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Introduction 

Advances in medical knowledge proceed on several fronts, optimally 
simultaneously, based on contributions of different types of evidence. Basic 
researchers describe biological mechanisms and answer the crucial question 
of why an agent or intervention reduces premature death. Clinicians, through 
their daily practice, are providing enormous benefits to their patients by their 
applications of advances in diagnosis and treatment. They also formulate 
hypotheses based on their clinical experiences, specifically their case reports 
and case series. Clinical investigators test the relevance of basic research 
findings to affected patients and healthy individuals. Epidemiologists and 
statisticians, optimally collaborating with researchers in other disciplines, 
formulate hypotheses from descriptive studies and test them in analytic 
studies, both case-control and cohort as well as, where necessary, 
randomized trials. This strategy addresses the equally crucial and 
complementary question of whether an agent or intervention reduces 
premature death. Thus, each discipline and indeed every strategy within a 
discipline provide importantly relevant and complementary information to a 
totality of evidence on which rational clinical decisions for individuals, and 
policy decisions for the health of the general public, can be safely based^^\ 

For many exposure-disease hypotheses, randomized trials are neither 
necessary nor desirable. When the postulated effect sizes are small to 
moderate (i.e. 10-50%), however, as is the case with antioxidant vitamins 
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and cardiovascular disease (CVD), the amount of uncontrolled and 
uncontrollable confounding inherent in all observational epidemiological 
study designs may be as big as the effect size. Randomized trials of 
sufficient size will tend to evenly distribute all known and unknown 
confounders between the treatment groups. Thus, for small to moderate 
effects, randomized trials represent the most reliable design strategy^^l 

Basic research provides plausible biologic mechanisms to explain why 
antioxidant vitamins reduce risk of CVD events, and some but not all, 
observational epidemiologic studies indicate that individuals who self-select 
for antioxidant vitamins have decreased risks of CVD. Several large-scale 
randomized trials of sufficient size, dose, and duration, as well as their meta
analyses, demonstrate no significant benefit of antioxidant vitamins in the 
treatment or prevention of CVD. 

In this chapter, we review the available data from prospective cohort 
studies as well as randomized trials and their meta-analyses. Specifically, we 
review the observational epidemiologic studies of both dietary-based and 
supplement-based antioxidant vitamins in the treatment and prevention of 
CVD. Then we review the blood-based observational epidemiologic studies. 
Finally, we review completed and ongoing randomized trials, and their meta
analyses, according to type of trial (secondary prevention or primary 
prevention), and by type of antioxidant intervention (single agent/vitamin or 
combined agent/multivitamin). 

Observational epidemiologic studies 

Prospective cohort studies 
In a large prospective cohort study of 87,245 healthy female nurses 

followed for an average of eight years, a total of 552 new cases of major 
coronary disease (437 non-fatal myocardial infarctions (Mis) and 115 deaths 
due to cardiac causes) were documented^^\ Women in the highest quintile of 
vitamin E intake, including both dietary and supplement sources, had a 34% 
reduced risk of coronary heart disease (CHD) (relative risk [RR], 0.66, 95% 
confidence interval [95% CI], 0.50-0.87) compared to those in the lowest 
quintile of intake, after adjustment for age and smoking. The findings 
persisted after adjustment for a large number of potential confounders. When 
women taking vitamin E from supplements were excluded, there was no 
longer a significant result, suggesting that only women who consumed 
vitamin E as supplements experienced a CVD benefit. Vitamin C or 
multivitamins had no independent beneficial effect on major coronary 
events. 

Another large prospective cohort study, the Health Professionals Follow-
Up Study (HPFS), was composed of 39,910 U.S. male health professionals 
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free of CHD, diabetes, and hypercholesterolemia^'^l A total of 667 cases of 
CHD (360 coronary surgical procedures, 201 nonfatal Mis, and 106 death 
due to cardiac causes) were documented during four years of follow-up. Men 
in the highest quintile of vitamin E intake, including both dietary and 
supplement sources, had a 40% lower risk of CHD (RR, 0.60; 95% CI, 0.44-
0.81) compared to those in the lowest quintile after controlling for other risk 
factors and the intake of other antioxidants. Further analysis indicated only 
men who consumed vitamin E from supplements had a significant CVD 
benefit. A significant benefit was also observed among men with high intake 
of carotene (comparing the highest and lowest quintiles; RR, 0.71; 95% CI, 
0.53-0.86), but not for those taking vitamin C, after adjustment for 
confounding factors as well as the use of other antioxidants. 

