). 

Antioxidants were touted as the savior from the alleged damaging effects of EMODs and 
were quickly called to the rescue.  Antioxidants are chemicals which were believed to 
nullify, scavenge or eliminate free radicals and were predicted to be the answer to “free 
radical caused diseases” in man.  Scientists readily assumed three things:  1) that the free 
radical theory was correct, 2) that oxygen free radicals were deleterious and 3) that 
antioxidants would successfully counteract the damaging effects of oxygen free radicals.   
 
In vitro studies have shown that cells can be damaged by reactions with free radicals.  
Thus, it was assumed that living/breathing cells would respond in a similar fashion and 
that free radicals were the causative factor for over 100 pathophysiologies, including 
cancer, cardiovascular disease and aging.  Dr. Denham Harman had planted the seed 
of confusion which led to the growth of a sprawling tree of erroneous free radical 
hypotheses, over shadowing the real truth in regards to oxygen free radicals and 
human disease causation (Harman D. Free radical theory of aging.: the free radical 
diseases. Age 7: 111-131, 1984).   
 
Tens of thousands of scientific papers have been published on this subject and most 
of those published in the later half of the 20th century were interpreted as being 
supportive of the free radical theory.  Yet, the literature was filled with “paradoxes” 
and inconsistencies.  Dietary antioxidant supplements were the rage.  However, 
large, randomized, double blind, controlled studies subsequent to this have not only 
demonstrated that antioxidants are frequently ineffective in the prevention of the 
alleged “free radical caused diseases” but that they were also the source of potential 
harm or death.   

When confronted with non-supportive evidence, the medico-scientific establishment 
did what any purveyor of profitable misinformation would do, i.e., they either 
ignore it or call it a paradox and move on. Interestingly, they simultaneously seeks 
out supportive evidence, no matter how flimsy, and then embark on an aggressive 
propaganda campaign to 'indoctrinate' as many people as possible to this allegedly 
supportive evidence. The end result is that the general public receives a highly 
distorted version of events that, while far from the truth, is nonetheless far more 
palatable to the reigning orthodoxy. Thus, all is well in the kingdom.  The last thing 
they want is controversy and questioning of the reigning dogma.  So it has been with 
the free radical theory for the last fifty years. 

Some of the following selective material was abstracted, excerpted or modified from:  
Role of Oxidative Modifications in Atherosclerosis.  Roland Stocker and John F. Keaney, 
Jr. Physiol. Rev. 84 (4): 1381-1478, 2004.   
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2.2 Oxidation 
 
The idea of antioxidants for heart protection sounds great. This is because in the research 
laboratory oxidation seemingly plays a big role in formation of atherosclerotic plaque 
(the cholesterol-formed substance that can eventually rupture to cause a heart attack). 

However, in the last several years, the long-awaited reliable scientific studies (large, 
randomized, controlled clinical studies) were finally performed to test whether 
antioxidant supplements really protect the heart. Heart protective effects of antioxidant 
supplements have been tested on more than 1,000,000 people in recent well-designed 
trials. Trials have been completed for vitamin E (5 large trials), beta-carotene (3 large 
trials), and antioxidant mixtures (2 large trials).  I include other studies in subsequent 
sections. 

Each of these trials showed no effect of antioxidant supplements on cardiovascular 
disease occurrence. Only a few controlled clinical studies showed beneficial effect for 
vitamin E (with or without vitamin C), and those studies were performed in people who 
already had heart disease, or were at high risk of heart disease. As a result, the American 
Heart Association released a “Science Advisory” regarding antioxidant vitamin 
supplements and cardiovascular disease. The statement concluded that scientific data 
does not justify the use of antioxidant vitamin supplements for reducing 
cardiovascular risk.  

Similarly, the U.S. Preventive Services Task Force (USPSTF), which constructs 
guidelines that doctors use in clinical practice based on strict scientific review of clinical 
research, reviewed all the clinical research regarding the role of antioxidants in cancer 
and heart disease. The USPSTF concluded that there is insufficient evidence to 
recommend either for or against the use of supplements of vitamins A, C, E, or 
antioxidant combinations for the prevention of cancer or cardiovascular disease. 
Furthermore, because some studies actually proved harm resulting from particular 
antioxidant supplements, USPSTF specifically recommends against the use of beta-
carotene supplements, either alone or in combination for prevention of cancer or 
cardiovascular disease. Not only did beta-carotene not protect against cancer or 
cardiovascular disease, but it actually increased the risk of lung cancer and the chance of 
dying in studies of smokers. (Of course, these recommendations are not meant to apply to 
people who have diagnosed vitamin deficiencies that require treatment.)  

The process of oxidation and autooxidation occurs in any oxygen-rich environment 
where substrates are exposed to oxidizable substrates, ultraviolet light or heat. Examples 
of commonly occurring chemical autooxidation processes include an apple turning brown 
following brief exposure to air, a car rusting in the open air, and the formation of rancid 
fats in poorly preserved foods. These processes are all mediated by reactive oxygen 
radicals (oxygen atoms with a single unpaired electron). In order to understand the 
mechanisms by which antioxidants were believed to prevent chronic diseases, it is 
necessary to understand the alleged actions of free radicals and how antioxidants 
are supposedly involved in free radical reactions and as prooxidants. 
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Oxygen involved in the oxidation of substrates to produce energy in normal metabolic 
processes can produce or may be converted to oxygen radicals. Unlike previously 
advertised, they have many beneficial roles as in phagocytes where they protect against 
bacteria, fungi and parasites. However, some believe that if natural antioxidant 
mechanisms are not adequate to quench alleged excess oxygen radicals then they can 
react with cell structures but normally this does not appear to be harmful.  

Metabolism is not the only source of free radicals. Environmental pollutants are sources 
for free radicals including nitrogen dioxide, ozone, cigarette smoke, radiation, 
halogenated hydrocarbons, heavy metals and certain pesticides and herbicides. Alcohol 
consumption can induce oxidative reactions in the liver. Certain chemotherapeutic agents 
including doxorubicin, cyclophosphamide, 5-fluorouracil, methotrexate, and vincristine 
can produce oxygen radicals at doses used in cancer patients to kill neoplasia. Increased 
physical activity always generates free radicals as the result of increased oxygen 
consumption during exercise.  Obviously and consistently, this increased exercise 
generated oxygen free radicals are salutary for our over all health.  Oxygen radicals in 
the human body can react in beneficial ways with proteins, lipids, carbohydrates, 
nucleotides and with themselves but most authors and articles emphasize the 
negative aspect of oxygen free radicals.  

When free radicals attack polyunsaturated fats in the presence of oxygen, lipid peroxides 
can allegedly be formed in a chain reaction that results in amplification of the original 
oxidative damage in vitro. For example, low density lipoprotein that is oxidized is more 
easily taken up by macrophages in the endothelial wall of blood vessels which might 
promote atherogenesis (Rifici VA, Khachadurian AK. Dietary supplementation with 
vitamins C and E inhibits in vitro oxidation of lipoproteins. J. Am. Coll. Nutr. 12: 631-
637, 1993).  

A DNA base oxidation product (8-hydroxydeoxyguanosine) can be detected in the urine 
of humans exposed to so called oxidant stresses raising the possibility that oxidation may 
alter genetic information. These oxidative processes have been associated with 
degenerative changes occurring with aging, and the development of cardiovascular 
disease and cancer. Free radical reactions occur continuously in living cells, but most 
of the changes resulting are repaired or are a part of normal metabolism. Some believe 
that damage that escapes these repair systems may accumulate over long periods of time 
and play a role in degenerative diseases.  I believe that this is outdated thinking. 

High density lipoprotein (HDL) is the major carrier of lipid hydroperoxides in plasma, 
but it is not yet established whether HDL proteins are damaged by reactive nitrogen 
species in the circulation or artery wall. One pathway that generates such species involves 
myeloperoxidase (MPO), a major constituent of artery wall macrophages. Another 
pathway involves peroxynitrite, a potent oxidant generated in the reaction of nitric oxide 
with superoxide. Both MPO and peroxynitrite produce 3-nitrotyrosine in vitro.  

The body's susceptibility to so called oxidant damage is thought to depend on the 
balance between the extent of pro-oxidant levels and the antioxidant levels of body 
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tissues. Most antioxidants have a large number of alternating double bonds which 
can act as electron traps.  In some cases, this quenching reaction can lead to 
increased oxidation. This occurs when a polyunsaturated fat neutralizes an oxygen 
radical but becomes a fatty acid radical which then attacks another lipid leading to a 
chain reaction.  Thus, there is no distinct division between “good antioxidants” and 
“bad oxidants.”  One can and does become the other.  Once an antioxidant gives its 
electron to an oxidant, that antioxidant immediately becomes a radical oxidant 
itself. Please remember that this is not the case for antioxidant enzymes. 

Other antioxidants can also act as pro-oxidants after quenching an oxygen radical. 
On balance, a number of studies have shown that various antioxidants act as a 
cooperative system of antioxidant defense but all antioxidants may have prooxidant 
activity or potential. Please remember this point.  Vitamin C quenches free radicals in 
aqueous systems, but also regenerates cellular vitamin E which helps to control lipid 
peroxidation (Watson RR and Leonard TK. Selenium and vitamins A, E, and C: nutrients 
with cancer prevention properties. J Am Diet Assoc 86:505-510,1986).  

Beta-carotene also traps free radicals in concert with vitamin E. The selenium-containing 
enzyme glutathione peroxidase uses peroxides as a substrate before they can allegedly 
damage cell membranes and interacts synergistically with vitamin E (Wefers H and Sies 
H. The protection by ascorbate and glutathione against microsomal lipid peroxidation is 
dependent on vitamin E. Eur J Biochem 174:353-357, 1988). In a number of animal 
studies, the administration of antioxidants ameliorated damage from experimental oxidant 
stress. Furthermore, the antioxidant requirement in these studies was directly proportional 
to the increased tissue concentrations of free radicals and this helped to fuel the fires of 
these old studies. While not proven, promotion of antioxidation through consumption of 
antioxidant-rich fruits and vegetables, as well as dietary supplements, is a habit many 
physicians, nutritionists and Americans consider health-enhancing but this has not been 
supported by vast clinical studies. 

Here is how I see it: 

There is no doubt that antioxidants such as vitamins A, C and E have antioxidant 
properties and activity.   

There is also no doubt that reliable studies have shown that these antioxidants can 
cause increased risks for heart attacks, congestive heart failure, strokes and overall 
mortality.   

There is also no doubt that oxidants (EMODs) are our first line of defense against 
infections and neoplasia. 

There is no doubt that, under certain circumstances, EMODs can cause the 
dissolution of plaques. 
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On the basis of population studies and animal studies, a number of governmental 
agencies including the National Research Council, the National Cancer Institute and the 
United States Department of Agriculture have recommended that Americans eat at least 
five servings a day of fruits and vegetables in part to increase the intake of beneficial 
antioxidants. Recent surveys indicate that only a small fraction of the general population 
follows this advice, leading some nutrition authorities to recommend dietary 
supplementation or food fortification with antioxidants to reduce chronic disease 
incidence. While there remains some uncertainty about the long term effects of 
antioxidant supplementation there is little evidence that the practice of dietary 
supplementation may be beneficial, and it has the potential to be harmful.  

The free radical theory has prejudiced countless studies and clouded interpretation of data 
ever since it was introduced.  It has progressed to the point of absurdity, such that if an 
investigators’ results are not in agreement with the free radical theory, that 
investigator considers his results to be a paradox or that his study was flawed.  
Investigators are reluctant to offer explanations which go against the dogma of the 
erroneous free radical theory.   
 
It has swayed scientific opinion such that bias (italicized below) is now part of the 
definition of supposedly scientific terms as follows: 
 
Antioxidant -An enzyme or other organic molecule that can counteract the damaging 
effects of oxygen in tissues 
 
Free Radical -An atom or a molecule with an unpaired electron, highly reactive with 
nearby molecules. Free radical damage may be countered with antioxidants 
 
Oxidative Stress -A state in which the effects of prooxidants exceed the ability of 
antioxidant systems to neutralize them 
 
Reactive oxygen species (ROS) - Highly reactive chemicals, containing oxygen, that 
react easily with other molecules resulting in potentially damaging modifications 
 
All of these terms indicate that oxygen free radicals are only capable of harmful 
effects and that antioxidants are wonderfully helpful agents within our cells. This is 
basically wrong and is another example of nonscience/nonsense.  We have been told 
that dietary antioxidant vitamins and antioxidants obtained from dietary fruits and 
vegetables would be the godsend in eliminating the deliterious oxygen free radicals and 
consequently, the occurrence of the host of disease which they allegedly caused.  That 
has not proven to be the case.  
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2.3 Antioxidant Intervention Trials 
 

“You are being radically misled  
by antioxidant vitamin fraudsters.”   

Someone is trying to radically mislead you  
concerning antioxidant vitamins and  

antioxidant supplements, 
such that you will make  

a radical mistake.” 
R. M. Howes, M.D., Ph.D. 

3/22/06 
 
 
 
 
Some of the following was modified or abstracted from studies or reports of the Institute 
of Medicine, 2000.  Intervention Trials:  Antioxidants and Chronic Diseases. 
 
2.3.1 Skin Cancer Prevention Study (Greenberg, et al., 1990);  Country:  US; Study 
Type:  Secondary prevention; randomized, double-blind, placebo-controlled intervention;  
Study Population:  1,805 men and women with recent nonmelanoma skin cancer; aged 
40-89 years; Duration of Treatment Years:  5; Daily Dose:  50 mg β-carotene; Primary 
Disease Outcome:  Skin cancer; Results:  No effect on occurrence of new nonmelanoma 
skin cancers. 
 
2.3.2 Women’s Health Study (Buring and Hennekens, 1992); Country:  US; Study 
Type:  Primary prevention; randomized, double-blind; placebo-controlled intervention; 
Study Population:  39,876 healthy women, aged ≥45 years; Duration of Treatment Years:  
Not reported; Daily Dose:  600 IU a-tocopherol, 100 mg aspirin (alternate days); Primary 
Disease Outcome:  MI, stroke or CVD death; Results:  The data from this large trial 
indicated that 600 IU of natural-source vitamin E taken every other day provided no 
overall benefit for major cardiovascular events or cancer, did not affect total 
mortality, and decreased cardiovascular mortality in healthy women. These data do 
not support recommending vitamin E supplementation for cardiovascular disease or 
cancer prevention among healthy women.  The WHS data suggest that vitamin E 
provides no protection against cancer in women. In addition, vitamin E offered no 
overall protection against CVD. The isolated benefit for preventing CVD-related death 
contradicts previous evidence of potential harm from vitamin E (Ann Intern Med 2005; 
142:37). The Women’s Health Study was conducted between 1992 and 2004 
(JAMA. 2005;294:56-65). 
 
2.3.3 Linxian Cancer Prevention Study (Blot et al., 1993);  Country:  China; Study 
Type:  Primary prevention; randomized, double-blind, placebo-controlled intervention; 
Study Population:  29,584 poorly nourished men and women, aged 40-69 years;  
Duration of Treatment Years:  5.25; Daily Dose:  15 mg β-carotene, 30 mg α-tocopherol, 
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50 mg selenium;  Primary Disease Outcome:  Cancer; Results:  9% reduction in total 
morality, 13% decrease in cancer mortality; 21% decrease in stomach cancer 
deaths; 10% decrease in cerebrovascular mortality (nonsignificant). 
The Chinese Cancer Prevention Trial  (the only completed RCT of vitamin C) studied 
29,584 patients who were taking more than 250 mg of vitamin C per day. This study 
demonstrated no effect on prevention of cardiovascular disease mortality 
(Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, et al. Nutrition intervention 
trials in Linxian, China: supplementation with specific vitamin/mineral combinations, 
cancer incidence, and disease-specific mortality in the general population. J Natl Cancer 
Inst 1993; 85:1483-92). 
 
2.3.4 α-Tocopherol, β-Carotene Cancer Prevention Study (ATBC Cancer 
Prevention Group, 1994);  Country:  Finland; Study Type:  Primary prevention; 
randomized, double-blind, placebo-controlled intervention; Study Population:  29,133 
male cigarette smokers, aged 50-69 years; Duration of Treatment Years:  6; Daily Dose:  
50 mg α-tocopherol and/or 20 mg β-carotene; Primary Disease Outcome:  Lung cancer; 
Results:  50% increase in hemorrhagic stroke deaths among vitamin E group; 11% 
increase in ischemic heart disease deaths among β-carotene group; 18% increase in 
lung cancer among β-carotene group; no effect of vitamin E on lung cancer. Men with 
known coronary artery disease given 50 mg of a synthetic vitamin E had no reduction in 
fatal heart attacks 
 
2.3.5 Polyp Prevention Study (Greenberg et al., 1994); Country:  US; Study Type:  
Secondary prevention; randomized, double-blind, placebo-controlled intervention; Study 
Population:  864 men and women with recent nonmelanoma skin cancer; Duration of 
Treatment Years:  4; Daily Dose:  25 mg β-carotene, 1,000 mg vitamin C, 400 mg α-
tocopherol; Primary Disease Outcome:  Colorectal cancer; Results:  No reduced 
incidence of adenomas. 
 
2.3.6 Women’s Antioxidant Cardiovascular Study (Manson et al., 1995); Country:  
US; Study Type:  Secondary prevention; randomized, double-blind, placebo-controlled 
intervention; Study Population:  8,000 women with prior CVD event or ≥3 coronary risk 
factors; aged ≥40 years; Duration of Treatment Years:  4; Daily Dose:  50 mg β-carotene, 
600 IU a-tocopherol, 500 mg vitamin C (alternate days); Primary Disease Outcome:  
CVD; Results:  No results yet. 
  
2.3.7 The β-Carotene and Retinol Efficacy Trial (CARET) (Omenn et al., 1996); 
Country:  US; Study Type:  Primary prevention; randomized, double-blind, placebo-
controlled intervention;  Study Population:  14,254 heavy smokers and 4,060 asbestos 
workers, aged 45-69 years; Duration of Treatment Years:  4; Daily Dose:  30 mg β-
carotene, 25,000 IU retinol (as retinyl palmitate); Primary Disease Outcome:  Lung 
cancer; Results:  28% increase in lung cancer; 26% increase in CVD (nonsignificant); 
17% increase in total mortality among treatment group. 

RMH Note:  A 6-year follow-up of a large, randomized trial in people with a history of 
smoking has found that the overall harm associated with beta-carotene supplementation 
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on cardiovascular disease mortality disappeared quickly after participants stopped taking 
the supplements. However, the risk of lung cancer may persist, especially in females and 
former smokers, according to the study in the December 1 issue of the Journal of the 
National Cancer Institute. Gary E. Goodman, M.D., of the Fred Hutchinson Cancer 
Research Center in Seattle, and colleagues followed the more than 18,000 participants in 
CARET for 6 years after the trial was stopped, until the end of 2001.The increased risk of 
cardiovascular disease mortality quickly disappeared after participants stopped taking the 
supplements. However, women had a higher risk of death from cardiovascular disease or 
from any cause than men. In addition, the incidence of lung cancer and deaths from all 
causes decreased but did not disappear completely after the supplementation 
ceased. The excess risk of lung cancer was restricted primarily to females and former 
smokers. 

"When chemoprevention agents are administered to large, healthy populations, it is 
necessary to document long-term safety, efficacy and, importantly, the duration of the 
beneficial (or adverse) effect," the authors write. "This is especially true when the basic 
underlying molecular and genetic mechanism of the agent is unclear. The results of 
CARET and ATBC emphasize that chemoprevention trials require careful monitoring of 
all disease endpoints ... even after the study intervention is discontinued." (Goodman GE, 
Thornquist MD, Balmes J, Cullen MR, Meyskens Jr. FL, Omenn GS, et al. The Beta-
Carotene and Retinol Efficacy Trial: Incidence of Lung Cancer and Cardiovascular 
Disease Mortality During 6-Year Follow-up After Stopping Beta-Carotene and Retinol 
Supplements. J Natl Cancer Inst 2004;96:1743--50.) 
 
2.3.8 Cambridge Heart Antioxidant Study (CHAOS ) (Stephens et al., 1996); 
Country:  UK; Study Type:  Secondary prevention; randomized, double-blind, placebo-
controlled intervention; Study Population:  2,002 patients with coronary atherosclerosis, 
mean age 62 years; Duration of Treatment Years:  1.4; Daily Dose:  400 or 800 IU (268 
or 537 mg) a-tocopherol; Primary Disease Outcome:  CVD death or nonfatal MI;  
Results:  in patients with angiographically proven symptomatic coronary atherosclerosis, 
alpha-tocopherol treatment substantially reduces the rate of non-fatal MI, with beneficial 
effects apparent after 1 year of treatment (77% decrease in risk of subsequent nonfatal 
MI); no benefit on cardiovascular mortality. 

RMH Note:  In the CHAOS (Cambridge Heart Antioxidant Study) trial, patients with 
known coronary artery disease were given natural vitamin E or a placebo. The dose of 
vitamin E used (400-800IU) in this trial was 13 to 26 times greater than the RDA, and 
much higher than the ATBC cancer prevention trial. The vitamin E treated group 
experienced fewer heart attacks than the placebo group after one year of treatment.  

2.3.9 Physicians’ Health Study I (PHS I) (Hennekens et al., 1996); Country:  US; 
Study Type:  Primary prevention; randomized, double-blind, placebo-controlled 
intervention; Study Population:  22,071 male physicians, aged 40-84 years; Duration of 
Treatment Years:  12; Daily Dose:  50 mg β -carotene (alternate days); Primary Disease 
Outcome:  Cancer, CVD; Results:  No effects on CVD or cancer prevention including 
smokers within the group. 
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2.3.10 Antioxidant Vitamin Effect on Traditional CVD Risk Factors (Miller et al. 1997): 
In 297 retired teachers, after 2-4 months of supplementation the combined antioxidant 
supplement had no significant effect on the systolic and diastolic blood pressures, fasting 
serum lipids (total cholesterol, high-density lipoprotein cholesterol, and LDL 
cholesterol) and fasting glucose, with unadjusted and adjusted analyses.  

2.3.11 ATBC Sub-Study Shows Increased CVD Deaths (Rapola, 1997): 1,862 men, 
with prior myocardial infarction, took α-tocopherol and β-carotene for 5.3 years. There 
were no significant differences in major coronary events but significantly more deaths 
from fatal coronary heart disease. (Rapola, J.M., J. Virtamo, S. Ripatti, J.K. Huttunen, D. 
Albanes, P.R. Taylor & O. P. Heinonen. 1997. Randomized trial of alpha-tocopherol and 
beta-carotene supplements on incidence of major coronary events in men with previous 
myocardial infarction.  Lancet.  349(9067):1715-1720). 
 
The Alpha Tocopherol Beta Carotene Cancer Prevention Trial reported an increase in 
cerebral hemorrhage for participants who were taking 50 mg of vitamin E daily 
compared with placebo (Jialal I, Traber M, Devaraj S. Is there a vitamin E paradox? Curr 
Opin Lipidol. 2001; 12: 49–53).  
 
2.3.12 Physician’s Health Study II (PHS II) (Hennekens, 1998); Country:  US; Study 
Type:  Primary prevention; randomized, double-blind, placebo-controlled intervention; 
Study Population:  15,000 healthy male physicians, aged ≥55 years; Duration of 
Treatment Years:  Not reported; Daily Dose:  50 mg β-carotene, 400 IU a-tocopherol 
(alternate days), 500 mg vitamin C, multivitamin (Centrum Silver); Primary Disease 
Outcome:  CVD, cancer, eye diseases; Results:  No results yet. 
 
2.3.13 Nutritional Prevention of Cancer Study (Clark et al., 1996, 1998); Country:  
US; Study Type:  Secondary prevention; randomized, double-blind, placebo-controlled 
intervention; Study Population:  1,312 men and women with a history of basal or 
squamous cell carcinoma; aged 18-80 years; Duration of Treatment Years:  4.5; Daily 
Dose:  200 pg selenium; Primary Disease Outcome:  Skin cancer, prostate cancer; 
Results:  No effect on incidence of skin cancer; 63% reduction in prostate cancer 
incidence; reduction in total cancer mortality and total cancer incidence. 

RMH Note:  Intakes of dietary or supplemental antioxidants were not associated 
with a decreased risk of prostate cancer among men in the Prostate, Lung, 
Colorectal, and Ovarian (PLCO) Cancer Screening Trial, according to a study in the 
February 15, 2006 issue of the Journal of the National Cancer Institute. Richard B. 
Hayes, Ph.D., at the National Cancer Institute, and colleagues assessed the risk of 
prostate cancer for 29,361 men ages 55 to 74 enrolled in the PLCO Cancer Screening 
Trial, based on their daily intake of beta-carotene, vitamin E, and vitamin C. The 
researchers looked at intake of antioxidants from both dietary sources and from 
supplements. The authors found that, overall, dietary or supplemental intake of 
vitamin E, vitamin C, or beta-carotene was not associated with prostate cancer 
incidence in this group of PLCO trial participants (Kirsh VA, Hayes RB, Mayne ST, 
Chatterjee N, Subar AF, Dixon LB, et al. Supplemental and Dietary Vitamin E, Beta-
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Carotene, and Vitamin C Intakes and Prostate Cancer Risk. J Natl Cancer Inst 
2006;98:245-254).  In short, in the 29,361 men in the trial, 1,338 cases of CaP were 
identified over the 8 years of follow-up. In general, there was no clear CaP risk 
reduction resulting from dietary or supplemental intake of vitamins E and C or b-
carotene. 

2.3.14 SUVIMAX (Hercberg et al., 1998); Country:  France; Study Type:  Primary 
prevention; randomized, double-blind, placebo-controlled intervention; Study Population:  
13,017 men and women, aged 35-60 years; Duration of Treatment Years:  8; Daily Dose:  
6 mg β-carotene, 30 mg a-tocopherol, 120 mg vitamin C, 100 µg selenium, 20 mg zinc; 
Primary Disease Outcome:  Cancer, ischemic heart disease:  
 
Serge Hercberg, M.D., Ph.D., of the Institut National de la Sante et de la Recherche 
Medicale (INSERM) and Unite de Surveillance et d'Epidemiologie Nutritionnelle, Paris, 
and colleagues tested the efficacy of dietary supplementation with a combination of 
antioxidant vitamins and minerals in reducing the incidence of cancer and cardiovascular 
disease among 13,017 French adults. There were 7,876 women aged 35 to 60 years old, 
and 5,141 men ages 45 to 60 years old included in the study. Participants were randomly 
assigned to take either a daily capsule containing 120 milligrams of ascorbic acid, 30 
milligrams of vitamin E, six milligrams of beta carotene, 100 micrograms of selenium, 
and 20 milligrams of zinc; or a placebo capsule. Participants were followed-up for a 
median of 7.5 years. 
The researchers found no differences between the antioxidant and placebo group in 
terms of cancer incidence (4.1 percent of the antioxidant group vs. 4.5 percent of the 
placebo group), or in cardiovascular disease incidence (2.1 percent for the antioxidant 
group vs. 2.1 percent for the placebo group) or all-cause death (1.2 percent for the 
antioxidant group vs. 1.5 percent for the placebo group) (Arch Intern Med. 
2004;164:2335-2342) 
 
2.3.15 A Sub-Study of SUVIMAX of 1162 subjects aged older than 50 years and living 
in the Paris area, studied the impact of antioxidant supplementation on vascular structure 
and function.  It was a randomized, double-blind, placebo-controlled, cardiovascular and 
cancer primary prevention trial in healthy people were randomly allocated to daily 
receive either a combination of antioxidants (120 mg vitamin C, 30 mg vitamin E, 6 mg 
beta carotene, 100 µg selenium, and 20 mg zinc) or placebo and followed-up over an 
average of 7.2±0.3 years.  At the end-trial examination, the carotid ultrasound 
examination and carotid–femoral pulse-wave velocity (PWV) measurement were 
performed blindly in 1162 subjects.  These results suggest no beneficial effects of long-
term daily low-dose supplementation of antioxidant vitamins and minerals on 
carotid atherosclerosis and arterial stiffness.  CONCLUSION:  The results of this 
large-scale study suggest no beneficial effects of long-term supplementation of 
antioxidant vitamins and minerals on carotid atherosclerosis and arterial stiffness in 
1162 apparently healthy individuals (at baseline) in France.  
 
2.3.16 The Nurses’ Health Study (1998) and Folic Acid and Colon Cancer (1998): 
88,756 women taking vitamin C and B-carotene, for 8 years, did not have any 
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reduction in heart disease risk.  Multivitamins containing folic acid had no benefit 
with respect to colon cancer after 4 years of use and had no significant risk reductions 
after 5 to 9 or 10 to 14 years of use.  Long-term use of over 15 years of multivitamins 
may substantially reduce risk for colon cancer, perhaps due to folic acid. (Giovannucci, 
E., M.J. Stampfer, G.A. Colditz, D.J. Hunter, C. Fuchs, B.A. Rosner,  F.E. Speizer & 
W.C. Willett.  1998. Multivitamin use, folate, and colon cancer in women in the Nurses' 
Health Study.  Ann. Intern. Med. 129(7):517-524.) 
 
2.3.17 GISSI-Prevention Trial (GISSI-Prevenzione Investigators;1999); Country:  
Italy; Study Type:  Secondary prevention; randomized, double-blind, placebo-controlled 
intervention; Study Population:  11,324 patients with recent MI; Duration of Treatment 
Years:  3-5; Daily Dose:  300 mg a-tocopherol and/or 1 g ω-3 PUFA; Primary Disease 
Outcome:  Total mortality; Results:  No benefit from vitamin E; 15% decrease in risk of 
death, nonfatal MI, and stroke from ω-3 PUFA. 
 
2.3.18 Women’s Health Study (Lee et al., 1999); Country:  US; Study Type:  Primary 
prevention; randomized, double-blind, placebo-controlled intervention; Study Population:  
39,876 healthy women aged ≥45 years; Duration of Treatment Years:  2.1; Daily Dose:  
50 mg β-carotene (alternate days); Primary Disease Outcome:  MI, stroke or CVD death; 
Results:  No effect on incidence of cancer, CVD, or total mortality. (The beta-carotene 
part of the study was stopped early, in 1996, when other studies showed no protection 
and even a possible risk of cancer.) 
 
A study by Jacobs et al in the Nov. 2004 issue of American Journal of Clinical Nutrition, 
found that such supplements may actually promote the clogging of arteries.  They 
evaluated cardiovascular disease in 1,923 post-menopausal women with diabetes, part 
of the Iowa Women’s Health Study, which collected data in 1986 about diets and 
vitamin C consumption in nearly 35,000 recruits.  The researchers found that women 
with diabetes consuming at least 300 milligrams of vitamin C per day faced 2.3 
times the risk of death from stroke and 2 times the risk of dying from coronary 
artery disease as did diabetic women who took in less of the vitamin C.   

2.3.19 The Health Professionals Follow-Up Study (Ascherio et al. 1999): 43,738 men 
were followed for 8 years. Vitamin E and vitamin C supplements and specific carotenoids 
did not substantially reduce risk for stroke in this cohort.  

2.3.20 MRC/BHF Heart Protection Study (MRC/BHF, 1999); Country:  UK; Study 
Type:  Secondary prevention trial; Study Population:  20,536 high-risk men and women, 
aged 40-80 years; Duration of Treatment Years:  ≥5; Daily Dose:  20 mg β -carotene, 600 mg 
a-tocopherol, 250 mg vitamin C; Primary Disease Outcome:  Total mortality; Results:  found 
no benefit from a combination of vitamins E and C, and beta carotene, for heart 
disease, cancer, and several other conditions (Lancet 2002 July 6; 360(9326):7-22). 
 
2.3.21 Similarly, in a small, crossover study involving young patients with homozygous 
familial hypercholesterolemia, intima-to-media thickness (FH IMT study) increased 
with vitamin E supplements (400 mg/day) for 2 years, but decreased when subjects 
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received statin therapy (Raal FJ, Pilcher GJ, Veller MG, Kotze MJ, and Joffe BI. Efficacy 
of vitamin E compared with either simvastatin or atorvastatin in preventing the 
progression of atherosclerosis in homozygous familial hypercholesterolemia. Am J 
Cardiol 84: 1344–1346, 1999). Thus, vitamin E supplementation fails to slow (or 
inhibit) the progression of intima-to-media thickness in healthy men and 
women at low risk for cardiovascular disease. 
 
2.3.22 Heart Outcome Prevention Evaluation Study (HOPE Study Investigators, 
2000); Country:  Canada; Study Type:  Secondary prevention; randomized, double-blind, 
placebo-controlled intervention; Study Population:  9,541 high-risk men and women, 
aged ≥55 years; Duration of Treatment Years:  4-6; Daily Dose:  400 IU (268 mg) a-
tocopherol, ACE inhibitor; Primary Disease Outcome:  MI, stroke or CVD death; 
Results:  No benefit from vitamin E. 

2.3.23 Meta-Analysis of Vitamin E in CVD, Ischemic Heart Disease (IHD) and 
Mortality (Dagenais et al. 2000): There have been only a few large observational studies and 
one randomized trial with vitamin C, which has shown no beneficial or deleterious impact of 
this vitamin on cardiovascular events. Most large observational studies have shown an 
inverse relationship between vitamin E and IHD. However, a meta-analysis of the four 
randomized trials done in Europe and America involving a total of 51,000 participants 
allocated to vitamin E or placebo for 1.4 to 6 years, did not demonstrate a reduction in 
cardiovascular and IHD mortality and nonfatal myocardial infarction. Currently, there 
are no data to support the use of these vitamins to reduce the risk of cardiovascular events.  

2.3.24 In the secondary prevention HDL Atherosclerosis Treatment study (HATS), 
In a three-year, double-blind trial, 160 patients with coronary disease, subjects were 
randomized to simvastatin (lipid-lowering) plus niacin treatment, or antioxidants (vitamin 
C, -TOH, -carotene, and selenium) or a combination of both. Compared with no 
treatment, only simvastatin/niacin significantly lowered stenosis 
progression rate and favorably altered plasma lipid profiles (Brown BG, 
Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino EK, Bolson 
EL, Alaupovic P, Frohlich J, and Albers JJ. Simvastatin and niacin, antioxidant vitamins, 
or the combination for the prevention of coronary disease. N Engl J Med 345: 1583–
1592, 2001). Antioxidant supplementation alone had no significant effect on clinical 

end points but, notably, when used in combination with simvastatin/niacin, 
antioxidants negated the benefit of the latter on plasma lipid profile and stenosis 
progression.  
 
2.3.25 The Perth Carotid Ultrasound Disease Assessment Study (CUDAS, McQuillan et 
al 2001): This study of 1,111 subjects provides limited support for the hypothesis that 
increased dietary intake of vitamin E and increased plasma lycopene may decrease the risk of 
atherosclerosis. No benefit was demonstrated for supplemental antioxidant vitamin use. 

2.3.26 Age-Related Eye Disease Study Research Group (AREDS, 2001): Use of a high-
dose formulation of vitamin C, vitamin E, and beta carotene in 4,757 participants, relatively 
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well-nourished older adult cohort, had no apparent effect on the 7-year risk of 
development or progression of age-related lens opacities or visual acuity loss.  

Meagher et al. (JAMA 2001; 285: 1178-1182), found no effect of vitamin E 
supplements on biochemical markers of lipid peroxidation in 30 healthy men and 
women, aged 18-60 years in an 8 wk. study.  (Meagher EA, Barry OP, Lawson JA, et al. 
Effects of vitamin E on lipid peroxidation in healthy persons. JAMA. 2001;285:1178-
1182).  Garret A. FitzGerald, MD; Emma Meagher, MD, University of Pennsylvania 
Medical Center, said, “There are no large-scale controlled trials indicating that 
healthy people derive any benefit from vitamin E supplements. It would seem 
therapeutically judicious and economically prudent for such individuals to abstain from 
vitamin E consumption and await the evidence.” 

2.3.27 The Collaborative Primary Prevention Project (PPP) similarly showed no 
effect on cardiovascular deaths by vitamin E, although this study was halted early as it 
confirmed a protective effect by aspirin seen in other trials (PPP) Collaborative 
Group of the Primary Prevention Project. Low-dose aspirin and vitamin E in people at 
cardiovascular risk: a randomized trial in general practice. Lancet 357: 89–95, 2001). 

2.3.28 The Vitamin E Atherosclerosis Prevention Study (VEAPS) examined the 
effect of 400 IU/day D,L- -TOH on the progression of carotid artery intima-to-media 
thickness in men and women with LDL cholesterol 3.37 mM (130 mg/dl) and no clinical 
signs or symptoms of cardiovascular disease. Vitamin E supplements for 3 years did 
not reduce the progression of atherosclerosis compared with subjects 
randomized to placebo; rather, there was a borderline disease-promoting 
effect of -TOH supplements (Hodis HN, Mack WJ, LaBree L, Mahrer PR, 
Sevanian A, Liu CR, Liu CH, Hwang J, Selzer RH, and Azen SP. Alpha-tocopherol 
supplementation in healthy individuals reduces low-density lipoprotein oxidation but not 
atherosclerosis: the Vitamin E Atherosclerosis Prevention Study (VEAPS). Circulation 
106: 1453–1459, 2002).  

2.3.29 (MRC/BHF, 2002) 20,536 high-risk men and women, aged 40-80 years; found that 
vitamin E, vitamin C, and beta-carotene supplementation resulted in small but significant 
increases in plasma Tchol (serum total cholesterol), LDL-C (low density lipoprotein-
cholesterol), and TG (triglyceride) concentrations (Lancet 2002; 360: 23-33). 

2.3.30 The large OX-HPS study combining vitamin E with other antioxidants also 
did not show a reduction in cardiovascular events (Heart Protection Study 
Collaborative Group. MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 "high risk" individuals: a randomized placebo-controlled trial. 
Lancet. 2002; 360: 23–33). 

2.3.31 The MRC/BHF Heart Protection Study (HPS) also examined antioxidant 
supplements in combination with simvastatin. While this combination did not counteract 

the favorable effect of simvastatin on mortality and cardiovascular events (in contrast to 
the previous study), it also did not benefit any outcome including 
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cardiovascular event risk (Heart Protection Study Collaborative Group. 
MRC/BHF Heart Protection Study of cholesterol lowering with simvastatin in 20,536 
high-risk individuals: a randomised placebo-controlled trial. Lancet 360: 7–22, 2002). 

2.3.32 Antioxidant Vitamins and US Physician CVD Mortality (Muntwyler et al. 2002): 
83,639 male U.S.A. physicians use of supplements (vitamin E, ascorbic acid (vitamin C), and 
multivitamin supplements) was reported by 29% of the participants (16,727 patients). U.S. 
male physicians, self-selected supplementation with vitamin E, vitamin C, or multivitamins 
was not associated with a significant decrease in total CVD or CHD mortality.  

2.3.33 The Women's Angiographic Vitamin and Estrogen (WAVE) Trial (Waters et al. 
2002): This was a randomized, double-blind trial of 423 postmenopausal women with at least 
one 15% to 75% coronary stenosis at baseline coronary angiography. In postmenopausal 
women with coronary disease, neither HRT nor antioxidant vitamin supplements (vitamins C 
& E) provide no cardiovascular benefit. Instead, a potential for harm was suggested and 
seen with each treatment.   
 
2.3.34 The Roche European American Cataract Trial (REACT) (Chylack et al. 2002): 
445 patients were followed for 3 years after treatment with oral Vitamins E, C and beta-
carotene. After two years of treatment, there was a small positive treatment effect in U.S. 
patients. There was no statistically significant benefit of treatment in the U.K. group.  
 
RMH Note: Long-term supplementation with alpha-tocopherol or beta-carotene was studied 
for an association with cataract prevalence and severity. An end-of-trial random sample of 
1,828 participants from the randomized, double-blind, placebo-controlled clinical trial the 
alpha-tocopherol, beta-carotene cancer prevention study. Supplementation with alpha-
tocopherol or beta-carotene for 5 to 8 years does not influence the cataract prevalence among 
middle-aged, smoking men (Teikari JM, Virtamo J, Rautalahti M, Palmgren J, Liesto K, 
Heinonen OP. Long-term supplementation with alpha-tocopherol and beta-carotene and age-
related cataract. Acta Ophthalmol Scand 1997;75:634-40). 

2.3.35 Taylor et al. (BMJ 2002; 325: 11-14), observed no benefit of vitamin E supplements 
for macular degeneration in 1193 subjects.   

2.3.36 Use of antioxidant vitamins for the prevention of cardiovascular disease: meta-
analysis of randomized trials.  (Vivekananthan et al. 2003) Meta-analyses, which included 
7 trials with 81,178 patients, also concluded that vitamin E supplements provide no benefit 
for cardiovascular mortality.  

2.3.37 Meta-analysis: high-dosage vitamin E supplementation may increase all-cause 
mortality.  (Miller et al. 2004) Meta-analysis, including more than 135,000 subjects, 
concluded that high doses of vitamin E increased mortality. Researchers said the 
current U.S. dietary guidelines do not recommend vitamin E supplementation, but 
indicate that the upper tolerable limit of intake is 1000 IU per day. These findings parallel 
the findings of beta carotene supplementation trials. Two major studies showed that beta 
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carotene supplementation results in an increased risk for lung cancer and death. And, as a 
result, you will never see beta carotene supplements recommended again," Miller said. 

Also, a 2004 study found vitamin E did not reduce onset of Alzheimer’s.   

Five studies included 102,735 patients taking various doses of vitamin C but 
showed no effect on cardiovascular disease mortality (Morris CD, Carson S. 
Routine vitamin supplementation to prevent cardiovascular disease. A summary of the 
evidence for the U.S. Preventive Services Task Force. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2003. Accessed February 18, 2004). 

2.3.38 The following was an announcement from the American Cancer Society: 
April 6, 2005 12:00:00 AM PST.  Vitamin E Not Helpful in Head and Neck Cancer 
Patients: 

Second Recent Study to Question Benefits of Supplements 

Taking vitamin E doesn't protect head and neck cancer patients from developing 
new tumors, Canadian researchers report. In fact, it may actually raise the risk of 
developing a second cancer.  The study, published in the Journal of the National 
Cancer Institute (Vol. 97, No. 7: 481-488), is the second recent piece of research to 
cast doubt on the use of vitamin E against cancer. Just last month a team of 
international researchers said vitamin E supplements don't offer any protection 
against cancer but may well raise the risk of heart failure in some patients. 

I ask, “How many times must this non-science/non-sense be repeated, before 
investigators admit that the Free Radi-Crap theory is wrong?” 

The new study, led by researchers at L'Universite Laval in Quebec, involved 540 
patients with stage 1 or 2 head and neck cancer (oral cavity, pharynx and larynx). During 
radiation therapy and for 3 years after, half the patients took daily vitamin E supplements 
(400 IU, or international units), while the other half took a placebo. (Some of the vitamin 
E patients were also given beta carotene supplements, but these were stopped after about 
1 year, when another study showed beta carotene could increase the risk of lung 
cancer in smokers.) 

People who took the vitamin E had a significantly higher rate of second cancers than 
people who took the dummy pill. In the years they were taking the pill, vitamin E 
appeared to more than double the risk of developing a second cancer. Once they 
stopped, however, their rate of second cancers was lower than that of people on the 
placebo. And after 8 years of follow up, the rate of second cancers in both groups was the 
same. The rates at which the initial cancers came back followed the same pattern. 

"Nevertheless," the researchers wrote, "our results suggest that caution should be advised 
regarding the use of high-dose [vitamin E] supplements for cancer prevention." 
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The results came as a bit of a surprise, they observed, because some earlier studies had 
suggested a lower rate of new cancers in groups taking vitamin E. Instead, they said, the 
vitamin E appeared to speed up the progression of cancer. 

In an editorial published in the same issue of the journal, two head and neck cancer 
specialists from M.D. Anderson Cancer Center in Houston said there is still hope of 
finding a substance that helps prevent new cancers in these patients. However, they said 
future studies must use genetic clues called biomarkers to carefully select a substance 
that's likely to have an effect against this type of cancer, and to find the patients most 
likely to benefit from it. 

2.3.39 Alzheimer’s Disease & E (Petersen, 2005) Neither vitamin E nor donepezil 
delays progression from amnestic mild cognitive impairment to Alzheimer’s disease in 
769 subjects over 3 years (Petersen RC, Thomas RG, Grundman M, et al. Vitamin E 
and donepezil for the treatment of mild cognitive impairment. N Engl J Med 
2005;352:2379–88).    

2.3.40 In JAMA (Vol. 293, No. 11, March 16, 2005), the Heart Outcomes Prevention 
Evaluation (HOPE) investigators report an extension of the 9541-patient HOPE 
Vitamin E trial.  In the 2.5-year extension of HOPE (HOPE-TOO) 174 of the original 
267 centers continued an extended follow-up. From these centers, 3994 of the 7030 
original study enrollees who were still alive elected to continue the randomized vitamin 

E/placebo drug assignment. After a mean of 7.2 years of follow-up, vitamin E did not 
significantly reduce the relative risk (RR) of total cancer incidence, of cancer death, 
or a composite of cardiovascular events including cardiovascular death, nonfatal 
myocardial infarction, and stroke, or of individual components of this composite end 
point. These findings of lack of benefit from vitamin E (natural source, 400 IU -
tocopheryl acetate) during the extended study are consistent with the original HOPE 

report and with recent meta-analyses of Vivekananthan and Miller.  Another 

subgroup finding in HOPE-TOO was a vitamin E–associated increased risk of 
heart failure incidence that appeared in a secondary end point analysis in the 
4.5-year report and persisted in the 7-year extended follow-up, as did the risk of 
hospitalization for heart failure.   

Vivekananthan studied 81,178 patients and Miller studied over 135,000. 

2.3.41 The Multiple Risk Factor Intervention Trial (MRFIT) recruited over 360,000 
middle aged men to participate in a diet-heart study.  After 7 years, there was only a 2% 
difference in the blood cholesterol between the studied group and the controls and the 
study showed that diet is basically a worthless preventative measure for heart attacks 
(MRFIT. JAMA. 248, 1465-1477, 1982). 

The evidence accumulated so far isn't promising. Randomized trials of vitamin C, 
vitamin E, and beta-carotene haven't revealed much in the way of protection from 
heart disease, cancer, or aging-related eye diseases (Harvard School of Public 
Health, website 2/09/06).   
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2.3.42 Vitamin C 

Recently the U. S. National Academy of Sciences announced that it has increased what 
used to be called the Recommended Daily Allowance (RDA) of vitamin C and vitamin E. 
While outwardly this seemed to be good news, the council spoke with a forked tongue. 
These meager RDA increases were announced in an alarming press release. The 
council wrote that the mounting evidence for higher antioxidant 
vitamins is “flimsy.” Taking high amounts of antioxidants might be harmful. 

Vitamin C appeared to be cardioprotective on crude analysis in some studies 
(Stampfer MJ, Hennekens CH, Manson JE, et al. Vitamin E consumption and the risk of 
coronary disease in women. N Engl J Med. 1993;328:1444–1449), but after adjustment 
for vitamin E intake this association lost statistical significance in most 
investigations; overall, seven studies done in the U.S. and in Europe, involving a 
total of 183,662 men and women ages 16 to 105 years, failed to show lower CVD 
rates with vitamin C, after adjustment for different variables including vitamin E intake 
(Dagenais GR, Marchioli R, Tognoni G, Yusuf S. Beta-carotene, vitamin C, and vitamin 
E and cardiovascular diseases. Curr Cardiol Rep. 2000;2:293–299).  

Thickness of carotid artery walls is an indicator of progression of atherosclerosis. A 
preliminary study found that people who took 500 mg per day of vitamin C 
supplements for one year had a greater increase in wall thickness of the carotid 
arteries (vessels in the neck that supply blood to the brain) than those who did not 
take vitamin C (Dwyer J, Nicholson LM, Shircore A, et al. Vitamin C intake and 
progression of carotid atherosclerosis. The Los Angeles Atherosclerosis Study. 
American Heart Association Annual Meeting. March 2, 2000). 

A study by Jacobs et al in the Nov. 2004 issue of American Journal of Clinical Nutrition, 
found that such supplements may actually promote the clogging of arteries.  They 
evaluated cardiovascular disease in 1,923 post-menopausal women with diabetes, part 
of the Iowa Women’s Health Study, which collected data in 1986 about diets and 
vitamin C consumption in nearly 35,000 recruits.  The researchers found that women 
with diabetes consuming at least 300 milligrams of vitamin C per day faced 2.3 
times the risk of death from stroke and 2 times the risk of dying from coronary 
artery disease as did diabetic women who took in less of the vitamin C.   

Vitamin C, known to be a DNA-protecting "antioxidant," is a switch hitter, also capable 
of inducing the production of DNA-damaging compounds, suggests a study in the June 
15, 2001 issue of the international journal, Science. Mutations caused by these 
compounds have been found in a variety of tumors. Some scientists have long 
recommended dietary supplements of vitamin C, particularly for treating and preventing 
cancer. But the supplements' effectiveness has been hotly debated, with critics saying 
they either have no effect or that they may be harmful. The Science authors added 
vitamin C to solutions of lipid hydroperoxides in the lab. They used concentrations 
comparable to those found in the human body, assuming a person would take 200 
milligrams a day.  
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The vitamin C was more than twice as efficient as transition metal ions at inducing 
the formation of genotoxins, including a particularly potent variety. These compounds 
react with DNA, switching one base for another in mutations that have been found in 
human tumors. 

There is some evidence that vitamin C inhibits the replication of human 
immunodeficiency virus 1 (HIV-1) in vitro. One study showed upregulation of the 
expression of glucose transporter 1 (Glut1) in HIV-infected cells Glut1 is one of the 
transport proteins for ascorbic acid. Increased cellular concentrations of ascorbate 
may be toxic to HIV-infected cells due to degradation of the viral nucleic acid by the 
action of the pro-oxidant form of vitamin C. The mechanism of the anti-HIV effect of 
the vitamin in vitro, however, is unclear, as is the relevance of this finding to HIV-
positive individuals. 

The antioxidant effects of vitamin C are well established but vitamin C may also 
function as a prooxidant (Prooxidant Effects of Vitamin C in Humans. Roussel, A.M., 
Hininger, I., Waters, R., Osman, M., Garrel, C., Fernholz, K., Anderson, R.A. 2005. 
(Abstract). Federation Of American Society Of Experimental Biology Journal 19: 
A1474:(844.18).  Interestingly, only the DHA (oxidant) form of vitamin C can cross 
the blood brain barrier. 

2.4 SECURE, ASAP, CUDAS & ARIC STUDIES  

A number of investigations have evaluated associations between dietary and 
supplemental vitamin intake and carotid atherosclerosis, and there are also a few 
randomized controlled trials of antioxidant supplementation using as surrogates outcome 

changes in carotid intimal-medial thickness (IMT). Such randomized trials have been 
negative, whereas the ACE inhibitor ramipril markedly reduced progression of CIMT 
(Lonn EM, Yusuf S, Dzavik V, et al. Effects of ramipril and vitamin E on atherosclerosis. 
The Study to Evaluate Carotid Ultrasound changes in patients treated with Ramipril and 
vitamin E (SECURE). Circulation. 2001; 103:919–925), with the exception of a 
subgroup analysis of the Antioxidant Supplementation in Atherosclerosis Prevention 
(ASAP) study, which found benefit in hypercholesterolemic men who smoked and 
received combined supplementation of vitamins E and C (Antioxidant Supplementation 
in Atherosclerosis Prevention (ASAP) study Salonen JT, Nuyyssonen K, Salonen R, et al. 
: a randomized study of the effects of vitamins E and C on 3-year progression of carotid 
atherosclerosis. J Intern Med. 2000; 248:377–386). 

McQuillan et al. report an elegant observational study that examined relationships 
between dietary intake and plasma levels of antioxidant vitamins and carotid IMT 
(McQuillan BM, Hung J, Beilby JP, Nidorf M, Thompson PL. Antioxidant vitamins and 
the risk of carotid atherosclerosis. The Perth Carotid Ultrasound Disease Assessment 
Study (CUDAS). J Am Coll Cardiol. 2001;38:1788–1794). The study is well designed 
and enrolls over 1,000 men and women from Western Australia. Study participants have 

a mean age of 52 years for men and 53 years for women and an average prevalence of 
other risk factors for atherosclerosis, typical for relatively healthy individuals in Western 
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societies. Subjects with known CVD are appropriately excluded from the analysis, as 
these individuals may be more motivated to have higher antioxidant vitamin intake.  The 
study results are disappointing overall and a bit confusing. Dietary vitamin E intake is 
found to have an inverse relationship with carotid IMT in men; however, this relationship 
is very weak and explains only 1% of the variance in measured IMT in men. Furthermore, 
the relationship is not confirmed in women. No relationships are found between dietary 
intake of other antioxidants such as vitamin C, beta-carotene and other naturally 
derived carotenoids and carotid IMT.  This study by McQuillan et al. provides very 
little support for an association between antioxidant intake and/or plasma levels and 
early carotid atherosclerosis. The investigators conclude that any association between 
individual antioxidant vitamins and early atherosclerosis, if any, is likely to be modest.  
Previous observational reports of subclinical atherosclerosis evaluated by carotid 
IMT and antioxidant vitamins have also generally yielded quite confusing and often 
conflicting results. 

For example, a report from the Atherosclerosis Risk In Communities (ARIC) group 
found individuals with the highest carotid IMT to have lower levels of plasma carotenoids 

but higher alpha-tocopherol and retinol levels compared to controls (Iribarren C, Folsom 
AR, Jacobs DR Jr, Gross MD, Belcher JD, Eckfeldt JH. Association of serum vitamin 
levels, LDL susceptibility to oxidation, and autoantibodies against MDA-LDL with 
carotid atherosclerosis. A case-control study. Arterioscler Thromb Vasc Biol. 
1997;17:1171–1177). Thus, this McQuillan study and the previous observational 

evaluations of carotid atherosclerosis and antioxidants fail in general to fulfill the 
expectation, that use of this technique, which allows the identification of early 
atherosclerosis, may lead to a more consistent demonstration of a relationship 
between dietary antioxidants and atherosclerotic disease.  Our ability to evaluate 

micronutrients from dietary questionnaires is modest at best. 

 

2.5 DISCUSSION OF ANTIOXIDANT INTERVENTION STUDIES 

"As researchers and clinicians,  
our most important criterion should be  

indisputable safety, and  
antioxidant therapy currently  

falls woefully short of this benchmark. 
R. M. Howes, M.D., Ph.D. 

3/17/06 

2.6 Arguments that Vitamins and Antioxidants are Great Wonder Drugs 

There is a side which produces rave reviews and outlandish claims and prediction for the 
use of vitamins and antioxidants in dealing with CVD.  I will give a few of these as 
examples in the following section. 
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2.6.1 Artery Narrowing Stopped By B Vitamin Combination 

A regimen of folate, vitamin B-12 and vitamin B-6 prevented recurrence of blocked 
arteries in patients who had undergone coronary angioplasty. Patients taking the vitamin 
combination over the six-month study showed a 48% reduction in the development of 
restenosis, or renarrowing of the arteries, compared with patients receiving the placebo. 
The vitamin regimen decreased by 38% the need for repeat angioplasties or heart-bypass 
operations. [Participants were randomly assigned to receive 1 mg folate, 400 mcg vitamin 
B12 and 10 mg B6 daily.] Warning: For individuals with a stent implanted and normal 
homocysteine levels, taking a B6/B12/Folate supplement is currently NOT recommended 
following angioplasty due to increased risk of restenosis (Lange, H. Folate Therapy and 
In-Stent Restenosis after Coronary Stenting. N Engl J Med. 2004 Jun 24;350(26):2673-
81). 

2.6.2 Plaque Progression Reversed

Ultrasound measurement of carotid plaque confirmed that daily doses of three B vitamins 
reversed the progression of plaque in patients with elevated homocysteine levels. Plaque 
regression was achieved with 2.5 mg folate, 25 mg vitamin B6 and 250 mcg B12 daily 
(Hackam DG, Peterson JC, Spence JD. What level of plasma homocyst(e)ine should be 
treated? Effects of vitamin therapy on progression of carotid atherosclerosis in patients 
with homocyst(e)ine levels above and below 14 micromol/L. Am J Hypertens. 2000 
Jan;13(1 Pt 1):105-10).

2.6.3 Progression of Plaque Halted with Vitamins 

Carotid plaque cross-sectional area measurement was used to gauge effects of vitamin 
therapy in patients whose plaque had been progressing despite intensive treatment of 
traditional risk factors. Therapy with folate, B12 and B6 halted progression of 
atherosclerosis over the 2.5-year study (Spence JD, Blake C, Landry A, Fenster A. 
Measurement of carotid plaque and effect of vitamin therapy for total homocysteine. Clin 
Chem Lab Med. 2003 Nov;41(11):1498-504). 

Folate reduces serum homocysteine levels, but trials focusing on CVD events have not 
been completed. Ubiquinone, flavonoids, garlic and other supplements have not been 
adequately tested for CVD event reduction, appropriate dosing, reliability or long-term 
safety. The results of ß-carotene studies have generally been unfavorable, especially for 
smokers. 

Most of the hype in this area comes from epidemiologic studies which found lower CVD 
morbidity and mortality in persons who consumed larger quantities of antioxidants in 
foods and on the erroneous conclusion that LDL oxidation is a key factor in the 
development of atherosclerosis (Verlangieri AJ, Kapeghian JC, el-Dean S, Bush M. Fruit 
and vegetable consumption and cardiovascular mortality. Med Hypotheses 1985;16:7-
15). 
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2.6.4 More Antioxidant Hype 

Some studies reported inverse relationships between intake and levels of antioxidant 
vitamins and CVD. Many epidemiologic studies have linked diets high in antioxidants 
with reduced CVD risk. However, even though epidemiologic studies cannot prove 
causality, the following studies have been presented as support for the anti-
atherosclerotic qualities of antioxidants (Gey KF, Puska P, Jordan P, Moser UK. Inverse 
correlation between plasma vitamin E and mortality from ischemic heart disease in cross-
cultural epidemiology. Am J Clin Nutr 1991;53(1 suppl):326S-34S) (Riemersma RA, 
Wood DA, Macintyre CC, Elton RA, Gey KF, Oliver MF. Risk of angina pectoris and 
plasma concentrations of vitamins A, C, and E and carotene. Lancet 1991;337:1-5) 
(Luoma PV, Nayha S, Sikkila K, Hassi J. High serum alpha-tocopherol, albumin, 
selenium and cholesterol, and low mortality from coronary heart disease in northern 
Finland. J Intern Med 1995; 237:49-54) (Knekt P, Reunanen A, Jarvinen R, Seppanen R, 
Heliovaara M, Aromaa A. Antioxidant vitamin intake and coronary mortality in a 
longitudinal population study. Am J Epidemiol 1994;139:1180-9) (Stampfer MJ, 
Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett WC. Vitamin E consumption 
and the risk of coronary disease in women. N Engl J Med 1993;328:1444-9) (Losonczy 
KG, Harris TB, Havlik RJ. Vitamin E and vitamin C supplement use and risk of all-cause 
and coronary heart disease mortality in older persons: the Established Populations for 
Epidemiologic Studies of the Elderly. Am J Clin Nutr 1996;64:190-6) (Hodis HN, Mack 
WJ, LaBree L, Cashin-Hemphill L, Sevanian A, Johnson R, et al. Serial coronary 
angiographic evidence that antioxidant vitamin intake reduces progression of coronary 
artery atherosclerosis. JAMA 1995;273:1849-54) (Blot WJ, Li JY, Taylor PR, Guo W, 
Dawsey S, Wang GQ, et al. Nutrition intervention trials in Linxian, China: 
supplementation with specific vitamin/mineral combinations, cancer incidence, and 
disease-specific mortality in the general population. J Natl Cancer Inst 1993;85:1483-92).  

In the Scottish Heart Health Study, higher levels of ß-carotene intake were 
associated with a decreased risk of CVD (Bolton-Smith C, Woodward M, Tunstall-
Pedoe H. Dietary intake by food frequency questionnaire and odds ratios for coronary 
heart disease risk. II. The antioxidant vitamins and fibre. Eur J Clin Nutr 1992;46:85-93).   

In a study of more than 121,000 female nurses between the ages of 30 and 55 years, food 
frequency questionnaires assessed daily intake of dietary and supplemental vitamins E, C 
and ß-carotene. Women in the highest quintile of vitamin E intake (about 200 IU per 
day) had a 34 percent lower CVD risk than women in the lowest quintile (less than 3 
IU per day). Risk reduction was noted with a daily intake of greater than 100 IU of 
vitamin E but not with daily use of multivitamins, vitamin C supplements or ß-carotene 
supplements (Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett 
WC. Vitamin E consumption and the risk of coronary disease in women. N Engl J Med 
1993;328:1444-9). The Health Professionals Study, which included 39,910 male 
health care professionals, noted a 40 percent risk reduction for men in the upper 
quintile of vitamin E intake (about 400 IU per day) compared with men in the lowest 
quintile (6 IU per day). In this study, no benefits were found for vitamin C 
supplementation. After adjustment for risk factors and vitamin C intake, men in the 
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highest quintile of ß-carotene intake (19,034 IU per day) demonstrated a 29 percent CHD 
risk reduction compared with those in the lowest quintile (3,969 IU per day); however, 
this benefit occurred only in smokers (Rimm EB, Stampfer MJ, Ascherio A, 
Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the risk of 
coronary heart disease in men. N Engl J Med 1993;328:1450-6). Both studies of health 
care professionals found that vitamin benefits occurred only after one to two years 
of supplementation. 

Supplement use was also examined in a study of 11,178 elderly persons. In this study, 
vitamin E reduced the relative risk of all-cause mortality by 34 percent and the 
relative risk of CVD mortality by 47 percent. Combined vitamin E and C 
supplementation reduced total mortality by 42 percent and CVD mortality by 53 
percent. The average dosage of vitamin E was greater than 100 IU per day (Losonczy 
KG, Harris TB, Havlik RJ. Vitamin E and vitamin C supplement use and risk of all-cause 
and coronary heart disease mortality in older persons: the Established Populations for 
Epidemiologic Studies of the Elderly. Am J Clin Nutr 1996;64:190-6). 

Randomized, controlled trials of antioxidant vitamin supplementation are summarized as 
follow:  

The Cholesterol Lowering Atherosclerosis Study evaluated the effect of reported anti-
oxidant intake (non-randomized) and a cholesterol-lowering diet with either colestipol-
niacin therapy or placebo (randomized) on the progression of CVD as evaluated by 
angiography. Supplementary vitamin E in a dosage of greater than 100 IU per day 
was associated with reduced lesion progression. Vitamin C supplementation was not 
associated with this benefit. 

In another study, a single high-fat meal (i.e., 50 g of fat) reduced brachial artery 
vasoactivity for six hours in 20 healthy, normocholesterolemic persons (Plotnick GD, 
Corretti MC, Vogel RA. Effect of antioxidant vitamins on the transient impairment of 
endothelium-dependent brachial artery vasoactivity following a single high-fat meal. 
JAMA 1997;278:1682-6). Treatment with orally administered vitamin C (1,000 mg) and 
vitamin E (800 IU) before the meal blocked the vasoconstriction. 

The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study measured the effects 
of vitamin E (50 IU per day) and ß-carotene (20 mg per day) supplementation on lung 
cancer and CHD. In this study, male Finnish smokers (n = 29,133) took supplements for 
six years. The incidence of nonfatal myocardial infarction was lower in all groups 
receiving supplementation and was significantly lower (32 percent) in the group that 
received vitamin E. Supplementation with vitamin E was associated with a 
nonsignificant increase in cerebral hemorrhage. Supplementation with ß-carotene 
was associated with increased mortality rates for CHD (11 percent) and lung cancer 
(18 percent), as well as an increase in overall mortality (8 percent). The incidence of 
fatal CHD was significantly higher in the group that received ß-carotene alone (75 
percent) and in the group receiving both vitamins (58 percent). Male smokers with 
previous CHD (n = 1,862) had no difference in total mortality but demonstrated 
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increased CHD mortality when they were given vitamin E and ß-carotene (Virtamo 
J, Rapola JM, Ripatti S, Heinonen OP, Taylor PR, Albanes D, et al. Effect of vitamin E 
and beta carotene on the incidence of primary nonfatal myocardial infarction and fatal 
coronary heart disease. Arch Intern Med 1998;158:668-75) (Rapola JM, Virtamo J, 
Ripatti S, Huttunen JK, Albanes D, Taylor PR, et al. Randomised trial of alpha-
tocopherol and beta-carotene supplements on incidence of major coronary events in men 
with previous myocardial infraction. Lancet 1997;349: 1715-20). 

The Cambridge Heart Antioxidant Study was a double-blind, placebo-controlled trial 
(n = 2,002) designed to test whether supplementation with high-dose vitamin E (400 or 
800 IU per day) would reduce the risk of overall mortality in patients with CHD. 
Vitamin E significantly reduced the incidence of overall fatal and nonfatal CHD 
events by 47 percent and the incidence of nonfatal myocardial infarction by 77 
percent; however, supplementation did not have a significant effect on overall 
mortality (relative risk: 1.18) (Stephens NG, Parsons A, Schofield PM, Kelly F, 
Cheeseman K, Mitchinson MJ. Randomised controlled trial of vitamin E in patients with 
coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet 1996;347:781-
6). 

Vitamin C significantly improved arterial vasoreactivity and vitamin E regeneration. The 
National Health and Nutrition Examination Survey-I cohort study found an inverse 
relationship between the highest vitamin C intake (diet and supplements) and CVD 
risk over 10 years in 11,349 U.S. men and women 25 to 74 years of age (Enstrom JE, 
Kanim LE, Klein MA. Vitamin C intake and mortality among a sample of the United 
States population. Epidemiology 1992;3:194-202). 

Even though studies tried to validate the wonders of beta carotene, it was found that the 
potential for harm was too great to continue its studies.  Research supports the benefit of 
a carotenoid-rich diet, but not ß-carotene supplementation. The Beta-Carotene and 
Retinol Efficacy Trial combined ß-carotene and retinol supplementation in 18,314 
smokers and patients with asbestos exposure. However, the study was terminated 
prematurely because of a significant increase in lung cancer mortality and a 
nonsignificant increase in CHD mortality (Omenn GS, Goodman GE, Thornquist MD, 
Balmes J, Cullen MR, Glass A, et al. Effects of a combination of beta carotene and 
vitamin A on lung cancer and cardiovascular disease. N Engl J Med 1996;334:1150-5). 

In 12 years of ß-carotene supplementation in 22,071 male physicians, no significant 
beneficial effects on CHD mortality, nonfatal MI or stroke were found. In addition, 
no interactive effect with cigarette smoking (i.e., no harm or benefit) was demonstrated. 
A nonsignificant 20 to 30 percent reduction in CHD events occurred in the physicians 
who had clinical evidence of atherosclerosis (Hennekens CH, Buring JE, Manson JE, 
Stampfer M, Rosner B, Cook NR, et al. Lack of effect of long-term supplementation with 
beta-carotene on the incidence of malignant neoplasms and cardiovascular disease. N 
Engl J Med 1996;334:1145-9). 
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As of 2006, randomized, controlled trials are essential to assess treatment benefits 
and they have shown that the glowing predictions of the 20th century regarding 
controlling CVD with antioxidants have failed.  To date, it has not been proven that 
antioxidant vitamins can block, curtail, slow, reverse or cure CVD.  The implication 
that such was the case has been proven to be false.  

According to Shari Lieberman Ph.D., “The mere fact that one would even try to reduce 
any disease with just vitamin E or just vitamin C is insane. Because any high dose 
antioxidant can operate as a prooxidant. That is a real problem, however that accounts 
for some of the findings that we are seeing in the research. If you are going to take 
antioxidants, you should take all the major ones together or you really should not be 
taking them at all.”   In my opinion, Lieberman’s approach is extremely dangerous. 
 
August 15, 2005, a leading researcher at the University of New South Wales (UNSW) 
points out that there is little convincing evidence that dietary antioxidant 
supplements such as vitamin E prevent heart disease, despite claims to the contrary. 
Instead there has been a surprise finding, which relates to a synthetic antioxidant, the 
drug Probucol, which is no longer prescribed in Australia.  
 
"There has been a lot of hype which suggested that antioxidant vitamin supplements had 
a beneficial outcome for cardiovascular disease. There is no good scientific support for 
the notion that people who suffer from atherosclerosis, or who are at elevated risk of 
heart disease, gain benefit by supplements of vitamin E," said Professor Roland 
Stocker, from the Centre for Vascular Research at UNSW, who will present his research 
at the ISTH Congress in Sydney today.  
 
Stocker reported, "Our research is now leading towards the development of a new drug, 
based on Probucol. Probucol was previously used to reduce so-called "bad" 
cholesterol for those with heart disease, but it also had side effects, such as reducing 
"good" cholesterol and possibly inducing an irregular heartbeat.  
 
The Alpha Tocopherol Beta Carotene Cancer Prevention Trial reported an increase in 
cerebral hemorrhage for participants who were taking 50 mg of vitamin E daily 
compared with placebo (Jialal I, Traber M, Devaraj S. Is there a vitamin E paradox? Curr 
Opin Lipidol. 2001; 12: 49–53).  
 
Given the lack of efficacy of antioxidants in clinical trials to date, antioxidant 
vitamin combinations above the recommended dietary allowances should not be 
recommended for prevention or treatment of cardiovascular disease. It will be 
important that physicians advise their patients that the use of antioxidants could be 
hazardous, especially in combination with lipid-lowering drugs (Lewis H. Kuller. A 
Time to Stop Prescribing Antioxidant Vitamins to Prevent and Treat Heart Disease? 
Arteriosclerosis, Thrombosis, and Vascular Biology. 2001;21:1253). 
 
Atherosclerosis is attributed to oxidative stress. The key test of such a hypothesis is 
whether increased antioxidant intake can be shown to prevent the clinical 
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manifestations of atherosclerosis in humans.  Several published randomized studies have 
now considered this issue, and others are currently ongoing.  Early results have not 
been encouraging (Young, I., and Woodside, J.  Antioxidants in health and disease.  J 
Clin Pathol (2001) 54: 176-186).   Therapeutic interventions using antioxidant 
supplements to treat coronary heart disease and cardiovascular disease have, thus far, 
been largely unsuccessful (i.e., they failed). 

Antioxidant trials have not demonstrated efficacy in slowing 
cardiovascular disease.  Data was from the Women’s Angiographic Vitamin and 
Estrogen (WAVE) trial, a prospective angiographic study of vitamins C and E with or 
without hormone replacement therapy (HRT) in postmenopausal women. 

Allegedly, oxidative stress is enhanced within the wall of atherosclerotic arteries 
(Steinberg D, Witztum JL: Is the oxidative modification hypothesis relevant to human 
atherosclerosis? Do the antioxidant trials conducted to date refute the hypothesis? 
Circulation 105:2107–2111, 2002) (Podrez EA, Adu-Soud HM, Hazen SL: 
Myeloperoxidase generated oxidants and atherosclerosis. Free Radic Biol Med 28:1717–
1725, 2000) (Chisolm GM, Steinberg D: The oxidative modification hypothesis of 
atherogenesis: an overview. Free Radic Biol Med 28:1815–1826, 2000).  

Some claim that there exists considerable evidence from animal studies that 
antioxidant vitamins can slow or prevent the development of atherosclerotic lesions 
(Sparrow CP, Doebber TW, Olszewski J, Wu MS, Ventre J, Stevens KA, Chao YS: Low 
density lipoprotein is protected from oxidation and the progression of atherosclerosis is 
slowed in cholesterol-fed rabbits by the antioxidant N, N'-diphenyl-phenylenediamine. J 
Clin Invest 89:1885–1891, 1992) (Carew TE, Schwenke DC, Steinberg D: 
Antiatherogenic effect of probucol unrelated to its hypocholesterolemic effect: evidence 
that antioxidants in vivo can selectively inhibit low density lipoprotein degradation in 
macrophage-rich fatty streaks and slow the progression of atherosclerosis in the 
Watanabe heritable hyperlipidemic rabbit. Proc Natl Acad Sci U S A 84:7725–7729, 
1987).  

Numerous mechanisms have been proposed for this protective effect including the 
prevention of LDL oxidation within the vessel wall (Diaz MN, Frei B, Vita JA, 
Keaney JF: Antioxidants and atherosclerotic heart disease. N Engl J Med 337:408–416, 
1997). However, I believe that the data has proven this to be a flawed paradigm. 

 However, in humans, antioxidant therapy has not been shown to slow the 
progression of atherosclerotic coronary artery disease (Walldius G, Erikson U, Olsson 
AG, Bergstrand L, Hadell K, Johansson J, Kaijser L, Lassvik C, Molgaard J, Nilsson S: 
The effect of probucol on femoral atheroslcerosis: the Probucol Quantitative Regression 
Swedish Trial (PQRST). Am J Cardiol 74:875–883,1994) (Johansson J, Olsson AG, 
Bergstrand L, Elinder LS, Nilsson S, Erikson U, Molgaard J, Holme I, Walldius G: 
Lowering of HDL2b by probucol partly explains the failure of the drug to affect femoral 
atherosclerosis in subjects with hypercholesterolemia. Arterioscler Thromb Vasc Biol 
15:1049–1056, 1995) (Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers 
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WJ, Ouyang P, Thompson P, Tardif JC, Higginson L, Bittner V, Steffes M, Gordon DJ, 
Proschan M, Younes N, Verter JI: Effects of hormone replacement therapy and 
antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal women. 
JAMA 288:2432–2440, 2002).  

On the contrary, several prospective angiographic studies have 
demonstrated that antioxidant therapy may be associated with a more 
rapid progression of atherosclerosis, potentially due to a deleterious effect on the 
lipid profile (Johansson J, Olsson AG, Bergstrand L, Elinder LS, Nilsson S, Erikson U, 
Molgaard J, Holme I, Walldius G: Lowering of HDL2b by probucol partly explains the 
failure of the drug to affect femoral atherosclerosis in subjects with hypercholesterolemia. 
Arterioscler Thromb Vasc Biol 15:1049–1056, 1995) (Waters DD: Estrogen and unstable 
angina: another bump for the bandwagon. J Am Coll Cardiol 39:238–240, 2002) (Brown 
BG, Cheung MC, Lee AC, Zhao XQ, Chait A: Antioxidant vitamins and lipid therapy:  
end of a long romance? Arterioscler Thromb Vasc Biol 22:1535–1546, 2002) or perhaps 
the ability of these antioxidants to become pro-oxidants under certain conditions 
(Lynch SR, Cook JD: Interaction of vitamin C and iron. Ann N Y Acad Sci 355:32–44, 
1980) (Lynch SR, Cook JD: Interaction of vitamin C and iron. Ann N Y Acad Sci 355:32–
44, 1980) (Herbert V, Shaw S, Jayatilleke E: Vitamin C-driven free radical generation 
from iron. J Nutr 126:1213S–1220S, 1996) (Rehman A, Collis CS, Yang M, Kelly M, 
Diplock AT, Halliwell B, Rice Evans C: The effects of iron and vitamin C co-
supplementation on oxidative damage to DNA in healthy volunteers. Biochem Biophys 
Res Commun 246:293–298, 1998) (Proteggente AR, Rehman A, Halliwell B, Rice Evans 
CA: Potential problems of ascorbate and iron supplementation: prooxidant effect in vivo? 
Biochem Biophys Res Commun 277:535–540, 2000) (Nappi AJ, Vass E: Comparative 
studies of enhanced iron-mediated production of hydroxyl radical by glutathione, 
cysteine, ascorbic acid and selected catechols. Biochim Biophys Acta 1336:295–302, 
1997) (Almaas R, Rootwelt T, Oyasaeter S, Saugstad OD: Ascorbic acid enhances 
hydroxyl radical formation in iron-fortified infant cereals and infant formulas. Eur J Ped 
156:488–492, 1997).  
 
It has been shown that supplementation with antioxidant vitamins does 
not lower serum lipid and lipoproteins or blood pressure (Hodis, H. N., 
Mack, W. J., LaBree, L., Mahrer, P. R., Sevanian, A., Liu, C. R., Liu, C. H., Hwang, J., 
Selzer, R. H. & Azen, S. P. (2002) Circulation 106, 1453-1459) (Collins, R., Armitage, 
J., Parish, S., Sleight, P. & Peto, R. (2002) Lancet 360, 23-33) (Brown, B. G., Zhao, X. 
Q., Chait, A., Fisher, L. D., Cheung, M. C., Morse, J. S., Dowdy, A. A., Marino, E. K., 
Bolson, E. L., Alaupovic, P., et al. (2001) N. Engl. J. Med. 345, 1583-1592) (Gruppo 
Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico (1999) Lancet 354, 
447-455) (Waters, D. D., Alderman, E. L., Hsia, J., Howard, B. V., Cobb, F. R., Rogers, 
W. J., Ouyang, P., Thompson, P., Tardif, J. C., Higginson, L., et al. (2002) J. Am. Med. 
Assoc. 288, 2432-2440) (Fang, J. C., Kinlay, S., Beltrame, J., Hikiti, H., Wainstein, M., 
Behrendt, D., Suh, J., Frei, B., Mudge, G. H., Selwyn, A. P., et al. (2002) Lancet 359, 
1108-1113).  
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A recent study, conducted in more than 20,000 subjects, found that vitamin E, vitamin 
C, and β-carotene supplementation resulted in small but significant increases in 
plasma Tchol (serum total cholesterol), LDL-C (low density lipoprotein-cholesterol), and 

TG (triglyceride) concentrations (Collins, R., Armitage, J., Parish, S., Sleight, P. & Peto, 
R. (2002) Lancet 360, 23-33).  In another study, no significant differences were found in 
serum lipid, lipoprotein, and CRP (C reactive protein) concentrations, BP (blood 
pressure), or IMT (intima-media thickness) between supplemented and not-supplemented 
subjects (L Fontana, T E. Meyer, S Klein and J O. Holloszy. Long-term calorie restriction 
is highly effective in reducing the risk for atherosclerosis in humans. PNAS. April 27, 
2004, vol.101, no. 17, pp. 6659-6663).  

Vitamin E supplements may have detrimental effects in some individuals as assessed 
by recent in vitro work. Rat hepatocyte secretion of apolipoprotein B-100, a component 
of very low-density lipoprotein, and LDL was increased when vitamin E was 
added to the culture medium because of diminished fatty acid peroxidation (Pan M, 
Cederbaum AI, Zhang YL, Ginsberg HN, Williams KJ, Fisher EA. Lipid peroxidation 
and oxidant stress regulate hepatic apolipoprotein B degradation and VLDL production. J 
Clin Invest. 2004;113:1277-1287).  

Increased apolipoprotein B-100 secretion is a potential mechanism by which 

supplementation with vitamin E and other antioxidants had unanticipated detrimental 
effects. A recent meta-analysis of vitamin E intervention studies suggested that vitamin E 
supplements at doses greater than 400 IU per day increased all-cause mortality 
(Miller ER III, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-
analysis: high-dosage vitamin E supplementation may increase all-cause mortality. Ann 
Intern Med. 2005;142:37-46). Another example of adverse effects at high levels of 
supplementation as previously mentioned is that of beta carotene and lung cancer. 

Scientists have discovered that beta-carotene itself can become damaged if it's used 
alone (that is, without its partner antioxidants vitamin C, vitamin E, and selenium). 
Damaged beta-carotene is extremely toxic to the liver, the lining of the arteries, and 
the lungs. 

All the cells of the arterial wall – macrophages, smooth muscle cells, endothelial 
cells, and neutrophils (polymorphonuclear leukocytes or PMN) – are able to oxidize 
LDL in vitro (Miller, K., Carpenter, K.L.H. and Mitchinson, M.J.  Cell mediated 
oxidation of LDL: comparison of different cells types of the atherosclerotic lesion.  Free 
Rad Res  1998; 29: 207-220) (Scaccini, C. and Jialal, I.  LDL modification by activated 
polymorphonuclear leukocytes: a cellular model of mild oxidative stress.  Free Radical 
Biol Med 1994; 16: 49-55).  I believe that this argues that oxidation of LDL is a 
common occurrence in the vascular arterial wall and indicates that it is an integral 
part of normal vascular function.  The oxidation of the LDL would keep it 
soluble for excretion by the liver. Please remember that “Lipoprotein 
oxidation is critically important in allowing macrophages and other cells 
to remove lipids from the interstitial space, as modified lipoproteins are 
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more readily cleared by scavenger receptors (which recognize the 
modified forms) than by the native LDL receptor.” 

There is some evidence of potentially adverse effects of antioxidant supplements on 
CVD as assessed by angiographic end points. In the Women’s Angiographic Vitamin 
and Estrogen Study (WAVE), postmenopausal women with coronary disease on hormone 
replacement therapy given vitamin E plus vitamin C had an unexpected significantly 

higher all-cause mortality rate and a trend for an increased cardiovascular mortality 
rate compared with the vitamin placebo women (Waters DD, Alderman EL, Hsia J, 
Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson P, Tardif JC, Higginson L, 
Bittner V, Steffes M, Gordon DJ, Proschan M, Younes N, Verter JI. Effects of hormone 
replacement therapy and antioxidant vitamin supplements on coronary atherosclerosis in 
postmenopausal women: a randomized controlled trial. JAMA. 2002; 288: 2432–2). 

In the HDL-Atherosclerosis Treatment Study, subjects with angiographically 
demonstrated coronary artery disease on simvastatin/niacin and an antioxidant cocktail 
(vitamin E, ß-carotene, vitamin C, and selenium) had a 0.7% progression in stenosis 
after 3 years, compared with 0.4% regression in the group on only simvastatin/niacin. 
Thus, antioxidant supplements may have interfered with the efficacy of statin-plus-
niacin therapy (Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, 
Dowdy AA, Marino EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ. Simvastatin and 
niacin, antioxidant vitamins, or the combination for the prevention of coronary disease. N 
Engl J Med. 2001; 345: 1583–1592). Further evaluation showed that the addition of the 

antioxidant vitamins blunted the expected rise in the protective HDL-2 cholesterol and 
apolipoprotein A1 subfractions of HDL. In general, the studies showing either positive 
or adverse effects (especially for vitamins E, vitamins E and C, and the antioxidant 

cocktails) are much smaller studies than the larger clinical trials that consistently 
have not shown any beneficial effects of antioxidant supplements on several CVD 
end points. 

It is concluded that the existing scientific database does not justify routine use of 
antioxidant supplements for the prevention and treatment of CVD (P M. Kris-
Etherton, A H. Lichtenstein, B V. Howard, D Steinberg, J L. Witztum, for the Nutrition 
Committee of the American Heart Association Council on Nutrition, Physical Activity, 
and Metabolism. Antioxidant Vitamin Supplements and Cardiovascular Disease. 
Circulation. 2004;110:637-641). 

It should also be noted that the measurement of neither total antioxidant capacity 
nor individual antioxidants has produced consistent results in the prediction of 
various diseases. (Pryor WA. Vitamin E and heart disease: basic science to clinical 
intervention trials. Free Radic Biol Med. 2000;28:141–164) (Whitehead AS, FitzGerald 
GA. Twenty-first century phox: not yet ready for widespread screening. Circulation. 
2001;103:7–9) (Liao F, Andalibi A, Qiao JH, Allayee H, Fogelman AM, Lusis AJ. 
Genetic evidence for a common pathway mediating oxidative stress, inflammatory gene 
induction, and aortic fatty streak formation in mice. J Clin Invest. 1994;94:877–884).  
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Again, clinical trials using antioxidants, such as vitamins C and E and ß-carotene, 
have produced conflicting results (Pryor WA. Vitamin E and heart disease: basic 
science to clinical intervention trials. Free Radic Biol Med. 2000;28:141–164). 
(Whitehead AS, FitzGerald GA. Twenty-first century phox: not yet ready for widespread 
screening. Circulation. 2001;103:7–9). It may reflect a lack of appreciation of the 
specificity of oxidative stress and responses to antioxidants and the importance of the 
subcellular environment.  (RMH Note:  I believe that this data obviously reflects an 
erroneous and invalid free radical theory.  It lacks predictability.) 

Given the results from studies like that by Heitzer et al (Heitzer, T., Schinzig, T., Krohn, 
K, et al. Endothelial dysfunction, oxidative stress, and risk of cardiovascular events in 
patients with coronary artery disease.  Circulation. 2001;104:2673-2678) and the huge 
amount of basic research suggesting that reactive oxygen species contribute to 
atherosclerosis, antioxidant therapy would be expected to be beneficial in improving 
outcome in humans with atherosclerosis.  Several recent trials, however, have shown 
no effect of vitamin E on cardiovascular events.  In the Heart Outcomes Prevention 
Evaluation (HOPE) (Yusus, S., Dagenais, G., Progue, J. et al. Vitamin E 
supplementation and cardiovascular evens, in high-risk patients the Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med. 2000; 342; 154-160) trial, 
vitamin E was found to have no benefit over placebo in 9500 high-risk subjects.  In 
GISSI prevention trial (Dietary supplement with n-3 polyunsaturated acids and vitamin E 
after myocardial infarction: results of the GISSI-Prevenzione trial. Gruppo, Italiano per lo 
Studio Sopravvivenza nell’Infarto miocardico.   Lancet, 1999; 354: 447-455) >11,000 
survivors of myocardial infarction were randomized to receive vitamin E, n-3 
polyunsaturated fatty acids (PUFAs), both, or neither.  Although the n-3 PUFA therapy 
proved beneficial, vitamin E reduced the event rate by only an insignificant amount.  
In the Study to Evaluate Carotid Ultrasound changes in patients treated with Ramipril and 
vitamin E (SECURE) (a substudy of HOPE), vitamin E was found to have no effect on 
the progression of carotid intima-media thickness (CIMT), whereas the ACE inhibitor 
ramipril markedly reduced progression of CIMT (Lonn, E., Yusuf, S., Dzavik, V. et al.  
Effects of ramipril and vitamin E on atherosclerosis:  the study to evaluate carotid 
ultrasound changes in patients treated with ramipril and vitamin E (SECURE).  
Circulation.  2001; 103; 919-925). 

Taking regular vitamin E supplements probably won't protect you from cancer or heart 
disease, according to a study on 7,030 patients in the Journal of the American Medical 
Association (Vol. 293, No. 11: 1338-1347, 2005). In fact, high doses appear to actually 
raise the risk of heart failure, researchers reported.  The study isn't the first to find no 
overall cancer or heart benefits from vitamin E, but some experts say it may be the last 
word on the subject.  Research on nearly 40,000 healthy women showed no heart 
benefits from vitamin E pills and a study reported in November 2005 at the American 
Heart Association found that people taking high doses were 10% more likely to die of 
any cause than those taking smaller amounts.   
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The Multivitamins and Probucol Study showed that the combination of vitamins C 
and E and beta carotene had no effect in reducing the rate of restenosis in patients 
after angioplasty.  