In a prospective cohort study of 34,486 postmenopausal women, 242 
CHD deaths were documented during seven years of foliow-up^^^ Women 
who consumed high amounts of vitamin E had significantly lower risk of 
coronary death. The apparently beneficial effects of vitamin E were not 
observed among women who took supplements. Women in the highest 
quintile of vitamin E intake from diet had a multivariate RR of death from 
CHD of 0.38 (95% CI, 0.18-0.80) when compared to those in the lowest 
quintile. Additionally, women consuming high amounts of vitamins A or C 
had lower a risk of coronary death. 

In another large prospective cohort study of 83,639 male U.S. physicians 
with no history of CVD or cancer, data for vitamin E, ascorbic acid, and 
multivitamin supplements were collected via self-administered 
questionnaires. During a mean follow-up period of 5.5 years, 1,037 CVD 
deaths occurred, including 608 CHD deaths. This study showed no 
significant association among physicians using antioxidant vitamin 
supplements and risk of total CVD mortality or CHD mortality either 
crudely or after controlling for confounding risk factors. Relative risks for 
vitamin E were 0.92 for total CVD mortality (95% CI, 0.70-1.21, p=.52) and 
0.88 for CHD mortality (95% CI, 0.61-1.27, p=.47); for vitamin C, relative 
risks were 0.88 for total CVD mortality (95% CI, 0.70-1.12, p=.29) and 0.86 
for CHD mortality (95% CI, 0.63-1.18, p=.34); and for multivitamins, 
relative risks were 1.07 for total CVD mortality (95% CI, 0.91-1.25, p=.46) 
and 1.02 for CHD mortality (95% CI, 0.83-1.25, p=.88)^'\ 

Blood-based studies 
Serum antioxidant levels in 2,974 middle-aged men in the Basel 

Prospective Study were measured at baseline^^\ During 12 years of follow-
up, there were 163 cardiovascular deaths, including 132 due to ischemic 
heart disease. Men in the lowest quartile of serum carotene concentrations 
had a 53% higher risk of death from ischemic heart disease (RR, 1.53; 95% 
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CI, 1.07-2.20) compared to those in the other quartiles after adjustment for 
age, smoking, total plasma cholesterol, and blood pressure. For vitamin C, 
men in the lowest quartile had a statistically nonsignificant 25% increased 
risk for ischemic heart disease mortality. There was no association between 
vitamin E concentrations and ischemic heart disease mortality, although the 
baseline vitamin E levels in this population were unusually high with 
relatively little variation. 

Baseline serum cartenoid levels were assessed in 1,899 hyperlipidemic 
men aged 40 to 59 who were assigned to the placebo arm of the Lipid 
Research Clinics Coronary Primary Prevention Trial^^\ A total of 282 CHD 
events (non-fatal Mis and CHD deaths) were documented during 13 years of 
follow-up. Men in the highest quartile of serum beta-carotene had a 36% 
lower risk of a CHD event (RR, 0.64; 95% CI, 0.44-0.92) as compared to 
those in the lowest quartile after adjustment for a number of CHD risk 
factors. This association appeared to be stronger among men who never 
smoked. 

In a prospective nested case-control study, serum antioxidant levels for 
123 cases of first MI, identified from a population of approximately 25,000 
residents of Washington County, Maryland, were compared to levels for a 
combined group of 123 hospital-based and 123 community-based controls 
matched to the cases on sex and age (within two years) at diagnosis of MÎ \̂ 
Blood specimens were collected 7 to 14 years before the onset of MI. 
Overall, persons in the highest quintile of beta-carotene concentration had a 
55% reduced risk of MI (RR, 0.45; 95% CI, 0.22-0.90) compared to those in 
the lowest quintile. Further analysis showed that the apparent protective 
effect was restricted to current smokers. Alpha-tocopherol levels appeared to 
be associated with the risk of MI, only among post-hoc subgroups with 
elevated cholesterol. 