Consistent with the notion that vitamin E remains essentially intact during 
atherosclerosis, available data from gas chromatography-mass spectrometry 
analysis suggest that only a fraction of the vitamin is oxidized (Terentis AC, 
Thomas SR, Burr JA, Liebler DC, and Stocker R. Vitamin E oxidation in human 
atherosclerotic lesions. Circ Res 90: 333–339, 2002).  Vitamin E can enhance the 
bioactivity of ·NO, inhibit smooth muscle proliferation, and limit platelet 
aggregation.  Yet, many clinical studies have been disappointing. 
 
A number of endogenous reducing agents, termed "coantioxidants," can impede the 
pro-oxidant activity of -TOH (Thomas SR, Witting PK, and Stocker R. 3-
Hydroxyanthranilic acid is an efficient, cell-derived co-antioxidant for -tocopherol, 
inhibiting human low density lipoprotein and plasma lipid peroxidation. J Biol Chem 
271: 32714–32721, 1996). 

There is also literature evidence inconsistent with the oxidative modification 

hypothesis of atherosclerosis, as it relates to antioxidant vitamins.  Again, relative to 
the free radical theory, I see confusion, lack of predictability and contradictions. 

Relative to plasma, intima has a low antioxidant capacity.  The 
concentration of major extracellular antioxidants is surprisingly high in 
human atherosclerotic lesions. In fact, in the case of ascorbate, urate, 
and -TOH, the plaque concentrations approach those of human 
plasma.  I believe that this is an extremely important observation. 

Homogenates of diseased vessels or apolipoprotein B-100-containing lipoproteins 
isolated therefrom, are neither depleted of -TOH nor is the vitamin substantially 

oxidized, and a majority of lipoprotein-associated oxidized lipids are formed in the 
presence of -TOH.  Stocker and Keaney state that this apparent discrepancy 
questions the general pathophysiological relevance of in vitro generated oxidized LDL 
and its potential proatherogenic activities. It also questions the pathophysiological 
relevance of minimally modified LDL. I believe that it seriously questions the validity 
of the free radical theory.  The overall disappointing outcome of human 
interventions with antioxidant supplements, as the antioxidants tested to date are 
radical scavengers and, at least in the case of -TOH, offer little protection against 
LDL oxidation induced by 2e-oxidants. 

Compared with F2-isoprostanes, HETEs and HODEs in general, and their respective 
cholesterylesters in particular, are much more abundant in human lesions.  Perhaps 
the most compelling evidence against a causative role for LDL oxidation in 
atherosclerosis comes from a recent study (Upston JM, Niu X, Brown AJ, Mashima R, 
Wang H, Senthilmohan R, Kettle AJ, Dean RT, and Stocker R. Disease stage-dependent 
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accumulation of lipid and protein oxidation products in human atherosclerosis. Am J 
Pathol 160: 701–710, 2002) reporting parent molecule-standardized concentrations 
of esterified HODEs in human aortas to increase significantly only at late 
developmental stages of atherosclerosis. Similarly, antioxidant intervention studies 
have revealed situations where aortic concentrations of esterified HODEs do not 
correlate with disease burden (Witting PK, Pettersson K, Letters J, and Stocker R. Site-
specific anti-atherogenic effect of probucol in apolipoprotein E deficient mice. 
Arterioscler Thromb Vasc Biol 20: e26–e33, 2000) (Witting PK, Pettersson K, Östlund-
Lindqvist AM, Westerlund C, Wågberg M, and Stocker R. Dissociation of atherogenesis 
from aortic accumulation of lipid hydro(pero)xides in Watanabe heritable hyperlipidemic 
rabbits. J Clin Invest 104: 213–220, 1999). 

There is evidence that in human lesions oxidized lipids associated with LDL 
accumulate substantially only late in disease development, after 
accumulation of unoxidized cholesterol and cholesterol esters (Upston JM, 
Niu X, Brown AJ, Mashima R, Wang H, Senthilmohan R, Kettle AJ, Dean RT, and 
Stocker R. Disease stage-dependent accumulation of lipid and protein oxidation products 
in human atherosclerosis. Am J Pathol 160: 701–710, 2002). Furthermore, lipoprotein 
lipid oxidation can be dissociated from disease in animal models of 

atherosclerosis. 

The overall marginal impact of -TOH on lesion formation is perhaps not so 

surprising given the lack of evidence for a deficiency in this antioxidant (Letters JM, 
Witting PK, Christison JK, Westin Eriksson A, Pettersson K, and Stocker R. Changes to 
lipids and antioxidants in plasma and aortae of apoE-deficient mice. J Lipid Res 40: 
1104–1112, 1999). Similar to the situation with vitamin E, vitamin C supplements do 
not offer consistent benefit against atherosclerosis in animals. 

Stocker and Keaney state that the overall outcome, particularly the results of the 
large, randomized controlled studies, has been disappointing and arguably provides 
the strongest evidence against the oxidative modification hypothesis of 
atherosclerosis. 

Similar to the situation with vitamin E, the evidence linking cardiovascular disease 
and vitamin C is inconsistent, as reviewed recently (Carr AC and Frei B. Toward a new 
recommended dietary allowance for vitamin C based on antioxidant and health effects in 
humans. Am J Clin Nutr 69: 1086–1107, 1999).  Different studies reported an 
association (n = 8) or no significant association (n = 8) of dietary vitamin C with 
cardiovascular disease incidence. 

2.6.5  To Some, Antioxidants are a Religion  

For decades, the same names have been expressing their “faith” in antioxidants in spite of 
the accumulated data.  It is now clear that no amount of randomized, controlled studies is 
going to change their beliefs.  To wit: 
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“A robust database shows that dietary supplements of vitamins E and C are safe for the 
general population. Because these nutrients supply antioxidant and other functions for 
homeostasis and protection against free radical damage, supplementation has been 
intensively studied. Because of perceived benefits, many persons consume quantities of 
vitamins E and C well above the recommended dietary allowances. As safety guidance, 
tolerable upper intake levels have been established by the Food and Nutrition Board, 
Institute of Medicine, at 1000 mg for vitamin E and 2000 mg for vitamin C in adults. 
Many clinical trials with these vitamins have involved subjects with various diseases, and 
no consistent pattern of adverse effects has occurred at any intake. Numerous studies of 
vitamin C supplementation have provided no pattern of evidence to support concerns 
about safety other than occasional gastrointestinal upset or mild diarrhea resulting from 
the osmotic effects of unabsorbed quantities of vitamin C. Evidence of bleeding effects 

and other potential adverse effects of high vitamin E intakes in humans is not convincing. 
Evidence of adverse effects of vitamin C that result from its effects on iron absorption 
and metabolism has not been confirmed in clinical trials. Thus, we conclude from clinical 
trial evidence that vitamin E supplements appear safe for most adults in amounts 1600 
IU (1073 mg RRR- -tocopherol or the molar equivalent of its esters) and that vitamin C 
supplements of 2000 mg/d are safe for most adults (Vitamins E and C are safe across a 
broad range of intakes. John N Hathcock, Angelo Azzi, Jeffrey Blumberg, Tammy 
Bray, Annette Dickinson, Balz Frei, Ishwarlal Jialal, Carol S Johnston, Frank J 
Kelly, Klaus Kraemer, Lester Packer, Sampath Parthasarathy, Helmut Sies and 
Maret G Traber. American Journal of Clinical Nutrition, Vol. 81, No. 4, 736-745, April 
2005).”  Many of the bold names above appear over and over again with the same lame 
arguments and seemingly ignore the totality of data available today.  What can I say? 
 
It seems as if they do not even consider studies that have been carried out which have in 
general not shown antioxidant benefit, including the Antioxidant 
Supplementation in Atherosclerosis Prevention (ASAP) study (520 
persons) (Salonen RM, Nyyssonen K, Kaikkonen J, Porkkala-Sarataho E, Voutilainen 
S, Rissanen TH, Tuomainen TP, Valkonen VP, Ristonmaa U, Lakka HM, Vanharanta M, 
Salonen JT, Poulsen HE, Antioxidant Supplementation in Atherosclerosis Prevention 
Study: Six-year effect of combined vitamin C and E supplementation on atherosclerotic 
progression: the Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) 
Study. Circulation 107:947–953, 2003), the Study to Evaluate Carotid 
Ultrasound changes in patients treated with Ramipril and vitamin E 
(SECURE) (732 persons) (Lonn E, Yusuf S, Dzavik V, Doris C, Yi Q, Smith S, 
Moore-Cox A, Bosch J, Riley W, Teo K; SECURE Investigators: Effects of ramipril and 
vitamin E on atherosclerosis: the study to evaluate carotid ultrasound changes in patients 
treated with ramipril and vitamin E (SECURE). Circulation 103:919–925, 2001), the 
vitamin E Atherosclerosis Prevention Study (VEAPS) (320 persons) 
(Hodis HN, Mack WJ, LaBree L, Mahrer PR, Sevanian A, Liu CR, Liu CH, Hwang J, 
Selzer RH, Azen SP; VEAPS Research Group: Alpha-tocopherol supplementation in 
healthy individuals reduces low-density lipoprotein oxidation but not atherosclerosis: the 
Vitamin E Atherosclerosis Prevention Study (VEAPS). Circulation 106:1453–1459, 
2002), the de Waart study (180 persons) (De Waart FG, Schouten EG, Stalenhoef 
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AF, Kok FJ: Serum carotenoids, alpha-tocopherol and mortality risk in a prospective 
study among Dutch elderly. Int J Epidemiol 30:136–143, 2001), the Fang study (40 
persons) (Fang JC, Kinlay S, Beltrame J, Hikiti H, Wainstein M, Behrendt D, Suh J, 
Frei B, Mudge GH, Selwyn AP, Ganz P: Effect of vitamins C and E on progression of 
transplant-associated arteriosclerosis: a randomised trial. Lancet 359:1108–1113, 2002), 
the HDL Atherosclerosis Treatment Study (HATS) (160 persons) (Brown 
BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino EK, 
Bolson EL, Alaupovic P, Frohlich J, Albers JJ: Simvastatin and niacin, antioxidant 
vitamins, or the combination for the prevention of coronary disease. N Engl J Med 
345:1583–1592, 2001), and the Women’s Angiographic Vitamin and 
Estrogen (WAVE) Trial (423 persons) (Waters DD, Alderman EL, Hsia J, 
Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson P, Tardif JC, Higginson L, 
Bittner V, Steffes M, Gordon DJ, Proschan M, Younes N, Verter JI: Effects of hormone 
replacement therapy and antioxidant vitamin supplements on coronary atherosclerosis in 
postmenopausal women: a randomized controlled trial. JAMA 288:2432–2440, 2002).  
 
Additionally, in the HATS trial the benefit of simvastatin plus niacin was diminished 
with addition of the antioxidants, in the WAVE trial there was similarly suggestion 
of loss of benefit, and in the SECURE trial the measurement of carotid intima-media 
thickness showed "absolutely no effect of vitamin E."  
 
The SPACE trial from Israel of 196 persons with end-stage renal disease showed a 
decrease in vascular events with vitamin E treatment (800 IU/day) (Boaz M, Smetana S, 
Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, Weissgarten Y, Brunner D, Fainaru 
M, Green MS: Secondary prevention with antioxidants of cardiovascular disease in 
endstage renal disease (SPACE): randomised placebo-controlled trial. Lancet 356:1213–
1218, 2000).  
 
A variety of other large trials, however, failed to show effect or actually suggested 
increased mortality with ß-carotene in the -tocopherol and ß-carotene (ATBC) trial 
(25,563 men) (Virtamo J, Pietinen P, Huttunen JK, Korhonen P, Malila N, Virtanen MJ, 
Albanes D, Taylor PR, Albert P; ATBC Study Group: Incidence of cancer and mortality 
following alpha-tocopherol and beta-carotene supplementation: a postintervention 
follow-up. JAMA 290:476–485, 2003), the ß-Carotene and Retinol Efficacy 
Trial (CARET) (18,314 persons) (Kritharides L, Stocker R: The use of antioxidant 
supplements in coronary heart disease. Atherosclerosis 164:211–219, 2002), and in 

studies of vitamin E including the ATBC trial, the Cambridge Heart 
Antioxidant Study (CHAOS) (2002 persons) (Stephens NG, Parsons A, 
Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ: Randomised controlled trial of 
vitamin E in patients with coronary disease: Cambridge Heart Antioxidant Study 
(CHAOS). Lancet 347:781–786, 1996), the Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto miocardico (GISSI) (11,324 persons; this trial did, 
interestingly, show benefit of dietary supplementation with n-3 polyunsaturated 

fatty acids) (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico: 
Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after 
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myocardial infarction: results of the GISSI-Prevenzione trial. Lancet 354:447–455, 
1999), the Heart Outcomes Prevention Evaluation (HOPE) Study (9,541 
persons) (Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P: Vitamin E 
supplementation and cardiovascular events in high-risk patients: the Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med 342:154–160, 2000), and the 
Heart Protection Study (HPS) (20,536 persons) (Heart Protection Study 
Collaborative Group: MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 high-risk individuals: a randomised placebo-controlled trial. 
Lancet 360:23–33, 2002).  
 
Fewer studies are available with vitamin C, Lonn noted, although there was small and 
insignificant increase in risk in three small studies. Studies particularly addressing persons 
with diabetes show no benefit in mortality, other vascular outcomes, or microvascular 
outcomes. The Koupio Study of 944 men aged 42–60 does suggest decreased risk of 
diabetes with vitamin E. In the HOPE study, baseline inflammatory markers were 
associated with increased risk of development of diabetes, but there was no difference in 
the risk of developing diabetes. 

2.7 Alzheimer’s and Dementia 

Since increased oxidative stress may allegedly impair cognition and be a risk factor for 
dementia, there has been interest in determining whether use of antioxidants could protect 
against such events.  Investigators selected a subgroup from the Duke Established 
Populations for Epidemiologic Studies of the Elderly, a longitudinal study of community-
representative persons aged 65-105 years living in 5 adjacent counties in North Carolina, 
and followed them for dementia (1986-1987 through June 2000).   

Of 616 persons initially dementia-free (mean age 73 y; 62% female; 62% African 
American), 141 developed dementia, of whom 93 developed AD. Increased age and 
mobility problems were risk factors for dementia (only age for AD), while an increased 

number of outpatient visits reduced the likelihood of developing dementia. Neither use of 
any vitamins C and/or E (used by 8% of subjects at baseline) nor high-dose use reduced 
the time to dementia or AD.  Authors concluded that in this community in the 
southeastern US where vitamin supplement use is low, use of vitamins C and/or E did 

not delay the incidence of dementia or AD (Dementia and Alzheimer's Disease in 
Community-Dwelling Elders Taking Vitamin C and/or Vitamin E.  Gerda G Fillenbaum 
et al. The Annals of Pharmacotherapy: Vol. 39, No. 12, pp. 2009-2014). 

Other investigators reviewed clinical trials evaluating the safety and efficacy of vitamin 
E supplementation in Alzheimer's disease, Parkinson's disease, tardive dyskinesia, 
and cataract.  Using the MeSH terms alpha-tocopherol, tocopherols, vitamin E, 
Parkinson disease, tardive dyskinesia, Alzheimer disease, cataract, and clinical trials, a 
literature review was conducted to identify peer-reviewed articles in MEDLINE (1966-
July 2005). 
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Published materials including original research, review articles, and meta-analyses were 
reviewed. Only English-language articles and trials that included vitamin E alone or in 
combination with other vitamins or minerals were reviewed. Emphasis was placed on 
prospective, randomized, double-blind, placebo-controlled clinical trials.  The 
clinical studies demonstrated contradicting results regarding the benefits of vitamin 
E in Parkinson's disease, tardive dyskinesia, and cataract. The study reviewed for 
Alzheimer's disease seemed to show benefit when vitamin E was used; however, the 
statistical methods employed are questionable.  

There is enough evidence from large, well-designed studies to discourage the use of 
vitamin E in Parkinson's disease, cataract, and Alzheimer's disease. Patients are 
encouraged to supplement with vitamin E-rich foods. The use of a daily multivitamin, 
which usually contains 30 IU of alpha-tocopherol, may be beneficial; however, they 
discourage individual vitamin E supplements that usually contain 400 IU of alpha-
tocopherol (Vitamin E Supplementation in Alzheimer's Disease, Parkinson's Disease, 
Tardive Dyskinesia, and Cataract: Part 2. David Q Pham and Roda Plakogiannis. The 
Annals of Pharmacotherapy: Vol. 39, No. 12, pp. 2065-2071). 

Again, I see the unpredictability of the free radical theory.  It serves no purpose in 
any of these disease paradigms.  It demonstrates the fact that free radicals are not 
causative of these pathophysiologies and that antioxidants are not curatives. 
 
2.8 Vitamin E and Donepezil for the Treatment of Mild Cognitive Impairment 

Mild cognitive impairment is a transitional state between the cognitive changes of normal 
aging and early Alzheimer's disease.  In a double-blind study, investigators evaluated 
subjects with the amnestic subtype of mild cognitive impairment. Subjects were randomly 
assigned to receive 2000 IU of vitamin E daily, 10 mg of donepezil daily, or placebo for 
three years. The primary outcome was clinically possible or probable Alzheimer's 
disease; secondary outcomes were cognition and function. 

A total of 769 subjects were enrolled and possible or probable Alzheimer's disease 
developed in 212. The overall rate of progression from mild cognitive impairment to 
Alzheimer's disease was 16 percent per year. As compared with the placebo group, there 
were no significant differences in the probability of progression to Alzheimer's disease in 
the vitamin E group (hazard ratio, 1.02; 95 percent confidence interval, 0.74 to 1.41; 
P=0.91) or the donepezil group (hazard ratio, 0.80; 95 percent confidence interval, 0.57 to 
1.13; P=0.42) during the three years of treatment. There were no significant differences 

in the rate of progression to Alzheimer's disease between the vitamin E and placebo 
groups at any point, either among all patients or among apolipoprotein E 4 carriers. 

Vitamin E had no benefit in patients with mild cognitive impairment. Although 
donepezil therapy was associated with a lower rate of progression to Alzheimer's disease 
during the first 12 months of treatment, the rate of progression to Alzheimer's disease 
after three years was not lower among patients treated with donepezil than among those 
given placebo. 
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2.9 Macular Degeneration 

Age related macular degeneration is the leading cause of loss of vision and blindness in 
elderly people; for people aged 90 years, two out of every three will be affected and one 
in four will become blind.  Currently, there are no methods of prevention or treatment in 
most cases, though a third of cases are due to cigarette smoking.  Antioxidant vitamins 
have been suggested as a possible prevention.  Investigators conducted a prospective 
randomized placebo controlled clinical trial on 1193 healthy volunteers aged between 
55 and 80 years; 73% completed the trial on full protocol. Subjects took vitamin E 500 IU 
or placebo daily for four years.   

The incidence of early age related macular degeneration (early AMD 3) was 8.6% in 
those receiving vitamin E versus 8.1% in those on placebo (relative risk 1.05, 95% 
confidence interval 0.69 to 1.61). For late disease the incidence was 0.8% versus 0.6% 
(1.36, 0.67 to 2.77). Further analysis showed no consistent differences in secondary 

outcomes.  
Conclusion: Daily supplement with vitamin E supplement does not prevent the 
development or progression of early or later stages of age related macular degeneration.  
Daily supplementation with 500 mg vitamin E for four years did not alter the 
incidence or progression of AMD (Vitamin E supplementation and macular 
degeneration: randomized controlled trial.  Hugh R Taylor et al. BMJ 2002;325:11, 
6 July).  Although it is likely statistically insignificant, I observed that the group 
receiving vitamin E actually had higher incidences of AMD than the placebo group. 

3.0 General Antioxidant Results and CVD  

While animal and human epidemiologic studies carried out in the 1980s and 1990s 
suggested that antioxidants decrease atherosclerosis presumably by reducing oxidative 
stress, prospective clinical trials of antioxidant supplementation using vitamin E and 
other agents have been disappointing and have failed to accomplish their predicted 
goals (Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. 
Vitamin E consumption and the risk of coronary heart disease in men. N Engl J Med. 
1993; 328: 1450–1456) (Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner 
B, Willett WC. Vitamin E consumption and the risk of coronary disease in women. N 
Engl J Med. 1993; 328: 1444–1449) (Diaz MN, Frei B, Vita JA, Keaney JF. Antioxidants 
and atherosclerotic heart disease. N Engl J Med. 1997; 337: 408–413) (Pratico D, 
Tangirala RK, Rader DJ, Rokach J, FitzGerald GA. Vitamin E suppresses isoprostane 
generation in vivo and reduces atherosclerosis in apoE-deficient mice. Nature Med. 1998; 
4: 1189–1192) (Heinecke JW. Is the emperor wearing clothes? Clinical trials of vitamin E 
and the LDL oxidation hypothesis. Arterioscler Thromb Vasc Biol. 2001; 21: 1261–
1264).  

Three large trials, ATBC, GISSI, and HOPE, involving tens of thousands of subjects 

failed to show a reduction of cardiovascular events when vitamin E was used at doses 
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ranging from 50 to 400 IU/d (The effect of vitamin E and beta carotene on the incidence 
of lung cancer and other cancers in male smokers: the Alpha-Tocopherol, Beta Carotene 
Cancer Prevention Study Group. N Engl J Med. 1994; 330: 1029–1035) (Dietary 
supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial 
infarction: results of the GISSI-Prevenzione trial—Gruppo Italiano per lo Studio Della 
Sopravvivenza nell’Infarto Miocardico. Lancet. 1999; 354: 447–455) (Yusuf S, Dagenais 
G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and cardiovascular events in 
high-risk patients: the Heart Outcomes Prevention Evaluation Study Investigators. N Engl 
J Med. 2000; 342: 154–160).  

Further, a much smaller trial reported in 2001 even suggested that vitamin E might be 
detrimental because it blunted a predicted rise in HDL cholesterol subfractions 
associated with statin and niacin therapy (Brown BG, Zhao X-Q, Chait A, Fisher LD, 
Cheung MC, Morse JS, Dowdy AA, Marino ED, Bolson EL, Laupovic P, Frohlich J, 
Albers JJ. Simvastatin and niacin, antioxidant vitamins, or the combination for the 
prevention of coronary disease. N Engl J Med. 2001; 345: 1583–1592).  

On the other hand, two trials, CHAOS and SPACE, involving far fewer patients, 
reported a significant reduction, by almost 50%, in the incidence of cardiovascular 

events but no benefit on cardiovascular mortality.  (Stephens NG, Parsons A, 
Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. Randomized controlled trial of 
vitamin E in patients with coronary disease: Cambridge Heart Antioxidant Study 
(CHAOS). Lancet. 1996; 347: 781–786) (Boaz M, Smetana S, Weinstein T, Matas, 
Gafter U, Iaina A, Knecht A, Weissgarten Y, Brunner D, Fainaru M, et al. Secondary 
prevention with antioxidants of cardiovascular disease in endstage renal disease 
(SPACE): randomized placebo-controlled trial. Lancet. 2000; 356: 1213–1218). 
 
The weight of evidence reported to date suggests that vitamin E does not prevent 
atherosclerotic cardiovascular events in humans. On the other hand, one cannot conclude 
from these clinical trials that so called oxidant stress is not involved in the development 
and/or progression of atherosclerosis. 

Some of the following material was excerpted, abstracted or modified from:  Do 
antioxidant vitamins protect against atherosclerosis? The proof is still lacking. Eva 
Lonn. J Am Coll Cardiol, 2001; 38:1795-1798. 

The potential role of antioxidant vitamins in CVD prevention is based on the flawed 
biological rationale rendered by the "oxidative modification hypothesis," which proposes 
an essential role for the oxidation of lipoproteins in the genesis and progression of 
atherosclerotic lesions, and by observational epidemiologic studies, that have shown 
associations between the dietary and supplemental intake of antioxidants and lower risk 
of coronary heart disease (CHD) and stroke.  Even though this idea advanced by Steinberg 
et al. and supported by an impressive body of in vitro findings and by rather persuasive 
findings in animal models of atherosclerosis, it has now been proven that the 
“biological rationale rendered by the oxidative modification hypothesis” is wrong 
(Steinberg D, Parthasarathy S, Carew TE, et al. Beyond cholesterol: modifications of 
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low-density lipoprotein that increase its atherogenicity. N Engl J Med. 1989;320:915–
924).  I believe that this is due to the fact that the free radical theory is wrong. 

It was suggested that oxidation of LDL was particularly involved in the formation of 
foam cells and thus in the genesis of early atherosclerotic lesions. The relevance of LDL 
oxidation in human atherosclerosis, although widely accepted, has not been conclusively 
proven, as there is no clinical evidence to date to clearly demonstrate that 
antioxidants can affect either the behavior of atherosclerotic lesions or prevent 
ischemic events.   

A large number of apparently misleading observational epidemiologic studies have 
evaluated potential relationships between antioxidants and CVD. Such studies range from 
retrospective observations to broad cross-sectional geographic correlations between 
population-based antioxidant intake and rates of CHD, to large prospective cohort studies 

conducted in different parts of the world, characterized by a variety of dietary patterns 
and involving tens of thousands of men and women followed for prolonged periods of 
time.  

These studies suggested that: 1) persons with a high intake of fruits and vegetables 
have a lower incidence of ischemic heart disease events and strokes compared with 
those with low intake of these nutrients (Rimm EB, Ascherio A, Giovannucci E, 
Spiegelman D, Stampfer JM, Willett WC. Vegetable, fruit, and cereal fiber intake and 
risk of coronary heart disease among men. JAMA. 1996;275:447–451) (Verschuren 
WMM, Jacobs DR, Bloemberg BPM, et al. Serum total cholesterol and long-term 
coronary heart disease mortality in different cultures. Twenty-five-year follow-up of the 
seven countries study. JAMA. 1995;274:131–136); and 2) increased intake of 
antioxidants through diet or supplements, particularly vitamins E (alpha-
tocopherol) and C and beta-carotene, is associated with a lower risk of CHD and 
death (Jha P, Flather M, Lonn E, et al. The antioxidant vitamins (E, C and beta-carotene) 
and cardiovascular disease: a critical summary of epidemiological and clinical trial data. 
Ann Intern Med. 1995;123:860–872). Although the data on "healthy" diets that contain 
large amounts of fruits and vegetables are generally consistent, it is obviously very 
difficult, if not impossible, to isolate which of the tens of thousands of components, 
or combinations of such diets account for protection against atherosclerotic diseases. 

3.1 Confusion, confusion and Confusion:  Micronutrients, Antioxidants, Low Fat 
Diets, Calcium Supplementation, Hormone Replacement and Nutriceuticals 

Forget the low-fat diet and toss out the calcium pills? Rethink estrogen in your 50s? 
Women might get that impression from a trio of confusing studies published in February 
of 2006.  But look more closely: Indeed, scientists who led the massive study called the 
Women's Health Initiative (WHI) met near Washington to plan their next step: 
examining participants' genes, in a quest to better customize health recommendations for 
women over 50. Maybe there are genes that predict which women's hearts will most 
benefit from a strict diet, or predict who is most likely to have a stroke or other severe 
side effects when using estrogen to treat menopause's hot flashes. 
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The research doesn't actually change current advice. It just shows how hard it is to find 
simple, one-size-fits-all answers in medicine.  "There may have been some 
disappointment" that the studies didn't always give clear answers, acknowledges Dr. 
Elizabeth Nabel, heart chief at the National Institutes of Health.  “The findings are what 
they are…..Now we are in second wave of putting the findings into perspective.” 

The WHI tracked 161,000 women for 15 years to test different strategies for 
preventing heart disease, bone-thinning osteoporosis, and breast and colorectal cancer. 

It is best known as the study that in 2002 overturned the dogma that hormone 
therapy after menopause was good for women's overall health. It found the opposite — 
that long-term use of the hormones estrogen and progestin increased women's risk 
of breast cancer, strokes and heart attacks, even dementia. Estrogen-alone, offered 
only to women who have had hysterectomies, was risky, too. 

The WHI's latest findings also made startling headlines: A low-fat diet didn't seem to 
prevent cancer or heart disease. Taking calcium and vitamin D tablets to protect 
aging bones provided only limited benefit. And a second look at estrogen-only users 
suggested those who took it in their 50s may not face the heart risks of older 
hormone users.  But, the findings "may not be as surprising as they first appear," 
cautions Dr. Adriane Fugh-Berman of Georgetown University, who has closely 
monitored the work. 

Each has some serious caveats: 

Sorry, the diet study doesn't say fat is good, just that it's hard to avoid. Women were 
asked to cut daily fat consumption to 20 percent of calories, down from an average of 35 
percent. But six years into the study, few had reached that goal. The dieters were eating 
only about 8 percent less fat than a comparison group, too modest a drop to expect any 
heart benefits, explains NIH's Nabel. 

Complicating matters, other research made clear after WHI had already started that for 
the heart, the kind of fat you eat is crucial — there are good kinds and bad kinds, and 
women in the new study didn't focus on cutting the bad fats, although I have serious 
doubts about this also. 

Olive oil, fatty fish like salmon, and certain nuts contain so-called heart-healthy fats, i.e., 
omega-3 fats. Heart-harming fats are allegedly saturated fats, from meats and other 
products containing animal fat, and trans fats — found everywhere from french fries and 
fried chicken to cookies and crackers. Trans fats are formed when liquid oil turns into 
solid fat; only recently have food labels begun listing them so consumers can use the 
information to make healthier choices. 

The study did find a slightly nonsignificant decreased rate of breast cancer among dieters, 
particularly those who cut fat consumption the most. The change wasn't big enough to 
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know if it was due to chance; scientists will track the women for another five years to try 
to tell.  Thus, this is currently meaningless. 

Taking calcium and vitamin D tablets for seven years didn't seem to protect against 
hip fractures, except for a small benefit among women over 60. But the study's ability to 
detect benefit suffered because many participants took extra calcium on their own both 
before and during the study; doctors widely recommend the pills because it's hard to get 
enough calcium from diet alone as women age. 

Also, the study found a 17 percent increase in the risk of kidney stones with 
supplement use. That's actually a well-known effect of taking calcium between meals, 
said Fugh-Berman, a supplement specialist. Simply take the tablets with meals to lessen 
the risk, she advises. 

Then there's estrogen. When the WHI first exposed hormones' risks, critics noted that the 
average participant was far older than the 50-something most likely to use estrogen to 
treat hot flashes. This month's reanalysis found the fraction of study participants that 
were young who used estrogen alone had slightly fewer heart attacks — but the 
difference was too small to be considered real, again nonsignificant. 

Looking at just a subgroup of a big study is highly controversial, and Nabel cautions 
against false reassurance. The government's guideline remains: If you must use estrogen 
to treat hot flashes, take the smallest possible dose for the shortest amount of time. 

  

Vitamins and hormones: excerpted from Atherogenesis—recent insights into basic 
mechanisms and their clinical impact. Volker Schächinger and Andreas M. Zeiher. 
Nephrol Dial Transplant (2002) 17: 2055-2064. 
 
3.1.1 Estrogen, the Antioxidant 

Improvement of endothelium-dependent vasodilation might serve as an index to estimate 
the ability of a drug to reduce cardiovascular events. Nevertheless, improvement of 
endothelial dysfunction per se is insufficient to evaluate its therapeutic potential, since 
additional effects of a drug might override the beneficial effect associated with 
ameliorated endothelial dysfunction. Thus, despite having shown to improve endothelial 
dysfunction and progression of carotid artery wall thickening (CLAS and ARIC study), 
there is still no hard evidence that antioxidative vitamins such as vitamin E improve 
outcome (ATVB, CHAOS, GISSI, HOPE)  (Yusuf S, Dagenais G, Pogue J et al. Vitamin 
E supplementation and cardiovascular events in high-risk patients. The Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med2000; 342:154–160).  

One alleged reason for the failure of vitamin E might be that in the presence of oxidative 
stress the radical -tocopherol (vitamin E) produces further radicals, which might result in 

enhanced, rather than reduced, oxidative stress within the vessel wall (Carr AC, Zhu BZ, 
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Frei B. Potential antiatherogenic mechanisms of ascorbate (Vitamin C) and alpha-
tocopherol (Vitamin E). Circ Res2000; 87:349–354).  

Similarly, estrogens certainly improve endothelium-dependent vasodilation in several 
vascular beds, but, in contrast to such functional findings, long-term estrogen 
administration to post-menopausal women appears to have deleterious effects on 
rates of cardiovascular events such as myocardial infarction, strokes or venous 
thromboembolism (HERS [Hulley S, Grady D, Bush T et al. Randomized trial of 
estrogen plus progestin for secondary prevention of coronary heart disease in 
postmenopausal women. Heart and Estrogen/Progestin Replacement Study (HERS) 
Research Group. JAMA1998; 280:605–613], WHI [Risks and benefits of estrogen plus 
progestin in healthy postmenopausal women: principal results From the Women's Health 
Initiative randomized controlled trial. JAMA2002; 288:321–333]). I believe that it must 
be kept in mind that estrogen is considered to be an antioxidant. Thus, I am not 
surprised by the fact that it actually increases the risk of developing an EMOD 
insufficiency syndrome disease. 

Open label extension of the HERS trial (HERS II) demonstrated that this risk is not 
limited to the first years of therapy but rather continues throughout the treatment (Grady 
D, Herrington D, Bittner V et al. Cardiovascular disease outcomes during 6.8 years of 
hormone therapy: Heart and Estrogen/progestin Replacement Study follow-up (HERS II). 
JAMA2002; 288:49–57).  

Thus, presumption of benefit of hormone therapy—based on pathophysiological and 
epidemiological studies—clearly changed into demonstration of harm. Probably, the 
adverse effects of hormone replacement on cardiovascular events may be related to a 
different noxious effect of estrogens on the vasculature, namely the induction of a pro-
inflammatory response, as shown by an increase of high sensitivity CRP levels (Ridker 
PM, Hennekens CH, Rifai N et al. Hormone replacement therapy and increased plasma 
concentration of C-reactive protein. Circulation1999; 100:713–716). I believe that the 
adverse effect on cardiovascular disease was due to the antioxidant activity of 
estrogens and adds support to my Unified Theory. I have proposed some novel 
therapeutic strategies to combat these diseases. 

3.1.2 Paradoxical HDL Activity 

Although high-density lipoproteins (HDL) possess many features that contribute to the 
association between elevated HDL cholesterol and protection from atherosclerosis, these 
lipoproteins may be modified in certain individuals and/or circumstances to become 

proinflammatory. The ability of HDL to inhibit or paradoxically to enhance vascular 
inflammation, lipid oxidation, plaque growth, and thrombosis reflects changes in 
specific enzyme and protein components. The anti-inflammatory and proinflammatory 
functional properties of HDL can now be assessed using cell-based and cell-free assays. 
Acute or chronic systemic inflammation and the metabolic syndrome appear to render 
HDL proinflammatory. In contrast, statins and experimental agents such as 
apolipoprotein A-1 mimetics render HDL more anti-inflammatory. Functional 
characterization of HDL is a promising method for enhanced assessment of 
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cardiovascular risk and effectiveness of risk reduction (High-Density Lipoprotein 
Function. Recent Advances. Benjamin J. Ansell et al. J Am Coll Cardiol, 2005; 46:1792-
1798). 

3.2 Inconsistent Antioxidant Evidence 

Just as with the available data on the good or bad effects of antioxidants, the data on LDL 
oxidation is all over the spectrum.  One can pick and choose studies which only support, 
negate or nullify any viewpoint.  I have tried to determine the “general direction” of the 
data.  However, it is obvious that there are many exceptions to the oxidative modification 
of cholesterol theory.   

Overall, there is also literature evidence inconsistent with the oxidative modification 

hypothesis of atherosclerosis.  Again, relative to the free radical theory, I see 
confusion, lack of predictability and contradictions. 

As pointed out earlier, relative to plasma, the intima has a low antioxidant capacity. 
However, the concentration of major extracellular antioxidants is surprisingly high 
in human atherosclerotic lesions. In fact, in the case of ascorbate, urate, and -TOH, 
the plaque concentrations approach those of human plasma.   

I believe that this indicates that there is an overabundance of antioxidants in plaque 
and that an EMOD deficiency state has been created which allows the development 
of plaque by accumulation of microaggregates. 

In vitro, radical oxidants like copper ions or cells cultured in transition metal ion-
containing medium can convert native LDL into oxidized or high uptake LDL. Such 
conversion requires drastic alterations to the lipoprotein particle, including the complete 
depletion of endogenous -TOH. This is in sharp contrast to the situation in vivo 
where, irrespective of the developmental stage of atherosclerosis, homogenates of 
diseased vessels or apolipoprotein B-100-containing lipoproteins isolated 
therefrom, are neither depleted of -TOH nor is the vitamin 
substantially oxidized, and a majority of lipoprotein-associated oxidized 

lipids are formed in the presence of -TOH.  It seriously questions the free 
radical theory. 

Overall, it therefore appears that the levels of oxidized lipids correlate more weakly 
with lesion development than would be predicted by the oxidative modification 
hypothesis.  There is evidence that in human lesions oxidized lipids associated with 
LDL accumulate substantially only late in disease development, after accumulation 
of unoxidized cholesterol and cholesterol esters (Upston JM, Niu X, Brown AJ, 
Mashima R, Wang H, Senthilmohan R, Kettle AJ, Dean RT, and Stocker R. Disease 
stage-dependent accumulation of lipid and protein oxidation products in human 
atherosclerosis. Am J Pathol 160: 701–710, 2002). Furthermore, lipoprotein lipid 

oxidation can be dissociated from disease in animal models of atherosclerosis.   
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Cellular lipid oxidation may not correlate with disease progression. 

Not all synthetic antioxidants offer protection against the disease in animals even 
where the antioxidants have been shown to decrease the extent of oxidation. For example, 
supplementation of a butter-based atherogenic diet with butylated hydroxytoluene 
and butylated hydroxyanisole (both phenolic lipid-soluble antioxidants that 

effectively inhibit LDL oxidation) do not prevent atherosclerosis in rabbits. Also, 
compared with probucol, its structural analog bis(3,5-di-tert-butyl-4-hydroxy-
phenylether)propane offers superior protection to LDL against in vitro oxidation, 
yet the analog is ineffective in inhibiting atherosclerosis in LDL receptor-deficient 

rabbits.  

Another structural analog of probucol, 3,3'-5,5'-tetra-tert-butyl-4,4'-bisphenol, 
prevents lipoprotein lipid oxidation in the vessel wall of LDL receptor-deficient 
rabbits as effectively as probucol, yet unlike probucol, the analog does not protect 
against atherosclerosis. Conversely, probucol inhibits atherosclerosis in the 

aortic arch and thoracic and abdominal aorta of apolipoprotein E –/– mice without 
inhibiting aortic lipoprotein oxidation. These latter studies establish that at least in 
animals, the process of lipoprotein oxidation can be dissociated from 
atherosclerosis, a finding inconsistent with the oxidative modification hypothesis 
of atherosclerosis. 

As with the human clinical trials, a majority of the studies report a null effect of 
vitamin E supplementation on lesion formation in animals on a normal diet. Eleven 
of the 44 studies carried out over the last 50 years show vitamin E can 
attenuate disease. In 4 of these 11 studies, vitamin E supplements lowered plasma 

lipids so that this rather than an antioxidant function may have been responsible for 
the outcome. Thus an antiatherogenic effect independent of lipid lowering has in fact 
been observed in only seven studies.   

Notably, a similar number of investigations (n = 5) have shown increased 

lesion formation with vitamin E supplements, particularly when given at 
high concentration. The overall marginal impact of -TOH on lesion 
formation is perhaps not so surprising given the lack of evidence for a 
deficiency in this antioxidant (Letters JM, Witting PK, Christison JK, Westin 
Eriksson A, Pettersson K, and Stocker R. Changes to lipids and antioxidants in plasma 
and aortae of apoE-deficient mice. J Lipid Res 40: 1104–1112, 1999). Similar to the 
situation with vitamin E, vitamin C supplements do not offer consistent 
benefit against atherosclerosis in animals. 

As with the animal studies, a benefit with vitamin E supplements was anticipated. 
However, the overall outcome, particularly the results of the large, randomized 
controlled studies, has been disappointing and arguably provides the 
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strongest evidence against the oxidative modification hypothesis of 
atherosclerosis. 

The less severe stenoses are the predominant source of coronary 
occlusions (Alderman EL, Corley SD, Fisher LD, Chaitman BR, Faxon DP, Foster ED, 
Killip T, Sosa JA, and Bourassa MG. Five-year angiographic follow-up of factors 
associated with progression of coronary artery disease in the Coronary Artery Surgery 
Study (CASS). CASS Participating Investigators and Staff. J Am Coll Cardiol 22: 1141–
1154, 1993). Thus myocardial infarction most commonly arises from 
stenoses that are relatively mildly (<50%) blocked.  The observations 
outlined above beg the question of how less severe atherosclerotic lesions give rise to 
clinical events. The short answer to this question is that traditional 
concepts of atherosclerosis and encroachment of the arterial lumen were 

incorrect. 

Most myocardial infarctions involved total occlusion of the coronary 
artery that was principally due to thrombus. Thrombosis of the vessel 
appears to result from rupture of the atherosclerotic plaque and the exposure of its 
thrombogenic components to the bloodstream. 

In the 87,000 population Nurses' Health study and the 40,000 population male 
Health Professionals' Follow-up Study, benefit was derived with 100 IU/day vitamin 

E supplement. However, low-dose or dietary vitamin E was ineffective.  

A population study of 35,000 postmenopausal women showed significant reduction 
in cardiovascular risk with a modest increase in dietary but not with supplemental 
vitamin E (Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, and Bostick RM. Dietary 
antioxidant vitamins and death from coronary heart disease in postmenopausal women. N 
Engl J Med 334: 1156–1162, 1996).  It appears that greater benefit is 
attributable to small increases in dietary vitamin E rather than large 
doses of supplemental vitamin E. 

Similar to the situation with vitamin E, the evidence linking cardiovascular disease 
and vitamin C is inconsistent, as reviewed recently. Different studies reported an 
association (n = 8) or no significant association (n = 8) of dietary vitamin C with 
cardiovascular disease incidence (Carr AC and Frei B. Toward a new recommended 
dietary allowance for vitamin C based on antioxidant and health effects in humans. Am J 
Clin Nutr 69: 1086–1107, 1999). 

Two of these trials investigated the effect of supplemental vitamin E on the traditional 
end points of myocardial infarction, cardiovascular disease, and stroke. For these two 

trials, vitamin E, equivalent to 50 or 448 IU/day vitamin E, or a placebo was 
administered. The population numbers varied from 4,500 to 29,000 and all subjects had 
risk factors. Follow-up was for 3.6–6.1 years before the relative risk for cardiovascular 
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events was reported. In essence, neither study showed benefit for 
cardiovascular risk with supplemental vitamin E. 

The Finnish Alpha-Tocopherol Beta Carotene Cancer Prevention (ATBC) study 
reported no effect of vitamin E on the incidence of fatal or nonfatal 
myocardial infarction. An increased risk of hemorrhagic stroke with vitamin E 
supplementation was observed in this study population. 

The Collaborative Primary Prevention Project (PPP) similarly showed no effect on 
cardiovascular deaths by vitamin E, although this study was halted early as it 
confirmed a protective effect by aspirin seen in other trials (PPP) (Collaborative 
Group of the Primary Prevention Project. Low-dose aspirin and vitamin E in people at 
cardiovascular risk: a randomized trial in general practice. Lancet 357: 89–95, 2001). 

The Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) study examined 
the effect of vitamin E or vitamin C. After a follow-up of 3 years, the rate of 
progression of intima-to-media thickness was not decreased by 
supplementation with either antioxidant (Salonen JT, Nyyssonen K, Salonen R, 
Lakka HM, Kaikkonen J, Porkkala-Sarataho E, Voutilainen S, Lakka TA, Rissanen T, 
Leskinen L, Tuomainen TP, Valkonen VP, Ristonmaa U, and Poulsen HE. Antioxidant 
Supplementation in Atherosclerosis Prevention (ASAP) study: a randomized trial of the 
effect of vitamins E and C on 3-year progression of carotid atherosclerosis. J Intern Med 
248: 377–386, 2000).  
 
The Vitamin E Atherosclerosis Prevention Study (VEAPS) examined the effect of 400 
IU/day D,L- -TOH on the progression of carotid artery intima-to-media thickness in men 
and women with LDL cholesterol 3.37 mM (130 mg/dl) and no clinical signs or 
symptoms of cardiovascular disease. Vitamin E supplements for 3 years did not 
reduce the progression of atherosclerosis compared with subjects randomized to 
placebo; rather, there was a borderline disease-promoting effect of -TOH 

supplements (Hodis HN, Mack WJ, LaBree L, Mahrer PR, Sevanian A, Liu CR, Liu 
CH, Hwang J, Selzer RH, and Azen SP. Alpha-tocopherol supplementation in healthy 
individuals reduces low-density lipoprotein oxidation but not atherosclerosis: the Vitamin 
E Atherosclerosis Prevention Study (VEAPS). Circulation 106: 1453–1459, 2002).  
 
In a crossover study involving young patients with homozygous familial 
hypercholesterolemia, intima-to-media thickness increased with vitamin E 
supplements (400 mg/day) for 2 years, but decreased when subjects received 

statin therapy (Raal FJ, Pilcher GJ, Veller MG, Kotze MJ, and Joffe BI. Efficacy of 
vitamin E compared with either simvastatin or atorvastatin in preventing the progression 
of atherosclerosis in homozygous familial hypercholesterolemia. Am J Cardiol 84: 1344–
1346, 1999). Thus vitamin E supplementation fails to slow (or inhibit) the 
progression of intima-to-media thickness in healthy men and women at 
low risk for cardiovascular disease. 
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The Cambridge Heart Antioxidant Study (CHAOS) reported a major reduction in the 
risk of nonfatal acute myocardial infarction with vitamin E supplements, although 
this result was somewhat counterbalanced by the finding that vitamin E caused a 
nonsignificant increase in fatal myocardial infarction (Stephens NG, Parsons A, 
Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ, and Brown MJ. Randomized 
controlled trial of vitamin E in patients with coronary disease: Cambridge Heart 
Antioxidant Study (CHAOS). Lancet 347: 781–786, 1996).  

In a small group of hemodialysis patients (SPACE study), vitamin E supplements 
resulted in a significant decrease in rates of acute myocardial infarction (Boaz M, 
Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, Weissgarten Y, Brunner 
D, Fainaru M, and Green MS. Secondary prevention with antioxidants of cardiovascular 
disease in endstage renal disease (SPACE): randomized placebo-controlled trial. Lancet 
356: 1213–1218, 2000). 

The extent of benefit on cardiovascular outcome in the CHAOS and SPACE study is 
considerable in light of the relatively short duration of follow-up of 1.4 yr. It is also 
inconsistent with other studies. Thus supplementation with vitamin E was found to 
exert no benefit on cardiovascular events in the secondary prevention subgroup of 
the ATBC trial (Rapola JM, Virtamo J, Ripatti S, Huttunen JK, Albanes D, Taylor PR, 
and Heinonen OP. Randomised trial of -tocopherol and -carotene supplements on 
incidence of major coronary events in men with previous myocardial infraction. Lancet 
349: 1715–1720, 1997).  

In the large GISSI Prevenzione trial, the effect of supplemental vitamin E, n-3 

polyunsaturated fatty acids, or both on cardiovascular death, nonfatal myocardial 
infarction and stroke was examined in 11,000 patients with a recent history of myocardial 
infarction. In this study, polyunsaturated fatty acid intake significantly decreased 
cardiovascular event risk, whereas vitamin E produced only a nonsignificant trend. 

In the Heart Outcomes Prevention Evaluation (HOPE) study, patients with 
cardiovascular disease or diabetes plus another risk factor were supplemented with 
vitamin E or ramipril (angiotensin-converting enzyme inhibitor) or a combination (Yusuf 
S, Dagenais G, Pogue J, Bosch J, and Sleight P. Vitamin E supplementation and 
cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation 
Study Investigators. N Engl J Med 342: 154–160, 2000) (Yusuf S, Sleight P, Pogue J, 
Bosch J, Davies R, and Dagenais G. Effects of an angiotensin-converting-enzyme 
inhibitor, ramipril, on cardiovascular events in high-risk patients. The Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med 342: 145–153, 2000). 
Vitamin E treatment did not affect any cardiovascular event, whereas 
ramipril significantly reduced the risk of acute myocardial infarct, cardiovascular death, 
and stroke. The negative result with vitamin E is compellingly at odds with that in 
the CHAOS study despite similar supplementation usages and longer duration time 
(4.5 vs. 1.4 yr). 
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A substudy (SECURE) of the HOPE trial investigated the rate of intima-to-media 
thickness progression in secondary prevention. Similar to the above, vitamin E 
realized no benefit, whereas ramipril significantly and dose-dependently reduced risk 
(Lonn EM, Yusuf S, Dzavik V, Doris CI, Yi Q, Smith S, Moore-Cox A, Bosch J, Riley 
WA, and Teo KK. Effects of ramipril and vitamin E on atherosclerosis: the study to 
evaluate carotid ultrasound changes in patients treated with ramipril and vitamin E 
(SECURE). Circulation 103: 919–925, 2001). Thus, hitherto, studies using intima-to-
media thickness as a surrogate marker for atherosclerosis have returned a null effect 
of vitamin E on cardiovascular event risk. 

Consistent with the data reported above, a recent meta-analysis of randomized, 
controlled trials with vitamin E including a total of 81,788 patients concluded that 
vitamin E supplements do not reduce the risk of cardiovascular end points 
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, and Topol EJ. Use of antioxidant 
vitamins for the prevention of cardiovascular disease: meta-analysis of randomized trials. 
Lancet 361: 2017–2023, 2003). 

In the ASAP study, the combination of vitamins E plus C was also tested, and this 
significantly decreased the intima-to-media progression rates in men. In 
postmenopausal women with 15–75% stenosis at baseline (WAVE), progression of 
coronary atherosclerosis worsened nonsignificantly with 800 IU vitamin E plus 1 g 
vitamin C daily for 2.8 yr compared with vitamin placebo (Waters DD, Alderman EL, 
Hsia J, Howard BV, Cobb FR, Rogers WJ, Ouyang P, Thompson P, Tardif JC, Higginson 
L, Bittner V, Steffes M, Gordon DJ, Proschan M, Younes N, and Verter JI. Effects of 
hormone replacement therapy and antioxidant vitamin supplements on coronary 
atherosclerosis in postmenopausal women: a randomized controlled trial. JAMA 288: 
2432–2440, 2002).  

The ATBC clinical study used a combination of vitamin E and -carotene in men as a 
secondary prevention strategy; however, no benefit on major coronary events was 
established (Rapola JM, Virtamo J, Ripatti S, Huttunen JK, Albanes D, Taylor PR, and 
Heinonen OP. Randomised trial of -tocopherol and -carotene supplements on incidence 
of major coronary events in men with previous myocardial infraction. Lancet 349: 1715–
1720, 1997).  

The large MRC/BHF Heart Protection Study (HPS) for secondary prevention also 
examined the benefit of antioxidant combination (vitamins E and C and -carotene). 
Although the supplementation regimen increased blood antioxidant levels 
substantially, no significant reductions in the mortality from, or incidence of, 
any type of vascular disease, or other major outcome was found (Heart Protection 
Study Collaborative Group. MRC/BHF Heart Protection Study of cholesterol lowering 
with simvastatin in 20,536 high-risk individuals: a randomized placebo-controlled trial. 
Lancet 360: 7–22, 2002). This was in contrast to the beneficial effect observed with 
simvastatin. 
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The MRC/BHF Heart Protection Study (HPS) also examined antioxidant supplements 
in combination with simvastatin. While this combination did not counteract the favorable 
effect of simvastatin on mortality and cardiovascular events (in contrast to the previous 
study), it also did not benefit any outcome including cardiovascular event 
risk (Heart Protection Study Collaborative Group. MRC/BHF Heart Protection Study 
of cholesterol lowering with simvastatin in 20,536 high-risk individuals: a randomized 
placebo-controlled trial. Lancet 360: 7–22, 2002). 
 
In the secondary prevention HDL Atherosclerosis Treatment study (HATS), subjects 

were randomized to simvastatin (lipid-lowering) plus niacin treatment, or antioxidants 
(vitamin C, -TOH, -carotene, and selenium) or a combination of both. Compared 
with no treatment, only simvastatin/niacin significantly lowered stenosis 
progression rate and favorably altered plasma lipid profiles (Brown BG, 
Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino EK, Bolson 
EL, Alaupovic P, Frohlich J, and Albers JJ. Simvastatin and niacin, antioxidant vitamins, 
or the combination for the prevention of coronary disease. N Engl J Med 345: 1583–
1592, 2001). Antioxidant supplementation alone had no significant effect on clinical 

end points but, notably, when used in combination with simvastatin/niacin, 
antioxidants negated the benefit of the latter on plasma lipid profile and stenosis 
progression.  

The fibroproliferative response leading to restenosis after angioplasty has been 
reported to be inhibited significantly by probucol, but not multivitamins (1,400 IU 
vitamin E, 1 g vitamin C, and 60,000 IU -carotene per day for 6 mo) (Tardif JC, 
Côté G, Lespérance J, Bourassa M, Lambert J, Doucet S, Bilodeau L, Nattel S, and de 
Guise P. Probucol and multivitamins in the prevention of restenosis after coronary 
angioplasty. N Engl J Med 337: 365–372, 1997). 

In conclusion, trials in atherosclerosis-related cardiovascular disease 
indicate that supplements with vitamin E or vitamin C alone do not 
provide a general benefit, as can be demonstrated with, e.g., statins. This is also 
the case for the combination of vitamin E with other antioxidants or 
with lipid-lowering therapy, which do not consistently convey 
cardiovascular benefit, in either primary or secondary prevention. 

3.3 EMODs and Vascular Biochemistry 

There are oxidative events other than LDL oxidation that are involved in 
atherosclerosis and are thought to contribute to the clinical manifestations of the 
disease. For example, ROS and RNS have been implicated in smooth muscle cell 
proliferation, metalloproteinase activation, and endothelial function. 

Atherosclerosis is associated with an increased production of ROS and RNS that 
have implications for matrix metalloproteinase activity derived from smooth muscle 
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cells. In particular, H2O2
 increases smooth muscle cell gelatinase activity 

and ONOO– activates matrix metalloproteinase-9 to generate 
collagenase activity (Rajagopalan S, Meng XP, Ramasamy S, Harrison DG, and 
Galis ZS. Reactive oxygen species produced by macrophage-derived foam cells regulate 
the activity of vascular matrix metalloproteinases in vitro. Implications for atherosclerotic 
plaque stability. J Clin Invest 98: 2572–2579, 1996).  

In transformed cells, the sustained production of H2O2 is associated with the 
activation of matrix metalloproteinases-2 through a tyrosine kinase-dependent 
mechanism. The production of HOCl is also associated with 
metalloproteinase activity, both directly and indirectly. With regard to the 
former, HOCl can fragment components of the extracellular matrix, and there is 
evidence for this occurring in atherosclerotic plaques. 

Although H2O2 stimulates the proliferation of smooth muscle cells, this response is 
highly dose dependent. At low concentrations of H2O2, there is clearly a proliferative 

response.  

In fact, a number of smooth muscle cell mitogens actually require H2O2 production 
for a proliferative response (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, and Finkel T. 
Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science 270: 296–299, 1995). However, higher concentrations of H2O2 
are associated with smooth muscle cell apoptosis and necrosis (Deshpande NN, 
Sorescu D, Seshiah P, Ushio-Fukai M, Akers M, Yin Q, and Griendling KK. Mechanism 
of hydrogen peroxide-induced cell cycle arrest in vascular smooth muscle. Antioxid 
Redox Signal 4: 845–854, 2002), and the shoulder regions of atherosclerotic plaques 
appear to exhibit considerable levels of oxidant-generating enzymes and ROS.  

Atherosclerotic plaques exhibit evidence for HOCl generation and 
HOCl-mediated oxidation (Hazell LJ, Arnold L, Flowers D, Waeg G, Malle E, and 
Stocker R. Presence of hypochlorite-modified proteins in human atherosclerotic lesions. J 
Clin Invest 97: 1535–1544, 1996) (Hazell LJ, Baernthaler G, and Stocker R. Correlation 
between intima-to-media ratio, apolipoprotein B-100, myeloperoxidase and hypochlorite-
oxidized proteins in human atherosclerosis. Free Radic Biol Med 31: 1254–1262, 2001), 
all the more important considering that HOCl induces growth arrest and 
apoptosis of vascular cells. 

In patients with coronary artery disease low red blood cell peroxidase 1 activity or 
increased plasma levels of myeloperoxidase (Brennan ML, Penn MS, Van Lente F, 
Nambi V, Shishehbor MH, Aviles RJ, Goormastic M, Pepoy ML, McErlean ES, Topol 
EJ, Nissen SE, and Hazen SL. Prognostic value of myeloperoxidase in patients with chest 
pain. N Engl J Med 349: 1595–1604, 2003) are associated with increased risk of 
events. 
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Treatment of cholesterol-fed rabbits with SOD conjugated to polyethylene glycol 
increased vascular SOD activity and improved ·NO-mediated arterial relaxation 
(Mugge A, Elwell JH, Peterson TE, Hofmeyer TG, Heistad DD, and Harrison DG. 
Chronic treatment with polyethylene-glycolated superoxide dismutase partially restores 
endothelium-dependent vascular relaxations in cholesterol-fed rabbits. Circ Res 69: 
1293–1300, 1991). I believe that this is the effect of increased levels of H2O2 from 
SOD.  Thus, H2O2 improves vascular NO function indirectly. 

Hypertension, hypercholesterolemia, diabetes, and atherosclerosis are 
associated with an increase in the steady-state flux of O2

–· in the vascular 
wall. 

1e-species such as O2
–· and LOO· can combine with ·NO to form adducts and 

therefore may "quench" bioactive ·NO.  2e-oxidants also play a role in the 
modification of endothelial function.  Among 2e-oxidants produced in vivo, 
H2O2 is perhaps the most abundant.  Thiols are excellent scavengers of 2e-
oxidants such as H2O2 and HOCl 

Myeloperoxidase exists in atherosclerotic lesions and vascular disease, 
and HOCl is the major product at physiological concentrations of 
chloride ions (Harrison JE and Schultz J. Studies on the chlorinating activity of 
myeloperoxidase. J Biol Chem 251: 1371–1374, 1976). Hypochlorous acid can oxidize 
a large variety of biological molecules, particularly proteins and amino acids, with 
the latter activity being particularly germane to endothelial function. 

Mice deficient in myeloperoxidase have somewhat increased atherosclerosis (Brennan 
ML, Anderson MM, Shih DM, Qu XD, Wang X, Mehta AC, Lim LL, Shi W, Hazen SL, 
Jacob JS, Crowley JR, Heinecke JW, and Lusis AJ. Increased atherosclerosis in 
myeloperoxidase-deficient mice. J Clin Invest 107: 419–430, 2001).  

The data gets even more confusing. 

The observational data on specific antioxidants and cardiovascular risk are inconsistent. 
For example, inverse associations between dietary or supplemental intake of beta-
carotene and the risk of fatal and nonfatal CHD were shown primarily in men 
(Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin 
E consumption and the risk of coronary heart disease in men. N Engl J Med. 
1993;328:1450–1456) (Morris DI, Kritchevsky SB, Davis CE. Serum carotenoids and 
coronary heart disease. The Lipid Research Clinics Primary Prevention Trial and Follow-
up study. JAMA. 1994;272:1439–1441), whereas the larger studies in women 
documented neutral effects (Stampfer MJ, Hennekens CH, Manson JE, et al. Vitamin E 
consumption and the risk of coronary disease in women. N Engl J Med. 1993;328:1444–
1449) (Kushi LH, Fulsom AM, Prineas RJ, et al. Dietary antioxidant vitamins and death 
from coronary heart disease in postmenopausal women. N Engl J Med. 1996;334:1156–
1162).  
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The epidemiologic data on vitamin E and reduced cardiovascular risk is also 
equivocal and some questions remain. Initially, the Nurses’ Health Study and the Health 

Professionals Follow-up Study identified the use of vitamin E in the form of 
supplements—that is, in higher doses than generally provided by balanced diets—to be 
beneficial and suggested that the observed benefit was associated only with relatively 
high intake of vitamin E supplements of at least 100 IU/day (Rimm EB, Stampfer MJ, 
Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the 
risk of coronary heart disease in men. N Engl J Med. 1993;328:1450–1456) (Stampfer 
MJ, Hennekens CH, Manson JE, et al. Vitamin E consumption and the risk of coronary 
disease in women. N Engl J Med. 1993;328:1444–1449).  

By contradistinction, a large epidemiologic study in postmenopausal women conducted in 
the U.S. and a large cohort study from Finland identified vitamin E from food sources to 
be potentially cardioprotective, with no benefits from vitamin E in the form of 
supplements in the North American study (Kushi LH, Fulsom AM, Prineas RJ, et al. 
Dietary antioxidant vitamins and death from coronary heart disease in postmenopausal 
women. N Engl J Med. 1996;334:1156–1162) (Knekt P, Reunanen A, Jarvinen R, et al. 
Antioxidant vitamin intake and coronary mortality in a longitudinal population study. Am 
J Epidemiol. 1994;139:1180–1190).  

The interpretation of any observational data needs to be very cautious, recognizing that 
such studies cannot provide proof of causality. Although many observational studies 
have attempted to adjust for other factors that could affect cardiovascular risk, such 
adjustments are difficult and often inadequate, and ultimately the use of diets rich in 
antioxidants and/or the use of vitamin supplements may be just markers that identify 

populations and subsets of individuals with higher health awareness and with various 
healthy lifestyle attributes, possibly entirely independent of antioxidant intake. 

Randomized prospective morbidity and mortality trials are therefore considered to be 
quintessential in demonstrating the efficacy and the safety of any therapeutic intervention. 
Such trials were deemed necessary prior to making wide-ranging recommendations 

regarding the use of antioxidant supplements.  

The overwhelming majority of large, randomized and prospective trials 
of antioxidant supplements in CVD have yielded disappointing results 
(Dagenais GR, Marchioli R, Tognoni G, Yusuf S. Beta-carotene, vitamin C, and vitamin 
E and cardiovascular diseases. Curr Cardiol Rep. 2000;2:293–299) (Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention Study Group. The effect of vitamin E and beta-carotene 
on the incidence of lung cancer and other cancers in male smokers. N Engl J Med. 
1994;330:1029–1035) (GISSI-Prevenzione Investigators (Gruppo Italiano per lo Sudio 
della Sopravvivenze nell’Infarto Miocardico). Dietary supplementation with n-3 
polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the 
GISSI-Prevenzione trial. Lancet. 1999;354:447–455) (HOPE Investigators. Vitamin E 
supplementation and cardiovascular events in high-risk patients. N Engl J Med. 
2000;342:154–160) (Omenn GS, Goodman GE, Thornquist MD, et al. Effect of a 
combination of beta-carotene and vitamin A on lung cancer and cardiovascular disease. N 
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Engl J Med. 1996;334:1150–1155) (Hennekens CH, Buring JE, Manson JE, et al. Lack of 
effect of long-term supplementation with beta-carotene on the incidence of malignant 
neoplasms and cardiovascular disease. N Engl J Med. 1996;334:1145–1149) (Wilson TS, 
Datta SB, Murrell JS, Andrews CT. Relation of vitamin C levels to mortality in a 
geriatric hospital: a study of the effect of vitamin C administration. Age Ageing. 
1973;2:163–170).  

The randomized clinical trials completed to date have tested primarily vitamin E and 
beta-carotene, with only limited data for vitamin C, and they have been conducted in men 
and in women in primary and in secondary prevention settings. The only two positive 
studies have both used vitamin E supplements, one in CHD and the other in end-stage 
renal-disease patients (Stephens NG, Parsons A, Schofield PM, et al. Randomised 
controlled trial of vitamin E in patients with coronary disease: Cambridge Heart 
Antioxidant Study. Lancet. 1996;347:781–786) (Boaz M, Weinstein T, Matas Z, et al. 
Secondary prevention with antioxidants of cardiovascular disease in end-stage renal 
disease (SPACE): randomised placebo-controlled trial. Lancet. 2000;356:1213–1218). 
These studies were relatively small and found benefits on nonfatal myocardial infarction, 
but not on cardiovascular death. 

Some investigators have suggested that it may be more relevant to study combinations of 
antioxidants, as the use of isolated single agents may actually result in pro-oxidative 
actions. 

Basically, we do not have clear evidence that antioxidants provided by dietary intake 
or the addition of antioxidants in the form of vitamin supplements can reduce the 
risk of atherosclerosis.  Until clear results emerge, however, neither individual persons 

nor physicians should focus their efforts in preventing heart disease and stroke on intake 
of such vitamin supplements or other alternative medicines. 

Possible effective interventions are available and include smoking cessation, exercise, 
cholesterol lowering, blood pressure lowering and in high-risk individuals with 
established CVD the use of pharmacologic interventions such as aspirin, statins, beta-
blockers and angiotensin-converting enzyme inhibitors.  

Some of the following material was excerpted, abstracted or modified from:  Is There 
Any Hope for Vitamin E? B. Greg Brown, MD, PhD; John Crowley, PhD 
JAMA. 2005;293:1387-1390.  

Over the last 15 years, epidemiological, (Stampfer MJ, Hennekens CH, Manson JE, 
Colditz GA, Rosner B, Willett WC. Vitamin E consumption and the risk of coronary 
disease in women. N Engl J Med. 1993;328:1444-1449) (Rimm EB, Stampfer MJ, 
Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the 
risk of coronary heart disease in men. N Engl J Med. 1993;328:1450-1456) basic 
biological, (Witztum JL, Steinberg D. Role of oxidized low density lipoprotein in 
atherogenesis. J Clin Invest. 1991;88:1785-1792) (Esterbauer H, Striegl G, Puhl H, 
Rotheneder M. Continuous monitoring of in vitro oxidation of human low density 
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lipoprotein. Free Radic Res Commun. 1989;6:67-75) (Parthasarathy S, Young SG, 
Witztum JL, Pittman RC, Steinberg D. Probucol inhibits oxidative modification of low 
density lipoprotein. J Clin Invest. 1986;77:641-644) and experimental studies on 
atherosclerosis have supported the hypothesis that antioxidants protect against 
atherosclerosis (Sparrow CP, Doebber TW, Olszewski J, et al. Low density lipoprotein 
is protected from oxidation and the progression of atherosclerosis is slowed in 
cholesterol-fed rabbits by the antioxidant N,N'-diphenyl-phenylenediamine. J Clin Invest. 
1992;89:1885-1891) (Carew TE, Schwenke DC, Steinberg D. Antiatherogenic effect of 
probucol unrelated to its hypocholesterolemic effect: evidence that antioxidants in vivo 
can selectively inhibit low density lipoprotein degradation in macrophage-rich fatty 
streaks and slow the progression of atherosclerosis in the Watanabe heritable 
hyperlipidemic rabbit. Proc Natl Acad Sci U S A. 1987;84:7725-7729) (Sasahara M, 
Raines EW, Chait A, et al. Inhibition of hypercholesterolemia-induced atherosclerosis in 
the nonhuman primate by probucol I: is the extent of atherosclerosis related to resistance 
of LDL to oxidation? J Clin Invest. 1994;94:155-164) by limiting low-density 
lipoprotein oxidation in the arterial wall.  

(Without the above reference clutter) Over the last 15 years, epidemiological, biological, 
and experimental studies on atherosclerosis have supported the hypothesis that 
antioxidants protect against atherosclerosis by theoretically limiting low-density 
lipoprotein oxidation in the arterial wall.  

This mechanism is believed to inhibit the pathological accumulation of cholesteryl 
ester in plaque via the macrophage scavenger receptor, a process that some believe 
may cause plaque rupture and cardiovascular events (Brown BG, Zhao XQ, Sacco 
DE, Albers JJ. Lipid lowering and plaque regression: new insights into prevention of 
plaque disruption and clinical events in coronary disease. Circulation. 1993;87:1781-
1791) (Libby P. Molecular bases of the acute coronary syndromes. Circulation. 
1995;91:2844-2850).  

Similarly, biological mechanisms have been identified in carcinogenesis that some 
believe may be blocked by antioxidants (Sigounas G, Anagnostou A, Steiner M. dl-
alpha-tocopherol induces apoptosis in erythroleukemia, prostate, and breast cancer cells. 
Nutr Cancer. 1997;28:30-35) (Meydani SN, Beharka AA. Recent developments in 
vitamin E and immune response. Nutr Rev. 1998;56:S49-S58) (Zhang Y, Ni J, Messing 
EM, Chang E, Yang C-R, Yeh S. Vitamin E succinate inhibits the function of androgen 
receptor and the expression of prostate-specific antigen in prostate cancer cells. Proc Natl 
Acad Sci U S A. 2002;99:7408-7413) (JE, Kamendulis LM. The role of oxidative stress in 
carcinogenesis. Annu Rev Pharmacol Toxicol. 2004;44:239-267).  

In the past decade, a number of prospective, randomized, placebo-controlled, 3- to 
6-year clinical trials (HOPE, GISSI, ATBC, Hennekens study, Omenn’s study, 
Brown’s study, MRC/BHF, Vivekananthan’s meta-study, Miller’s meta-study) have 
been published, testing the effect of vitamin E and other antioxidant vitamins or 
their combinations on clinical manifestations of cardiovascular disease and cancer 
(Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and 
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cardiovascular events in high-risk patients: the Heart Outcomes Prevention Evaluation 
Study Investigators. N Engl J Med. 2000;342:154-160) (Gruppo Italiano per lo Studio 
della Sopravvivenza nell'Infarto miocardico. Dietary supplementation with n-3 
polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the 
GISSI-Prevenzione trial. Lancet. 1999;354:447-455) (The Alpha-Tocopherol Beta 
Carotene Cancer Prevention Study Group. The effect of vitamin E and beta carotene on 
the incidence of lung cancer and other cancers in male smokers. N Engl J Med. 
1994;330:1029-1035) (Hennekens CH, Buring JE, Manson JE, et al. Lack of effect of 
long-term supplementation with beta carotene on the incidence of malignant neoplasms 
and cardiovascular disease. N Engl J Med. 1996;334:1145-1149) (Omenn GS, Goodman 
GE, Thornquist MD, et al. Effects of a combination of beta-carotene and vitamin A on 
lung cancer and cardiovascular disease. N Engl J Med. 1996;334:1150-1155) (Brown BG, 
Zhao XQ, Chait A, et al. Simvastatin and niacin, antioxidant vitamins, or the combination 
for the prevention of coronary disease. N Engl J Med. 2001;345:1583-1592) (Heart 
Protection Collaborative Study Group. MRC/BHF Heart Protection Study of antioxidant 
vitamin supplementation in 20,536 "high-risk" individuals: a randomized placebo-
controlled trial. Lancet. 2002;360:23-33). These trials have surprisingly (to the 
followers of the free radical theory, but was predictable by me) yet consistently 

shown that commonly used antioxidant vitamin regimens (vitamins E, C, beta 
carotene, or a combination thereof) do not significantly reduce overall 
cardiovascular events or cancer. 

Why did they fail?  In JAMA (Vol. 293, No. 11, March 16, 2005), the Heart Outcomes 
Prevention Evaluation (HOPE) investigators report an extension of the 9,541-patient 
HOPE Vitamin E trial roughly 2.5 years beyond its previously reported (Yusuf S, 
Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and cardiovascular 
events in high-risk patients: the Heart Outcomes Prevention Evaluation Study 
Investigators. N Engl J Med. 2000;342:154-160) 4.5-year mean follow-up. In the 2.5-
year extension of HOPE (HOPE-TOO) (The HOPE and HOPE-TOO Trial 
Investigators. Effects of long-term vitamin E supplementation on cardiovascular events 
and cancer: a randomized controlled trial. JAMA. 2005;293:1338-1347), 174 of the 
original 267 centers continued an extended follow-up. From these centers, 3994 of the 
7030 original study enrollees who were still alive elected to continue the randomized 
vitamin E/placebo drug assignment. After a mean of 7.2 years of follow-up, vitamin E 
did not significantly reduce the relative risk (RR) of total cancer incidence, of cancer 
death, of a composite of cardiovascular events including cardiovascular death, 
nonfatal myocardial infarction, and stroke, or of individual components of this 
composite end point.  

These findings of lack of benefit from vitamin E (natural source, 400 IU -
tocopheryl acetate) during the extended study are consistent with the original HOPE 

report and with recent meta-analyses (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, 
Topol EJ. Use of antioxidant vitamins for the prevention of cardiovascular disease. 
Lancet. 2003;361:2017-2023) (Miller ER III, Pastor-Barriuso R, Dalal D, Reimersma 
RA, Appel LJ. Meta-analysis: high-dosage vitamin E supplementation may increase all-
cause mortality. Ann Intern Med. 2005;142:1-11).  
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The compelling message of this important study within its limits of confidence and over a 
7-year exposure is that moderately high-dose vitamin E does not reduce overall risk of 
cardiovascular disease or cancer for 50- to 75-year-old men and women with 
established cardiovascular disease or diabetes, to whom the findings of this trial 
directly apply (Rothwell PM. External validity of randomized controlled trials: "to 
whom do the results of this trial apply?" Lancet. 2005;365:82-93). 

A subgroup finding of significantly reduced lung cancer risk with vitamin E reached 
statistical significance at 4.5 years, but was not significant over the full 7-year follow-
up. Of greater concern, another subgroup finding in HOPE-TOO was a vitamin E–
associated increased risk of heart failure incidence that appeared in a 

secondary end point analysis in the 4.5-year report and persisted in the 7-year 

extended follow-up, as did the risk of hospitalization for heart failure. The 
investigators dismissed the 4.5-year lung cancer benefit as a likely type I (false-positive) 
statistical error in a subgroup analysis. 

However, the heart failure finding was thought to be more credible because it was 
observed in all predefined manifestations of heart failure, was present at 4.5 years for all 
heart failure events, in the analysis of all enrolled patients at 7.2 years, and in the 
sensitivity analysis using only patients enrolled in the 174 clinics continuing randomized 
therapy and follow-up. Vitamin E also increased the risk of the more serious event of 
hospitalization for heart failure in the 7.2-year sensitivity analysis. The HOPE 
investigators appropriately pointed out that prior studies that have not reported on heart 
failure should be examined for this end point to determine whether their data support the 
validity of this finding.  

Why is this report important? First, by extending HOPE and adding to the growing list 
of neutral prospective vitamin E trials (HOPE, GISSI-IV, ATBC, HPS, HATS), this 
report effectively closes the door on the prospect of a major protective 
effect of long-term exposure to vitamin E, taken in moderately high dosage, 
against complications of atherosclerosis and overall cancer incidence.  

Second, in doing so, HOPE-TOO reemphasizes the importance of controlled clinical 
trials for testing important hypotheses deriving from basic biological findings or 
from epidemiological observations. The latter can mislead; well-designed clinical 

trials rarely do.  I have been cautioning against epidemiological observations and knee-
jerk reactions for years. 

Third, HOPE-TOO allows physicians to educate their patients as with the following 
response to inquiries about vitamin E, "In nearly 68 000 patients studied to date, there 
is no compelling evidence that higher doses of vitamin E reduce cardiovascular risk 
or cancer; there are even some hints that vitamin E, in excess of normal daily intake, 
may slightly increase the risk of ischemic events or of heart failure. You may hear 
that vitamin E is a ‘natural,’ yet effective, way to prevent heart disease or cancer, 
but this has proven to be a false hope. You should not be misled into neglecting 
other (possible) methods of prevention."  
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Fourth, while current evidence does not support a general cancer-protective effect of 
vitamin E, a favorable effect for specific cancers has not been fully ruled out, in particular 
for lung, oropharyngeal, and prostate cancers, for which protective biological mechanisms 
have been described. SELECT (Lippman SM, Goodman PJ, Klein EA, et al. Designing 
the Selenium and Vitamin E Cancer Prevention Trial (SELECT). J Natl Cancer Inst. 
2005;97:94-102), an ongoing 7- to 12-year trial of vitamin E, selenium, neither, or both in 

35 000 healthy men, is sufficiently powered to detect a 25% reduction in prostate cancer 
incidence.   

The antioxidant vitamin enthusiasm of the 1990s, followed by the emergence of 
disappointing data from randomized controlled trials, reflects a healthy balance of basic 
and clinical science and an excellent model for the development and evaluation of 

potential preventive therapies for commonly fatal chronic diseases. Within 10 to 15 years, 
oxidative mechanisms for cardiovascular disease and cancer were discovered and 
elucidated, implications for antioxidant therapy were recognized, and the effectiveness of 
antioxidant vitamins was tested in 8 major trials with nearly 140,000 participants 
randomized.  

Despite the compelling finding of "no benefit" overall against cardiovascular disease or 
cancer, there are specific disorders that may benefit from supplemental antioxidant 
vitamins. One condition of high oxidative stress is advanced renal failure in patients 
undergoing hemodialysis (Lindner A, Charra B, Sherrard DJ, Scribner BH. Accelerated 
atherosclerosis in prolonged maintenance hemodialysis. N Engl J Med. 1974;290:697-
701) (Giray B, Kan E, Bali M, Hinsal F, Baseron N. The effect of vitamin E 
supplementation on antioxidant enzyme activities and lipid peroxidation levels in 
hemodialysis patients. Clin Chim Acta. 2003;338:91-98) and that vitamin E significantly 
reduced the risk of myocardial infarction and a composite cardiovascular end point 
(Boaz M, Smetana S, Weinstein T, et al. Secondary Prevention with Antioxidants of 
Cardiovascular disease in End-stage renal failure (SPACE): a randomized placebo-
controlled trial. Lancet. 2000;356:1213-1218).  

Another disorder is age-related macular degeneration of moderate or greater 
severity, in patients older than 55 years (Age-related Eye Disease Study Research 
Group. A randomized, placebo-controlled clinical trial of high-dose vitamins C, E, and 
beta-carotene, and zinc for age related macular degeneration and vision loss. Arch 
Ophthalmol. 2001;119:1417-1436).  In a placebo-controlled factorial design trial 
comparing an antioxidant regimen (400 IU vitamin E, 500 mg vitamin C, and 15 mg 
beta carotene), or zinc and copper, or their respective placebos, treated patients 
experienced a reduced risk of progression to severe age-related macular 
degeneration and loss of visual acuity at 5 years, significant only when antioxidants 
and zinc/copper were combined. These supplements did not benefit groups with initially 
mild forms of age-related macular degeneration or prevent cataract development. 

There is remarkably little evidence that vitamin E effectively inhibits low-density 
lipoprotein oxidation in healthy humans lacking signs of increased oxidative stress 
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(Meagher EA, Barry OP, Lawson JA, Rokach J, Fitzgerald GA. Effects of vitamin E on 
lipid peroxidation in healthy persons. JAMA. 2001;285:1178-1182).  

These uncertainties raise doubts about the ability of vitamin E to augment 
antioxidant defense mechanisms in vivo and leave many questions about low-density 

lipoprotein oxidation and atherosclerosis unanswered. Indeed, physiologically 
relevant oxidative reactions, including high-density lipoprotein (HDL) oxidation, that are 
not blocked by vitamin E in vitro have been described recently; these mechanisms may 

lead to appropriately targeted antioxidant approaches (Bergt C, Pennathur S, Heinecke J, 
et al. The myeloperoxidase product hypochlorous acid oxidizes HDL in the human 
artery wall, and impairs ABCA-1-dependent cholesterol transport. Proc Natl Acad Sci U 
S A. 2004;101:13032-13037) (Zheng L, Nukuna B, Hazen SL, et al. Apolipoprotein A-I is 
a selective target for myeloperoxidase-catalyzed oxidation and functional impairment 
in subjects with cardiovascular disease. J Clin Invest. 2004;114:529-541). 

HOPE-TOO suggests that vitamin E significantly increases heart failure and 
results in subtle but nonsignificant trends toward increased ischemic complications 
of atherosclerosis. Indeed, a recent meta-analysis finds a significant dose-dependent 
adverse mortality effect of vitamin E when taken at 400 IU daily and above 
(RR = 1.04; P = .04). 

A biologically plausible explanation is that expression of genes affecting lipoprotein 
metabolism (Edwards PA, Kast HR, Anisfeld AM. BAREing it all. The adoption of LXR 
and FXR and their roles in lipid homeostasis. J Lipid Res. 2002;43:2-12) could be 
modified due to interference with the 9-cis retinoic acid–RXR interaction (Brown BG, 
Cheung MC, Lee AC, Zhao XQ, Chait A. Antioxidant vitamins and lipid therapy: the end 
of a long romance? Arterioscler Thromb Vasc Biol. 2002;22:1535-1546) by other isomers 
of retinoic acid, or by the effect of antioxidants on the enzymatically determined cellular 
oxysterol concentration. 

Another important consideration of the use of antioxidant supplements in patients being 
treated for CVD is its effects on HDL.  A combination of vitamins E, C, and beta 
carotene actually decreases cardioprotective HDL2 cholesterol levels (median 22%), 
and substantially blunts the increase in these levels associated with niacin and 

simvastatin therapy (Brown BG, Zhao XQ, Chait A, et al. Simvastatin and niacin, 
antioxidant vitamins, or the combination for the prevention of coronary disease. N Engl J 
Med. 2001;345:1583-1592) (Cheung MC, Zhao XQ, Chait A, Albers JJ, Brown BG. 
Antioxidant supplements block the response of HDL to simvastatin-niacin therapy in 
patients with coronary artery disease and low HDL. Arterioscler Thromb Vasc Biol. 
2001;21:1320-1326). 

HDL2 reduction could be a mechanism for increasing atherosclerosis. Among those 
given vitamins in the Heart Protection Study, the average HDL (HDL2 was not 

measured) was 3% lower, and the average total cholesterol was comparably higher, 
relative to placebo, effects consistent with a 4% to 5% increase in atherosclerotic 
cardiovascular events (Gordon DJ, Probstfield JL, Garrison RJ, et al. High density 

Page 113 of 302 



lipoprotein cholesterol and cardiovascular disease: four prospective American studies. 
Circulation. 1989;79:8-15).  

An increased total cholesterol/HDL ratio could also provide an explanation for the 
observed vitamin E–heart failure effect. Adequate myocardial perfusion depends on 
normal endothelial-dependent vascular reactivity, which is unfavorably affected by 
increases in total cholesterol/HDL (Benjamin EJ, Larson MG, Keyes MJ, et al. Clinical 
correlates and heritability of flow-mediated dilation in the community: the Framingham 
Heart Study. Circulation. 2004;109:613-619). 

The hopes for vitamin E alone or in combination with vitamin C and beta carotene 
have been diminished by a compelling body of clinical trial evidence and by certain 
adverse effects with plausible biological explanation. These hopes are now confined to 
modest expectations for specific disorders and there are concerns about adverse effects. 
While there is solid evidence linking oxidative processes to human disease (as well as to 

normal biological function), the details of these processes and of proposed therapeutic or 
preventive interventions appear to need considerable rethinking. 
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3.5 Aspirin Therapy Benefits More People Than Thought  

Taking aspirin to prevent coronary artery disease is beneficial for more men than 
previously thought.  The finding, reported by University of North Carolina at Chapel Hill 
researchers, appears in the March 7, 2006 issue of the Annals of Internal Medicine.  The 
researchers reviewed data from previous studies and found that, compared to no 
treatment, taking aspirin was less costly and more effective for preventing heart attacks 
and other coronary events in men whose 10-year risk for heart disease was 7.5 percent or 
more. 

However, a study in March of 2006 indicates an increased death rate in patients taking 
aspirin and plavix simultaneously. 

Prior to this finding, it was felt that aspirin was only beneficial in men whose 10-year risk 
for heart disease was 10 percent or greater.  "Our analysis suggests that is also beneficial 
for men between 5 percent and 10 percent risk," study author Dr. Michael Pignone, an 
associate professor of medicine, said in a prepared statement.  The study received 
funding from Bayer Healthcare. 

The researchers also concluded that aspirin therapy was not effective for men with a risk 
lower than 5 percent, because the risk of adverse effects from gastrointestinal bleeding 
nullified the cardiovascular benefit.  "There are patients at higher risk for coronary heart 
disease who aren't getting aspirin therapy who could benefit, and there are also those at 
lower risk who are taking aspirin but shouldn't be," Pignone said. 

He and his colleagues also concluded that adding a cholesterol-lowering statin drug to 
aspirin therapy is only cost-effective when the patient's 10-year risk for heart 
disease is higher than 10 percent.  "People should find out their cardiovascular risk, and 
make decisions about preventive treatment based on that risk," Pignone said. 

3.6 Summary of the JAMA 2005 ARTICLE: (Vol. 293, No. 11, March 16, 2005) 

-The hopes for vitamin E alone or in combination with vitamin C and beta carotene 
have been diminished by a compelling body of clinical trial evidence and by certain 
adverse effects.   

-While some believe that there is solid evidence linking oxidative processes to human 
disease (as well as to normal biological function), the details of these processes and of 
proposed therapeutic or preventive interventions appear to need considerable 
rethinking. 

- Epidemiological, biological, and experimental studies on atherosclerosis had 
supported the hypothesis that antioxidants protect against atherosclerosis by 
limiting low-density lipoprotein oxidation in the arterial wall.  
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- Biological mechanisms have been identified in carcinogenesis that some believe 
may be blocked by antioxidants. 

-In the past decade, a number of prospective, randomized, placebo-controlled, 3- to 
6-year clinical trials (HOPE, GISSI, ATBC, Hennekens study, Omenn’s study, 
Brown’s study, MRC/BHF, Vivekananthan’s meta-study, Miller’s meta-study) have 
been published, testing the effect of vitamin E and other antioxidant vitamins or 
their combinations on clinical manifestations of cardiovascular disease and cancer.  
These trials have surprisingly (to physicians and nutritionists who follow the free 
radical theory, but I had  predicted such) yet consistently shown that commonly 
used antioxidant vitamin regimens (vitamins E, C, beta carotene, or a combination 
thereof) do not significantly reduce overall cardiovascular events or 
cancer. 

- Experimental and epidemiological data suggest that vitamin E supplementation may 
prevent cancer and cardiovascular events. Clinical trials have generally failed to confirm 
benefits, possibly due to their relatively short duration. 

In order to evaluate whether long-term supplementation with vitamin E decreases the risk 
of cancer, cancer death, and major cardiovascular events a randomized, double-blind, 
placebo-controlled international trial (the initial Heart Outcomes Prevention 
Evaluation [HOPE] trial conducted between December 21, 1993, and April 15, 1999) of 
patients at least 55 years old with vascular disease or diabetes mellitus was extended 

(HOPE–The Ongoing Outcomes [HOPE-TOO]) between April 16, 1999, and May 26, 
2003. Of the initial 267 HOPE centers that had enrolled 9541 patients, 174 centers 
participated in the HOPE-TOO trial. Of 7030 patients enrolled at these centers, 916 were 
deceased at the beginning of the extension, 1382 refused participation, 3994 continued to 
take the study intervention, and 738 agreed to passive follow-up. Median duration of 
follow-up was 7.0 years. Daily dose of natural source vitamin E (400 IU) or matching 
placebo were administered. 

Primary outcomes included cancer incidence, cancer deaths, and major cardiovascular 
events (myocardial infarction, stroke, and cardiovascular death). Secondary outcomes 

included heart failure, unstable angina, and revascularizations.   Among all HOPE 
patients, there were no significant differences in the primary analysis: for cancer 
incidence, there were 552 patients (11.6%) in the vitamin E group vs 586 (12.3%) in the 
placebo group; for cancer deaths, 156 (3.3%) vs 178 (3.7%), respectively; and for 
major cardiovascular events, 1022 (21.5%) vs 985 (20.6%), respectively. Patients in 
the vitamin E group had a higher risk of heart failure and hospitalization 
for heart failure. Similarly, among patients enrolled at the centers participating in 
the HOPE-TOO trial, there were no differences in cancer incidence, cancer deaths, 
and major cardiovascular events, but higher rates of heart failure and 
hospitalizations for heart failure. 
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It was concluded that patients with vascular disease or diabetes mellitus, long-term 
vitamin E supplementation does not prevent cancer or major cardiovascular events 
and may increase the risk for heart failure (Effects of Long-term Vitamin E 
Supplementation on Cardiovascular Events and Cancer.  A Randomized Controlled Trial.  
The HOPE and HOPE-TOO Trial Investigators  Eva Lonn et al.  JAMA. 2005;293:1338-
1347).  

- By extending HOPE and adding to the growing list of neutral prospective vitamin 
E trials (HOPE, GISSI-IV, ATBC, HPS, HATS), this report effectively closes the 
door on the prospect of a major protective effect of long-term exposure 
to vitamin E, taken in moderately high dosage, against complications of 
atherosclerosis and overall cancer incidence.  

- HOPE-TOO reemphasizes the importance of controlled clinical trials for testing 
important hypotheses deriving from basic biological findings or from 
epidemiological observations. The latter can mislead; well-designed clinical trials 
rarely do. 

- These uncertainties raise doubts about the ability of vitamin E to augment antioxidant 

defense mechanisms in vivo and leave many questions about low-density lipoprotein 
oxidation and atherosclerosis unanswered. 

- HOPE-TOO suggests that vitamin E significantly increases heart failure and 
results in subtle but nonsignificant trends toward increased ischemic complications 
of atherosclerosis.  Indeed, a recent meta-analysis finds a significant dose-dependent 
adverse mortality effect of vitamin E when taken at 400 IU daily and above. 

- A combination of vitamins E, C, and beta carotene actually decreases 

cardioprotective HDL2 cholesterol levels (median 22%), and substantially blunts the 
increase in these levels associated with niacin and simvastatin therapy. 

3.7 Atherosclerosis and its Relationship to Coronary Artery Disease 

Presently, there seems to be a consensus that atherosclerosis represents a state of 
heightened oxidative stress characterized by lipid and protein oxidation in the vascular 

wall, which is based upon the old paradigm of oxidation of LDL.  The oxidative 
modification hypothesis of atherosclerosis predicts that low-density lipoprotein (LDL) 
oxidation is an early event in atherosclerosis and that oxidized LDL contributes to and 
may be causative of atherogenesis.  

This hypothesis is seemingly legitimized by the facts that oxidized LDL can support foam 
cell formation in vitro, the lipid in human lesions is substantially oxidized, there is 
evidence for the presence of oxidized LDL in vivo, oxidized LDL has a number of 
potentially proatherogenic activities, and several structurally unrelated antioxidants 
inhibit atherosclerosis in animals.  The production of reactive oxygen and nitrogen 
species by vascular cells, as well as oxidative modifications contributing to important 
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clinical manifestations of coronary artery disease such as endothelial dysfunction and 
plaque disruption was believed to validate the oxidative modification theory. (RMH 
Note:  I believe that the production of EMODs by all layers of the vascular wall is an 
important protective feature.) 

Regardless of these facts, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important 
cause for atherosclerosis as follows: 

- the poor performance of antioxidant strategies in limiting either atherosclerosis or 
cardiovascular events from atherosclerosis 

- observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation 

I believe that this indicates an insurmountable flaw and a serious lack of 
predictability of the free radical theory as it relates to atherosclerosis.  
Unquestionably, it remains to be established that oxidative events are a 
cause rather than an injurious response to atherogenesis.   Also, this makes 
the erroneous assumption that there is a distinct entity called “oxidative stress” and 
that there is a classic battle between the “good antioxidants” and the “bad 
EMODs.” 

In my previous papers and books I have written about the disappointing and failed 
antioxidant studies.  As regards the free radical theory, please remember that a sound 
scientific hypothesis must agree with all of the data and even one study that does not 
support the hypothesis is enough to disprove it.  I found so many non-supporting 
studies for the free radical theory that I stopped looking for more.  I have reviewed 
data on nearly 1 million humans in which antioxidants failed to prevent or reverse so 
called “oxygen free radical caused diseases” or some data which indicated that 
antioxidants produced harmful consequences or increased overall mortality.  Scientists 
just seem to ignore the presence of this data. 

Interestingly, it has been pointed out that veins never become sclerotic but after being 
used in coronary artery bypass surgery, they may rapidly develop atherosclerosis.  This 
may indicate that veins have a normally lower EMOD generating capacity than arteries. 
When vessels are transplanted to the higher oxygen content of the coronary artery bypass 
graft (CABG) they may not produce a sufficiency of EMODs to prevent aggregation of 
plaque material. 

3.8 Fats in the Diet and Cancer 

A 2006 study published in the JAMA did not show that a low fat diet reduced the 
risk of cancer in 48,835 women.  Dietary fat was initially thought to be implicated 
because breast cancer rates are high in Western countries with fatty diets, but 
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recent studies have failed to show any relationship, said Dr. Michael Thun of the 
American Cancer Society. 

Recent research also has suggested that for breast cancer in particular, earlier eating 
habits may have the most influence on risk. Another target was colon cancer, which some 
studies have linked with red meat. Thun said the results aren't surprising because fat in 
the diet "is no longer center stage" when it comes to cancer risk. While the Cancer 
Society recommends limiting fats, that's primarily because of the calories, Thun said. 

The eight-year study showed no difference in the rate of breast cancer, 
colon cancer and heart disease among those who ate lower-fat diets and 
those who didn't. 

The scarcity of data addressing the health effects of popular diets is an important public 
health concern, especially since patients and physicians are interested in using popular 

diets as individualized eating strategies for disease prevention.  The authors set out to 
assess adherence rates and the effectiveness of 4 popular diets (Atkins, Zone, Weight 
Watchers, and Ornish) for weight loss and cardiac risk factor reduction. 

The study consisted of a single-center randomized trial at an academic medical center in 
Boston, Mass, of overweight or obese (body mass index: mean, 35; range, 27-42) adults 
aged 22 to 72 years with known hypertension, dyslipidemia, or fasting hyperglycemia. 
Participants were enrolled starting July 18, 2000, and randomized to 4 popular diet groups 
until January 24, 2002.   A total of 160 participants were randomly assigned to either 
Atkins (carbohydrate restriction, n=40), Zone (macronutrient balance, n=40), Weight 
Watchers (calorie restriction, n=40), or Ornish (fat restriction, n=40) diet groups. After 2 
months of maximum effort, participants selected their own levels of dietary adherence. 

Each diet significantly reduced the low-density lipoprotein/high-density lipoprotein 

(HDL) cholesterol ratio by approximately 10%, with no significant effects on blood 
pressure or glucose at 1 year. Amount of weight loss was associated with self-reported 

dietary adherence level but not with diet type. For each diet, decreasing levels of 
total/HDL cholesterol, C-reactive protein, and insulin were significantly associated 
with weight loss with no significant difference between diets.  

The authors concluded that each popular diet modestly reduced body weight and several 
cardiac risk factors at 1 year. Overall dietary adherence rates were low, although 
increased adherence was associated with greater weight loss and cardiac risk factor 
reductions for each diet group (Comparison of the Atkins, Ornish, Weight Watchers, 
and Zone Diets for Weight Loss and Heart Disease Risk Reduction.  A Randomized 
Trial. Michael L. Dansinger, MD; Joi Augustin Gleason, MS, RD; John L. Griffith, PhD; 
Harry P. Selker, MD, MSPH; Ernst J. Schaefer, MD. JAMA. 2005;293:43-53).  

Christopher Wanjek, LiveScience's Bad Medicine Columnist, humorously wrote, “Go 
Ahead, Drink Bacon Grease for Breakfast.”  I have summarized some of it as follows:  
Two very big and very expensive health studies were published in February 2006 to the 
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glee of people everywhere who enjoy drinking bacon grease for breakfast.  Maybe you 
saw the reprints in Cynicism Today.  Both studies had a "cheesesteak does your body 
good" feel to them. 

One study found that a low-fat diet didn't reduce the risk of cancer or heart attacks.  The 
other found that taking calcium supplements did more harm than good.  This was the kind 
of back-to-back, one-two punch my hefty coworker had been waiting to deliver to me; 
and as soon as he caught his breath from the 25-meter walk to my office. 

The low-fat study was published in the Journal of the American Medical Association.  
Dr. Michael Thun, director of epidemiological research at the American Cancer Society, 
called it "the Rolls-Royce of studies."  Perhaps he was talking about the sticker price, 
$415 million, which is astoundingly high for a health study.  But lift up the hood on that 
baby, and you'll see the study as the engine of a Dodge Dart. 

The main problem with the low-fat study was that it didn't study a low-fat diet.  Oops.  A 
low-fat diet recommends only 20 to 25 grams of fat per day, which would be about 10 to 
15 percent of a 2,000-calorie diet.  The subjects, all women, couldn't reach the modest 
study goal of 20 percent.  They tried, but they ended up with 24 to 29 percent of their 
calories from fat.  The researchers compared these ladies to a control group at the 35-
percent fat level.  And they found no difference?  Amazing! 

This was an eight-year study of women over 50, another gross limitation.  Whether or not 
cancer or heart problems develop during this tiny window after 50 years of 
undocumented lifestyle is inconsequential.  And the study didn't differentiate among fats 
now known to be healthy, such as those with omega-3 fatty acids, and unhealthy fats, 
such as the aforementioned bacon grease. 

''These studies are revolutionary,'' said Dr. Jules Hirsch of Rockefeller University in a 
New York Times article.  Well, they're revolutionary in the fact that we spent a lot of 
money and learned nothing about a low-fat diet.  You may think a low-fat diet is bunk, 
and maybe it is, but this study provides no insight. 

The calcium study, published in the New England Journal of Medicine, found that 
popping calcium tablets didn't prevent broken bones but instead led to kidney stones.  
What the calcium study reveals is that grand American philosophy:  If something is good 
for you, then even more of it must be better.   

We see this with megadoses of vitamins, even though an excess of vitamin C can 
cause health problems.  We see this with the recommendation to drink more tea 
because of antioxidants, with no regard for the fact that tannins in tea interfere with 
iron absorption.   

Of course excess calcium causes kidney stones; kidney stones are made of calcium.  The 
truth about osteoporosis, or weak bones, is that animal protein leaches calcium from 
bones.  Because the American diet is high in animal protein, Americans require two to 
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three times more calcium than other cultures do.  The trick is to minimize leaching 
through exercise and less animal protein, and to start early in life. 

Unfortunately the combined force of these two study results, widely published, has left 
many of us thinking that diet doesn't matter.   

Over the past 100 - 150 years, the amount of dietary n-6 has increased enormously due to 
increased intake of oils from corn, sunflower seeds, safflower seed, cottonseed, and 
soybeans. We are now eating a ratio of n-6 to n-3 of about 30:1.  
 
The party line has gone like this:  “Oxidative stress, the proposed consequence of a 
prooxidant imbalance between prooxidants and antioxidants in the human body, has been 
implicated during the last decade in the pathogenesis of chronic diseases and aging 
(Urquiaga I, Leighton F. (2000) Plant polyphenol antioxidants and oxidative stress. Biol 
Res 33: 55-64). Since antioxidants reduce or suppress oxidative stress, they could prevent 
the damage caused by reactive oxygen species (ROS) and decrease the risk of chronic 
diseases (Ames BN, Shigenaga MK, Hagen TM (1993) Oxidants, antioxidants, and the 
degenerative diseases of aging. Proc Natl Acad Sci USA 90: 7915-7922).”  I believe that 
we can now say that this has been proven to be false.  
 
Also, there is abundant evidence from experimental, clinical and epidemiological 
observations that ω-3 fatty acids protect against atherosclerosis and sudden coronary 
death (Morita, Beilin LJ (2001) Long-chain omega 3 fatty acids, blood lipids and 
cardiovascular risk reduction. Curr Opin Lipidol 12(1): 11-17. Review). However, there 
are inconsistencies in the data. 
 
In this context, the benefits of Mediterranean diets have been attributed to a large 
consumption of antioxidants provided by fruits, vegetables and wine and to the type of 
fat, especially MUFA and ω-3 fatty acids from vegetables and fish (Simopoulos AP 
(2001) The Mediterranean diets: What is so special about the diet of Greece? The 
scientific evidence. J Nutr 131 (11 Suppl): 3065S-3073S. Review).  
 
The diet of the people from the Mediterranean countries of Southern Europe is 
characterized by a relatively high consumption of fish, white meat, olive oil, legumes, 
vegetables and fruits, by a lower consumption of red meat and animal fat and by a 
moderate consumption of red wine with meals. Conversely, the Occidental diet, 
characteristic of the USA and some other continental and Northern European 
populations, is defined by a high dietary intake of red meat, animal fat, dairy products 
and sugar, and by decreased consumption of legumes, vegetables and fruits and, in 
several populations, of sea food. In terms of nutrients the Mediterranean diet is rich in 
monounsaturated fatty acids (MUFA), fiber and antioxidants; it is balanced in ω-6/ω-3 
polyunsaturated fatty acids (PUFA) and low in saturated fat (SFA). The Occidental diet is 
high in SFA and ω-6 fatty acids, high in refined or simple carbohydrates and poor in 
antioxidants and fiber. 
 

Page 121 of 302 



The damage potential of Occidental diets has been associated to a high intake of saturated 
fatty acids (SFA) and ω-6 fatty acids from red meat, dairy products and some vegetable 
oils (Simopoulos AP (2002) Omega-3 fatty acids in inflammation and autoimmune 
diseases. J Am Coll Nutr 21(6): 495-505. Review) (Valenzuela A, Sanhueza J, Nieto S. 
(2003) Cholesterol oxidation: health hazard and the role of antioxidants in prevention. 
Biol Res 36: 291-302).  
 
PUFA are susceptible to EMODs and are oxidized to lipid peroxides, which can 
theoretically generate chain reactions that can cause extensive damage to DNA, protein, 
carbohydrates and lipids.  However, lipid peroxides can also help stabilize membranes 
and can generate beneficial H2O2 and singlet oxygen. 

3.8.1 n-3 Polyunsaturated Fatty Acids (PUFAs) 

Research in the past 2 decades has provided considerable evidence that fish or fish oil 
affects health in relation to either vascular disease or cancer (Kromhout D, 
Bosschieter EB, De Lezenne Coulander C. The inverse relationship between fish 
consumption and 20-year mortality from coronary heart disease. N Engl J Med 
1985;312:1205–9) (Daviglus ML, Stamler J, Orencia AJ, et al. Fish consumption and the 
30-year risk of fatal myocardial infarction. N Engl J Med 1997;336:1046–53) (Bougnoux 
P. n-3 Polyunsaturated fatty acids and cancer. Curr Opin Clin Nutr Metab Care 
1999;2:121–6). 

Omega-3 and omega-6 are essential fatty acids that work together to promote good 
health. The body cannot make them, so eating a diet rich in the substances is important. 
Fish and certain oils such as canola and flaxseed are sources of omega-3 while raw nuts 
and seeds contain omega-6. 

In the former, this effect has been attributed to the hypotriglyceridemic and 
antiaggregatory properties of the long-chain n-3 polyunsaturated fatty acids (PUFAs), ie, 
eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), which 
are abundant in fish oil.  

Nevertheless, potential atherogenic and thrombogenic effects have also been reported 
(Schectman G, Boerboom LE, Hannah J, Howard BV, Mueller RA, Kissebah AH. 
Dietary fish oil decreases low-density-lipoprotein clearance in nonhuman primates. Am J 
Clin Nutr 1996;64:215–21) (Emeis JJ, van Houwelingen AC, van den Hoogen CM, 
Hornstra G. A moderate fish intake increases plasminogen activator inhibitor type-1 in 
human volunteers. Blood 1989;74:233–7) (Marckmann P, Jespersen J, Leth T, Sandström 
B. Effect of fish diet versus meat diet on blood lipids, coagulation and fibrinolysis in 
healthy young men. J Intern Med 1991;229:317–23) (Hau MF, Smelt AHM, Bindels 
AJGH, et al. Effects of fish oil on oxidation resistance of VLDL in hypertriglyceridemic 
patients. Arterioscler Thromb Vasc Biol 1996;16:1197–202). 

Furthermore, a recent systematic analysis emphasized the conclusion that fish 
consumption (40–60 g/d) may be beneficial only in high-risk populations 
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(Marckmann P, Gronbaek M. Fish consumption and coronary heart disease mortality. A 
systematic review of prospective cohort studies. Eur J Clin Nutr 1999;53:585–90). 
Therefore, the validity of recommendations for dietary supplementation with n-3 
PUFAs is not unequivocal.  

It is widely accepted that, in humans, supplementation with fish oil substantially 
lowers plasma triacylglycerols and enriches plasma, membranes, and tissues in n-3 
fatty acids. The extent to which this occurs depends on the dose and duration of 
treatment. In red cells, the oxidative effect of n-3 fatty acid supplementation has mostly 

been studied in isolated membranes, leading to conflicting results partly due to the 
dosages used (Garrido A, Garrido F, Guerra R, Valenzuela A. Ingestion of high doses of 
fish oil increases the susceptibility of cellular membranes to the induction of 
oxidative stress. Lipids 1989;24:833–5) (Palozza P, Sgarlata E, Luberto C, et al. n-3 
Fatty acids induce oxidative modifications in human erythrocytes depending on dose and 
duration of dietary supplementation. Am J Clin Nutr 1996;64:297–304) (Mills DE, 
Murthy M, Galey WR. Dietary fatty acids, membrane transport, and oxidative sensitivity 
in human erythrocytes. Lipids 1995;30:657–63) (Ando K, Nagata K, Beppu M, et al. 
Effect of n-3 fatty acid supplementation on lipid peroxidation and protein aggregation in 
rat erythrocyte membranes. Lipids 1998;33:505–12).  

However, some fish oil studies have provided interesting results on erythrocyte function 
rather than on membrane structure. In a study conducted in rabbits (van den Berg JJM, De 
Fouw NJ, Kuypers FA, Roelofsen B, Houtsmuller UMT, Op den Kamp JAF. Increased n-
3 polyunsaturated fatty acid content of red blood cells from fish oil-fed rabbits increases 
in vitro lipid peroxidation, but decreases hemolysis. Free Radic Biol Med 1991;11:393–
9), fish oil prevented hemolysis although it increased lipid peroxidation 
in the red cell membranes.  

In the face of this discrepancy, the authors proposed that the more abundant fatty acid 
substrate in the cell membranes acted as an oxidizable buffer and retarded hemolysis. 
Because the structural integrity of the membrane depends on the biophysical properties of 
the different phospholipid species, rupturing the membrane would require the alteration of 
various species. Due to their inherent high oxidizability, n-3 fatty acids may eventually 
prevent hemolysis by trapping most of the free radicals and reducing the variety of 
oxidized fatty acids.  These authors state their surprise in the fact that lipid 
peroxidation could actually have a good effect (“discrepancy”).  This is the result of 
the teachings of the Free Radi-Crap theory.  All peroxides are supposed to be bad. 

The results of studies that used higher and lower doses of n-3 fatty acids are variable. Of 
interest, one study reported that n-3 fatty acids could stimulate vitamin E incorporation 
into membranes, possibly through the modulation of -tocopherol binding proteins.  

However, a prooxidant status has been described in hyperlipidemic subjects, in some 

cases correlated with plasma triacylglycerol concentrations. For instance, hyperlipidemic 
subjects were shown to have lower plasma superoxide dismutase activity than control 
subjects (Araujo FB, Barbosa DS, Hsin CY, Maranhao RC, Abdalla DSP. Evaluation of 
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oxidative stress in patients with hyperlipidemia. Atherosclerosis 1995;117:61–71) and 
their mononuclear cells were reported to produce more reactive oxygen species 
(Hiramatsu K, Arimori S. Increased superoxide production by mononuclear cells of 
patients with hypertriglyceridemia and diabetes. Diabetes 1988;37:832–7).  

Together with a possible, albeit not generalized, fish oil–induced stimulation of vitamin E 
incorporation and a trend to higher glutathione peroxidase activity, the n-3 fatty acid 
enrichment resulted in stable hemolysis rates in the erythrocytes of the HTG group. This 
confirms that hemolysis is more than a membrane lipid peroxidation 
process and is likely to depend on the global prooxidant-antioxidant 

balance of the cell (Blache D, Prost M. Free radical attack: biological test for human 
resistance capability. In: Ponnamperuma C, Gehrke CW, eds. A lunar-based chemical 
analysis laboratory: proceedings of the Ninth College Park Colloquium on Chemical 
Evolution. Hampton, VA: Deepak Publishers, 1992:82–98).  I believe that redox status 
is of extreme importance for full cellular function, not just membrane function and 
redox states will vary depending upon the intracellular and extracellular location 
and will be constantly changing. 

In summary, a daily 6-g dose of n-3 fatty acids, given for 8 wk, afforded the red blood 
cells of healthy, normotriglyceridemic subjects some protection against hemolysis. 
Although n-3 fatty acids are highly susceptible to oxidation, when taken in moderate 
amounts and incorporated into membranes, these fatty acids do not necessarily impair 

membrane function. I believe that the n-3 fatty acid studies indicate that lipid 
peroxidation can have benefits to the cellular membrane, let alone to the remainder 
of the cell. 

Due to their prooxidant property, unsaturated fatty acids may play a critical role in 
cellular signaling.  Docosahexaenoic acid (DHA; 22:6n-3) is the major 
polyunsaturated fatty acid (FA) in the adult rat brain and it accumulates 
significantly more than any other FA prior to birth. Under normal nutritional 
conditions, fetal-brain DHA accumulation is substantial, with a "DHA accretion 
spurt" being demonstrated in the last period of gestation. Under stress conditions, 
this spurt may be harmful owing to an increase in multiple double-bond targets for 
lipid peroxidation.   

I believe that the prooxidant tendencies of FA demonstrates their justified high 
concentrations in brain tissue and helps explain the many paradoxes in this area. 
Please remember that lipid peroxides can produce more EMODs in the form of 
H2O2 or singlet oxygen. 

n - 3 polyunsaturated fatty acids may protect against vascular diseases, however, their 
high accumulation in membranes may increase lipid peroxidation. Others believe that 
they may subsequently induce deleterious effects in patients suffering from oxidative 
stress, but I believe that their prooxidant potential is of great salutary value. 
Investigators compared the effect of different DHA concentrations (0.5, 5 and 50 micro 
mol L (-1)) corresponding to DHA/albumin ratios of 0.01, 0.1 and 1. At the highest 
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concentration, DHA elicited a marked oxidative stress (prooxidant), as evidenced by 
high malondialdehyde and low vitamin E levels whereas the lowest DHA concentration 
significantly decreased the malondialdehyde formation, with no change in vitamin E. 
Thus, the results show a biphasic effect of DHA with antioxidant and prooxidant 
effects at low and high concentrations, respectively (Pro- and antioxidant activities of 
docosahexaenoic acid on human blood platelets. Vericel E, Polette A, Bacot S, Calzada 
C, Lagarde M. J Thromb Haemost. 2003 Mar;1(3):566-72). 

The important triacylglycerol-lowering capacity of n-3 fatty acids is counterbalanced 
by their inherent sensitivity to oxidation. Inconsistent results and paradoxes about the 
latter have been reported in hypertriglyceridemic individuals. After incorporation into 
cell membranes, n-3 fatty acids may alter membrane-related functions. In view of the 
distinct composition of hypertriglyceridemic membranes and the prooxidant status in 
this condition, it can be surmised that cell enrichment with the oxidizable n-3 fatty acids 
will be associated with an increased hemolytic process. Although they exhibit a high 
susceptibility to oxidation, n-3 fatty acids may preserve membrane integrity and represent 
an added benefit in the treatment of hypertriglyceridemic patients (Moderate intake of n-3 
fatty acids is associated with stable erythrocyte resistance to oxidative stress in 
hypertriglyceridemic subjects. Mabile L, Piolot A, Boulet L, Fortin LJ, Doyle N, 
Rodriguez C, Davignon J, Blache D, Lussier-Cacan S. Am J Clin Nutr. 2001 
Oct;74(4):449-56). 

3.8.2 My Conclusions on Omega-3 Fatty Acids 

“A health claim characterizes the relationship of any food, nutrient or substance to a 
disease or a health-related condition.” We currently have a regulatory dilemma.  Under 
the DSHEA, no claim can be made for a dietary supplement to treat, cure or 
mitigate a disease.   

However, a dietary supplement can make claims that it affects (supports) or it 
maintains the structure or function of the body. 

Thus, the following are questionable terms: “Helps mood disorders”  “Helps rejuvenate 
and repair cartilage”  “Improves memory and concentration”  “Immune enhancer”  
“Improves digestion”  “Relieves symptoms of menopause”   

The FDA’s October 2000 final ruling regarding omega-3 fatty acids was as follows: 

-there is not significant agreement among experts that such evidence supported a 
health claim for omega-3 fatty acids and coronary heart disease (CHD). 

-thus, a health claim stating that “omega-3 fatty acids may reduce the risk of CHD is 
misleading.” 

In spite of the predominance of the data, the following report was on the world wide web 
on 3/23/06:   
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Heart experts urged consumers on Friday to continue eating oily fish and foods high in 
omega-3 fatty acids despite research showing they may have no clear health benefits. A 
review of 89 studies published online by the British Medical Journal showed no 
strong evidence that omega-3 fats reduced deaths from cardiovascular disease. 

Until now, medical research has demonstrated a benefit from omega-3 fats in protecting 
people from heart and circulatory disease. This systematic review of numerous studies 
concludes that there is no clear evidence either way, but there was no evidence of a 
clear benefit of omega-3 fats on health. Earlier studies had suggested that omega-3 fatty 
acids could play a role in helping to prevent health problems such as heart disease, 
rheumatoid arthritis and some types of cancer. 

I believe that from a scientific standpoint, this lays to rest the equivocal benefits of 
the n-3 fatty acid diets, as regards cardiovascular disease and cancer. 

3.8.3 Taking n-3 Fatty Acids to New Equivocal Heights 

U.S. scientists said on 3/26/06 they had genetically engineered pigs that make beneficial 
fatty acids and may one day serve as a healthier source of pork chops or bacon. The pigs 
produced omega-3 fatty acids, compounds that have allegedly been shown to improve 
cardiac function and reduce the risk of heart disease in people. 

The only way now for humans to get omega-3s is through taking dietary supplement pills 
or by eating certain fish. Some fish, however, may have high levels of toxic mercury. 
Seeking another source of omega-3s, researchers transferred a worm gene called fat-1 
into pig cells in a laboratory. They used cloning technology to create embryonic cells that 
were implanted into the womb of a normal pig. 

The gene produced an enzyme that converted the less desirable omega-6 fatty acids that 
the pigs naturally produced into omega-3s, the researchers wrote in the journal Nature 
Biotechnology. 

Tissue from the piglets that were born at the University of Missouri-Columbia had high 
levels of omega-3s and less omega-6, the researchers said. The total amount of fat was 
the same as in normal pigs. The omega-3 pigs "could represent an alternative source as 
well as be an ideal model for studying cardiovascular disease and autoimmune disorders" 
that also may be impacted by boosting the healthy fat, said Dr. Yifan Dai, a University of 
Pittsburgh scientist who transferred the worm gene into the pig cells. 

Too much omega-6 is considered a chief contributor to high rates of obesity and heart 
disease, the leading killer of Americans. Experts encourage higher consumption of 
omega-3. Pregnant women are told omega-3s are important for fetal development but are 
warned to limit consumption of fish that may be high in mercury, which can harm a fetus. 
"In this case, we think our pigs will help a lot," Dai said. 
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Whether meat from the omega-3 pigs or other genetically altered animals will ever reach 
Americans' dinner plates is uncertain. Regulators have been debating for years if milk or 
meat from cloned animals is safe to consume, and some industry experts wonder if 
consumers would embrace it. 

Dai said the genetically altered pigs appeared healthy and looked the same as normal 
pigs. Researchers will further study the impact of the extra omega-3.  

The pig researchers used the same technology that one member of the team, Dr. Jing 
Kang of Massachusetts General Hospital, had previously used to produce mice that make 
omega-3s. Other scientists are trying to make fish, chickens and cows rich in omega-
3s. I believe that this is potentially as dangerous as producing fruits and vegetables 
which have been genetically engineered to produce high levels of antioxidants.  Here 
we go genetically modifying animals and plants to produce agents which may have 
no known benefits on human health and that may have harmful consequences.  It 
seems to me that it is clearly motivated by potential profit and false advertising. 

3.9 Observations on Diet in Animals 

Atherosclerosis is found most often in birds, which have higher blood pressures than 
that of land animals but cholesterol or animal fat in the diet is not the cause.  For 
example, the seed and grain eating pigeons and the fish eating penguins are just as prone 
to atherosclerosis as are meat eating birds of prey.  Sea lions and seals become 
atherosclerotic and their fish diet provides them with more polyunsaturates than most 
human diets.  Beasts of prey do not have any more atherosclerotic changes than those 
seen in their vegetarian victims.   

Rabbits, which are normally vegetarians, can be force fed diets high in cholesterol and 
they literally starve to death, lose hair, develop yellow stained eyes, develops fatty liver,  
lose appetite, become emaciated and die.  It is said to be impossible to induce a heart 
attack in a rabbit by dietary means alone.  However, injection of hormones or introducing 
damage to the arteries will lead to atherosclerotic changes in animals force fed high levels 
of cholesterol.  I believe that the observation that vascular injury is well known to 
produce atherosclerotic changes is of most importance. 

4.0 Epidemiology and Risk Factors 

As was stated by Uffe Ravnskov, M.D., Ph.D., “Several hundred risk factors are 
known for coronary heart disease, including smoking, overweight, high blood pressure, 
lack of exercise, psychological stress, baldness, snoring, (automobiles or televisions sets 
per capita or anything frequently seen in Western societies) and eating too much or too 
little of a steadily increasing number of various food items, but the cause of the disease is 
still unknown.”  Also, according to Uffe Ravnskov, MD, PhD,  the idea that too much 
animal fat and a high cholesterol is dangerous to your heart and vessels is nothing but a 
myth.  

Page 127 of 302 



The risk factors cited most often by medical orthodoxy include high blood cholesterol, 
smoking, lack of exercise, stress and overweight. Arguably, a high level of cholesterol in 
the blood is a mild risk factor for individuals with familial hyper-cholesterolemia 
(cholesterol levels chronically above 350 mg/dl) but for most of us, there is no greater 
risk of heart disease between cholesterol levels that are "high" (over 300 mg/dl) and 
those that are "low" (under 200 mg/dl).  

I believe that chronic carbon monoxide intoxication from smoking limits the heart's 
utilization of oxygen and limits EMOD formation directly.  The double bonds of 
polyunsaturated fats, seen with obesity, can quench or scavenge valuable EMODs.  
Exercise provides a “dose of EMODs” with each exercise session.  All of this supports 
my Unified theory. 

The picture is more complex than simple cause and effect. In a multi-year British study 
involving several thousand men, half were asked to reduce saturated fat and 
cholesterol in their diets, to stop smoking and to increase the amounts of 
unsaturated oils such as margarine and vegetable oils. After one year, those on the 
"good" diet had 100 percent more deaths than those on the "bad" diet, in spite of 
the fact that those men on the "bad" diet continued to smoke (Rose G and others. The 
Lancet, 1, 1062-1065, 1983).  I believe that this would have resulted in more 
polyunsaturated fat ingestion, trapping of more EMODs and allowance of more 
atherosclerosis and associated deaths.  An interesting finding in the Framingham 
study was that those who ate the most saturated fat, the most calories and the most 
cholesterol were the most physically active. They also weighed the least and had the 
lowest levels of serum cholesterol.  

Regular physical activity is one of the few risk factors that has proved consistent in 
reducing CVD. I believe that this is due to increased oxygen consumption and 
EMOD production.  In all studies, regular physical activity is inversely associated with 
mortality from CVD, and physical activity is the only factor that has shown dose-
response in the trials. Common sense tells us why exercise may be beneficial. When we 
exercise, our heart beats more rapidly, the arteries widen to provide more oxygen and 
arterial blood flow improves, as does EMOD production.  

Many doctors have noticed that heart attack strikes in the months just after severe 
emotional trauma, such as the loss of a spouse or close friend, bankruptcy, layoff or 
disappointment. We know that grief and/or stress changes many aspects of the body 
chemistry, making us more vulnerable to all sorts of diseases, not just heart disease but 
also cancer, allergies, tuberculosis and depression.  These factors of stress and severe 
emotional trauma can be related to an EMOD insufficiency syndrome.   

Thus, it makes sense to exercise regularly, to avoid smoking, to maintain an 
appropriate body weight and to minimize stress. 

Vitamin D, a prooxidant, may protect the heart even though this fat-soluble vitamin is 
found only in the foods which have been demonized, i.e., animal (saturated) fats.  
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Researcher Kilmer McCully has found a positive relationship between deficiencies in 
folic acid, B6 and B12 and severity of hardening or stiffness of the arteries, as well as the 
buildup of pathogenic plaque. Vitamin B6 and vitamin B12 are found almost exclusively 
in animal products—the foods that proponents of the lipid hypothesis advise us to avoid.  
Obviously, just as with all other risk factors, McCully’s work is controversial and far 
from proven. 

Like humans, pigs can get sunburned and, like humans, they make vitamin D through the 
action of sunlight on their skin and store the nutrient in their fat. Pigs raised in 
confinement will die if not exposed to UV-B light, the wave length needed for 
vitamin-D production. Fifty years ago, lard contributed important nutrients to the 
American diet.  The Masai, with 60 percent of their calories from fat, are free of 
heart disease. The traditional diet of the Eskimo and the North American Indians 
contained as much as 80 percent of calories as fat and there is no indication that 
they suffered from heart disease.  

The research on omega-3 fatty acids is not conclusive. While some studies indicate that 
omega-3 fatty acids may be helpful, others showed no effect. One explanation for this 
may be found in the fact that saturated fats help the body store and use omega-3 fatty 
acids more effectively.  In fact, there is evidence that over consumption of omega-3 fatty 
acids in a diet lacking in saturated fats may actually be bad for the heart. In test animals, 
diets high in canola oil, which is relatively high in omega-3 fatty acids but low in 
saturated fats, caused fibrotic heart lesions, vitamin E deficiencies and abnormal 
changes to the blood platelets (Sauer, FD and others. Nutrition Research 17(2), 259-
269, 1997; Kramer, JKG and others. Lipids 17, 372-382, 1982; Trenholm HL and others. 
Cancer Institute Food Science Technology Journal 12, 189-193, 1979). 

Although research on trans fatty acids found in hydrogenated fats has not received much 
publicity, it adds up to a strong case for the theory that these manufactured fats contribute 
to heart disease. The tragedy is that those who are trying to avoid saturated fats and 
cholesterol will probably eat more trans fatty acids, because these are used in foods 
promoted as low in saturated fat and cholesterol.  Additionally, soy products may lead to 
arrhythmias and it is said that areas of the world where coconut is consumed have low 
levels of heart disease.  

Thyroid insufficiency has been identified as a risk factor for heart disease, but treatment 
with thyroid hormone replacement does not necessarily improve the outcome.   

Another nutrient found exclusively in animal products, particularly in red meat and organ 
meats, is coenzyme Q10.  Cholesterol-lowering drugs greatly increase the body's 
need for coenzyme Q10.  CoQ10 is a relatively good prooxidant. 

The eminent medical scientist, Dr. George Mann, called the diet-heart idea “the greatest 
scientific deception of this century, perhaps of any century.”  Yet, dieticians, nutritionists 
and doctors have been telling us for decades that fat is a killer.  The diet-heart proponents 
fail to mention an old study in Switzerland because during the decline in heart mortality, 
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the Swiss intake of animal fat increased by 20 percent (Carlson LA, Bottiger LE, Ahfeldt 
PE. Risk factors for myocardial infarction in the Stockholm prospective study.  Acta 
medica Scandinavica 206, 351-360, 1979). 

Dr. George Mann, Dr. Gerald Shaper, Dr. Bruce Taylor, Dr. Aileen Finegan, Dr. 
Lawrence Kushi and Dr. S. L. Malhotra have all studied the diet-heart idea in individuals 
in foreign lands and have essentially failed to establish a direct link between fats or 
cholesterol in the diet and the subsequent development of cardiovascular disease.  In fact, 
data on polyunsaturated fats, saturated fats, cholesterol intake and heart disease 
and cancer is contradictory and confusing.  There are no 100% clear conclusions.  
Many studies have shown that diets high in polyunsaturated fats are associated with 
increased levels of heart disease. This is in direct contrast to the push by the AMA for 
decreasing saturated fats from meat products and increasing dietary polyunsaturated fats 
for plants.  This is a very complex area of contention.  Gary Taubes wrote an article 
entitled, “The Soft Science of Dietary Fat” which was published in Science Magazine and 
he pointed out the scientific and political evolution of the diet-heart idea (Taubes G. 
Nutrition:  The soft science of dietary fat. Science Magazine 292, 2536-2545, 2001).  
Taubes’ article demonstrates how unsupported notions can become public dogma. 

Mainstream nutritional science has demonized dietary fat, yet 50 years and hundreds of 
millions of dollars of research have failed to prove that eating a low-fat diet will help 
you live longer. The history of the national conviction that dietary fat is deadly, and its 
evolution from hypothesis to dogma, is one in which politicians, bureaucrats, the 
media, and the public have played as large a role as the scientists and the science. It's a 
story of what can happen when the demands of public health policy--and the demands 
of the public for simple advice--run up against the confusing ambiguity of real science 
(Studies of Dietary Fat and Heart Disease.  Uffe Ravnskov, Christian Allen, Dale 
Atrens, Mary G. Enig, Barry Groves, Joel M. Kauffman, Rolf Kroneld, Paul J. Rosch, 
Ray Rosenman, Lars Werkö, Jørgen Vesti Nielsen, Jan Wilske, and Nicolai Worm. 
Science 22 February 2002: 1464-1465) (The Epidemic That Wasn't? Gary Taubes. 
Science 30 March 2001: 2540).  

 
4.1 Margarine vs. Butter Diet 
 
Trans-fatty acids are believed to be particularly unfavorable and are found in 
hydrogenated oils, margarines, and commercially baked low-fat products and fast foods. 
 
Results suggest that individual variation in response to a cholesterol-lowering diet is 
a familial trait. Body weight is an important modifiable factor that influences response 
(Individual Cholesterol Variation in Response to a Margarine- or Butter-Based Diet. A 
Study in Families. Margo A. Denke, MD; Beverley Adams-Huet, MS; Anh T. Nguyen, 
BS. JAMA. 2000;284:2740-2747).  

4.1.1   The Bogalusa Heart Study 
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The initial Bogalusa Heart studied 185 children and found that diet had little effect 
on cholesterol levels or in the development of atherosclerosis (Frank GC, Berenson 
GS, and Webber LS. Dietary studies and the relationship of diet to cardiovascular disease 
risk factor variables in 10-year old children—the Boglusa Heart Study. The American 
Journal of Clinical Nutrition. 31, 328-340, 1978).  However, this study has been updated 
with different conclusions as follows: 

THE BOGALUSA HEART STUDY: The Bogalusa Heart Study is the longest and most 
detailed study of a bi-racial population of children in the world. The study focuses on the 
early natural history of coronary artery disease and high blood pressure. Since 1973, the 
Bogalusa Heart Study has conducted cardiovascular risk factor research both in the 
community and in the laboratory. 

Researchers say more than 160 sub-studies have been conducted, which include special 
studies on socioeconomic evaluations, blood pressure, cholesterol, genetics, exercise, 
heart murmur, diabetes, pathology and cardiovascular imaging. More than 16,000 
children and adults in Bogalusa are currently in the study. The oldest patients are now 45. 
There have been more than 800 publications and four textbooks produced based on study 
results. Results paint a detailed picture of the early natural history of heart disease risk 
factors, early heart disease, type 2 diabetes, and high blood pressure in a black-white 
population. 

Gerald Berenson, M.D., an 82-year-old physician from Tulane University in New 
Orleans (my alma mater), spearheaded the idea. He thought Bogalusa, La. would be the 
perfect town in which to start the study. Why? He says first because, it's a bi-racial 
community and second because, "It's the only community that I know; it's where I'm 
from." When asked if he had any idea the Bogalusa Heart Study would become as 
influential as it has become, Dr. Berenson says: "No way. We figured we'd come into 
Bogalusa and collect some risk factor data on kids, and we'd have our answers in two or 
three years." 

WHAT THEY'VE FOUND:  

• The research clearly shows major etiologies of adult heart disease, 
atherosclerosis, coronary heart disease and essential hypertension (high 
blood pressure with no identifiable cause) begin in childhood. Documented 
changes occur by ages 5 to 8.  

• Autopsy studies in kids show atherosclerotic lesions in the heart and changes in 
the kidney vasculature are strongly linked to cardiovascular risk factors. This, 
researchers say, clearly shows atherosclerosis and high blood pressure start 
early in life.  

• Environmental factors are significant and influence high cholesterol, high blood 
pressure and obesity. The controllable risk factors, of course, include diet, 
exercise and smoking.  

• Obese children are likely to have enlarged left ventricles when they reach young 
adulthood.  
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• High blood pressure or high cholesterol as a kid means hardened arteries at about 
age 30.  

• Researchers have found chromosomes that may be linked to obesity. 
Chromosome 12, the one with the strongest link, is involved in insulin production.  

• Healthy levels of weight, blood sugar, blood pressure, and good cholesterol in 
childhood means a reduced risk of heart disease and diabetes in adulthood. 

Funding for the research has come from National Heart, Lung and Blood Institute, the 
National Institute for Child Health and Human Development, the National Institute of 
Aging, and the American Heart Association. Children who began the study in the 1970s 
are now adults who continue to participate in the screening process. Moving from a 
pediatric study, the investigators now are studying aging. 

I believe that the early onset of CVD by ages 5-8 years, supports my position that 
CVD is not caused by an accumulation of oxidized or glycated products, as would 
have been taught by the Free Radi-Crap theory.  Also, I see connection  between the 
onset of obesity, fat cells acting as inflammed cells, cellular hypoxia, elevated blood 
glucose and a subsequent EMOD insufficiency state.  This ties my EMOD 
insufficiency syndrome together and helps explain the relationship between obesity, 
cancer, atherosclerosis and diabetes.  

As mentioned earlier, a 2006 government study, published in JAMA, of 48,835 women 
showed that eating less fat late in life failed to lower the risk of cancer and heart 
disease among older women, which was disappointing news for those who expected 
greater benefits from a presumed healthy diet.  The eight-year study showed no 
difference in the rate of breast cancer, colon cancer and heart disease among those 
who ate lower-fat diets and those who didn't.  

I believe that this is another example of the confusion in the area of cardiovascular 
disease and cancer causation.  The present paradigms are not valid.  I believe that 
my Unified Theory provides fresh answers with a new paradigm. 

We have been told that cholesterol is a killer.  They have told us that oxygen free radicals 
are killers.  However, risk factors may or may not have anything to do with disease 
causation. Yet, in America, we have a knee jerk reaction to every implied disease 
connection.  The distinction between risk factors and causation is rarely pointed out to 
patients.  These disease associations and risk factors which are broadcast on television or 
placed in the news usually cause a quasi-panic in the general population.  This sells news 
spots and lots of so called medicines and drugs. 

The Journal of the American Medical Association, published a study entitled: 
Cholesterol and Mortality. 30 Years of Follow-up from the Framingham study. 
Shocking to most, this in-depth study showed that after the age of 50 there 
is no increased overall death associated with high cholesterol! There was 
however a direct association between low levels (or dropping levels) of cholesterol 
and increased death. Specifically, medical researchers reported that CVD death rates 
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increased by 14% for every 1 mg/dl drop in total cholesterol levels per year.  In fact, 
apart from those with a very rare disease, such as familial hypercholesterolemia, 
cholesterol appears to have very little to do with heart disease or any other disease. 

This same trend was found in the MRFIT Framingham study and the authors stated that, 
“For each 1% mg/dl drop of cholesterol there was an 11% increase in coronary and 
total mortality.”  Unfortunately, the joint statement by the American Heart Association 
and the National Heart, Lung and Blood Institute in their review titled The Cholesterol 
Facts mistakenly stated that a reduction in blood cholesterol decreased mortality instead 
of actually increasing it.  In fact, women with high cholesterol did not have an 
increased mortality risk factor and it seems that it is more dangerous for women to 
have low cholesterol. Dr. Bernard Forette found that the death rate was more than five 
times higher for women who had very low cholesterol and warned against cholesterol 
lowering in elderly women (Forette B, Tortrat D, and Wolmark Y. Cholesterol as risk 
factor for mortality in elderly women.  The Lancet. 1, 868-870, 1989).  Mortality for 
women was also higher for women with low cholesterol in a 1992 study (Jacobs D et al. 
Report on the conference on low blood cholesterol. Circulation. 86, 1046-1060, 1992). 

4.2 Pathogens and CVD 

A number of pathogens have been associated with the development of CVD or have been 
found in the atherosclerotic lesions at autopsy, including both viruses and bacteria (Enig, 
MG. Trans Fatty Acids in the Food Supply: A Comprehensive Report Covering 60 Years 
of Research, 2nd Edition, Enig Associates, Inc, Silver Spring, MD, pages 93-96, 1995).  
These pathogens have been around as long as man has lived on the earth. The culprit, 
therefore, may not be the microbes but a compromised immune system which can no 
longer deal with them appropriately due to an EMOD insufficiency. A healthy immune 
system depends on our ability to generate EMODs for prooxidant protection from 
pathogens. 

4.3 EMOD Insufficiency Syndrome 

Obesity increases our chances of developing diabetes mellitus, coronary heart disease, 
osteoarthritis, hypertension and some cancers, according to an April report by the think-
tank Rand.  

According to Dr. Peter Gott, large doses of prednisone (more than 10 mg daily) almost 
always leads to complications of diabetes, cataracts, brittle bones, facial puffiness and 
hairiness, personality changes, weakness, loss of muscle tissue, fluid retention, peptic 
ulcer, hypertension, acne, glaucoma and susceptibility to infection (Dr. Peter Gott, 
Prednisone valuable to use in treatment of several disorders. The Advocate, pg. 2H, Jan. 
29, 2006).  This simple summation supports my Unified Theory for the clustering (or 
what I term an “EMOD insufficiency syndrome”) of diseases seen in patients with 
inadequate levels of EMODs (electronically modified oxygen derivatives).  In fact, these 
chronic users of steroids also have increased rates for the development of cancer and 
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heart disease.  I have been particularly interested in the clustering of cancer, heart 
disease, arthritis, cataracts, susceptibility to infections and diabetes. 

A number of other risk factors for cardiovascular disease, such as hypertension, low HDL 
cholesterol, cataracts and diabetes mellitus, often coexist (clustering) with obesity 

(Wilson PW, Kannel WB, Silbershatz H, and D'Agostino RB. Clustering of metabolic 
factors and coronary heart disease. Arch Intern Med 159: 1104–1109, 1999). I believe 
that the presence of the double bonded fats, which trap ROS, leads to an EMOD 
deficiency state (an EMOD insufficiency syndrome) and increases the risk of 
atherosclerosis.   

4.4 Age 

Age is among the most important risk factors for predicting incident cardiovascular 

disease and I believe that it is because aging is associated with factors which lead to 
EMOD deficiency states.  

Over 83 percent of people who die of coronary heart disease are 65 or older. At older 
ages, women who have heart attacks are more likely than men are to die from them 
within a few weeks. 

The revival of the free radical theory of ageing has led to an increase in consumption of 
antioxidants by the general public and prescription by the medical community. It is 
important to acknowledge that free radical reactions play an essential role in life. We 
should consider the possibility that, as the amount of antioxidant supplements consumed 
increases, we may likely reach a point where their harmful effects can occur. Thus, the 
basic mechanisms involved in pathological disease processes should be taken into 
account when considering antioxidants as therapeutic agents.   

Antioxidant substances such as vitamin C, vitamin E, SOD, catalase and CoQ10 are 
increasingly being consumed. Are antioxidants always good for you? Probably not, since 
they will also block the desirable effects of oxygen free radicals.  

Studies of the time required for full contraction of skin wounds show that repair is 
delayed with age. Wounds that take 2 weeks to heal in a young animal take 3 weeks in an 
older animal. The repair of nerve injuries is also delayed in older animals, more than 11 
weeks instead of 8 weeks in younger animals.  

Is tissue repair affected by antioxidant therapy? Early treatment with antioxidants can 
cause delayed recovery, a bad outcome. But late treatment showed a speedier recovery 
than no treatment. These different results suggest that antioxidants can exert either 
beneficial or harmful effects.  

The role of oxygen free radicals in physiological and pathological processes of ageing 
suggests that there is some merit in the use of antioxidants to prevent ageing. But 
consider the possibility of the beneficial effects being outweighed by the adverse effects 
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of increasing consumption on essential reactions. The basic mechanisms of pathological 
disease should be taken into account when considering antioxidants as therapeutic agents.  

One sign of physiological ageing is that the microvascular blood flow deteriorates. I 
believe that this is directly related to decreased tissue and cellular levels of oxygen 
and consequently, lower EMOD levels.   
 
The brain is unique among the organs. It is highly fatty, with membrane lipids 
constituting 60 percent of the solid matter.  Although constituting about 6 percent of body 
weight in an infant, it receives about 15 percent of normal cardiac output and accounts for 
nearly 25 percent of the body’s oxygen consumption. In addition, both brain and retina 
contain a relatively high percentage of the omega-3 fatty acid docosahexaenoic acid 
(DHA), which serves as the primary building block of the membranes of these structures. 
As it is highly unsaturated, DHA is far more unstable and prone to damaging 
peroxidation (rancidity) than other classes of fats. Reason indicates the probable 
danger of free iron in a highly oxygenated area combined with the presence of fats 
unusually susceptible to oxidative damage. The addition of other metabolic stresses 
and/or toxins may trigger a firestorm of free-radical pathology, should result in damaging 
oxidative changes in the brain.  However, the brain can exist essentially undamaged 
for a life time, which discounts the numerous free radical theoretical caveats. 

Anti-aging hormone reduces reactive oxygen species 

In November 2005, scientists discovered an anti-aging hormone called Klotho. Now, a 
new study shows that this protein acts by increasing the cell's ability to detoxify harmful 
reactive oxygen species. The research appears as the "Paper of the Week" in the 
November 11, 2005 issue of the Journal of Biological Chemistry.  
 
The klotho gene, named after the Greek goddess who spins life's thread, is associated 
with preventing aging in mammals. The klotho gene product, or Klotho protein, is 
secreted in the blood and functions as an anti-aging hormone. A defect in the klotho 
gene in mice leads to a syndrome closely resembling human aging, while 
overexpression of the gene extends lifespan in mice.  I believe that the 
absence of the gene creates a deficiency state of EMODs, whereas overexpression 
results in a sufficiency of EMODs and establishes prooxidant protection and 
oxidative self healing. 
 
Now Makoto Kuro-o, assistant professor of pathology at the University of Texas 
Southwestern Medical Center at Dallas, has discovered one way in which Klotho extends 
lifespan. Using both cultured cells and transgenic mice, the researchers showed that 
Klotho increases resistance to oxidative stress.  
 
"Increased longevity is always associated with increased resistance to oxidative 
stress," explains Kuro-o. "Oxidative stress causes the accumulation of oxidative damage 
to important biological macromolecules such as DNA, lipids, and proteins that would 
result in functional deterioration of the cell, which eventually causes aging."  I believe 
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that this is not true and caloric restriction results in increased oxidative stress by 
increased metabolic rates.   
 
"In this study," says Kuro-o, "we propose that Klotho does its job by increasing the 
ability of the cell to detoxify harmful reactive oxygen species, thereby increasing 
resistance to oxidative stress of the body."  

The protein acts by turning on an enzyme called manganese superoxide dismutase. 
This enzyme, found in the mitochondria of the cell, then hydrolyzes harmful 
superoxide into less harmful hydrogen peroxide.  I believe that this is categorically 
wrong based on the one electron reduction potentials of superoxide and hydrogen 
peroxide.  Peroxide is actually a stronger oxidant than superoxide.  This work is 
supportive of my Unified Theory. 
 
This research may eventually lead to the development of anti-aging drugs, a long-
standing goal of many pharmaceutical companies. "We showed that the anti-aging 
hormone Klotho confers resistance to oxidative stress in cells and animals," says Kuro-o. 
"This means that Klotho protein itself or small molecule mimetics may be potentially 
useful as anti-aging medicines."  I believe that he showed that the klotho gene 
produces the klotho protein, which upregulates SOD, which generates H2O2, which 
offers prooxidant protection and extends life span. 

4.5 Gender 

Men have a greater risk of heart attack than women do, and they have attacks earlier in 
life. Even after menopause, when women's death rate from heart disease increases, it's not 
as great as men's. 

Males exhibit excess risk for cardiovascular disease compared with age-matched women 
and I believe that this is because testosterone decreases EMOD production in the 
male, thus making males more vulnerable to atherosclerosis. (Barrett-Connor E and 
Bush TL. Estrogen and coronary heart disease in women. JAMA 265: 1861–1867, 1991).  
Estrogens appear to offer a "protective" effect to women, as cardiovascular disease 

accelerates in women after menopause;  however, this speculation has been difficult to 
substantiate, as the treatment with estrogen has not reduced the incidence 
of cardiovascular disease of postmenopausal women (Hulley S, Grady D, 
Bush T, Furberg C, Herrington D, Riggs B, and Vittinghoff E. Randomized trial of 
estrogen plus progestin for secondary prevention of coronary heart disease in 
postmenopausal women. Heart and Estrogen/progestin Replacement Study (HERS) 
Research Group. JAMA 280: 605–613, 1998).  Women exhibit relatively higher 

concentrations of high-density lipoprotein (HDL) cholesterol than do age-matched 
men but incident cardiovascular disease is less common in premenopausal women 
than their age-matched male counterparts.  During an average follow-up of 4.1 years, 
treatment with oral conjugated equine estrogen plus medroxyprogesterone acetate did not 
reduce the overall rate of CHD events in postmenopausal women with established 
coronary disease. The treatment did increase the rate of thromboembolic 
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events and gallbladder disease. Based on the finding of no overall cardiovascular 
benefit and a pattern of early increase in risk of CHD events, they do not recommend 
starting this treatment for the purpose of secondary prevention of CHD. 

It is widely accepted that premenopausal females have a lower risk of 
atherosclerosis (Barrett-Connor E. Sex differences in coronary heart disease: why are 
women so superior?: the 1995 Ancel Keys Lecture. Circulation. 1997;95:252–264) and 
that estrogens may also have antioxidant activities (Sack MN, Rader DJ, Cannon RO 
III. Oestrogen and inhibition of oxidation of low-density lipoproteins in postmenopausal 
women. Lancet. 1994;343:269–270).  Their findings have shown not only that oral 
contraceptives are associated with lower TAS levels but also that females have 

lower, rather than higher, total antioxidant capacity.  Sex differences in 
TAS levels appear to be opposite the differences in the risk of coronary 
artery disease, raising an interesting question of whether females might be more 
susceptible to oxidative stress–related disorders.  I believe that this alone should negate 
the free radical theory as it relates to cardiac disease, atherosclerosis, aging and 
cancer.  Females, who traditionally have longer life spans and less risk of CVD, 
actually have lower total antioxidant capacity than males and this is in direct 
opposition to the predictions of the free radical theory and supports my theory. 

“Many women are interested in hormone replacement therapy, but they are afraid of the 
side effects,” said James Simpkins, a professor of pharmacology and neuroscience at the 
University of North Texas Health Science Center.  The hormone estrogen 
commonly is accepted as an antioxidant but it’s not widely used therapeutically 
because of potential side effects, including uterine cancer and breast cancer in 
women and feminizing effects in men. 

Investigators  measured flow-mediated dilation (FMD) by high-resolution brachial 
ultrasound in 61 women who participated in the Women's Angiographic Vitamin and 
Estrogen (WAVE) trial, a randomized controlled trial. There were no significant 
differences in the baseline demographics of women receiving hormone therapy (0.625 
mg/day of conjugated equine estrogen plus 2.5mg of medroxyprogesterone acetate for 
women who had not had a hysterectomy) or placebo; or vitamins (400 IU of Vitamin E 
and 500 mg of Vitamin C twice daily) or placebo. Baseline FMD was impaired in all 
subjects. Neither hormone therapy nor antioxidant vitamins improved FMD. 
Endothelium-independent vasodilation, induced by nitroglycerin (NTG) was similar at 
baseline and was not affected by either therapy. In univariate and multivariate 
analysis, neither hormone therapy nor antioxidant vitamins were associated with 
FMD. Women with established coronary artery disease have impaired flow-mediated 
vasodilation of the brachial artery that does not improve after 3 months or up to 34 
months of treatment with postmenopausal hormone therapy or antioxidant 
vitamins. 
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I believe that this is another example of the failed predictions of the free radical 
theory.  In these studies, 3 antioxidants (estrogen, vitamin E and C) failed to 
improve endothelial vasodilator function in postmenopausal women. 

The American College of Cardiology/American Heart Association 2002 Guideline 
Update for the management of patients with chronic stable angina, which states that 
there is no basis for recommending that patients take vitamin C or E 
supplements or other antioxidants for the express purpose of preventing or 
treating coronary artery disease (Class III, Level A Evidence) (Gibbons RJ, Abrams 
J, Chatterjee K, Daley J, Deedwania PC, Douglas JS, Ferguson TB Jr, Fihn SD, Fraker 
TD Jr, Gardin JM, O’Rourke RA, Pasternak RC, Williams SV, Gibbons RJ, Alpert JS, 
Antman EM, Hiratzka LF, Fuster V, Faxon DP, Gregoratos G, Jacobs AK, Smith SC Jr; 
American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines. Committee on the Management of Patients With Chronic Stable Angina. 
ACC/AHA 2002 guideline update for the management of patients with chronic stable 
angina—summary article: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Committee on the Management 
of Patients With Chronic Stable Angina). Circulation. 2003; 107: 149–158).  

"Evidence-Based Guidelines for Cardiovascular Disease Prevention in Women" 

concludes that antioxidant vitamin supplements should not be used to 
prevent CVD, pending the results of ongoing trials (Class III, Level A Evidence) 
(Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N, Fabunmi RP, Grady 
D, Haan CK, Hayes SN, Judelson DR, Keenan NL, McBride P, Oparil S, Ouyang P, Oz 
MC, Mendelsohn ME, Pasternak RC, Pinn VW, Robertson RM, Schenck-Gustafsson 
K, Sila CA, Smith SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK, Williams CL; 
American Heart Association. Evidence-based guidelines for cardiovascular disease 
prevention in women. Circulation. 2004; 109: 672–693).  

In 1998, The Medical Letter concluded: 

• The benefits of taking high doses of vitamin E remain to be 
established.  

• There is no convincing evidence that taking supplements of vitamin 
C prevents any disease.  

• No one should take beta carotene supplements (Vitamin supplements. 
The Medical Letter on Drugs and Therapeutics 40:75-77, 1998).  

In 2003, researchers at the Cleveland Clinic concluded that long-term supplementation 
with vitamin E or beta-carotene has not been proven beneficial in preventing 
cardiovascular disease. To reach this conclusion, they analyzed seven randomized 
controlled trials of vitamin E treatment and eight of beta-carotene treatment, all of which 
included at least 1,000 patients. 
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Although epidemiologic evidence has suggested that these antioxidant supplements 
may be beneficial, clinical trials have found otherwise (Vivekananthan, DP 
and others. Use of antioxidant vitamins for the prevention of cardiovascular disease: 
meta-analysis of randomized trials. Lancet 361:2017-2023, 2003). 

Also, in 2005, Williams and Fisher stated that, “Antioxidant supplements have failed 
to decrease cardiovascular risk in extensive human clinical trials to date. Oxidation 
includes distinct biochemical reactions, and it is overly simplistic to lump them into a 
unitary process that affects all cell types and metabolic pathways adversely. Guidelines 
for diet should adhere closely to what has been clinically proved, and by this standard 
there is no basis to recommend antioxidant use, beyond what is inherent to the 
'heart healthy' diet in order to benefit cardiovascular health.”  (Oxidation, lipoproteins, 
and atherosclerosis: which is wrong, the antioxidants or the theory? Williams, Kevin 
Jon; Fisher, Edward A. Current Opinion in Clinical Nutrition & Metabolic Care. 
8(2):139-146, March 2005). 
 
More than 1000 papers dealing directly or indirectly with the oxidation of LDL 
were published between January 1991 and the end of 1998.  More details, supporting 
circumstantial evidence, and interpretations have been added to the hypothesis, and yet, 
the hypothesis is currently at an impasse.  Little, if any, has changed during the 
past few years to clarify whether antioxidants prevent the progression of atherosclerotic 
lesions in humans.  Despite a recent article sponsored by the American Heart 
Association concurring that there is no conclusive evidence to suggest that a daily 
supplement of antioxidant nutrients can prevent atherosclerosis (Tribble, D.L. AHA 
Science Advisory.  Antioxidant consumption and risk of coronary heart disease:  
emphasis on vitamin C, vitamin E and beta-carotene:  a state for healthcare professionals 
from the American Heart Association.  Circulation 1999; 99: 591-595), claims of 
beneficial actions of antioxidants have increasingly left both the public and the 
medical professionals confused. 
 
As we have seen, several large-scale, double-blind, placebo-controlled trials have 
shown convincingly that neither β-carotene (Omenn, G.S., Goodman, G.E., 
Thornquist, M.D., et al.  Effects of a combination of beta-carotene and vitamin A on lung 
cancer and cardiovascular disease.  N Engl J Med 1996; 334: 1150-1155) (Hennekens, 
C.H., Buring, J.E., Manson, J.E., et al.  Lack of effect of long-term supplementation with 
beta-carotene on the incidence of malignant neoplasms and cardiovascular disease.  N 
Engl J Med 1996; 334: 1145-1149) (Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study Group.  The effect of vitamin E and beta-carotene on the incidence of lung cancer 
and other cancers in male smokers.  N Engl J Med  1994; 330: 1029-1035) nor vitamin 
E alone (Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group.  The effect 
of vitamin E and beta-carotene on the incidence of lung cancer and other cancers in male 
smokers.  N Engl J Med 1994; 330: 1029-1035) (Yusuf S., Dagenais, G., Pogue, J. Et al.  
Vitamin E supplementation and cardiovascular events in high-risk patients:  the Heart 
Outcomes Prevention Evaluation Study Investigators.  N Engl J Med 2000; 342: 154-
160) (Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after 
myocardial infarction:  results of the GISSI-Prevenzione trial.  Gruppo Italiano per lo 
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Studio della Sopravvivenza nell’Infartomiocardico.  Lancet  1999; 354: 447-455) or in 
combination with other antioxidant vitamins, reduces the risk of fatal or nonfatal 
infarction (or other hard clinical end points) in an unselected population of people 
with established coronary heart disease (CHD) or at high risk of CHD.   
 
Let me restate this important data without all of the reference clutter: 
Several large-scale, double-blind, placebo-controlled trials have shown 
convincingly that neither β-carotene nor vitamin E alone or in combination 
with other antioxidant vitamins, reduces the risk of fatal or nonfatal 
infarction (or other hard clinical end points) in an unselected population of people 
with established coronary heart disease (CHD) or at high risk of CHD.   
Vitamins may actually increase levels of "bad cholesterol", researchers have 
suggested. It had been thought that vitamins could protect the heart.  But New York 
University researchers found vitamins including E, C and beta carotene stop the liver 
from breaking down an early form of bad cholesterol. Writing in the Journal of Clinical 
Investigation, the researchers say their findings mean they cannot recommend that 
people use the vitamins.  
 
The vitamins A, C, and E are antioxidants, thought to be beneficial because they attack 
free radicals, produced when the body fights infection, which inflict damage on the 
body's tissues. But studies carried out by the researchers at the university's school of 
medicine found that antioxidants actually hampered the body's fight against damaging 
cholesterol. Normally, liver cells break down a key protein in harmful lipoproteins such 
as VLDL (very low density lipoprotein) which means they cannot be converted into a 
form of LDL that can enter the bloodstream. However, in laboratory tests, the New York 
researchers found vitamin E, C and beta carotene prevented this process taking place in 
liver cells. Further tests in mice and rat livers showed vitamin E prevented this 
"breakdown" process taking place, meaning the liver destroyed fewer lipoproteins.  

Antioxidant vitamins may be potentially harmful for the heart based on their ability 
to increase the secretion of very low-density lipoproteins in the liver cells of 
experimental mice.  However, Prof. Edward Fischer of  New York Univ. School of 
Medicine was quoted in the London Times as not making recommendations on taking 
antioxidant vitamins at this time.      

Again, taking regular vitamin E supplements probably won't protect you from cancer or 
heart disease, according to a study on 7,030 patients in the Journal of the American 
Medical Association (Vol. 293, No. 11: 1338-1347, 2005). In fact, high doses appear 
to actually raise the risk of heart failure.  Research on nearly 40,000 healthy 
women showed no heart benefits from vitamin E pills and a study reported in November 
at the American Heart Association found that people taking high doses were 10% 
more likely to die of any cause than those taking smaller amounts.  In an editorial 
published with the study, University of Washington professors B. Greg Brown, MD, 
PhD, and John Crowley, PhD, say the work "effectively closes the door" on the idea 
that vitamin E will be of major benefit in preventing cancer or heart disease 
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(narrowing of the arteries).  "In nearly 68,000 patients studied to date, there is no 
compelling evidence that higher doses of vitamin E reduce cardiovascular risk or 
cancer," they wrote.  "You may hear that vitamin E is a 'natural,' yet effective way to 
prevent heart disease or cancer, but this has proven to be a false hope." 

The study, known as HOPE-TOO, followed nearly 4,000 people 55 and older, taking 
400 milligrams of vitamin E/day, for more than seven years.  The researchers 
examined overall cancer cases and deaths and found no significant differences 
between the two groups and a 13% greater chance of developing heart 
failure that those on placebo.  Then they looked at specific cancers that previous 
studies suggested might be helped by vitamin E: prostate, lung, oral, colorectal, breast, 
and melanoma. Even for these cancers, no significant difference was seen 
between the groups.  Vitamin E did not curtail atherosclerotic disease but 
it, in fact, made heart failure worse.   

Concern has been raised that chronic stimulation of the immune system by vitamin 
E could raise the incidence of autoimmune diseases (Herbert V. Vitamin E 
supplementation and immune response in elderly patients [letter]. JAMA. 1998;279:505). 

4.6 Exercise 

An inactive lifestyle is a risk factor for coronary heart disease. Regular, moderate-to-
vigorous physical activity helps prevent heart and blood vessel disease--the more 
vigorous the activity, the greater your benefits. However, even moderate-intensity 
activities help if done regularly and long term. Exercise can help control blood 
cholesterol, diabetes and obesity, as well as help lower blood pressure in some people. 
 
Being physically fit can dramatically reduce men’s deaths from heart disease – even 
when their cholesterol rates are high, according to Queen’s researcher, Peter 
Katzmarzyk. His new study to be published Tues. Sept. 6 2005 by Circulation: Journal of 
the American Heart Association shows that, regardless of their cholesterol level, men can 
cut by half their risk of dying from cardiovascular disease if they are physically fit. 
 
The primary aim of the study was to analyze the effectiveness of 2004’s modifications to 
the guidelines from the U.S. National Cholesterol Education Program Adult Treatment 
Panel III (NCEP ATP III) for lowering bad (LDL) cholesterol to predict death from 
cardiovascular diseases. They also discovered that fitness is important across the board – 
at every level of cholesterol. 
 
Results also suggest that within a given risk category, physical fitness is associated with a 
greater than 50-per-cent lower risk of mortality. In this study, physical fitness was four to 
five, 30-minute segments of activity per week: equivalent to walking 130 to 138 minutes 
per week.  Researchers analyzed the cardiovascular risk factors and cardio-respiratory 
fitness of 19,125 men ages 20 to 79, who were treated at a preventive medicine clinic 
from 1979 -1995, prior to the revised treatment guidelines. 
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Using the new ATP III classifications: 
· 58 per cent of the men would have met the criteria for being “at or below LDL (bad) 
cholesterol goal”;  
· 18 per cent would have met the criteria for “therapeutic lifestyle change” – meaning 
diet, physical activity and weight management could lower LDL; and  
· 24 per cent would have met the criteria for “drug consideration” for lowering LDL.  
 
There were 179 deaths from cardiovascular disease over more than 10 years of follow-up. 
 
Overall, compared to men who met the acceptable LDL level under the revised 
guidelines: 
· Men who met the criteria for therapeutic lifestyle intervention had twice the risk of 
cardiovascular disease death; and  
· Men eligible for aggressive cholesterol-lowering therapy had almost seven-times the 
risk.  
 
Again, this new study shows that regardless of their cholesterol level, men can cut by 
half their risk of dying from cardiovascular disease if they are physically fit. 
  
Physical activity is associated with beneficial effects on lipids and lipoproteins (Durstine 
JL, Grandjean PW, Davis PG, Ferguson MA, Alderson NL, DuBose KD. Blood lipid and 
lipoprotein adaptations to exercise: a quantitative analysis. Sports Med 2001;31:1033-62) 
(Eisenmann JC. Blood lipids and lipoproteins in child and adolescent athletes. Sports 
Med 2002;32:297-307), body weight, blood pressure, insulin sensitivity, and coagulation 
parameters and with the reduced prevalence of cardiovascular disease.  
In contrast, physical inactivity is associated with at least a twofold increase in risk for 
CAD events (Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical activity 
and the incidence of coronary heart disease. Annu Rev Public Health 1987;8:253-87). 
 
However, regular aerobic exercise did not show any significant influence on total or LDL 
cholesterol levels. In a recent large-scale study including 8283 male and 1837 female on 
a regular aerobic training program, significant changes were reported for HDL-C and 
TC/HDL-C in both genders, and TG levels in male, but no significant change was evident 
for LDL-C levels (Williams PT. High-density lipoprotein cholesterol and other risk 
factors for coronary heart disease in female runners. N Engl J Med 1996;334:1298-303) 
(Williams PT. Relationship of distance run per week to coronary heart disease risk factors 
in 8283 male runners. The National Runners' Health Study. Arch Intern Med 
1997;157:191-8).   
 
The responses of lipids or lipoproteins to a single bout of aerobic exercise have been 
highly variable. Increases, decreases or no change in plasma TG levels have been 
reported in different studies. The responses of plasma TC or LDL cholesterol 
concentrations have also been variable. In contrast, an increase in HDL-C concentration 
has been observed more consistently. 
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In contrast to the aerobic exercise, anaerobic exercise (weight lifting or wresting etc.), 
especially training above certain anaerobic threshold (blood lactate > 4 mmol/l), has 
no or even negative effects on blood lipoprotein profiles (Aellen R, Hollmann W, 
Boutellier U. Effects of aerobic and anaerobic training on plasma lipoproteins. Int J 
Sports Med 1993;14:396-400).  Overall, these limited studies have given inconsistent 
results. 
 
Despite the beneficial effects of regular aerobic physical activity, strenuous aerobic 
exercise may increase muscle oxygen flux and free radical generation, which may 
overcome the antioxidant defense and induce oxidative stress (Jenkins RR. Exercise, 
oxidative stress, and antioxidants: a review. Int J Sport Nutr 1993;3:356-375) (Ji LL. 
Exercise at old age: does it increase or alleviate oxidative stress? Ann N Y Acad Sci 
2001;928:236-47). Again, I do not believe in the entity called “oxidative stress.”  
However, I do believe in redox balance as an important cellular regulatory factor. 
 
The anaerobic exercise (at or beyond anaerobic threshold) may result in an acidic 
environment that may promote oxygen release from hemoglobin and enhance oxidative 
stress. Some believe that the adaptive response of the antioxidant systems is important in 
protecting the body from the free radical attack after the strenuous exercise. 
 
No changes were observed in LDL susceptibility to oxidation after a 3-month intense 
physical training in over trained marathon runners (Bergholm R, Makimattila S, 
Valkonen M, Liu ML, Lahdenpera S, Taskinen MR, Sovijarvi A, Malmberg P, Yki-
Järvinen H. Intense physical training decreases circulating antioxidants and endothelium-
dependent vasodilatation in vivo. Atherosclerosis 1999;145:341-9).   
 
An increased susceptibility of LDL to oxidation in vitro after an acute endurance exercise 
has been observed by several groups (Benitez S, Sanchez-Quesada JL, Lucero L, Arcelus 
R, Ribas V, Jorba O, Castellvi A, Alonso E, Blanco-Vaca F, Ordonez-Llanos J. Changes 
in low-density lipoprotein electronegativity and oxidizability after aerobic exercise are 
related to the increase in associated non-esterified fatty acids. Atherosclerosis 
2002;160:223-32) (Tozzi-Ciancarelli MG, Penco M, Di Massimo C. Influence of acute 
exercise on human platelet responsiveness: possible involvement of exercise-induced 
oxidative stress. Eur J Appl Physiol 2002;86:266-72).  If you are a follower of the free 
radical theory, these results indicate that endurance physical activity may be harmful 
although the antioxidant systems are activated during the acute endurance exercise. 

Rigorous exercise has also been shown to stimulate an antioxidant response in the heart. 
Treadmill running at three different intensities (55, 65 and 75% of maximal oxygen 
uptake) and three different durations (30, 60 and 90 min /day) induced an increased 
superoxide dismutase activity in the left ventricle by 10 weeks of training (Powers 
SK, D Criswell, J Lawler, D Martin, F-K Lieu, LL Ji, RA Herb: Rigorous exercise 
training increases superoxide dismutase activity in ventricular myocardium. Am J Physiol 
265, H2094-H2098, 1993). Catalase and glutathione peroxidase did not show a similar 
increase. The authors speculated that the increase in SOD is in the mitochondria (the 
cytosolic form of the enzyme is not inducible in heart) and may be important in 
neutralizing superoxide radicals formed during the elevated mitochondrial activity 
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needed to support the elevated workload of the heart during aerobic exercise. Other 
investigators have shown that treadmill running for 11 weeks resulted in changes in the 
heart such that ischemia and reperfusion caused less severe alterations in cardiac 
performance, diastolic stiffness and adenine nucleotides (Bowles DK, JW Starnes: 
Exercise training improves metabolic response after ischemia in isolated working rat 
heart. J Appl Physiol 76, 1608-1614, 1994). Swimming exercise, rigorous enough to 
induce cardiac hypertrophy, also protects hearts from ischemia reperfusion injury (Ji LL, 
RG Fu, EW Mitchell, M Griggiths, TG Waldrop, HM Swartz: Cardiac hypertrophy alters 
myocardial response to ischaemia and reperfusion in vivo. Acta Physiol Scand 151, 279-
290, 1994). Myocardial levels of ATP are better preserved in hearts from trained rats than 
in hearts from controls and the ratio of GSH to GSSG remains unchanged during 
reperfusion whereas in control hearts the ratio significantly decreases after ischemia and 
reperfusion. I believe that the increased SOD produces increased levels of hydrogen 
peroxide which is needed by a healthy heart. 

Some of the following material was excerpted, abstracted or modified from: 
Comparison of the blood redox status between long-distance and short-
distance runners. Kostaropoulos IA, Nikolaidis MG, Jamurtas AZ, Ikonomou GV, 
Makrygiannis V, Papadopoulos G, Ouretas D. Physiol Res. 2006 Feb 23; [Epub ahead of 
print] 
 
Exercise increases the production of reactive oxygen species, which may damage a 
number of cell constituents. Organisms have developed a sophisticated antioxidant 
system for protection against reactive oxygen species. Investigators compared the 
adaptive responses of antioxidant mechanisms and the blood redox status of two groups 
of athletes, long-distance and short-distance runners. Thiobarbituric acid reactive 
substances, catalase activity and total antioxidant capacity was measured in serum, while 
reduced and oxidized glutathione as well as their ratio were determined in blood 
hemolysates. Serum catalase activity (P < 0.001), was found three times higher in 
long-distance compared to short-distance runners (25.4 vs. 8.9 μmol · min

-1 
· mL

-1
, 

respectively), whereas no differences were observed between the two groups in the 
other markers. Catalase activity was also correlated significantly with maximal oxygen 
consumption in long-distance runners. In conclusion, long-distance and short-distance 
runners exhibit similar blood redox status judged by several oxidative stress indices, 
except for the much higher activity of catalase in long-distance runners. This 
different effect of the two training modules on catalase activity of long-distance runners 
might be partly due to the high oxygen load imposed during their repeated prolonged 
exercise bouts.  
 
Superoxide dismutase is the first line of enzymatic defense. It converts superoxide radical 
(O2

•−
) to hydrogen peroxide (H2O2): 22

•− 
+ 2H

+ 
→ H2O2 

+ O2. H2O2, although not 
especially reactive, it is still harmful to cells and can be metabolized in a variety of ways:  

a) it can be converted to 2O by glutathione peroxidase with the consumption of 
reduced glutathione (GSH) which is converted to oxidized glutathione (GSSG). GSSG 
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may be reduced back to GSH by the action of glutathione reductase at the expense of 
NADPH: H2O2 
b) When H

+ 2GSH → 22O + GSSG.  
2O2 production exceeds the capacity of glutathione peroxidase, catalase takes 

the role (Urso ML, Clarkson PM (2003) Oxidative stress, exercise, and antioxidant 
supplementation. Toxicology 189: 41-54).  

 It converts H2O2 
to 2O without the use of other substrates: 2 H2O2 

→ 22O + 2.  

c) In the presence of transition metals, like Fe
2+ 

and Cu
+
, H2O2can be decomposed to 

produce hydroxyl radical (OH
•
; ie, a Fenton reaction), which is an extremely oxidizing 

agent that reacts with all biological macromolecules at diffusion-controlled rates 
(Mylonas C, Kouretas D (1999) Lipid peroxidation and tissue damage. In Vivo 13: 295-
310).  
 H2O2 

+ Fe
2+ 

(or Cu
+
) → OH

• 
+ OH

− 
+ Fe

3+ 
(Cu

2+
). OH

• 
can lead to DNA damage, protein 

thiol oxidation and lipid peroxidation. Lipid peroxides may be further broken down to 
malondialdehyde (Mylonas C, Kouretas D (1999) Lipid peroxidation and tissue damage. 
In Vivo 13: 295-310) 

  
Acute exercise can produce an imbalance between EMODs and antioxidants, which is 
referred to as oxidative stress. Several studies have generally found that chronic exercise 
provokes an increase in enzymatic and non-enzymatic antioxidant defence (Ji LL (1999) 
Antioxidants and oxidative stress in exercise. Proc Soc Exp Biol Med 222: 283-292).  
This adaptation in response to training apparently serves the organism's need to facilitate 
protection against EMODs, but this is speculation. 
  
Despite the wealth of information regarding the effects of acute and chronic exercise on 
redox status, apparently, only one study (Marzatico F, Pansarasa O, Bertorelli L, 
Somenzini L, della Valle G (1997) Blood free radical antioxidant enzymes and lipid 
peroxides following long-distance and lactacidemic performances in highly trained 
aerobic and sprint athletes. J Sports Med Phys Fitness 37: 235-239) has compared the 
redox status of athletes of different sports. This is surprising, considering that the 
effects of acute exercise on oxidative stress have been reported to be dependent on 
exercise type (Bloomer RJ, Goldfarb AH, Wideman L, McKenzie MJ, Consitt LA (2005) 
Effects of acute aerobic and anaerobic exercise on blood markers of oxidative stress. J 
Strength Cond Res 19: 276-285) (Ilhan N, Kamanli A, Ozmerdivenli R, Ilhan N (2004) 
Variable effects of exercise intensity on reduced glutathione, thiobarbituric acid reactive 
substance levels, and glucose concentration. Arch Med Res 35: 294-300), which strongly 
implies that chronic exercise with different characteristics might provoke different 
adaptations in the redox system of athletes. Therefore, the aim of the present study was 
to compare the blood redox status of regular aerobic trained athletes (long-distance 
runners) and anaerobic trained athletes (short-distance runners).  
 
Long-distance runners had significantly higher by 26% VO2 max compared to 
short-distance runners. Hematocrit, hemoglobin, serum iron and serum ferritin 
concentrations did not differ between long-distance and short-distance runners, 
respectively. Serum catalase activity was found about three times higher in long-
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distance than short-distance runners, whereas no significant differences were found 
in any biochemical parameter between the two groups.  
 
Exhausting aerobic exercise increases the oxygen demand 10 to 15 times compared 
to rest, resulting in increased oxygen consumption, increased oxygen cell uptake and 
increased flow in the electron transport chain (Urso ML, Clarkson PM (2003) 
Oxidative stress, exercise, and antioxidant supplementation. Toxicology 189: 41-54), 
leading to an increased release of EMODs, mainly in the muscle but also in 
erythrocytes.   I believe that, according to the Free Radi-Crap theory, this should be 
fatal, but it is not. 
 
Anaerobic exercise can also lead to an increased release of EMODs, probably through 
other mechanisms, such as xanthine oxidase activation, acidosis and catecholamine 
oxidation (McCord JM (1985) Oxygen-derived free radicals in postischemic tissue injury. 
N Engl J Med 17: 159-163) (Siesjo BK, Bendek G, Koide T, Westerberg E, Wieloch T 
(1985) Influence of acidosis on lipid peroxidation in brain tissues in vitro. J Cereb Blood 
Flow Metab 5: 253-258).  
 
The present study compared several oxidative stress markers between long-distance and 
short-distance runners. This comparison revealed that the redox status of these two 
groups of athletes is similar except for the much higher catalase activity in long-distance 
runners. This difference was underlined by the significant positive correlation between 
VO2 max and catalase activity in long-distance runners.  
 
Apparently, there is only one study that has compared the redox status of athletes of 
different sports. In that study, malondialdehyde levels and the activity of three 
antioxidant enzymes of marathon runners were compared to that of sprinters. Marathon 
runners had twice as much catalase activity compared with sprinters, despite the fact 
that malondialdehyde levels and glutathione peroxidase activity were similar 
between the two groups. This is in accordance with these findings, with long-distance 
runners exhibiting about three times higher catalase activity than short-distance runners 
and no differences in TBARS.  
 
There is little information as where this increased activity of serum catalase activity in 
long distance runners came from. The most obvious answer is that it is the cumulative 
result of the regularly repeated aerobic exercise bouts. Indeed, based on a rather limited 
data, an acute bout of aerobic exercise has been reported to increase catalase activity in 
blood (Aguiló A, Tauler P, Fuentespina E, Tur JA, Cordova A, Pons A (2005) 
Antioxidant response to oxidative stress induced by exhaustive exercise. Physiol Behav 
84: 1-7) (Marzatico F, Pansarasa O, Bertorelli L, Somenzini L, della Valle G (1997) 
Blood free radical antioxidant enzymes and lipid peroxides following long-distance and 
lactacidemic performances in highly trained aerobic and sprint athletes. J Sports Med 
Phys Fitness 37: 235-239). (Tauler P, Gimeno I, Aguilo A, Guix MP, Pons A (1999) 
Regulation of erythrocyte antioxidant enzyme activities in athletes during competition 
and short-term recovery. Pflugers Arch 438: 782-787) even though there are also studies 
that did not find such an effect (Rokitzki L, Logemann E, Sagredos AN, Murphy M, 
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Wetzel-Roth W, Keul J (1994) Lipid peroxidation and antioxidative vitamins under 
extreme endurance stress. Acta Physiol Scand 151: 149-158) (Tauler P, Gimeno I, Aguilo 
A, Guix MP, Pons A (1999) Regulation of erythrocyte antioxidant enzyme activities in 
athletes during competition and short-term recovery. Pflugers Arch 438: 782-787).  
 
They believe that this large increase of catalase activity in long-distance runners is at 
least partly the result of the higher aerobic load imposed on those athletes due to the 
nature of their sport (ie, prolonged periods of exercise). Actually, despite the much 
greater affinity of glutathione peroxidase for H2O2 

compared to catalase, it has been 
documented that catalase activity increases when glutathione peroxidase is not 
sufficient to scavenge the increased levels of H2O2, a situation that may arise during 
endurance exercise.  
 
In the present report, except for catalase, they also measured several other indices of 
oxidative stress (ie, TBARS as a marker of lipid peroxidation, GSH and GSSG as the 
major redox couple in cells and TAC as an indicator of the overall antioxidant capacity of 
serum). All these parameters were chosen to cover as much as possible the adaptations of 
the blood redox balance of athletes. Nevertheless, they found no significant differences 
in any of these indices between the two groups of athletes.  
 
Regarding the glutathione system, chronic endurance exercise has been reported to either 
increase the antioxidant capacity of blood glutathione (ie, increasing the GSH/GSSG 
ratio; eg, Kretzschmar M, Muller D, Hubscher J, Marin E, Klinger W (1991) Influence of 
aging, training and acute physical exercise on plasma glutathione and lipid peroxides in 
man. Int J Sports Med 12: 218-222) or do not affect it (Tiidus PM, Pushkarenko J, 
Houston ME (1996) Lack of antioxidant adaptation to short-term aerobic training in 
human muscle. Am J Physiol 271: R832-R836).  
 
The effect of endurance training on blood TBARS concentration has also been found to 
be variable, since there are reports which show higher (eg, Santos-Silva A, Rebelo MI, 
Castro EM, Belo L, Guerra A, Rego C, Quintanilha A (2001) Leukocyte activation, 
erythrocyte damage, lipid profile and oxidative stress imposed by high competition 
physical exercise in adolescents. Clin Chim Acta 306: 119-126) or similar levels in 
endurance-trained humans compared to untrained individuals (eg, Ookawara T, 
Haga S, Ha S, Oh-Ishi S, Toshinai K, Kizaki T, Ji LL, Suzuki K, Ohno H (2003) Effects 
of endurance training on three superoxide dismutase isoenzymes in human plasma. Free 
Radic Res 37: 713-719). They are not aware of the effect of chronic endurance 
exercise on blood TAC in humans. What is evident from this short review is that the 
contradictions among studies are many thereby preventing a clear picture of the 
effects of exercise on these oxidative stress indices to emerge.   I agree. 
 