Completed randomized trials 

Since the postulated benefits of antioxidants in the treatment and 
prevention of CVD are small to moderate in size (i.e., 10-50%), those with 
greater intake of antioxidant vitamins may share other dietary or nondietary 
lifestyle practices that account for some or all of any observed 
associations^^^\ Thus, randomized trials of sufficient size and duration of 
treatment and follow-up are necessary. As shown below, recent results of 
several large-scale randomized trials of antioxidants in the treatment and 
prevention of CVD have not supported the previously described promising 
but unproven results from epidemiologic studies. Of the 13 completed 
randomized trials reviewed below, one was conducted in a poorly nourished 
population in China, while the other 12 were conducted among well-
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nourished populations in Canada, France, Finland, Israel, Italy, the United 
Kingdom, and the United States. Six trials focused on secondary prevention 
of CVD, of which three examined the benefits of single agents/vitamins and 
three examined combined agents/multivitamins. Seven trials evaluated 
antioxidant vitamins in primary prevention, of which five examined the 
effectiveness of single agents/vitamins and two examined combined 
agents/multi vitamins. {Table 1). 

Completed secondary prevention (treatment) trials of single 
agents/vitamins for CVD 

Cambridge Heart Antioxidant Study (CHAOS) 
The Cambridge Heart Antioxidant Study (CHAOS) was a randomized 

double-blind, placebo-controlled, trial of 2,002 patients with 
angiographically proven coronary atherosclerosis^^ ̂ \ After median treatment 
and follow-up of 1.4 years, patients assigned to vitamin E (800 lU daily for 
546 patients and 400 lU daily for 489 patients) had a 47% reduced risk of a 
combined endpoint of cardiovascular death and nonfatal MI (RR, 0.53; 95% 
CI, 0.34-0.83) compared to those assigned to placebo. This reduced risk was 
due to a significant benefit of vitamin E on nonfatal MI (RR, 0.23; 95% CI, 
0.11-0.47). For cardiovascular death, those assigned to vitamin E had a 
possible but nonsignificant 18% increased risk associated with vitamin E 
(RR, 1.18; 95% CI, 0.62-2.27). 

Gruppo Italiano Per lo Studio della Sopravvivenza neWInfarto (GISSI) 
Prevention study 

The Gruppo Italiano Per lo Studio della Sopravvivenza nell'Infarto 
(GISSI) prevention trial was a randomized, 2x2 factorial trial using an open 
design that investigated the effects of vitamin E and an n-3 polyunsaturated 
fatty acid (n-3 PUFA) in 11,324 patients surviving a recent MI (< 3 months). 
Patients received vitamin E (300 mg daily), n-3 PUFA (1 g daily), both 
supplements, or neither. Results of four-way analyses indicated no 
significant benefit of vitamin E on subsequent cardiovascular outcomes^^^\ 

Secondary Prevention with Antioxidants of Cardiovascular Disease in 
Endstage Renal Disease (SPACE) 

Secondary Prevention with Antioxidants of Cardiovascular Disease in 
Endstage Renal Disease (SPACE) randomized 196 haemodialysis patients 
with preexisting CVD to receive 800 lU/day vitamin E or matching placebo. 
Vitamin E supplementation was found to significantly reduce the number of 
composite CVD endpoints as well as acute MI. 
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Specifically, a 54% (p=0.014) reduction in primary endpoint risk (a 
composite of fatal and nonfatal MI, ischaemic stroke, peripheral vascular disease 
[with the exception of arteriovenous fistula], and unstable angina) was 
associated with intake of vitamin E. Seventy percent (p=0.016) fewer Mis 
occurred during follow up in the vitamin E treatment group as compared to 
placebo. 

If all sudden deaths were added to fatal MI, those assigned to vitamin E had a 
55% lower risk of marginal significance because the 95%) confidence intervals 
were wide due to the small number of endpoints. (RR, 0.45; 95%) CI, 0.2-0.99, 
p=0.04)^^^\ Vitamin E did not seem to protect against the secondary outcome, 
CVD mortality. 

Completed secondary prevention (treatment) trials of combined 
agents/multivitamins for CVD 