Published data shows that intensive aerobic exercise increases LDL oxidation in 
vitro (Sanchez Quesada JL, Homs Serradesanferm R, Serrat Serrat J, Serra Grima JR, 
Gonzalez Sastre F, Ordonez Llanos J. Increase of LDL susceptibility to oxidation 
occurring after intense, long duration aerobic exercise. Atherosclerosis 1995;118:297-
305)  (Benitez S, Sanchez-Quesada JL, Lucero L, Arcelus R, Ribas V, Jorba O, Castellvi 
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A, Alonso E, Blanco-Vaca F, Ordonez-Llanos J. Changes in low-density lipoprotein 
electronegativity and oxidizability after aerobic exercise are related to the increase in 
associated non-esterified fatty acids. Atherosclerosis 2002;160:223-32) (Wetzstein CJ, 
Shern-Brewer RA, Santanam N, Green NR, White-Welkley JE, Parthasarathy S. Does 
acute exercise affect the susceptibility of low density lipoprotein to oxidation? Free Radic 
Biol Med 1998;24:679-82) (Kaikkonen J, Kosonen L, Nyyssonen K, Porkkala-Sarataho 
E, Salonen R, Korpela H, Salonen JT. Effect of combined coenzyme Q10 and d-alpha-
tocopheryl acetate supplementation on exercise induced lipid peroxidation and muscular 
damage: a placebo-controlled double-blind study in marathon runners. Free Radic Res 
1998;29:85-92). 
 
It has been suggested that strenuous exercise may increase muscle oxygen influx and 
free radical generation (Jenkins RR. Exercise, oxidative stress, and antioxidants: a 
review. Int J Sport Nutr 1993;3:356-375) (Ji LL. Exercise at old age: does it increase or 
alleviate oxidative stress? Ann N Y Acad Sci 2001;928:236-47). 
 
Some investigators believe that acute aerobic endurance exercise may increase 
susceptibility of LDL to oxidation in vitro, and this may be harmful for the health of the 
runner (LDL oxidation and LDL particle size in the development of atherosclerosis.  
Ming-Lin Liu. Academic dissertation, Helsinki 2002). 

4.7 Genetics 

The major reason heart disease seems to plague certain families is genetics. 

Children of parents with heart disease are more likely to develop it themselves. African 
Americans have more severe high blood pressure than Caucasians and a higher risk of 
heart disease. Heart disease risk is also higher among Mexican Americans, American 
Indians, native Hawaiians and some Asian Americans. This is partly due to higher rates 
of obesity and diabetes. Most people with a strong family history of heart disease have 
one or more other risk factors. Just as you can't control your age, sex and race, you 
can't control your family history. 

Some of the following material was excerpted, abstracted or modified from :  Genetic 
Basis of Atherosclerosis: Part I New Genes and Pathways. Aldons J. Lusis, PhD; Alan M. 
Fogelman, MD; Gregg C. Fonarow, MD. Circulation. 2004;110:1868-1873.   

Atherosclerosis, the primary cause of coronary heart disease (CHD), involves numerous 
cell types and organs and a number of disparate physiological processes (Libby P. 
Inflammation in atherosclerosis. Nature. 2002; 420: 868–874).  The genetic basis of CHD 
is complex. This complexity is clearly illustrated by studies of rodent models; for 
example, experiments with transgenic and gene-targeted mice have revealed >100 
genes that can influence the development of atherosclerotic lesions.  

4.8 Rare and Common Genetic Differences Contributing to 
Susceptibility to Atherosclerosis  
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Single-gene (Mendelian) disorders with large effects are the most dramatic examples of 
the genetic contributions to atherosclerosis (Nabel EG. Cardiovascular disease. N Engl J 
Med. 2003; 349: 60–72).  However, most forms of the disease are the product of many 
genes with small effects that are modified by the environment and the effects of 
other genes, rather than of a single highly penetrant gene. Studies of identical twins 
are particularly informative because these twins share all of their genes, and such studies 

consistently indicate that genetic effects powerfully influence heart disease as well as 
most of its risk factors. Estimates of the heritability of CHD—the proportion of variance 

of the disease that correlates with genetic differences—are mostly in the range of 40% to 
60% (Motulsky AG, Brunzell JD. Genetics of coronary artery disease. In: King RA, 
Rotter JI, Motulsky AG, eds. The Genetic Basis of Common Disease. 2nd ed. New York, 
NY: Oxford University Press; 2002: 105–126).   

Genetic and Environmental Risk Factors for CHD  
 
Risk factors with a significant genetic component (heritability 

1. Elevated LDL and VLDL cholesterol (40%–60%) 
2.  Low HDL cholesterol (45%–75%) 
3. Elevated triglycerides (40%–80%) 
4. Increased body mass index (25%–60%) 
5. Elevated systolic blood pressure (50%–70%)   
6. Elevated diastolic blood pressure (50%–65%) 
7. Elevated lipoprotein(a) levels (90%) 
8. El  Elevated homocysteine levels ( 45%) 
9. Elevated lipoprotein(a) levels (90%) 
10. Elevated homocysteine levels ( 45%) 
11. Type 2 diabetes mellitus (40%–80%) 
12. Elevated fibrinogen (20%–50%) 
13. Elevated C-reactive protein ( 40%) 
14. Gender  
15. Age 
16. Family History 
17. Environmental risk factors 
18. Smoking 
19. Diet 
20. Exercise 
21. Infection 
22. Fetal environment 
23. Air Pollution 
Risk factors for CHD can be subdivided into those that are determined 
significantly by genetic differences and those that are largely environmental. 
Heritabilities of genetic risk factors are in parentheses.1

 

The classic genetic trait in heart disease is familial hypercholesterolemia (FH). Carl 
Miller, a physician at Oslo County Hospital, Norway, first described the disorder 70 
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years ago. He noted that the triad of elevated cholesterol, tendon xanthomas, and 
early heart disease segregated together in families, providing strong evidence for an 
association between blood lipids and atherosclerosis. Joseph Goldstein and Michael 
Brown further examined the disease in the early 1970s, and over the last 3 decades, their 
landmark studies have fostered many insights in the control of cholesterol levels and the 
etiology and treatment of CHD. Along the way, they discovered receptor-mediated 
endocytosis and novel mechanisms for transcriptional regulation by lipids. Their studies 
revealed that FH is the result of mutations that destroy the ability of the LDL 
receptor to mediate the binding, internalization, or degradation of LDL. Individuals 
carrying 2 mutant copies have extremely high levels of cholesterol (>600 mg/dL), 
whereas heterozygotes with 1 mutant copy have levels of 400 mg/dL. The penetrance of 
CHD in FH varies widely, dependent on modifier genes and the same lifestyle 
environmental risk factors that determine risk in noncarriers, including diet, 
smoking, and activity level. The frequency of heterozygotes in most populations is 
surprisingly high for a lethal disease, 1 in 500.  Unfortunately, FH is heterogeneous in 
most populations, the exception being founder populations such as French Canadians and 
Afrikaners, involving hundreds of different mutations of the LDL receptor gene. 
Nevertheless, rapid-mutation screening methods for FH have been developed.  

Our understanding of cholesterol transport and the control of lipoprotein levels has been 
transformed recently by the identification of ABC transporters as the cause of Tangier 
disease and sitosterolemia. Similarly, Lifton’s studies of rare Mendelian forms of 
hypertension have identified key processes in the control of blood pressure.   

During the past 20 years, the study of human genetics has been revolutionized by 
positional cloning, a combination of genetic and physical mapping that allows genetic 
differences to be identified solely on the basis of their locations in the genome. At 
present, 2000 different mendelian disease genes have been identified by positional 
cloning.  

Most of our success in understanding the genetic basis of common forms of 
atherosclerosis has come from studies of "candidate genes," genes identified by 
biochemists and subsequently examined for genetic differences and associations in 
populations. A good example of a candidate gene is apolipoprotein E (apoE). ApoE has 
been studied intensively as a central player in plasma lipid metabolism, in which it 
mediates the uptake of chylomicron and VLDL remnants by the LDL receptor and its 
cousin, LDL receptor-related protein (LRP). Common genetic differences 
(polymorphisms) of apoE were identified by Utermann and colleagues in the 1970s, and 
subsequent studies by many laboratories revealed clear associations with plasma 
cholesterol levels and type III hyperlipidemia (and later, Alzheimer disease). As 
compared with the E3 allele (population frequency 60%), the E4 allele (frequency 

30%) increases plasma cholesterol levels, whereas the E2 allele (frequency 10%) 
decreases plasma cholesterol levels. In the US population, these common variations of 
apoE explain 5% of the genetic variation in cholesterol levels. Type III hyperlipidemia 

is an interesting example of a genetic interaction. Almost all individuals with this 
uncommon (1 in several thousand) hyperlipidemia are homozygous for the E2 allele, but 
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most individuals who are homozygous for the E2 allele do not have the disorder. Thus, 
other genetic or environmental interactions are required to produce hyperlipidemia in 
addition to homozygosity for the E2 allele. 

Our knowledge of genetic differences contributing to CHD risk is greatest in lipid 
metabolism. In addition to apoE, convincing evidence suggests that common variations of 
hepatic lipase influence levels of HDL, that variations of the apoAI-CIII-AIV-AV locus 
contribute to plasma triglyceride levels, and that variations of the apo(a) gene determine 

90% of the population variance of Lp(a) levels. Both hepatic lipase and the apoAI-CIII-
AIV-AV cluster appear to influence LDL particle size, a predictor of CHD risk. However, 
these genetic differences together explain only a small fraction of the total variance 
of plasma lipid phenotypes. 

More than 2 dozen studies have revealed significant associations between polymorphisms 
of paraoxonase-1 (PON1) and measures of CHD (although about an equal number of 
studies have been negative).  PON1 is a serum esterase bound to HDL, first recognized 
for its ability to hydrolyze a metabolite of the insecticide parathion. PON1 was identified 
as a candidate gene for CHD because of its ability to inhibit the oxidation of LDL, and 
transgenic studies in mice have confirmed that PON1 is antiatherogenic in vivo. The 
studies with PON1 are especially significant in providing support for the oxidation 
hypothesis of atherosclerosis (Navab M, Ananthramaiah GM, Reddy ST, et al. The 
oxidation hypothesis of atherogenesis: the role of oxidized phospholipids and HDL. J 
Lipid Res. 2004; 45: 993–1007).  

A clustering of atherosclerotic risk factors termed the "metabolic syndrome" (MetSyn) is 
an especially common contributing factor to CHD. MetSyn is characterized by visceral 
adiposity, insulin resistance, low HDL cholesterol, hypertriglyceridemia, a systemic 
proinflammatory state, and small dense LDL, and it is a strong predictor of both 
CHD and type 2 diabetes mellitus (Reilly MP, Rader DJ. The metabolic syndrome: 
more than the sum of its parts? Circulation. 2003; 108: 1546–1551). At present in the 
United States, 25% of people >20 years old and 45% of people >50 years old exhibit 
MetSyn. Genetic differences in the nuclear receptor peroxisome proliferator-activator 

receptor-  (PPAR ) appear to play a key role in MetSyn and type 2 diabetes mellitus. 
Interestingly, PPAR  agonists are effective in correcting a number of features of MetSyn. 
Recent studies also have implicated common variations of the lipoprotein lipase (LPL) 
gene in MetSyn. LPL is an enzyme in capillary surfaces that hydrolyzes the triglyceride 
in plasma chylomicrons and VLDL, releasing free fatty acids for uptake by peripheral 
tissues. Human studies that suggest a role for PPAR  and LPL in MetSyn are strongly 
supported by studies with transgenic mice. 

4.8.1 Recent Progress 

In 2001, the complete sequence of the human genome was published, and with it came a 
powerful ability to identify genes, particularly for complex traits. Since that time, the 
trend has been a tremendous acceleration in the discovery of genes for complex traits, and 

this trend is likely to continue. The "HapMap" is an ongoing effort to identify all of the 
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major haplotypes (specific combinations of genetic differences in blocks on 
chromosomes) throughout the genome, and this is expected to greatly simplify 
association studies. One interesting example is the identification of the role of the 
oxidative phosphorylation pathway in type 2 diabetes mellitus (Mootha VK, Lindgren 
CM, Eriksson KF, et al. PGC-1alpha–responsive genes involved in oxidative 
phosphorylation are coordinately downregulated in human diabetes. Nat Genet. 2003; 34: 
267–273). 

An intriguing example of a disorder that results in early-onset heart disease independent 
of any known risk factors is Hutchinson-Gilford progeria. This rare mendelian disorder 
possesses many of the symptoms of extremely rapid aging, and death usually results from 
myocardial infarction (MI) at an early age (median age 13). Atherosclerosis is a rather 
specific feature of this disease because it does not result in many other disorders that are 

associated with aging such as dementia or cancer. Recent studies have revealed that the 
disorder is the result of a specific mutation of the lamin A gene, which culminates in 
an in-frame alternate splice transcript that encodes a peptide with a 50–amino acid 
deletion in the carboxyl terminus (Eriksson M, Brown WT, Gordon LB, et al. 
Recurrent de novo point mutations in lamin A cause Hutchinson-Gilford progeria 
syndrome. Nature. 2003; 423: 293–298).  Interestingly, different lamin A gene mutations 
result in a variety of different disorders including dilated cardiomyopathy, familial partial 
lipodystrophy, and muscular dystrophy. 

A large case-control study in which many candidate genes for CHD were examined for 
premature MI suggested the involvement of multiple members of the thrombospondin 
family of genes. These studies still require confirmation, but it is intriguing that 3 
different but related genes exhibited significant evidence of association. 

Genetic studies of a large family exhibiting dominant inheritance of early-onset CHD 
resulted in the identification of the transcription factor myocyte enhancer factor 2A 
(MEF2A) as the underlying gene. MEF2A is expressed in endothelial cells as well as in 

myocytes, but how it contributes to CHD is unknown. 

Association studies provide a means of testing the possible involvement of genes in a 
complex trait, but until recently the approach has been restricted to candidate genes 
previously recognized through biochemical studies. With the identification of hundreds of 
thousands of genetic differences, particularly single-nucleotide polymorphisms 
(SNPs), throughout the human genome, it has become possible to perform whole 
genome-association studies, in which polymorphisms of many of the 35 000 genes in 
the genome are queried for possible association with a complex trait. Ozaki et al 
performed such a whole genome-association study on populations in Japan and concluded 
that the most significant association with MI occurred with genetic differences of the 

lymphotoxin-  (LTA) gene. LTA is involved in inflammatory responses and the control 
of immunoglobulin levels. Schreyer and colleagues showed that a null mutation of the 
LTA gene in mice has a significant although modest effect on atherosclerotic lesion 
development in mice. 
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One powerful approach to the identification of genes for complex traits is the study of 
genetic isolates (ie, populations derived from a relatively small number of 
"founders"). Such populations tend to have reduced heterogeneity (a smaller number of 
disease-causing alleles) and other features that simplify positional cloning. Using the 
population of Iceland, a genetic isolate founded by the Vikings, workers at deCODE 
identified the gene encoding phosphodiesterase-4D (PDE4D) in ischemic stroke. They 
first used linkage analysis of families to map the gene to the long arm of chromosome 5 
and then saturated the region with genetic markers to test for association. By far the 
strongest association was observed with the PDE4D gene, and the genetic differences 

were shown to influence PDE4D expression. Cyclic adenosine monophosphate, a 
signaling molecule in the inflammatory responses of endothelial cells to oxidized 
lipids, is a substrate of PDE4D. 

4.8.2 Familial Combined Hyperlipidemia (FCHL) 

Familial combined hyperlipidemia (FCHL) is the most common discrete 

hyperlipidemia (population frequency 2%) and is a common cause of "early" CHD (
20% of middle-aged MI patients have FCHL). It was first recognized in 1973 by 
Goldstein and coworkers in studies of families that were enriched for early CHD. FCHL 
is characterized by elevated levels of plasma triglycerides or cholesterol or both, as well 
as by early CHD, and it exhibits an apparent dominant pattern of inheritance. Although 
the disorder was recognized >30 years ago, the major genes for FCHL have proved 
elusive. In studies of the Finnish isolate, Pajukanta and coworkers mapped the first major 
locus of FCHL to chromosome 1q21–23, and recently they provided strong evidence 
(based on association) that the gene underlying the linkage is the upstream transcription 
factor-1 (USF-1) gene. USF-1 is known to regulate many important genes in plasma lipid 
metabolism, including certain apolipoproteins and hepatic lipase. Linkage of type 2 
diabetes mellitus as well as FCHL to the region harboring the USF-1 gene has been 
observed in several different populations worldwide, raising the possibility that USF-1 
also may contribute to MetSyn and type 2 diabetes. 

Another useful approach to the identification of genes for common disease is to use 
animal models, particularly the mouse. Mehrabian and colleagues recently identified the 
gene for 5-lipoxygenase (5-LO) as a contributor to susceptibility to atherosclerosis in 
mice (Mehrabian M, Allayee H, Wong J, et al. Identification of 5-lipoxygenase as a 
major gene contributing to atherosclerosis susceptibility in mice. Circ Res. 2002; 91: 
120–126). Hypothesizing that polymorphisms of this gene also may contribute to 
susceptibility to CHD in human populations, Mehrabian et al subsequently demonstrated 
that a common promoter polymorphism of the 5-LO gene was associated with carotid 
intimal-medial thickness, a measure of atherosclerosis. 5-LO is a key enzyme in the 
production of leukotrienes, inflammatory mediators derived from the oxidation of 
arachidonic acid. Because the enzyme is expressed primarily in leukocytes, including 
monocyte-macrophages, it may affect the growth and survival of leukocytes in the vessel 

wall. Workers at deCODE reported that genetic differences in another gene in the 
leukotriene pathway, 5-LO–activating protein, confer the risk of MI and stroke in the 
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Icelandic isolate. They also showed that a separate haplotype of 5-LO–activating protein 
is associated with MI in patients in the United Kingdom. 

In recent years we have witnessed some dramatic advances in our understanding of 
genetic factors in CHD. It is clear that genetic factors acting directly on vascular cells or 
blood cells contribute importantly to susceptibility to CHD. In fact, studies of genetic 
susceptibility to atherosclerosis in mice suggest that such factors may be more important 
than those influencing the traditional risk factors (Allayee H, Ghazalpour A, Lusis AJ. 
Using mice to dissect genetic factors in atherosclerosis. Arterioscler Thromb Vasc Biol. 
2003; 23: 1501–1509).  

Reverse cholesterol transport and cholesterol efflux in atherosclerosis. R. Ohashi, H. Mu, 
X. Wang, Q. Yao and C. Chen. QJM: An International Journal of Medicine .  Volume 98, 
Number 12. Pp. 845-856. 

Reverse cholesterol transport (RCT) is a pathway by which accumulated cholesterol is 
transported from the vessel wall to the liver for excretion, thus preventing atherosclerosis. 
Major constituents of RCT include acceptors such as high-density lipoprotein (HDL) and 
apolipoprotein A-I (apoA-I), and enzymes such as lecithin:cholesterol acyltransferase 
(LCAT), phospholipid transfer protein (PLTP), hepatic lipase (HL) and cholesterol ester 
transfer protein (CETP). A critical part of RCT is cholesterol efflux, in which 
accumulated cholesterol is removed from macrophages in the subintima of the vessel wall 
by ATP-binding membrane cassette transporter A1 (ABCA1) or by other mechanisms, 
including passive diffusion, scavenger receptor B1 (SR-B1), caveolins and sterol 27-
hydroxylase, and collected by HDL and apoA-I. Esterified cholesterol in the HDL is 
then delivered to the liver for excretion.  

In patients with mutated ABCA1 genes, RCT and cholesterol efflux are impaired and 
atherosclerosis is increased. In studies with transgenic mice, disruption of ABCA1 genes 
can induce atherosclerosis. Levels of HDL are inversely correlated with incidences of 
cardiovascular disease. Supplementation with HDL or apoA-I can reverse 
atherosclerosis by accelerating RCT and cholesterol efflux. On the other hand, pro-
inflammatory factors such as interferon-gamma (IFN- ), endotoxin, tumor necrosis 
factor-alpha (TNF- ) and interleukin-1 beta (IL-1ß), can be atherogenic by 
impairing RCT and cholesterol efflux, according to in vitro studies. RCT and 
cholesterol efflux play a major role in anti-atherogenesis, and modification of these 

processes may provide new therapeutic approaches to cardiovascular disease.  

4.9 Obesity 

Being obese has some of the same effects on health as aging 20 years and is far more 
likely to cause chronic health problems than are smoking or heavy drinking, think-tank 
Rand found. 

People who have excess body fat — especially if a lot of it is at the waist — are more 
likely to develop heart disease and stroke even if they have no other risk factors. Excess 
weight increases the heart's work. It also raises blood pressure and blood cholesterol and 
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triglyceride levels, and lowers HDL ("good") cholesterol levels. It can also make diabetes 
more likely to develop. Many obese and overweight people may have difficulty losing 
weight. But by losing even as few as 10 pounds, you can lower your heart disease risk. 

Investigators estimated relative risks of mortality associated with different levels of BMI 
(calculated as weight in kilograms divided by the square of height in meters) from the 
nationally representative National Health and Nutrition Examination Survey 
(NHANES) I (1971-1975) and NHANES II (1976-1980), with follow-up through 1992, 
and from NHANES III (1988-1994), with follow-up through 2000. These relative risks 
were applied to the distribution of BMI and other covariates from NHANES 1999-2002 to 
estimate attributable fractions and number of excess deaths, adjusted for confounding 
factors and for effect modification by age.  

Relative to the normal weight category (BMI 18.5 to <25), obesity (BMI 30) was 
associated with 111 909 excess deaths (95% confidence interval and underweight with 
33 746 excess deaths. Overweight was not associated with excess mortality. The relative 
risks of mortality associated with obesity were lower in NHANES II and NHANES III 
than in NHANES I. 

The authors concluded that underweight and obesity, particularly higher levels of 
obesity, were associated with increased mortality relative to the normal weight 
category. The impact of obesity on mortality may have decreased over time, perhaps 
because of improvements in public health and medical care. These findings are consistent 
with the increases in life expectancy in the United States and the declining mortality rates 
from ischemic heart disease (Excess Deaths Associated With Underweight, 
Overweight, and Obesity. Katherine M. Flegal, PhD; Barry I. Graubard, PhD; David F. 
Williamson, PhD; Mitchell H. Gail, MD, PhD. JAMA. 2005;293:1861-1867).  

Obesity is defined as an excess body weight with an abnormal high preponderance of 

body fat and is a condition that increases the incident risk of cardiovascular disease.  The 
exact mechanism(s) to explain this phenomenon, however, are controversial and 
unknown.   

A review of 70 studies demonstrated that weight reduction usually lowers cholesterol by 
about 10% depending upon the amount of weight lost (Datillo AM, Kris-Etherton PM. 
Effects of weight reduction on blood lipids and lipoproteins:  a meta-analysis.  American 
Journal of Clinical Nutrition. 56, 320-328, 1992).  

Measurement of F2-isoprostanes (F2-IsoPs) is the most accurate method to quantify 
oxidant stress in humans. IsoPs are increased in persons with hypercholesterolemia, 
diabetes mellitus, and hyperhomocysteinemia, and in chronic heavy cigarette 
smokers, suggesting that certain populations at risk for atherosclerosis are under 
increased oxidative stress. These observations are important with respect to 
atherosclerotic cardiovascular disease because they suggest that oxidative injury may 
have a relatively more important role in the development and/or progression of the 
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disease in certain human populations and that therapeutic strategies to decrease oxidant 
stress should, perhaps, be targeted to select individuals. 

In the article by Keaney et al, it is reported that an association exists between increasing 
body mass index (BMI) and increasing systemic oxidant stress (Keaney JF, Larson 
MG, Vasan RS, Wilson PWF, Lipinska I, Corey D, Massaro JM, Sutherland P, Vita JA, 
Benjamin EJ. Obesity and systemic oxidant stress: clinical correlates of oxidative stress 
in the Framingham Study. Arteroscl Thromb Vasc Biol. 2003; 23: 434–439).  

Using the quantification of urinary F2-IsoPs, the authors show in nearly 3000 patients 
involved in the Framingham Heart Study that enhanced IsoP formation in both men and 
women is strongly associated with increasing BMI. These findings add credence to two 
much smaller studies in which overweight/obesity was associated with enhanced oxidant 
stress (Block G, Dietrich M, Norkus E, Morrow JD, Hudes M, Caan B, Packer L. 
Determinants of oxidative stress in human populations. Am J Epidemiol. 2002; 156: 274–
285) (Davì G, Guagnano MT, Ciabatton G, Basili S, Falco A, Marinopiccoli M, Nutini 
M, Sens S, Patrono C. Platelet activation in obese women role of inflammation and 
oxidant stress. JAMA. 2002; 288: 2008–2014).  In addition to obesity, smoking and 
diabetes were independently associated with increased IsoP excretion. The importance of 

the work by Keaney et al compared with previous reports, however, is that the study 
population was not a smaller, targeted one, but it involved a large community-based 
cohort of otherwise healthy individuals.  

An important question raised by this report relates to mechanisms by which 
overweight/obesity induces oxidant stress. It is likely that multiple pathways 
contribute because overweight/obesity is not only associated with increased oxidant 
stress but also with elevated systemic inflammation and activation of coagulation 

cascades (RH, Barouch WW, Ershow AG. Report of the National Heart, Lung, and Blood 
Institute-National Institute of Diabetes and Digestive and Kidney Diseases Working 
Group on the pathophysiology of obesity-associated cardiovascular disease. Circulation. 
2002; 105: 2923–2928) (Chan JC, Cheung JC, Stehouwer CD, Emeis JJ, Tong PC, Ko 
GT, Yudkin JS. The central roles of obesity-associated dyslipidaemia, endothelial 
activation and cytokines in the Metabolic Syndrome–an analysis by structural equation 
modelling. Int J Obes Relat Metab Disord. 2002; 26: 994–1008).  

A number of pathways capable of generating injury-inducing free radicals derived largely 
from molecular oxygen are known to be perturbed in association with obesity. For 
example, the renin-angiotensin system is upregulated in obesity. Angiotensin II has been 
shown to induce NADPH oxidase in various tissues with a resulting increase in 
superoxide production. Angiotensin II has also been shown to increase LDL uptake by 
macrophages, resulting in enhanced lipoprotein oxidation. Further, obesity has been 
associated with reduced antioxidant defense mechanisms, including decreased erythrocyte 
glutathione and glutathione peroxidase (Trevisan M, Browne R, Ram M, Muti P, 
Frudenheim J, Carosella AM, Armstrong D. Correlates of markers of oxidative status in 
the general population. Am J Epidemiol. 2001; 154: 348–356).  
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The metabolic syndrome predisposes to the development of cardiovascular diseases. 
Oxidative stress and elevated circulating oxidized low-density lipoprotein (LDL) 
concentrations are related to cardiovascular disease and proposed to be features of the 

metabolic syndrome. F2-isoprostanes are lipid peroxidation products and considered the 
most reliable biomarkers of oxidative stress.  Plasma oxidized LDL (oxLDL) and urinary 

8-iso-prostaglandin F2  (8-iso-PGF2 ; the major F2-isoprostane) were analyzed in a cross-
sectional study of 289 healthy men (62 to 64 years of age). Conclusions— There were 
no increases in plasma oxLDL or measures of oxidative stress (urinary 8-iso-PGF2 ) 
in these otherwise healthy 63-year-old men with the metabolic syndrome. 
Furthermore, no relationship between oxLDL and 8-iso-PGF2  was found, but their 
results suggest a role for dietary factors in oxidative stress.  Increases of oxLDL and 
measures of oxidative stress have been proposed to be related to the metabolic syndrome. 
However, in this study, oxLDL and measures of oxidative stress were not increased 
in otherwise healthy individuals with the metabolic syndrome. Furthermore, no 
relationships between oxLDL and measures of oxidative stress were found (Measures 
of Oxidized Low-Density Lipoprotein and Oxidative Stress Are Not Related and Not 
Elevated in Otherwise Healthy Men With the Metabolic Syndrome. Per Sjogren; Samar 
Basu; Magdalena Rosell; Angela Silveira; Ulf de Faire; Bengt Vessby; Anders Hamsten; 
Mai-Lis Hellenius; Rachel M. Fisher. Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2005;25:2580).  

 
Obesity has been shown paradoxically to enhance survival of patients undergoing 

haemodialysis. This phenomenon is called reverse epidemiology, risk factor reversal or 
altered risk factor pattern (Kalantar-Zadeh K, Abbott KC, Salahudeen AK, Kilpatrick 
RD, Horwich TB. Survival advantages of obesity in dialysis patients. Am J Clin Nutr 
2005; 81: 543–554).  Several mechanisms have been postulated as potential causes of or 
explanations for the phenomenon of reverse epidemiology in patients undergoing 
haemodialysis. These include the malnutrition inflammation complex syndrome, 
alterations in circulating cytokines, unique neurohormonal constellations, endotoxin–
lipoprotein interaction, reverse causality, survival bias and time discrepancies among 
competitive risk factors. It is not clear whether these mechanisms are specific for renal 
patients, as other conditions such as congestive heart failure, advanced age and 
malignancy are also associated with risk factor reversal. Nevertheless, these findings raise 
the question of whether obese patients undergoing haemodialysis should be advised to 
lose weight. 
 
A similar reverse epidemiology of obesity has been described in geriatric populations and 
in patients with chronic heart failure (CHF). 

For reasons not fully understood, when people gain a lot of weight, the system that 
regulates blood sugar becomes more likely to falter, which can cause fatigue, slow 
healing, blurred vision and impotence in men. 

Who are the heaviest hitters in the obesity epidemic? The Centers for Disease Control 
and Prevention's National Health Interview Survey and the National Weight Report Study 
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by the Coalition for Excess Weight Risk Education ranked 33 metropolitan areas 
according to the number of residents considered obese by body mass index.  

1 New Orleans (37.5%) 
2 Norfolk (34%) 

3 San Antonio (33%) 
4 Kansas City (32%) 
5 Cleveland (32%) 

6 Detroit (31%) 
7 Columbus, Ohio (31%) 

8 Cincinnati (31%) 
9 Pittsburgh (30%) 
10 Houston (29% 

In America as a whole, obesity is up 65 percent over the last decade, according to the 
CDC. Studies show that, nationally, one in four schoolchildren is overweight and one in 
eight is obese -- double the levels found 20 years ago. 

Physicians and insurers determine whether someone is underweight, of normal weight or 
obese by calculating the person’s BMI: body mass index. 

To calculate your BMI, multiply your weight, in pounds, by 703. Then multiply your 
height in inches by itself. Divide the first number by the second, and that's your BMI. 

Generally, a BMI of below 18.5 is considered underweight, and anything between 
18.5 and 25 is considered normal. More than 25 is overweight, more than 30 is obese, 
and more than 35 is generally considered morbidly obese. But there's a certain amount of 
leeway in those numbers. 

BMI isn't a perfect measure because it doesn't differentiate muscle from fat. One 
report put bodybuilder/actor Arnold Schwarzenegger’s BMI at 33, but he is not obese. 

 5.0 Cigarette Smoking 

Smokers' risk of developing coronary heart disease is 2–4 times that of nonsmokers. 
Cigarette smoking is a powerful independent risk factor for sudden cardiac death in 
patients with coronary heart disease; smokers have about twice the risk of nonsmokers. 
Cigarette smoking also acts with other risk factors to greatly increase the risk for 
coronary heart disease. People who smoke cigars or pipes seem to have a higher risk of 
death from coronary heart disease (and possibly stroke) but their risk isn't as great as 
cigarette smokers'. Exposure to other people's smoke increases the risk of heart disease 
even for nonsmokers. 

The Surgeon General's report estimates that smoking increases atherosclerotic 
disease by 50% and doubles the incidence of coronary artery disease (United States 
Department of Health and Human Services. Reducing the health consequences of 
smoking: 25 years of progress. Report Surgeon General DHSS CDC 89–8411, 1989). I 
believe that this is due to the obvious decrease in available ground state oxygen for 
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tissues, organs and cells and thus, deficiency states of EMODs allow the progression 
of sclerotic disease.   

Smoking cessation is quite effective in lowering the future risk of the disease. In fact, 
the risk of heart attack in ex-smokers approaches that of nonsmokers in only 2 years 
(Gaziano JM. Epidemiology of risk factor reduction. In: Vascular Medicine, edited by 
Loscalzo J, Creagher M, and Dzau V. Boston, MA: Little Brown, 1996, p. 569–586).  I 
believe that this is due to “spontaneous regression” of atherosclerosis and is due to 
resumption of adequate levels of oxygen which can generate adequate levels of 
EMODs to combat accumulation of microaggregates.  Cigarette smoking is believed 
to be unequivocally linked to atherosclerosis and the incidence of myocardial 
infarction (Hammond EC and Horn D. Smoking and death rates: report on forty-four 
months of follow-up of 187,783 men. 2. Death rates by cause. J Am Med Assoc 166: 
1294–1308, 1958).    

5.1 Hypertension 

High blood pressure increases the heart's workload, causing the heart to thicken and 
become stiffer. It also increases your risk of stroke, heart attack, kidney failure and 
congestive heart failure. When high blood pressure exists with obesity, smoking, high 
blood cholesterol levels or diabetes, the risk of heart attack or stroke increases several 
times. 

Hypertension is defined as a systolic blood pressure in excess of 140 mmHg or a diastolic 
blood pressure above 90 mmHg and up to 75% of people over 75 years of age qualify 
for this diagnosis.  It is claimed that both heart attack and stroke are significantly 
reduced in hypertensive patients with the institution of antihypertensive therapy.  
However,  I believe that hypertension is related to aging and it may be that the body 
now requires more “pressure” to deliver the basic oxygen levels to the cells. 

5.2 Diabetes Mellitus 

Diabetes seriously increases your risk of developing cardiovascular disease. Even when 
glucose (blood sugar) levels are under control, diabetes increases the risk of heart disease 
and stroke, but the risks are even greater if blood sugar is not well controlled. About 
three-quarters of people with diabetes die of some form of heart or blood vessel disease. 

In patients with diabetes, the risk of coronary atherosclerosis is three- to fivefold 
greater than in nondiabetics despite controlling for other risk factors (“clustering”) 
(which I call an EMOD insufficiency syndrome) (Bierman EL. George Lyman Duff 
Memorial Lecture. Atherogenesis in diabetes. Arterioscler Thromb 12: 647–656, 1992) 
(Pyorala K, Laakso M, and Uusitupa M. Diabetes and atherosclerosis: an epidemiologic 
view. Diabetes Metab Rev 3: 463–524, 1987).  Hypertension and abnormal lipids are also 
more common in diabetics than the general population, but despite this association, no 
more than 25% of the excess coronary atherosclerosis risk from diabetes can be 
attributed to these known risk factors.  I believe that this is due to the fact that 
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hyperglycemia results in deficiency levels of EMODs.  Also, remember that H2O2 
has insulin-mimetic activity.   

The clustering of cancer, atherosclerosis, diabetes, arthritis, obesity and cataracts 
leads me to believe that this is due to an “EMOD insufficiency syndrome.”  

Investigators previously reported damage and elevated biogenesis in cardiac 
mitochondria of a type 1 diabetic mouse model and proposed that mitochondria are one 
of the major targets of oxidative stress. This study targeted overexpression of the 
mitochondrial antioxidant protein manganese superoxide dismutase (MnSOD) to 
the heart to protect cardiac mitochondria from oxidative damage. Transgenic hearts 
had a 10- to 20-fold increase in superoxide dismutase (SOD) activity, and the transgenic 
SOD was located in mitochondria. The transgene caused a twofold increase in cardiac 
catalase activity. MnSOD transgenic mice demonstrated normal cardiac morphology, 
contractility, and mitochondria, and their cardiomyocytes were protected from exogenous 
oxidants. Crossing MnSOD transgenic mice with the type 1 model tested the benefit of 
eliminating mitochondrial reactive oxygen species. Overexpression of MnSOD improved 
respiration and normalized mass in diabetic mitochondria. MnSOD also protected the 
morphology of diabetic hearts and completely normalized contractility in diabetic 
cardiomyocytes. These results showed that elevating MnSOD provided extensive 
protection to diabetic mitochondria and provided overall protection to the diabetic 
heart (Protection of Cardiac Mitochondria by Overexpression of MnSOD Reduces 
Diabetic Cardiomyopathy.  Shen X, Zheng S, Metreveli NS, Epstein PN.  Diabetes. 2006 
Mar;55(3):798-805).  I believe that this is directly due to the increased production of 
H2O2 by SOD. 

Type 2 diabetes is associated with a 2- to 4-fold increased risk for CAD. The excess risk 
for CAD may be in part attributed to insulin resistance, hyperinsulinemia, obesity and 
dyslipidemia. Dyslipidaemia in type 2 diabetes includes elevated levels of plasma TG, 
low levels of HDL, a preponderance of small dense LDL, and increased postprandial 
lipaemia. As expected, the preponderance of small dense LDL has been consistently 
reported in type 2 diabetes, since the key determinant of LDL particle size is plasma TG 
concentration. Importantly, small dense LDL is derived from large VLDL1 particles that 
are elevated in type 2 diabetic patients. 
 
Hyperinsulinemia and hyperglycemia may enhance the production of free radicals and 
induce oxidative stress [265,266] that may also contribute to increased risk for CAD in 
diabetes  (Facchini FS, Hua NW, Reaven GM, Stoohs RA. Hyperinsulinemia: the missing 
link among oxidative stress and age-related diseases? Free Radic Biol Med 
2000;29:1302-6) (Ceriello A. Oxidative stress and glycemic regulation. Metabolism 
2000;49:27-9) (Haffner SM. Clinical relevance of the oxidative stress concept. 
Metabolism 2000;49:30-4).  
 
In diabetes, oxidative stress is believed to be caused by both an increased formation 
of plasma free radicals and a reduction in antioxidant defenses. Free radical 
production caused by hyperglycemia may occur via different routes: nonenzymatic 
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glycation, auto-oxidation of glucose, and intracellular activation of the polyol pathway 
(Ceriello A. Oxidative stress and glycemic regulation. Metabolism 2000;49:27-9).  
 
Reduced total antioxidant capacity has been reported in the patients with type 2 diabetes. 
In diabetes, oxidative stress may enhance micro- and macro-vascular diseases by 
promoting LDL oxidation and platelet activation, and endothelial dysfunction. 
Endothelium is a monolayer that lines all the blood vessels and it is the largest autocrine, 
paracrine, and endocrine organ of the body. The endothelium regulates vessel tone, 
platelet activation, monocyte adhesion, thrombogenesis, inflammation, lipid 
metabolism, and vessel growth and remodeling. Some of these functions of 
endothelium can be modulated by endothelium-derived nitric oxide (NO), which is 
synthesized from L-arginine through the action of the NADPH-dependent enzyme nitric 
oxide synthase (NOS).   
 
Small dense LDL has been reported to be associated with endothelial dysfunction in type 
1 and type 2 diabetic patients as well as in healthy subjects in some, but not in all studies. 
The data on the association between endothelial dysfunction and susceptibility of 
LDL to oxidation in vitro, or autoantibodies against oxidized LDL are also 
inconsistent. 

High Blood Glucose Levels in Early Pregnancy May Deprive Embryo of Oxygen 
and Lead to Birth Defects; Joslin Diabetes Center Study Shows 4/25/05 

The babies of women with diabetes are two to five times more likely to develop birth 
defects than offspring of women without the disease. A recent study in animals by 
scientists at Joslin Diabetes Center in Boston helps explain why. The research, appearing 
the October 2005 issue of the American Journal of Physiology: Endocrinology and 
Metabolism, suggests that high blood glucose levels early in pregnancy deprive the 
embryo of oxygen, interfering with its development.  
 
"Until recently, it was not understood how diabetic pregnancy could cause birth defects. 
Her laboratory wanted to explore this research because the more they know about the 
effects of the mother's diabetes on the embryo, the more tools we have to identify 
therapies that may prevent birth defects in diabetic pregnancy," says the study's lead 
investigator, Mary R. Loeken, Ph.D., an investigator in Joslin's Section on 
Developmental and Stem Cell Biology and Assistant Professor of Medicine at Harvard 
Medical School.  
 
Women with both type 1 and type 2 diabetes run a high risk of having babies with 
birth defects, especially of the heart and spinal cord. Because these organs form 
during the first few weeks of pregnancy, coinciding with the time that a woman may first 
learn she is pregnant, aggressive control of blood glucose levels just before and after 
conception is critical. "Women with diabetes should be consulting with their healthcare 
team to be sure they have good glycemic control before becoming pregnant," says Dr. 
Loeken. Maintaining blood glucose control continues to be important throughout the 
pregnancy, but it is particularly important during the first eight weeks, when an embryo's 
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organs are forming.  
 
There have been several recent reports of increased birth defects in the pregnancies 
of obese women. "Many obese individuals have type 2 diabetes and do not know it. In 
the new study, Dr. Loeken and her colleagues examined embryos of pregnant mice 
injected with glucose to mimic diabetic pregnancy. The researchers knew that oxygen is 
needed by cells to break down glucose and produce energy, and that normally, when 
oxygen is consumed, more oxygen is delivered to tissues by increasing blood flow to 
those tissues. However, at the stage of embryonic development in which birth defects in 
women with diabetes frequently are believed to occur, the embryo does not yet have a 
heart or blood supply, and so the scientists theorized it might not be possible to replace 
oxygen as rapidly as it is consumed. This has the potential to cause hypoxic stress, or 
damage to cells caused by low oxygen (hypoxia).  
 
Working in collaboration with Peter Smith, Ph.D., Director of the BioCurrents Research 
Center at the Marine Biological Laboratory at Woods Hole, Mass., Dr. Loeken found that 
the oxygen concentrations in embryos of mice injected with glucose were 
significantly lower than in control embryos. This demonstrated that breaking down 
higher amounts of glucose caused oxygen to be used up faster than it could be delivered.  
 
The researchers then injected pregnant mice with glucose, or exposed them to varying 
levels of oxygen to see if raising and lowering oxygen delivery to the embryos had the 
same effect as raising and lowering glucose. The scientists' goal was to see whether 
oxygen deprivation is what mediates the effects of high glucose on the embryo in 
pregnant diabetic mice. Dr. Loeken's lab had previously found that inducing high blood 
glucose levels in pregnant mice suppressed Pax3 expression in embryos. Pax3 is a 
gene required for healthy formation of the brain and spinal cord.  
 
In the new study, the researchers found that restricting oxygen delivery (by housing 
pregnant mice for one day in cages containing 12 percent oxygen - a concentration that 
did not cause any stress to the mothers, but which might significantly reduce the amount 
of oxygen delivered to the uterus - instead of 20 percent oxygen contained in room air at 
sea level) had the same effect as high glucose. In fact, embryos from pregnant mice 
with high blood glucose levels, or oxygen-restricted mice, had five-fold decreases in 
Pax3 expression and eight-fold increases in a severe type of birth defect called 
neural tube defects.  

Conversely, increasing the oxygen delivery to pregnant diabetic mice (by housing 
them in cages containing 30 percent oxygen) blocked the decrease in Pax3 
expression and neural tube defects in their embryos.  
 
Neural tube defects occur when parts of the brain, spinal cord, or their protective 
coverings fail to develop properly. For example, spina bifida - the most common neural 
tube defect in humans - results from the incomplete closure of the spinal cord. Neural 
tube defects and heart abnormalities are the most common birth defects affecting 
babies born to women with diabetes.  
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Previous research by Dr. Loeken and others has shown that in pregnant mice, high blood 
glucose levels boost an embryo's production of free radicals - products of metabolism that 
cause oxidative stress, and that oxidative stress leads to birth defects. These new 
experiments showed that glucose also caused hypoxic stress in embryos. However, what 
Dr. Loeken and her colleagues did not know was whether glucose caused two different 
disturbances, hypoxic stress and oxidative stress, each having separate effects on Pax3 
expression, or whether the two disturbances were linked. To their surprise, when they 
investigated the production of free radicals, they found that embryos of oxygen-
restricted mice showed the same three- to five-fold changes in markers of oxidative 
stress as did embryos of glucose-injected mice.  

Conversely, the markers of oxidative stress were suppressed in embryos of oxygen-
supplemented diabetic mice. These results suggest that the lack of oxygen caused by 
increased glucose consumption triggers the production of free radicals, which then causes 
birth defects, Dr. Loeken explains.  
 
The researchers also found that administration of high levels of antioxidants - which keep 
free radicals from wreaking cellular havoc - prevented the decrease in Pax3 expression 
and birth defects in embryos of diabetic mice. This lends weight to the theory that lack 
of oxygen and the accompanying increase in free radical production that occurs in 
mice with high blood glucose levels are what ultimately increase risk of birth 
defects. "We're trying to pinpoint all the steps that occur between oxygen deprivation and 
gene expression, and to identify the signals and molecules that regulate Pax3," Dr. 
Loeken says. Funding for this study was provided in part by the National Institutes of 
Health. The citation for the article is Am J Physiol Endocrinol Metab 289: E591-E599, 
2005 (October). 

5.3 Cognitive Impairment 

Atherosclerosis and Alzheimer's disease share many convergent elements (Casserly, I., 
and Topol, E. (2004) Lancet 363, 1139-1146), including hypercholesterolemia, oxidative 
stress, and inflammation. 

Vitamin E had no benefit in patients with mild cognitive impairment. Although 
donepezil therapy was associated with a lower rate of progression to Alzheimer's disease 
during the first 12 months of treatment, the rate of progression to Alzheimer's disease 
after three years was not lower among patients treated with donepezil than among those 
given placebo (Vitamin E and Donepezil for the Treatment of Mild Cognitive 
Impairment. R. C. Petersen et al. Number 23. Volume 352:2379-2388, 2005). 
 
Investigators conducted a double-blind, placebo-controlled, randomized, multicenter trial 
in patients with Alzheimer's disease of moderate severity. A total of 341 patients received 
the selective monoamine oxidase inhibitor selegiline (10 mg a day), alpha-tocopherol 

(vitamin E, 2000 IU a day), both selegiline and alpha-tocopherol, or placebo for two 
years.  In patients with moderately severe impairment from Alzheimer's disease, 
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treatment with selegiline or alpha-tocopherol slows the progression of disease (A 
Controlled Trial of Selegiline, Alpha-Tocopherol, or Both as Treatment for Alzheimer's 
disease.  Mary Sano et al. Number 17. Volume 336:1216-1222, 1997). 

Zou et al. (Zou, K., Gong, J. S., Yanagisawa, K., and Michikawa, M. (2002) J. Neurosci. 
22, 4833-4841) suggested that monomeric -amyloid behaves as an antioxidant, 
whereas oligomerized -amyloid loses its antioxidant activity.  

It was shown that cholesterol and monomeric -amyloid protect against apoptosis 
(Sponne, I., Fifre, A., Kriem, B., Koziel, V., Bihain, B., Oster, T., Olivier, J. L., and 
Pillot, T. (2004) FASEB J. 18, 836-838).   -Amyloid was also reported to promote 
oxidative stress directly by catalytically producing H2O2 from cholesterol (Opazo, C., 
Huang, X., Cherny, R. A., Moir, R. D., Roher, A. E., White, A. R., Cappai, R., Masters, 
C. L., Tanzi, R. E., Inestrosa, N. C., and Bush, A. I. (2002) J. Biol. Chem. 277, 40302-
40308). 

5.4 Mental and Physical Stressors 
 
Since the times of Galen [200 AD] it has been of public domain that the mind can 
influence the body (Holden C. Cancer and Mind: How are They Connected? Science 
1978; 200: 1363-1369), particularly in disorders related to immunity (Solomon GF & 
Moos RH. Emotions, Immunity, and Disease. A Speculative Theoretical Integration. 
Arch General Psychiat 1964; 11: 657-674). 
 
Individual response to stress may be a contributing factor. Some scientists have noted a 
relationship between coronary heart disease risk and stress in a person's life, their health 
behaviors and socioeconomic status. These factors may affect established risk factors. 
For example, people under stress may overeat, start smoking or smoke more than they 
otherwise would. 
 
Researchers at the University of Utah recruited 150 married couples and asked them to 
pick a topic that often triggers marital conflict (such as in-laws, finances and household 
chores). Then, the researchers asked them to discuss the topic for six minutes while being 
videotaped. Some couples discussed their topics calmly, but others escalated into 
hostility, domineering remarks and verbal sniping. Then, all the participants had CT 
scans to check out their coronary arteries (when these arteries clog with cholesterol and 
plaque, blood can’t flow easily through the heart, leading to heart attacks).  
 
The CTs showed that the coronary arteries of both husbands and wives whose 
discussions were most heated and hostile were in much worse shape than the blood 
vessels of the calmer couples. Theoretically, the clogging process may stem from stress 
that raises blood pressure, which damages arteries making them more vulnerable to 
dangerous deposits of cholesterol and plaque. Learning to discuss marital matters calmly 
may lead to a healthier heart, the researchers suggested. 
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Research seems to confirm that depression may lead to heart disease.  Some of the 
following material was excerpted or modified from:  an article first printed in the April 
2003 issue of the Harvard Mental Health Letter. 

The English language has many words that suggest a connection between depression and 
the heart. We talk of heartache and describe ourselves and others as heartsick, 
downhearted, or heartbroken. These words convey an intuition that scientific studies have 
repeatedly confirmed. What we don’t yet know is the exact nature of any connection 
to so called oxidative stress or whether treating depression can help prevent heart 
disease and prolong the lives of people with heart conditions.  

A mass of research, much of it conducted since the 1990s, has consistently shown that 
depressed people are more vulnerable to coronary artery disease, ischemia (lowered 
blood supply and oxygen to the heart muscle), congestive heart failure, and coronary 
events such as heart attacks, a need for angioplasty or bypass surgery, and death from 
heart attacks or cardiac arrest. These associations between depressive stress and CVD 
hold even after many other risk factors for heart disease are accounted for, 
including age, sex, smoking, cholesterol levels, blood pressure, weight-height ratio, 
and other chronic illnesses. In one of the reviews, covering 11 studies with more than 
36,000 participants, analysts found that the risk was up to four times greater in some 
groups. For example: 

• In a six-year study of 5,000 people age 65 and over, those who had frequent 
depressive symptoms were 40% more likely to develop coronary artery disease 
and 60% more likely to die. For every 5% increase in the score on a standard 
rating scale for depression, the risk of developing coronary artery disease within 
six years rose by 13% and the risk of dying by 11%.  

• 1,200 Johns Hopkins Medical School students were tracked every five years for 
nearly 40 years. Clinical depression at any time, even a depressive episode more 
than 10 years in the past, doubled the risk of developing coronary artery disease 
and raised the risk for a heart attack by 20%.  

• In a four-year study of 2,400 subjects with and without heart disease, those who 
had depressive symptoms were at a 60% greater than average risk for cardiac 
death, and those with clinical depression had a nearly fourfold risk.  

• Men in their 50s with high levels of depression and anxiety were over three times 
more likely than average to have a fatal stroke during the next 14 years.  

• 4,500 volunteers with high blood pressure (but no symptoms of heart disease), age 
60 and over, answered a questionnaire on depressive symptoms. Clinical 
depression nearly tripled the risk of congestive heart failure during the next 4 1/2 
years. Eight percent of the depressed subjects developed heart failure, compared 
to 3% of those who were not depressed.  
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Optimistic hearts do better than angry ones.  Even among people who are not 
clinically depressed, the more optimistic and cheerful have a lower rate of heart 
disease: 

• Among 600 healthy people ages 30–60 with siblings who had developed heart 
problems at an early age, those who showed a “positive outlook” on personality 
tests were half as likely to experience a cardiac event in the following eight years.  

• In a 10-year study of 1,300 men, each increase in level of optimism as indicated 
by answers to a personality test reduced the chance of developing chest pain and 
coronary artery disease by 25%. The most optimistic group of men also had a 
lower risk for heart attack or death from heart disease than the most pessimistic.  

The anger that often accompanies pessimism and depression is also a risk factor for heart 
disease: 

• People with normal blood pressure who scored high on a rating scale for anger 
were nearly three times more likely to have a heart attack or require bypass 
surgery within the next five years.  

• People in their 20s who showed above-average levels of hostility on 
questionnaires were 2.5 times more likely to develop signs of atherosclerosis 
within 10 years.  

• In a three-year study, hostility as measured by a personality test predicted heart 
attacks, angina, and ischemic heart disease better than high cholesterol, smoking, 
or height-weight ratio.  

Depression can wither a damaged heart.  

The prognosis is worse for existing heart conditions when they are accompanied by 
depression. Patients who show symptoms of depression while hospitalized for a heart 
attack or bypass surgery are 3–4 times more likely to suffer another cardiac event or die 
in the following months or years, independent of the severity of their physical symptoms. 
That extra risk is especially significant because at least 30% of hospitalized patients with 
coronary artery disease have some depressive symptoms, and depression may be even 
more common in stroke survivors. Consider the following evidence: 

• 17% of patients described as clinically depressed in the aftermath of a heart attack 
died within six months, compared to 3% of those who were not depressed. Major 
depression predicted death within 18 months better than any other risk factor. 
Patients with major depression were eight times more likely to die than those with 
mild to moderate depressive symptoms, but even very mild depression raised the 
risk.  

• In a group of heart attack survivors age 65 and over, depression quadrupled the 
risk of death within four months (27% versus 7%).  

• Among 400 patients over 50 who were hospitalized with congestive heart failure, 
more than 75% had some symptoms of depression. Six months later, only 30% of 
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patients with no or few depressive symptoms but 60% of the most depressed had 
shown a functional decline or had died.  

It makes biological sense that depression should be hard on the heart because depressed 
people are under chronic stress. In the normal reaction to an acute emergency, called 
the fight-or-flight response, the adrenal glands release the stress hormones 
adrenaline and cortisol. The heart speeds up, blood vessels are constricted, and clotting 
factors in the blood are activated as preparation for a possible injury. This response 
burdens the heart muscle and reportedly reduces the supply of blood to the coronary 
arteries. 

Normally, a feedback system prevents the stress response from persisting when the 
emergency is over. The brain detects high levels of cortisol in the blood and signals the 
pituitary gland to stop releasing hormones that activate the adrenal glands. If this 
feedback loop fails, the emergency response can become a relentlessly malignant 
condition. Paradoxically, depressed patients seem to be hyper-aroused. Their sleep is 
disturbed, their appetite is poor, and they are often anxious and irritable as well as sad. 

Persistent high levels of stress hormones can make the heart less sensitive to the signals it 
uses to adapt its pumping action to changes in the body’s demands. This reduction in 
heart rate variability raises the risk for serious rhythm disturbances, including potentially 
deadly ventricular fibrillation. 

Stress hormones also reportedly stimulate the production of inflammatory substances and 
oxygen free radicals, the destructive byproducts of metabolism that can damage the 
lining of arteries. Scientists using ultrasound measurements have found that the arteries 
of depressed patients expand and contract less flexibly in response to changes in 
blood flow. 

Emotional stress may raise the risk for heart disease and cardiac events even more 
than physical stress does. The strain increases the demand for oxygen while 
reducing the supply carried by the blood. Experiments suggest that the flexibility of 
coronary arteries increases during strenuous physical activity (a bicycle exercise test), 
while psychological stress (from public speaking) makes arteries more rigid and resistant 
to blood flow. 

In a study of patients with coronary artery disease, those whose blood pressures increased 
during a public speaking test were more likely to die within three years. Those who 
developed chest pain during public speaking were three times more likely to suffer a 
cardiac event in the next five years. Chest pain during bicycle exercise also predicted 
cardiac events, but not as strongly.  I believe that this indicates the importance of high 
levels of oxygen being carried to the heart at all times. 

Depression affects the heart in indirect as well as direct ways. Because they are often 
discouraged and believe nothing will help, depressed people don’t eat well, don’t 
exercise, and don’t consistently follow medical instructions. Studies have shown that they 
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are much more likely to drop out of cardiac rehabilitation programs and fail to take 
prescribed heart drugs — some of which cannot be omitted for even a day without raising 
the risk for a stroke or cardiac event. 

Depression also leads to social isolation, and isolation is bad for the heart. Support from 
friends, family, and a community reduces the risk for heart disease even in people with 
many physical risk factors. In one study, coronary artery disease patients who lacked both 
a spouse and a confidant had a five-year death rate of 50%, compared with 20% for those 
less isolated. 

Overall, stress, depression and anxiety seem to contribute directly to CVD but it is 
unclear if this is related to EMOD production.  I believe that stress, depression and 
anxiety may lead to immunosuppression, which can in turn lead to an EMOD 
deficiency state and allow for the manifestation of CVD. 

5.5 Alcohol Consumption 

Drinking too much alcohol can raise blood pressure, cause heart failure and lead to 
stroke. It can contribute to high triglycerides, cancer and other diseases, and produce 
irregular heartbeats. It contributes to obesity, alcoholism, suicide and accidents. 
 
The risk of heart disease in people who drink moderate amounts of alcohol (an average 
of one drink for women or two drinks for men per day) is lower than in nondrinkers. One 
drink is defined as 1-1/2 fluid ounces (fl oz) of 80-proof spirits (such as bourbon, Scotch, 
vodka, gin, etc.), 1 fl oz of 100-proof spirits, 4 fl oz of wine or 12 fl oz of beer. It's not 
recommended that nondrinkers start using alcohol or that drinkers increase the amount 
they drink. 

According to a report by a group of researchers from Australia, Canada and the United 
States, many previous studies suggesting that moderate drinking helps prevent heart 
disease may be flawed. They analyzed 54 studies that looked at the association between 
drinking and risk of premature death from all causes, including heart disease. The new 
report concluded that many of those studies did not account for the effects of age and 
illness that make abstainers have higher death rates than moderate drinkers. 

The researchers investigated suspicions that many of the abstainers included in these 
studies were actually people who'd reduced or quit drinking due to declining health, 
frailty, medication use or disability. They found that only seven of the 54 studies included 
only long-term non-drinkers in the abstainers' group. Those seven studies found no 
difference in death risk between abstainers and moderate drinkers. The findings 
appear online in advance of the May 2006 issue of the journal Addiction Research and 
Theory. 

"The widely held belief that light or moderate drinking protects against coronary heart 
disease has had great influence on alcohol policy and clinical advice of doctors to their 
patients throughout the world. These findings suggest that caution should be exerted in 
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recommending light drinking to abstainers because of the possibility that this result may 
be more apparent than real," researcher Tim Stockwell, of the Centre for Addictions 
Research at the University of Victoria in British Columbia, Canada, said in a prepared 
statement. 

"We know that older people who are light drinkers are usually healthier than their non-
drinking peers. Their research suggests light drinking is a sign of good health, not 
necessarily its cause. Many people reduce their drinking as they get older for a variety of 
health reasons," Kaye Fillmore, of the University of California, San Francisco, School of 
Nursing, added in a prepared statement. 

The researchers cautioned that their report doesn't disprove the idea that light drinking is 
good for health, because too few error-free studies have been performed. 

5.6 Serum Cholesterol  

Heart disease and stroke still account for close to 50% of all deaths in the United States 
of America. While high blood cholesterol is an important risk factor for heart disease, 
eighty percent of patients with heart disease have the same blood cholesterol level as 
those who do not develop heart disease. The overlap between individuals in the town of 
Framingham Massachusetts who go on to have a MI (myocardial infarction or heart 
attack), and those who have no MI, by just measuring blood cholesterol will miss the 
majority of people at risk for heart disease (Cholesterol, Genetic and Heart disease. H. 
Robert Superko, 1996). 

Cholesterol is an essential component in the body. It is found in all the cells of the body, 
particularly in the brain and nerve cells.  Cholesterol is a major building block from 
which cell walls are made and it is continually being generated in the body. Cholesterol is 
the body's repair substance. Scar tissue contains high levels of cholesterol. When your 
arteries develop irritations or tears, cholesterol is there to do its job of patching up the 
damage. 

Cholesterol is also used to make a number of other important substances: hormones 
(including the sex hormones), as a precursor to vital corticosteroids, bile acids and, in 
conjunction with sunlight on the skin, vitamin D 3. Bile is vital for digestion and 
assimilation of fats in the diet.  The body uses large quantities of cholesterol every day 
and the substance is so important that, with the exception of brain cells, every body cell 
has the ability to make it. 

Cholesterol is a molecule with a double bond in its structure and is therefore 
susceptible to oxidation leading to the formation of oxysterols. Cholesterol has an 
unsaturated bond at position Δ 5-6 of the sterol nucleus (Maerker G (1987) Cholesterol 
autoxidation. Current status. J Am Oil Chem Soc 64: 387-392).  The molecule undergoes 
autoxidation by a free-radical mechanism leading to the formation of hydroperoxides and 
then to a number of oxidation products, the so-called oxysterols. These oxidation 
products are a group of sterols similar in structure to cholesterol, but that contain an 
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additional oxygen function such as an hydroxyl group, ketone group, or an epoxide group 
at the sterol nucleus or at the side chain of the molecule. Many different oxysterols (up to 
70) have been identified. 

Cholesterol readings are highly inaccurate. They vary with the time of day, time of the 
patient's last meal, levels of stress and the type of test used. Tests for HDL and LDL are 
especially subject to inaccuracies.  

Recent research shows that cholesterol acts as an antioxidant. This is the likely 
explanation for the fact that cholesterol levels go up with age. I believe that this 
increased cholesterol with aging is associated with decreasing levels of EMODs.  As 
an antioxidant, cholesterol may dangerously reduce EMOD levels in the vascular wall 
and allow for plaque aggregation.  However, its antioxidant property does not override its 
need in neural tissue or in cell membranes.  It likely helps adjust the redox status of the 
cellular environs.  This is why low-cholesterol vegetarian diets can lead to leaky gut 
syndrome and other intestinal disorders.  Men who have cholesterol levels over 350 
mg/dl are at slightly greater risk for heart disease. For women, there is no greater 
risk for heart disease, even at levels as high as 1000 mg/dl. In fact, mortality is 
higher for women with low cholesterol than for women with high cholesterol. 

Interaction of triglycerides with cholesterol may accelerate the oxidation of the sterol, 
and cholesterol may also influence triglyceride oxidation. Peroxides formed on 
polyunsaturated fatty acids during lipid oxidation may abstract a hydrogen from 
the Δ 5-6 double bond, allowing the formation of a free radical into the cholesterol 
structure. 

Oxygen free-radicals show different behavior as inductors of cholesterol oxidation. 
While superoxide free-radicals are ineffective in inducing oxidation, the presence of 
the free radical together with hydrogen peroxide, the product of the dismutation of 
the superoxide free-radicals, exerts a strong pro-oxidative effect (Lee JH, Shoeman 
DW, Kim SS, Csallany AS (1977) The effect of superoxide anion in the production of 
seven major cholesterol oxidation products in aprotic and protic conditions. Int J Food 
Sci Nutr 48: 151-159). 

Oxidation of cholesterol may be initiated by polyunsaturated fatty acid oxidation. 
Cholesterol is frequently called a lipid or a fat but technically it is an unusual 
alcohol, in that it is water insoluable.  It uses this insolubility to construct cell walls, 
especially for nerves and nerve cell function.  Sterol cholesterol (cholest-5-en-ß-ol) is an 
essential metabolite required for major biological functions, such as the cell membrane 
structure where the steroid forms, together with phospholipid molecules, the integral part 
of the lipid bilayer.  Cholesterol is inserted into membrane bilayers with its long axis 
perpendicular to the plane of the membrane, preventing the crystallization of fatty acyl 
chains by fitting between them and modifying the activity of membrane-bounded 
enzymes. 
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The highest concentration of cholesterol in the body is located in the brain and the 
nervous system, which is also the location for extremes of oxygen uptake and generation 
of EMODs.  I believe that if oxidation of cholesterol was the cause of atherosclerosis, 
it would be highly improbable that these two circumstances would exist continually 
in the same anatomical location.   According to the free radical theory, free radical 
chain reactions with lipids and atherosclerosis from oxidation of cholesterol would 
rapidly render the human brain ineffective, likely within a matter of minutes.  That 
does not happen in some life spans which approach a century. 

Organisms obtain cholesterol through biosynthesis and diet. Cholesterol biosynthesis is a 
highly-regulated process that occurs in almost all animal tissues, but in higher mammals 
the liver, the adrenal gland, the ovaries, and testis show the most significant 
biosynthetic activity. Bile is the major excretion route of cholesterol from the body, 
predominantly as unesterified cholesterol (Robins SJ, Brunengraber H (1982) Origin of 
biliary cholesterol and lecithin in the rat: contribution of new synthesis and preformed 
hepatic stores. J Lipid Res 23: 604-608). 

Does cholesterol affect heart disease risk in older patients? 

Several studies have shown that high levels of total cholesterol and low-density 
lipoprotein (LDL) cholesterol increase a middle-aged man's risk for coronary heart 
disease (CHD). However, similar findings have been less consistent in older patients. 
Curb and associates examined the relationship between cholesterol levels and 
cardiovascular disease in older men. 

The long-term, prospective study included healthy Japanese-American men 45 to 68 
years of age. Exclusion criteria were a history of CHD and use of lipid-lowering 
medications. The authors noted baseline risk factors (e.g., body mass index, hypertension, 
total cholesterol, high-density lipoprotein cholesterol, LDL cholesterol, triglyceride 
levels, smoking history, and diabetes). The apolipoprotein E (ApoE) genotype was 
identified through blood tests. 

At the 6-year follow-up, 145 of the 2,424 participants had suffered a coronary event. 
Participants with total cholesterol levels between 200 and 219 mg per dL (5.20 to 
5.65 mmol per L), and LDL cholesterol levels between 120 to 129 mg per dL (3.10 to 
3.30 mmol per L) had the fewest incidences of CHD, but the risk increased in 
patients whose cholesterol concentrations declined and increased beyond these 
ranges, creating a U-shaped curve. The results did not change after adjusting for age 
and baseline risk factors.  

The ApoE genotype had no significant effect on CHD risk. 

The authors concluded that the study demonstrated a nonlinear relationship between 
cholesterol levels and cardiovascular disease in older men. Although the cause of this 
association is unclear, the authors state that low total cholesterol levels may be a 
marker for frailty and other age-related health problems. The authors suggest that 

Page 171 of 302 



physicians treat elevated cholesterol in the older patients, because trials have shown that 
older persons benefit from lipid-lowering treatments. They state that further studies are 
needed to determine the benefit of excessively lowering older patients' cholesterol levels 
(Curb JD, et al. Prospective association between low and high total and low-density 
lipoprotein cholesterol and coronary heart disease in elderly men. J Am Geriatr Soc 
December 2004;52:1975-80). 
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5.7 Oxysterols 

Insoluble cholesterol circulates in the blood in spherical particles called lipoproteins, 
which are water soluble.  The most common two are classified according to their density:  
1) HDL, high density lipoprotein (so called “good”), which primarily transports 
cholesterol from the tissue to the liver and LDL, low density lipoprotein (so called 
“bad”), which mainly carries cholesterol from the liver to the peripheral tissues including 
the vascular wall.  HDL/LDL ratios and levels have been used as risk factors for 
cardiovascular disease.  Oxysterols may enter the blood circulation with dietary 
cholesterol and biliary cholesterol (endogenous cholesterol) as part of chylomicron 
structure.  Oxysterols are also transported by low density lipoproteins (LDL), as is 
cholesterol, and there is evidence that high density lipoproteins (HDL), which 
perform reverse cholesterol transport, are also involved in the transport of 
oxysterols from tissues to the liver.   

Although a major percentage of oxysterol is derived from dietary sources, it has been 
suggested that some of the circulating oxysterols may be formed from lipoprotein 
oxidation at the blood stream and/or at the intracellular metabolism. Oxysterols are able 
to pass through lipophilic membranes much more quickly than cholesterol does 
(Bjorkem I, Diczfalusy U (2002) Oxysterols, friends, foes, or just fellow passengers? 
Arterioscler Thromb Vasc Bio 22: 734-742), and they may also be formed by 
intracellular enzymatic reactions.   

Parenchymal hepatocytes have been thought to be the primary, if not the sole, cell type 
possessing functional enzyme system that could convert cholesterol into oxidized 
derivatives, namely the cytochrome P-450 system (Bostron H (1994) Binding of 
cholesterol to cytochromes P-450 from rabbit liver microsomes. J Biol Chem 258: 15091-
15094). Within the cytochrome P-450 family, 27-hydroxylase activity is an important 
enzyme responsible for the hydroxylation of cholesterol side-chain. 

Oxysterols are considered cytotoxic (Leland et al., 1989), although some researchers 
have postulated regulatory functions for some oxysterols at the intracellular level 
(Bjorkhem I (2002) Do oxysterols control cholesterol homeostasis? J Clin Nutr 110: 725-
730). 3-Hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA red), the 
enzyme catalyzing the rate-limiting step in cholesterol biosynthesis, is among the 
most highly-regulated enzymes found in nature. Many oxysterols are potent 
competitive inhibitors of HMG-CoA red at concentration levels of less than 100 nM 
(Tanaka RD, Edwards PA, Lan S, Fogleman AM (1983) Regulation of 3-hydroxy-3-
methylglutaryl coenzyme A reductase activity in avian myeloblasts. Mode of action of 
25-hydroxycholesterol. J Biol Chem 258: 13331-13339). 

Oxysterols are capable of inhibiting the synthesis of HMG-CoA reductase at the 
transcriptional level by decreasing the reductase mRNA and the rate of protein synthesis, 
and at the post-transcriptional level by modifying the anchoring of the enzyme at the 
smooth endoplasmatic reticulum membrane. Cholesterol biosynthesis is also regulated by 
transcription factors named steroid regulatory element binding proteins. A newly-
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discovered transcription factor, identified as LXR, regulates the catabolic degradation of 
cholesterol by activation of the gene controlling cholesterol 7 α-hydroxylase, the rate-
limiting enzyme in the formation of bile acids. Oxysterols may bind to LXR, thereby 
inducing the transcription of cholesterol 7 α-hydroxylase, and thus increasing the removal 
of cholesterol as bile acids.  

Oxysterols are also potent regulators of intracellular cholesterol esterification. 
Membrane-bound enzyme acetyl-CoA:cholesterol acyl transferase (ACAT), which is 
responsible for the intracellular esterification of cholesterol, is strongly activated by 
oxysterols. Because cholesterol achieved comparable enhancement of ACAT only at 
much higher concentrations, it has been speculated that the true activators of the enzyme 
in mammalian cells are oxysterols rather than cholesterol by itself. 

5.8 Oxysterols and Atherogenesis 

The cytotoxic, mutagenic and probably carcinogenic effects described for some 
oxysterols have been observed in in vitro models. However, the atherogenic action of 
oxysterols has been demonstrated in both in vitro and in vivo study models, to be the 
best-characterized pathological expression of cholesterol oxidation (Leonarduzzi G, 
Sottero B, Galli G (2002) Oxidized products of cholesterol: dietary and metabolic origin, 
and proatherosclerotic effects (review). J Nutr Biochem 13: 700-710) and comparable to 
the atherogenic action of trans fatty acid isomers.  

Atherosclerotic lesions not only contain cholesterol, but also a series of oxysterols 
(Ostlund R, Racette S, Stenson W (2002) Effects of trace components of dietary fat on 
cholesterol metabolism: phytosterols, oxysterols, and squalene. Nutr Rev 60: 349-359). In 
the widely accepted model for the pathogenesis of atherosclerosis, the impact of 
oxidatively modified low-density lipoprotein (LDL) particles is very important (Brown 
AJ, Jessup W (1999) Oxysterols and atherogenesis. Atherosclerosis 142: 1-28). In 
addition to polyunsaturated fatty acids and apolipoproteins, the cholesterol moiety 
of LDL can undergo oxidative damage, resulting in different effects on target cells 
(e.g., macrophages, aortic smooth muscle cells) that may promote the development of 
atherosclerosis. 

Oxidized LDL is potentially more atherogenic than native LDL in several ways: 1.- It is 
chemotactic for circulating monocytes; 2.- It is an inhibitor of the motility of resident 
macrophages; 3.- It is cytotoxic for cell in culture; 4.- It can stimulate release of a 
chemotactic factor from endothelial cells. Many of these oxidized LDL characteristics are 
attributed to the oxysterol content of the lipoprotein (Leonarduzzi G, Sottero B, Galli G 
(2002) Oxidized products of cholesterol: dietary and metabolic origin, and 
proatherosclerotic effects (review). J Nutr Biochem 13: 700-710). In vivo oxysterols are 
formed either enzymatically or via autoxidation of cholesterol. Although it the most 
prevalent means of LDL-cholesterol oxidation in vivo has not been established, the 
contribution of free iron to oxidation (through non-enzymatically autoxidation), is 
considered to be significant (Schroepfer GJ (2000) Oxysterols: Modulators of cholesterol 
metabolism and other process. Physiol Rev 80: 361-563). The contribution of dietary 
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oxysterols to the total amount of oxysterol measurable in plasma and lipoproteins of 
human is still unclear.  

Most sterols, including cholesterol, are eliminated from the body through bile 
secretion. Synthesis of bile acids occurs in the liver through 7α-hydroxylation of 
cholesterol; the oxysterol, 7α-hydroxycholesterol, and once formed can then be used to 
synthesize both cholic acid, the most common bile acid, and chemodeoxycholic acid. It is 
generally accepted that the catabolism of oxysterols is similar to that of cholesterol. 
However, it is not clear if oxysterols and cholesterol share the same pathways for bile 
acid synthesis. However it has been proposed that a family of P-450 7α-hydroxylases 
isozymes catalyze oxysterol metabolism independently from the P-450 hydroxylases that 
catalyze cholesterol metabolism.  

As with cholesterol, which serves as a precursor for many steroid hormones, there is 
evidence that oxysterols, especially those with a hydroxyl group on the side chain, can 
serve as substrates for steroid hormone synthesis in steroidogenic cells. 

There is ample evidence that oxysterols are readily susceptible to esterification reaction. 
Fatty acid esters are the predominant form of oxysterols found in extrahepatic tissues 
such as the aorta, and these esters are also found in plasma associated with various 
lipoproteins.  

5.8.1 No Vitamin E in Cancer and CVD Prevention 

Using the MeSH search terms alpha-tocopherol, tocopherols, vitamin E, cardiovascular 
diseases, cancer, malignancy and clinical trials, a literature review was conducted to 
identify peer-reviewed articles in MEDLINE (1966-July 2005).   

Eight clinical studies demonstrated contradicting results regarding the benefits of vitamin 
E in the prevention of cardiovascular disease and cancer. There is enough evidence 
from large, well-designed studies to discourage the use of vitamin E in the primary 
prevention of cardiovascular disease. Secondary prevention requires more adequate 

clinical trials with selected populations to examine protective effects of vitamin E in 
cardiovascular disease. The findings of the studies reviewed do not provide evidence that 
vitamin E may reduce the risk of cancer; thus, at the present time, we do not recommend 
daily vitamin E intake for cancer prevention is not recommended. 
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CONCLUSIONS: Available data do not support the supplementation of 
vitamin E in cardiovascular disease and cancer prevention (Vitamin E 
Supplementation in Cardiovascular Disease and Cancer Prevention: Part 1. David Q 
Pham, PharmD The Annals of Pharmacotherapy: Vol. 39, No. 11, pp. 1870-1878; 
Published Online, 27 September 2005). 

5.8.2 No Vitamin E in Parkinson’s, Alzheimer’s Diseases and Cataract 

David Q. Pham et al went on to study Vitamin E Supplementation in Alzheimer's 
Disease, Parkinson's Disease, Tardive Dyskinesia, and Cataract: Part 2, over the same 
time intervals.  They found that the clinical studies demonstrated contradicting results 

regarding the benefits of vitamin E in Parkinson's disease, tardive dyskinesia, and 
cataract. The study reviewed for Alzheimer's disease seemed to show benefit when 
vitamin E was used; however, the statistical methods employed are questionable. There 
is enough evidence from large, well-designed studies to discourage the 
use of vitamin E in Parkinson's disease, cataract, and Alzheimer's 

disease (Vitamin E Supplementation in Alzheimer's Disease, Parkinson's Disease, 
Tardive Dyskinesia, and Cataract: Part 2. David Q Pham, PharmD, and Roda 
Plakogiannis, PharmD Vitamin E Supplementation in Alzheimer's Disease, Parkinson's 
Disease, Tardive Dyskinesia, and Cataract: Part 2.David Q Pham, PharmD, and Roda 
Plakogiannis, PharmD The Annals of Pharmacotherapy: Vol. 39, No. 12, pp. 2065-2071; 
Published Online, 15 November 2005). 

5.8.3 Vitamin C may or may not be an Antiinflammatory 

Some of the following material was excerpted, abstracted or modified from:  Is vitamin C 
an antiinflammatory agent?  Ishwarlal Jialal and Uma Singh. American Journal of 
Clinical Nutrition, Vol. 83, No. 3, 525-526, March 2006. 

Inflammation is said to be pivotal to atherosclerosis from the nascent fatty streak to 
the culmination in acute coronary syndromes (Jialal I, Devaraj S, Venugopal SK. C-
reactive protein: risk marker or mediator in atherothrombosis? Hypertension 2004; 44: 6–
11).  

C-reactive protein (CRP), a stable downstream marker of inflammation, also may 
participate in atherothrombosis. Thus, strategies directed at attenuating inflammation may 
prove beneficial with respect to a reduction in cardiovascular disease. Vitamin C is a 
water-soluble antioxidant that is present in fruit and vegetables in the diet. In 2001, the 
Dietary Reference Intake Panel of the Institute of Medicine recommended a vitamin 
C dietary allowance of 90 mg/d for men and 75 mg/d for women (Institute of 
Medicine. Vitamin C. Dietary reference intake. Washington, DC: National Academy 
Press, 2001: 95–185). 

 This recommendation was based on many lines of evidence, including the amount 
required to maintain near-maximum neutrophil concentrations with minimal urinary 
excretion of ascorbate. Whereas it is well accepted that vitamin C has antioxidant 
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effects with respect to both reactive oxygen and nitrogen species, its effect on biomarkers 
of inflammation has not been well studied. In a cross-sectional analysis of the third 
National Health and Nutrition Examination Survey data, Ford et al reported that CRP 
concentrations were inversely and significantly associated with concentrations of retinol, 
retinyl esters, vitamin C, -carotene, ß-carotene, lycopene, cryptoxanthin, lutein or 
zeaxanthin, and selenium C after adjustment for age, sex, race-ethnicity, education, body 
mass index (BMI), leisure-time physical activity, and aspirin use (Ford ES, Liu S, 
Mannino DM, Giles WH, Smith SJ. C-reactive protein concentration and concentrations 
of blood vitamins, carotenoids, and selenium among United States adults. Eur J Clin Nutr 
2003; 57: 1157–63).  

Wannamethee et al reported a significant inverse association of dietary and plasma 
vitamin C and fruit and vegetable intakes with biomarkers of inflammation in a cross-
sectional study of 3258 men aged 60–69 y who had no history of cardiovascular disease 
or diabetes (Wannamethee SG, Lowe GDO, Rumley A, Bruckdorfer KR, Whincup PH. 
Associations of vitamin C status, fruit and vegetable intakes, and markers of 
inflammation and hemostasis. Am J Clin Nutr 2006; 83:567–74).  

Wannamethee et al concluded that vitamin C has antinflammatory effects and is 
associated with an attenuation of endothelial dysfunction. However, it is important to 
emphasize that theirs was a cross-sectional study and not a randomized placebo-
controlled clinical trial, and thus the authors' conclusion is not firm and cannot be used 

for policy guidelines. Furthermore, with respect to fruit and vegetable intakes, it is 
unclear why the authors did not pool the data. 

The authors showed that plasma vitamin C correlates inversely with biomarkers of 
inflammation such as CRP more than does dietary vitamin C. This study was focused on 
white men aged > 60 y, and thus its findings cannot be translated to men aged < 60 y, 
women, or people of other races. Furthermore, in Wannamethee et al, the increase in 
dietary vitamin C with increasing BMI was paradoxically accompanied by a decrease in 
plasma vitamin C. The dietary intake should have been standardized to energy 
consumption. No mention is made of vitamin E and flavanoid intakes, which could also 
result in antiinflammatory effects. The authors used the tissue plasminogen activator (t-
PA) antigen assay as a biomarker of endothelial dysfunction; some have accepted this use 
of the t-PA antigen assay, but it is not clear whether there is indeed a relation between 
vitamin C and biomarkers of endothelial function, because the authors did not show a 

correlation between vitamin C and von Willebrand factor, another biomarker of 
endothelial dysfunction. It would have been instructive if they had measured other 
important biomarkers of inflammation, such as E-selectin or soluble vascular cell 
adhesion molecule and plasminogen activator inhibitor 1. Many believe it is more 

relevant to measure t-PA activity, and thus the inverse correlation seen with t-PA antigen 
can be construed as suggesting that a lower concentration of t-PA is beneficial, whereas t-
PA activity actually denotes fibrinolysis, and increased plasminogen activator inhibitor 1 
concentrations suggest impaired fibrinolysis. 
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If it is true, as Wannamethee et al concluded, that vitamin C has antiinflammatory effects, 
then that finding should be borne out in prospective supplementation studies. A review of 

the prospective studies to date found that 4 of the 5 studies with doses ranging from 
250 to 3000 mg vitamin C/d in persons with diabetes, hypercholesterolemia, 
hemodialysis, or coronary artery disease reported no antiinflammatory effect (Block 
G, Jensen C, Dietrich M, Norkus EP, Hudes M, Packer L. Plasma C-reactive protein 
concentrations in active and passive smokers: influence of antioxidant supplementation. J 
Am Coll Nutr 2004; 23: 141–7) (Lu Q, Bjorkhem I, Wretlind B, Diczfalusy U, 
Henriksson P, Freyschuss A. Effect of ascorbic acid on microcirculation in patients with 
type II diabetes: a randomized placebo-controlled cross-over study. Clin Sci (Lond) 2005; 
108: 507–13) (Fumeron C, Nguyen-Khoa T, Saltiel C, et al. Effects of oral vitamin C 
supplementation on oxidative stress and inflammation status in haemodialysis patients. 
Nephrol Dial Transplant 2005; 20: 1874–9) (Bruunsgaard H, Poulsen HE, Pedersen BK, 
Nyyssonen K, Kaikkonen J, Salonen JT. Long-term combined supplementations with 
alpha-tocopherol and vitamin C have no detectable anti-inflammatory effects in healthy 
men. J Nutr 2003; 133: 1170–3) (Antoniades C, Tousoulis D, Tountas C, et al. Vascular 
endothelium and inflammatory process, in patients with combined type 2 diabetes 
mellitus and coronary atherosclerosis: the effects of vitamin C. Diabetes Med 2004; 21: 
552–8).  

Block et al found a reduction in CRP in active and passive smokers with intakes of 515 
mg vitamin C/d (Block G, Jensen C, Dietrich M, Norkus EP, Hudes M, Packer L. Plasma 
C-reactive protein concentrations in active and passive smokers: influence of antioxidant 
supplementation. J Am Coll Nutr 2004; 23: 141–7).  

Thus, in summarizing the prospective studies, one cannot arrive at a firm 
conclusion that vitamin C is antiinflammatory, and indeed most of the 
studies would support the notion that vitamin C is not 
antiinflammatory. 

With respect to endothelial dysfunction, many studies have shown that intravenous 
vitamin C results in an improvement in endothelial vasoreactivity (Institute of Medicine. 
Vitamin C. Dietary reference intake. Washington, DC: National Academy Press, 2001: 
95–185).  

Studies of the effect of oral vitamin C supplementation on endothelial vasoreactivity are 
few and conflicting. More data are required to confirm whether dietary vitamin C 

supplementation is beneficial to endothelial function. 

In conclusion, whereas the study by Wannamethee et al is provocative with respect to the 
antiinflammatory effects of vitamin C, it does not allow the drawing of any valid 
conclusions. Much further research in a dose-response structure is required to ascertain 

whether oral vitamin C supplementation is antiinflammatory and whether it improves 
endothelial dysfunction. Until such studies have been conducted, it is safe to adhere to 
the guidelines of national organizations to consume 5 daily servings of fruit and 
vegetables.  
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5.8.4 Fruits and Vegetables do not Prevent Major Diseases 

A total of 71 910 female participants in the Nurses' Health study and 37 725 male 
participants in the Health Professionals' Follow-up Study who were free of major chronic 

disease completed baseline semiquantitative food-frequency questionnaires in 1984 and 
1986, respectively. Dietary information was updated in 1986, 1990, and 1994 for women 
and in 1990 and 1994 for men. Participants were followed up for incidence of 
cardiovascular disease, cancer, or death through May 1998 (women) and January 1998 
(men). Results: They ascertained 9329 events (1964 cardiovascular, 6584 cancer, and 781 
other deaths) in women and 4957 events (1670 cardiovascular diseases, 2500 cancers, and 
787 other deaths) in men during follow-up. 

Total fruit and vegetable intake was inversely associated with risk of cardiovascular 

disease but not with overall cancer incidence, with relative risk for an increment of five 
servings daily of 0.88 (95% CI = 0.81 to 0.95) for cardiovascular disease and 1.00 (95% 
CI = 0.95 to 1.05) for cancer. Of the food groups analyzed, green leafy vegetable intake 
showed the strongest inverse association with major chronic disease and cardiovascular 
disease. For an increment of one serving per day of green leafy vegetables, relative risks 
were 0.95 (95% CI = 0.92 to 0.99) for major chronic disease and 0.89 (95% CI = 0.83 to 
0.96) for cardiovascular disease. Conclusions: Increased fruit and vegetable 
consumption was associated with a modest although not statistically 
significant reduction in the development of major chronic disease. The benefits 

appeared to be primarily for cardiovascular disease and not for cancer (Fruit and 
Vegetable Intake and Risk of Major Chronic Disease. Hsin-Chia Hung, et al. Journal of 
the National Cancer Institute, Vol. 96, No. 21, 1577-1584, November 3, 2004). 
 
5.8.5 Garlic and CVD 
 
Epidemiologic studies show an inverse correlation between garlic consumption and 
progression of cardiovascular disease. Cardiovascular disease is associated with multiple 
factors such as raised serum total cholesterol, raised LDL and an increase in LDL 
oxidation, increased platelet aggregation, hypertension, and smoking.  
 
Numerous in vitro studies have confirmed the ability of garlic to reduce these 
parameters. Thus, garlic has been shown to inhibit enzymes involved in lipid synthesis, 
decrease platelet aggregation, prevent lipid peroxidation of oxidized erythrocytes and 
LDL, increase antioxidant status, and inhibit angiotension-converting enzyme. These 
findings have also been addressed in clinical trials.  
 
The studies point to the fact that garlic reduces cholesterol, inhibits platelet 
aggregation, reduces blood pressure, and increases antioxidant status. Since 1993, 
44% of clinical trials have indicated a reduction in total cholesterol, and the most 
profound effect has been observed in garlic's ability to reduce the ability of platelets 
to aggregate.  
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Mixed results have been obtained in the area of blood pressure and oxidative-stress 
reduction. The findings are limited because very few trials have addressed these issues. 
The negative results obtained in some clinical trials may also have resulted from usage of 
different garlic preparations, unknown active constituents and their bioavalability, 
inadequate randomization, selection of inappropriate subjects, and short duration of trials. 
This review analyzes in vitro and in vivo studies published since 1993 and concludes 
that although garlic appears to hold promise in reducing parameters associated with 
cardiovascular disease, more in-depth and appropriate studies are required (Garlic 
and Cardiovascular Disease: A Critical Review. Khalid Rahman and Gordon M. Lowe. 
American Society for Nutrition J. Nutr. 136:736S-740S, March 2006). 
 
5.8.6 American Heart Association Antioxidant Guidelines and Background 
 
The following statements were approved by the American Heart Association Science 
Advisory and Coordinating Committee on May 12, 2004. 
 
The 1999 AHA Science Advisory recommended that the general population consume a 
balanced diet with emphasis on antioxidant-rich fruits, vegetables, and whole grains, 
advice that was consistent with the AHA Dietary Guidelines at the time. In the absence 
of data from randomized, controlled clinical trials, no recommendations were made 
with regard to the use of antioxidant supplements (Tribble DL. AHA Science 
Advisory. Antioxidant consumption and risk of coronary heart disease: emphasis on 
vitamin C, vitamin E, and beta-carotene: a statement for healthcare professionals from the 
American Heart Association. Circulation. 1999; 99: 591–595).  
 
A meta-analysis of 15 studies in 2003 (7 studies of vitamin E, 50 to 800 IU; 8 studies of 
ß-carotene, 15 to 50 mg) with 1000 or more subjects per trial has been conducted to 
ascertain the effects of antioxidant vitamins on cardiovascular morbidity and mortality 
(Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ. Use of antioxidant vitamins 
for the prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet. 
2003; 361: 2017–2023.[Published erratum in: Lancet. 2004;363:662).  Collectively, for 
the most part, clinical trials have failed to demonstrate a beneficial effect of 
antioxidant supplements on CVD morbidity and mortality. With regard to 
the meta-analysis, the lack of efficacy was demonstrated consistently for different 
doses of various antioxidants in diverse population groups. 
 
Although the preponderance of clinical trial evidence has not shown beneficial effects of 
antioxidant supplements, evidence from some smaller studies documents a benefit of 
-tocopherol (Cambridge Heart AntiOxidant Study, Secondary Prevention with 

Antioxidants of Cardiovascular disease in End-stage renal disease study), -tocopherol 
and slow-release vitamin C (Antioxidant Supplementation in Atherosclerosis Prevention 
study), and vitamin C plus vitamin E (Intravascular Ultrasonography Study) on 
cardiovascular end points (Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman 
K, Mitchinson MJ. Randomised controlled trial of vitamin E in patients with coronary 
disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet. 1996; 347: 781–786) 
(Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, Weissgarten 
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Y, Brunner D, Fainaru M, Green MS. Secondary prevention with antioxidants of 
cardiovascular disease in endstage renal disease (SPACE): randomised placebo-
controlled trial. Lancet. 2000; 356: 1213–1218) (Salonen JT, Nyyssonen K, Salonen R, 
Lakka HM, Kaikkonen J, Porkkala-Sarataho E, Voutilainen S, Lakka TA, Rissanen T, 
Leskinen L, Tuomainen TP, Valkonen VP, Ristonmaa U, Poulsen HE. Antioxidant 
Supplementation in Atherosclerosis Prevention (ASAP) study: a randomized trial of the 
effect of vitamins E and C on 3-year progression of carotid atherosclerosis. J Intern Med. 
2000; 248: 377–386) (Fang JC, Kinlay S, Beltrame J, Hikiti H, Wainstein M, Behrendt D, 
Suh J, Frei B, Mudge GH, Selwyn AP, Ganz P. Effect of vitamins C and E on 
progression of transplant-associated arteriosclerosis: a randomised trial. Lancet. 2002; 
359: 1108–1113).  
 
To complicate matters, there is some evidence of potentially adverse effects 
of antioxidant supplements on CVD as assessed by angiographic end points. In 

the 2002 Women’s Angiographic Vitamin and Estrogen Study (WAVE), 
postmenopausal women with coronary disease on hormone replacement therapy given 
vitamin E plus vitamin C had an unexpected significantly higher all-cause mortality rate 
and a trend for an increased cardiovascular mortality rate compared with the vitamin 
placebo women (Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers WJ, 
Ouyang P, Thompson P, Tardif JC, Higginson L, Bittner V, Steffes M, Gordon DJ, 
Proschan M, Younes N, Verter JI. Effects of hormone replacement therapy and 
antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal women: 
a randomized controlled trial. JAMA. 2002; 288: 2432–2440).  

A meta-analysis of the dose–response relationship between vitamin E supplementation 
and total mortality by using data from randomized, controlled trials was performed on 
135,967 participants in 19 clinical trials. Of these trials, 9 tested vitamin E alone and 10 
tested vitamin E combined with other vitamins or minerals. The dosages of vitamin E 
ranged from 16.5 to 2000 IU/d (median, 400 IU/d). Conclusion: High-dosage ( 400 
IU/d) vitamin E supplements may increase all-cause mortality and 
should be avoided (Meta-Analysis: High-Dosage Vitamin E Supplementation May 
Increase All-Cause Mortality. E.R. Miller III, et al. Ann Intern Med, 
January 4, 2005;142(1):37-46). 

Likewise, in the 2001 HDL-Atherosclerosis Treatment Study (HATS), subjects with 
angiographically demonstrated coronary artery disease on simvastatin/niacin and an 
antioxidant cocktail (vitamin E, ß-carotene, vitamin C, and selenium) had a 0.7% 

progression in stenosis after 3 years, compared with 0.4% regression in the group on only 
simvastatin/niacin (Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, 
Dowdy AA, Marino EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ. Simvastatin and 
niacin, antioxidant vitamins, or the combination for the prevention of coronary disease. N 
Engl J Med. 2001; 345: 1583–1592).  
 
Thus, antioxidant supplements may have interfered with the efficacy of statin-plus-niacin 

therapy. Further evaluation showed that the addition of the antioxidant vitamins 
blunted the expected rise in the protective HDL-2 cholesterol and apolipoprotein A1 
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subfractions of HDL. In general, the studies showing either positive or adverse effects 

(especially for vitamins E, vitamins E and C, and the antioxidant cocktails) are much 
smaller studies than the larger clinical trials that consistently have not shown any 
beneficial effects of antioxidant supplements on several CVD end points. 
 

Thus, in agreement with many in the field, they conclude that the existing scientific 
database does not justify routine use of antioxidant supplements for the prevention 
and treatment of CVD (Heinecke JW. Clinical trials of vitamin E in coronary artery 
disease: is it time to reconsider the low-density lipoprotein oxidation hypothesis? Curr 
Atheroscler Rep. 2003; 5: 83–87) (Gotto AM. Antioxidants, statins, and atherosclerosis. J 
Am Coll Cardiol. 2003; 41: 1205–1210) (Vivekananthan DP, Penn MS, Sapp SK, Hsu A, 
Topol EJ. Use of antioxidant vitamins for the prevention of cardiovascular disease: meta-
analysis of randomised trials. Lancet. 2003; 361: 2017–2023.[Published erratum in: 
Lancet. 2004;363:662) (Brown BG, Cheung MC, Lee AC, Zhao XQ, Chait A. 
Antioxidant vitamins and lipid therapy: end of a long romance? Arterioscler Thromb 
Vasc Biol. 2002; 22: 1535–1546) (Steinberg D, Witztum JL. Is the oxidative modification 
hypothesis relevant to human atherosclerosis? Do the antioxidant trials conducted to date 
refute the hypothesis? Circulation. 2002; 105: 2107–2111).   

This conclusion is consistent with the American College of Cardiology/American 
Heart Association 2002 Guideline Update for the management of patients with chronic 

stable angina, which states that there is no basis for recommending that 
patients take vitamin C or E supplements or other antioxidants for the 
express purpose of preventing or treating coronary artery disease (Class 
III, Level A Evidence) (Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deedwania PC, 
Douglas JS, Ferguson TB Jr, Fihn SD, Fraker TD Jr, Gardin JM, O’Rourke RA, 
Pasternak RC, Williams SV, Gibbons RJ, Alpert JS, Antman EM, Hiratzka LF, Fuster V, 
Faxon DP, Gregoratos G, Jacobs AK, Smith SC Jr; American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. Committee 
on the Management of Patients With Chronic Stable Angina. ACC/AHA 2002 guideline 
update for the management of patients with chronic stable angina—summary article: a 
report of the American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (Committee on the Management of Patients With Chronic Stable 
Angina). Circulation. 2003; 107: 149–158).  

In addition, "Evidence-Based Guidelines for Cardiovascular Disease Prevention in 
Women (AHA)" concludes that antioxidant vitamin supplements should not 
be used to prevent CVD, pending the results of ongoing trials (Class III, Level A 
Evidence) (Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N, Fabunmi RP, 
Grady D, Haan CK, Hayes SN, Judelson DR, Keenan NL, McBride P, Oparil S, Ouyang 
P, Oz MC, Mendelsohn ME, Pasternak RC, Pinn VW, Robertson RM, Schenck-
Gustafsson K, Sila CA, Smith SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK, 
Williams CL; American Heart Association. Evidence-based guidelines for cardiovascular 
disease prevention in women. Circulation. 2004; 109: 672–693).  
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Whether or not to use vitamin E in highly specialized situations, such as in subjects on 
hemodialysis, also remains unsettled until further studies in this setting are conducted 
(Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, Weissgarten 
Y, Brunner D, Fainaru M, Green MS. Secondary prevention with antioxidants of 
cardiovascular disease in endstage renal disease (SPACE): randomised placebo-
controlled trial. Lancet. 2000; 356: 1213–1218).  

Moreover, although there is some evidence of beneficial effects of antioxidant 
supplements, it also is apparent that some studies suggest adverse effects of 
antioxidant supplement use. An important question is: What should we be doing in 
clinical practice? At this time, there is little reason to advise that individuals take 
antioxidant supplements to reduce risk of CVD. Nonetheless, they recommend that 
antioxidant research continue in order to resolve whether the oxidative modification 
hypothesis is relevant to human atherosclerosis. It will be important to clarify the 
discrepancy between the randomized clinical trials and the population studies. The 
positive findings from observational studies with regard to vitamin E supplementation 
and lower rates of CVD may be a reflection of the generally healthy lifestyles and dietary 
intakes of supplement users.  

At this time, the scientific evidence supports recommending consumption of a diet high in 

food sources of antioxidants and other cardioprotective nutrients, such as fruits, 
vegetables, whole grains, and nuts, instead of antioxidant supplements to reduce risk of 
CVD (Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM. Dietary 
antioxidant vitamins and death from coronary heart disease in postmenopausal women. N 
Engl J Med. 1996; 334: 1156–1162) (Hu FB. Plant-based foods and prevention of 
cardiovascular disease: an overview. Am J Clin Nutr. 2003; 78 (3 suppl): 544S–551S).  It 
does not support the use of antioxidant vitamin supplements.  

At this time, the scientific data do not justify the use of antioxidant vitamin supplements 
for CVD risk reduction. This position is consistent with recommendations that have been 
made by the AHA in 2004 for the prevention of CVD in women as well as by the 
American College of Cardiology and AHA in 2002 for patients with chronic stable 
angina (Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N, Fabunmi RP, 
Grady D, Haan CK, Hayes SN, Judelson DR, Keenan NL, McBride P, Oparil S, Ouyang 
P, Oz MC, Mendelsohn ME, Pasternak RC, Pinn VW, Robertson RM, Schenck-
Gustafsson K, Sila CA, Smith SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK, 
Williams CL; American Heart Association. Evidence-based guidelines for cardiovascular 
disease prevention in women. Circulation. 2004; 109: 672–693) (Gibbons RJ, Abrams J, 
Chatterjee K, Daley J, Deedwania PC, Douglas JS, Ferguson TB Jr, Fihn SD, Fraker TD 
Jr, Gardin JM, O’Rourke RA, Pasternak RC, Williams SV, Gibbons RJ, Alpert JS, 
Antman EM, Hiratzka LF, Fuster V, Faxon DP, Gregoratos G, Jacobs AK, Smith SC Jr; 
American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines. Committee on the Management of Patients With Chronic Stable Angina. 
ACC/AHA 2002 guideline update for the management of patients with chronic stable 
angina—summary article: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Committee on the Management of 
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Patients With Chronic Stable Angina). Circulation. 2003; 107: 149–158). No consistent 
data suggest that consuming micronutrients at levels exceeding those provided by a 
dietary pattern consistent with AHA Dietary Guidelines will confer additional benefit 
with regard to CVD risk reduction. 

5.8.7 U.S. Preventative Services Task Force Recommendations 

In a 2003 statement the USPSTF recommended that people do not take beta-
carotene supplements to lower their chances of developing CVD or cancer. The 
USPSTF recommends neither for nor against taking vitamins A, C, or E; 
multivitamins with folic acid; or combinations of these vitamins for the primary 
purpose of preventing CVD or cancer (Taking Vitamin Supplements To Prevent 
Cardiovascular Disease and Cancer: Recommendations from the U.S. Preventive 
Services Task Force. Annals of Internal Medicine. 1 July 2003, Volume 139, Issue 1, 
Page I-76).  

The literature review failed to find any good quality studies that showed any beneficial 
effect of taking vitamins A or C on cardiovascular health or in reducing the risk of 
cancer. Some observational studies did show a reduction in the risk of breast and colon 
cancer in women taking vitamin A, but the researchers could not control for confounding 
factors. Vitamin E was found to be useful in reducing cardiovascular disease mortality in 
the nurses health study and the physicians health study, two observational longitudinal 
surveys, but no such benefit was found in prospectively controlled trials that were 
designed to examine the vitamin’s effect in primary prevention. 

The USPSTF recommends against the use of beta-carotene supplements, either 
alone or in combination, for the prevention of cancer or cardiovascular disease. In 2 
trials restricted to heavy smokers, beta-carotene supplementation was associated 
with higher incidence of lung cancer and higher all-cause mortality. 

A separate meta-analysis reported by researchers at Oregon Health and Science 
University who are affiliated with the Preventive Services Task Force also found no 
evidence that vitamins are useful in preventing cardiovascular disease (Annals of 
Internal Medicine 2003;139:56-70). 

5.8.8 American Cancer Society Antioxidant Vitamin Recommendations 

While many dietary supplements may be touted as cancer cures, to date there is no 
evidence that these products are effective treatments for the disease. Some of these 
substances can be harmful. In fact, large doses of some vitamins and minerals may reduce 
the effectiveness of chemotherapy and radiation therapy. The US Food and Drug 
Administration (FDA) does not require manufacturers of these products to print possible 
side effects on their labels. A recent review in the journal Cancer Research (2003, Vol. 
63, No. 15: 4295-4298) points out, cancer patients should be careful about using 
antioxidant supplements. And several studies have found that antioxidants may actually 
increase lung cancer risk in smokers. 
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Many cancer patients – as many as 60% -- also take some type of vitamin supplement in 
an effort to boost the effectiveness of their treatment. ""Antioxidant supplementation may 
actually cause harm in terms of increased risk of new disease or interference with 
treatment of existing disease," …Patients and their physicians should certainly discuss 
their antioxidant usage," writes lead author Harold E. Seifried, of the Division of Cancer 
Prevention at the National Cancer Institute (NCI). "Overall, current knowledge makes 
it premature to generalize and make specific recommendations about antioxidant 
usage for those at high risk for cancer or undergoing treatment," Seifried writes. 
Thus, as of 2003, the American Cancer Society does not recommend taking antioxidant 
vitamin supplements. 

 

5.8.8 American Diabetic Association Statement and Recommendations 

[Position Statement:  Evidence-Based Nutrition Principles and Recommendations for the 
Treatment and Prevention of Diabetes and Related Complications. American Diabetes 
Association. Diabetes Care 25:S50-S60, 2002]. 

• One must use caution in recommending antioxidant supplements to people with 
diabetes without appropriate controlled trials in these subjects. In 2002, the 
American Diabetes Association published a consensus statement on this issue, 
which states, “There is no clear evidence of benefit from vitamin or mineral 

supplementation in people with diabetes who do not have underlying 

deficiencies.  Routine supplementation of the diet with antioxidants is not 

advised because of uncertainties related to long-term efficacy and safety.”  

5.8.9 Recommendations by Other Medical Organizations 

The American Academy of Family Physicians states that “the decision to provide 
special dietary intervention or nutrient supplementation must be on an individual 
basis using the family physician's best judgment based on evidence of benefit as 
well as lack of harmful effects. Megadoses of certain vitamins and minerals 
have been proven to be harmful.”( American Academy of Family Physicians. 
AAFP Clinical Recommendations. Available at: 
tp://www.aafp.org/policy/camp/19.html.).  

The Canadian Task Force on Preventive Health Care is reviewing the role of vitamin 
E supplementation on the prevention of cardiovascular disease and cancer. 
(Canadian Task Force on Preventive Health Care. Available at: 
http://www.ctfrpc.org/Whats%20New/reviews_in_progress.html.).  

The American Cancer Society recommends a well-balanced diet and does not 
recommend the use of vitamin and mineral supplements as a preventive or 
therapeutic intervention. (American Cancer Society. Prevention and early 
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detection: Nutrition for risk reduction. Available at: 
http://www.cancer.org/eprise/main/docroot/ped/ped_3?sitearea+PED&level=1.).  

The American Heart Association Dietary Guidelines Revision 2000 recommends that 
vitamin and mineral supplements are not a substitute for a balanced and 
nutritious diet designed to emphasize the intake of fruits, vegetables, and grains. 
(American Heart Association. Vitamins and mineral supplements: AHA scientific 
position. Available at: http://216.185.112.5/presenter.jhtml?identifier=4788.).   

5.9 OXIDATIVE MODIFICATION HYPOTHESIS OF 
ATHEROSCLEROSIS 

Just as with EMODS, antioxidant compounds cannot be indiscriminately lumped 
together; they differ quantitatively and even qualitatively from one another. We still know 
too little about the oxidative mechanisms in vivo and lack biochemical markers with 
which to evaluate candidate antioxidant compounds. Moreover, increasing oxidative 
capacity may need to begin earlier in life to be maximally effective. 

Coronary risk factors, such as hypercholesterolaemia and hypertension, are believed to be 
primary causes of atherosclerosis, at least partly due to their adverse impact on vascular 
biology. Impaired vascular biological states, such as endothelial dysfunction and 
inflammation, however may be independently atherogenic.  

Three examples that suggest that vascular indexes need to be considered independent of 
risk factors are anti-inflammatory effects of statins, hormone replacement therapy (HRT), 
and post-prandial endothelial dysfunction and inflammation. The REVERSAL and 
PROVE IT-TIMI 22 trials demonstrated that changes in LDL cholesterol and C-
reactive protein independently correlated with coronary atherosclerosis progression 
and coronary heart events. On-treatment C-reactive protein was as predictive of 
subsequent coronary events as was LDL cholesterol (Eating, vascular biology, and 
atherosclerosis: a lot to chew on. Robert A. Vogel. Eur. Heart J., January 1, 2006; 27(1): 
13 - 14).

6.0 LDL does not Support Foam Cell Formation  

Beyond cholesterol, oxidative modification of LDL and small dense LDL particles have 
also been related to the pathogenesis of atherosclerosis.  Numerous studies have shown 
that elevated serum low-density lipoprotein (LDL) cholesterol appears to be is the crucial 
factor for the initiation and progression of atherosclerosis, and lowering LDL  cholesterol 
can largely reduce the incidence and mortality of cardio- and cerebro-vascular diseases 
(Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: 
the Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344:1383-9) (Prevention 
of cardiovascular events and death with pravastatin in patients with coronary heart 
disease and a broad range of initial cholesterol levels. The Long-Term Intervention with 
Pravastatin in Ischaemic Disease (LIPID) Study Group. N Engl J Med 1998;339:1349-
57) (MRC/BHF Heart Protection Study of cholesterol lowering with simvastatin in 
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20,536 high-risk individuals: a randomised placebo-controlled trial. Lancet 2002;360:7-
22).  
 
However, there is great variability in the incidence of coronary artery disease (CAD) 
at any given level of plasma LDL cholesterol (Witztum JL, Steinberg D. The oxidative 
modification hypothesis of atherosclerosis: does it hold for humans? Trends Cardiovasc 
Med 2001;11:93-102).  LDL particles are heterogeneous with varying density, size, 
charge, and composition.  Small dense LDL particles, however, often coexist with 
hypertriglyceridemia and low level of HDL, and each one may be atherogenic. It is 
therefore difficult to dissect out their relative contribution to atherogenesis. LDL particle 
size may thus merely be a marker of other lipid abnormalities. 
 
Substantial evidence indicates that oxidized LDL is present in vivo within the 
atherosclerotic lesion but not in the normal arterial wall. The susceptibility of LDL 
to oxidation in vitro was reported to be associated with CAD in a small-scale study, but 
was only marginally associated with the extent of coronary atherosclerosis in a larger-
scale clinical study (van de Vijver LP, Kardinaal AF, van Duyvenvoorde W, Kruijssen 
DA, Grobbee DE, van Poppel G, Princen HM. LDL oxidation and extent of coronary 
atherosclerosis. Arterioscler Thromb Vasc Biol 1998;18:193-9).  Observational studies 
demonstrate that higher blood concentrations or intakes of antioxidant vitamins are 
associated with a reduced risk for CAD or stroke.  I believe that this illustrates the fact 
that a great many animal studies and observational studies do not transpose directly 
to the human condition. 

In 1989, Steinberg et al. proposed the original oxidative modification hypothesis of 
atherosclerosis (Steinberg D, Parthasarathy S, Carew TE, Khoo JC, and Witztum JL. 
Beyond cholesterol: modifications of low-density lipoprotein that increase its 
atherogenicity. N Engl J Med 320: 915–924, 1989).  Theoretically, oxidized LDL 
contributes to atherogenesis by 1) aiding the recruitment of circulating monocytes into the 
intimal space, 2) inhibiting the ability of resident macrophages to leave the intima, 3) 

enhancing the rate of uptake of the lipoprotein leading to foam cell formation, and 4) 
being cytotoxic, leading to loss of endothelial integrity.   

Although macrophages were identified as the predominant cell type that gives rise to 
foam cells, early atherosclerosis research was hampered by observations that LDL 
particles did not appear to be atherogenic in vitro.  Foam cell formation did not appear to 
be mediated by the LDL receptor.  Early studies  established the presence of oxidized 
lipids in human atherosclerotic lesions.  Glavind et al. reported that the content of 
peroxides in a chloroform extract prepared from human diseased aorta strongly 

correlated with the degree of atherosclerosis, whereas normal arteries did not 
contain lipid peroxides (Glavind J, Hartmann S, Clemmesen J, Jessen KE, and Dam H. 
Studies on the role of lipoperoxides in human pathology. II. The presence of peroxidized 
lipids in the atherosclerotic aorta. Acta Pathol Microbiol Scand 30: 1–6, 1952). 

Different types of fatty acid oxidation products have been reported to be present in human 
atherosclerotic lesions. Hydroxy products of linoleic acid or hydroxyoctadecaenoic acids 
(HODEs) were the first to be detected. These, together with hydroxyeicosatetraenoic 
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acids (HETEs or hydroxy fatty acid oxidation products of arachidonic acid), are the 
most abundant type of oxidized lipid in atherosclerotic lesions.  Most of these 
products are present as cholesterol esters. This is not surprising given that 
cholesteryllinoleate and cholesterylarachidonate are the major, readily oxidizable lipid in 
LDL, and LDL is the major source of lipids that accumulate during atherosclerosis.  
Most of the esterified HODEs in human atherosclerotic lesions are 
generated in the presence of -TOH.  Yet, the ability of lipid-soluble 
antioxidants to inhibit atherogenesis in hypercholesterolemic animal models is one of the 
strongest lines of evidence for the oxidation hypothesis and demonstrates the misleading 
nature of animal experiments. 

Human atherosclerotic lesions also contain oxo-octadecaenoic acids and F2-isoprostanes, 
which represents secondary radical oxidation products of arachidonic acid. However, 
these lipid oxidation products generally occur at concentrations 20- to 40-fold lower than 
those of HODEs and HETEs.  Like fatty acids, cholesterol can undergo enzymatic and 
nonenzymatic oxidation to a range of oxysterols.  Despite their presence, there is no 
direct evidence in humans that oxysterols contribute to atherosclerosis (Brown AJ 
and Jessup W. Oxysterols and atherosclerosis. Atherosclerosis 142: 1–28, 1999).  

In addition to lipid oxidation, there is also good evidence for protein oxidation in 
human atherosclerotic lesions.  Oxidative damage to proteins may result from 
electrophilic (2e-) and radical (1e-) reactions, e.g., initiated by electron leakage, 
metal-ion-dependent reactions, autoxidation of lipids and sugars, and breakdown 
products of lipid oxidation. 

The plasma content of antioxidants provides potent protection against oxidation and, 
as a consequence, the putative site of LDL oxidation is the subendothelial space (Frei 
B, Stocker R, and Ames BN. Antioxidant defenses and lipid peroxidation in human blood 
plasma. Proc Natl Acad Sci USA 85: 9748–9752, 1988).   

6.1 Peroxide, Superoxide and Cardiovascular Disease 
 
Some of the following material was abstracted, excerpted or modified from:  Role of 
Oxidative Modifications in Atherosclerosis.  Roland Stocker and John F. Keaney, Jr. 
Physiol. Rev. 84: 1381-1478, 2004.  I highly recommend this excellent review. 
 
There is now a consensus, but not proof, that atherosclerosis represents a state of 
heightened oxidative stress characterized by lipid and protein oxidation in the vascular 

wall. 
 
Despite these abundant data however, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 
atherosclerosis. These include the poor performance of antioxidant strategies in 
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
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lipoprotein oxidation (RMH Note:  I believe that this indicates the severe lack of 
predictability of the free radical theory as it relates to atherosclerosis). Indeed, it 
remains to be established that oxidative events are a cause rather than 
an injurious response to atherogenesis. In this context, inflammation needs to be 

considered as a primary process of atherosclerosis, and oxidative stress as a secondary 
event (RMH Note:  This makes the erroneous assumption that there is a distinct 
entity called “oxidative stress.”). 

Atherosclerosis claims more lives than all types of cancer combined and the World 
Health Organization predicts that global economic prosperity could lead to an epidemic of 
atherosclerosis as developing countries acquire Western habits. 

Age is among the most important risk factors for predicting incident cardiovascular 

disease. (RMH Note:  I believe that it is because aging is associated with factors 
which lead to EMOD deficiency states.).   
 
Numerous observational studies have indicated that males exhibit excess risk for 
cardiovascular disease compared with age-matched women (RMH Note:  I believe that 
this is because testosterone decreases EMOD production in the male, thus making 
males more vulnerable to atherosclerosis.) (Barrett-Connor E and Bush TL. Estrogen 
and coronary heart disease in women. JAMA 265: 1861–1867, 1991). There has been 
considerable speculation that estrogens offer a "protective" effect to women, as 
cardiovascular disease accelerates in women after menopause. However, this 
speculation has been difficult to substantiate, as the treatment with estrogen has not 
reduced the incidence of cardiovascular disease of postmenopausal women (Hulley S, 
Grady D, Bush T, Furberg C, Herrington D, Riggs B, and Vittinghoff E. Randomized 
trial of estrogen plus progestin for secondary prevention of coronary heart disease in 
postmenopausal women. Heart and Estrogen/progestin Replacement Study (HERS) 
Research Group. JAMA 280: 605–613, 1998). Alternatively, some of this apparent 
protection could be due to the fact that women exhibit relatively higher concentrations 
of high-density lipoprotein (HDL) cholesterol than do age-matched men. 
Nevertheless, incident cardiovascular disease is less common in premenopausal 
women than their age-matched male counterparts. 
 
There is now a growing appreciation that obesity, defined as an excess body weight with 
an abnormal high preponderance of body fat, is a condition that increases the incident risk 
of cardiovascular disease. The exact mechanism(s) to explain this phenomenon, 
however, are controversial. A number of other risk factors for cardiovascular disease, 
such as hypertension, low HDL cholesterol, and diabetes mellitus, often coexist 
(clustering) with obesity (Wilson PW, Kannel WB, Silbershatz H, and D'Agostino RB. 
Clustering of metabolic factors and coronary heart disease. Arch Intern Med 159: 1104–
1109, 1999). I believe that the presence of the double bonded fats, which trap ROS, 
leads to an EMOD deficiency state and increases the risk of atherosclerosis.   

The Surgeon General's report estimates that smoking increases atherosclerotic 
disease by 50% and doubles the incidence of coronary artery disease (United States 
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Department of Health and Human Services. Reducing the health consequences of 
smoking: 25 years of progress. Report Surgeon General DHSS CDC 89–8411, 1989). I 
believe that this is due to the obvious decrease in available ground state oxygen for 
tissues, organs and cells and thus, deficiency states of EMODs.  There is now 

considerable confidence that smoking is causally related to coronary artery disease, as 
smoking cessation is quite effective in lowering the future risk of the disease. In fact, 
the risk of heart attack in ex-smokers approaches that of nonsmokers in only 2 years 
(Gaziano JM. Epidemiology of risk factor reduction. In: Vascular Medicine, edited by 
Loscalzo J, Creagher M, and Dzau V. Boston, MA: Little Brown, 1996, p. 569–586).  I 
believe that this is due to “spontaneous regression” of atherosclerosis and is due to 
resumption of adequate levels of oxygen which can generate adequate levels of 
EMODs.  

In patients with diabetes, the risk of coronary atherosclerosis is three- to fivefold 
greater than in nondiabetics despite controlling for other risk factors 
(“clustering”)(Bierman EL. George Lyman Duff Memorial Lecture. Atherogenesis in 
diabetes. Arterioscler Thromb 12: 647–656, 1992) (Pyorala K, Laakso M, and Uusitupa 
M. Diabetes and atherosclerosis: an epidemiologic view. Diabetes Metab Rev 3: 463–
524, 1987).  I believe that this is due to the fact that hyperglycemia results in 
deficiency levels of EMODs.  Also, remember that H2O2 has insulin-mimetic activity. 

Familial hypercholesterolemia is an autosomal dominant disorder that affects 1 in 500 
persons.  . In heterozygotes, 85% of individuals have experienced a myocardial 

infarction by the age of 60, and this age is reduced to 15 yr in patients homozygous 
for the disease (Gotto AM Jr and Farmer JA. Risk factors for coronary artery disease. In: 
Heart Disease: A Textbook of Cardiovascular Medicine, edited by Braunwald E. 
Philadelphia, PA: Saunders, 1988, p. 1153–1190). 

Early concepts of atherosclerosis involved progressive luminal narrowing until the blood 
flow was compromised to the point that organ metabolic needs could no longer be met, 
producing ischemia and infarction of the subtended tissue such as the heart or the brain. 
Over the last 15 years, this concept has changed dramatically to include the notion 
of plaque rupture as both a precipitant of clinical events but also a component of 
plaque progression in atherosclerosis.  I believe that this indicates that the old 
paradigm of cholesterol build-up is wrong.  Clinical events indicate that thrombosis is 
the consequence of an abrupt, catastrophic change in plaque morphology rather than 
a gradual narrowing of the lumen (Davies MJ and Thomas AC. Plaque fissuring—the 
cause of acute myocardial infarction, sudden ischaemic death, and crescendo angina. Br 
Heart J 53: 363–373, 1985) (Davies MJ. A macro and micro view of coronary vascular 
insult in ischemic heart disease. Circulation 82: II38–II46, 1990).  

I believe that the inflammatory response results in local hypoxia, which ultimately 
leads to deficiency states of EMODs and this in turn, decreases the ability of the 
vessel wall to disrupt pre-plaque micro-aggregation.  Current theories involve a 
significant component of inflammation, a known feature of atherosclerosis (Libby P. 
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Inflammation in atherosclerosis. Nature 420: 868–874, 2002). Here, I see a common 
thread of “hypoxia.” 

I believe that the areas of predisposition are areas which have EMOD deficiencies 
and they subsequently develop plaque.  I believe that the EMODs oxidize the plasma 
particulates or microaggregates thus, making them excretable products.). Such 
lesion-prone sites tend rather to demonstrate an enhanced retention of atherogenic 
apolipoprotein B-containing lipoproteins (Schwenke DC and Carew TE. Initiation of 
atherosclerotic lesion in cholesterol-fed rabbits. II. Selective retention of LDL vs 
selective increases in LDL permeability in susceptible sites of arteries. Arteriosclerosis 9: 
908–918, 1989). 
 
In addition to radicals, several nonradical oxidants are important when considering 
oxidative modifications in the vessel wall. The most abundant of these is hydrogen 

peroxide (H2O2) derived from the action of oxidases such as glucose oxidase on O2, 
or from the dismutation of O2

–·. 
 
Nonradical oxidants like ONOOH and HOCl (Hazell LJ, van den Berg JJM, and 
Stocker R. Oxidation of low-density lipoprotein by hypochlorite causes aggregation that 
is mediated by modification of lysine residues rather than lipid oxidation. Biochem J 302: 
297–304, 1994) appear to react preferentially with proteins rather than lipids 

(Vissers MC, Stern A, Kuypers F, vandenBerg J, and Winterbourn CC. Membrane 
changes associated with lysis of red blood cells by hypochlorous acid. Free Radic Biol 
Med 16: 703–712, 1994).  This preference for a reaction with proteins differentiates 
nonradical from radical oxidants, the latter commonly initiating lipid peroxidation.   
 
6.2 Sources of Oxidants in the Vascular Wall 

Within the vessel wall, the different oxidants can originate principally from cellular 
and extracellular sources, and from enzymatic and nonenzymatic paths.  The phagocyte 
NADPH oxidase (Nox) utilizes electrons derived from NADPH to reduce molecular 
oxygen to O2

–·. While, according to some, O2
–· is principally a reducing agent, it can 

give rise to secondary products that include strong oxidants.  Once activated 
appropriately, phagocytic cells produce large amounts of O2

–· over relatively short 
periods that are involved in host defense. 

NAD(P)H oxidase activity represents a major source of EMODs in the vasculature 
(Pagano PJ, Ito Y, Tornheim K, Gallop PM, Tauber AI, and Cohen RA. An NADPH 
oxidase superoxide-generating system in the rabbit aorta. Am J Physiol Heart Circ 
Physiol 268: H2274–H2280, 1995). NAD(P)H oxidases in vascular cells can also be 
activated by stimuli such as angiotensin II, thrombin, platelet-derived growth factor, 
tumor necrosis factor- , interleukin-1, and for endothelial cells, mechanical forces 
(including shear stress) and vascular endothelial growth factor (Ushio-Fukai M, Tang 
Y, Fukai T, Dikalov SI, Ma Y, Fujimoto M, Quinn MT, Pagano PJ, Johnson C, and 
Alexander RW. Novel role of gp91phox-containing NAD(P)H oxidase in vascular 
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endothelial growth factor-induced signaling and angiogenesis. Circ Res 91: 1160–1167, 
2002). Thus, all of these will generate O2

–·, which will produce H2O2. 

In vascular smooth muscle cells, O2
–· and H2O2 appear to be produced 

predominantly inside the cells, and addition of NAD(P)H to the cells augments O2
–· 

generation. For endothelial cells, there is evidence for extracellular release of O2
–· as 

indicated using cell-impermeable "trapping" agents (Ushio-Fukai M, Tang Y, Fukai T, 
Dikalov SI, Ma Y, Fujimoto M, Quinn MT, Pagano PJ, Johnson C, and Alexander RW. 
Novel role of gp91phox-containing NAD(P)H oxidase in vascular endothelial growth 
factor-induced signaling and angiogenesis. Circ Res 91: 1160–1167, 2002).  I believe 
that this is in agreement of my Unified Theory that EMODs disrupt 
microaggregates oxidatively and prevent the formation of plaque. 

However, even under stimulated conditions, the amounts of O2
–· produced by vascular 

cells are only a fraction of those generated by activated phagocytes and are 
commonly considered to represent second messengers for a number of key 
regulatory proteins and cellular responses, rather than toxic species that cause 
oxidative damage. 
 
If one accepts the notion that LDL oxidation is an essential feature of 
atherosclerosis, then inhibiting LDL oxidation should limit atherosclerosis.  There is 
little evidence that strongly oxidizing conditions persist in vivo in atherosclerotic 
vessels. 

However, despite their presence, there is no direct evidence in humans that 
oxysterols contribute to atherosclerosis (Brown AJ and Jessup W. Oxysterols and 
atherosclerosis. Atherosclerosis 142: 1–28, 1999).  Oxidative damage to proteins may 

result from electrophilic (2e-) and radical (1e-) reactions, e.g., initiated by electron 
leakage, metal-ion-dependent reactions, autoxidation of lipids and sugars, and 
breakdown products of lipid oxidation. 

Myeloperoxidase is the only human enzyme known to generate HOCl.  The 

myeloperoxidase/H2O2/Cl– system and HOCl convert -amino acids to their 
corresponding aldehydes.  Like cyclooxygenase, lipoxygenases require low levels of 
"seeding peroxides" to oxidize inactive Fe2+ to active Fe3+ enzyme and are likely 
affected by the "peroxide tone" of cells. 

Monoamine oxidase in the outer mitochondrial membrane may represent another 

source of H2O2. Within the mitochondria, O2
–· production occurs primarily at 

complex I (NADH dehydrogenase) and complex III (ubiquinone-cytochrome bc1).  

6.3 SOD and Catalase 

In apparent contradiction to this notion however, overexpression of Cu,Zn-SOD in fat-
fed C57BL/6 mice increases rather than decreases lesion formation.  These findings 
indicate that EC-SOD appears to have surprisingly little influence on atherogenesis 
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in mice and that the role of SOD in intimal LDL oxidation and atherogenesis 
remains unknown. 

The activity of EC-SOD, the major SOD isoenzyme in the arterial wall, was reported 
to be increased in highly cellular rabbit lesions, but decreased in advanced, connective 
tissue-rich human lesions (Luoma JS, Strålin P, Marklund SL, Hiltunen TP, Sarkioja T, 
and Ylä-Herttuala S. Expression of extracellular SOD and iNOS in macrophages and 
smooth muscle cells in human and rabbit atherosclerotic lesions: colocalization with 
epitopes characteristic of oxidized LDL and peroxynitrite-modified proteins. Arterioscler 
Thromb Vasc Biol 18: 157–167, 1998). I believe that this provides less H2O2 to oxidize 
microaggregates, which would make them products for excretion.  Overall, 
however, the activity of the different SOD isoenzymes does not appear to be altered 
drastically compared with normal arteries. 

Chronic inhibition of Cu,Zn-SOD in rats has also been reported to result in 
increased nonenzymatic lipid peroxidation (Lynch SM, Frei B, Morrow JD, Roberts 
LJ II, Xu A, Jackson T, Reyna R, Klevay LM, Vita JA, and Keaney JF Jr. Vascular 
superoxide dismutase deficiency impairs endothelial vasodilator function through direct 
inactivation of nitric oxide and increased lipid peroxidation. Arterioscler Thromb Vasc 
Biol 17: 2975–2981, 1997), indicating the potential for a protective role of 
SODs in atherosclerosis.  I believe that the protection afforded by SOD is 
directly related to the amount of H2O2 that it generates. 

These findings indicate that EC-SOD appears to have surprisingly little influence on 
atherogenesis in mice and that the role of SOD in intimal LDL oxidation and 
atherogenesis remains unknown. 

6.4 Glutathione-Related Antioxidants 

Selenium-independent glutathione peroxidase activity is increased in plaque.  In 
lesions of rabbits fed a hyperlipidemic diet, total thiol compounds and selenium-
dependent glutathione peroxidase activity has been reported to progressively rise 
from 10 to 60 days, whereas the activities of catalase, glutathione reductase, and 

glutathione transferase significantly decrease, and selenium-independent 

glutathione peroxidase activity is not detectable (Del Boccio G, Lapenna D, Porreca E, 
Pennelli A, Savini F, Feliciani P, Ricci G, and Cuccurullo F. Aortic antioxidant defence 
mechanisms: time-related changes in cholesterol-fed rabbits. Atherosclerosis 81: 127–
135, 1990). I believe that this again indicates that less H2O2 is available to 
break down plaque precursors.  The changes in glutathione-related antioxidant 
enzymes during atherosclerosis are inconsistent between species and between animal 
models of atherosclerosis. 
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6.5 Transition Metals 

Antioxidant minerals are cofactors of antioxidant enzymes. Selenium for glutathione 
peroxidase; zinc and copper for SOD in cells; manganese for SOD in mitochondria; iron 
for catalase and some peroxidases. These minerals have additional metabolic functions 
and they can occupy alternating oxidative states.  Most are involved in prooxidant 
reactions, unless they are incorporated into another molecule.   

Transition metals, specifically iron and copper, are essential for the synthesis of a 
very large range of proteins, including enzymes, like eNOS, that play a central role 
in the normal function of blood vessels. However, these metals can undergo 1e-
transfer reactions that result in autoxidation reactions or the decomposition of 
peroxides to peroxyl, alkoxyl, and hydroxyl radicals. For example, transition metals 
can induce oxidative damage to lipoproteins, and copper is commonly used as the in vitro 
oxidant for LDL (Esterbauer H, Gebicki J, Puhl H, and Jürgens G. The role of lipid 
peroxidation and antioxidants in oxidative modification of LDL. Free Radic Biol Med 13: 
341–390, 1992).  

Thus, binding of adventitious transition metals to inactive chelates in the vascular 
wall may represent an antioxidant defense. Several proteins, such as ferritin, 
transferrin, haptoglobin, hemopexin, and ceruloplasmin, specifically bind biological 
iron and copper complexes and are considered to be part of the body's antioxidant 
defense system (Halliwell B and Gutteridge JMC. The antioxidants of human 
extracellular fluids. Arch Biochem Biophys 280: 1–8, 1990). 

The concentration of free transition metals in vivo appears to be very low and there 
is little convincing evidence that they are related to atherosclerosis. Indeed, an 
autopsy study on patients with hemochromatosis, a genetic disorder that results 
in elevated plasma and tissue levels of iron, showed that they have less coronary 
artery disease than age- and sex-matched controls (Miller M and Hutchins 
GM. Hemochromatosis, multiorgan hemosiderosis, and coronary artery disease. JAMA 
272: 231–233, 1994).  This is exactly what I have been saying.  The increase in 
oxidation, secondary to transition metals, increases EMODs, which decreases 
atherosclerosis.  I believe that this is also the reason that patients with iron and 
copper deficiencies have greater risk for developing cancer. 

Under normal conditions, transferrin is loaded to only 20–30% so that there is 
substantial iron binding capacity remaining and "free iron" is essentially non-
detectable. In addition, human plasma contains haptoglobin and hemopexin that can 
prevent the pro-oxidant activity of hemoglobin and heme, respectively. For example, 
hemopexin can inhibit in vitro LDL oxidation induced by heme and hemoglobin.  Of 
course, this means that heme can oxidize LDL. 

When body tissues are damaged, neutrophils and other phagocytes enter the damaged 
area.  These cells become activated, releasing O2

.- and HOCl that can help to remove 
foreign organisms at the injury site.  For example, HOCl can oxidize thiol (~SH) groups 
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on proteins.  When tissues are crushed or torn, iron can be released from cells, both a 
free iron and in the form of heme-containing proteins (such as myoglobin), and as the 
storage protein ferritin.  Free iron can convert O2

.- and H2O2 into highly damaging 
.OH.   O2

.- can cause a limited release of iron from ferritin, and H2O2 can release 
iron from heme proteins. However, these observations are based on in vitro studies. 

It has been known for a long time that the oxidative modification of LDL by vascular 
cells is absolutely dependent on the presence of low concentrations of transition 
metals, such as copper and iron, in the medium (Garner B and Jessup W. Cell-
mediated oxidation of low-density lipoprotein: the elusive mechanism(s). Redox Report 
2: 97–104, 1996). For example, it can be completely prevented by the inclusion of 
metal chelators such as ethylenediamine tetraacetic acid or relatively small amounts 
of serum (that contains metal-binding proteins. Iron deposits are present in 
human lesions.   

However, increasing or decreasing plasma and tissue stores of iron does 
not affect the formation of atherosclerotic lesions in cholesterol-fed 
rabbits (Dabbagh AJ, Shwaery GT, Keaney JF Jr, and Frei B. Effect of iron overload 
and iron deficiency on atherosclerosis in the hypercholesterolemic rabbit. Arterioscler 
Thromb Vasc Biol 17: 2638–2645, 1997). Also, in apolipoprotein E –/– mice, iron 
overload decreases lesion size despite detectable increases in hepatic concentrations 
of markers of oxidative events in the liver. Similarly, dietary supplementation with 
copper decreases atherosclerosis in cholesterol-fed rabbits, while copper deficiency 
increases atherosclerosis in C57B mice.  Stocker and Kearney say that together, these 
results indicate that iron and copper are not likely important catalysts for oxidation events 
leading to atherosclerosis and that studies using free transition metals such as Cu(II) to 
oxidize LDL in vitro may not be meaningful biologically. 

Albumin transports dietary copper to the liver where it is incorporated into 
ceruloplasmin for release into circulation and transport to various tissues. Ceruloplasmin 
has ferroxidase activity that is required for iron incorporation into ferritin. The protein can 
also catalyze oxidation of a wide range of phenols and, surprisingly, was reported to 
induce in vitro and to facilitate cell-mediated, metal-dependent LDL oxidation. As a 
result of this, it has been speculated (Mukhopadhyay CK, Ehrenwald E, and Fox PL. 
Ceruloplasmin enhances smooth muscle cell- and endothelial cell-mediated low density 
lipoprotein oxidation by a superoxide-dependent mechanism. J Biol Chem 271: 14773–
14778, 1996) that ceruloplasmin may participate in LDL oxidation in the arterial 
wall. 
 
Cells or intact organs exposed to H2O2 exhibit reduced ferritin synthesis and 
upregulation of transferrin receptor mRNA (Pantopoulos K and Hentze MW. Rapid 
responses to oxidative stress mediated by iron regulatory protein. EMBO J 14: 2917–
2924, 1995.). The mechanism for this effect is complex, as H2O2 releases Fe from iron-
regulatory protein, but such H2O2-treated protein is not able to bind to iron-
response elements, suggesting some other signaling mechanism for changes in iron 
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status mediated by iron-regulatory protein. This contention is supported by observations 
that H2O2

 treatment of cell lysates does not stimulate binding of iron-regulatory 

protein to response elements. 

6.6 Oxysterol Formation, The Role of Antioxidants 

In light of the alleged potentially dangerous effects of oxysterols for human health, 
efforts to prevent or to reduce oxysterol consumption are now currently being 
made. As processed foods of animal origin are the main dietary sources of oxysterols, 
prevention of its formation during manufacture, processing, storage, or culinary 
preparation, is of importance. Antioxidants, both of synthetic or natural origin, are 
widely applied to prevent lipid oxidation in processed foods, raw materials, or fats 
and oils used in manufacture (Valenzuela A, Nieto S (1996) Natural and synthetic 
antioxidants: food quality protectors. Grasas & Aceites 47: 186-196). However, 
antioxidant action is directed to prevent or delay fatty acid oxidation. The effect of 
antioxidants to prevent oxysterol formation has scarcely been investigated.  I believe that 
the addition of antioxidants to so many foods is also potentially dangerous. 

Antioxidants are organic lipid- or water-soluble substances that can scavenge the 
active forms of oxygen involved in the initiation steps of the oxidation, or break the 
oxidative chain reaction. Antioxidants may react with the fatty acid peroxy radicals to 
form stable antioxidant radicals, which are either insufficiently reactive for further 
reactions or form non-radical products. The most widely used synthetic antioxidants in 
human foods are 2,6-di-tertiarybutyl-4-methylphenol (BHT), tertiarybutyl-4-
hydroxyanisole (BHA), tertiary butylhydroquinone (TBHQ), and the n-propyl ester of 
3,4,5-trihydroxybenzoic acid (propyl gallate, PG). Animal feed also uses 6-ethoxy-1, 2-
dihydro-2,4-trimethylquinoline (ethoxyquine, EQ), which is not allowed for 
human consumption.  Again, I believe that the addition of antioxidants to so 
many foods is also potentially dangerous. 

These synthetic antioxidants have been used for a long time, although recently 
concerns have arisen due to the possible potential toxicity in some 
(Lachance PA, Zeina BS, Jeong WS (2001) Antioxidants: an integrative approach. 
Nutrition 17: 835-842). Natural antioxidants, which are present in variable amounts in 
vegetables such as fruits, leaves, flowers, roots, grains, and seeds, have gained 
prominence as alternatives to synthetic antioxidants (Aruoma OI (1997) Extracts as 
antioxidant prophylactic agents. INFORM 8: 1236-1242). Research interest in the 
properties and occurrence of natural antioxidants focus on vitamin E (mainly the alpha, 
beta, and gamma tocopherol homologous), some herbs extracts, such as rosemary extract, 
carotenoids, and various flavonoids.  

Since cholesterol oxidation proceeds via a free radical mechanism, similar to 
polyunsaturated fatty acid oxidation, antioxidants used to inhibit general fat and oil 
oxidation are also able to prevent or retard cholesterol oxidation. However, results are 
diverse and sometimes contradictory.  BHT and TBHQ act as the most effective 
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inhibitors; BHA and EQ are less effective, and PG are unable to inhibit cholesterol 
oxidation.  

In addition to possessing vitamin E function, tocopherols are the major natural 
antioxidants in foods and are important for the stability of vegetable oils.  While some 
researchers claim that γ -tocopherol is a better antioxidant than α -tocopherol, other 
researchers reported a better effectiveness of a-tocopherol as antioxidant.  α -
tocopherol has been identified as the most effective antioxidant, with better activity than 
other antioxidants, such as BHA or BHT.  

Csallany et al., (2002) have recently demonstrated that α-tocopherol, BHA, and BHT can 
inhibit the oxidation of cholesterol in the presence of superoxide anion, water, and 
hydrogen peroxide.  Flavonoids comprise a well-known family of natural substances that 
exhibit antioxidant properties. These structures are ubiquitous in photosynthesizing cells, 
seeds, fruits, pollen, and flowers. Flavonoids have been defined as "high level" 
antioxidants. They act by scavenging those free radicals or exited forms of oxygen 
involved in the first stages of lipid oxidation, such as the singlet oxygen, the superoxide 
free radical or the hydroxyl free radical.  Quercetin was highly effective in preventing 
cholesterol oxidation. Catechin also showed protective action, but less efficiently than 
quercetin. The other two flavonoids, morin and rutin, were devoid of antioxidant 
activity. 

Information on the effect of natural antioxidants other than tocopherols on cholesterol 
oxidation is very limited. The emphasis given to natural antioxidants results from 
concerns over the toxicity of some synthetic antioxidants.  

Cholesterol oxidation products can be potentially harmful to human health.  

Exercise decreases the LDL-cholesterol and increases the “good” HDL-cholesterol 
(Ekelund LG, et al. Physical fitness as a predictor of cardiovascular mortality in 
asymptomatic North American men.  The Lipid Research Clinics’ mortality follow-up 
study.  New England Journal of Medicine. 319, 1379-1384, 1988).  Many studies have 
shown a lower risk of heart attack in athletes as opposed to sedentary life styles.  I 
believe that this is due to the exercise serving as a “dose” of EMODs.  

Overall, HDL has not been a good predictor for heart attacks, even though interpretation 
of the data has been skewed towards establishing unsupported conclusions (Keys A et al. 
HDL serum cholesterol and 24-year mortality of men in Finland.  International Journal of 
Epidemiology. 13, 428-435, 1984).  Ravnskov has drawn similar conclusions that there is 
a lack of predictability of LDL and heart attacks.   

Triglycerides are molecular complexes in which three fatty acids are attached to a 
glycerol molecule.  Once thought to be good predictor of cardiovascular disease, 
triglycerides have also been shown to be poor predictor of risk of heart attacks.  
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Organisms obtain cholesterol through biosynthesis and diet. Normally, cholesterol 
synthesis is automatically regulated inversely with the dietary intake of cholesterol.  
Cholesterol biosynthesis is a highly-regulated process that occurs in almost all 
animal tissues, but in higher mammals the liver, the adrenal gland, the ovaries, and 
testis show the most significant biosynthetic activity. Cholesterol is an essential and 
necessary species. It's converted into Vitamin D by sunlight, and it's the precursor for 
steroid hormones like the testosterone you need to grow, and the estrogen women need to 
be feminine.  

The liver manufactures something like 1,000 mg of cholesterol per day, even if you 
consume no cholesterol at all. Of that amount, about 800 mg becomes bile salts, which is 
necessary for the digestion of fats.  Bile is the major excretion route of cholesterol from 
the body, predominantly as unesterified cholesterol.  In the adult human, approximately 
400 mg of cholesterol per day are converted to bile acids and only approximately 50 mg 
are converted to hormones (Ishibashi S, Schwarz M, Frykman PK, Herz J, Russell DW 
(1996) Disruption of cholesterol 7 a-hydroxylase gene in mice I: postnatal lethality 
reversed by bile acid and vitamin supplementation. J Biol Chem 271: 18017-18023). 

The possible link between cholesterol and atherosclerosis has been hotly debated and no 
clear winner has been declared (The Cholesterol Myth. Uffe Ravnskov.  New Trends 
Publishing, Inc. Washington, D.C. 2000).   Dr. F. Batmanghelidj, M.D. states that,  "We 
in the medical profession, totally oblivious of the vital roles of cholesterol in the body, 
have been duped into thinking that it is this substance that causes arterial disease of the 
heart and the brain. The pharmaceutical industry has capitalized on the slogan of bad 
cholesterol and has produced toxic-to-the-body chemicals that minimally lower the level 
of cholesterol in the body and in the process cause liver damage to thousands of people, 
some who die as a result of using the medication." 

6.6.1 Familial Hypercholesterolemia 

Familial hypercholesterolemia is an autosomal dominant disorder that affects 1 in 500 
persons from the general population. Heterozygotes for this disease manifest a two- to 
fivefold elevation in plasma LDL cholesterol that is due to a functional impairment of the 

LDL receptor, resulting in a defect in LDL clearance. Homozygotes for this disorder 
demonstrate a four- to sixfold elevation in plasma cholesterol that produces precocious 
atherosclerosis. In heterozygotes, 85% of individuals have experienced a myocardial 

infarction by the age of 60, and this age is reduced to 15 yr in patients homozygous 
for the disease (Gotto AM Jr and Farmer JA. Risk factors for coronary artery disease. In: 
Heart Disease: A Textbook of Cardiovascular Medicine, edited by Braunwald E. 
Philadelphia, PA: Saunders, 1988, p. 1153–1190). 

Low levels of HDL cholesterol are commonly found in FCHL, especially in subjects with 
hypertriglyceridemia. Increased TG concentrations, small dense LDL particles and low 
HDL cholesterol concentrations, so called lipid triad, is a common feature of the 
dyslipidemia in FCHL 
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Dr. Harlan Krumholtz of Yale University followed 997 elderly men and women over a 
four year period and found that twice as many of the individuals with low cholesterol 
had a heart attack or died from one compared to those with the highest cholesterol 
levels and concluded that high cholesterol seems to be protective in the elderly 
(Krumholtz HM et al. Lack of association between cholesterol and coronary heart disease 
mortality and morbidity and all-cause mortality in persons older than 70 years.  JAMA 
272, 1335-1340, 1994). 

Also disturbing was the conclusion of Dr. Gilles Dagenais of Quebec, who followed 
almost 5,000 healthy middle aged men for 12 years and found that although high 
cholesterol has a slight association with increased risk for men in the USA, it has no such 
association for men in Canada (Dagenais GR et al. Total and coronary heart disease 
mortality in relation to major risk factors—Quebec cardiovascular study. Canadian 
Journal of Cardiology. 6, 59-65, 1990). 

Dr. Henry Shanoff of Toronto studied 120 men for ten years after recovery from a heart 
attack and found that those with low cholesterol has a second coronary just as 
frequent as those with high cholesterol and this work has been supported in other 
studies (Shanoff HM, Little JA, Csima A. Studies of male survivors of myocardial 
infarction:  XII.  Relation of serum lipids and lipoproteins to survival over a 10-year 
period.  Canadian Medical Association Journal. 103, 927-931, 1970).  

Uffe Ravnskov concluded in his book The Cholesterol Myth that, “High cholesterol is 
said to be dangerous for Americans but not for Canadians, Stockholmers, Russians 
or Maoris.  High Cholesterol is said to be dangerous for men, but not for women; it 
is said to be dangerous for healthy men, but not for coronary patients; and it is said 
to be dangerous for men of 30, but not for those of 48.  And high cholesterol may 
even be beneficial for older people.  Such discrepancies indicate that the association 
between high cholesterol and coronary heart disease is not due to simple cause and 
effect.” 

Experiments in the 1960s by Prof. Jeremy Morris and studies by Dr. Paul Leren with soy 
oil, which is high in polyunsaturated fats, concluded that it was not possible to prevent 
heart attacks by consuming more polyunsaturated oils.  These studies were more 
ammunition against the diet-heart idea.  

The Coronary Drug Project studied over 8,000 men who had had at least one heart attack 
and the group which had received the highest dosages of estrogen had to be stopped 
early because of increasing the rate of heart attacks.  Treatment with thyroid 
hormone, which lowered blood cholesterol, had to be stopped also because it also 
seemed to increase the number of heart attacks.  Those taking clofibrate had just as 
many deaths as those in the control group and many of them suffered serious side effects 
from the treatment (The Coronary Drug Project Research Group. The coronary drug 
project. Design, methods and baseline results.  Circulation. 47, suppl. 1, 1-50, 1973).   
Overall, treatment with cholesterol lowering drugs has produced controversial and 
inconsistent results. 
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The Multiple Risk Factor Intervention Trial (MRFIT) recruited over 360,000 middle 
aged men to participate in a diet-heart study.  After 7 years, there was only a 2% 
difference in the blood cholesterol between the studied group and the controls and the 
study showed that diet is basically a worthless preventative measure for heart attacks 
(MRFIT. JAMA. 248, 1465-1477, 1982). 

Later the Lipid Research Clinics Coronary Primary Prevention Trial (LRC) 
conducted a huge (about 1 million participants) study on the effects of cholestyramine 
(Questran) in lowering cholesterol and deaths from heart attacks.  Although the blood 
cholesterol in the treatment group had decreased by more than 8%, there was no 
statistical decrease in actual deaths from heart attacks, even though statistical 
manipulation seemed to indicate otherwise (The Lipid research clinic’s coronary primary 
prevention trial results. 1. Reduction in incidence of coronary heart disease.  JAMA. 251, 
351-364, 1984).  It seems that studies with clofibrate and gemfibrozil (Lopid) have 
failed to lower rates of heart attacks.  All of this backs up the conclusions of Dr. 
Cornfield and Dr. Mitchell from their early overview of cholesterol-lowering trials:  open 
trials are successful, blind trials are not.  In other words, randomized double blind studies 
showed no differences in lowering blood cholesterol and subsequent heart attacks, 
whereas, non-blinded studies appeared to be controlled by the investigators bias.  Also, 
please keep in mind that the cholesterol lowering drugs clofibrate (Atromid-S, 
Abitrate) gemfibrozil (Lopid) and all the statins stimulate cancer growth in 
rodents (Newman TB, Hulley SB. Carcinogenicity of lipid-lowering drugs. JAMA. 27, 
55-60, 1996).  Further, in the CARE study, those taking statin drugs had significantly 
more breast cancers than controls.  As for the effectiveness of statin treatment, the 
chance for a healthy individual with high cholesterol of not dying from a heart 
attack in 5-6 years was 98.4% and statin treatment could only increase this to 
98.8%, according to Dr. Ravnskov. 

Dr. Henry Buchwald discovered that removal of a part of the small intestine would lower 
blood cholesterol significantly.  This observation prompted large studies, which showed 
that lowering of blood cholesterol was not a significant factor in lowering heart 
attacks, although mathematical manipulations can selectively appear effective.   

Additionally, Dr. Seymor Glagov found that when vessels become sclerotic, they widen 
to compensate for the narrowing produced by the deposition of cholesterol in their walls 
and this widening overcompensates for the deposition until the cholesterol deposits 
occupy about 40% of the area beneath the muscle wall (Glagov S et al. compensatory 
enlargement of human atherosclerotic coronary arteries.  NEJM. 316, 1371-1275, 1987).  
It was once thought that end-organ damage and infarction were due to gradual 
advancement of these lesions, but we now know the processes involved in precipitating 
heart attack and stroke are considerably more complex.   

Early concepts of atherosclerosis involved progressive luminal narrowing until the blood 
flow was compromised to the point that organ metabolic needs could no longer be met, 
producing ischemia and infarction of the subtended tissue such as the heart or the brain. 
Over the last 15 years, this concept has changed dramatically to include the notion 
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of plaque rupture as both a precipitant of clinical events but also a component of 
plaque progression in atherosclerosis.  I believe that this indicates that the old 
paradigm of cholesterol build-up and oxidation is wrong. 

Davies and Thomas (Davies MJ and Thomas AC. Plaque fissuring—the cause of acute 
myocardial infarction, sudden ischaemic death, and crescendo angina. Br Heart J 53: 
363–373, 1985) published a study demonstrating that acute myocardial infarction and 
crescendo angina, two cardinal manifestations of atherosclerosis, were associated 
with atherosclerotic plaque rupture and fissuring in the artery with compromised 
blood flow. These observations suggested that clinical events were the consequence of an 
abrupt, catastrophic change in plaque morphology rather than a gradual narrowing 
of the lumen.  

Tangier disease is an autosomal codominant condition is characterized by the essential 
absence of HDL cholesterol levels due to a defect in the ATP binding cassette 
transporter-1that impairs cholesterol efflux from cells. Tangier patients demonstrate a 
tissue cholesterol-loading syndrome, characterized by large tonsils, neuropathy, and 
premature coronary artery disease in some kindreds. Thus evidence supports the 
inverse relation between coronary artery disease and serum levels of HDL cholesterol. 

Atherosclerosis is seemingly a major source of morbidity and mortality in the developed 
world that is characterized by LDL deposition in the arterial wall, a process that may be  
stimulated by environmental and genetic factors such as tobacco use, diabetes, and 
hypertension. This LDL deposition occurs primarily within macrophages.  Even 
normal artery segments exhibit rates of LDL entry that exceed the rate 
of LDL accumulation, suggesting that atherogenic lipoprotein entry into the arterial 
wall may not depend on endothelial dysfunction, but the accumulation of atherogenic 
lipoproteins is concentrated in areas that are predisposed to future lesion development.  I 
believe that the areas of predisposition are areas which have EMOD deficiencies and 
they subsequently develop plaque.  I believe that the EMODs oxidize the plasma 
particulates or microaggregates thus, making them excretable products, which can 
be carried back to the liver by HDL.  Once retained within the arterial wall, LDL 

can form aggregates.  However, I believe that the EMODs produced by the vascular 
wall are responsible for oxidizing the microaggregates for excretion and a deficiency 
of the EMODs thus, leads to further accumulation of the lipoprotein 
microaggregates. 

More heavily in vitro oxidized LDL, commonly termed "ox-LDL," is chemotactic for 
monocytes and T lymphocytes, perhaps as the result of lysophosphatidylcholine formed 
during oxidation.  Oxidized LDL has also been shown to stimulate the proliferation of 
smooth muscle cells and to be immunogenic by eliciting the production of 
autoantibodies.  Mice lacking the receptor for monocyte chemotactic 
protein-1 are resistant to atherosclerosis.   
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7.0 Vascular EMOD and Redox Status 

The oxidative modification hypothesis proposes a particular importance of oxidative 
events and redox reactions in the genesis of vascular disease.  

The notion of "oxidative stress" and oxygen free radicals in biological systems goes back 
to the early period of research on oxygen activation with an initial focus on oxygen 
toxicity and X-irradiation (Gerschman R, Gilbert D, Nye SW, Dwyer P, and Fenn WO. 
Oxygen poisoning and X-irradiation: a mechanism in common. Science 119: 623–626, 
1954).  Sies described oxidative stress as a "disturbance in the pro-
oxidant/antioxidant balance in favor of the former" (Sies H. Oxidative stress: 
introductory remarks. In: Oxidative Stress, edited by Sies H. New York: Academic, 1985, 
p. 1–8).   

If two radicals meet, they can join their unpaired electrons to form a covalent bond in 
reactions that are often kinetically fast and that lead to nonradical products.  A radical 
may add to a nonradical molecule or abstract a hydrogen atom from a C-H, O-H, or 
S-H bond of nonradical molecules. These types of radical reactions are common in 
biological systems where most molecules are nonradical species, whereby a new 
radical is generated, and this can set up a chain reaction.  A radical may be an 
oxidizing agent, accepting a single electron from a nonradical, or a reducing agent, 
donating a single electron to a nonradical. 

Free radical reactions are governed by thermodynamic and kinetic principles. A 
thermodynamic parameter commonly applied in free radical chemistry is the 
reduction potential that determines the feasibility of a compound X to chemically reduce 
compound Y. Buettner (Buettner GR. The pecking order of free radicals and antioxidants: 
lipid peroxidation, alpha-tocopherol, and ascorbate. Arch Biochem Biophys 300: 535–
543, 1993) has compiled a useful list of biologically relevant standard reduction 
potentials that predict the direction of reactions.  I believe that this is a very important 
consideration. 

Several nonradical oxidants are important when considering oxidative modifications 
in the vessel wall. The most abundant of these is hydrogen peroxide (H2O2) 
derived from the action of oxidases such as glucose oxidase on O2, or 
from the dismutation of O2

–·.  Similar to radicals, the reactivity of the different 

nonradical species varies. Hydrogen peroxide is generally a weak oxidant, although it 
can directly oxidize thiol (-SH) groups.  Hydrogen peroxide can also react with 
certain heme proteins (e.g., myoglobin and cytochrome c), and this may result in 
release of iron and/or the formation of ferryl heme plus amino acid radicals that can 
propagate oxidation reactions, e.g., via radical chemistry. However, transition metal-
catalyzed "decomposition" with the resulting formation of ·OH is generally 
considered the basis of most oxidative damage resulting from H2O2. Like H2O2, 
ONOO– is also a relatively weak oxidant at alkaline pH. However, its protonated 
form, peroxynitrous acid (ONOOH), is extremely reactive, even more so than 
hypochlorite/hypochlorous acid (–OCl/HOCl). 

Page 202 of 302 



Nonradical oxidants like ONOOH and HOCl (Hazell LJ, van den Berg JJM, 
and Stocker R. Oxidation of low-density lipoprotein by hypochlorite causes aggregation 
that is mediated by modification of lysine residues rather than lipid oxidation. Biochem J 
302: 297–304, 1994) appear to react preferentially with proteins rather 
than lipids (Vissers MC, Stern A, Kuypers F, vandenBerg J, and Winterbourn CC. 
Membrane changes associated with lysis of red blood cells by hypochlorous acid. Free 
Radic Biol Med 16: 703–712, 1994).  This preference for a reaction with proteins 
differentiates nonradical from radical oxidants, the latter commonly initiating lipid 
peroxidation.  Two-electron oxidants like HOCl and ONOOH avidly react with 

certain prosthetic groups, such as heme and iron sulfur centers of proteins.  A major 
biological target for ONOO– is carbon dioxide (CO2).   

While O2
–· is principally a reducing agent (according to some), it can give rise to 

secondary products that include strong oxidants. Once activated appropriately, 
phagocytic cells produce large amounts of O2

–· over relatively short periods that are 

involved in host defense.  In addition to phagocytes, adventitial fibroblasts, vascular 

smooth muscle cells, and endothelial cells contain a membrane-associated NAD(P)H 
oxidase that utilizes NADH or NADPH as the electron donor to generate O2

–· via 1e-
reduction of molecular oxygen.  There is evidence that NAD(P)H oxidase activity 
represents a major source of ROS in the vasculature (Pagano PJ, Ito Y, Tornheim K, 
Gallop PM, Tauber AI, and Cohen RA. An NADPH oxidase superoxide-generating 
system in the rabbit aorta. Am J Physiol Heart Circ Physiol 268: H2274–H2280, 1995).   

In vascular smooth muscle cells, O2
–· and H2O2 appear to be produced 

predominantly inside the cells, and addition of NAD(P)H to the cells augments O2
–· 

generation. For endothelial cells, there is evidence for extracellular release of O2
–·   I 

believe that this is in agreement of my theory that EMODs disrupt microaggregates 
oxidatively and prevent the formation of plaque. 

In contrast to phagocytes, endothelial cells, vascular smooth muscle cells, and 
fibroblasts exhibit low basal activity for O2

–· generation.  Similar to phagocytes, 
however, NAD(P)H oxidases in vascular cells can also be activated by stimuli such as 
angiotensin II, thrombin, platelet-derived growth factor, tumor necrosis factor- , 
interleukin-1, and for endothelial cells, mechanical forces (including shear stress) 
and vascular endothelial growth factor (Ushio-Fukai M, Tang Y, Fukai T, Dikalov SI, 
Ma Y, Fujimoto M, Quinn MT, Pagano PJ, Johnson C, and Alexander RW. Novel role of 
gp91phox-containing NAD(P)H oxidase in vascular endothelial growth factor-induced 
signaling and angiogenesis. Circ Res 91: 1160–1167, 2002). 

Even under stimulated conditions, the amounts of O2
–· produced by vascular cells 

are only a fraction of those generated by activated phagocytes and are commonly 
considered to represent second messengers for a number of key regulatory proteins 
and cellular responses, rather than toxic species that cause oxidative damage. 
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7.1 Xanthine Oxidase 

Xanthine oxidase is an iron sulfur molybdenum flavoprotein with multiple functions 
and present in high concentrations in endothelial cells of capillaries and sinusoids.  
Upon oxidation of xanthine or hypoxanthine to uric acid, the dehydrogenase 
produces NADH, whereas the oxidase generates O2

–·. 

7.2 NOS 

NOS are a family of enzymes that catalyze the oxidation of L-arginine to L-citrulline 
and the potent vasodilator ·NO.  It has become apparent that under specific 

circumstances, eNOS may become "uncoupled" and thereby an important source of 
ROS.  The enzyme may reduce molecular oxygen rather than transfer electrons to L-
arginine, thereby generating O2

–·.  Direct reaction of ·NO with thiols is too slow to be 

of biological significance.  Biologically relevant reactions include those of ·NO with 
the heme proteins guanylyl cyclase, NOS, and hemoglobin.  ·NO is unstable in the 
presence of molecular oxygen. In aqueous solutions it gives rise to dinitrogen 
trioxide (N2O3). 

7.3 Myeloperoxidase 

Myeloperoxidase is the only human enzyme known to generate HOCl.  
the myeloperoxidase/H2O2/Cl– system and HOCl convert -amino acids to their 
corresponding aldehydes, and L-serine to the chemically well-characterized advanced 
glycation end product, N -(carboxymethyl)lysine). 

7.4 Lipoxygenases 

Lipoxygenases are iron-containing dioxygenases that catalyze the stereospecific 
insertion of molecular oxygen into polyunsaturated fatty acids to give rise to a 
complex family of biologically active lipids, including prostaglandins, thromboxanes, 
and leukotrienes.  The enzyme requires activation by a "seeding" peroxide to 
oxidize the heme-iron at the active site.  Like cyclooxygenase, lipoxygenases require 
low levels of "seeding peroxides" to oxidize inactive Fe2+ to active Fe3+ enzyme and 
are likely affected by the "peroxide tone" of cells.  

7.5 Mitochondria 

The steady-state levels of mitochondrial O2
–· depend on the activity of Mn-containing 

SOD (Mn-SOD), an enzyme located in the mitochondrial matrix that converts O2
–· to 

H2O2 and molecular oxygen.  Monoamine oxidase in the outer mitochondrial 
membrane may represent another source of H2O2. Within the mitochondria, O2

–· 
production occurs primarily at complex I (NADH dehydrogenase) and complex III 
(ubiquinone-cytochrome bc1). 

Page 204 of 302 



Complications from diabetes have been linked to mitochondrial O2
–· generation.  

Overexpression of Mn-SOD appears to ameliorate many of these 
deleterious consequences of hyperglycemia.  A recent study has also linked 
mitochondrial production of ROS to the early atherosclerotic lesion development, 
although a causal role has yet to be established in vivo.   

7.6 Transition Metals 

Individuals with iron overload do not suffer from premature 
atherosclerosis (Kiechl, S., Willeit, J., Egger, G., Poewe, W., Oberhollenzer, F. 
(1997) Body iron stores and the risk of carotid atherosclerosis: prospective results from 
the Bruneck study. Circulation 96,3300-3307) (Franco, R. F., Zago, M. A., Trip, M. D., 
Cate, H., van den Ende, A., Prins, M. H., Kastelein, J. J., Reitsma, P. H. (1998) 
Prevalence of hereditary hemochromatosis in premature atherosclerotic vascular disease. 
Br. J. Haematol. 102,1172-1175).  

Free transition metals like iron and copper are strong catalysts for oxidation 
reactions in the presence of hydroperoxides.  However, the concentration of free 
transition metals in vivo appears to be very low and there is little convincing 
evidence that they are related to atherosclerosis.  Indeed, an autopsy study on 
patients with hemochromatosis, a genetic disorder that results in elevated plasma 
and tissue levels of iron, showed that they have less coronary artery disease 

than age- and sex-matched controls (Miller M and Hutchins GM. 
Hemochromatosis, multiorgan hemosiderosis, and coronary artery disease. JAMA 272: 
231–233, 1994).  This is exactly what I have been saying.  The increase in oxidation, 
secondary to transition metals, increases EMODs, which decreases atherosclerosis.  
I believe that this is also the reason that patients with iron and copper deficiencies 
have greater risk for developing cancer.  This would also be indicative of an 
“EMOD insufficiency syndrome.”  Intravascular hemolysis increases atherogenicity 

of diet-induced hypercholesterolemia in the rabbit.   

Transition metals, specifically iron and copper, are essential for the synthesis of a 
very large range of proteins, including enzymes, like eNOS, that play a central role 
in the normal function of blood vessels. However, these metals can undergo 1e-
transfer reactions that result in autoxidation reactions or the decomposition of 
peroxides to peroxyl, alkoxyl, and hydroxyl radicals.  Binding of adventitious 
transition metals to inactive chelates in the vascular wall may represent an 
antioxidant defense. Several proteins, such as ferritin, transferrin, 
haptoglobin, hemopexin, and ceruloplasmin, specifically bind biological iron 

and copper complexes and are considered to be part of the body's antioxidant 
defense system (Halliwell B and Gutteridge JMC. The antioxidants of human 
extracellular fluids. Arch Biochem Biophys 280: 1–8, 1990). 

Under normal conditions, transferrin is loaded to only 20–30% so that there is 
substantial iron binding capacity remaining and "free iron" is essentially non-
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detectable.  Human plasma contains haptoglobin and hemopexin that can prevent the 

pro-oxidant activity of hemoglobin and heme, respectively.  Hemopexin can inhibit 
in vitro LDL oxidation induced by heme and hemoglobin.  Of course, this means that 
heme can oxidize LDL. 

Ceruloplasmin may participate in LDL oxidation in the arterial wall. 

Heme oxygenases catalyze the breakdown of heme to carbon monoxide, iron, and 
biliverdin.  The overall effect of heme oxygenase may be seen as that of removing the 
potential pro-oxidants heme and iron, while at the same time producing the 
antioxidants biliverdin and bilirubin. Heme oxygenase was previously known as 
heat shock protein.  Cells deficient in heme oxygenase-1 are hypersensitive to 
oxidants like H2O2 (Poss KD and Tonegawa S. Reduced stress defense in heme 
oxygenase 1-deficient cells. Proc Natl Acad Sci USA 94: 10925–10930, 1997).   

Little is known about antioxidants effective against 2e-oxidants such as HOCl.  
There is a large body of literature on the role of dietary antioxidants in diseases 
including atherosclerosis (Frei B. Natural Antioxidants in Human Health and Disease. 
San Diego, CA: Academic, 1994). 

Lipoprotein lipid peroxidation in the arterial wall most likely takes place in the presence 
of -TOH. As a consequence, -TO· rather than LOO· is likely the major radical 
oxidant that "carries" the chain reaction of lipid peroxidation.  Again, we have an 
alleged antioxidant, α-tocopherol, which is responsible for lipid peroxidation. 

LOOH are metabolized principally through peroxidase-mediated reduction to the 
corresponding alcohols.  Remember that catalase metabolizes alcohols.  

7.7 Enzymatic Antioxidants 

Enzymatic antioxidants principally include SOD, catalase, glutathione peroxidases, 
glutathione reductase and transferases, thiol-disulfide oxidoreductases, and 
peroxiredoxins. Many of these enzymatic antioxidants are present in normal arteries, 
most likely within vascular wall cells as extracellular fluid is largely devoid of 
enzymatic antioxidants (Stocker R and Frei B. Endogenous antioxidant defenses in 
human blood plasma. In: Oxidative Stress: Oxidants and Antioxidants, edited by Sies H. 
London: Academic, 1991, p. 213–243).   

SODs catalyze the univalent reduction and oxidation of O2
–· to H2O2 and molecular 

oxygen.  There are three forms of SOD in mammalian systems: the copper-zinc 

(Cu,Zn-SOD), Mn-SOD, and extracellular SOD (EC-SOD). The copper-zinc enzyme 
is present in virtually all cells, where most of it is located in the cytosol, with some 
activity in lysosomes, peroxisomes, nucleus, and the space between inner and outer 
mitochondrial membrane. The copper ion functions in the dismutation reaction by 
undergoing alternate oxidation and reduction, and this forms the basis for the ability 
of copper-chelating agents, such as diethyldithiocarbamate, to inhibit SOD.   
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Manganese-containing SOD is largely located in the mitochondria, is cyanide 
insensitive, and contributes 10% of total cellular activity.   

EC-SOD is an extracellular form of the enzyme. It also contains copper-zinc and is a 
notable exception in that significant amounts of this antioxidant enzyme are 
present in the normal arterial wall outside cells (Strålin P, Karlsson K, 
Johansson BO, and Marklund SL. The interstitium of the human arterial wall contains 
very large amounts of extracellular superoxide dismutase. Arterioscler Thromb Vasc Biol 
15: 2032–2036, 1995).  The synthesis of EC-SOD by smooth muscle cells is 
modulated by cytokines, growth factors, vasoactive factors, and oxidants.  SOD 
activity is decreased by homocysteine and increased by angiotensin II and 
hypertension. A key function of Cu,Zn-SOD is thought to be protection against O2

–·-
induced inactivation of endothelial cell-derived ·NO. 

Catalase directly decomposes H2O2 to water and molecular oxygen, whereas 
peroxidases eliminate H2O2 by using it to oxidize another substrate.   

Glutathione peroxidases can act on peroxides other than H2O2. They can catalyze 
GSH-dependent reduction of LOOH to the corresponding alcohol 
(LOH) and require selenium.  In the mouse, heterozygous deficiency of the enzyme 
is associated with endothelial dysfunction and an increase in circulating and aortic 
concentrations of F2-isoprostanes.  Phospholipid hydroperoxide glutathione 
peroxidase (PhGPx) is the only enzyme known to reduce complex lipid 
hydroperoxides in lipoproteins (Maiorino M, Thomas JP, Girotti AW, and Ursini F. 
Reactivity of phospholipid hydroperoxide glutathione peroxidase with membrane and 
lipoprotein lipid hydroperoxides. Free Radic Res Commun 12–13: 131–135, 1991). 

NADPH is provided primarily by the oxidative pentose phosphate pathway (Chance 
B, Sies H, and Boveris A. Hydroperoxide metabolism in mammalian organs. Physiol Rev 
59: 527–605, 1979) that is initiated by glucose-6-phosphate dehydrogenase and that 
maintains the cellular redox couple NADPH/NADP+ in balance. In this context, 
glucose-6-phosphate dehydrogenase can be considered an antioxidant.  

There is increasing evidence that peroxiredoxins play an important role as 
antioxidants in vivo. For example, mice with a targeted mutation of peroxiredoxin 6 
develop normally but are susceptible to oxidative stress.   

Despite the overall lack of the major antioxidant enzymes in extracellular fluid, 
hydroperoxides of lipoprotein phospholipids and cholesterylesters may be reduced to 
the corresponding alcohols. This reduction appears to be mediated via a nonenzymatic 
reaction.     

8.0 Water-Soluble Antioxidants 

Nutrients in fruit and vegetables (known as antioxidants) were believed to protect our 
cells by neutralizing free radicals. Antioxidants include vitamins A, C and E. 
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Some authors believe that diet is a key factor in the control and development of chronic 
diseases, including cardiovascular disease (CVD), cancer, diabetes and others (Buzina, R, 
Suboticanec K, Saric M (1991) Diet patterns and health problems: diet in southern 
Europe. Ann Nutr Metab 35 Suppl 1: 32-40) (Halliwell B (1997) Antioxidants and human 
disease: a general introduction. Nutr Rev. 55(1 Pt 2): S44-9; discussion S49-52) (Satia-
Abouta J, Patterson RE, Neuhouser ML, Elder J (2002) Dietary acculturation:  
applications to nutrition research and dietetics. J Am Diet Assoc. 102(8): 1105-1118). 
Atherosclerosis and cancer are the main causes of death in industrialized nations, 
according to the World Health Organization and antioxidants were predictability going to 
remove these diseases from the scourges of mankind.  That has not happened.   

French researchers carried out a large study involving 13,000 men and women to 
investigate the effects of a pill containing a number of vitamins and minerals.  The 
research was carried out in France, led by Dr. Serge Hercberg from the Scientific and 
Technical Institute for Nutrition and Diet in Paris, and was called the SuViMax study. A 
total of 13,017 men and women aged between 35 and 60 years old were recruited to take 
part. Half were given a daily supplement containing a combination of antioxidant 
vitamins, while the others received a placebo pill. 

The results were recently presented at a meeting and are due to be published in Inserm's 
Formation Sante publication. 

The vitamins and minerals supplement pill contained: 

• 6mg beta-carotene  
• 120mg of vitamin C  
• 30mg of vitamin E  
• 100 micrograms of selenium  
• 20 milligrams of zinc  

Half the study volunteers were given a placebo pill and the other half were give a 
supplement pill, containing beta-carotene, vitamin C, vitamin E, selenium and zinc. They 
were followed up for an average of 7.5 years. 

The researchers discovered that the supplements appeared to have an effect on men, 
but not on women. The supplements reduced men's risk of developing cancer by 31 per 
cent and lowered the overall male death rate by 37 per cent.  Reports carried headlines 
such as, "Vitamin cocktail cuts cancer deaths", "Vitamins 'cut cancer death rates by 37 
per cent'", "Healthy diet sees cancer rate fall 37 per cent" and "Pill cancer KO". 

Some experts agree that vitamins and minerals are beneficial for health and offer 
some protective effects against cancer and heart disease, but say the primary source 
should be from fruit and vegetables in the diet.  Pamela Mason says that supplements 
can be beneficial in certain situations, but she believes that "in the first instance, people 
should always try to get the nutrients through their diet". She also expressed caution at 
the fact that the French researchers included beta-carotene in the supplements. Some 
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previous studies of this vitamin, including a Finnish study in 1994, have indicated that 
smokers who take beta-carotene are at a higher risk of lung cancer. "We've got a lot yet to 
learn about beta-carotene," she said, "but I certainly wouldn't want to recommend it in 
smokers." 

She added that, "It is only just being established which components of our diet protect 
against cancer or indeed place us at increased risk of some forms of the disease. Large 
studies are in progress to establish which components of our diet have the greatest effect 
on cancer risk."  Actually, I believe that this whole area of diet control of disease is 
still in its infancy and the studies to date are filled with conflicting results. 

I believe that the potential for harm of antioxidants has been ignored up to the 
present time. 
 
Plants produce more than 50,000 “secondary plant metabolites” (SPMs) as part of 
their normal growth processes and in response to stresses in the environment.  Stress 
might arise from insects, plant diseases, chemical imbalances in the soil, or weather 
extremes.  Some 4,000 SPMs are polyphenol flavonoids and many of these are 
antioxidants. Plants are the source of essentially all antioxidants in the diet, 
including the carotenoid antioxidants alpha- and beta-carotene, ascorbate, tocopherols, 
and lycopene. Plant-based animal feed is the source of antioxidants in milk, meat and 
poultry products.  Increasing the amounts of antioxidants consumed in food will not 
guarantee good health. Antioxidant intake may be just one piece in the complex puzzle 
linking dietary choices to health outcomes.  Excesses of certain nutrients and bioactive 
chemicals, including antioxidants, can be as damaging as inadequate levels.  Many 
antioxidants become prooxidants.  Dietary supplements do not appear to deliver the full 
range of health-promoting benefits that stem from consumption of whole foods that are 
rich in antioxidants. 
 
8.1 Flavonoids and Polyphenols 
 
The best-known and most widely publicized property of bioflavonoids is the antioxidant 
capacity, bioflavonoids can also act as prooxidants, enzyme inhibitors, antiadhesins, 
enzyme activators, anti-inflammatory agents, antiproliferative agents, vasoprotective 
agents, and more. 

Biological systems contain a large number of different redox-active compounds including 
the endogenous compounds uric acid and bilirubin, as well as diet-derived compounds 
like vitamin C and a variety of flavonoids and polyphenols.  Flavonoids and 
polyphenols are poorly absorbed, extensively metabolized, and possess 
only modest antioxidant activity in vitro so that they are not likely to 
make a significant contribution to the overall antioxidant defenses in 
humans. 

Flavonoids are compounds found in fruits, vegetables, and certain beverages that have 
diverse beneficial biochemical and antioxidant effects. Their dietary intake is quite 
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high compared to other dietary antioxidants like vitamins C and E. The antioxidant 
activity of flavonoids depends on their molecular structure, and structural characteristics 
of certain flavonoids found in hops and beer confer antioxidant activity exceeding that of 
red wine, tea, or soy. 

Flavonoids are polyphenolic compounds that are ubiquitous in nature and are categorized, 
according to chemical structure, into flavonols, flavones, flavanones, isoflavones, 
catechins, anthocyanidins and chalcones. Over 4,000 flavonoids have been identified, 
many of which occur in fruits, vegetables and beverages (tea, coffee, beer, wine and fruit 
drinks). The flavonoids have aroused considerable interest recently because of their 
potential beneficial effects on human health-they have been reported to have antiviral, 
anti-allergic, antiplatelet, anti-inflammatory, antitumor and antioxidant activities.  