Heart Protection Study (HPS) 
The Heart Protection Study (HPS) tested a daily antioxidant vitamin mixture 

including vitamin E (600mg), beta-carotene (20mg), and vitamin C (250mg) in a 
randomized, 2x2 factorial design with a cholesterol-lowering medication (40 mg 
simvastatin daily). The study population in the United Kingdom included 20,536 
adults (15,454 men; 5,082 women) with CHD, other occlusive arterial disease, 
or diabetes during a five year treatment period. Results showed that the 
antioxidant mixture was safe, but added no significant cardiovascular benefits. 
With respect to mortality, there was a possible small but non-significant 
association between intake of study vitamins and all-cause mortality (RR, 1.04; 
95%) CI 0.97-1.12). There were slight, but non-significant, adverse trends in 
mortality due to CHD (RR, 1.06; 95%CI 0.95-1.18), other vascular causes (RR, 
1.02; 95% CI 0.84-1.24), and non-vascular causes (RR, 1.04; 95% CI 0.92-1.17) 
among those taking vitamins. With respect to major vascular events (defined as 
major coronary events, strokes of any type, and coronary or non-coronary 
revascularizations), study vitamins did not reduce the risk of major vascular 
events when compared to placebo (RR, 1.0; 95% CI 0.94-1.06). No significant 
differences were found between treatment groups for non-fatal MI or coronary 
death (RR, 1.02; 95%) CI 0.93-1.11), coronary or non-coronary revascularization 
(RR, 0.98; 95% CI 0.9-1.06), non-fatal or fatal stroke, (RR, 0.99; 95% CI 0.87-
1.12), or strokes of any type of severity^ '̂*^ 
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HDL'Atherosclerosis Treatment Study (HATS) 
The HDL-Atherosclerosis Treatment Study (HATS) was a randomized 2x2 

factorial trial including 160 patients assigned to one of four treatments: (1) 
simvastatin plus niacin with antioxidant vitamin placebo, (2) simvastatin-niacin 
plus antioxidant vitamins (vitamins C and E, beta-carotene, and selenium), (3) 
antioxidant vitamins (vitamins C and E, beta-carotene, and selenium) and 
placebos for simvastatin and niacin, or (4) all placebos. No significant benefits 
of antioxidant treatment were found, despite increased presence of vitamins in 
participants' plasma. In fact, combining antioxidants with simvastatin and niacin 
tended to reduce the proven benefits achieved with the simvastatin-niacin 
combination alone. Specifically, the adverse interaction between antioxidants 
and the simvastatin-niacin combination was significant (p=0.02) with respect to 
angiographic end points, but not significant (p=0.13) with respect to the clinical 
end points (death from coronary causes, confirmed MI or stroke, or 
revascularization for worsening ischemic symptoms). Antioxidants had no effect 
on stenoses of 0 to 29% of the luminal diameter, and with the exception of a 
15% reduction in HDL2 for those who received only antioxidants (p=0.05 when 
compared to placebo treatment group), lipid levels overall were not affected by 
intake of antioxidants^^^\ 

A plasma substudy was conducted using samples from 123 HATS patients, 
with clinical CHD and with three or more stenoses of at least 30% of the luminal 
diameter or one stenosis of at least 50%, collected at two points in time: on 
treatment (at 24 months) and off treatment (at 38 months). With respect to the 
group that received only antioxidant vitamins, lipid and lipoprotein levels, as 
well as markers of cholesterol synthesis and absorption, remained unchanged 
between on and off treatment^^^\ Specifically, none of the measured plasma 
parameters changed significantly, but there was a nonsignificant trend for 
antioxidants to increase levels of cholesterol synthesis markers including 
concentrations of very-low-density-lipoprotein cholesterol (VLDL-C), remnant
like particle cholesterol (RLP-C), and plasma triglycerides (TG)^^ \̂ The 
combination of simvastatin-niacin plus antioxidant vitamins reduced 
desmosterol and lathosterol, and elevated campesterol and beta-sisterol levels, 
but the changes were not significant. As mentioned previously, for reasons that 
are not entirely clear, antioxidants appeared to mitigate the efficacy of statin 
treatment on regression of coronary disease. Among-treatment group analyses 
showed no significant differences between the placebo and antioxidant groups 
with respect to percent change in cholesterol synthesis and absorption 
markers^^^l 
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Women's Angiographic Vitamin and Estrogen (WA VE) trial 
The Women's Angiographic Vitamin and Estrogen (WAVE) trial was a 2x2 

factorial trial that randomized 423 postmenopausal women, with at least one 
15% to 75% coronary stenosis at baseline coronary angiography, to receive 
either 0.625 mg/d of conjugated equine estrogen (plus 2.5 mg/d of 
medroxyprogesterone acetate for women who had not had a hysterectomy), or 
matching placebo, and 400 lU of vitamin E daily plus 500 mg of vitamin C 
twice daily, or placebo. Mean duration of follow-up was 2.8 years. Neither 
hormone replacement therapy (HRT) nor vitamin supplementation were found to 
reduce coronary progression, and in fact, there was the suggestion of harm 
associated with both treatments. The composite end point of death and nonfatal 
MI was more prevalent in women receiving HRT treatment as compared to 
women receiving HRT placebo, but the association did not reach statistical 
significance. With respect to the vitamin supplementation arm, all-cause 
mortality was significantly higher in women assigned to active treatment versus 
placebo (HR, 2.8; 95% CI, 1.1-7.2, p=0.47). A nonsignificant trend towards 
increased risk for cardiovascular death also was found for those taking vitamins 
versus placebo (p=.17)^^^\ 