All antioxidants are just one lost electron away from being a free radical themselves.  

The recognized dietary antioxidants are vitamin C, vitamin E, selenium, and carotenoids. 
However, studies have demonstrated that flavonoids found in fruits and vegetables may 
also act as antioxidants. Like alpha-tocopherol (vitamin E), flavonoids contain chemical 
structural elements that may be responsible for their antioxidant activities. A recent study 
by Dr. van Acker and his colleagues in the Netherlands suggests that flavonoids can 
replace vitamin E as chain-breaking antioxidants in liver microsomal membranes. The 
contribution of flavonoids to the antioxidant defense system may be substantial 
considering that the total daily intake of flavonoids can range from 50 to 800 mg. 
This intake is high compared to the average daily intake of other dietary 
antioxidants like vitamin C (70 mg), vitamin E (7-10 mg) or carotenoids (2-3 mg). 
Flavonoid intake depends upon the consumption of fruits, vegetables, and certain 
beverages, such as red wine, tea, and beer. The high consumption of tea and wine may be 
most influential on total flavonoid intake in certain groups of people.  

Antioxidant flavonoids 
(listed in order of decreasing potency) 

• Quercetin (a flavonol in vegetables, fruit skins, onions)   
• Xanthohumol (a prenylated chalcone in hops and beer)  
• Isoxanthohumol (a prenylated flavanone in hops and beer)   
• Genistein (an isoflavone in soy)  

Pro-oxidant flavonoids 

• Chalconaringenin (a non-prenylated chalcone in citrus fruits)   
• Naringenin (a non-prenylated flavanone in citrus fruits)  

 

The capacity of flavonoids to act as antioxidants depends upon their molecular structure. 
The position of hydroxyl groups and other features in the chemical structure of 
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flavonoids are important for their antioxidant and free radical scavenging activities. 
Quercetin, the most abundant dietary flavonol, is a potent antioxidant because it has 
all the right structural features for free radical scavenging activity but it also can have 
prooxidant activity.  

Dietary polyphenols have been shown to possess cardioprotective effects. For example, 
the most noted role of grape polyphenols is in the French Paradox, in which a diet high 
in saturated fat accompanied by regular consumption of red wine is associated with 
a low risk of coronary heart disease (CHD). Initially, the paradox was thought to be 
driven by the postulated major action of grape polyphenols in inhibiting LDL 
oxidation. Although many studies have shown inhibitory effects of polyphenols on LDL 
oxidation, there have been an equal number of studies that showed a null effect on 
this variable. Although there are contrasting viewpoints on the effects of polyphenols on 
LDL oxidation variables, there is increasing evidence that these compounds possess 
additional cardioprotective functions including altering hepatic cholesterol absorption, 
triglyceride assembly and secretion, the processing of lipoproteins in plasma, and 
inflammation (Cardioprotective effects of dietary polyphenols.  Zern TL, Fernandez ML. 
J Nutr. 2005 Oct;135(10):2291-4). 

Recently, chalcone and flavanone flavonoids with prenyl or geranyl side chains have 
been identified in hops and beer by Dr. Fred Stevens and Dr. Max Deinzer at Oregon 
State University. Hops are used in beer for flavor. Xanthohumol (a chalcone) and 
isoxanthohumol and 6-prenylnaringenin (flavanones) are the major prenyl-flavonoids 
found in beer. Although the antioxidant activities of these compounds have not been 
studied, these flavonoids may be responsible for the antioxidant activity of lager 
beer, which is higher than that of green tea, red wine, or grape juice as reported 
earlier by Dr. Joe A. Vinson from the University of Scranton in Pennsylvania. 
Xanthohumol is found only in beer but in small concentrations.  

The prenylchalcones and prenylflavones are effective in preventing LDL oxidation  
initiated by copper and that the prenylchalcones generally have greater antioxidant 
activity than the prenylflavanones. Xanthohumol, the major prenylchalcone in hops and 
beer, is a more powerful antioxidant than vitamin E or genistein. However, xanthohumol 
was less potent than quercetin. The potency of xanthohumol as an antioxidant is 
markedly increased when combined with an equivalent amount of vitamin E.  

As reported in the Journal of Agricultural and Food Chemistry, it was found that the 
prenyl group plays an important role in the antioxidant activity of certain flavonoids. A 
flavonoid chalcone (chalconaringenin) and a flavanone (naringenin) with no prenyl 
groups act as pro-oxidants, i.e. they promote rather than limit the oxidation of LDL by 
copper. However, adding a prenyl group to these flavonoid molecules counteracted their 
pro-oxidant activities.  

Further studies are also needed to establish the safety of xanthohumol or other flavonoids 
for use as dietary supplements since high doses of these compounds may produce adverse 
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effects in humans, according to recent findings by Dr. Martyn Smith, professor of 
toxicology, University of California at Berkeley.   

Tea is particularly rich in polyphenols, including catechins, theaflavins and 
thearubigins, which are thought to contribute to the health benefits of tea. Tea 
polyphenols act as antioxidants in vitro by scavenging reactive oxygen and nitrogen 
species and chelating redox-active transition metal ions. They may also function 
indirectly as antioxidants through 1) inhibition of the redox-sensitive transcription 
factors, nuclear factor-kappaB and activator protein-1; 2) inhibition of "pro-
oxidant" enzymes, such as inducible nitric oxide synthase, lipoxygenases, 
cyclooxygenases and xanthine oxidase; and 3) induction of phase II and antioxidant 
enzymes, such as glutathione S-transferases and superoxide dismutases. The fact that 
catechins are rapidly and extensively metabolized emphasizes the importance of 
demonstrating their antioxidant activity in vivo.  Most promising are the consistent 
findings in animal models of skin, lung, colon, liver and pancreatic cancer that tea and tea 
polyphenol administration inhibit carcinogen-induced increases in the oxidized DNA 
base, 8-hydroxy-2'-deoxyguanosine. In animal models of atherosclerosis, green and 
black tea administration has resulted in modest improvements in the resistance of 
lipoproteins to ex vivo oxidation, although limited data suggest that green tea or green tea 
catechins inhibit atherogenesis (Antioxidant activity of tea polyphenols in vivo: evidence 
from animal studies.  Frei B, Higdon JV. J Nutr. 2003 Oct;133(10):3275S-84S). 

Isoflavones - plant polyphenols with estrogenic activity - are becoming widely 
distributed in foods and sold as nutriceuticals. Their similarity to steroidal estrogens has 
stimulated research into potential cardiovascular benefits. The two major areas of study 
are those of lipid lowering and of improved vascular function.  A major plasma 
cholesterol lowering effect has not been sustained in recent publications. Relatively 
minor reductions in LDL-cholesterol or non-HDL-cholesterol have generally been 
reported, but studies in which no reduction was found have also been 
reported.  

Although research has failed to demonstrate substantial cholesterol 
lowering with dietary isoflavones, consumption of legumes is generally to be 
encouraged as part of the overall strategy for lowering plasma lipids (Isoflavones: their 
effects on cardiovascular risk and functions. Nestel P. Curr Opin Lipidol. 2003 
Feb;14(1):3-8). The favorable effects of ingested or infused isoflavones on several 
parameters of arterial function suggest an alternative explanation for the apparent low 
prevalence of coronary disease in populations that eat legumes as a staple food.  

Pomegranate polyphenols increase serum paraoxonase activity, resulting in the 
hydrolysis of lipid peroxides in oxidized lipoproteins and in atherosclerotic lesions. 
These antioxidative and antiatherogenic effects of pomegranate polyphenols were 
demonstrated in vitro, as well as in vivo in humans and in atherosclerotic apolipoprotein 
E deficient mice. Dietary supplementation of polyphenol-rich pomegranate juice to 
atherosclerotic mice significantly inhibited the development of atherosclerotic lesions and 
this may be attributed to the protection of LDL against oxidation (Pomegranate juice 
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flavonoids inhibit low-density lipoprotein oxidation and cardiovascular diseases: studies 
in atherosclerotic mice and in humans. Aviram M. Drugs Exp Clin Res. 2002;28(2-3):49-
62.). 

8.2 Wine and CVD 

Some of the following material was excerpted, abstracted or modified from:  Red Wine 
and Your Heart. Paul E. Szmitko, BSc; Subodh Verma, MD, PhD. Circulation. 
2005;111:e10-e11. 
 
Drinking red wine has been portrayed by the media as a means of combating heart 
disease. The main health benefit of moderate alcohol use supposedly appears to be related 
to its effect on the development of atherosclerosis or the accumulation of fatty plaques in 
the blood vessels, particularly the coronary arteries that supply the heart. These deposits 

decrease blood flow to the heart and may promote the formation of vessel-blocking clots, 
which can result in anginal chest pain or even a life-threatening heart attack. The 
scientific literature behind these claims involve both epidemiological (studies focused on 
disease within whole populations) and biological (studies focused on how the molecular 
components of red wine affect atherosclerosis). 

Alcohol intake from any type of alcoholic beverage appears to be beneficial, but some 
studies suggest that red wine confers additional health benefits. The regular drinking of 
red wine has been suggested as the explanation for the "French paradox," the 
relatively low incidence of coronary atherosclerosis in France as compared with 
other Western countries, despite the generally high intake of saturated fat in the 
French diet. Support for a more pronounced cardioprotective effect for red wine as 

compared with other alcoholic beverages first emerged from the Copenhagen City 
Heart Study, in which 13,285 men and women were observed for 12 years. The 
results from this study suggested that patients who drank wine had half the risk of 
dying from coronary heart disease or stroke as those who never drank wine. Those 
who drank beer and spirits did not experience this advantage. The additional benefit of 
red wine is supported further by an analysis of 13 studies involving 209,418 
participants. This analysis showed a 32% risk reduction of atherosclerotic disease 

with red wine intake, which was greater than the 22% risk reduction for beer 
consumption. Other studies and reviews have failed to show a beneficial effect for red 
wine, however, and hence it could be concluded that other lifestyle factors such as diet, 
exercise, socioeconomic status, or pattern of alcohol consumption may have played a role 
in giving wine drinkers an advantage in lowered rates of atherosclerosis. 

The chemical composition of red wine may contribute to its apparent benefit. A series of 
scientific studies suggests that the polyphenolic compounds in red wine, such as 
flavonoids and resveratrol, may play an active role in limiting the start and progression 
of atherosclerosis. 

In addition to ethanol, the polyphenolic compounds in red wine may play an active role in 
limiting the initiation and progression of atherosclerosis. Atherosclerosis was thought to 
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start when blood vessels begin to lose their natural ability to relax, or vasodilate. 
Traditional cardiovascular risk factors, such as smoking, high blood pressure, high 
cholesterol, and diabetes, promote this detrimental process. Both the alcohol and 
polyphenolic compounds found in red wine appear to favorably maintain healthy blood 

vessels (vasculature) by promoting the formation of nitric oxide (NO), the key 
chemical relaxing factor that plays a pivotal role in the regulation of vascular tone. NO 
protects against vascular injury, inhibits the adhesion of inflammatory cells to the 
vessel wall, and limits the activation of platelets, the cell particles responsible for 
blood clotting. 

One of the most important alterations caused by regular alcohol consumption is an 
increase in levels of high-density lipoprotein (HDL) cholesterol, or the "good 
cholesterol." One to 2 drinks per day of any alcohol type have been shown to increase 
HDL cholesterol by about 12%. This extra HDL cholesterol can then serve to remove 
some of the "bad cholesterol," low-density lipoprotein (LDL) cholesterol, from the 
circulation and lessen the amount of material available for fatty plaque formation. Plaque 
formation may be further hindered by the phenolic substances in red wine that possess 
antioxidant properties. Studies in rabbits, hamsters, and mice suggest that the 
antioxidant properties of wine limit early atherosclerotic plaque formation and 
progression. Furthermore, red wine has been shown to reduce the expression of several 
important proteins that promote atherosclerosis.  

The final stage in atherosclerosis occurs when the plaque ruptures, possibly resulting in 
either a heart attack or stroke. Both the alcohol and polyphenolic compounds in red 
wine appear to have anticlotting, or antithrombotic, action. When the plaque ruptures, 
a surface that favors clotting is exposed. Overall, light to moderate consumers of alcohol 
have lower levels of proteins that promote clot formation, such as fibrinogen, von 

Willebrand factor, and factor VII. The efficiency of platelet clumping also is decreased. 

Despite considerable data from epidemiological studies and strong suggestions from 
experimental research, the evidence is still insufficient to encourage patients who do 
not drink to start consuming red wine as part of a strategy to protect against 

atherosclerosis.  

Too much alcohol consumption has been shown repeatedly to contribute to 
cardiovascular disorders such as alcoholic cardiomyopathy (which develops when the 
heart muscle becomes too weak to pump blood effectively), high blood pressure, and 
certain electrical disturbances of the heartbeat. Excessive alcohol use can lead to liver 
cirrhosis, cancers, pancreatitis, neurological disorders, motor vehicle accidents, and 
addiction. Individuals with a personal or family history of alcohol abuse or liver disease 
should avoid drinking alcohol. Nevertheless, many medical societies view light use of 
ethanol as potentially beneficial to the cardiovascular system, although no formal 

recommendations for light alcohol consumption have been made.  

The American Heart Association recommends that alcohol use be an item of discussion 
between physician and patient. Heavy drinkers should reduce their consumption, and 
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alcoholics should seek help to overcome their addiction. There is no justification for 
nondrinkers to start consuming wine as a preventive measure, considering that several 
other well-proven therapies exist for cardiovascular risk reduction, such as exercise, 
smoking cessation, blood pressure control, and cholesterol lowering, that do not have 
wine’s undesirable effects. For those patients who are established moderate drinkers, 
abstention should not be enforced. Thus, patients are not advised to drink wine for their 
health, but rather to drink—moderately—to their health.  

8.3 Beta-Carotene 

Beta Carotene (some of the following material was taken from:  UC Berkeley Wellness 
Letter, March 2000) 

Throughout the last half of the 20th century there were wild claims for the benefits of the 
antioxidant carotenoids in the prevention of human diseases which had been caused by 
electronically modified oxygen derivatives (EMODs). The claims were that it would 
prevent cancer and heart disease and boost immunity. 

Carotenoids are found in green, yellow, and orange vegetables and some fruits. The 
commonly occurring carotenoids include beta and alpha carotene, lycopene, 
cryptoxanthin, lutein, and zeaxanthin. These all act as antioxidants, but only beta 
carotene can be converted to vitamin A.  

Studies suggest an increase in lung cancer risk for smokers taking them. Beta carotene is 
plentiful in vegetables and fruits, and appears to be beneficial in this form. The 600 
carotenoids are important for health and are found in yellow, red, and deep green 
vegetables and fruits.  

8.4 Beta-Carotene Pills: Might Help, Might Hurt  

For most supplements, there's little solid evidence for "can't hurt” or, indeed, for "might 
help." Beta carotene provides a good lesson, especially because it was a star among 
supplements.  

There was believed to be good research that beta carotene from the diet could lower the 
risk of cancer and possibly other diseases. And there was no evidence of adverse effects: 
the worst thing large amounts of beta carotene could do, it seemed, was to turn your skin 
slightly yellow or orange, which is harmless. Thus, many nutritional experts jumped on 
the bandwagon and recommended beta carotene pills. Investigators produced two first-
rate studies showing that beta carotene supplements could cause serious harm, at least in 
smokers. Since then, scientists have been trying to explain away these results and to 
dream up alternative explanations for what went wrong with beta carotene. Recently 
some interesting theories have emerged.  
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8.5 Ascorbate (Vitamin C) 

Humans and other primates lost gulonolactone oxidase required for the terminal 
biosynthetic step, and so depend on dietary intake of vitamin C.  Vitamin C is 
ubiquitous in biological fluids and, at physiological pH, present as the mono-hydro 
conjugate base ascorbate. Ascorbate is labile due largely to its redox potential of E1/2 
of approximately +282 mV at pH 7.0 (Buettner GR. The pecking order of free radicals 
and antioxidants: lipid peroxidation, alpha-tocopherol, and ascorbate. Arch Biochem 
Biophys 300: 535–543, 1993) and generally considered to function as a reducing agent 
capable of enhancing enzymatic activity.  Ascorbate is required for the biosynthesis of 
collagen via proline and lysine hydroxylases. Collagen formed in the absence of 
ascorbate is insufficiently hydroxylated and does not form proper fibers, resulting in 
fragile blood vessels. 

This inherent metal-reducing activity is also the basis for the pro-oxidant activity of 
ascorbate in vitro, attributed to the effective redox cycling of iron and the production of 
hydroxyl radicals through Fenton chemistry (Halliwell B. Vitamin C: antioxidant or pro-
oxidant in vivo? Free Radic Res 25: 439–454, 1996).  This pro-oxidant activity is not 
observed in vivo where ascorbate generally protects biological molecules from 
oxidation (Carr A and Frei B. Does vitamin C act as a pro-oxidant under physiological 
conditions? FASEB J 13: 1007–1024, 1999) and even after iron supplementation.  It also 
provides the first line of defense against oxidative damage in human plasma, where it 
is considered the most effective water-soluble antioxidant (Frei B. Ascorbic acid protects 
lipids in human plasma and low-density lipoprotein against oxidative damage. Am J Clin 
Nutr 54: 1113S–1118S, 1991) (Carr AC, Zhu BZ, and Frei B. Potential antiatherogenic 
mechanisms of ascorbate (vitamin C) and alpha-tocopherol (vitamin E). Circ Res 87: 
349–354, 2000). 

Ascorbate nullifies free radicals by donating a single electron followed by a proton to 
yield a chemically reduced, nonradical product and ascorbyl radical that readily 
dismutates to ascorbate and dehydroascorbic acid.  Ascorbate at physiological 
concentrations inhibits LDL lipid peroxidation initiated by vascular cells, activated 
neutrophils, and cell-free systems.  Ascorbate also strongly attenuates, though does not 
completely prevent, LDL and plasma protein oxidation induced by the 2e-oxidant HOCl.  
Ascorbate is effective in preventing oxidation reactions induced by most 1e-oxidants 
and that it also strongly protects, but does not completely prevent, oxidative damage 
induced by 2e-oxidants, particularly ONOO–.   Ascorbate has a number of potentially 
protective activities related to atherosclerosis and cardiovascular disease. 

Ascorbate may also maintain ·NO synthesis by eNOS that requires cofactors such as 
NADPH, flavin adenine dinucleotide, flavin mononucleotide, and tetrahydrobiopterin. A 
deficiency in some of these cofactors can change the enzyme into an 
oxidase that produces O2

–· in addition to, or in place of, ·NO.  
Supplemental vitamin C protects leukocytes from smoke-induced adhesion to micro- 
and macrovascular endothelium in hamsters and humans.   
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According to the Linus Pauling Institute 2005 report, no clinical trials on the primary 
prevention of heart disease by vitamin C have yet been published. Instead, trials have 
investigated secondary prevention—the prevention of plaque progression, heart attacks, 
strokes, and/or mortality in people who already have heart disease. An abstract of one 
controversial study in 573 people, part of the Los Angeles Atherosclerosis Study in 2000, 
claimed that supplemental—but not dietary—vitamin C was associated with thickening 
of the carotid arterial wall. In contrast, an earlier study in Circulation of over 11,000 
people reported that supplemental vitamin C in men and women and supplemental 
vitamin E in women were associated with reduced carotid artery wall thickness. 
Evidence on the primary prevention of heart disease by vitamin C is limited to 
epidemiological studies, which correlate dietary factors with disease risk.  

A meta-analysis of nine such studies with a total of about 293,000 subjects followed for 
10 years was published in the American Journal of Clinical Nutrition in 2004. At 
baseline, the subjects were older than 35 years and did not have heart disease. Intake of 
dietary and supplemental antioxidants was estimated from questionnaires, which may not 
truly assess actual dietary intake and supplement use over time. Although the 
investigators found that vitamin E did not reduce the risk for heart disease, they did 
find that the intake of more than 700 mg/day of supplemental vitamin C significantly 
reduced the risk of heart disease by about 25%. Dietary vitamin C had little effect 
on heart disease risk. The report noted that these results are aligned with previous 
studies that found a protective effect for an intake of vitamin C greater than 500 mg/day. 
The biochemical mechanism responsible for vitamin C’s salubrious effects remains 
uncertain, but may be related to its ability to lower blood pressure, its function as an 
antioxidant to help attenuate oxidative stress, or its ability to relax arteries, resulting in 
better blood flow. I believe that its good effects are due to its prooxidant capabilities. 

8.6 Uric Acid 

Uric acid is produced by the oxidation of hypoxanthine and xanthine catalyzed by 
xanthine oxidase and dehydrogenase.  While in most species urate is effectively 
metabolized by urate oxidase, humans and other primates lack this enzyme so that 
urate accumulates to high concentrations in the blood (200–400 µM). Inside cells 
urate is present at much lower concentration. Urate can directly scavenge 
singlet oxygen, ·OH and peroxyl radicals, certain oxidants produced by 
enzymes and CO3

–· and ·NO2 derived from ONOO–. These findings led Ames et al. to 
propose that the biological function of urate may be that of an antioxidant.  Unlike 
ascorbate, urate is not able to reduce -TO·.  

8.7 Bilirubin 

Bilirubin is the end product of heme degradation in humans, with 275 mg or 500 
mmol being produced each day. Bilirubin is a strong reducing agent and a potential 
physiological antioxidant.  Within cells, bilirubin appears to be present primarily within 
membranes and at sub-micromolar concentrations; higher concentrations are cytotoxic.  
In rats hyperbilirubinemia attenuates oxidative injury in response to hyperoxia.   
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8.8 Lipid-Soluble Antioxidants 

Tocopherols, that make up vitamin E, and ubiquinols are the major lipid-soluble 
antioxidants in lipoproteins and cells (Ernster L and Dallner G. Biochemical, 
physiological and medical aspects of ubiquinone function. Biochim Biophys Acta 1271: 
195–204, 1995).  Lipoproteins are the primary vehicles for the transfer of vitamin E from 
the liver to peripheral tissues. Lipoproteins also carry carotenoids that have received 

attention as antioxidants in the context of cardiovascular disease. However, compared 
with vitamin E and ubiquinols, carotenoids are generally poor antioxidants (Burton 
GW and Ingold KU. -Carotene: an unusual type of lipid antioxidant. Science 224: 569–
573, 1984), except for singlet oxygen.   

8.8.1 Vitamin E 

Vitamin E refers to a fat-soluble, dietary "factor" essential to permit normal 
reproduction of rats. Eight different, naturally occurring substances have vitamin E 
activity in animals.  The terms -TOH and vitamin E are commonly, though 
incorrectly, used interchangeably. Synthetic "vitamin E," also called all-rac- -
tocopherol, contains 12.5% RRR- -tocopherol together with the seven other -
isomers that are biologically less active.   Tocopherols and tocotrienols are excellent 
scavengers of LOO·, and this is generally thought to be the major antioxidant action 

of the vitamin.  In addition to scavenging peroxyl radicals, -TOH can also react 
with singlet oxygen and the 2e-oxidants HOCl and ONOO–. 

Ascorbate rapidly (k18 1.5 x 106 M–1 · s–1) reduces -TO· back to -TOH.   Like 
ascorbate, -TOH can reduce transition metals including iron and copper, and this 
may result in pro-oxidant effects of the vitamin (Kontush A, Meyer S, Finckh 
B, Kohlschütter A, and Beisiegel U. -Tocopherol as a reductant for Cu(II) in human 
lipoproteins. Triggering role in the initiation of lipoprotein oxidation. J Biol Chem 271: 
11106–11112, 1996).   Perhaps more importantly, -TO· has a finite reactivity with lipids 
and can abstract hydrogen from LH and should make it a strong oxidizer.   
 
8.8.2 Coenzyme Q10

Coenzyme Q10 belongs to a family of compounds known as ubiquinones that are fat-
soluble molecules synthesized by all animals including humans.  Coenzyme Q10 is 
found in virtually all cell membranes, as well as lipoproteins (Ernster L and Dallner 
G. Biochemical, physiological and medical aspects of ubiquinone function. Biochim 
Biophys Acta 1271: 195–204, 1995). Its ability to accept and donate electrons is 
critical to its physiological functions, and coenzyme Q10 can exist in three oxidation 
states: the fully reduced ubiquinol-10 form (CoQ10H2), the ubisemiquinone radical 
intermediate (CoQ10H·), and the fully oxidized ubiquinone-10 form (CoQ10).  Coenzyme 

Q plays an important part as an electron and proton transfer agent in mitochondrial ATP 
production.   
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CoQ10H· can react with O2 to produce CoQ10, H+ and O2
–· (Nohl H and Jordan W. The 

mitochondrial site of superoxide formation. Biochem Biophys Res Commun 138: 533–
539, 1986). This reaction increases the formation of O2

–· and hence the possibility for 
oxidative stress in the aqueous phase.   

8.9 Unpredictable Effects of Antioxidants  

Hundreds of dietary supplements now trumpet the antioxidants they contain and 
unsupported marketing claims abound. Just as there are many kinds of oxygen free 
radicals, there are many types of antioxidants, and they do different kinds of work. What 
marketers of supplements never tell you is that not all of it is good work. 
Antioxidants can certainly deactivate free radicals in a laboratory test tube, but in the 
human body they can sometimes have the opposite effect. Some blame the bad effects of 
antioxidants on their prooxidant action. It is as though antioxidants can do no wrong and 
oxidants are only seen as damaging agents.  That is not true. That's what the two beta 
carotene studies showed.  

Published in 1996, the CARET study (Beta Carotene and Retinol Efficacy Trial) tested 
beta carotene and vitamin A supplements in people at high risk for lung cancer, such as 
smokers, former smokers, and asbestos-industry workers. The study was halted early 
when it became clear that those taking beta carotene (not even a high dose—just 30 
milligrams a day) actually had a higher rate of lung cancer and higher mortality 
rate than those taking a placebo. The supplements increased the risks only in those who 
smoked more than a pack a day and/or drank "above-average" amounts of alcohol. The 
other study, a large Finnish one published two years earlier, yielded similar harmful 
results associated with ingestion of beta carotene. Enough said. 

The so called “experts” came up with the following explanation for these results:  The 
problem is partly the smoking, partly the beta carotene, and partly the oxygen-rich 
environment of the lungs. Beta carotene is oxidized as it inactivates the free radicals from 
cigarette smoke, and its antioxidant capacity is "used up." In the process, it can turn into 
a pro-oxidant (and so can all other antioxidants) or form oxidized by-products, 
particularly if adequate amounts of vitamins C and E aren't present. It's well known that 
C and E work together to produce their antioxidant effect. Recent research strongly 
suggests that these vitamins can also help limit the oxidation of beta carotene and/or 
recycle it after it is oxidized, so that it won't damage cells. (In fact, any antioxidant can 
become a pro-oxidant under certain conditions in the body—especially if other 
antioxidants are lacking, since they can alternate between antioxidant and prooxidant.)  I 
believe that the beta carotene acted for a trap of singlet oxygen and this resulted in 
the allowance of lung neoplastic cells to proliferate. 

Making matters still worse for smokers may be the fact that they have low blood levels of 
vitamin C, so the supplemental beta carotene doesn't have enough C to work with. This 
scenario put smokers at increased risk for the oxidative damage that is erroneously 
believed to contribute to cancer. And there are still other theories (S.W.A.G.s, Scientific 
Wild A$$ed Guesses) about how high doses of isolated beta carotene, taken over the long 
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term, might increase the risk of cancer in smokers. I believe that smoking lowers 
plasma oxygen levels and ultimately lowers cellular oxygen levels and lowers EMOD 
generation. 

9.0 Morals of the Story  

• Don't assume that any supplement "can't hurt, might help" or that antioxidants 
are always beneficial. The nutrients and other healthful compounds in foods work in a 
fine balance, which is not yet understood. There's also a delicate balance between free 
radicals and antioxidants in the body (redox status). Smoking was the complicating factor 
with beta carotene, but who knows what factor (sun exposure, alcohol, medication, 
intense exercise, or a previous diagnosis of cancer, gender, for example) might make 
supplement X, Y, or Z dangerous?  

• Don't smoke.  

• Don't take beta carotene pills unless you have a vitamin A deficiency 

• Eat lots of fruits and vegetables. Even if you don't smoke, it's better to get beta 
carotene and all other antioxidants from food than from pills. There has never been any 
evidence that the beta carotene in foods poses any danger, perhaps because it comes with 
many other plant chemicals that all work together. In fact, virtually every study shows 
that foods rich in beta carotene (and rich in a gazillion other things) help keep people 
healthy—and even reduce the risk of lung cancer. 

Vitamin E is present in small amounts in a large number of foods including vegetable oils 
(soybean, sunflower, and corn oil), wheat germ, whole grains, egg yolk, nuts, sunflower 
seeds, green vegetables, milk fat, and liver.  It is estimated that 64 percent of the vitamin 
E intake of the American diet is supplied by salad oils, margarine, and shortening. Eleven 
percent is supplied by fruits and vegetables, and about 7 percent by grains and grain 
products. 

• The only supplements some recommend are vitamins C and E (250 to 500 
milligrams of C; 200 to 800 IU of E); calcium if you don't consume lots of dairy 
products; and, for many people, a basic multivitamin/mineral (which contains 400 
micrograms of folic acid). Few people get that much C from their diet; it's nearly 
impossible to get that much E from food. Make sure you take C and E, not just one of 
them, since they work together and protect each other from oxidation. I do not 
recommend any of them unless you have a deficiency state. 

While our modern diet has virtually eliminated malnutrition in the majority of the 
population, there is an epidemic of obesity and an increased incidence of heart disease, 
breast cancer, prostate cancer, and colon cancer by comparison with populations eating 
less meat and more fruits, vegetables, cereals and grains. The increasing incidence of 
chronic diseases and obesity in Japan which has adopted a more Western diet over the 
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last 30 years is strong evidence of the possible importance of nutrition in disease 
prevention. 

9.1 Cell Signaling  

Reactive oxygen species (EMODs) are some of the newest additions to the family of 
second-messenger molecules.  Although one EMOD, nitric oxide (NO-), has been 
known for years to serve as a signaling molecule by activation of guanylate cyclase, it 
has only recently become apparent that other EMODs, including superoxide (O2

-.) and 
hydrogen peroxide (H2O2), can alter the function of specific proteins and enzymes as 
well.  The effect of EMOD signaling on atherosclerosis is currently unknown. 

9.2 Production and Metabolism of EMODs 
 
I believe that the redox status of the vascular wall is of considerable importance to 
the development of atherosclerosis and is relevant to the discussion of plaque 
etiology and prevention. 
 
Virtually all types of vascular cells produce O2

-. and H2O2 (Griendling, K. K., 
Sorescu, D. and Ushio-Fukai, M.  NAD(P)H oxidase: role in cardiovascular biology and 
disease.  Cir Res 2000: 86; 494-501).  The mere presence of EMODs and in the 
quantities present indicates to me that these EMODs are vitally involved in the 
normal functioning of the vascular structures. 
 
In addition to mitochondrial sources of EMODs, O2

-. and/or H2O2, can be derived from: 
-xanthine oxidase 
-cyclooxygenase 
-lipoxygenase 
-NO synthase  
-heme oxygenases  
-peroxidases  
-hemoproteins such as heme and hematin  
-and NAD(P)H oxidases.   
 
Several investigators have known that these latter enzymes, the membrane-associated 
NAD(P)H oxidase(s), are the primary physiological producers of EMODs in 
vascular tissue.  Of importance, the activity of these enzymes can be modulated by 
vasoactive hormones and the low-molecular-weight G protein rac-1, providing a 
critical characteristic of any second messenger: “regulation of its production.”  
Metabolism of these EMODs is also tightly controlled.  Dismutation of O2

-. by 
superoxide dismutase (SOD) produces the more stable EMOD, H2O2, which in turn is 
converted to water by catalase and glutathione peroxidase.  
 
Expression of antioxidant enzymes can be altered by hormones such as:  
-ANG II  
-tumor necrosis factor (TNF)-a  
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-and interleukin (IL)-1β, thus profoundly affecting EMODs levels.   
The tight regulation of both production and removal of EMODs makes fluctuations 
in their levels transient, another requirement for second messengers. EMODs may also 
act as an intracellular “rheostat,” closely modulating the activity of a discrete set of 
biochemical reactions. 
 
Ang II stimulated O2

-. is converted to H2O2 as early as 1 minute after addition of the Ang 
II hormone   (Zafari, A. M., Ushio-Fukai, M. Akers, M., Yin, Q., Shah, A. Harrison, D. 
G., Taylor, W. R. and Griendling K. K.  Novel role of NADH/NADPH oxidase-derived 
hydrogen peroxide in angiotensin II-induced hypertrophy of rat vascular smooth muscle 
cells. Hypertension. 1998; 32; 488-495). 
 
Myeloperoxidase-catalyzed lipid peroxidation is resistant to inhibition by vitamin E 
(Heinecke, J.W.  Oxidized amino acids:  culprits in human atherosclerosis and indicators 
of oxidative stress.  Free Radic Biol Med  2002; 32: 1090-1101) (Griendling, K.K. and 
FitzGerald, G.A.  Oxidative stress and cardiovascular injury  Part II:  animal and human 
studies.  Circulation  2003; 108: 2034-2040). 

EMOD species have specific roles in the modulation of cellular events.  Importantly, 
in the case of "redox signaling" this is achieved by discrete, localized redox circuitry 
rather than generalized  "oxidative stress" (Go YM, Gipp JJ, Mulcahy RT, and Jones 
DP. H2O2-dependent activation of GCLC-ARE4 reporter occurs by mitogen-activated 
protein kinase pathways without oxidation of cellular glutathione or thioredoxin-1. J Biol 
Chem 279: 5837–5845, 2004).  Current evidence would support a role for ROS as a 
generalized "injury" response in tissues.  This is exactly what I have been saying for 
years.   

Cells or intact organs exposed to H2O2 exhibit reduced ferritin synthesis and 
upregulation of transferrin receptor mRNA (Pantopoulos K and Hentze MW. Rapid 
responses to oxidative stress mediated by iron regulatory protein. EMBO J 14: 2917–
2924, 1995). The mechanism for this effect is complex, as H2O2 releases Fe from iron-
regulatory protein, but such H2O2-treated protein is not able to bind to iron-
response elements.   

Guanylyl cyclases are enzymes responsible for the synthesis of the second messenger 
cGMP that mediates many physiological functions including vasorelaxation and 
inhibition of platelet aggregation and smooth muscle cell proliferation.  Blood 
vessels exposed to H2O2 exhibit relaxation that is blocked by methylene blue, 
an inhibitor of soluble guanylyl cyclase (Burke TM and Wolin MS. Hydrogen peroxide 
elicits pulmonary arterial soluble relaxation and guanylate cyclase activation. Am J 
Physiol Heart Circ Physiol 252: H721–H732, 1987). 

Emerging evidence that H2O2 also acts as an endothelium-derived hyperpolarizing 
factor suggests relevance for the control of vascular tone (Matoba T, Shimokawa H, 
Nakashima M, Hirakawa Y, Mukai Y, Hirano K, Kanaide H, and Takeshita A. Hydrogen 
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peroxide is an endothelium-derived hyperpolarizing factor in mice. J Clin Invest 106: 
1521–1530, 2000).  

It is now widely recognized that Src-family tyrosine kinases are activated by oxidative 

events, and this process is involved in the activation of many downstream kinases such as 
the mitogen-activated protein kinase (MAPK) family, Akt, protein kinase C, and the 

epidermal growth factor receptor kinase. In addition, ROS also activate other tyrosine 
kinases, such as c-Abl, pyk2, Jak2, and others.  

Treatment with H2O2
 leads to inactivation of many phosphatases via cysteine oxidation to 

a sulfenic acid, both with the isolated protein.  These studies suggest that at least part of 
H2O2 signaling is mediated through the inactivation of protein tyrosine phosphatases.  
H2O2 may also alter the cellular content of protein tyrosine phosphatases. In particular, 
treatment of HeLa cells with H2O2

 is characterized by rapid degradation of the Cdc25C 
(Savitsky PA and Finkel T. Redox regulation of Cdc25C. J Biol Chem 277: 20535–
20540, 2002), a phosphatase involved in the cell cycle progression and checkpoint 

control.  H2O2 may impair protein tyrosine phosphatase activity through either 
enzymatic inactivation or protein degradation. 

Although many features of H2O2 as a signaling molecule parallel that of ·NO, we have 
little knowledge at present of how H2O2

 may function as a paracrine mediator. 

Under certain pathological conditions such as inflammation, upregulation of inducible 
NOS affords production of ·NO at low micromolar concentrations. In this concentration 
range, ·NO competes effectively with SOD for O2

–·, facilitating formation of ONOO– and 
other RNS.  Currently accepted concepts of atherosclerosis involve inflammation 
and subsequent thrombus formation. 

ROS and RNS are routine products found in biological tissues. Although once 
thought to exist principally in the setting of inflammation, it is now clear that they 
may also mediate a number of physiological responses that are pervasive in nature.   

Roles for EMODs are best established for H2O2 that have been implicated in the 
vascular injury response and, perhaps, various forms of hypertrophy for both 
smooth muscle cells and cardiac myocytes. 

A role of EMODs in the control of growth of vascular cells is supported best for 
H2O2 mediating a proliferative phenotype in vascular smooth muscle cells.  In fact, 

H2O2 may be required for smooth muscle cell survival, as overexpression of 
catalase inhibits proliferation and can induce apoptosis (Brown MR, Miller FJ Jr, Li 
WG, Ellingson AN, Mozena JD, Chatterjee P, Engelhardt JF, Zwacka RM, Oberley LW, 
Fang X, Spector AA, and Weintraub NL. Overexpression of human catalase inhibits 
proliferation and promotes apoptosis in vascular smooth muscle cells. Circ Res 85: 524–
533, 1999).  I believe that this is an incredibly important role for H2O2. 
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Low concentrations (i.e., <10 µM) of added H2O2, but not O2
–·, are also mitogenic to 

or enhance the survival of other cells (Burdon RH. Superoxide and hydrogen peroxide 
in relation to mammalian cell proliferation. Free Radic Biol Med 18: 775–794, 1995) 
including endothelial cells (Stone JR and Collins T. The role of hydrogen peroxide 
in endothelial proliferative responses. Endothelium 9: 231–238, 2002).  H2O2 at >50 
µM, corresponding to intracellular concentrations of >1 µM (Boveris A, 
Alvarez S, Bustamante J, and Valdez L. Measurement of superoxide radical and 
hydrogen peroxide production in isolated cells and subcellular organelles. Methods 
Enzymol 349: 280–287, 2002), can cause cultured cells to undergo growth 
arrest, apoptosis, or necrosis (Li PF, Dietz R, and von Harsdorf R. Reactive 
oxygen species induce apoptosis of vascular smooth muscle cell. FEBS Lett 404: 249–
252, 1997).   

Human cells respond to H2O2 in a complex manner, with a multitude of genes 
affected. For example, cells with 10-fold increase in cellular H2O2 concentration due 
to overexpression of Nox1 show increased expression of some 200 genes, whereas 
overexpression of Nox1 plus catalase reverts 70% of the altered genes to normal 
(Arnold RS, Shi J, Murad E, Whalen AM, Sun CQ, Polavarapu R, Parthasarathy S, Petros 
JA, and Lambeth JD. Hydrogen peroxide mediates the cell growth and transformation 
caused by the mitogenic oxidase Nox1. Proc Natl Acad Sci USA 98: 5550–5555, 2001). 
Many of the genetic changes seen are in proteins related to cell cycle, signal 
transduction, and transcription rather than antioxidant defense, indicating that the 
response triggered by H2O2 is specific and different from the stress response seen in 
bacteria.  

In vascular smooth muscle cells in vitro, cell growth-enhancing, low concentrations 

of H2O2 activate multiple intracellular proteins and enzymes, including the 
epidermal growth factor receptor, c-Src, p38 MAPK, Ras, and Akt/protein kinase B 
(Griendling KK, Sorescu D, Lassègue B, and Ushio-Fukai M. Modulation of protein 
kinase activity and gene expression by reactive oxygen species and their role in vascular 
physiology and pathophysiology. Arterioscler Thromb Vasc Biol 20: 2175–2183, 2000).  

Intermediate concentrations of added H2O2 (100 µM) inhibit serum-induced 

progression through the cell cycle via a decrease in cyclin A expression and cyclin-
dependent kinase 2 activity, as well as upregulation of p21 and p53, whereas higher 
concentrations of H2O2 ( 500 µM) cause apoptosis of vascular smooth muscle cells 
(Deshpande NN, Sorescu D, Seshiah P, Ushio-Fukai M, Akers M, Yin Q, and Griendling 
KK. Mechanism of hydrogen peroxide-induced cell cycle arrest in vascular smooth 
muscle. Antioxid Redox Signal 4: 845–854, 2002). 

Growth factors including platelet-derived growth factor (Sundaresan M, Yu ZX, 
Ferrans VJ, Irani K, and Finkel T. Requirement for generation of H2O2 for platelet-
derived growth factor signal transduction. Science 270: 296–299, 1995) and epidermal 

growth factor trigger H2O2 production.  Vascular endothelial growth factor-
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mediated proliferation and migration of endothelial cells appear to depend on 
EMODs production.   

The response to cellular injury is characterized by the recruitment of inflammatory 
cells such as neutrophils and macrophages. These cells are needed to "clean" the 
injured area of necrotic debris through phagocytosis, a process associated with the 
production of EMODs. This burst of ROS also appears critical for the clearance of 
neutrophils and macrophages from damaged tissue.  According to Stocker and 
Keaney, it is not surprising that ROS, an important component of inflammation, 
would be involved in the regrowth of tissue after damage. 

ROS in sufficient high doses will lead to cell killing.  ROS generated within cells play 
an important role in cellular fate.  Inhibition of mitochondrial respiration at complex I 
limits apoptosis induced by tumor necrosis factor- . Apoptosis from tumor necrosis 
factor-  may also be inhibited by Mn-SOD, further implicating the involvement of 
ROS in this process. 

Programmed cell death is known as anoikis.  Mitochondrial production of ROS 
results in the activation of components of the apoptotic pathways, such as caspases and c-
Jun amino-terminal kinase (JNK), and inhibition of mitochondrial ROS generation 
ameliorates anoikis.  

Neutrophils are recruited to sites of inflammation, and their clearance from these sites 
requires apoptosis. Neutrophil apoptosis triggered by phagocytosis of complement- or 
immunoglobulin-opsonized particles is dependent on EMOD generation, as cells 
deficient in active NADPH oxidase do not undergo apoptosis in response to 
phagocytosis. It appears that EMODs produced during phagocytosis cause activation 
of caspase-8 and subsequent induction of the extrinsic apoptotic pathway.   

Recent data implicate DNA damage in the process of atherosclerosis. Cellular 
EMOD are now implicated in the apoptotic response to DNA damage. For example, 
DNA damage is associated with rapid activation of p53 that subsequently promotes 
cellular apoptosis, in part, via EMODs Consistent with this observation, p53 

overexpression results in increased cellular EMOD generation and 
apoptosis.  I believe that this directly links tumor suppression with EMOD 
production.   

9.3 Platelets and Cardiovascular Disease 

Platelet inhibition yields a reduction in myocardial infarction and stroke.  A number of 
autocrine and paracrine factors are secreted by platelets and the adjacent endothelium to 
prevent platelet adhesion and aggregation. Many of these control mechanisms are under 
redox regulation.  Platelet aggregation is associated with considerable oxidative stress 
manifest as a burst of oxygen consumption.   
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Platelets exposed to ROS from xanthine/xanthine oxidase undergo aggregation and 
serotonin release. Chronic exposure of platelets to low fluxes of O2

–· also appears to 
sensitize the platelet response to thrombin, suggesting there is a synergy between 
receptor-mediated aggregation and ambient O2

–·. Consistent with these observations, 
SOD inhibits thrombin-stimulated platelet adhesion and aggregation.  I believe that 
it reflects increased levels of H2O2 generated by SOD.   

The presence of H2O2 at low micromolar concentrations inhibits the aggregation 
(Stuart MJ and Holmsen H. Hydrogen peroxide, an inhibitor of platelet function: effect 
on adenine nucleotide metabolism, and the release reaction. Am J Hematol 2: 53–63, 
1977).  Higher concentrations of H2O2, in the millimolar range, appear to stimulate 
platelet aggregation (Rodvien R, Lindon JN, and Levine P. Physiology and 
ultrastructure of the blood platelet following exposure to hydrogen peroxide. Br J 
Haematol 33: 19–24, 1976). Collagen appears to stimulate considerable platelet H2O2 
production.    

H2O2 has also been implicated in platelet "priming" that facilitates tyrosine 
phosphorylation of the fibrinogen receptor that is ultimately required for 
aggregation (Irani K, Pham Y, Coleman LD, Roos C, Cooke GE, Miodovnik A, Karim 
N, Wilhide CC, Bray PF, and Goldschmidt-Clermont PJ. Priming of platelet IIb 3 by 
oxidants is associated with tyrosine phosphorylation of 3. Arterioscler Thromb Vasc 
Biol 18: 1698–1706, 1998).  The role of EMOD in modulating platelet function is 
dependent on the particular type and concentration of EMODs involved.  I believe 
that this is classic redox regulation. 

In the formation of EMODs in real time, the release of EMODs and RNS occurs near 
the end of the aggregation process. This observation reinforces the notion that reactive 
species from platelets may have a more profound impact on platelet recruitment 
rather than aggregation.   

Authentic ·NO activates the platelet-soluble isoform of guanylyl cyclase, increasing 
cGMP and resulting in reduced intracellular calcium and inactivation of the thromboxane 
receptor. Both of these effects act to inhibit the aggregation and adhesion of platelets.  
Platelets themselves are capable of producing RNS.   

Patients with acute coronary syndromes have impaired platelet ·NO production compared 
with individuals without active atherosclerosis.  Data demonstrating that O2

–· enhances 

platelet aggregation and recruitment must be interpreted with some caution and it is 
possible that the major effects of O2

–· on platelets is related to its ability to "quench" the 
bioactivity of ·NO. 

9.4 Probucol (Antioxidant) 
 
Early studies with probucol demonstrated inhibition of atherosclerosis in rabbits 
(Tawara K, Ishihara M, Ogawa H, and Tomikawa M. Effect of probucol, pantethine and 
their combinations on serum lipoprotein metabolism and on the incidence of 
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atheromatous lesions in the rabbit. Jpn J Pharmacol 41: 211–222, 1986) and monkeys.  
Probucol is a synthetic cholesterol-lowering drug that also possesses antioxidant 
activity, (Parthasarathy S, Young SG, Witztum JL, Pittman RC, and Steinberg D. 
Probucol inhibits oxidative modification of low density lipoprotein. J Clin Invest 77: 
641–644, 1986). The lipophilic drug associates with and effectively protects LDL 

against in vitro oxidation induced by copper ions.   

The reduction of atherosclerosis was believed to be due to the antioxidant effect of 
probucol; however, probucol also produced a 17% reduction in serum cholesterol.  
Subsequent studies in primates, cholesterol-fed rabbits, and hamsters have also 
demonstrated a reduction in atherosclerosis with probucol. The situation appears 
more complex in murine models of atherosclerosis, where probucol promotes 
atherosclerosis in the aortic root (Moghadasian MH, McManus BM, Godin DV, 
Rodrigues B, and Frohlich JJ. Proatherogenic and antiatherogenic effects of probucol and 
phytosterols in apolipoprotein E-deficient mice: possible mechanisms of action. 
Circulation 99: 1733–1739, 1999) but inhibits disease formation at more distal sites. This 
illustrates that the well known antioxidant, probucol, can promote atherosclerosis, 
which is directly contrary to the teachings of the free radical theory. 

The Probucol Quantitative Regression Study (PQRST) reported 
probucol to be ineffective in attenuating lumen loss in the femoral 
arteries in hypercholesterolemic subjects over 3 years, as assessed by 
quantitative angiography (Walldius G, U E, Olsson AG, Bergstrand L, Hadell K, 
Johansson J, Kaijser L, Lassvik C, Molgaard J, and Nilsson S. The effect of probucol on 
femoral atherosclerosis: the Probucol Quantitative Regression Swedish Trial (PQRST). 
Am J Cardiol 74: 875–883, 1994).  In contrast, the Fukoaka Atherosclerosis Trial 
(FAST) observed probucol to significantly decrease atherosclerosis progression in 
the carotid artery of hypercholesterolemic patients, as assessed by the intima-to-media 
thickness determined by B-mode ultrasound (Sawayama Y, Shimizu C, Maeda N, 
Tatsukawa M, Kinukawa N, Koyanagi S, Kashiwagi S, and Hayashi J. Effects of 
probucol and pravastatin on common carotid atherosclerosis in patients with 
asymptomatic hypercholesterolemia. Fukuoka Atherosclerosis Trial (FAST). J Am Coll 
Cardiol 39: 610–616, 2002). 
 
In studying cardiovascular disease it is important to remember there is no single animal 
model in which atherosclerosis truly reflects the human pathogenesis. 

Consistent with its relative chemical reactivity, O2
–· is not able to oxidize LDL, in 

contrast to its protonated form, the hydroperoxyl radical (HO2·) (Bedwell S, Dean 
RT, and Jessup W. The action of defined oxygen-centered free radicals on human low-
density lipoproteins. Biochem J 262: 707–712, 1989). However, at physiological pH 
only a fraction of O2

–· produced is present as HO2·. This suggests that O2
–·-

generating systems, including NAD(P)H oxidases, are by themselves not efficient in 
oxidizing LDL.  However, some believe that O2

–· may act as the precursor for 
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chemically more reactive oxidants, such as ONOO– and H2O2 and oxidants derived 
from them, and these may participate in LDL oxidation in the vessel wall. 

Stocker and Keaney state that the causative relationship between oxidative events and 
atherosclerosis in general and the pathophysiological importance of LDL oxidation in 
particular have been challenged by the overall poor performance of antioxidant 
strategies in limiting atherosclerosis and its cardiovascular events, the overall lack of 
clear disease stage dependency in the vessel wall contents of oxidized molecules and 
antioxidants, and by the reported dissociation of atherosclerosis and lipoprotein 
oxidation in the vessel wall of animals (Role of Oxidative Modifications in 
Atherosclerosis.  Roland Stocker and John F. Keaney, Jr. Physiol. Rev. 84: 1381-1478, 
2004).   
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I concur. 

9.5 Hyperbaric Oxygen, EMODs and Plaque Regression 
 
Some of the following material was abstracted, excerpted or modified from:  Hyperbaric 
Oxygen Reduces the Progression and Accelerates the Regression of Atherosclerosis in 
Rabbits.  Bhalchandra J. Kudchodkar; Judy Wilson; Andras Lacko; Ladislav Dory.  
Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:1637 
 
Kudchodkar et al studied the effect of hyperbaric oxygen (HBO) treatment on the extent 
of diet-induced accumulation of lipid oxidation products in rabbit plasma and tissues, on 
plasma paraoxonase activity, and on the extent of progression and regression of 

atherosclerotic lesions in the rabbit aorta. HBO treatment of cholesterol-fed rabbits 
dramatically reduces the development of arterial lesions despite having little or no 
effect on plasma or individual lipoprotein cholesterol concentrations. Compared with no 
treatment in cholesterol-fed animals, HBO treatment also substantially reduces the 
accumulation of lipid oxidation products (conjugated dienes, trienes, and thiobarbituric 
acid–reactive substances) in plasma, in the low density lipoprotein and high density 
lipoprotein fractions of plasma, in the liver, and in the aortic tissues. In addition, HBO 
treatment prevents the decrease in plasma paraoxonase activity observed in rabbits fed 
cholesterol-rich diets. Similarly, in regression studies, HBO treatment had no effect on 
the rate of plasma (or lipoprotein) cholesterol decline but significantly accelerated 
aortic lesion regression compared with no treatment. Direct measures of aortic 

cholesterol content support these morphological observations. On the basis of these 
results, they concluded that repeated, but relatively short, exposure to HBO induced an 
antioxidant defense mechanism(s) that is responsible for retarding the development or 
accelerating the regression of atherosclerotic lesions.  I agree with their results but 
disagree with their reasons for the regression of the plaques.  HBO is known to 
significantly increase EMOD levels and this is the agent causing the plaque 
regression.   

Repeated exposure to HBO (hyperbaric oxygen) or hyperoxia may be expected to 
lead to increased formation of hydrogen peroxide, a major reactant in the 
myeloperoxidase-catalyzed formation of hypochlorous acid (Harrison JE, Schultz J. 
Studies on the chlorinating activity of myeloperoxidase. J Biol Chem. 1976;251:1371–
1374) (Heinecke JW. Mechanisms of oxidative damage of low density lipoprotein in 
human atherosclerosis. Curr Opin Lipidol. 1997;8:268–274), which, in turn, may modify 
plasma LDL and promote its rapid uptake by macrophages. Similar modification of HDL 
may reduce its ability to promote cholesterol efflux from peripheral cells (Tall A. Plasma 
high density lipoproteins: metabolism and relationship to atherogenesis. J Clin Invest. 
1990;86:379–384). 

On the other hand, repeated exposure to HBO may induce the production of antioxidant 
enzymes/reagents by tissues (Haugaard N. Cellular mechanisms of oxygen toxicity. 
Physiol Rev. 1968;48:311–373) (Harabin AL, Braisted JC, Flynn ET. Response of 
antioxidant enzymes to intermittent and continuous hyperbaric oxygen. J Appl Physiol. 
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1990;69:328–335), including the arterial wall, which, in turn, may reduce the extent of 

formation of oxidized lipoproteins and atherosclerosis. 

Modified LDL is subject to nonregulated uptake by macrophages within the vessel wall, 
leading to the formation of macrophage-foam cells, which are building blocks in fatty 
streak formation and the initiation of atherogenesis.  HBO treatment protects 
against the development of fatty streaks in cholesterol-fed rabbits. 
Accumulation of cholesterol, especially cholesteryl esters, in macrophage-foam cells is 
the hallmark of the atherosclerotic lesion. A cholesterol-rich diet markedly increased free 
and cholesteryl ester levels in all 3 segments of the aorta examined. This accumulation 

was dramatically reduced in the rabbits treated with HBO. The lipid data are 
supported by histomorphological examination of the sections taken from similar areas of 
the aortic arch segments. Of the 5 HBO-treated rabbits examined, 3 rabbits showed a 
complete absence of lesions, whereas the other 2 rabbits had far less pronounced 
lesion thickness and frequency compared with the cholesterol-fed untreated rabbits, all of 
whom showed marked lesion formation. The scarcity and mildness of lesions in the 

treated group suggest that HBO treatment arrests the development of fatty streaks in 
cholesterol-fed rabbits. 
 
The differences in lesion formation seen in HBO-treated animals, compared with 
untreated animals, were not due to differences in plasma total or individual 
lipoprotein (VLDL, IDL, LDL, and HDL) cholesterol levels. These values were not 
significantly different in the 2 cholesterol-fed groups of animals. A major difference 
between the 2 cholesterol-fed groups of rabbits was the content of oxidized products in 
the LDL and HDL fractions. Compared with LDL and HDL from HBO-treated 
cholesterol-fed rabbits, LDL and HDL isolated from untreated cholesterol-fed rabbits 
were both enriched severalfold in conjugated dienes, trienes, and TBARS. The abundance 
of mildly oxidized LDL in untreated but not HBO-treated animals may explain the 
accelerated fatty streak formation in these animals. 

The reduction in the concentration of oxidation products in the tissue and plasma of 
HBO-treated rabbits is not surprising and is in agreement with previous reports (Mengel 
CE, Kann HE Jr. Effects of in vivo hyperoxia on erythrocytes, III: in vivo peroxidation of 
erythrocyte lipid. J Clin Invest. 1966;45:1150–1156) (Raskin P, Lipman RL, Oloff CM. 
Effect of hyperbaric oxygen on lipid peroxidation in the lung. Aerosp Med. 1971;42:28–
30) (Frank L, Bucher R, Roberts RJ. Oxygen toxicity in neonatal and adult animals of 
various species. J Appl Physiol. 1978;45:699–704).  

Furthermore, beneficial effects of hyperoxia (increased oxygen concentrations at normal 

pressure) on the progression (Okamoto R, Hatani M, Tsukitani M, Suehiro A, Fujino M, 
Imai N, Takano S, Watanabe Y, Fukuzaki H. The effect of oxygen on the development of 
atherosclerosis in WHHL rabbits. Atherosclerosis. 1983;47:47–53) and regression of 
atherosclerosis have been noted in the past (Kjeldsen K, Astrup P, Wanstrup J. 
Reversal of rabbit atheromatosis by hyperoxia. J Atheroscler Res. 1969;10:173–178) 
(Vesselinovitch D, Wissler RW, Fisher-Dzoga K, Hughes R, Dubien L. Regression of 
atherosclerosis in rabbits, 1: treatment with low fat diet, hyperoxia and hypolipidemic 
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agents. Atherosclerosis. 1974;19:259–275). The previously reported changes have been 
modest relative to the results observed in control animals and compared with the results 
reported in the present study with the use of HBO. 

Brief exposure to HBO/hyperoxia has been shown to increase the levels of glutathione 
in blood and to induce the expression of a number of antioxidant enzymes in tissues 
(Harabin AL, Braisted JC, Flynn ET. Response of antioxidant enzymes to intermittent 
and continuous hyperbaric oxygen. J Appl Physiol. 1990;69:328–335) (Dennery PA, 
Spitz DR, Yang G, Tatarov A, Lees CS, Shegog ML, Poss KD. Oxygen toxicity and iron 
accumulation in the lungs of mice lacking heme oxygenase-2. J Clin Invest. 
1998;101:1001–1011). These include heme oxygenase (Padgaonkar VA, Giblin FJ, 
Fowler K, Leverenz VR, Reddan JR, Dziedzic DC. Heme oxygenase synthesis is induced 
in cultured lens epithelium by hyperbaric oxygen or puromycin. Exp Eye Res. 
1997;65:435–443), which recently has been shown to offer protection from the 
development of atherosclerosis and to reduce oxidation products in HDL (Ishikawa K, 
Navab M, Leitinger N, Fogelman AM, Lusis AJ. Induction of heme oxygenase-1 inhibits 
the monocyte transmigration induced by mildly oxidized LDL. J Clin Invest. 
1997;100:1209–1216) (Ishikawa K, Poss KD, Navab M, Fogelman AM, Tonegawa S, 
Lusis AJ. Vasculitis, atherosclerosis and altered high density lipoproteins in heme 
oxygenase-1 knockout mice. Circulation. 1999;98(suppl I):I-309. Abstract).  
 
Although the finding that HBO inhibits the formation of fatty streaks has important 
implications for the prevention of atherosclerosis, the use of this treatment to accelerate 
regression could have profound implications for therapy of established disease. Their 
results demonstrated that HBO treatment markedly accelerated the regression process by 
a mechanism independent of plasma cholesterol concentrations (Hyperbaric Oxygen 
Reduces the Progression and Accelerates the Regression of Atherosclerosis in Rabbits.  
Bhalchandra J. Kudchodkar; Judy Wilson; Andras Lacko; Ladislav Dory.  
Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:1637).  I believe that 
elevated EMOD levels, secondary to HBO, was the probable factor which 
oxidized microaggregates, such that they could be excreted by the liver and 
resulted in regression of atherosclerotic plaques. 

9.6 Antioxidants

If one accepts the notion that LDL oxidation is an essential feature of 
atherosclerosis, then inhibiting LDL oxidation should limit 
atherosclerosis. Yet, in extensive studies on humans, it does not occur with 
antioxidants. Besides, LDL oxidation appears to be an essential step for excretion of 
cholesterol. 

Some commonly consumed dietary supplements with antioxidant activity are referred to 
as antioxidant vitamins although not all components of these combinations are vitamins. 
These preparations most commonly include a combination of vitamin E, vitamin C, and 
beta carotene. Beta carotene is an antioxidant that is converted to vitamin A only under 
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conditions of vitamin A deficiency. Vitamin E and vitamin C only have antioxidant 
properties at doses well above the doses required to prevent vitamin deficiencies. Other 
carotenoids such as lycopene (the red pigment found in tomatoes) are not converted to 
vitamins but act as antioxidants. Certain antioxidants such as ubiquinone (also known as 
Coenzyme-Q10), albumin, uric acid, melatonin, and glutathione are synthesized in the 
body and are not essential dietary constituents. Most of the studies cited below have 
considered the three most commonly consumed antioxidants - Vitamin E, Vitamin C, and 
beta carotene. Other antioxidants such as the flavonoids may have other pharmacologic 
actions including anti-hormonal and anti-growth factor effects at a cellular level. For 
example genistein, an isoflavone found in soybean protein, binds to the type II estrogen 
receptor and interferes with EGF receptor tyrosine kinase phosphorylation in breast 
cancer cells. Little is known about antioxidants and there is conflicting and 
disappointing evidence accumulating on the preventive role of antioxidants in the 
two most prevalent chronic diseases - heart disease and cancer.  

An antioxidant is defined as a substance being effective against oxidative damage 
when present in much smaller quantity than the substance that it protects.  The 

cellular accumulation of oxidized LDL is considered a hallmark of atherosclerosis 
(Steinberg D, Parthasarathy S, Carew TE, Khoo JC, and Witztum JL. Beyond cholesterol: 
modifications of low-density lipoprotein that increase its atherogenicity. N Engl J Med 
320: 915–924, 1989). 

Approximately 70 million Americans have one or more forms of cardiovascular disease 
including hypertension, coronary heart disease, stroke, and rheumatic heart disease. 
Every year it is estimated that 1.5 million Americans will have a heart attack, with 
approximately 500,000 to 600,000 deaths resulting. Data from numerous old studies 
indicate a beneficial effect of supplemental vitamins C, E, and beta carotene in 
significantly reducing coronary events, reperfusion injury, platelet aggregation, and low-
density lipoprotein (LDL) oxidation. Two large-scale epidemiologic studies of men and 
women (Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. 
Vitamin E consumption and the risk of coronary heart disease in men. New Engl J Med 
328:1450-1456, 1993.) (Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner 
B, Willett WC. Vitamin E consumption and the risk of coronary artery disease in women. 
New Engl J Med 328: 1444-1449,1993.) show vitamin E consumption at levels greater 
than 100 IU per day to be associated with a reduced incidence of coronary artery 
disease.  

In the Nurses' Health Study, women who consumed more than 3 times the RDA of 
vitamin E had a 34% lower risk of heart attacks than women who consumed lesser 
amounts. Similar results were found in the Health Professionals Study which involved 
men. At this point in time, it all seemed so simple and that antioxidants were the answer 
to stopping free radical caused diseases.  However, that did not happen.  While 
additional studies are still required to reach a significant scientific agreement on the 
benefits of antioxidants according to the Food and Drug Administration, many physicians 
are still advising their patients to take supplements and many physicians are taking 
supplements themselves. 
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Epidemiologic studies, combined with in vitro laboratory studies that concentrations of 
vitamin E and beta carotene with vitamin supplementation, resulted in decreased 
susceptibility to oxidation of LDL isolated from plasma following in vitro challenge with 
pro-oxidants (copper or iron), have led many cardiologists to recommend that their 
patients take antioxidant supplements. In fact, many physicians were also taking these 
antioxidant supplement “wonder drugs.”   

Theoretically, antioxidants are believed to work by supplementing significant host 
defenses against a so called “oxidant stress.” The measurement of the host response to 
oxidant stress remains problematic. There are a number of proposed markers of 
oxidant stress including measurement of lipid oxidation products such as 
conjugated dienes, malondialdehyde or thiobarbituric acid reactive substances 
(TBARS) in blood or urine; modified DNA bases (8-hydroxydeoxyguanosine) and/or 
DNA adducts in peripheral blood cells or urine; vitamin E or vitamin C levels in 
blood fractions; catalase or dismutase levels in blood fractions; volatile gases such as 
pentane or ethane in expired breath; total peroxyl radical trapping antioxidant 
power of serum (TRAP assay); auto-oxidative (non-cyclooxygenase-derived) 
eicosanoids in plasma; and the in vitro oxidation of blood fractions such as LDL.  I 
believe that it is basically impossible to measure redox balance because it varies from 
moment to moment and it differs in the plasma, the cytoplasm, the mitochondrion, the 
peroxisome, the nucleus, etc.  I do not understand the significance of the many curious 
measurements reported by investigators.  

While a number of government agencies recommend that Americans consume more than 
5 servings per day of fruits and vegetables it is clear that only a minority are able to 
follow this advice. Supplementation of usually consumed foods with antioxidants has 
been another losing strategy. It is already true that breakfast cereal is a major dietary 
source of folic acid for Americans who consume too little of green leafy vegetables to 
obtain the Recommended Dietary Allowances. It may be that foods can be developed 
which provide protective amounts of antioxidants in lieu of the capsules currently 
available. Additional research on the differences among the various antioxidants and 
how they work must also be done very cautiously before being reduced to dietary 
changes for the population.  

Normal ranges for different age groups referenced to dietary intake need to be developed. 
It is clear that antioxidant levels in the blood are influenced by dietary intake including 
seasonal variation in the intake of fruits and vegetables. A workshop sponsored by the 
Food and Drug Administration in 1993 outlined a pro-active strategy to be utilized in 
evaluating data on the positive impact of nutrient and non-nutrient antioxidants on human 
health. The World Cancer Research Fund and the American Institute of Cancer Research 
issued a 740 page analysis of international data supporting new dietary guidelines which 
indicate that between 400 and 800 gm per day of vegetables may be preventative.  More 
recent studies have not supported this approach. 

9.7 Vascular Wall Biochemistry 
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It remains largely unknown where precisely within the vessel wall, how, and to what 
extent, LDL becomes oxidized during atherogenesis. In addition to intrinsic 
properties of the lipoprotein, factors that prolong the life/residence time of LDL may 
also be conducive to oxidation.  LDL oxidation must occur in the arterial 
wall rather than the circulation, as lipoprotein lipids in plasma are well protected from 
oxidation due to the robust antioxidant defenses.  LDL itself contains and in fact is 
the major transport vehicle for most of the plasma -TOH.  -Tocopherol 

strongly inhibits the degradation of LOOH to secondary lipid oxidation products 
such as 4-hydroxynonenal.  Oxidized lipoproteins that may exist or form in plasma 
are diluted rapidly by either hepatic clearance (Van Berkel TJ, De Rijke YB, and 
Kruijt JK. Different fate in vivo of oxidatively modified low density lipoprotein and 
acetylated low density lipoprotein in rats. Recognition by various scavenger receptors on 
Kupffer and endothelial liver cells. J Biol Chem 266: 2282–2289, 1991) or accumulation 
and subsequent degradation in the arterial wall.  The plasma concentrations of 
oxidized LDL, as assessed by immunologic techniques, and oxidized lipids, determined 
by analytical techniques, in healthy humans are extremely low (Stocker R. Antioxidant 
defenses in the vascular wall. In: Oxidative Stress and Vascular Disease, edited by 
Keaney JF Jr. Boston: Kluwer Academic, 2000, p. 27–47).  Concentrations of 
antioxidants and oxidant markers do not correlate with the extent of 
atherosclerosis (Vita JA, Keaney JF Jr, Raby KE, Morrow JD, Freedman JE, Lynch 
S, Koulouris SN, Hankin BR, and Frei B. Low plasma ascorbic acid independently 
predicts the presence of an unstable coronary syndrome. J Am Coll Cardiol 31: 980–986, 
1998). 

Atherosclerotic lesions contain substantial amounts of oxidized lipid. Despite this 
however, homogenates of advanced human plaque also contain ascorbate, uric acid, 
and -TOH in quantities comparable to human plasma, sufficient to efficiently block 
LDL oxidation in vitro (Frei B, Stocker R, and Ames BN. Antioxidant defenses and 
lipid peroxidation in human blood plasma. Proc Natl Acad Sci USA 85: 9748–9752, 
1988). 

In vitro, LDL oxidation is initiated by a variety of oxidants including 1e-oxidants (i.e., 
radical) and 2e-oxidants (i.e., nonradical). 

There is now convincing evidence for the participation of myeloperoxidase and 
oxidants derived from this enzyme. Other oxidants, both enzymatic and nonenzymatic, 
have also been suggested to be involved. However, the approaches taken all have their 
limitations. For example, not in all cases has it been possible to localize the oxidative 
modification to LDL or even lipoproteins. Also, while the analysis of human 

atherosclerotic material provides direct information on the human disease, in most cases 
such information represents a snapshot of a single or few time points of what represents a 
disease developing over decades. In contrast, animal studies provide the possibility to 
follow changes over disease progression, or regression, yet suffer from the limitation that 
there is no single animal model in which atherosclerosis truly reflects the 
human pathogenesis. 
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Vascular cells contain NAD(P)H oxidases capable of generating O2
–·, and recent data 

suggest that Nox isoforms may have a role in atherosclerosis.  However, a causal role 
for NAD(P)H oxidase in atherosclerosis is controversial.  Vascular production of O2

–

· increases as a function of risk factors for disease (Guzik TJ, West NE, Black E, 
McDonald D, Ratnatunga C, Pillai R, and Channon KM. Vascular superoxide production 
by NAD(P)H oxidase: association with endothelial dysfunction and clinical risk factors. 
Circ Res 86: E85–E90, 2000).  Diabetes is characterized by increased 
expression of p22phox, p47phox, and p67phox (neutrophil cytosolic factor 2, 
NCF2), compared with nondiabetics (Guzik TJ, Mussa S, Gastaldi D, Sadowski J, 
Ratnatunga C, Pillai R, and Channon KM. Mechanisms of increased vascular superoxide 
production in human diabetes mellitus: role of NAD(P)H oxidase and endothelial nitric 
oxide synthase. Circulation 105: 1656–1662, 2002).  It is also possible that eNOS 
contributes to cellular O2

–· in the setting of vascular disease, because 
hypercholesterolemia, atherosclerosis, diabetes, and hypertension have all been 
associated with eNOS uncoupling.   

Heinecke and co-workers (Daugherty A, Dunn JL, Rateri DL, and Heinecke JW. 
Myeloperoxidase, a catalyst for lipoprotein oxidation, is expressed in human 
atherosclerotic lesions. J Clin Invest 94: 437–444, 1994) were the first to report the 
presence of active myeloperoxidase in human atherosclerotic lesions.  The 

potentially important finding of myeloperoxidase activity has been confirmed for 
lesions in humans.  In contrast, active myeloperoxidase appears to be absent in 
atherosclerotic lesions in LDL receptor –/– and in apolipoprotein E –/– mice, and 
therefore is not likely to contribute to atherogenesis in these animal models.  HOCl 
reacts readily with the N -amino groups of lysine residues, resulting in the formation 
of N-chloramines and increased negative charge of the lipoprotein particle.  
Chloramines can break down to generate alkoxyl radicals that induce lipid 
peroxidation, although the overall extent of lipid oxidation, relative to protein oxidation, 
is small. 

15-Lipoxygenase and 5-lipoxygenase are expressed in atherosclerotic lesions of 
humans.  5-lipoxygenase appears to be one lipoxygenase isoform that is particularly 
germane to the development of atherosclerosis in both experimental animals and 
humans. 

There is also a recent suggestion for a role of ozone in atherosclerosis based on the 
presence of cholesterol ozonolysis products in human carotid endarterectomy 
specimens. Activation of leukocytes in arteries showing advanced atherosclerotic 
disease has been proposed to result in the generation of ozone.  It remains 
controversial whether activated leukocytes produce ozone, and a recent 
study has shown that conversion of indigo carmine to isatin sulfonic acid can be 
mediated by ROS other than ozone (Kettle AJ, Clark BM, and Winterbourn CC. 
Superoxide converts indigo carmine to isatin sulfonic acid: implications for the 
hypothesis that neutrophils produce ozone. J Biol Chem 279: 18521–18525, 2004). 
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Human atherosclerotic lesions contain relatively large amounts of hydroxylated 
fatty acids associated with lipoprotein cholesterylesters and derived via 
nonenzymatic reactions. 

Oxidized LDL represents a heterogeneous population of modified forms 
of LDL that differ greatly in their chemical composition and functional 
properties.  Substantial LDL lipid peroxidation can be achieved by sufficiently 
reactive 1e-oxidants, however, in vitro high-uptake LDL can also be generated in the 
absence of transition metals, as suggested by experiments carried out in the presence 
of the metal chelator diethylenetriamine pentaacetic acid. 

Formation of high-uptake LDL via oxidative processes can occur in two ways, one 
mediated by radical oxidants and the other mediated largely by 2e-oxidation 
reactions.  Only the pathway mediated by radicals shows a requirement for 
extensive lipid peroxidation, and the 2e-oxidant pathway is not impacted on by lipid-
soluble antioxidants such as -TOH.   The antioxidant function of -TOH is in 
inhibiting an initial step in the overall conversion of native to high uptake LDL.   In 
tocopherol-mediated peroxidation, -TOH does not act as a classic 
chain-breaking antioxidant and the fate of -TO· determines whether 
vitamin E in LDL exhibits pro- or antioxidant activity.  

As -TOH is highly reactive towards various oxidants, the mere presence of vitamin 
E in LDL renders the lipoprotein susceptible to oxidation. This property is referred to 
as the phase-transfer activity of -TOH. Thus, in tocopherol-mediated peroxidation, 
the greater the content of vitamin E in LDL, the more susceptible the lipoprotein 
will be to oxidation.    

The strength of the oxidizing conditions largely determines whether -TOH exerts a 
pro- or antioxidant function in LDL. Thus, under mild oxidant flux, -TOH may 
exert pro-oxidant activity (Bowry VW and Stocker R. Tocopherol-mediated 
peroxidation. The pro-oxidant effect of vitamin E on the radical-initiated oxidation of 
human low-density lipoprotein. J Am Chem Soc 115: 6029–6044, 1993). (Neuzil J, 
Thomas SR, and Stocker R. Requirement for, promotion, or inhibition by -tocopherol of 
radical-induced initiation of plasma lipoprotein lipid peroxidation. Free Radic Biol Med 
22: 57–71, 1997) 

Oxidants do not necessarily affect the expression of antioxidant enzymes 
(Strålin P and Marklund SL. Effects of oxidative stress on expression of extracellular 
superoxide dismutase, CuZn-superoxide dismutase and Mn-superoxide dismutase in 
human dermal fibroblasts. Biochem J 298: 347–352, 1994). 

There is little evidence that strongly oxidizing conditions persist in vivo 
in atherosclerotic vessels.  In vivo LDL is surrounded by a myriad of other 

molecules, some of which will also react with the oxidants present, thereby essentially 
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decreasing the frequency with which the lipoprotein particles themselves encounter 
radicals. Therefore, conditions of mild oxidants and low "fluxes" of radical oxidants 

appear more likely relevant in vivo. 

9.8 Heme Oxygenase 

Heme oxygenase-1 is induced by oxidative stress and is expressed in cells of human 
atherosclerotic lesions as an antioxidant.  There is increasing evidence that induction 
of heme oxygenase provides protection against atherosclerosis and related diseases.   

Whether this apparent protective effect of heme oxygenase depends on an 
antioxidant activity remains unclear. What is clear is that increased heme 
oxygenase-1 protects against vascular constriction and inhibits the 
proliferation of vascular smooth muscle cells via induction of apoptosis, 
which I believe indicates that it may increase EMODs and apoptosis. 

9.9 Vitamin C

Antioxidants that are associated with LDL and required to inhibit lipoprotein lipid 
peroxidation are thought to be deficient and/or ineffective, but this is not true.  The 
concentration of ascorbate in interstitial fluid and lymph is similar to that in plasma. 

Normal arteries contain approximately one-third the concentration of 
ascorbate than normal human plasma (Suarna C, Dean RT, May J, and Stocker 
R. Human atherosclerotic plaque contains both oxidized lipids and relatively large 
amounts of -tocopherol and ascorbate. Arterioscler Thromb Vasc Biol 15: 1616–1624, 
1995). An early study found the concentration of ascorbate in diseased human aorta 

to be comparable to that found in plasma and was validated recently by a study that 
showed elevated levels of ascorbate in advanced human atherosclerotic 
plaque compared with normal arteries (Suarna C, Dean RT, May J, and Stocker 
R. Human atherosclerotic plaque contains both oxidized lipids and relatively large 
amounts of -tocopherol and ascorbate. Arterioscler Thromb Vasc Biol 15: 1616–1624, 
1995).  I believe that this demonstrates the conditions for an EMOD insufficiency 
state due to the presence of high levels of the antioxidant ascorbate.  Thus, plaque is 
allowed to form and not be oxidized and excreted.   

Only small amounts of vitamin C were present as dehydroascorbic acid 
(the 2-electron oxidation product of vitamin C) in atherosclerotic 
plaque. Together, the limited information available to date suggests that there is no 
gross alteration or deficiency in the arterial vessel wall content in 
ascorbate with atherosclerosis. Since the dehydroascorbate is the species 
responsible for the prooxidant activity of vitamin C, I believe that the presence of 
the ascorbate form helps produce deficiency levels of EMODs and increases the risk 
of atherosclerotic plaque formation. 
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The potential protective activities of vitamin C related to atherosclerosis have been 
reviewed previously (Carr AC, Zhu BZ, and Frei B. Potential antiatherogenic 
mechanisms of ascorbate (vitamin C) and alpha-tocopherol (vitamin E). Circ Res 87: 
349–354, 2000). Ascorbate is generally regarded as a primary, first line protective agent 

that repairs or nullifies free radicals by donating a single electron followed by a 
proton to yield a chemically reduced, nonradical product and ascorbyl radical that 
readily dismutates to ascorbate and dehydroascorbic acid. Both ascorbyl radical 
and dehydroascorbic acid can be reduced by glutathione-dependent enzymatic 
systems, effectively recycling the pool of bioavailable vitamin C.  Ascorbate is highly 
effective in preventing oxidation reactions induced by most 1e-oxidants and that it 
also strongly protects, but does not completely prevent, oxidative damage induced 
by 2e-oxidants, particularly ONOO–. 

Ascorbate can also compete with O2
–· for reaction with ·NO, although effective 

competition is observed only at supraphysiological concentrations of vitamin C ( 10 
mM) (Jackson TS, Xu A, Vita JA, and Keaney JF Jr. Ascorbate prevents the 
interaction of superoxide and nitric oxide only at very high physiological concentrations. 
Circ Res 83: 916–922, 1998). 

Reactions involving H2O2 are not subject to inhibition by classic antioxidants such as 
vitamin E. 

The introduction of lipid-soluble antioxidants will limit lipid peroxidation but will 
have no effect on 2e-oxidants and thus no effect on protein modification by ONOO–, 
cell signaling by H2O2, or HOCl-mediated oxidation reactions.  

Conversely, species that scavenge H2O2 will have a profound effect on 
HOCl-mediated oxidation but may also wipe out H2O2-mediated 
signaling, 

However, because of it is a potential prooxidant, we are faced with conflicting data, as 
it relates to vitamin C.   Clinical studies of vitamin E in humans have shown mixed 
results in regard to improvement in endothelial function in patients with 
atherosclerosis.  (Carr, A.C., Zhu, B.Z. and Frei, B.  Potential antiatherogenic 
mechanisms of ascorbate (vitamin C) and a-tocopherol (vitamin E).  Circ Res  2000; 87: 
349-354).   

On the basis of an increased number of modified DNA basis in lymphocytes, Podmore et 
al. (Podmore, I.D., Griffiths, H.R., Herbert, K.E., Mistry, N., Mistry, P. and Lunec, J.  
Vitamin C exhibits pro-oxidant properties.  Nature 1998; 392: 559 letter), claimed that 
dietary supplementation with vitamin C at 500 mg/d exerts prooxidant and 
mutagenic effects in humans.   
 
The party line of the oxy-morons is that uncontrolled blood glucose can promote the 
production of unhealthy oxidation reactions and foster many diseases, including 
arteriosclerosis.  Hence, they believed that supplementing the diet with antioxidants, such 
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as vitamin C, would benefit diabetics.  A study by Jacobs et al in the Nov. 2004 issue of 
American Journal of Clinical Nutrition, found that such supplements may actually 
promote the clogging of arteries.  They evaluated cardiovascular disease in 1,923 post-
menopausal women with diabetes, part of the Iowa Women’s Health Study, which 
collected data in 1986 about diets and vitamin C consumption in nearly 35,000 recruits.  
The researchers found that women with diabetes consuming at least 300 milligrams of 
vitamin C per day faced 2.3 times the risk of death from stroke and 2 times the risk 
of dying from coronary artery disease as did diabetic women who took in less of the 
vitamin C.   
 
A high vitamin C intake from supplements is associated with an increased risk of 
cardiovascular disease mortality in postmenopausal women with diabetes (Lee, 
D.H., Folsom, A.R., Harmack, L., Halliwell, B and Jacobs, D. R. Jr.  Does supplemental 
vitamin C increase cardiovascular disease risk in women with diabetes? Am J Clin Nutr. 
2004 Nov;80(5):1194-1200).   
 
Similarly, the clinical trials based on high dose of dietary vitamin C supplement are 
not supportive, although epidemiologic and observational studies based on food intake 
provide evidence for a strong protective role of vitamin C against cancer (Vecchia, C.L., 
Altieri, A. and Tavani, a.  Vegetables, fruit, antioxidants and cancer: a review of Italian 
studies.  Eur J Nutr  2001; 40: 261-267) (Henson, D.E., Block, G. and Levine, M.  
Ascorbic acid:  biologic functions and relation to cancer.  J Natl Cancer Inst  1991; 83: 
547-552). 
 
Paradoxically, in the presence of Fe3+ or Cu2+, ascorbate can promote 
the generation of the same reactive oxygen species (.OH, O2

.-, H2O2, and 
ferryl ion) it is known to destroy (Stadtman, E.R.  Ascorbic acid and oxidative 
inactivation of proteins.  Am J Clin Nutr 1991; 54: 1125S-1128S). 
 
Again, I mention that individuals with iron overload do not suffer from 
premature atherosclerosis (Kiechl, S., Willeit, J., Egger, G., Poewe, W., 
Oberhollenzer, F. (1997) Body iron stores and the risk of carotid atherosclerosis: 
prospective results from the Bruneck study. Circulation 96,3300-3307) (Franco, R. F., 
Zago, M. A., Trip, M. D., Cate, H., van den Ende, A., Prins, M. H., Kastelein, J. J., 
Reitsma, P. H. (1998) Prevalence of hereditary hemochromatosis in premature 
atherosclerotic vascular disease. Br. J. Haematol. 102,1172-1175).  
 
Several vitamin C and iron co-supplementation studies, both in animals and humans, 
indicate that vitamin C inhibits rather than promotes iron-dependent oxidative 
damage (A Carr and B Frei. Does vitamin C act as a pro-oxidant under physiological 
conditions? The FASEB Journal. 1999;13:1007-1024). 
   
Wen, Cooke and Feely (Wen, Y., Cooke, T. and Feely, J.  The effect of pharmacological 
supplementation with vitamin C on low density lipoprotein oxidation.  Br J Clin 
Pharmacol  1997; 44: 94-97), found that 1 g/d vitamin C did not affect LDL 

Page 239 of 302 



oxidizability in healthy nonsmokers.  In addition, Aghdassi et al. (Aghdassi, E., Royall, 
D. and Allard, J.P.  Oxidative stress in smokers supplemented with vitamin C  Intl J Vit 
Nutr Res  1999; 69: 45-51), reported that supplementation of smokers with 500 mg 
vitamin C per day did not affect breath pentane output or plasma malondialdehyde 
concentrations. 
 
The only way for young smokers to reduce oxidative damage to the vasculature by 
tobacco is to quit smoking rather than to take antioxidant vitamin supplements 
(Fuller, C.J., May, M.A. and Martin, K.J.  The effect of vitamin E and vitamin C 
supplementation on LDL oxidizability and neutrophil respiratory burst in young smokers.  
J Am Coll Nutr  2000; 19(3): 361-369). 

There is no convincing evidence that taking supplements of vitamin C prevents any 
disease.  No one should take beta carotene supplements.  A balanced diet 
may be more beneficial and safer than taking vitamin supplements” (The Medical 
Letter.  Vitamin Supplements.  The Medical Letter 1998; 40 (1032): 75).  Strong 
support for this position on antioxidant vitamins was recently published in the 
American Journal of Public Health (Hercberg S, Galan P, Preziosi P.  Antioxidant 
vitamins and cardiovascular disease: Dr Jekyll or Mr. Hyde?  Am J Public Health 1999; 
89: 289).   

Vitamin C, when taken as a dietary supplement, does not appear to reduce 
mortality in patients with cardiovascular disease. It has been suggested, for half a 
century, that antioxidant nutrients, such as vitamin C, may play a role in reducing 
cardiovascular disease. Several cohort studies and one RCT have evaluated the 
effectiveness of antioxidants in reducing mortality associated with cardiovascular disease 
(U.S. Preventive Services Task Force. Routine vitamin supplementation to prevent cancer 
and cardiovascular disease: recommendations and rationale. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2003. Accessed February 18, 2004) (Morris CD, 
Carson S. Routine vitamin supplementation to prevent cardiovascular disease. A 
summary of the evidence for the U.S. Preventive Services Task Force. Rockville, Md.: 
Agency for Healthcare Research and Quality, 2003. Accessed February 18, 2004) (Jha P, 
Flather M, Lonn E, Farkouh M, Yusuf S. The antioxidant vitamins and cardiovascular 
disease. A critical review of epidemiologic and clinical trial data. Ann Intern Med 
1995;123:860-72) (Asplund K. Antioxidant vitamins in the prevention of cardiovascular 
disease: a systematic review. J Intern Med 2002;251:372-92) (Blot WJ, Li JY, Taylor PR, 
Guo W, Dawsey S, Wang GQ, et al. Nutrition intervention trials in Linxian, China: 
supplementation with specific vitamin/mineral combinations, cancer incidence, and 
disease-specific mortality in the general population. J Natl Cancer Inst 1993;85:1483-92). 

The Chinese Cancer Prevention Trial  (the only completed RCT of vitamin C) 
studied 29,584 patients who were taking more than 250 mg of vitamin C per day. This 
study demonstrated no effect on prevention of cardiovascular disease 
mortality (Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, et al. Nutrition 
intervention trials in Linxian, China: supplementation with specific vitamin/mineral 
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combinations, cancer incidence, and disease-specific mortality in the general 
population. J Natl Cancer Inst 1993;85:1483-92). 

The U.S. Preventive Services Task Force (USPSTF) conducted a systematic review 
of the studies on vitamin C and found the evidence inconclusive because the studies 
were inadequate and conflicting and that there is insufficient evidence to recommend 
vitamin supplements for the prevention of cardiovascular disease (U.S. Preventive 
Services Task Force. Routine vitamin supplementation to prevent cancer and 
cardiovascular disease: recommendations and rationale. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2003). 

Five studies included 102,735 patients taking various doses of vitamin C but 
showed no effect on cardiovascular disease mortality (Morris CD, Carson S. 
Routine vitamin supplementation to prevent cardiovascular disease. A summary of the 
evidence for the U.S. Preventive Services Task Force. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2003. Accessed February 18, 2004). 

Thickness of carotid artery walls is an indicator of progression of atherosclerosis. A 
preliminary study found that people who took 500 mg per day of vitamin C 
supplements for one year had a greater increase in wall thickness of the carotid 
arteries (vessels in the neck that supply blood to the brain) than those who did not 
take vitamin C (Dwyer J, Nicholson LM, Shircore A, et al. Vitamin C intake and 
progression of carotid atherosclerosis. The Los Angeles Atherosclerosis Study. 
American Heart Association Annual Meeting. March 2, 2000 [abstract]. Currently, no 
evidence supports a cause-and-effect relationship for the outcome reported in this study. 
The vast preponderance of research suggests either a protective or therapeutic 
effect of vitamin C for heart disease, or no effect at all.  The varied conclusions of 
these studies make interpretation of the data very difficult. 

The party line of the oxy-morons is that uncontrolled blood glucose can promote the 
production of unhealthy oxidation reactions and foster many diseases, including 
arteriosclerosis.  Hence, they believed that supplementing the diet with antioxidants, such 
as vitamin C, would benefit diabetics.  A study by Jacobs et al in the Nov. 2004 issue of 
American Journal of Clinical Nutrition, found that such supplements may actually 
promote the clogging of arteries.  They evaluated cardiovascular disease in 1,923 post-
menopausal women with diabetes, part of the Iowa Women’s Health Study, which 
collected data in 1986 about diets and vitamin C consumption in nearly 35,000 recruits.  
The researchers found that women with diabetes consuming at least 300 milligrams of 
vitamin C per day faced 2.3 times the risk of death from stroke and 2 times the risk 
of dying from coronary artery disease as did diabetic women who took in less of the 
vitamin C.   

The Institute of Medicine in the US reports there’s a total lack of evidence to show 
large doses of antioxidants protect us from disease.  In the case of vitamin C, doses of 
over 2000 milligrams can cause diarrhea, and mega doses may even accelerate cancer 
growth and harden the arteries.  The University of Pennsylvania found large doses of 

Page 241 of 302 

http://www.kroger.com/hn/Concern/Atherosclerosis.htm
http://www.kroger.com/hn/Concern/Cardiovascular_Disease.htm


vitamin C triggered the release of DNA-damaging chemicals in the body, which may lead 
to cancer.   

Many studies indicate that oxidative stress is a feature of many atherosclerosis risk 
factors such as diabetes, hypertension, and smoking. The notion that oxidative stress 
is causally related to atherosclerosis was thought to be so compelling that some 
investigators have even proposed that all atherosclerosis risk factors act through the 
production of excess oxidative stress (Alexander RW. Theodore Cooper Memorial 
Lecture. Hypertension and the pathogenesis of atherosclerosis. Oxidative stress and the 
mediation of arterial inflammatory response: a new perspective. Hypertension 25: 155–
161, 1995).  However, the abundant data which I have presented in this and in my other 
books on antioxidant data shows that antioxidants do not prevent arteriosclerosis or 
cardiovascular disease.  To the contrary, in some instances, antioxidants may make 
cardiovascular disease and its comorbidity worse. 

With regard to lipid peroxidation, this link with oxidative stress was recently tested in the 
Framingham Study, the study that gave rise to the concept of atherosclerosis risk 
factors. This investigation found that lipid peroxidation was linked to some, but not 
all, risk factors for atherosclerosis (Keaney JF Jr, Larson MG, Vasan RS, Wilson PW, 
Lipinska I, Corey D, Massaro JM, Sutherland P, Vita JA, and Benjamin EJ. Obesity and 
systemic oxidative stress: clinical correlates of oxidative stress in the Framingham Study. 
Arterioscler Thromb Vasc Biol 23: 434–439, 2003). In fact, statistical modeling with 
established cardiovascular risk factors was only able to explain 15% of the 
observed evidence for lipid peroxidation. Thus, lipid peroxidation is only modestly 

linked to atherosclerosis risk factors.  

9.10 Urate

Compared with human plasma, healthy arteries contain significantly less urate. In 
contrast, the concentrations of urate in advanced human lesions are 
comparable to those in plasma and in some lesions approach if not exceed the 
limit of its solubility in aqueous solution (Suarna C, Dean RT, May J, and Stocker R. 
Human atherosclerotic plaque contains both oxidized lipids and relatively large amounts 
of -tocopherol and ascorbate. Arterioscler Thromb Vasc Biol 15: 1616–1624, 1995). 
Thus, like with ascorbate, currently available evidence suggests that urate 
levels in the vessel wall do not become decreased during atherosclerosis.  

Thus, 2 antioxidants, ascorbate and uric acid are present in 
atherosclerotic vessel walls and could help decrease EMOD levels.  It 
remains to be established whether uric acid provides antioxidant protection in vivo, and 
the role of uric acid in cardiovascular disease is still unclear, despite a long-standing 
association between hyperuricemia and atherosclerosis. I believe that this is 
contrary to the free radical theory and supports my Unified theory.   
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Some (Rao GN, Corson MA, and Berk BC. Uric acid stimulates vascular smooth 
muscle cell proliferation by increasing platelet-derived growth factor A-chain expression. 
J Biol Chem 266: 8604–8608, 1991) but not all studies  have reported a direct 
association between uric acid concentrations and atherosclerosis, 
hypertension, and cardiovascular mortality. 

9.11 Bilirubin

There is no direct information available at present on the concentration of bilirubin 
in diseased or healthy arteries. 

9.12 Lipid-Soluble Antioxidants 

As atherosclerotic lesions develop, lipoproteins including LDL, with their full 
complement of antioxidants, transfer to the vessel wall from plasma.  Thus it is 
reasonable to assume that, as lesions develop, an increasing proportion of the 
lipid-soluble antioxidants detected is localized extracellularly within 
lipoproteins and lipid depositions derived from them.   Again, this is strong 
evidence that the atherosclerotic lesions have above normal levels of antioxidants 
within the plaques and this is the reason that there exists an EMOD insufficiency 
state, which allows the development of the plaque. 

10.0 Vitamin E

Concordant (in agreement with) with the above data for ascorbate and urate, the 

levels of -TOH in homogenates of early, intermediate, and advanced human 
atherosclerotic lesions are comparable to plasma levels of the vitamin.  Similar results 
have been reported for lipoproteins isolated from human lesions representing different 
developmental stages, and this is true whether -TOH is expressed per free cholesterol 
molecule or per cholesteryllinoleate, the major readily oxidizable lipid in lesions. 

Consistent with the notion that vitamin E remains essentially intact during 
atherosclerosis, available data from gas chromatography-mass spectrometry 
analysis suggest that only a fraction of the vitamin is oxidized (Terentis AC, 
Thomas SR, Burr JA, Liebler DC, and Stocker R. Vitamin E oxidation in human 
atherosclerotic lesions. Circ Res 90: 333–339, 2002). 

At all stages of atherosclerosis, the observed relative abundance of -tocopherylquinone 
over 2,3- and 5,6-epoxy- -tocopherylquinones resembles the situation when LDL is 
oxidized in vitro by 2e- rather than 1e-oxidants. These findings are consistent with and 
further support the notion that 2e-oxidants are primarily involved in the oxidative 
events taking place in the artery wall and involving vitamin E.  

A number of endogenous reducing agents, termed "coantioxidants," can impede the 
pro-oxidant activity of -TOH (Thomas SR, Witting PK, and Stocker R. 3-
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Hydroxyanthranilic acid is an efficient, cell-derived co-antioxidant for -tocopherol, 
inhibiting human low density lipoprotein and plasma lipid peroxidation. J Biol Chem 
271: 32714–32721, 1996).  For this model, a balance between the level of vitamin E 
and available coantioxidants determines whether LDL lipid peroxidation occurs. 
Vitamin C (ascorbic acid) and CoQ10H2 are examples of endogenous coantioxidants 
for -TOH in LDL.  Despite the presence of apparently adequate levels of 
nonenzymatic antioxidants and coantioxidants, a significant proportion of 

cholesteryllinoleate in advanced human lesions is nonetheless oxidized (Suarna C, 
Dean RT, May J, and Stocker R. Human atherosclerotic plaque contains both oxidized 
lipids and relatively large amounts of -tocopherol and ascorbate. Arterioscler Thromb 
Vasc Biol 15: 1616–1624, 1995). 

Antioxidants and oxidized lipids apparently coexist in lesions, and this is another 
important paradox which supports my theory. 

10.1 Coenzyme Q10

Although supplements at therapeutic concentrations do not inhibit atherosclerosis in 
LDL receptor-deficient rabbits, and even large amounts of coenzyme Q10 do not 
inhibit intimal hyperplasia in balloon-injured rabbits)  there is also some recent 
evidence that supplemental coenzyme Q10 may improve blood pressure and 
endothelium-dependent vasodilation in type 2 diabetics. 

10.2  Hydrogen Peroxide 

For decades, evidence has been accumulating that hydrogen peroxide is necessary for the 
production of thyroid hormone. It seems highly likely that hydrogen peroxide is required 
in many metabolic systems and is required to “activate” iodine for the iodination of 
tyrosine. Although antioxidants are perhaps necessary to protect thyroid cells from the 
deleterious effects of the oxidative stress of this process, it is vital that they not 
interfere with the iodination process itself. At sufficiently high levels, some 
antioxidants may very well be capable of quenching key iodination free-radical 
intermediates and might thereby inhibit thyroid hormone production, lower basal 
metabolic rate, and impair weight loss and/or cause weight gain.  The overall process of 
biological energy production is accomplished by two closely linked metabolic processes: 
the citric acid cycle, which is anaerobic (independent of oxygen), and the electron 
transport chain, which is aerobic (oxygen dependent). The overall consumption of 
oxygen and the generation of energy is called respiration. The rate of respiration as 
measured by the production of heat energy is called the basal metabolic rate (BMR). At 
the neuroendocrine level, BMR is regulated by thyroid hormone. 

H2O2 freely diffuses through cell membranes and may travel several cell diameters 
before reacting with targets such as thiols and heme. Diseased vessels produce 
increased levels of H2O2 (Griendling KK, Sorescu D, and Ushio-Fukai M. NAD(P)H 
oxidase: role in cardiovascular biology and disease. Circ Res 86: 494–501, 2000), and 
activated neutrophils at normal circulating concentrations can produce 200–400 µM 
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H2O2 over a 60-min period (Liu X and Zweier JL. A real-time electrochemical 
technique for measurement of cellular hydrogen peroxide generation and consumption: 
evaluation in human polymorphonuclear leukocytes. Free Radic Biol Med 31: 894–901, 
2001).  I believe that this is a protective mechanism of the body to protect itself from 
accumulation of microaggregates and plaque formation. 

Both intra-arterial infusion and oral supplementation of ascorbate results in 
improved endothelial-dependent vasodilation in human patients with vascular 
pathological conditions including atherosclerosis, diabetes, hypertension, and 
cigarette smoking.  (I believe that the good effects of vitamin C are due to its 
prooxidant activity.) 

Similar to ascorbate, -TOH can scavenge O2
–· (k = 5 x 103 M–1 · s–1).  Despite the 

consistent favorable effect of vitamin E on endothelial ·NO bioactivity in experimental 
animals, the situation in humans is contradictory.  

Vitamin E supplementation of hypercholesterolemic or coronary disease patients 
improves ·NO bioactivity in some studies but not others. 

Intracellular O2
–· generation appears critical to cytokine-induced upregulation of vascular 

cell adhesion molecule-1, as it is inhibited by cellular overexpression of SOD. I interpret 
this to mean that H2O2 inhibits upregulation of vascular cell adhesion molecule-1.  A O2

–· 
signal has been implicated in the upregulation of intercellular adhesion molecule-1 in 
endothelial cell by oscillatory shear stress.  Adhesion of neutrophils is associated with a 
ROS burst that is required for the activation of Src-family kinases that are important for 
"outside-in" signaling. In fact, there appears to be considerable cross-talk between 

inflammatory cells and the endothelium with regard to adhesion molecule regulation. For 
example, a respiratory burst from the leukocyte oxidase is necessary for tumor necrosis 
factor- -induced upregulation of intercellular adhesion molecule-1 on endothelial cells in 
vivo. 

There remains today no consensus that antioxidant supplementation of patients at 
risk for atherosclerosis has any effect on the disease process.  One must consider the 
possibility that oxidative events are not causally related to the process of 
atherosclerosis and clinical cardiovascular disease.  It is possible that oxidative 
events principally represent an injurious response to the process of atherosclerosis 
and are not causative. 

Atherosclerotic lesion formation can be dissociated from the occurrence 
of lipid peroxidation in the arterial wall, suggesting lipid peroxidation is 
not necessary for foam cell formation.   Lesion-prone areas are characterized 
by enhanced retention of apolipoprotein B-containing lipoproteins, and this process 
is the inciting event for atherosclerosis rather than LDL oxidation. I believe that a 
deficiency of EMODs creates the lesion prone sites and is part of an “EMOD 
insufficiency syndrome.”   

Page 245 of 302 



Aggregated LDL is avidly internalized by macrophages and smooth muscle cells 
(Ismail NA, Alavi MZ, and Moore S. Lipoprotein-proteoglycan complexes from injured 
rabbit aortas accelerate lipoprotein uptake by arterial smooth muscle cells. 
Atherosclerosis 105: 79–87, 1994), thereby supporting foam cell formation without 

the need for LDL oxidation. I believe that EMODs, such as H2O2, prevent this LDL 
aggregation.   

In human aortic lesions nonoxidized lipids accumulate before oxidized 
lipids as disease progresses (Upston JM, Niu X, Brown AJ, Mashima R, Wang H, 
Senthilmohan R, Kettle AJ, Dean RT, and Stocker R. Disease stage-dependent 
accumulation of lipid and protein oxidation products in human atherosclerosis. Am J 
Pathol 160: 701–710, 2002).  Thus, I believe that oxidation is not the initiating event. 

In addition to HOCl, H2O2 has become an important oxidant in atherosclerosis, in 
particular as a component of cell signaling that mediates many maladaptive 
responses in the vasculature. Growth factors and cell proliferation have long been 
implicated in atherosclerosis, and these cellular responses are dependent, in large 
part, on intracellular generation of H2O2.  

Investigators tested whether reactive oxygen species (ROS) generated from treatment 
with xanthine (XA) and xanthine oxidase (XO) alter vascular tone of human coronary 
arterioles (HCA). These data indicate that the exogenously generated superoxide 
anion ( ) by XA/XO is spontaneously converted to H2O2, which dilates HCA 

through vascular smooth muscle hyperpolarization. is also converted to H2O2 
likely by superoxide dismutase within vascular cells and dilates HCA through a 
different pathway involving the activation of guanylate cyclase. These findings 
suggest that exogenously and endogenously produced H2O2 may elicit vasodilation 

by different mechanisms (Mechanism of dilation to reactive oxygen species in human 
coronary arterioles . A. Sato, I. Sakuma, and D. D. Gutterman. Am J Physiol Heart Circ 
Physiol 285: H2345-H2354, 2003). 

Inflammation is thought to be a major contributor to carotid artery disease. 
Lipopolysaccharide (LPS) activates inflammatory mechanisms thought to contribute to 
endothelial dysfunction by mechanisms that are not well defined.  Results indicate that 
LPS increases superoxide and impairs endothelium-dependent relaxation. 
Overexpression of the CuZn isoform of SOD effectively prevents LPS-induced 

oxidative stress and endothelial dysfunction in the carotid artery. I believe that this 
is due to increased H2O2 levels (Overexpression of CuZn-SOD Prevents 
Lipopolysaccharide-Induced Endothelial Dysfunction. Sean P. Didion, PhD; Dale A. 
Kinzenbaw, BS; Pamela E. Fegan, BS; Lisa A. Didion, BS Frank M. Faraci. Stroke. 
2004;35:1963). 

The smooth muscle cell response to growth factors is now known to be dependent on 
the intracellular generation of H2O2 (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, and 
Finkel T. Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science 270: 296–299, 1995). 
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Reactions involving H2O2 are not subject to inhibition by classic antioxidants such as 
vitamin E. As a consequence, features of atherosclerosis due to unchecked H2O2 
production would not be altered by most antioxidant interventions in both human 
and animal studies that have been published thus far. 

The introduction of lipid-soluble antioxidants will limit lipid 
peroxidation but will have no effect on 2e-oxidants and thus no effect on 
protein modification by ONOO–, cell signaling by H2O2, or HOCl-
mediated oxidation reactions.  Species that scavenge H2O2 will have a profound 
effect on HOCl-mediated oxidation but may also wipe out H2O2-mediated signaling. 

Strategies that rely simply on scavenging the offending species must be employed 

with extreme caution lest physiological responses may well be interrupted and 
worsen the clinical situation. 

Many studies have established that circulating markers of inflammation are predictive 
of both atherosclerosis and the clinical events associated with atherosclerosis.  All 
established cardiovascular disease risk factors (i.e., smoking, hypertension, diabetes, 
hypercholesterolemia, age, and obesity) are predictive of circulating inflammation 
markers.  These findings tend to support the notion that inflammation is a primary 
process in atherosclerosis, and oxidative stress is secondary. 

The notion that oxidative stress is an important secondary consequence of 
inflammation is well established (Nathan C. Points of control in inflammation. Nature 
420: 846–852, 2002). The inflammatory process is modulated by the activities of 
several families of enzymes including cyclooxgenases, lipoxygenases, NADPH 
oxidases, nitric oxide synthases, and peroxidases that all possess the catalytic 
capacity to produce ROS (EMODs) and RNS.  

The roles of these reactive species in host defense and antimicrobial activity are well 
documented as impaired EMODs (ROS or RNS) production results in susceptibility 
to bacterial (Babior BM, Lambeth JD, and Nauseef W. The neutrophil NADPH oxidase. 
Arch Biochem Biophys 397: 342–344, 2002) or parasitic infection (Murray HW and 
Nathan CF. Macrophage microbicidal mechanisms in vivo: reactive nitrogen versus 
oxygen intermediates in the killing of intracellular visceral Leishmania donovani. J Exp 
Med 189: 741–746, 1999).  

Many conditions known to activate the immune system have now been linked to the 
activity of atherosclerosis. For example, periodontal disease and prior infection have 
been associated with more advanced or active atherosclerosis but I am skeptical of 
this point.  Hormone replacement therapy increases circulating C-reactive protein 
levels, and clinical trials thus far have demonstrated its promotion of atherosclerotic 
cardiovascular events. 
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The pathophysiological importance of LDL oxidation have been challenged 
by the overall poor performance of antioxidant strategies in limiting 
atherosclerosis and its cardiovascular events, the overall lack of clear 
disease stage dependency in the vessel wall contents of oxidized 
molecules and antioxidants, and by the reported dissociation of 
atherosclerosis and lipoprotein oxidation in the vessel wall of animals.  

10.3 The Baylor Experience 

I am presenting the Baylor work in detail because I feel that it contains unique 
human data of vital importance, especially as it relates to atherosclerosis and plaque 
dissolution.  These are some of the few studies that actually exist, which measured 
the effects, including safety and toxicity, of H2O2 in humans. The Baylor studies 
were also conducted with H2O2 in animals.  This work has been largely ignored for 
decades but it is highly pertinent to discussions of H2O2 and its role in human health 
and disease.  I contacted both Dr. Harold Urschel and Dr. Thomas Mallams about 
their landmark experimental work. Dr. Finney had died of cardiovascular disease 
some years ago.  I had heard the rumor that the Baylor work was possibly 
suppressed by the pharmaceutical industry but Dr. Mallams told me that, to his 
knowledge, that was not the case.  These studies were terminated primarily due to 
internal conflicts and academic politics.  
 
In some patients so treated with hydrogen peroxide, a decrease in the severity of 
their atherosclerosis was observed.  This phenomenon was studied and confirmed by 
both in vitro and in vivo experimentation. (Finney, J.W., Jay, B.E., Race, G.J., Urschel, 
H.C., Mallams, J.T. and Balla, G.A.  Removal of cholesterol and other lipids from 
experimental animal and human atheromatous arteries by dilute hydrogen peroxide.  
Angiology 1966;17:223-228). 
Several patients who have been infused intra-arterially with hydrogen peroxide as an 
adjunct to irradiation therapy in the management of their malignant disease have 
undergone postmortem examination.  In all cases studied to date, the patients received 
hydrogen peroxide infusion through a retrograde catheter in the abdominal aorta as an 
adjunct to irradiation therapy over periods of time ranging from 4 - 16 weeks.  During 
this time, the individuals were given daily infusions of 250 ml of hydrogen peroxide 
in “Ionosol-T” with a peroxide concentration ranging from 0.24% to 0.48%.   
 
Upon gross examination, the segment of the aorta being infused with hydrogen 
peroxide was found to be different from the area not being infused.  This difference 
was marked by a decrease in the number and severity of atheromatous plaques and 
an increase in flexibility and elasticity of the vessel.  Ordinarily one expects to find an 
increase in number and severity of the atheromatous lesions from the thoracic to the 
abdominal aorta.  In these patients, where the H2O2 infusion catheter was in the 
abdominal aorta below the renal arteries, there was lack of raised lesions from the 
point of the catheter to the bifurcation, and the iliacs were relatively free of gross 
disease except from some intimal and subintimal fibrosis.  In my opinion, this 
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observation is of most importance since it is both dramatic and in humans.  Such 
observations by qualified medical investigators represent unparalleled 
opportunity to explore the use of H2O2 and other forms of oxidative 
therapy in the battle against atherosclerosis.  I know of no other studies of 
equaled importance. 
 
Histologic evaluation of Oil Red O stained sections showed a decrease in total 
subliminal lipid deposits in the aorta below as compared to that above the H2O2 
infusion catheter tip.  When weighed samples of the vessels were extracted and total 
lipids determined, it was found that approximately a 50% reduction in total lipids 
(10 - 40% decrease in cholesterol and 20 - 50% decrease in cholesterol esters) had 
occurred in the area being infused with hydrogen peroxide.  This data further 
emphasizes the importance of this research data.  Obviously, H2O2 has unique clinical 
importance in the treatment of arteriosclerosis that has thus far been over-looked or 
ignored.  My Unified Theory stipulates that high levels of EMODs will oxidize 
microaggregates such that they will not be able to accumulate and will be excreted 
by the liver.  These observations on the effect of H2O2 on aortic plaques support my 
theory. 
 
In vitro studies confirmed the elution of lipid from human atheromatous aortas when 
incubated with either hydrogen peroxide or saline under high oxygen tension. 
 
Serum lipid studies were conducted in various patients being infused intra-arterially with 
hydrogen peroxide.  Venous blood samples were collected from the cubital vein 
immediately before and after the infusions with a total time lapse between the two sample 
of 20 - 30 minutes.  It was noted that the total increase in circulating lipids following 
the intra-arterial infusion of H2O2 seemed to be directly proportional to both the 
severity of disease and concentration of hydrogen peroxide infused. 
 
Routine blood work was done on alternate days; this included complete blood count 
(CBC) and platelet and reticulocyte counts.  They demonstrated elevation in all the 
formed elements as noted previously when the carotid arteries have been infused by 
hydrogen peroxide.   
 
Although the early clinical improvement was slight and the changes subtle, it can be 
stated that the patient was in no way clinically worse and it did not demonstrate 
progression of the patient’s symptoms which were marked prior to H2O2 infusion.  
Apparent diminution of the vertebral artery stenosis and less delay in filling time of 
the vertebral compared to the carotid artery was observed.  This occurred with the 
severest limitations for infusion which probably will be encountered.  These included 
minimal blood flow past a severe stenosis in a small vessel system which has a higher 
susceptibility to spasm and with the catheter a moderate distance from the lesion. 
 
Arteriosclerotic plaques have been markedly reduced and have even 
disappeared following the intra-arterial infusion of hydrogen peroxide 
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(Finney, J.W., Balla, G.A., Jay, B.E., Race, G.J., Urschel, H.C., Greenlee, R.G. and 
Mallams, J.T.  Removal of cholesterol and other lipids from human atheromatous arteries 
by dilute hydrogen peroxide.  Angiology 1966; 17: 223).  
 
Studies indicate that exogenously generated superoxide anion by xanthine/xanthine 
oxidase reaction is spontaneously converted to H2O2, which dilates human 
coronary arteries through vascular smooth muscle hyperpolarization.  Superoxide 
is converted to H2O2 likely by superoxide dismutase within vascular cells and dilates 
human coronary arterioles through a different pathway involving the activation of 
guanylate cyclase.  These findings suggest that exogenously and endogenously produced 
H2O2 may elicit vasodilation by different mechanisms  (Sato, A., Sakuma, I. and 
Gutterman, D.D.  Mechanism of dilation of reactive oxygen species in human coronary 
arterioles.  Am J Physiol, 2003, 285: H2345-H2354).  I believe that the vasodilatory 
action of H2O2 should have a positive effect against cardiac ischemia similar to that 
of nitric oxide. 
 
The Baylor authors have noted a reduction in the subintimal lipid deposits and 
atheromatous plaques in the arteries of individuals being infused intra-arterially 
with hydrogen peroxide. 
 
Several patients who have been infused intra-arterially with hydrogen peroxide as an 
adjunct to irradiation therapy in the management of their malignant disease have 
undergone postmortem examination.  During the autopsy, the catheter was left in place, 
the aorta was split longitudinally, and the tip of the catheter marked.  Sections were 
prepared from the aorta immediately above and below tip for comparative histologic 
evaluation by oil red-O and H and E stains. 
 
All patients were being infused into the abdominal aorta with 0.48 percent hydrogen 
peroxide in Ionosol T.  Venous samples were taken before and during the last minute of 
infusion and the results of the two samples compared.  During the entire infusion period 
(20 minutes), the patient was reclined and relaxed. 
 
The evaluation of aortas taken at postmortem from patients who had been treated 
with intra-arterial hydrogen peroxide showed the following changes: 
 
In all cases studied to date, the patients have received hydrogen peroxide infusion alone 
as an adjunct to other modes of therapy for a variety of conditions over extended periods 
of time ranging from 4 to 16 weeks.  During this time, the individuals received daily 
infusions of 250 ml of hydrogen peroxide in Ionosol T with a peroxide concentration 
ranging from 0.36 to 0.48 percent. 
 
Upon gross examination, the segment of the aorta being infused was found to be different 
from the area not being infused.  This difference was marked by a decrease in the 
number and severity of atheromatous plaques, and an increase in flexibility and 
elasticity of the vessel.  Histologic evaluation by oil red-O stained sections showed a 
decrease in total subliminal lipid deposits.  When weighed samples of the vessels were 
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extracted and total lipids determined, it was found that approximately a 50 percent 
reduction in total lipids had occurred in the area being infused with hydrogen 
peroxide.  In my opinion, this work is some of the most exciting work in the last 50 
years! 
 
In vitro studies on human aortas incubated with hydrogen peroxide, the results 
indicate a bi- or multiphase reaction which starts immediately with the elution of 
relatively large quantities of cholesterol, cholesterol esters, phospholipid, 
triglyceride and free fatty acids:  the total concentration of these components in the 
supernatant fluid decreases over a period of the next few hours.  This decrease if followed 
by a subsequent increase in total concentration at 12 to 24 hours.  The same general 
results have been obtained with human aorta in saline exposed to oxygen at five 
atmospheres absolute pressure. (Finney, J.W., Jay, B.E., Race, G.J., Urschel, H.C., 
Mallams, J.T. and Balla, G.A.  Removal of cholesterol and other lipids from experimental 
animal and human atheromatous arteries by dilute hydrogen peroxide.  Angiology  1966; 
17: 223-228.).  I believe that this data indicates, in part, the signaling capability of 
H2O2 because, even though it is present for a very short time, it can activate 
processes which occur sometime later.  This effect is being reported with increasing 
frequency for many of the EMODs. 
 
10.4 H2O2 Cardiac Resuscitation 
 
Ventricular fibrillation or cardiac arrest was produced in 40 rabbits by tracheal occlusion 
or circumflex coronary artery ligation.  Regional application of 0.12 to .24% hydrogen 
peroxide via coronary artery infusion or epicardial application returned the heart to 
regular sinus rhythm and elevated blood pressure to normal, in contrast to ten 
control animals who could not be resuscitated with standard methods.  The 
procedure was repeated in ten goats undergoing anterior descending coronary artery 
ligation.  The electrocardiogram, arterial and venous pressure, pH and myocardial tissue 
oxygen tension were monitored.  Myocardial tissue oxygen tension values increased from 
two to six times control values following hydrogen peroxide application.  Low molecular 
weight dextran and papaverine improved effective coronary artery infusion of hydrogen 
peroxide.  Dimethyl sulfoxide (DMSO) may improve diffusion in the thick myocardium. 
 
Following the failure of conventional resuscitation methods, hydrogen peroxide was 
employed in one human case with temporary reversal of ventricular fibrillation to 
regular sinus rhythm and elevation of the blood pressure to normal (Urschel, H.C., 
Jr., Finney, J.W., Morales, A.R., Balla, G.A. and Mallams, J.T.  Cardiac resuscitation 
with hydrogen peroxide.  Abstract of the 38th Scientific Sessions.  1965; Suppl II, Vol. 31 
& 32). 

10.5 Statins 

High-Dose Atorvastatin vs Usual-Dose Simvastatin for Secondary Prevention After 
Myocardial Infarction  
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It is increasingly recognized that some of the benefit from statins may reside in non-
lipid mechanisms. 

Evidence suggests that more intensive lowering of low-density lipoprotein cholesterol 
(LDL-C) than is commonly applied clinically will provide further benefit in stable 
coronary artery disease.  Investigators compared the effects of 2 strategies of lipid 

lowering on the risk of cardiovascular disease among patients with a previous myocardial 
infarction (MI). 

The IDEAL study was a prospective, randomized, open-label, blinded end-point 
evaluation trial conducted at 190 ambulatory cardiology care and specialist practices in 

northern Europe between March 1999 and March 2005 with a median follow-up of 4.8 
years, which enrolled 8,888 patients aged 80 years or younger with a history of acute MI. 

Patients were randomly assigned to receive a high dose of atorvastatin (80 mg/d; 
n = 4439), or usual-dose simvastatin (20 mg/d; n = 4449). 

During treatment, mean LDL-C levels were 104 (SE, 0.3) mg/dL in the simvastatin group 
and 81 (SE, 0.3) mg/dL in the atorvastatin group. A major coronary event occurred in 463 

simvastatin patients (10.4%) and in 411 atorvastatin patients (9.3%). Nonfatal acute MI 
occurred in 321 (7.2%) and 267 (6.0%) in the 2 groups, but no differences were seen in 
the 2 other components of the primary end point. Major cardiovascular events occurred in 
608 and 533 in the 2 groups. Occurrence of any coronary event was reported in 1059 
simvastatin and 898 atorvastatin patients. Noncardiovascular death occurred in 156 
(3.5%) and 143 (3.2%) in the 2 groups. Death from any cause occurred in 374 (8.4%) in 
the simvastatin group and 366 (8.2%) in the atorvastatin group. Patients in the atorvastatin 
group had higher rates of drug discontinuation due to nonserious adverse events; 
transaminase elevation resulted in 43 (1.0%) vs 5 (0.1%) withdrawals (P<.001). Serious 
myopathy and rhabdomyolysis were rare in both groups. 

The authors concluded that in this study of patients with previous MI, intensive 
lowering of LDL-C did not result in a significant reduction in the primary outcome 
of major coronary events, but did reduce the risk of other composite secondary end 
points and nonfatal acute MI. There were no differences in cardiovascular or 
all-cause mortality. Patients with MI may benefit from intensive lowering of LDL-C 
without an increase in noncardiovascular mortality or other serious adverse reactions.  
Thus, the lowering of LDL-C with statin drugs did not decrease 
cardiovascular disease or overall mortality (The IDEAL Study: A 
Randomized Controlled Trial.  Terje R. Pedersen et al. for the Incremental Decrease in 
End Points Through Aggressive Lipid Lowering (IDEAL) Study Group.  
JAMA. 2005;294:2437-2445).  

Study Shows Drug Reverses Heart Disease 3/13/06.  Please remember that this study 
was paid for by AstraZeneca PLC, the maker of Crestor. 
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High doses of a powerful cholesterol-lowering drug seemed to actually reverse heart 
disease — not just keep it from getting worse — new research showed.  People in the 
study got their "bad cholesterol" to the lowest levels ever achieved and saw 
blockages in their blood vessels shrink as a result. It's too soon to tell whether the 
shrinkage of artery deposits will mean fewer heart attacks, but doctors were excited by 
the possibility.  I believe that previous studies with statins have also failed to reduce 
the incidence of heart attacks. 

"The holy grail has always been to try to reverse the disease," and this shows a way, said 
Dr. Steven Nissen, the Cleveland Clinic cardiologist who led the nationwide experiment. 
"This is a paper to take seriously. It's another chapter in the story, a proof of principle," 
said Dr. Elizabeth Nabel, director of the National Heart, Lung and Blood Institute. 

Two-thirds of the 349 study participants had regression of heart artery buildups 
when they took the maximum dose of Crestor, the strongest of the cholesterol-lowering 
statin drugs on the market and one under fire by the consumer group Public Citizen, 
which contends it has more side effects than its competitors. 

The group said that the study "does not alter our assessment that Crestor has unique 
risks without evidence of unique benefits" and should not be prescribed, especially at 
the doses used in this study unless lower doses and other drugs failed to help.  The study 
was paid for by AstraZeneca PLC, the maker of Crestor. Some reports have linked it 
to higher rates of serious muscle problems and kidney damage, especially among Asians, 
and the Food and Drug Administration last year required a warning on its label.  No big 
safety issues emerged in the new study, but doctors said it was too small to detect rare 
side effects and was not designed for that purpose. 

Clots in arteries are the main cause of heart attacks. Big ones are treated with 
angioplasty to flatten them or surgery to bypass them, but doctors have long sought a less 
drastic solution that also treats small buildups that can slowly worsen until they squeeze a 
vessel shut.  Statins such as Lipitor, Zocor and Pravachol have become the world's 
top-selling drugs by dramatically lowering LDL or "bad cholesterol," a culprit in 
clot formation. 

In the study, Crestor not only dropped average LDL levels from 130 milligrams per 
deciliter of blood at the start to around 60, but also raised HDL or "good 
cholesterol" from 43 to 49. 

Some doctors think this dual effect may be what caused blockages to shrink, as 
documented by ultrasound measurements before and two years after treatment.  I 
do not believe that ultrasound is sufficiently accurate to measure the results in this 
study. 

The volume of each patient's main blockage decreased a modest 1 percent. The 
amount of buildup in the most clogged artery decreased 9 percent, and in the entire 
length of the vessel, 7 percent, on average. 
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It would have been better if it had tested Crestor against a lower dose of another statin, 
Dr. Roger Blumenthal of Johns Hopkins University wrote in an editorial in the Journal of 
the American Medical Association. The maximum dose for Crestor is 40 milligrams a 
day; it is 80 milligrams for the other, less powerful statins. Insurers already are restricting 
use of specific brands, something likely to escalate in the next few months as Pravachol 
and Zocor lose patent protection and cheaper generics become available. 

The study also renews debate about how low LDL should go. Federal guidelines 
recommend aiming for 70 in people at high risk of heart disease, but Nissen said the 
benefits seen when it is pushed to 60 suggest that "as low as we can go might make more 
sense."  "The body needs about 40 LDL, so we're getting pretty close to what the 
body needs for general repair," said Dr. Christopher O'Connor, a Duke University 
cardiologist.  

Two new studies deal a double blow to the hyped hopes that cholesterol-lowering 
statin drugs could help prevent cancer as well as heart disease. 

In one report, researchers analyzed 26 rigorous, randomized studies involving more than 
73,000 patients, and concluded that drugs such as top-selling Lipitor and Zocor had no 
effect on the risk of developing or dying from any form of cancer. 

The findings appear in the Jan. 4, 2006 Journal of the American Medical Association. 
The other study, published in the Journal of the National Cancer Institute, found that 
cholesterol-lowering drugs, including statins, were of no benefit for preventing 
colorectal cancer.  ''We were very hopeful that we would verify there was an anticancer 
effect," said C. Michael White of the University of Connecticut School of Pharmacy, who 
led the analysis appearing in the journal. ''We ended up showing no change in cancer or 
cancer death." 

White said the new findings -- as well as the rare but potential side effects of statins, 
which can include liver damage and muscle pain -- should discourage doctors from 
prescribing them solely to prevent cancer.  Thus, I believe that these serious 
considerations should be the same for reducing cholesterol levels and for treating 
CVD. 

Previous research, including animal studies and observational studies of people, had 
suggested statins might prevent various types of cancer.  For example, researchers looked 
at medical records for 1.4 million patients treated at 10 Veterans Affairs medical centers 
and found that those taking statins had lower rates of breast, prostate, and lung cancer 
than those who hadn't taken such drugs.  And a study of Israeli patients published last 
year showed a 47 percent lower risk of colorectal cancer in people who used statins for at 
least five years. Patients were not randomly picked. Researchers believe randomized 
studies yield the best evidence. 

Some of the following material was excerpted, abstracted or modified from:  the Anthony 
Coplo www.theomnivore.com  website. 
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In spite of all of the attempts to control cholesterol levels, hypertension, diabetes and 
oxidative stress (by use of antioxidants), heart disease still represents the major killer in 
America.  Progress, if any, is very slow.  In fact, the overall incidence of heart disease has 
not declined one iota ( Rosamond WD, et al. Trends in the Incidence of Myocardial 
Infarction and in Mortality Due to Coronary Heart Disease, 1987 to 1994. New England 
Journal of Medicine, Sep 24, 1998; 339 (13): 861-867) (Center for Disease Control. 
Hospitalization Rates for Ischemic Heart Disease - United States, 1970-1986. MMWR 
Weekly, Apr 28, 1989; 38 (16); 275-276, 281-284) (Lampe FC, et al. Trends in rates of 
different forms of diagnosed coronary heart disease, 1978 to 2000: prospective, 
population based study of British men. British Medical Journal, May 7, 2005; 330: 1046) 
(Sytkowski PA, et al. Changes in risk factors and the decline in mortality from 
cardiovascular disease. The Framingham Study. New England Journal of Medicine, Jun 
7, 1990; 322 (23): 1635-1641).   
 
If cholesterol reduction were effective in preventing heart disease, then it would 
surely lower both fatal and non-fatal heart disease. This has not happened.  The 
cholesterol-lowering juggernaut plows ahead advocating the dangerous reduction of a 
perfectly normal and vital substance.  To this end, the purveyors of the cholesterol 
hypothesis invented the "good cholesterol, bad cholesterol" dichotomy. Inconsistencies 
and untenable theories abound.   

According to Coplo, LDL cholesterol, which transports cholesterol from the liver to the 
tissues and organs of the body, was deigned the "bad" cholesterol. As part of its delivery 
function, so the story goes, LDL brings cholesterol to the arteries, where it is then 
deposited to form arterial plaque. These plaques then grow, rupture, and stimulate the 
formation of artery-blocking blood clots. 

HDL cholesterol, on the other hand, is the swash-buckling knight in shining armor that 
counters the action of its evil twin LDL by sweeping cholesterol from the arteries and 
transporting it back to the liver, from whence it can be safely disposed. This "good 
cholesterol, bad cholesterol" paradigm is, quite frankly, a scientific absurdity. 

My scenario sees unfavorable physiological conditions that injure, damage or lessen the 
ability of the vascular wall from producing EMODs, appears to set the stage for the 
deposition of plaque. This natural response to injury and natural attempts to heal, 
produces inflammation, which is associated with hypoxia and deficient levels of EMODs, 
thus allowing the accumulation of microaggregates in macrophages. Thus, plaques are 
born. Ergo, control involves prevention of the initial vascular wall (biochemical 
machinery) from injury and the maintainance of normal levels of EMOD production. 

Half of those who suffer CVD have LDL levels within the normal limit. Among the 
28,000-plus participants of the Women's Health Study, for example, forty-six percent 
of first cardiovascular events occurred in women with LDL cholesterol levels under 
130 mg/dL--the 'desirable' target for primary prevention set by the NCEP (Ridker PM, et 
al. Comparison of C-reactive protein and low density lipoprotein cholesterol levels in the 
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prediction of first cardiovascular events. New England Journal of Medicine, 2002; 347 
(20): 1557-1565).  

There was no association between oxidized LDL concentrations and overall LDL 
levels (Nishi K, et al. Oxidized LDL in Carotid Plaques and Plasma Associates With 
Plaque Instability. Arteriosclerosis, Thrombosis, and Vascular Biology, Oct 1, 2002; 22 
(10): 1649-1654).  

The irrelevance of total LDL levels was further underscored when patients given 
aggressive LDL cholesterol-lowering treatment were compared with those receiving less 
aggressive treatment. Despite greater LDL reductions in the former group, there 
were no differences in calcified plaque progression as detected by electron beam 
tomography (Hecht HS, Harman SM. Relation of aggressiveness of lipid-lowering 
treatment to changes in calcified plaque burden by electron beam tomography. American 
Journal of Cardiology, Aug 1, 2003; 92 (3): 334-336). 

The PROSPER trial, which recorded the highest survival rates in both the treatment and 
control groups among those with the highest LDL levels.(38) In the Japanese Lipid 
Intervention Trial (J-LIT), a six-year study of over 47,000 patients treated with 
simvastatin, those with a total cholesterol level of 200-219 mg/dL had a lower rate of 
coronary events than those whose levels were above or below this range. The lowest 
overall mortality rate was seen in the patients whose total and LDL cholesterol levels 
were between 200-259 mg/dL and 120-159 mg/dL. The highest death rate in the study, 
by the way, was observed among those whose cholesterol levels were below 160 
mg/dL (Matsuzaki M, et al. Large scale cohort study of the relationship between serum 
cholesterol concentration and coronary events with low-dose simvastatin therapy in 
Japanese patients with hypercholesterolemia. Circulation Journal, Dec, 2002; 66 (12): 
1087-1095). 

The highly-hyped TNT study published in March 2005 supposedly proved the value of 
aggressive LDL-lowering. In this study, 10,001 CHD patients with LDL cholesterol 
levels of less than 130 mg/dl were randomly assigned to either 10 or 80 milligrams of 
atorvastatin (Lipitor) daily. TNT was sponsored by Pfizer, the manufacturer of Lipitor 
(currently the world's best-selling drug). 

Those receiving low-dose atorvastatin reduced their mean LDL cholesterol levels to 101 
mg/dl, while those taking the high dose brought their LDL readings down to 77 mg/dl. 
After a median follow-up of 4.9 years, 2.5 percent of the low-dose group had died 
from coronary causes, compared to 2 percent in the high dose group, a twenty 
percent relative risk reduction (more fuzzy math) (LaRosa JC, et al. Intensive lipid 
lowering with atorvastatin in patients with stable coronary disease. New England Journal 
of Medicine, Mar 8, 2005). Glowing media reports enthusiastically hailed these results as 
triumphant confirmation of the PROVE-IT study findings. According to the hype, the 
"lower is better" era of LDL reduction had officially arrived.  
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Statins exert a whole host of biochemical effects beyond mere lipid-lowering. In light of 
this inescapable fact, no one can confidently conclude that it was LDL reduction--and not 
amplification of one or more of these other effects--that produced the favorable 
cardiovascular outcomes seen in PROVE-IT or TNT. 

In January 2005, the New England Journal of Medicine published two studies examining 
the interplay between statin use, CRP levels, and subsequent coronary event rates. The 
first of these, using data from the aforementioned PROVE IT study, found that: 
"Patients who have low C-reactive protein (CRP) levels after statin therapy have 
better clinical outcomes than those with higher CRP levels, regardless of the 
resultant level of LDL cholesterol."(Ridker PM, et al. C-Reactive Protein Levels and 
Outcomes after Statin Therapy. New England Journal of Medicine, Jan 6, 2005; 352: 20-
28). 

In the second study, researchers used intravascular ultrasonography to examine the 
association of LDL and CRP with the continued development of atherosclerosis in 502 
CHD patients. They found that "Atherosclerosis regressed in patients with the 
greatest reduction in CRP levels, but not in those with the greatest reduction in LDL 
cholesterol levels."( Nissen SE, et al. Statin Therapy, LDL Cholesterol, C-Reactive 
Protein, and Coronary Artery Disease. New England Journal of Medicine, Jan 6, 2005; 
352: 29-38). 

With the sole exception of two selectively interpreted trials (PROVE-IT and TNT), 
decades of dietary and drug intervention trials have repeatedly shown a complete 
disconnect between total and LDL cholesterol reduction and clinical outcomes. As such, 
there exists no proof that LDL cholesterol causes cardiovascular disease, nor that LDL 
reduction can lower the incidence of CVD events. 

The cholesterol story is a classic textbook example of the kind of dismissive, evasive 
arguments used by those who propagate scientifically untenable nonscience/nonsense. 
Orthodoxy knows full well that it can't rationally address all of the numerous 
contradictions and fallacies inherent in its pet hypothesis, so it instead attempts to portray 
dissenting commentators as lone quacks or crackpots who are out of step with scientific 
reality. A growing number of highly esteemed and accomplished individuals are joining 
the campaign to alert the public to the fact that this hypothesis is a total sham. 

10.6 ApoA-I Milano 

Limone sul Garda is a small coastal resort, situated on the western shores of Lake Garda, 
in the province of Brescia, in Northern Italy. Until the ApoA-I Milano findings were 
published, it was far better known for its luscious scenery and serene atmosphere than it 
was for the HDL cholesterol levels of a handful of its 1,000 inhabitants. Some 25 years 
ago, one of Limone sul Garda’s male residents visited a medical clinic in Milan. A blood 
test showed unusually low levels of HDL-C, yet the man had no signs nor symptoms of 
heart disease.  
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Intrigued by the findings, a handful of Italian researchers investigated this situation. The 
research produced an article in 1980 that reported on 40 residents of Limone sul Garda, 
all of whom carried a naturally occurring variant of apolipoprotein A-I, the major protein 
of high density lipoprotein cholesterol, or HDLC.  

The researchers also found that despite abnormally low HDL-C levels, the 
study subjects with ApoA-1 Milano generally showed no clinical signs of 
atherosclerosis. In a tip of the hat to the city in which the laboratory analysis was 
done, the researchers named the variant protein ApoA-I Milano. 

Milano-phospholipid complex drug was owned by Esperion Therapeutics Inc., an Ann 
Arbor, Michigan-based biopharmaceutical company. In December 2003, Esperion was 
acquired by Pfizer Inc. for $1.3 billion. 

Plaque develops over decades, and removing it with a combination of drugs, diet and 
exercise can be an equally time-intensive pursuit, with results varying widely. Not a great 
proposition for patients with acute heart conditions. Direct interventions — coronary 
artery bypass surgery and percutaneous coronary intervention — are costly, can be 
complex, are often contraindicated and can only treat a small portion of what is often a 
systemic problem. 

In November 2003, Dr. Nissen and colleagues from The Cleveland Clinic and other 
medical centers reported on the striking effects of a recently formulated drug called 
recombinant ApoA-I Milano. This is a synthetic version of an apolipoprotein-A variant 
discovered in the late 1970s among several dozen inhabitants of a tiny Italian coastal 
village. Apolipo-protein A is a major protein of high density lipoprotein cholesterol. 
The researchers showed that ApoA-I Milano could significantly reverse atherosclerosis 
and do so in a matter of weeks. The findings were published in the November 5, 2003 
JAMA.  

“This is an extraordinary and unprecedented finding,” says Dr. Nissen, who directed the 
10-center study. “This is the first convincing demonstration that targeting HDL can 
benefit patients with heart disease.” He says the study drug produced approximately 
10 times more reduction in atheroma burden than statins would produce over a period 
of years. 

The double-blind, randomized, placebo controlled multicenter pilot trial compared the 
effects of the study drug (ApoA-1 Milanophospholipid complex, or ETC-216) with those 
of placebo on coronary atheroma burden in 57 patients who had experienced an acute 
coronary syndrome (ACS), either unstable angina or heart attack. Intravascular 
ultrasound (IVUS) was used to measure coronary atheroma volume prior to and after 
initiation of study drug or placebo. Study participants ranged in age from 30 to 75, were 
male and white.  

Patients were randomly assigned to infusions — once per week for five weeks — of 
placebo, low-dose ETC- 216 (15 mg/ kg), or a high-dose ETC-216 (45 mg/kg). In all, 47 
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patients finished the protocol — 11 in the placebo, 21 in the low-dose and 15 in the high-
dose groups. Intravascular ultrasound was performed within two weeks following an 
ACS event and repeated after completion of the study protocol. Results from IVUS 
imaging were used to calculate atheroma volume in a targeted segment of coronary 
artery. Results showed an absolute reduction in atheroma volume of 4.2% from 
baseline levels. The trial was conducted in 10 community and tertiary care hospitals 
throughout the United States. 

No drug can significantly elevate HDL levels and no definitive data shows that doing 
so would reduce the risk of heart attacks and stroke. The idea behind using ApoA-I 
Milano is to bolster reverse cholesterol transport, the system responsible for removing 
excess cholesterol and other lipids from artery walls and other tissues and transporting 
them to the liver for elimination. But the answer to the question also may not matter, 
partly because using normal ApoA-I is not patentable — and therefore not profitable — 
and, the ApoA-I Milano horse is already out of the barn. “Nothing that’s been discovered 
and is already in use can do what Milano can,” says Dr. Nissen. “It is unique.” 

Dr. Nissen said, “I questioned whether we could regress coronary disease with 5 doses of 
a drug in only 6 weeks. Every other study ever done testing a drug’s ability to limit 
atherosclerosis lasted at least two or three years. To do it in six weeks seemed 
extraordinary.” On the other hand, he says, the animal data demonstrated reversal of 
atherosclerosis within 48 hours of one infusion of the study drug. Says Dr. Nissen, “I 
thought the approach was so novel it deserved a chance.” 

Dr. Nissen emphasized that the ApoA-I Milano clinical trial was a small “proof of 
concept” study, designed only to demonstrate the potential of the new therapy, and much 
more research has to be done before the drug can be used clinically. He also emphasized 
that ApoA-I Milano is still an experimental drug. He says no related clinical trials are 
underway or planned for the near future, there has been no Food and Drug 
Administration approval of the drug (including any stipulation for “compassionate 
use”), no patients are currently being recruited to participate in any trials and no 
study drug is available for any use whatsoever.   

Half the population dies of atherosclerotic complications. The burden of this disease in 
Western society is enormous. If we can remove some of the plaque and return the arteries 
to a more healthy state, similar to what they were when people were younger, we may 
turn back the clock on this disease. Now, we’re not there yet but this opens the door to 
that. The door popped open in a way that no one expected it to in studying ApoA-1 
Milano. 

I believe that this clearly demonstrates that atherosclerosis can be approached 
without the emphasis being placed on oxygen free radicals. 

10.7 Does Cocoa Stave Off CVD? 
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On Feb 27, 2006 it was reported that men who consumed the most cocoa had a 50 
percent lower risk of dying from disease compared to those who did not eat cocoa, 
Dutch researchers said.  This study was sponsored by the Dutch Government. 

Cocoa is known to lower blood pressure, though previous studies have disagreed about 
whether it staves off heart disease over the long-term particularly since it is contained in 
foods high in fat, sugar and calories.  The new study in Archives of Internal Medicine 
concluded that it was not lower blood pressure that corresponded to the finding of a lower 
overall risk of death -- although the biggest cocoa consumers did have lower blood 
pressure and fewer cases of fatal heart disease than non-cocoa eaters. 

Instead, the report credited antioxidants and flavanols found in cocoa with boosting 
the functioning of cells that line blood vessels and for lessening the risks from cholesterol 
and other chemicals that can cause heart attacks, cancer and lung diseases. Flavanols are 
a class of healthy flavonoids that are found in many vegetables, green tea and red 
wine. 

The 15-year study of 470 elderly men aged 65 to 84 in Zutphen, the Netherlands, found 
one-third did not eat any cocoa, while the median intake was 4.2 grams per day among 
the third who consumed the most cocoa. From 1985 to 2000, 314 of the men died, and 
the biggest cocoa eaters were at half the risk of dying compared to men who did not 
eat it.  This could have been due to many other factors such as life style, health 
consciousness, etc.  The report's author, Brian Buijsse of the National Institute for Public 
Health and the Environment in Bilthoven, said drawing conclusions for the broader 
population would require more study of cocoa's impact on health. 

"Before we can say cocoa can save your life, a larger study would need to be done," 
agreed Dr. Nieca Goldberg, a cardiologists at Lenox Hill Hospital in New York who did 
not participate in the research. "This study is not generalizable to the public because it 
was done in men over the age of 65 years."  

10.8 Caffeine Confusion 

In March 2006, Americans woke up to the news that regular coffee is linked to heart 
attacks. Caffeinated coffee, researchers reported, raises the risk of nonfatal heart 
attacks in most people by 64 percent.  But just a month or two prior the experts were 
saying coffee is good for us. 
  
A report in the Journal of the American Medical Association indicated the new study 
examined participants to determine whether they have a gene variation that determines 
how much we are affected by caffeine. The fact that the study appeared in the Journal 
means it's intended for review by the researchers' peers, not that it should be 
automatically accepted as gospel.  
 
Most of America's 172 million coffee drinkers will do as a Harvard School of Public 
Health researcher said she will and just keep drinking coffee. While we await further 
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guidance, perhaps you could make the switch to decaf just in case. Coffee drinkers are 
not the only ones confused and a little irritated by studies which seen to come to 
exactly opposite conclusions regarding just what will hurt us and what won't.  
Dr. Nieca Goldberg, a New York cardiologist, said her patients are confused and that she 
is annoyed. She has plenty of company.  

However, whether espresso, latte, cappuccino, or plain old black brew is your beverage 
of choice, there is a lesson here: Take everything in moderation, especially studies that 
sometimes present conflicting advice.  This is the same message that I have been 
giving throughout my analysis of oxygen free radical metabolism and antioxidants. 

11.0 Conclusions 

Many theories, other than the diet-heart idea and cholesterol oxidation, have been 
proposed to account for the current epidemic in CVD: Chlorine and fluoride added 
to water; pesticides that mimic human estrogens or that provoke free radical 
reactions; carbon monoxide fumes; industrial chemicals; artificial lighting; 
synthetic vitamins; minerals that are toxic or that are consumed in toxic amounts; 
pasteurization and homogenization of milk; legal and illegal drugs; consumption of 
coffee and other stimulants; and additives in processed foods. Most are factors 
unique to the twentieth and twenty first centuries and all need further study and the 
ultimate causes are likely multi-factorial. 

Other Theories Proposed  
to Explain the CHD Epidemic 

Price  Deficiency of fat soluble vitamins 

Yudkin Refined carbohydrates 

Kummerow Trans fatty acids from hydrogenated fats 

Hodgson  Excess omega-6 from refined vegetable oils 

Addis  Oxidized cholesterol and oxidized fats 

Shute  Vitamin E deficiency 

Pauling Vitamin C deficiency 

McCully  Deficiency of folic acid, B6 and B12 

Annand Heated milk protein 

Webb  Protein deficiency 

Anderson  Magnesium deficiency 

Huttunen Selenium deficiency 

Ellis Microbial agents (viruses, bacteria) 
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Benditt Monoclonal tumor theory 

de Bruin  Thyroid deficiency 

LaCroix  Coffee consumption 

Morris  Lack of exercise 

Stern  Exposure to carbon monoxide 

Smith Changes & fashions in reporting cause of death 

In The Cholesterol Myths, Uffe Ravnskov, MD, PhD, evaluated Dr Ornish’s lifestyle 
heart trial.  Coronary heart disease is a multifactorial disease that requires multifactorial 
intervention. This is the view of Dr. Dean Ornish and his group at the Preventive 
Medicine Research Institute, Sausalito, California, a view they share with many other 
doctors and researchers. Dr. Ornish and his group chose to intervene with a lowfat, low-
cholesterol vegetarian diet, stopping smoking, stress-management training and moderate 
exercise. They selected 94 patients with a diagnosis of coronary artery disease according 
to a previous coronary angiogram. Fifty-three were randomly assigned to the 
experimental group and 43 to the control group, but when told about the design of the 
study only 28 and 20, respectively, agreed to participate.   

The result seemed promising.  Unfortunately, there was no difference in frequency, 
duration or severity of angina between the groups.  Not only was it an unblinded study 
(although in the latest publication it was called blinded!), the low number of participants 
also resulted in a most uneven distribution of the risk factors.  But let us assume that the 
improvement of the treated individuals was true and a result of the intervention.  That 
the diet had any importance is unlikely because there is no evidence that vegetarians 
have a lower risk of coronary disease than other people. It is also unlikely that it was 
the change in LDL-cholesterol levels because at the end of the study there were no 
significant differences between these values in the two groups. The latter also contradicts 
the statement that the changes of coronary atherosclerosis and the diet were strongly 
correlated in a "dose-response" manner. To the pertinent question "Precisely how strong 
were the correlations?" asked by Elaine R. Monsen, editor of Journal of the American 
Dietetic Association, Dr. Ornish answered that "the study wasn't really set up to do these 
kinds of analyses, so when we get beyond saying they're correlated, we're on shaky 
ground." (Ornish D et al. Can lifestyle changes reverse coronary heart disease? The 
Lifestyle Heart Trial. The Lancet 336, 129-133, 1990; Ornish D. Reversing heart disease 
through diet, exercise and stress management: An interview with Dean Ornish. Journal of 
the American Dietetic Association 91, 162-165, 1991; Gould KL, Ornish D et al. Changes 
in myocardial perfusion abnormalities by positron emission tomography after long-term, 
intense risk factor modification. Journal of the American Medical Association 274, 894-
901, 1995.). 

11.1.0 Adiponectin, increased F2-isoprostanes and Decreased CVD  
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Adiponectin is a collagen-like product of visceral fat that offers apparent protection 
against macrovascular disease. Investigators evaluated the relationships of 
concentrations of adiponectin with oxidative stress and the major risk factors for and/or 

the presence of macrovascular disease. Adiponectin was measured by radioimmunoassay 
in serum from 3045 fasting participants (ages 33 to 45) of the Coronary Artery Risk 
Development in Young Adults Study. Cross-sectional correlation of the concentrations 
of adiponectin with F2-isoprostane concentrations (a marker of systemic oxidative 
damage), coronary artery calcification (CAC; an estimate of early macrovascular 
disease), and several macrovascular risk factors was analyzed. 

Results: F2-isoprostanes and CAC were unrelated to adiponectin after minimal adjustment 
for gender, race, and center. After additional adjustment for insulin resistance and waist 
circumference and other macrovascular risk factors, adiponectin correlated positively 
with high-density lipoprotein-cholesterol (p < 0.0001), F2-isoprostanes (p < 0.0001), 
and CAC (less strongly, p < 0.01) and negatively with triglycerides (p < 0.0001) and C-
reactive protein (marking inflammation, p = 0.01). 

Although these data are consistent with reduced cardiovascular disease risk imparted by 
adiponectin, the higher circulating levels of adiponectin present with oxidative stress and 
CAC (adjusting for waist and insulin resistance) may indicate an enhanced adiponectin 
secretory response of adipose tissue to the metabolic environment present in the early 
development of macrovascular disease. I believe the elevated levels of adiponectin may 
demonstrate the association of increased oxidative capacity with reduced CVD 
(Adiponectin, Visceral Fat, Oxidative Stress, and Early Macrovascular Disease: The 
Coronary Artery Risk Development in Young Adults Study. Michael W. Steffes et al. 
Obesity Research 14:319-326 (2006). 

In recent years, the measurement of isoprostanes in plasma or urine has emerged as the 
best marker of oxidative stress.  Isoprostanes are stable end-products of lipid peroxidation 
derived from arachidonic acid. Non-radical generation of isoprostanes in vivo is generally 
considered to be trivial. A large number of end-products can theoretically be generated, 
but most interest has focused on the F2-isoprostanes and, in particular, on 8-iso-
prostaglandin F2  (PGF2 ). In the human circulation, isoprostanes are present mainly in 
their ester forms, whereas only hydrolyzed isoprostanes are excreted in the urine. The 
presence of detectable concentrations of isoprostanes in biological fluids implies 
continuing lipid peroxidation despite the presence of a complex network of antioxidant 

defenses. 

Supplementation with antioxidant vitamins is known to increase antioxidant capacity and 
to decrease markers of oxidative stress. Interestingly, however, and in contrast to most 
other biochemical markers of oxidative stress, studies assessing the effects of 

supplementation with various antioxidants on isoprostanes have produced 
inconsistent results (Schwedhelm E, Boger RH. Application of gas chromatography-
mass spectrometry for analysis of isoprostanes: their role in cardiovascular disease. Clin 
Chem Lab Med 2003;41:1552-1561). Increased F2-isoprostanes are associated with the 
presence of the main cardiovascular risk factors. Urinary and plasma isoprostanes are 
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increased in patients with hypercholesterolemia (Davi G, Alessandrini P, Mezzetti A, 
Minotti G, Bucciarelli T, Costantini F, et al. In vivo formation of 8-epi-prostaglandin F2  
is increased in hypercholesterolemia. Arterioscler Thromb Vasc Biol 1997;17:3230-
3235). 

11.2 Howes’ Hints for Happy Heart Health:  Eat less.  Exercise more.  Do all 
things in moderation.  Do not smoke.  Avoid obesity.  Avoid stress.  Eat fruits and 
vegetables liberally.  Avoid synthetic antioxidant supplements and vitamins.  Try to 
increase your overall oxidative capacity.   

CONCLUSIONS  

In the past few decades, alterations in the pattern of dietary intake (low fat, low carb, etc.) 
and use of dyslipidemic drugs (statins, antioxidants, vitamins, etc.) the prevalence of 
atherosclerotic disorders has surfaced. In spite of all efforts to check atherogenic 
cardiovascular disease, there has been a tremendous increase in this disorder as well as in 
its complications. 
 

Relative to cardiovascular disease and oxygen free radicals, I believe that the 
American public is being “radically” misled, based on the following data: 

1. antioxidants do not prevent or reverse atherosclerosis,  
2. atherosclerotic disease stages are not tied to vessel wall quantities of oxidized 

LDL and antioxidant levels,  
3. there is a timing dissociation of atherosclerosis and LDL oxidation in vascular 

walls,  
4. there is a high content of antioxidants in plaques, approaching plasma levels, 
5. there is a high content of non-oxidized antioxidants present in plaques,  
6. antioxidants increase prior to plaque formation,  
7. H2O2 can dissolve insitu plaques,  
8. singlet oxygen from PDT can dissolve plaques insitu,  
9. all layers of the vascular wall normally produce EMODs,  
10. cholesterol is an antioxidant,  
11. inflammation is always associated with hypoxia,  
12. hypoxia is associated with decreased levels of EMOD production,  
13. cholesterol is a normally synthesized and vital substance,  
14. many antioxidants are not normally synthesized and must be obtained from the 

diet,  
15. vitamins A, C & E do not decrease deaths from cardiovascular disease,  
16. the antioxidant uric acid has a long-standing association between hyperuricemia 

and atherosclerosis,  
17. investigations found that lipid peroxidation was linked to about 15%, but not all, 

risk factors for atherosclerosis,  
18. LDL oxidation is only a theory,  
19. cholesterol level is only one of over 100 risk factors for atherosclerosis,  
20. cholesterol lowering agents do not decrease mortality rates,  
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21. heart disease occurs primarily in older male family members (AGE, SEX, 
GENDER, GENETICS),  

22. in the case of ascorbate, urate, and -TOH, the plaque concentrations approach 
those of human plasma,  

23. there is no clinical evidence to date to clearly demonstrate that antioxidants can 
affect either the behavior of atherosclerotic lesions or prevent ischemic events, 

24. if one accepts the notion that LDL oxidation is an essential feature of 
atherosclerosis, then inhibiting LDL oxidation should limit atherosclerosis, but it 
does not, 

25. there is ever-increasing conflicting and disappointing evidence accumulating on 
the preventive role of antioxidants in the two most prevalent chronic diseases - 
heart disease and cancer, 

26. it is obviously very difficult, if not impossible, to isolate which of the tens of 
thousands of components, or combinations of such in our diets accounts for 
protection against atherosclerotic diseases, 

27. hyperbaric oxygen therapy can cause plaque regression, 
28. large, randomized, double blind, controlled studies have not only demonstrated 

that antioxidants are frequently ineffective in the prevention of the alleged “free 
radical caused diseases” but that they were also the source of potential harm or 
death, 

29. any way you look at it, antioxidants fail to protect, reverse or stop the 
atherosclerotic plaque development in humans, 

30. supplementation with antioxidant vitamins does not lower serum lipid and 
lipoproteins or blood pressure, 

31. in humans, antioxidant therapy has not been shown to slow the progression of 
atherosclerotic coronary artery disease, 

32. several prospective angiographic studies have demonstrated that antioxidant 
therapy may be associated with a more rapid progression of atherosclerosis, 

33. the existing scientific database does not justify routine use of antioxidant 
supplements for the prevention and treatment of CVD, 

34. the measurement of neither total antioxidant capacity nor individual antioxidants 
has produced consistent results in the prediction of various diseases, 

35. the combination of vitamins C and E and beta carotene had no effect in reducing 
the rate of restenosis in patients after angioplasty, 

36. in human lesions oxidized lipids associated with LDL accumulate substantially 
only late in disease development, after accumulation of unoxidized cholesterol 
and cholesterol esters, 

37. myocardial infarction most commonly arises from stenoses that are relatively 
mildly (<50%) blocked, 

38. the overwhelming majority of large, randomized and prospective trials of 
antioxidant supplements in CVD have yielded disappointing results, 

39. it has now been proven that the “biological rationale rendered by the 
oxidative modification hypothesis” is wrong,  

40. for most of us, there is no greater risk of heart disease between cholesterol 
levels that are "high" (over 300 mg/dl) and those that are "low" (under 200 
mg/dl), 
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41. a review of 89 studies published online by the British Medical Journal 
showed no strong evidence that omega-3 fats reduced deaths from 
cardiovascular disease, 

42. mainstream nutritional science has demonized dietary fat, yet 50 years and 
hundreds of millions of dollars of research have failed to prove that eating a 
low-fat diet will help you live longer, 

43. no one should take beta carotene supplements, 
44. antioxidant supplements have failed to decrease cardiovascular risk in 

extensive human clinical trials to date and there is no basis to 
recommend antioxidant use, 

45. over 100 genes can influence the development of atherosclerotic lesions, 
46. studies of identical twins consistently indicate that genetic effects powerfully 

influence heart disease as well as most of its risk factors, 
47. the Surgeon General's report estimates that smoking increases 

atherosclerotic disease by 50% and doubles the incidence of coronary 
artery disease, 

48. in patients with diabetes, the risk of coronary atherosclerosis is three- to 
fivefold greater than in nondiabetics, 

49. high blood glucose levels early in pregnancy deprive the embryo of oxygen, 
interfering with its development, 

50. overall, stress, depression and anxiety seem to contribute directly to CVD, 
51. all the statins stimulate cancer growth in rodents, 
52. individuals with iron overload do not suffer from premature 

atherosclerosis, 
53. LDL itself contains and in fact is the major transport vehicle for 

most of the plasma -TOH, 
54. there is little evidence that strongly oxidizing conditions persist in 

vivo in atherosclerotic vessels, 
55. five studies included 102,735 patients taking various doses of vitamin C but 

showed no effect on cardiovascular disease mortality, 
56. people who took 500 mg per day of vitamin C supplements for one year had 

a greater increase in wall thickness of the carotid arteries (vessels in the neck 
that supply blood to the brain) than those who did not take vitamin C, 

57. The Institute of Medicine in the US reports there’s a total lack of evidence to 
show large doses of antioxidants protect us from disease, 

58. the lowering of LDL-C with statin drugs did not decrease 
cardiovascular disease or overall mortality, 

59. among the 28,000-plus participants of the Women's Health Study, for example, 
forty-six percent of first cardiovascular events occurred in women with LDL 
cholesterol levels under 130 mg/dL, 

60. both cardiovascular disease and oxygen free radical metabolism are 
extremely complex multifactorial issues and both await further clarification.   

Here is how I see it: 
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There is no doubt that antioxidants such as vitamins A, C and E have antioxidant 
properties and activity.  

There is no doubt that atherosclerotic plaques have high levels of antioxidants.  

There is no doubt that antioxidants do not reverse, or prevent atherosclerotic 
disease. 

There is no doubt that in spite of vitamin and dietary supplement ingestion by 60% 
of the USA population, we are still experiencing an epidemic in cancer and heart 
disease.    

There is no doubt that reliable studies have shown that antioxidants can cause 
increased risks for heart attacks, cancer, congestive heart failure, strokes and 
overall mortality.   

There is no doubt that oxidants (EMODs) are our first line of defense against 
infections and neoplasia. 

There is no doubt that oxidants (EMODs) can dissolve atherosclerotic plaques. 

There is no doubt that oxidized LDL is the form needed for its excretion.  

Enough said! 

 
 
 
 
 
 
 
 
 
 
 
Author and Subject Index: 
 
Since this is an e-book, the author and subject index can be readily accessed by 
 utilizing the “Find” feature.   
To use this feature,  
 left click on “Edit” to drop the menu.  
 Left click on “Find” (Ctrl+F) (symbol is binoculars) 
This will bring up the “Find and Replace window.” 
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 In the rectangular space, which appears at “Find What,” 
  type in “the name of the author desired” or “the subject of the   
   search” 
 After filling in the desired search term, left click the “Find Next” box on the  
  lower portion of the window. 
 
The computer will take you to your requested search term for either an author or a 
specific word or subject.   

 
12.0 Highlights:  CVD & EMOD Mythology 
 
Superoxide generated by the NADPH oxidase of phagocytes does not 
promote atherosclerosis in mice with either diet-induced or genetic 
forms of hypercholesterolemia (Impaired superoxide production due to a 
deficiency in phagocyte NADPH oxidase fails to inhibit atherosclerosis in mice. (Kirk 
EA, 2000).  
 
Despite the reduced lipid levels seen in CGD-apoE-/- mice, lesion sizes were not reduced. 
Indeed, there was a nonsignificant 13% increase in atherosclerosis (Kirk, 
2000). 
 
Atherosclerosis and cancer are the main causes of death in industrialized nations, 
according to the World Health Organization and antioxidants were predictability going to 
remove these diseases from the scourges of mankind.  That has not happened.   

Prescribing antioxidants such as α-tocopherol and ascorbic acid as an adjunctive 
therapy in primary prevention must await the results of ongoing clinical trials with 
these agents ((Jialal 2003).   Beta carotene should not be prescribed at all. 

It is clear that the antioxidant cocktails have no benefit in the prevention of CVD 
(The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group. 1994) 
(MRC/BHF, 2002) (Brown, Lancet, 2001).  

If one accepts the notion that LDL oxidation is an essential feature of 
atherosclerosis, then inhibiting LDL oxidation should limit atherosclerosis. Yet, in 
extensive studies on humans, it does not occur with antioxidants.  

There is conflicting and disappointing evidence accumulating on the preventive role 
of antioxidants in the two most prevalent chronic diseases - heart disease and 
cancer.  Additional research on the differences among the various antioxidants and 
how they work must also be done very cautiously before being reduced to dietary 
changes for the population.  

For almost fifty years, the lipid hypothesis or “diet-heart” idea has dominated 
medical thinking about heart disease.  This increasingly untenable theory has been 
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applied to the whole population, starting with low fat diets for growing children and 
mass medication with cholesterol-lowering drugs being pushed on adults. 

The pathophysiological importance of LDL oxidation have been challenged by the 
overall poor performance of antioxidant strategies in limiting atherosclerosis and its 
cardiovascular events, the overall lack of clear disease stage dependency in the vessel 
wall contents of oxidized molecules and antioxidants, and by the reported 
dissociation of atherosclerosis and lipoprotein oxidation in the vessel wall of animals.  

Although the data on "healthy" diets that contain large amounts of fruits and vegetables 
are generally consistent, it is obviously very difficult, if not impossible, to isolate 
which of the tens of thousands of components, or combinations of such diets account 
for protection against atherosclerotic diseases. To ascribe any benefits to a handful of 
antioxidants is wrong. 

In my opinion it basically all comes down to “Eat less, exercise more and do all things 
in moderation, while avoiding extremes of physical or mental stress.” 

After decades of research, most have reached disappointing conclusions, again 
illustrating the repeated failures of antioxidant therapy and repeatedly 
demonstrating that the Free Radi-Crap theory (this is my tongue-in-cheek term for 
the free radical theory) is wrong and misleading. 

Factors which increase EMODs result in the regression of atherosclerotic lesions 
and vitamin supplements and antioxidants fail to do so.  There is a point of 
convergence in the biochemical mechanisms for HBO, hyperoxia, PDT, and the 
Howes’ singlet oxygen therapy system, in that they all increase production of 
EMODs, especially O2

.-, H2O2 and 1O2. 

Recent clinical trials have failed to demonstrate a beneficial effect of antioxidant 
supplements.  The American public is being “radically” misled. 

Ironically, clinical trials of antioxidant supplements have shown that the oxidative 
theory lacks predictability but these antioxidants continue to be widely used, even 
by physicians. 

Reaction of a radical with a nonradical (all biological macromolecules, lipids, 
proteins, nucleic acids, and carbohydrates) theoretically produces a free radical chain 
reaction with the formation of new radicals. 

The Alpha-Tocopherol, Beta-Carotene Cancer prevention (ATBC) trial with low dose of 
vitamin E failed to prevent cardiovascular events in heavy smokers without known 
CAD during a 5.3-year follow-up duration.  
 
The Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico (GISSI) 
trial reported that, during a 3.5-year follow-up, vitamin E supplementation had no 
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significant effect on the composite end-point of death, non-fatal myocardial 
infarction (MI) and stroke in 11,324 patients with known MI. 
 
Dietary supplementation with vitamin E had no beneficial effect on endpoints in the 
Heart Outcomes Prevention Evaluation (HOPE) trial in which 9,541 patients with 
symptomatic CAD were followed for 4.5 years. 
 
In the Heart Protection Study (HPS), administration of an antioxidant cocktail 
(vitamin E, vitamin C and beta-carotene) to 20,536 for over the 5 years had no effect 
on any type of vascular end points. 
 
The Medical Research Council/British Heart Foundation Heart Protection Study 
(MRC/BHF), which is the study cited by Dr. Gibbons, randomized 10,269 patients to 
660 IU/day of vitamin E and 10,267 to placebo control. The vitamin E group was 
associated with about a 10% increase in mortality.
 
Raymond Gibbons, MD, a professor of medicine at the Mayo Clinic said he has been 
urging his patients to stop taking vitamin E for years. 
 
The July 2004 issue of the Journal of the American Academy of Pediatrics, published a 
report, from the Children’s National Medical Center in Washington, on more than 8,000 
infants and found a possible link between the use of multivitamin supplements and 
the risk of asthma and food allergies.   

Two large clinical trials (ATBC, CARET) reported in the 1990s showed a statistically 

significant increase in risk for death among participants (mostly men with a history of 
heavy smoking) who received ß-carotene, an agent previously thought to be nearly free of 
serious toxicity.  In medicine, this result is as serious as it gets. 

The authors of a meta-analysis of clinical trials of antioxidant supplements and 
gastrointestinal cancer concluded that random assignment to supplements may have 
increased overall mortality (Bjelakovic, Lancet. 2004). 
 
Miller et al conclude that high doses of vitamin E in about 135,000 increase the risk 
for death (Ann Intern Med. 2005). 
 
More evidence for an elevated mortality risk at high doses of vitamin E comes from 
2 other trials that administered vitamin E together with ß-carotene, a supplement 
previously associated with an increased risk for death. (MRC/BHF Heart Protection 
Study of antioxidant vitamin supplementation in 20,536 high-risk individuals 
(MRC/BHF; AREDS report 9). 
 
The public's faith in vitamin E, and in antioxidants generally, reflects the misplaced 
strong belief of scientists and health professionals in the theory that exogenous 
antioxidants prevent chronic diseases.  Also, this has been proven to be wrong for vitamin 
C and beta carotene. 
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The public has been misled and the notion that consumption of antioxidants in diet and 
supplements can prevent disease appears to have drawn strength, rather than to have been 
weakened, by contrary results from clinical trials. Investigators have manipulated the data 
and have called attention to isolated findings of possible antioxidant benefits for 
subgroups of trial participants, so called surrogate end points, or for secondary end points, 
when the overall results of a trial clearly showed the theory invalid and the 
ineffectiveness and possible harm of antioxidant supplements. Many users of nutritional 
supplements report that they would continue to take the supplements even if they were 
shown to be ineffective in scientific clinical studies. 

It is time for the scientific and public health communities to face the fact that the free 
radical theory lacks predictability for human disease. 

The Women’s Health Initiative (WHI) study, of nearly 39,876 women who were 
randomly assigned to follow a low-fat diet or not, found that the diet did not make a 
significant difference in development of the two cancers or heart disease. 

Over and over, medical experts, nutritionists and self-styled medical experts have 
insisted and assured us that antioxidants or one diet or another can prevent disease, 
cure chronic illness and ensure health and longevity. Anyone who ignores their sage 
advice and dietary precepts is predictably doomed, according to these pseudo-gurus. 

In 1954 Dr. Denham Harman planted the seed of confusion, which led to the growth 
of a sprawling tree of erroneous free radical hypotheses, over shadowing the real 
truth in regards to oxygen free radicals and human disease. 

Tens of thousands of scientific papers have been published on this subject and most 
of those published in the later half of the 20th century were interpreted as being 
supportive of the free radical theory.  Yet, the literature was filled with “paradoxes” 
and inconsistencies.  Dietary antioxidant supplements were the rage.  However, 
large, randomized, double blind, controlled studies subsequent to this have not only 
demonstrated that antioxidants are frequently ineffective in the prevention of the 
alleged “free radical caused diseases” but that they were also the source of potential 
harm or death.   

Free radical reactions occur continuously in living cells. 

All antioxidants may have prooxidant activity. Please remember this point. 

I believe that a specific antioxidant/prooxidant imbalance, operative in the vascular 
wall may be involved in atherogenic processes in humans and that balance is shifted 
in the antioxidant direction, as evidenced by the presence of a high content 

ascorbate, vitamin E, and urate. 

Despite this abundant data however, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 
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atherosclerosis. These include the poor performance of antioxidant strategies in 
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation.  

But any way you look at it, antioxidants fail to protect, reverse or stop the 
atherosclerotic plaque development in humans. 

Actually, hyperlipidemia drugs (e.g., ciprofibrate and elofibrate) results in the 
proliferation of peroxisomes, an increase in the activity of oxidases and the excessive 
production of H2O2.   (RMH Note:  this argues that hydrogen peroxide acts to help 
cure arteriosclerosis). 

It has been shown that supplementation with antioxidant vitamins does 
not lower serum lipid and lipoproteins or blood pressure. 

A recent study, conducted in more than 20,000 subjects, found that vitamin E, 
vitamin C, and -carotene supplementation resulted in small but significant 
increases in plasma Tchol (serum total cholesterol), LDL-C (low density lipoprotein-
cholesterol), and TG (triglyceride) concentrations (Collins, 2002 Lancet). 

Antioxidant Intervention Trials: 

Skin Cancer Prevention Study (Greenberg, 1990) (#1,805) 50 mg β-carotene. 
No effect on occurrence of new nonmelanoma skin cancers. 
 
 Women’s Health Study (Buring and Hennekens, 1992) (#39,876) 600 IU of 
natural-source vitamin E taken every other day provided no overall benefit for major 
cardiovascular events or cancer, did not affect total mortality, and decreased 
cardiovascular mortality in healthy women. 
  

Linxian Cancer Prevention Study (Blot, 1993) (#29,584) 15 mg β-carotene, 30 
mg α-tocopherol, 50 mg selenium; 9% reduction in total morality, 13% decrease in 
cancer mortality; 21% decrease in stomach cancer deaths. 

 
 α-Tocopherol, β-Carotene Cancer Prevention Study (ATBC, 1994) (#29,133) 
Daily Dose:  50 mg α-tocopherol and/or 20 mg β-carotene; :  50% increase in 
hemorrhagic stroke deaths among vitamin E group; 11% increase in ischemic heart 
disease deaths among β-carotene group; 18% increase in lung cancer among β-
carotene group; no effect of vitamin E on lung cancer. 
 
 Polyp Prevention Study (Greenberg, 1994) (#864) Daily Dose:  25 mg β-
carotene, 1,000 mg vitamin C, 400 mg α-tocopherol; No reduced incidence of 
adenomas. 
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 Women’s Antioxidant Cardiovascular Study (Manson, 1995) (#8,000) Daily 
Dose:  50 mg β-carotene, 600 IU a-tocopherol, 500 mg vitamin C (alternate days); No 
results yet. 
 
The β-Carotene and Retinol Efficacy Trial (CARET) (Omenn, 1996) (#14,254) Daily 
Dose:  30 mg β-carotene, 25,000 IU retinol (as retinyl palmitate); 28% increase in lung 
cancer; 26% increase in CVD (nonsignificant); 17% increase in total mortality among 
treatment group. 

 
 Cambridge Heart Antioxidant Study (CHAOS  Stephens, 1996) (#2,002) Daily 
Dose:  400 or 800 IU (268 or 537 mg) a-tocopherol; :  in patients with angiographically 
proven symptomatic coronary atherosclerosis, alpha-tocopherol treatment substantially 
reduces the rate of non-fatal MI, (77% decrease in risk of subsequent nonfatal MI); no 
benefit on cardiovascular mortality, although this result was counterbalanced by the 
finding that vitamin E caused a nonsignificant increase in fatal myocardial 
infarction.
 
 Physicians’ Health Study (PHSI) (Hennekens, 1996) (#22,071) Daily Dose:  50 
mg β -carotene (alternate days); No effects on CVD or cancer including among smokers. 
 
 Antioxidant Vitamin Effect on Traditional CVD Risk Factors (Miller, 1997) 
(297) the combined antioxidant supplement had no significant effect on the systolic and 
diastolic blood pressures, fasting serum lipids (total cholesterol, high-density 
lipoprotein cholesterol, and LDL cholesterol) and fasting glucose. 

 
 ATBC Sub-Study Shows Increased CVD Deaths (Rapola, 1997)(#1,862) α-
tocopherol and β-carotene for 5.3 years; no significant differences in major coronary 
events but significantly more deaths from fatal coronary heart disease; reported an 
increase in cerebral hemorrhage for participants who were taking 50 mg of vitamin E 
daily. 
 

Physician’s Health Study II (Hennekens, 1998) (#15,000) Daily Dose:  50 mg β-
carotene, 400 IU a-tocopherol (alternate days), 500 mg vitamin C, multivitamin (Centrum 
Silver); No results yet. 

 
Nutritional Prevention of Cancer Study (Clark, 1996, 1998) (#1,312) Daily 

Dose:  200 pg selenium; No effect on incidence of skin cancer; 63% reduction in 
prostate cancer incidence; reduction in total cancer mortality and total cancer incidence. 

 
 SUVIMAX (Hercberg et al., 1998) (#12,735) Daily Dose:  6 mg β-carotene, 30 
mg a-tocopherol, 120 mg vitamin C, 100 µg selenium, 20 mg zinc; No results yet. 
 

A substudy of SUVIMAX  (#1162) no beneficial effects of long-term daily 
low-dose supplementation of antioxidant vitamins and minerals on carotid 
atherosclerosis and arterial stiffness.   
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The Nurses’ Health Study (1998) and Folic Acid and Colon Cancer 
(Giovannucci, 1998) (#88,756) vitamin C and B-carotene; did not have any 
reduction in heart disease risk. 
 
GISSI-Prevention Trial (GISSI-Prevenzione Investigators, 1999) (#11,324)  

Daily Dose:  300 mg a-tocopherol and/or 1 g ω-3 PUFA; No benefit from vitamin E; 
15% decrease in risk of death, nonfatal MI, and stroke from ω-3 PUFA. 

 
 Women’s Health Study (Lee et al., 1999) (#39,876) Daily Dose:  50 mg β-
carotene (alternate days); No effect on incidence of cancer, CVD, or total mortality. 
 
 The Health Professionals Follow-Up Study (Ascherio, 1999) (#43,738)  
No effect on incidence of cancer, CVD, or total mortality. Vitamin E and vitamin C 
supplements and specific carotenoids did not substantially reduce risk for stroke. 
 

MRC/BHF Heart Protection Study (1999) (#20,536) Daily Dose:  20 mg β -
carotene, 600 mg a-tocopherol, 250 mg vitamin C; Although the supplementation 

regimen increased blood antioxidant levels substantially, they found no benefit from 
a combination of vitamins E and C, and beta carotene, for heart disease, cancer, and 
several other conditions. (also see MRC/BHF, Lancet, 2002). 

 
 FH IMT study (Raal, 1999) homozygous familial hypercholesterolemia, 
intima-to-media thickness (FH IMT study) increased with vitamin E supplements 

(400 mg/day) for 2 years. Vitamin E supplementation fails to slow (or inhibit) the 
progression of intima-to-media thickness. 
 The Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) 
study examined the effect of vitamin E or vitamin C. After a follow-up of 3 years, 
the rate of progression of intima-to-media thickness was not decreased 
by supplementation with either antioxidant (Salonen, 2000). 

 Heart Outcome Prevention Evaluation Study (HOPE, Yusef, 2000) (#9,541) 
Daily Dose:  400 IU (268 mg) a-tocopherol; ACE inhibitor, ramipril; No benefit from 
vitamin E.  Vitamin E treatment did not affect any cardiovascular event, 
whereas ramipril significantly reduced the risk of acute myocardial infarct, cardiovascular 

death, and stroke. The negative result of vitamin E is at odds with the CHAOS study 
despite similar supplementation usages and longer duration time (4.5 vs. 1.4 yr). 

In a small group of hemodialysis patients (SPACE study), vitamin E 
supplements resulted in a significant decrease in rates of acute myocardial 
infarction. It is inconsistent with other studies (Boaz, 2000). 
 
Meta-Analysis of Vitamin E in CVD, Ischemic Heart Disease (IHD) and 
Mortality (Dagenais et al. 2000) (#51,000) vitamin E or placebo for 1.4 to 6 
years, did not demonstrate a reduction in cardiovascular and IHD mortality 
and nonfatal myocardial infarction. 
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A substudy (SECURE) of the HOPE trial investigated the rate of intima-to-
media thickness progression in secondary prevention. Similar to the above, 
vitamin E realized no benefit, whereas ramipril significantly and dose-
dependently reduced risk (Lonn, 2001). 
 
HDL Atherosclerosis Treatment study (HATS) (Brown, 2001) (#160) 
simvastatin (lipid-lowering) plus niacin treatment, or antioxidants (vitamin C, -
TOH, -carotene, and selenium) or a combination of both. Compared with no 
treatment, only simvastatin/niacin significantly lowered stenosis progression 

rate and favorably altered plasma lipid profiles.  Antioxidant vitamins had 
no effects, but, notably, when used in combination with simvastatin/niacin, 
antioxidants negated the benefit of the latter on plasma lipid profile and 
stenosis progression.  

 
 The Perth Carotid Ultrasound Disease Assessment Study (CUDAS, 
McQuillan, 2001) (#1,111) increased dietary intake of vitamin E and increased plasma 
lycopene may decrease the risk of atherosclerosis.  No benefit was demonstrated for 
supplemental antioxidant vitamin use. 

 
Age-Related Eye Disease Study Research Group (AREDS, 2001) (#4,757) no 

apparent effect on the 7-year risk of development or progression of age-related lens 
opacities or visual acuity loss. Meagher et al. (JAMA, 2001) (#30) found no effect of 
vitamin E supplements on biochemical markers of lipid peroxidation in 30 healthy 
men and women, aged 18-60 years in an 8 wk. study.   

 
The Collaborative Primary Prevention Project (PPP) showed no effect on 

cardiovascular deaths by vitamin E. This study was halted early as it confirmed a 
protective effect by aspirin seen in other trials (Lancet, 2001). 

 
The Vitamin E Atherosclerosis Prevention Study (VEAPS) (Circulation, 2002) 

400 IU/day D,L- -TOH; Vitamin E supplements for 3 years did not reduce the 
progression of atherosclerosis; rather, there was a borderline disease-
promoting effect of -TOH supplements. 

 
MRC/BHF (2002) (#20,536) found that vitamin E, vitamin C, and beta-carotene 

supplementation resulted in small but significant increases in plasma Tchol (serum 
total cholesterol), LDL-C (low density lipoprotein-cholesterol), and TG (triglyceride) 
concentrations. 

 
 OX-HPS combining vitamin E with other antioxidants also did not show a 
reduction in cardiovascular events. 
 
 The MRC/BHF Heart Protection Study (HPS) (Lancet, 2002) (#20,536) 
antioxidant supplements in combination with simvastatin also did not benefit any 
outcome including cardiovascular event risk.  
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 Antioxidant Vitamins and US Physician CVD Mortality (Muntwyler, 2002) 
(#83,639) vitamin E, ascorbic acid (vitamin C), and multivitamin supplements; was not 
associated with a significant decrease in total CVD or CHD mortality. 

 
Women's Angiographic Vitamin and Estrogen (WAVE) Trial (Waters, 2002) 

(#423) In postmenopausal women with coronary disease, neither HRT nor antioxidant 
vitamin supplements (vitamins C & E) provide no cardiovascular benefit. Instead, a 
potential for harm was suggested and seen with each treatment.  Postmenopausal women 
with coronary disease on hormone replacement therapy given vitamin E plus vitamin C had 
an unexpected significantly higher all-cause mortality rate and a trend for an increased 

cardiovascular mortality rate. 
 
The Roche European American Cataract Trial (REACT) (Chylack, 2002) 

(#423) Vitamins E, C and beta-carotene; there was a small positive treatment effect in 
U.S. patients. There was no statistically significant benefit of treatment in the U.K. 
group. 

 
 Taylor et al. (BMJ, 2002) (#1,193) observed no benefit of vitamin E supplements 
for macular degeneration. 
 

Meta-analysis of randomized trials (Vivekananthan, Lancet, 2003) (#81,178) 
concluded that vitamin E supplements provide no benefit for cardiovascular mortality. 

 
Meta-analysis:  (Miller, 2005) (#135,000) high-dosage vitamin E 

supplementation may increase all-cause mortality. 
 
Vitamin E Increases Head and Neck Cancer (Canada study, 2005) (#540) 

increased the rate of cancer recurrence. 
 
Alzheimer’s disease & E (Petersen, 2005) (#769) Neither vitamin E nor 

donepezil delays progression from amnestic mild cognitive impairment to Alzheimer’s 
disease in 769 subjects over 3 years. 

HOPE-TOO Extension (2005) (#3,994) After a mean of 7.2 years of follow-
up, vitamin E did not significantly reduce the relative risk (RR) of total cancer 
incidence, of cancer death, of a composite of cardiovascular events including 
cardiovascular death, nonfatal myocardial infarction, and stroke, or of individual 
components of this composite end point. Another subgroup finding in HOPE-TOO 
was a vitamin E–associated increased risk of heart failure incidence and 
hospitalizations for heart failure. 

The Multiple Risk Factor Intervention Trial (MRFIT) (#360,000) showed that 
diet is basically a worthless preventative measure for heart attacks. 

 
Vitamin C  
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The evidence accumulated so far isn't promising. Randomized trials of vitamin C, 
vitamin E, and beta-carotene haven't revealed much in the way of protection from 
heart disease, cancer, or aging-related eye diseases (Harvard School of Public 
Health, website 2/09/06). 

Similar to the situation with vitamin E, the evidence linking cardiovascular disease 
and vitamin C is inconsistent, as reviewed recently. Different studies reported an 
association (n = 8) or no significant association (n = 8) of dietary vitamin C with 
cardiovascular disease incidence (Carr, 1999). 

After adjustment for vitamin E intake this association lost statistical significance in 
most investigations; overall, seven studies done in the U.S. and in Europe, involving 
a total of 183,662 men and women ages 16 to 105 years, failed to show lower CVD 
rates with vitamin C (Dagenais, Curr Cardiol Rep. 2000). 

On April 6, 2005, the American Cancer Society announced that taking vitamin E 
doesn't protect head and neck cancer patients from developing new tumors, 
Canadian researchers report. In fact, it may actually raise the risk of developing a 
second cancer.  Also, the vitamin E appeared to speed up the progression of cancer 
(JNCI, 2005). 

Given the lack of efficacy of antioxidants in clinical trials to date, antioxidant 
vitamin combinations above the recommended dietary allowances should not be 
recommended for prevention or treatment of cardiovascular disease. It will be 
important that physicians advise their patients that the use of antioxidants could be 
hazardous, especially in combination with lipid-lowering drugs (Kuller, Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2001). 

Antioxidant trials have not demonstrated efficacy in slowing 
cardiovascular disease.  Data was from the Women’s Angiographic Vitamin and 
Estrogen (WAVE) trial, a prospective angiographic study of vitamins C and E with or 
without hormone replacement therapy (HRT) in postmenopausal women. 

In humans, antioxidant therapy has not been shown to slow the progression of 
atherosclerotic coronary artery disease (Walldius, 1994) (Johansson, 1995) (Waters, 
2002).  

On the contrary, several prospective angiographic studies have 
demonstrated that antioxidant therapy may be associated with a more 
rapid progression of atherosclerosis, potentially due to a deleterious effect on the 
lipid profile (Johansson, 1995) (Waters, 2002) or perhaps the ability of these 
antioxidants to become pro-oxidants under certain conditions (Lynch, 1980) (Herbert, 
1996) (Rehman, 1998) (Proteggente, 2000) (Nappi, 1997) (Almaas, 1997). 

Vitamin E supplements may have detrimental effects in some individuals as assessed 
by recent in vitro work. Rat hepatocyte secretion of apolipoprotein B-100, a component 
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of very low-density lipoprotein, and LDL was increased when vitamin E was 
added (Pan, 2004). 

Scientists have discovered that beta-carotene itself can become damaged if it's used 
alone (that is, without its partner antioxidants vitamin C, vitamin E, and selenium). 
Damaged beta-carotene is extremely toxic to the liver, the lining of the arteries, and 
the lungs. 

All the cells of the arterial wall – macrophages, smooth muscle cells, endothelial 
cells, and neutrophils (polymorphonuclear leukocytes or PMN) – are able to oxidize 
LDL in vitro (Miller, 1998). 

It is concluded that the existing scientific database does not justify routine use of 
antioxidant supplements for the prevention and treatment of CVD (Nutrition 
Committee of the American Heart Association Council on Nutrition, Physical Activity, 
and Metabolism. Antioxidant Vitamin Supplements and Cardiovascular Disease. 
Circulation. 2004). 

It should also be noted that the measurement of neither total antioxidant capacity 
nor individual antioxidants has produced consistent results in the prediction of 
various diseases. (Pryor, 2000) (Whitehead, 2001) (Liao, 1994). 

Research on nearly 40,000 healthy women showed no heart benefits from vitamin E 
pills and a study reported in November 2005 at the American Heart Association found 
that people taking high doses were 10% more likely to die of any cause than those 
taking smaller amounts.   

The Multivitamins and Probucol Study showed that the combination of vitamins C 
and E and beta carotene had no effect in reducing the rate of restenosis in patients 
after angioplasty.  

Consistent with the notion that vitamin E remains essentially intact during 
atherosclerosis, available data from gas chromatography-mass spectrometry 
analysis suggest that only a fraction of the vitamin is oxidized (Terentis, 2002). 

Relative to plasma, intima has a low antioxidant capacity.  The 
concentration of major extracellular antioxidants is surprisingly high in 
human atherosclerotic lesions. In fact, in the case of ascorbate, urate, 
and -TOH, the plaque concentrations approach those of human 
plasma.  I believe that this is an extremely important observation.   

I believe that this indicates that there is an overabundance of antioxidants in plaque 
and that an EMOD deficiency state which has been created and which allows the 
development of plaque by accumulation of microaggregates. 
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Not all synthetic antioxidants offer protection against the disease in animals even 
where the antioxidants have been shown to decrease the extent of oxidation. For example, 
supplementation of a butter-based atherogenic diet with butylated hydroxytoluene 
and butylated hydroxyanisole (both phenolic lipid-soluble antioxidants that 

effectively inhibit LDL oxidation) do not prevent atherosclerosis in rabbits. Also, 
compared with probucol, its structural analog bis(3,5-di-tert-butyl-4-hydroxy-
phenylether)propane offers superior protection to LDL against in vitro oxidation, 
yet the analog is ineffective in inhibiting atherosclerosis in LDL receptor-deficient 

rabbits.  

Another structural analog of probucol, 3,3'-5,5'-tetra-tert-butyl-4,4'-bisphenol, 
prevents lipoprotein lipid oxidation in the vessel wall of LDL receptor-deficient 
rabbits as effectively as probucol, yet unlike probucol, the analog does not protect 
against atherosclerosis. Conversely, probucol inhibits atherosclerosis in the 

aortic arch and thoracic and abdominal aorta of apolipoprotein E –/– mice without 
inhibiting aortic lipoprotein oxidation. These latter studies establish that at least in 
animals, the process of lipoprotein oxidation can be dissociated from 
atherosclerosis, a finding inconsistent with the oxidative modification hypothesis 
of atherosclerosis. 

The overall disappointing outcome of human interventions with antioxidant 
supplements, as the antioxidants tested to date are radical scavengers and, at least in 
the case of -TOH, offer little protection against LDL oxidation induced by 2e-
oxidants. 

The most compelling evidence against a causative role for LDL oxidation in 
atherosclerosis comes from a recent study reporting parent molecule-standardized 

concentrations of esterified HODEs in human aortas to increase 

significantly only at late developmental stages of atherosclerosis (Witting, 
1999). 

There is evidence that in human lesions oxidized lipids associated with LDL 
accumulate substantially only late in disease development, after 
accumulation of unoxidized cholesterol and cholesterol esters (Upston, 

2002). Furthermore, lipoprotein lipid oxidation can be dissociated from 
disease in animal models of atherosclerosis. 

In vitro, radical oxidants like copper ions or cells cultured in transition metal ion-
containing medium can convert native LDL into oxidized or high uptake LDL. Such 
conversion requires drastic alterations to the lipoprotein particle, including the complete 
depletion of endogenous -TOH. This is in sharp contrast to the situation in vivo 
where, irrespective of the developmental stage of atherosclerosis, homogenates of 
diseased vessels or apolipoprotein B-100-containing lipoproteins isolated 
therefrom, are neither depleted of -TOH nor is the vitamin 
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substantially oxidized, and a majority of lipoprotein-associated oxidized 

lipids are formed in the presence of -TOH.  It seriously questions the free 
radical theory. 

There is remarkably little evidence that vitamin E effectively inhibits low-density 
lipoprotein oxidation in healthy humans lacking signs of increased oxidative stress 
(Meagher, 2001). 

Myocardial infarction most commonly arises from stenoses that are 
relatively mildly (<50%) blocked.  The observations outlined above beg the 
question of how less severe atherosclerotic lesions give rise to clinical events. The 
short answer to this question is that traditional concepts of 
atherosclerosis and encroachment of the arterial lumen were incorrect 
(Alderman, 1993). 

Most myocardial infarctions involved total occlusion of the coronary 
artery that was principally due to thrombus. Thrombosis of the vessel 
appears to result from rupture of the atherosclerotic plaque and the exposure of its 
thrombogenic components to the bloodstream. 

In conclusion, trials in atherosclerosis-related cardiovascular disease 
indicate that supplements with vitamin E or vitamin C alone do not 
provide a general benefit, as can be demonstrated with, e.g., statins. This is also 
the case for the combination of vitamin E with other antioxidants or 
with lipid-lowering therapy, which do not consistently convey 
cardiovascular benefit, in either primary or secondary prevention. 

The hopes for vitamin E alone or in combination with vitamin C and beta carotene 
have been diminished by a compelling body of clinical trial evidence and by certain 
adverse effects (JAMA, 2005). 

The interpretation of any observational data needs to be very cautious, recognizing that 
such studies cannot provide proof of causality. Although many observational studies 
have attempted to adjust for other factors that could affect cardiovascular risk, such 
adjustments are difficult and often inadequate, and ultimately the use of diets rich in 
antioxidants and/or the use of vitamin supplements may be just markers that identify 

populations and subsets of individuals with higher health awareness and with various 
healthy lifestyle attributes, possibly entirely independent of antioxidant intake. 

Randomized prospective morbidity and mortality trials are therefore considered to be 
quintessential in demonstrating the efficacy and the safety of any therapeutic intervention. 
Such trials were deemed necessary prior to making wide-ranging recommendations 

regarding the use of antioxidant supplements.  
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The overwhelming majority of large, randomized and prospective trials 
of antioxidant supplements in CVD have yielded disappointing results. 

Basically, we do not have clear evidence that antioxidants provided by dietary intake 
or the addition of antioxidants in the form of vitamin supplements can reduce the 
risk of atherosclerosis.  Until clear results emerge, however, neither individual persons 

nor physicians should focus their efforts in preventing heart disease and stroke on intake 
of such vitamin supplements. 

Possible effective interventions are available and include smoking cessation, exercise, 
cholesterol lowering, blood pressure lowering and in high-risk individuals with 
established CVD the use of pharmacologic interventions such as aspirin, statins, beta-
blockers and angiotensin-converting enzyme inhibitors.  

In the past decade, a number of prospective, randomized, placebo-controlled, 3- to 
6-year clinical trials (HOPE, GISSI, ATBC, Hennekens study, Omenn’s study, 
Brown’s study, MRC/BHF, Vivekananthan’s meta-study, Miller’s meta-study) have 
been published, testing the effect of vitamin E and other antioxidant vitamins or 
their combinations on clinical manifestations of cardiovascular disease and cancer.  

These trials have surprisingly (to the followers of the free radical theory, but was 
predictable by me) yet consistently shown that commonly used antioxidant vitamin 
regimens (vitamins E, C, beta carotene, or a combination thereof) do not 
significantly reduce overall cardiovascular events or cancer. 

By extending HOPE and adding to the growing list of neutral prospective vitamin E 
trials (HOPE, GISSI-IV, ATBC, HPS, HATS), this report effectively closes the 
door on the prospect of a major protective effect of long-term exposure 
to vitamin E, taken in moderately high dosage, against complications of 
atherosclerosis and overall cancer incidence.  

HOPE-TOO reemphasizes the importance of controlled clinical trials for testing 
important hypotheses deriving from basic biological findings or from 
epidemiological observations. The latter can mislead; well-designed clinical trials 
rarely do.  HOPE-TOO allows physicians to educate their patients as with the following 
response to inquiries about vitamin E, "In nearly 68 000 patients studied to date, there 
is no compelling evidence that higher doses of vitamin E reduce cardiovascular risk 
or cancer; there are even some hints that vitamin E, in excess of normal daily intake, 
may slightly increase the risk of ischemic events or of heart failure. You may hear 
that vitamin E is a ‘natural,’ yet effective, way to prevent heart disease or cancer, 
but this has proven to be a false hope. You should not be misled into neglecting 
other (possible) methods of prevention." 

Similar to the situation with vitamin E, vitamin C supplements do not offer 
consistent benefit against atherosclerosis in animals. 
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Stocker and Keaney state that the overall outcome, particularly the results of the 
large, randomized controlled studies, has been disappointing and arguably provides 
the strongest evidence against the oxidative modification hypothesis of 
atherosclerosis. 

There were no significant differences in the rate of progression to Alzheimer's 
disease between the vitamin E and placebo groups at any point.  

Daily supplementation with 500 mg vitamin E for four years did not alter the 
incidence or progression of AMD (Hugh, 2002).   

Prospective clinical trials of antioxidant supplementation using vitamin E and other 

agents have been disappointing (Rimm, 1993) (Stampfer, 1993) (Diaz, 1997) (Pratico, 
1998) (Heinecke, 2001). 
 
Three large trials, ATBC, GISSI, and HOPE, involving tens of thousands of subjects 

failed to show a reduction of cardiovascular events when vitamin E was used at doses 
ranging from 50 to 400 IU/d. (N Engl J Med. 1994) (Lancet. 1999) (N Engl J Med. 2000). 
 
Further, a much smaller trial reported in 2001 even suggested that vitamin E might be 
detrimental because it blunted a predicted rise in HDL cholesterol subfractions 
associated with statin and niacin therapy (Brown, 2001).   
 
On the other hand, two trials, CHAOS and SPACE, involving far fewer patients, 
reported a significant reduction, by almost 50%, in the incidence of cardiovascular 

events but no benefit on cardiovascular mortality.  (Stephens, 1996) (Boaz, 2000). 
 
The potential role of antioxidant vitamins in CVD prevention is based on the flawed 
biological rationale rendered by the "oxidative modification hypothesis," which proposes 
an essential role for the oxidation of lipoproteins in the genesis and progression of 
atherosclerotic lesions, and by observational epidemiologic studies, that have shown 
associations between the dietary and supplemental intake of antioxidants and lower risk 
of coronary heart disease (CHD) and stroke (Steinberg, N Engl J Med. 1989).  it has now 
been proven that the “biological rationale rendered by the oxidative modification 
hypothesis” is wrong. 

The relevance of LDL oxidation in human atherosclerosis, although widely accepted, has 
not been conclusively proven, as there is no clinical evidence to date to clearly 
demonstrate that antioxidants can affect either the behavior of atherosclerotic 

lesions or prevent ischemic events.   

As was stated by Uffe Ravnskov, M.D., Ph.D., “Several hundred risk factors are 
known for coronary heart disease.  Also, according to Uffe Ravnskov, MD, PhD,  the 
idea that too much animal fat and a high cholesterol is dangerous to your heart and 
vessels is nothing but a myth.  

Page 282 of 302 



The risk factors cited most often by medical orthodoxy include high blood cholesterol, 
smoking, lack of exercise, stress and overweight. Arguably, a high level of cholesterol in 
the blood is a mild risk factor for individuals with familial hyper-cholesterolemia 
(cholesterol levels chronically above 350 mg/dl) but for most of us, there is no greater 
risk of heart disease between cholesterol levels that are "high" (over 300 mg/dl) and 
those that are "low" (under 200 mg/dl).  

In a multi-year British study involving several thousand men, half were asked to 
reduce saturated fat and cholesterol in their diets, to stop smoking and to increase 
the amounts of unsaturated oils such as margarine and vegetable oils. After one 
year, those on the "good" diet had 100 percent more deaths than those on the "bad" 
diet, in spite of the fact that those men on the "bad" diet continued to smoke (Rose, 
Lancet, 1983).  

Common sense tells us why exercise may be beneficial. When we exercise, our heart 
beats more rapidly, the arteries widen to provide more oxygen and arterial blood flow 
improves, as does EMOD production. 

The Masai, with 60 percent of their calories from fat, are free of heart disease. The 
traditional diet of the Eskimo and the North American Indians contained as much 
as 80 percent of calories as fat and there is no indication that they suffered from 
heart disease.  

The research on omega-3 fatty acids is not conclusive. While some studies indicate that 
omega-3 fatty acids may be helpful, others showed no effect. One explanation for this 
may be found in the fact that saturated fats help the body store and use omega-3 fatty 
acids more effectively.  In fact, there is evidence that over consumption of omega-3 fatty 
acids in a diet lacking in saturated fats may actually be bad for the heart. In test animals, 
diets high in canola oil, which is relatively high in omega-3 fatty acids but low in 
saturated fats, caused fibrotic heart lesions, vitamin E deficiencies and abnormal 
changes to the blood platelets (Sauer, 1979). 

Omega-3 Fatty Acids:  We currently have a regulatory dilemma.  Under the DSHEA, 
no claim can be made for a dietary supplement to treat, cure or mitigate a disease.   

However, a dietary supplement can make claims that it affects (supports) or it 
maintains the structure or function of the body. 

The FDA’s October 2000 final ruling regarding omega-3 fatty acids was as follows: 

-there is not significant agreement among experts that such evidence supported a 
health claim for omega-3 fatty acids and coronary heart disease (CHD). 

-thus, a health claim stating that “omega-3 fatty acids may reduce the risk of CHD is 
misleading.” 
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A review of 89 studies published online by the British Medical Journal showed no 
strong evidence that omega-3 fats reduced deaths from cardiovascular disease. 

Another nutrient found exclusively in animal products, particularly in red meat and organ 
meats, is coenzyme Q10.  Cholesterol-lowering drugs greatly increase the body's 
need for coenzyme Q10.  CoQ10 is a relatively good prooxidant. 

The eminent medical scientist, Dr. George Mann, called the diet-heart idea “the 
greatest scientific deception of this century, perhaps of any century.”   

Data on polyunsaturated fats, saturated fats, cholesterol intake and heart disease 
and cancer is contradictory and confusing.  There are no 100% clear conclusions.   

Mainstream nutritional science has demonized dietary fat, yet 50 years and 
hundreds of millions of dollars of research have failed to prove that eating a low-fat 
diet will help you live longer. 

Gary Taubes wrote an article entitled, “The Soft Science of Dietary Fat” which was 
published in Science Magazine and he pointed out the scientific and political evolution of 
the diet-heart idea (Taubes, 2001).  Taubes’ article demonstrates how unsupported 
notions can become public dogma. 

The Bogalusa Heart study of 185 children found that diet had little effect on cholesterol 
levels or in the development of atherosclerosis (Frank, 1078). 

The Journal of the American Medical Association, published a study entitled: 
Cholesterol and Mortality. 30 Years of Follow-up from the Framingham study. Shocking 
to most, this in-depth study showed that after the age of 50 there is no increased 
overall death associated with high cholesterol! There was however a direct 
association between low levels (or dropping levels) of cholesterol and increased 
death. Specifically, medical researchers reported that CVD death rates increased by 
14% for every 1 mg/dl drop in total cholesterol levels per year.  In fact, apart from 
those with a very rare disease, such as familial hypercholesterolemia, cholesterol appears 
to have very little to do with heart disease or any other disease. 

This same trend was found in the MRFIT Framingham study and the authors stated that, 
“For each 1% mg/dl drop of cholesterol there was an 11% increase in coronary and 
total mortality.”   

Age is among the most important risk factors for predicting incident cardiovascular 

disease and I believe that it is because aging is associated with factors which lead to 
EMOD deficiency states.  

Males exhibit excess risk for cardiovascular disease compared with age-matched women 
and I believe that this is because testosterone decreases EMOD production in the 
male, thus making males more vulnerable to atherosclerosis. (Barrett-Connor, 1991). 
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Estrogens appear to offer a "protective" effect to women, as cardiovascular disease 

accelerates in women after menopause;  however, this speculation has been difficult to 
substantiate, as the treatment with estrogen has not reduced the incidence 
of cardiovascular disease of postmenopausal women (Hulley, 1998). 

It is widely accepted that premenopausal females have a lower risk of 
atherosclerosis (Barrett-Connor, Circulation. 1997) and that estrogens may also have 
antioxidant activities (Sack, Lancet. 1994.  Their findings have shown not only that oral 
contraceptives are associated with lower TAS levels but also that females have 

lower, rather than higher, total antioxidant capacity.  Sex differences in 
TAS levels appear to be opposite the differences in the risk of coronary 
artery disease, raising an interesting question of whether females might be more 
susceptible to oxidative stress–related disorders.  I believe that this alone should negate 
the free radical theory as it relates to cardiac disease, atherosclerosis, aging and 
cancer.  Females, who traditionally have longer life spans and less risk of CVD, 
actually have lower total antioxidant capacity than males and this is in direct 
opposition to the predictions of the free radical theory. 

The hormone estrogen commonly is accepted as an antioxidant but it’s not 
widely used therapeutically because of potential side effects, including uterine cancer 
and breast cancer in women and feminizing effects in men. 

Investigators  measured flow-mediated dilation (FMD) by high-resolution brachial 
ultrasound in 61 women who participated in the Women's Angiographic Vitamin and 
Estrogen (WAVE) trial, a randomized controlled trial. Neither hormone therapy nor 
antioxidant vitamins improved FMD. I believe that this is another example of the 
failed predictions of the free radical theory.  In these studies, 3 antioxidants 
(estrogen, vitamin E and C) failed to improve endothelial vasodilator function in 
postmenopausal women. 

The American College of Cardiology/American Heart Association 2002 Guideline 
Update for the management of patients with chronic stable angina, which states that there 
is no basis for recommending that patients take vitamin C or E supplements or 
other antioxidants for the express purpose of preventing or treating coronary artery 

disease (Class III, Level A Evidence) (Gibbons, Circulation. 2003). 

"Evidence-Based Guidelines for Cardiovascular Disease Prevention in Women" 

concludes that antioxidant vitamin supplements should not be used to 
prevent CVD, pending the results of ongoing trials (Class III, Level A Evidence) 
(Mosca, Circulation. 2004). 

In 1998, The Medical Letter concluded: 
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• The benefits of taking high doses of vitamin E remain to be 
established.  

• There is no convincing evidence that taking supplements of vitamin 
C prevents any disease.  

• No one should take beta carotene supplements (Vitamin supplements. 
The Medical Letter on Drugs and Therapeutics 40:75-77, 1998).  

In 2003, researchers at the Cleveland Clinic concluded that long-term supplementation 
with vitamin E or beta-carotene has not been proven beneficial in preventing 
cardiovascular disease. To reach this conclusion, they analyzed seven randomized 
controlled trials of vitamin E treatment and eight of beta-carotene treatment, all of which 
included at least 1,000 patients. 

Although epidemiologic evidence has suggested that these antioxidant supplements 
may be beneficial, clinical trials have found otherwise (Vivekananthan, 2003). 

In 2005, Williams and Fisher stated that, “Antioxidant supplements have failed to 
decrease cardiovascular risk in extensive human clinical trials to date and there is 
no basis to recommend antioxidant use (Williams, 2005). 

Despite a recent article sponsored by the American Heart Association concurring that 
there is no conclusive evidence to suggest that a daily supplement of antioxidant 
nutrients can prevent atherosclerosis (Tribble, Circulation 1999), claims of beneficial 
actions of antioxidants have increasingly left both the public and the medical 
professionals confused. 

Let me restate this important data without all of the reference clutter: 
Several large-scale, double-blind, placebo-controlled trials have shown 
convincingly that neither β-carotene nor vitamin E alone or in combination 
with other antioxidant vitamins, reduces the risk of fatal or nonfatal 
infarction (or other hard clinical end points) in an unselected population of people 
with established coronary heart disease (CHD) or at high risk of CHD.   
Vitamins may actually increase levels of "bad cholesterol", researchers have 
suggested. It had been thought that vitamins could protect the heart.  But New York 
University researchers found vitamins including E, C and beta carotene stop the liver 
breaking down an early form of bad cholesterol. Writing in the Journal of Clinical 
Investigation, the researchers say their findings mean they cannot recommend that 
people use the vitamins.  

Antioxidant vitamins may be potentially harmful for the heart based on their ability 
to increase the secretion of very low-density lipoproteins in the liver cells of 
experimental mice.  However, Prof. Edward Fischer of  New York Univ. School of 
Medicine was quoted in the London Times as not making recommendations on taking 
antioxidant vitamins at this time.      
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Physical inactivity is associated with at least a twofold increase in risk for CAD 
events (Powell, 1987).  In contrast to the aerobic exercise, anaerobic exercise (weight 
lifting or wresting etc.), especially training above certain anaerobic threshold (blood 
lactate > 4 mmol/l), has no or even negative effects on blood lipoprotein profiles 
(Aellen, 1993). 

Despite the beneficial effects of regular aerobic physical activity, strenuous aerobic 
exercise may increase muscle oxygen flux and free radical generation, which may 
overcome the antioxidant defense and induce oxidative stress (Jenkins, 1993). 

No changes were observed in LDL susceptibility to oxidation after a 3-month intense 
physical training in over trained marathon runners (Bergholm, 1999). 

Long-distance and short-distance runners exhibit similar blood redox status judged 
by several oxidative stress indices, except for the much higher activity of catalase in 
long-distance runners (Kostaropoulos, 2006). 

Exhausting aerobic exercise increases the oxygen demand 10 to 15 times compared 
to rest, resulting in increased oxygen consumption, increased oxygen cell uptake and 
increased flow in the electron transport chain (Urso, 2003) leading to an increased 
release of EMODs, mainly in the muscle but also in erythrocytes.   I believe that, 
according to the Free Radi-Crap theory, this should be fatal, but it is not. 

Marathon runners had twice as much catalase activity compared with sprinters, 
despite the fact that malondialdehyde levels and glutathione peroxidase activity were 
similar between the two groups. 

Published data shows that intensive aerobic exercise increases LDL oxidation in 
vitro (Sanchez, 1995). 

Experiments with transgenic and gene-targeted mice have revealed >100 genes that 
can influence the development of atherosclerotic lesions.  

Studies of identical twins consistently indicate that genetic effects powerfully 
influence heart disease as well as most of its risk factors. Estimates of the heritability 
of CHD—the proportion of variance of the disease that correlates with genetic 
differences—are mostly in the range of 40% to 60% (Motulsky, 2002). 

A review of 70 studies demonstrated that weight reduction usually lowers cholesterol by 
about 10% depending upon the amount of weight lost (Datillo, 1992). 

It is reported that an association exists between increasing body mass index (BMI) 
and increasing systemic oxidant stress (Keaney, 2003). 

The Surgeon General's report estimates that smoking increases atherosclerotic 
disease by 50% and doubles the incidence of coronary artery disease (1989). 
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Smoking cessation is quite effective in lowering the future risk of the disease. In fact, 
the risk of heart attack in ex-smokers approaches that of nonsmokers in only 2 years 
(Gaziano, 1996).  I believe that this is due to “spontaneous regression” of 
atherosclerosis and is due to resumption of adequate levels of oxygen which can 
generate adequate levels of EMODs to combat accumulation of microaggregates.  
Cigarette smoking is believed to be unequivocally linked to atherosclerosis and the 
incidence of myocardial infarction (Hammond EC and Horn D. Smoking and death 
rates: report on forty-four months of follow-up of 187,783 men. 2. Death rates by cause. 
J Am Med Assoc 166: 1294–1308, 1958).    

In patients with diabetes, the risk of coronary atherosclerosis is three- to fivefold 
greater than in nondiabetics despite controlling for other risk factors (“clustering”) 
(which I call an EMOD insufficiency syndrome) (Bierman, 1992). I believe that this is 
due to the fact that hyperglycemia results in deficiency levels of EMODs.  Also, 
remember that H2O2 has insulin-mimetic activity.   

The clustering of cancer, atherosclerosis, diabetes, arthritis, obesity and cataracts 
leads me to believe that this is due to an “EMOD insufficiency syndrome.”  

In diabetes, oxidative stress is believed to be caused by both an increased formation 
of plasma free radicals and a reduction in antioxidant defenses. Free radical 
production caused by hyperglycemia may occur via different routes: nonenzymatic 
glycation, auto-oxidation of glucose, and intracellular activation of the polyol pathway 
(Ceriello, 2000). 

The babies of women with diabetes are two to five times more likely to develop birth 
defects than offspring of women without the disease. A recent study in animals by 
scientists at Joslin Diabetes Center in Boston helps explain why. The research, appearing 
the October 2005 issue of the American Journal of Physiology: Endocrinology and 
Metabolism, suggests that high blood glucose levels early in pregnancy deprive the 
embryo of oxygen, interfering with its development. 

Dr. Loeken found that the oxygen concentrations in embryos of mice injected with 
glucose were significantly lower than in control embryos. This demonstrated that 
breaking down higher amounts of glucose caused oxygen to be used up faster than it 
could be delivered. To their surprise, when they investigated the production of free 
radicals, they found that embryos of oxygen-restricted mice showed the same three- 
to five-fold changes in markers of oxidative stress as did embryos of glucose-injected 
mice.  

Conversely, the markers of oxidative stress were suppressed in embryos of oxygen-
supplemented diabetic mice. These results suggest that the lack of oxygen caused by 
increased glucose consumption triggers the production of free radicals, which then causes 
birth defects, Dr. Loeken explains.  
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Embryos from pregnant mice with high blood glucose levels, or oxygen-restricted 
mice, had five-fold decreases in Pax3 expression and eight-fold increases in a severe 
type of birth defect called neural tube defects.  

Conversely, increasing the oxygen delivery to pregnant diabetic mice (by housing 
them in cages containing 30 percent oxygen) blocked the decrease in Pax3 
expression and neural tube defects in their embryos.  
 
Women with both type 1 and type 2 diabetes run a high risk of having babies with 
birth defects, especially of the heart and spinal cord. These organs form during the 
first few weeks of pregnancy. 

Vitamin E had no benefit in patients with mild cognitive impairment (Petersen, 
2005). 

Zou et al. (Zou, 2002) suggested that monomeric -amyloid behaves as an 
antioxidant, whereas oligomerized -amyloid loses its antioxidant activity.  

Optimistic hearts do better than angry ones.  Even among people who are not clinically 
depressed, the more optimistic and cheerful have a lower rate of heart disease. 

Emotional stress may raise the risk for heart disease and cardiac events even more 
than physical stress does. The strain increases the demand for oxygen while 
reducing the supply carried by the blood. 

Overall, stress, depression and anxiety seem to contribute directly to CVD but it is 
unclear if this is related to EMOD production.  I believe that stress, depression and 
anxiety may lead to immunosuppression, which can in turn lead to an EMOD 
deficiency state and allow for the manifestation of CVD. 

Cholesterol is a molecule with a double bond in its structure and is therefore 
susceptible to oxidation leading to the formation of oxysterols. 

Cholesterol readings are highly inaccurate. They vary with the time of day, time of the 
patient's last meal, levels of stress and the type of test used. Tests for HDL and LDL are 
especially subject to inaccuracies.  

Cholesterol acts as an antioxidant. This is the likely explanation for the fact that 
cholesterol levels go up with age. I believe that this increased cholesterol with aging 
is associated with decreasing levels of EMODs.   

Peroxides formed on polyunsaturated fatty acids during lipid oxidation may 
abstract a hydrogen from the Δ 5-6 double bond, allowing the formation of a free 
radical into the cholesterol structure. 
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Oxygen free-radicals show different behavior as inductors of cholesterol oxidation. 
While superoxide free-radicals are ineffective in inducing oxidation, the presence of 
the free radical together with hydrogen peroxide, the product of the dismutation of 
the superoxide free-radicals, exerts a strong pro-oxidative effect (Lee, 1977). 

The highest concentration of cholesterol in the body is located in the brain and the 
nervous system, which is also the location for extremes of oxygen uptake and generation 
of EMODs.  I believe that if oxidation of cholesterol was the cause of atherosclerosis, 
it would be highly improbable that these two circumstances would exist continually 
in the same anatomical location.   According to the free radical theory, free radical 
chain reactions with lipids and atherosclerosis from oxidation of cholesterol would 
rapidly render the human brain ineffective, likely within a matter of minutes.  That 
does not happen in some life spans which approach a century. 

In higher mammals the liver, the adrenal gland, the ovaries, and testis show the most 
significant biosynthetic activity. Bile is the major excretion route of cholesterol from 
the body, predominantly as unesterified cholesterol (Robins, 1982). 

Parenchymal hepatocytes have been thought to be the primary, if not the sole, cell type 
possessing functional enzyme system that could convert cholesterol into oxidized 
derivatives, namely the cytochrome P-450 system (Bostron, 1994). 

Oxysterols are considered cytotoxic (Leland et al., 1989), although some researchers 
have postulated regulatory functions for some oxysterols at the intracellular level 
(Bjorkhem I (2002). 

3-Hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA red), the enzyme 
catalyzing the rate-limiting step in cholesterol biosynthesis, is among the most 
highly-regulated enzymes found in nature. Many oxysterols are potent competitive 
inhibitors of HMG-CoA red at concentration levels of less than 100 nM (Tanaka, 
1983). 

Most sterols, including cholesterol, are eliminated from the body through bile 
secretion, predominantly as unesterified cholesterol.   

There is great variability in the incidence of coronary artery disease (CAD) at any 
given level of plasma LDL cholesterol (Witztum, 2001). 

Early studies  established the presence of oxidized lipids in human atherosclerotic 

lesions.  Glavind et al. reported that the content of peroxides in a chloroform extract 
prepared from human diseased aorta strongly correlated with the degree of 
atherosclerosis, whereas normal arteries did not contain lipid peroxides (Glavin, 
1952). 

Different types of fatty acid oxidation products have been reported to be present in human 
atherosclerotic lesions. Hydroxy products of linoleic acid or hydroxyoctadecaenoic acids 
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(HODEs) were the first to be detected. These, together with hydroxyeicosatetraenoic 
acids (HETEs or hydroxy fatty acid oxidation products of arachidonic acid), are the 
most abundant type of oxidized lipid in atherosclerotic lesions.  Most of these 
products are present as cholesterol esters. This is not surprising given that 
cholesteryllinoleate and cholesterylarachidonate are the major, readily oxidizable lipid in 
LDL, and LDL is the major source of lipids that accumulate during atherosclerosis.  
Most of the esterified HODEs in human atherosclerotic lesions are generated in the 
presence of -TOH.  Yet, the ability of lipid-soluble antioxidants to inhibit atherogenesis 
in hypercholesterolemic animal models is one of the strongest lines of evidence for the 
oxidation hypothesis and demonstrates the misleading nature of animal experiments. 

Despite these abundant data however, fundamental problems remain with implicating 
oxidative modification as a (requisite) pathophysiologically important cause for 
atherosclerosis. These include the poor performance of antioxidant strategies in 
limiting either atherosclerosis or cardiovascular events from atherosclerosis, and 
observations in animals that suggest dissociation between atherosclerosis and 
lipoprotein oxidation (RMH Note:  I believe that this indicates the severe lack of 
predictability of the free radical theory as it relates to atherosclerosis). Indeed, it 
remains to be established that oxidative events are a cause rather than an injurious 
response to atherogenesis (Stocker and Keaney, 2004). 

The risk of heart attack in ex-smokers approaches that of nonsmokers in only 2 years 
(Gaziano, 1996).  I believe that this is due to “spontaneous regression” of 
atherosclerosis and is due to resumption of adequate levels of oxygen which can 
generate adequate levels of EMODs. 

Nonradical oxidants like ONOOH and HOCl (Hazell, 1994) appear to react 
preferentially with proteins rather than lipids (Vissers, 1994).  This preference for a 
reaction with proteins differentiates nonradical from radical oxidants, the latter 
commonly initiating lipid peroxidation.   
 
If one accepts the notion that LDL oxidation is an essential feature of atherosclerosis, 
then inhibiting LDL oxidation should limit atherosclerosis.  There is little evidence that 
strongly oxidizing conditions persist in vivo in atherosclerotic vessels.  However, 
despite their presence, there is no direct evidence in humans that oxysterols contribute to 
atherosclerosis (Brown, 1999).  Oxidative damage to proteins may result from 
electrophilic (2e-) and radical (1e-) reactions, e.g., initiated by electron leakage, metal-
ion-dependent reactions, autoxidation of lipids and sugars, and breakdown products of 

lipid oxidation. 
 
Chronic inhibition of Cu,Zn-SOD in rats has also been reported to result in 
increased nonenzymatic lipid peroxidation (Lynch, 1997), indicating the 
potential for a protective role of SODs in atherosclerosis.  I believe that the 
protection afforded by SOD is directly related to the amount of H2O2 that it 
generates. 
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These findings indicate that EC-SOD appears to have surprisingly little influence on 
atherogenesis in mice and that the role of SOD in intimal LDL oxidation and 
atherogenesis remains unknown. 

In lesions of rabbits fed a hyperlipidemic diet, total thiol compounds and selenium-
dependent glutathione peroxidase activity has been reported to progressively rise 
from 10 to 60 days, whereas the activities of catalase, glutathione reductase, and 

glutathione transferase significantly decrease, and selenium-independent 

glutathione peroxidase activity is not detectable (Del Boccio, 1990). I believe that 
this again indicates that less H2O2 is available to break down plaque precursors.   

Patients with hemochromatosis, a genetic disorder that results in elevated plasma 
and tissue levels of iron, showed that they have less coronary artery disease 

than age- and sex-matched controls (Miller, 1994). This is exactly what I have 
been saying.  The increase in oxidation, secondary to transition metals, increases 
EMODs, which decreases atherosclerosis.  I believe that this is also the reason that 
patients with iron and copper deficiencies have greater risk for developing cancer. 

The oxidative modification of LDL by vascular cells is absolutely dependent on the 
presence of low concentrations of transition metals, such as copper and iron, in the 
medium (Garner,1996). For example, it can be completely prevented by the inclusion 
of metal chelators such as ethylenediamine tetraacetic acid or relatively small 

amounts of serum (that contains metal-binding proteins. 

However, increasing or decreasing plasma and tissue stores of iron does 
not affect the formation of atherosclerotic lesions in cholesterol-fed 
rabbits (Dabbagh, 1997). 

The contribution of dietary oxysterols to the total amount of oxysterol measurable in 
plasma and lipoproteins of human is still unclear. In light of the alleged potentially 
dangerous effects of oxysterols for human health, efforts to prevent or to reduce 
oxysterol consumption are now currently being made. Antioxidants, both of 
synthetic or natural origin, are widely applied to prevent lipid oxidation in 
processed foods, raw materials, or fats and oils used in manufacture (Valenzuela, 
1996). I believe that the addition of antioxidants to so many foods is also potentially 
dangerous.  The emphasis given to natural antioxidants results from concerns over the 
toxicity of some synthetic antioxidants.  

These synthetic antioxidants have been used for a long time, although recently 
concerns have arisen due to the possible potential toxicity in some 
(Lachance, 2001). Since cholesterol oxidation proceeds via a free radical mechanism, 
similar to polyunsaturated fatty acid oxidation, antioxidants used to inhibit general fat 
and oil oxidation are also able to prevent or retard cholesterol oxidation. However, 
results are diverse and sometimes contradictory. 
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Overall, HDL has not been a good predictor for heart attacks, even though interpretation 
of the data has been skewed towards establishing unsupported conclusions (Keys, 1984). 

Organisms obtain cholesterol through biosynthesis and diet. Normally, cholesterol 
synthesis is automatically regulated inversely with the dietary intake of cholesterol.  
Cholesterol biosynthesis is a highly-regulated process that occurs in almost all 
animal tissues, but in higher mammals the liver, the adrenal gland, the ovaries, and 
testis show the most significant biosynthetic activity. Cholesterol is an essential and 
necessary species. It's converted into Vitamin D by sunlight, and it's the precursor for 
steroid hormones like the testosterone and estrogen. 

The possible link between cholesterol and atherosclerosis has been hotly debated and no 
clear winner has been declared (The Cholesterol Myth. Uffe Ravnskov.  New Trends 
Publishing, Inc. Washington, D.C. 2000).   Dr. F. Batmanghelidj, M.D. states that,  "We 
in the medical profession, totally oblivious of the vital roles of cholesterol in the body, 
have been duped into thinking that it is this substance that causes arterial disease of the 
heart and the brain. The pharmaceutical industry has capitalized on the slogan of bad 
cholesterol and has produced toxic-to-the-body chemicals that minimally lower the level 
of cholesterol in the body and in the process cause liver damage to thousands of people, 
some who die as a result of using the medication." 

Dr. Harlan Krumholtz of Yale University followed 997 elderly men and women over a 
four year period and found that twice as many of the individuals with low cholesterol 
had a heart attack or died from one compared to those with the highest cholesterol 
levels and concluded that high cholesterol seems to be protective in the elderly 
(Krumholtz,1994). 

Also disturbing was the conclusion of Dr. Gilles Dagenais of Quebec, who followed 
almost 5,000 healthy middle aged men for 12 years and found that although high 
cholesterol has a slight association with increased risk for men in the USA, it has no such 
association for men in Canada (Dagenais, 1990). 

Dr. Henry Shanoff of Toronto studied 120 men for ten years after recovery from a heart 
attack and found that those with low cholesterol has a second coronary just as 
frequent as those with high cholesterol and this work has been supported in other 
studies (Shanoff, 1970). 

Uffe Ravnskov concluded in his book The Cholesterol Myth that, “High cholesterol is 
said to be dangerous for Americans but not for Canadians, Stockholmers, Russians 
or Maoris.  High Cholesterol is said to be dangerous for men, but not for women; it 
is said to be dangerous for healthy men, but not for coronary patients; and it is said 
to be dangerous for men of 30, but not for those of 48.  And high cholesterol may 
even be beneficial for older people.  Such discrepancies indicate that the association 
between high cholesterol and coronary heart disease is not due to simple cause and 
effect.” 
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The Multiple Risk Factor Intervention Trial (MRFIT) recruited over 360,000 middle 
aged men to participate in a diet-heart study.  After 7 years, there was only a 2% 
difference in the blood cholesterol between the studied group and the controls and the 
study showed that diet is basically a worthless preventative measure for heart attacks 
(MRFIT. JAMA. 248, 1465-1477, 1982). 

Later the Lipid Research Clinics Coronary Primary Prevention Trial (LRC) 
conducted a huge (about 1 million participants) study on the effects of cholestyramine 
(Questran) in lowering cholesterol and deaths from heart attacks.  Although the blood 
cholesterol in the treatment group had decreased by more than 8%, there was no 
statistical decrease in actual deaths from heart attacks, even though statistical 
manipulation seemed to indicate otherwise (JAMA. 251, 351-364, 1984).  It seems that 
studies with clofibrate and gemfibrozil (Lopid) have failed to lower rates of heart 
attacks.   

All the statins stimulate cancer growth in rodents (Newman, 1996). 

As for the effectiveness of statin treatment, the chance for a healthy individual with 
high cholesterol of not dying from a heart attack in 5-6 years was 98.4% and statin 
treatment could only increase this to 98.8%, according to Dr. Ravnskov. 

Nonradical oxidants like ONOOH and HOCl (Hazell, 1994) appear to 
react preferentially with proteins rather than lipids. 

Individuals with iron overload do not suffer from premature 
atherosclerosis (Kiechl, 1997).  Indeed, an autopsy study on patients with 
hemochromatosis, a genetic disorder that results in elevated plasma and tissue levels 
of iron, showed that they have less coronary artery disease than age- and 
sex-matched controls (Miller, 1994).  

This is exactly what I have been saying.  The increase in oxidation, secondary to 
transition metals, increases EMODs, which decreases atherosclerosis.  I believe that 
this is also the reason that patients with iron and copper deficiencies have greater 
risk for developing cancer.  This would also be indicative of an “EMOD 
insufficiency syndrome.”   

Under normal conditions, transferrin is loaded to only 20–30% so that there is 
substantial iron binding capacity remaining and "free iron" is essentially non-
detectable.   

LOOH are metabolized principally through peroxidase-mediated reduction to the 
corresponding alcohols.  Remember that catalase metabolizes alcohols. Glutathione 
peroxidases can act on peroxides other than H2O2. They can catalyze GSH-dependent 
reduction of LOOH to the corresponding alcohol (LOH) and require selenium.   
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Enzymatic antioxidants principally include SOD, catalase, glutathione peroxidases, 
glutathione reductase and transferases, thiol-disulfide oxidoreductases, and 
peroxiredoxins. Many of these enzymatic antioxidants are present in normal arteries, 
most likely within vascular wall cells as extracellular fluid is largely devoid of 
enzymatic antioxidants (Stocker, 1991). 

NADPH is provided primarily by the oxidative pentose phosphate pathway (Chance 
B, Sies H, and Boveris A. Hydroperoxide metabolism in mammalian organs. Physiol Rev 
59: 527–605, 1979) that is initiated by glucose-6-phosphate dehydrogenase and that 
maintains the cellular redox couple NADPH/NADP+ in balance. In this context, 
glucose-6-phosphate dehydrogenase can be considered an antioxidant.  

Flavonoids and polyphenols are poorly absorbed, extensively metabolized, and 
possess only modest antioxidant activity in vitro so that they are not likely to make a 
significant contribution to the overall antioxidant defenses in humans. Over 4,000 
flavonoids have been identified. Research has failed to demonstrate 
substantial cholesterol lowering with dietary isoflavones. 

All antioxidants are just one lost electron away from being a free radical themselves.  

Although many studies have shown inhibitory effects of polyphenols on LDL oxidation, 
there have been an equal number of studies that showed a null effect.  

One to 2 drinks per day of any alcohol type have been shown to increase HDL 

cholesterol by about 12%.  Both the alcohol and polyphenolic compounds in red 
wine appear to have anticlotting, or antithrombotic, action. When the plaque ruptures, 
a surface that favors clotting is exposed. Overall, light to moderate consumers of alcohol 
have lower levels of proteins that promote clot formation, such as fibrinogen, von 

Willebrand factor, and factor VII.  The evidence is still insufficient to encourage 
patients who do not drink to start consuming red wine as part of a strategy to 
protect against atherosclerosis.  

Ascorbate is required for the biosynthesis of collagen via proline and lysine 
hydroxylases. Collagen formed in the absence of ascorbate is insufficiently 
hydroxylated and does not form proper fibers.  

Ascorbate is effective in preventing oxidation reactions induced by most 1e-oxidants 
and that it also strongly protects, but does not completely prevent, oxidative damage 
induced by 2e-oxidants, particularly ONOO–.   Ascorbate has a number of potentially 
protective activities related to atherosclerosis and cardiovascular disease. 

Ames et al. proposed that the biological function of urate may be that of an 
antioxidant.  Unlike ascorbate, urate is not able to reduce -TO·.  

Compared with vitamin E and ubiquinols, carotenoids are generally poor antioxidants 
(Burton, 1984)  except for singlet oxygen. 
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Like ascorbate, -TOH can reduce transition metals including iron and copper, and 
this may result in pro-oxidant effects of the vitamin (Kontush, 1996). 

Coenzyme Q10 can exist in three oxidation states.  CoQ10H· can react with O2 to 
produce CoQ10, H+ and O2

–· (Nohl, 1986). This reaction increases the formation of 

O2
–· and hence the possibility for oxidative stress in the aqueous phase.   

There are many types of antioxidants, and they do different kinds of work. What 
marketers of supplements never tell you is that not all of it is good work. 

Virtually all types of vascular cells produce O2
-. and H2O2 (Griendling, 2000). 

Blood vessels exposed to H2O2 exhibit relaxation that is blocked by 
methylene blue, an inhibitor of soluble guanylyl cyclase (Burke, 1987).  
Emerging evidence that H2O2 also acts as an endothelium-derived hyperpolarizing 
factor suggests relevance for the control of vascular tone (Matoba, 2000).  

A role of EMODs in the control of growth of vascular cells is supported best for 
H2O2 mediating a proliferative phenotype in vascular smooth muscle cells.  In fact, 
H2O2 may be required for smooth muscle cell survival, as overexpression of catalase 
inhibits proliferation and can induce apoptosis (Brown, 1999). 

SOD inhibits thrombin-stimulated platelet adhesion and aggregation.  I believe that 
it reflects increased levels of H2O2 generated by SOD.  In the formation of EMODs in 
real time, the release of EMODs and RNS occurs near the end of the aggregation 
process. This observation reinforces the notion that reactive species from platelets may 
have a more profound impact on platelet recruitment rather than aggregation.   

The reduction of atherosclerosis was believed to be due to the antioxidant effect of 
probucol; however, probucol also produced a 17% reduction in serum cholesterol.  
Subsequent studies in primates, cholesterol-fed rabbits, and hamsters have also 
demonstrated a reduction in atherosclerosis with probucol. The situation appears 
more complex in murine models of atherosclerosis, where probucol promotes 
atherosclerosis in the aortic root (Moghadasian, 1999) but inhibits disease 
formation at more distal sites. This illustrates that the well known antioxidant, 
probucol, can promote atherosclerosis, which is directly contrary to the teachings of 
the free radical theory. 

There is no single animal model in which atherosclerosis truly reflects the human 
pathogenesis. 
 
O2

–· is not able to oxidize LDL, in contrast to its protonated form, the hydroperoxyl 

radical (HO2·) (Bedwell, 1989). However, at physiological pH only a fraction of O2
–· 

produced is present as HO2·. This suggests that O2
–·-generating systems, including 

NAD(P)H oxidases, are by themselves not efficient in oxidizing LDL.  However, 
some believe that O2

–· may act as the precursor for chemically more reactive 
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oxidants, such as ONOO– and H2O2 and oxidants derived from them, and these may 
participate in LDL oxidation in the vessel wall. 

HBO treatment of cholesterol-fed rabbits dramatically reduces the development of 
arterial lesions. HBO treatment also substantially reduces the accumulation of lipid 
oxidation products (conjugated dienes, trienes, and thiobarbituric acid–reactive 

substances) in plasma, in the low density lipoprotein and high density lipoprotein 
fractions of plasma, in the liver, and in the aortic tissues. 

Repeated exposure to HBO (hyperbaric oxygen) or hyperoxia may be expected to 
lead to increased formation of hydrogen peroxide. 

HBO treatment protects against the development of fatty streaks in 
cholesterol-fed rabbits.  The differences in lesion formation seen in HBO-treated 
animals, compared with untreated animals, were not due to differences in plasma 
total or individual lipoprotein (VLDL, IDL, LDL, and HDL) cholesterol levels. 

Beneficial effects of hyperoxia (increased oxygen concentrations at normal pressure) on 
the progression (Okamoto, 1983) and regression of atherosclerosis have been noted in 
the past (Kjeldsen, 1969). ).  I believe that elevated EMOD levels, secondary to 
HBO, was the probable factor which oxidized microaggregates, such that 
they could be excreted by the liver and resulted in regression of 
atherosclerotic plaques. 

LDL oxidation must occur in the arterial wall rather than the circulation, as 
lipoprotein lipids in plasma are well protected from oxidation due to the robust 
antioxidant defenses.  LDL itself contains and in fact is the major transport 
vehicle for most of the plasma -TOH.  -Tocopherol strongly inhibits the 
degradation of LOOH to secondary lipid oxidation products such as 4-
hydroxynonenal.  Oxidized lipoproteins that may exist or form in plasma are diluted 
rapidly by either hepatic clearance (Van Berkel, 1991) or accumulation and 
subsequent degradation in the arterial wall.  The plasma concentrations of oxidized 
LDL, as assessed by immunologic techniques, and oxidized lipids, determined by 
analytical techniques, in healthy humans are extremely low (Stocker, 2000). 

Concentrations of antioxidants and oxidant markers do not correlate with the extent 
of atherosclerosis (Vita, 1998). 

Atherosclerotic lesions contain substantial amounts of oxidized lipid. Despite this 
however, homogenates of advanced human plaque also contain ascorbate, uric acid, 
and -TOH in quantities comparable to human plasma, sufficient to efficiently block 
LDL oxidation in vitro (Frei, 1988). 

Formation of high-uptake LDL via oxidative processes can occur in two ways, one 
mediated by radical oxidants and the other mediated largely by 2e-oxidation 
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reactions.  Only the pathway mediated by radicals shows a requirement for 
extensive lipid peroxidation, and the 2e-oxidant pathway is not impacted on by lipid-
soluble antioxidants such as -TOH.   The antioxidant function of -TOH is in 
inhibiting an initial step in the overall conversion of native to high uptake LDL.   In 
tocopherol-mediated peroxidation, -TOH does not act as a classic 
chain-breaking antioxidant and the fate of -TO· determines whether 
vitamin E in LDL exhibits pro- or antioxidant activity.  

As -TOH is highly reactive towards various oxidants, the mere presence of vitamin 
E in LDL renders the lipoprotein susceptible to oxidation. This property is referred to 
as the phase-transfer activity of -TOH. Thus, in tocopherol-mediated peroxidation, 
the greater the content of vitamin E in LDL, the more susceptible the lipoprotein 
will be to oxidation.    

The strength of the oxidizing conditions largely determines whether -TOH exerts a 
pro- or antioxidant function in LDL. Thus, under mild oxidant flux, -TOH may 
exert pro-oxidant activity (Bowry, 1993). 

Oxidants do not necessarily affect the expression of antioxidant enzymes (Strålin, 
1994). There is little evidence that strongly oxidizing conditions persist in 
vivo in atherosclerotic vessels.  In vivo LDL is surrounded by a myriad of other 

molecules, some of which will also react with the oxidants present, thereby essentially 
decreasing the frequency with which the lipoprotein particles themselves encounter 
radicals. Therefore, conditions of mild oxidants and low "fluxes" of radical oxidants 

appear more likely relevant in vivo. 

Normal arteries contain approximately one-third the concentration of 
ascorbate than normal human plasma (Suarna, 1995). An early study found 
the concentration of ascorbate in diseased human aorta to be comparable to that 
found in plasma and was validated recently by a study that showed elevated levels of 
ascorbate in advanced human atherosclerotic plaque compared with 
normal arteries (Suarna, 1995).  I believe that this demonstrates the conditions for 
an EMOD insufficiency state due to the presence of high levels of the antioxidant 
ascorbate.  Thus, plaque is allowed to form and not be oxidized and excreted.   

Only small amounts of vitamin C were present as dehydroascorbic acid 
(the 2-electron oxidation product of vitamin C) in atherosclerotic 
plaque. Together, the limited information available to date suggests that there is no 
gross alteration or deficiency in the arterial vessel wall content in 
ascorbate with atherosclerosis. Since the dehydroascorbate is the species 
responsible for the prooxidant activity of vitamin C, I believe that the presence of 
the ascorbate form helps produce deficiency levels of EMODs and increases the risk 
of atherosclerotic plaque formation. 
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Reactions involving H2O2 are not subject to inhibition by classic antioxidants such as 
vitamin E. 

The introduction of lipid-soluble antioxidants will limit lipid peroxidation but will 
have no effect on 2e-oxidants and thus no effect on protein modification by ONOO–, 
cell signaling by H2O2, or HOCl-mediated oxidation reactions.  

Conversely, species that scavenge H2O2 will have a profound effect on 
HOCl-mediated oxidation but may also wipe out H2O2-mediated 
signaling, 

A high vitamin C intake from supplements is associated with an increased risk of 
cardiovascular disease mortality in postmenopausal women with diabetes (Lee, 
2004). 

Paradoxically, in the presence of Fe3+ or Cu2+, ascorbate can promote 
the generation of the same reactive oxygen species (.OH, O2

.-, H2O2, and 
ferryl ion) it is known to destroy (Stadtman, 1991). 

There is no convincing evidence that taking supplements of vitamin C prevents any 
disease.  No one should take beta carotene supplements.  A balanced diet 
may be more beneficial and safer than taking vitamin supplements” (The Medical 
Letter.  1998).  Strong support for this position on antioxidant vitamins was recently 
published in the American Journal of Public Health (Hercberg, Am J Public Health 
1999).   

The U.S. Preventive Services Task Force (USPSTF) conducted a systematic review 
of the studies on vitamin C and found the evidence inconclusive because the studies 
were inadequate and conflicting and that there is insufficient evidence to recommend 
vitamin supplements for the prevention of cardiovascular disease (U.S. Preventive 
Services Task Force. Routine vitamin supplementation to prevent cancer and 
cardiovascular disease: recommendations and rationale. Rockville, Md.: Agency for 
Healthcare Research and Quality, 2003). 

Five studies included 102,735 patients taking various doses of vitamin C but 
showed no effect on cardiovascular disease mortality (Morris, 2003). 

Thickness of carotid artery walls is an indicator of progression of atherosclerosis. A 
preliminary study found that people who took 500 mg per day of vitamin C 
supplements for one year had a greater increase in wall thickness of the carotid 
arteries (vessels in the neck that supply blood to the brain) than those who did not 
take vitamin C (Dwyer, 2000). 

A study by Jacobs et al in the Nov. 2004 issue of American Journal of Clinical Nutrition, 
found that such supplements may actually promote the clogging of arteries.  They 

Page 299 of 302 

http://www.kroger.com/hn/Concern/Atherosclerosis.htm


evaluated cardiovascular disease in 1,923 post-menopausal women with diabetes, part 
of the Iowa Women’s Health Study, which collected data in 1986 about diets and 
vitamin C consumption in nearly 35,000 recruits.  The researchers found that women 
with diabetes consuming at least 300 milligrams of vitamin C per day faced 2.3 
times the risk of death from stroke and 2 times the risk of dying from coronary 
artery disease as did diabetic women who took in less of the vitamin C.   

The Institute of Medicine in the US reports there’s a total lack of evidence to show 
large doses of antioxidants protect us from disease.  In the case of vitamin C, doses of 
over 2000 milligrams can cause diarrhea, and mega doses may even accelerate cancer 
growth and harden the arteries.  The University of Pennsylvania found large doses of 
vitamin C triggered the release of DNA-damaging chemicals in the body, which may lead 
to cancer.   

With regard to lipid peroxidation, this link with oxidative stress was recently tested in the 
Framingham Study, the study that gave rise to the concept of atherosclerosis risk 
factors. This investigation found that lipid peroxidation was linked to some, but not 
all, risk factors for atherosclerosis (Keaney JF Jr, Larson MG, Vasan RS, Wilson PW, 
Lipinska I, Corey D, Massaro JM, Sutherland P, Vita JA, and Benjamin EJ. Obesity and 
systemic oxidative stress: clinical correlates of oxidative stress in the Framingham Study. 
Arterioscler Thromb Vasc Biol 23: 434–439, 2003). In fact, statistical modeling with 
established cardiovascular risk factors was only able to explain 15% of the 
observed evidence for lipid peroxidation. Thus, lipid peroxidation is only modestly 

linked to atherosclerosis risk factors. 

Compared with human plasma, healthy arteries contain significantly less urate. In 
contrast, the concentrations of urate in advanced human lesions are 
comparable to those in plasma and in some lesions approach if not exceed the 
limit of its solubility in aqueous solution (Suarna, 1995). Thus, like with ascorbate, 
currently available evidence suggests that urate levels in the vessel wall 
do not become decreased during atherosclerosis.  

Thus, 2 antioxidants, ascorbate and uric acid are present in 
atherosclerotic vessel walls and could help decrease EMOD levels.  It 
remains to be established whether uric acid provides antioxidant protection in vivo, and 
the role of uric acid in cardiovascular disease is still unclear, despite a long-standing 
association between hyperuricemia and atherosclerosis. I believe that this is 
contrary to the free radical theory and supports my Unified theory.   

Some (Rao, 1991) but not all studies  have reported a direct association 
between uric acid concentrations and atherosclerosis, hypertension, and 
cardiovascular mortality. 
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As atherosclerotic lesions develop, lipoproteins including LDL, with their full 
complement of antioxidants, transfer to the vessel wall from plasma.  Thus it is 
reasonable to assume that, as lesions develop, an increasing proportion of the 
lipid-soluble antioxidants detected is localized extracellularly within 
lipoproteins and lipid depositions derived from them.   Again, this is strong 
evidence that the atherosclerotic lesions have above normal levels of antioxidants 
within the plaques and this is the reason that there exists an EMOD insufficiency 
state, which allows the development of the plaque. 

Concordant (in agreement with) with the above data for ascorbate and urate, the 

levels of -TOH in homogenates of early, intermediate, and advanced human 
atherosclerotic lesions are comparable to plasma levels of the vitamin.   

Consistent with the notion that vitamin E remains essentially intact during 
atherosclerosis, available data from gas chromatography-mass spectrometry 
analysis suggest that only a fraction of the vitamin is oxidized (Terentis, 2002). 

Although H2O2 does not react with ·NO, it does produce arterial 
relaxation in an endothelium- and eNOS-dependent manner.  

There remains today no consensus that antioxidant supplementation of patients at 
risk for atherosclerosis has any effect on the disease process.  One must consider the 
possibility that oxidative events are not causally related to the process of 
atherosclerosis and clinical cardiovascular disease.  It is possible that oxidative 
events principally represent an injurious response to the process of atherosclerosis 
and are not causative. 

Atherosclerotic lesion formation can be dissociated from the occurrence 
of lipid peroxidation in the arterial wall, suggesting lipid peroxidation is 
not necessary for foam cell formation.   Lesion-prone areas are characterized 
by enhanced retention of apolipoprotein B-containing lipoproteins, and this process 
is the inciting event for atherosclerosis rather than LDL oxidation. I believe that a 
deficiency of EMODs creates the lesion prone sites and is part of an “EMOD 
insufficiency syndrome.”   

In human aortic lesions nonoxidized lipids accumulate before oxidized 
lipids as disease progresses (Upston, 2002). 

The introduction of lipid-soluble antioxidants will limit lipid 
peroxidation but will have no effect on 2e-oxidants and thus no effect on 
protein modification by ONOO–, cell signaling by H2O2, or HOCl-
mediated oxidation reactions.  Species that scavenge H2O2 will have a profound 
effect on HOCl-mediated oxidation but may also wipe out H2O2-mediated signaling. 
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The pathophysiological importance of LDL oxidation have been challenged by the 
overall poor performance of antioxidant strategies in limiting atherosclerosis and its 
cardiovascular events, the overall lack of clear disease stage dependency in the vessel 
wall contents of oxidized molecules and antioxidants, and by the reported 
dissociation of atherosclerosis and lipoprotein oxidation in the vessel wall of animals.  

In this study of patients with previous MI, intensive lowering of LDL-C did not result 
in a significant reduction in the primary outcome of major coronary events, but did 
reduce the risk of other composite secondary end points and nonfatal acute MI. There 
were no differences in cardiovascular or all-cause mortality. Patients with 
MI may benefit from intensive lowering of LDL-C without an increase in 
noncardiovascular mortality or other serious adverse reactions.  Thus, the lowering of 
LDL-C with statin drugs did not decrease cardiovascular disease or 
overall mortality (The IDEAL Study: A Randomized Controlled Trial.  Terje R. 
Pedersen et al. for the Incremental Decrease in End Points Through Aggressive Lipid 
Lowering (IDEAL) Study Group.  JAMA. 2005;294:2437-2445).  

Two new studies deal a double blow to the hyped hopes that cholesterol-lowering 
statin drugs could help prevent cancer as well as heart disease. 

 

 

Howes’ Hints for Happy Heart Health:  Eat less.  Exercise more.  Do all things 
in moderation.  Do not smoke.  Avoid obesity.  Avoid stress.  Eat fresh fruits and 
vegetables liberally.  Avoid synthetic antioxidant supplements and vitamins.  Try to 
increase your overall oxidative capacity.   
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	INDEX
	The USPSTF recommends against the use of beta-carotene supplements, either alone or in combination, for the prevention of cancer or cardiovascular disease. In 2 trials restricted to heavy smokers, beta-carotene supplementation was associated with higher incidence of lung cancer and higher all-cause mortality.
	1.0.2 The Short Version
	On a lighter note, the burning of carbon-based fuel is an oxidation reaction. In 1982, an excellent movie was released, Quest for Fire, directed by Jean-Jacques Annaud. This film depicted a prehistoric odyssey of early man, searching far and wide for fire, which was clearly important for survival. Today, we are continuing to look for little fires, in the form of oxidation reactions occurring in the vessel wall, with the ultimate goal of stamping them out. This quest is made difficult by the elusive nature of their sources and by the likelihood that several sources exist. Hopefully, we will be as successful as the protohumans in Quest for Fire, who eventually found their fire, learned to control it, and evolved to our present state (Quest for Fire. Seeking the Source of Pathogenic Oxygen Radicals in Atherosclerosis. David Schultz; David G. Harrison. Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:1412). I believe that these oxidative fires are essential for homeostasis, prooxidant protection and oxidative self healing. Oxidation is essential for aerobic life.
	1.1 CVD Background
	Vulnerable plaques are not the only culprit factors for the development of acute coronary syndromes, myocardial infarction, and sudden cardiac death. Vulnerable blood (prone to thrombosis) and vulnerable myocardium (prone to fatal arrhythmia) play an important role in the outcome. Therefore, the term "vulnerable patient" has been proposed to be more appropriate now for the identification of subjects with high likelihood of developing cardiac events in the near future. 
	Recently developed assays (eg, C-reactive protein), imaging techniques (eg, CT and MRI), noninvasive electrophysiological tests (for vulnerable myocardium), and emerging catheters (to localize and characterize vulnerable plaque) in combination with future genomic and proteomic techniques will guide us in the search for vulnerable patients. It may lead to the development, which might ultimately reduce the incidence of acute coronary syndromes and sudden cardiac death (From Vulnerable Plaque to Vulnerable Patient. A Call for New Definitions and Risk Assessment Strategies: Part II. Morteza Naghavi, et al. Circulation. 2003;108:1772 ).  I believe that the essential role of oxygen and EMODs has been essentially overlooked in the etiology, management and treatment of CVD.
	Some of the following material was excerpted, abstracted or modified from:  Vitamin E Supplements: Good in Theory, but Is the Theory Good? E. Robert Greenberg M.D. Ann Intern Med 2005; 142 (1): 75-76.

	Even in 2001, the thrust of the data was turning against the overly-hyped antioxidant supplements. (Antioxidant supplements to prevent heart disease:  Real hope or empty hype? Thuan L. Tran, MD Vol. 109 / No. 1 / Jan. 2001 / Postgraduate Medicine).
	Some of the following material was excerpted, abstracted or modified from:  Diet-heart hypothesis: will diversity bring reconciliation? Jose M Ordovas. American Journal of Clinical Nutrition, Vol. 82, No. 5, 919-920, November 2005.
	Defense of the LF-HCarb diet, because it conforms to current traditional dietary recommendations, by appealing to the authority of its prestigious medical and institutional sponsors or by ignoring an increasingly critical medical literature, is no longer tenable (The diet–heart hypothesis: a critique. Sylvan Lee Weinberg, MD, MACC. J Am Coll Cardiol, 2004; 43:731-733).
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	“A robust database shows that dietary supplements of vitamins E and C are safe for the general population. Because these nutrients supply antioxidant and other functions for homeostasis and protection against free radical damage, supplementation has been intensively studied. Because of perceived benefits, many persons consume quantities of vitamins E and C well above the recommended dietary allowances. As safety guidance, tolerable upper intake levels have been established by the Food and Nutrition Board, Institute of Medicine, at 1000 mg for vitamin E and 2000 mg for vitamin C in adults. Many clinical trials with these vitamins have involved subjects with various diseases, and no consistent pattern of adverse effects has occurred at any intake. Numerous studies of vitamin C supplementation have provided no pattern of evidence to support concerns about safety other than occasional gastrointestinal upset or mild diarrhea resulting from the osmotic effects of unabsorbed quantities of vitamin C. Evidence of bleeding effects and other potential adverse effects of high vitamin E intakes in humans is not convincing. Evidence of adverse effects of vitamin C that result from its effects on iron absorption and metabolism has not been confirmed in clinical trials. Thus, we conclude from clinical trial evidence that vitamin E supplements appear safe for most adults in amounts   1600 IU (1073 mg RRR-  -tocopherol or the molar equivalent of its esters) and that vitamin C supplements of   2000 mg/d are safe for most adults (Vitamins E and C are safe across a broad range of intakes. John N Hathcock, Angelo Azzi, Jeffrey Blumberg, Tammy Bray, Annette Dickinson, Balz Frei, Ishwarlal Jialal, Carol S Johnston, Frank J Kelly, Klaus Kraemer, Lester Packer, Sampath Parthasarathy, Helmut Sies and Maret G Traber. American Journal of Clinical Nutrition, Vol. 81, No. 4, 736-745, April 2005).”  Many of the bold names above appear over and over again with the same lame arguments and seemingly ignore the totality of data available today.  What can I say?
	Some of the following material was excerpted, abstracted or modified from:  Do antioxidant vitamins protect against atherosclerosis? The proof is still lacking. Eva Lonn. J Am Coll Cardiol, 2001; 38:1795-1798.
	Vitamins and hormones: excerpted from Atherogenesis—recent insights into basic mechanisms and their clinical impact. Volker Schächinger and Andreas M. Zeiher. Nephrol Dial Transplant (2002) 17: 2055-2064.
	Improvement of endothelium-dependent vasodilation might serve as an index to estimate the ability of a drug to reduce cardiovascular events. Nevertheless, improvement of endothelial dysfunction per se is insufficient to evaluate its therapeutic potential, since additional effects of a drug might override the beneficial effect associated with ameliorated endothelial dysfunction. Thus, despite having shown to improve endothelial dysfunction and progression of carotid artery wall thickening (CLAS and ARIC study), there is still no hard evidence that antioxidative vitamins such as vitamin E improve outcome (ATVB, CHAOS, GISSI, HOPE)  (Yusuf S, Dagenais G, Pogue J et al. Vitamin E supplementation and cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J Med2000; 342:154–160). 
	3.1.2 Paradoxical HDL Activity
	Although high-density lipoproteins (HDL) possess many features that contribute to the association between elevated HDL cholesterol and protection from atherosclerosis, these lipoproteins may be modified in certain individuals and/or circumstances to become proinflammatory. The ability of HDL to inhibit or paradoxically to enhance vascular inflammation, lipid oxidation, plaque growth, and thrombosis reflects changes in specific enzyme and protein components. The anti-inflammatory and proinflammatory functional properties of HDL can now be assessed using cell-based and cell-free assays. Acute or chronic systemic inflammation and the metabolic syndrome appear to render HDL proinflammatory. In contrast, statins and experimental agents such as apolipoprotein A-1 mimetics render HDL more anti-inflammatory. Functional characterization of HDL is a promising method for enhanced assessment of cardiovascular risk and effectiveness of risk reduction (High-Density Lipoprotein Function. Recent Advances. Benjamin J. Ansell et al. J Am Coll Cardiol, 2005; 46:1792-1798).
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	One sign of physiological ageing is that the microvascular blood flow deteriorates. I believe that this is directly related to decreased tissue and cellular levels of oxygen and consequently, lower EMOD levels.  
	Anti-aging hormone reduces reactive oxygen species
	The major reason heart disease seems to plague certain families is genetics.
	Children of parents with heart disease are more likely to develop it themselves. African Americans have more severe high blood pressure than Caucasians and a higher risk of heart disease. Heart disease risk is also higher among Mexican Americans, American Indians, native Hawaiians and some Asian Americans. This is partly due to higher rates of obesity and diabetes. Most people with a strong family history of heart disease have one or more other risk factors. Just as you can't control your age, sex and race, you can't control your family history.
	Some of the following material was excerpted, abstracted or modified from :  Genetic Basis of Atherosclerosis: Part I New Genes and Pathways. Aldons J. Lusis, PhD; Alan M. Fogelman, MD; Gregg C. Fonarow, MD. Circulation. 2004;110:1868-1873.  
	Reverse cholesterol transport (RCT) is a pathway by which accumulated cholesterol is transported from the vessel wall to the liver for excretion, thus preventing atherosclerosis. Major constituents of RCT include acceptors such as high-density lipoprotein (HDL) and apolipoprotein A-I (apoA-I), and enzymes such as lecithin:cholesterol acyltransferase (LCAT), phospholipid transfer protein (PLTP), hepatic lipase (HL) and cholesterol ester transfer protein (CETP). A critical part of RCT is cholesterol efflux, in which accumulated cholesterol is removed from macrophages in the subintima of the vessel wall by ATP-binding membrane cassette transporter A1 (ABCA1) or by other mechanisms, including passive diffusion, scavenger receptor B1 (SR-B1), caveolins and sterol 27-hydroxylase, and collected by HDL and apoA-I. Esterified cholesterol in the HDL is then delivered to the liver for excretion. 
	In patients with mutated ABCA1 genes, RCT and cholesterol efflux are impaired and atherosclerosis is increased. In studies with transgenic mice, disruption of ABCA1 genes can induce atherosclerosis. Levels of HDL are inversely correlated with incidences of cardiovascular disease. Supplementation with HDL or apoA-I can reverse atherosclerosis by accelerating RCT and cholesterol efflux. On the other hand, pro-inflammatory factors such as interferon-gamma (IFN-  ), endotoxin, tumor necrosis factor-alpha (TNF-  ) and interleukin-1 beta (IL-1ß), can be atherogenic by impairing RCT and cholesterol efflux, according to in vitro studies. RCT and cholesterol efflux play a major role in anti-atherogenesis, and modification of these processes may provide new therapeutic approaches to cardiovascular disease. 
	The metabolic syndrome predisposes to the development of cardiovascular diseases. Oxidative stress and elevated circulating oxidized low-density lipoprotein (LDL) concentrations are related to cardiovascular disease and proposed to be features of the metabolic syndrome. F2-isoprostanes are lipid peroxidation products and considered the most reliable biomarkers of oxidative stress.  Plasma oxidized LDL (oxLDL) and urinary 8-iso-prostaglandin F2   (8-iso-PGF2  ; the major F2-isoprostane) were analyzed in a cross-sectional study of 289 healthy men (62 to 64 years of age). Conclusions— There were no increases in plasma oxLDL or measures of oxidative stress (urinary 8-iso-PGF2  ) in these otherwise healthy 63-year-old men with the metabolic syndrome. Furthermore, no relationship between oxLDL and 8-iso-PGF2   was found, but their results suggest a role for dietary factors in oxidative stress.  Increases of oxLDL and measures of oxidative stress have been proposed to be related to the metabolic syndrome. However, in this study, oxLDL and measures of oxidative stress were not increased in otherwise healthy individuals with the metabolic syndrome. Furthermore, no relationships between oxLDL and measures of oxidative stress were found (Measures of Oxidized Low-Density Lipoprotein and Oxidative Stress Are Not Related and Not Elevated in Otherwise Healthy Men With the Metabolic Syndrome. Per Sjogren; Samar Basu; Magdalena Rosell; Angela Silveira; Ulf de Faire; Bengt Vessby; Anders Hamsten; Mai-Lis Hellenius; Rachel M. Fisher. Arteriosclerosis, Thrombosis, and Vascular Biology. 2005;25:2580). 
	Optimistic hearts do better than angry ones.  Even among people who are not clinically depressed, the more optimistic and cheerful have a lower rate of heart disease:
	Depression can wither a damaged heart. 
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	CONCLUSIONS: Available data do not support the supplementation of vitamin E in cardiovascular disease and cancer prevention (Vitamin E Supplementation in Cardiovascular Disease and Cancer Prevention: Part 1. David Q Pham, PharmD The Annals of Pharmacotherapy: Vol. 39, No. 11, pp. 1870-1878; Published Online, 27 September 2005).
	5.8.2 No Vitamin E in Parkinson’s, Alzheimer’s Diseases and Cataract
	David Q. Pham et al went on to study Vitamin E Supplementation in Alzheimer's Disease, Parkinson's Disease, Tardive Dyskinesia, and Cataract: Part 2, over the same time intervals.  They found that the clinical studies demonstrated contradicting results regarding the benefits of vitamin E in Parkinson's disease, tardive dyskinesia, and cataract. The study reviewed for Alzheimer's disease seemed to show benefit when vitamin E was used; however, the statistical methods employed are questionable. There is enough evidence from large, well-designed studies to discourage the use of vitamin E in Parkinson's disease, cataract, and Alzheimer's disease (Vitamin E Supplementation in Alzheimer's Disease, Parkinson's Disease, Tardive Dyskinesia, and Cataract: Part 2. David Q Pham, PharmD, and Roda Plakogiannis, PharmD Vitamin E Supplementation in Alzheimer's Disease, Parkinson's Disease, Tardive Dyskinesia, and Cataract: Part 2.David Q Pham, PharmD, and Roda Plakogiannis, PharmD The Annals of Pharmacotherapy: Vol. 39, No. 12, pp. 2065-2071; Published Online, 15 November 2005).
	Some of the following material was excerpted, abstracted or modified from:  Is vitamin C an antiinflammatory agent?  Ishwarlal Jialal and Uma Singh. American Journal of Clinical Nutrition, Vol. 83, No. 3, 525-526, March 2006.
	Total fruit and vegetable intake was inversely associated with risk of cardiovascular disease but not with overall cancer incidence, with relative risk for an increment of five servings daily of 0.88 (95% CI = 0.81 to 0.95) for cardiovascular disease and 1.00 (95% CI = 0.95 to 1.05) for cancer. Of the food groups analyzed, green leafy vegetable intake showed the strongest inverse association with major chronic disease and cardiovascular disease. For an increment of one serving per day of green leafy vegetables, relative risks were 0.95 (95% CI = 0.92 to 0.99) for major chronic disease and 0.89 (95% CI = 0.83 to 0.96) for cardiovascular disease. Conclusions: Increased fruit and vegetable consumption was associated with a modest although not statistically significant reduction in the development of major chronic disease. The benefits appeared to be primarily for cardiovascular disease and not for cancer (Fruit and Vegetable Intake and Risk of Major Chronic Disease. Hsin-Chia Hung, et al. Journal of the National Cancer Institute, Vol. 96, No. 21, 1577-1584, November 3, 2004).
	Mixed results have been obtained in the area of blood pressure and oxidative-stress reduction. The findings are limited because very few trials have addressed these issues. The negative results obtained in some clinical trials may also have resulted from usage of different garlic preparations, unknown active constituents and their bioavalability, inadequate randomization, selection of inappropriate subjects, and short duration of trials. This review analyzes in vitro and in vivo studies published since 1993 and concludes that although garlic appears to hold promise in reducing parameters associated with cardiovascular disease, more in-depth and appropriate studies are required (Garlic and Cardiovascular Disease: A Critical Review. Khalid Rahman and Gordon M. Lowe. American Society for Nutrition J. Nutr. 136:736S-740S, March 2006).
	In a 2003 statement the USPSTF recommended that people do not take beta-carotene supplements to lower their chances of developing CVD or cancer. The USPSTF recommends neither for nor against taking vitamins A, C, or E; multivitamins with folic acid; or combinations of these vitamins for the primary purpose of preventing CVD or cancer (Taking Vitamin Supplements To Prevent Cardiovascular Disease and Cancer: Recommendations from the U.S. Preventive Services Task Force. Annals of Internal Medicine. 1 July 2003, Volume 139, Issue 1, Page I-76). 
	The USPSTF recommends against the use of beta-carotene supplements, either alone or in combination, for the prevention of cancer or cardiovascular disease. In 2 trials restricted to heavy smokers, beta-carotene supplementation was associated with higher incidence of lung cancer and higher all-cause mortality.
	[Position Statement:  Evidence-Based Nutrition Principles and Recommendations for the Treatment and Prevention of Diabetes and Related Complications. American Diabetes Association. Diabetes Care 25:S50-S60, 2002].
	Coronary risk factors, such as hypercholesterolaemia and hypertension, are believed to be primary causes of atherosclerosis, at least partly due to their adverse impact on vascular biology. Impaired vascular biological states, such as endothelial dysfunction and inflammation, however may be independently atherogenic. 
	Three examples that suggest that vascular indexes need to be considered independent of risk factors are anti-inflammatory effects of statins, hormone replacement therapy (HRT), and post-prandial endothelial dysfunction and inflammation. The REVERSAL and PROVE IT-TIMI 22 trials demonstrated that changes in LDL cholesterol and C-reactive protein independently correlated with coronary atherosclerosis progression and coronary heart events. On-treatment C-reactive protein was as predictive of subsequent coronary events as was LDL cholesterol (Eating, vascular biology, and atherosclerosis: a lot to chew on. Robert A. Vogel. Eur. Heart J., January 1, 2006; 27(1): 13 - 14).
	Some of the following material was excerpted, abstracted or modified from:  Red Wine and Your Heart. Paul E. Szmitko, BSc; Subodh Verma, MD, PhD. Circulation. 2005;111:e10-e11.
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	Investigators tested whether reactive oxygen species (ROS) generated from treatment with xanthine (XA) and xanthine oxidase (XO) alter vascular tone of human coronary arterioles (HCA). These data indicate that the exogenously generated superoxide anion (  ) by XA/XO is spontaneously converted to H2O2, which dilates HCA through vascular smooth muscle hyperpolarization.   is also converted to H2O2 likely by superoxide dismutase within vascular cells and dilates HCA through a different pathway involving the activation of guanylate cyclase. These findings suggest that exogenously and endogenously produced H2O2 may elicit vasodilation by different mechanisms (Mechanism of dilation to reactive oxygen species in human coronary arterioles . A. Sato, I. Sakuma, and D. D. Gutterman. Am J Physiol Heart Circ Physiol 285: H2345-H2354, 2003).
	Inflammation is thought to be a major contributor to carotid artery disease. Lipopolysaccharide (LPS) activates inflammatory mechanisms thought to contribute to endothelial dysfunction by mechanisms that are not well defined.  Results indicate that LPS increases superoxide and impairs endothelium-dependent relaxation. Overexpression of the CuZn isoform of SOD effectively prevents LPS-induced oxidative stress and endothelial dysfunction in the carotid artery. I believe that this is due to increased H2O2 levels (Overexpression of CuZn-SOD Prevents Lipopolysaccharide-Induced Endothelial Dysfunction. Sean P. Didion, PhD; Dale A. Kinzenbaw, BS; Pamela E. Fegan, BS; Lisa A. Didion, BS Frank M. Faraci. Stroke. 2004;35:1963).
	Other Theories Proposed  to Explain the CHD Epidemic

	Although these data are consistent with reduced cardiovascular disease risk imparted by adiponectin, the higher circulating levels of adiponectin present with oxidative stress and CAC (adjusting for waist and insulin resistance) may indicate an enhanced adiponectin secretory response of adipose tissue to the metabolic environment present in the early development of macrovascular disease. I believe the elevated levels of adiponectin may demonstrate the association of increased oxidative capacity with reduced CVD (Adiponectin, Visceral Fat, Oxidative Stress, and Early Macrovascular Disease: The Coronary Artery Risk Development in Young Adults Study. Michael W. Steffes et al. Obesity Research 14:319-326 (2006).
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