Completed primary prevention trials of single agents/vitamins for CVD 

Finnish Alpha-Tocopherol, Beta-Carotene (ATBC) cancer prevention trial 
The Finnish Alpha-tocopherol, Beta-carotene (ATBC) Cancer Prevention 

Trial (ATBC) was the first large-scale randomized trial to test antioxidant 
vitamins in a well-nourished population^^^l A total of 29,133 Finish male 
smokers, 50 to 69 years of age, were randomly assigned to alpha-tocopherol (50 
mg daily) and/or beta-carotene (20 mg daily), both treatments, or placebos. 
Treatment and follow-up continued for more than six years, during which time 
there were 1,239 deaths due to ischemic heart disease and 233 fatal strokes (100 
hemorrhagic strokes and 123 ischemic strokes). There was no apparent CVD 
benefit from either alpha tocopherol or beta-carotene, and in fact, alpha 
tocopherol and beta-carotene were shown to increase the risk of fatal CHD^^ \̂ 
Specifically, persons assigned to beta-carotene had a significant 12% increase in 
ischemic heart disease mortality (RR, 1.12; 95% CI, 1.00-1.25), while those 
assigned to alpha tocopherol experienced a significant 50% increase in mortality 
from cerebral hemorrhage (RR, 1.50; 95% CI, 1.02-2.20)̂ ^ \̂ Additionally, all 
persons assigned to either antioxidant vitamin regimen, or both, were more at 
risk of fatal MI, with greatest risk among those taking beta-carotene (RR, 3.44; 
95% CI 1.70-6.94)^^ \̂ In regard to other end points, assignment to beta-carotene 
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was associated with statistically significant increases of 18% in lung cancer and 
8% in total mortality [ATBC Study Group, 1994]. These findings for CVD and 
cancer were unexpected and had not been specified in advance. 

An ATBC substudy examined the effectiveness of antioxidant 
supplementation on the prevention of angina pectoris. Similar to the findings 
regarding trial end points, neither alpha tocopherol nor beta-carotene had 
preventive effects on angina, although a trend towards decreased incidence was 
seen for those taking alpha tocopherol as compared to placebo (95% CI, 0.85-
1.10, p=0.63). Those taking beta-carotene had a borderline significant 13% 
increase in incidence of angina (RR, 1.13; 95% CI, 1.0-2.7, ^=0.06f^\ 

Heart Outcomes Prevention Evaluation study (HOPE) 
The Heart Outcomes Prevention Evaluation Study (HOPE) was a large, 

simple randomized trial that used a 2x2 factorial design to test an angiotensin-
converting enzyme inhibitor (ramipril) and vitamin E (400 lU daily from natural 
sources) in the prevention of MI, stroke, or cardiovascular death^^ \̂ The study 
population included 2,545 women and 6,996 men aged 55 years and older who 
were at high risk for cardiovascular events such as MI and stroke. Results 
showed that taking vitamin E for an average of 4.5 years had no effect on 
cardiovascular outcomes. Specifically, there were no differences between the 
vitamin E and placebo groups with respect to the primary cardiovascular 
outcomes including deaths from CVD (RR, 1.05; 95% CI 0.90-1.22), MI (RR, 
1.02; 95% CI 0.90-1.15), or stroke (RR, 1.17; 95% CI 0.95-1.42). Neither were 
there differences between groups for the secondary cardiovascular and combined 
outcomes including number of hospitalizations for unstable angina (RR, 1.04; 
95% CI 0.93-1.17), hospitalizations for heart failure (RR, 1.12; 95% CI 0.90-
1.41), revascularizations or limb amputations (RR, 1.09; 95% CI 0.99-1.20), 
number of patients with angina of new onset (RR, 1.15; 95% CI 0.97-1.37), or 
microvascular compUcations of diabetes (RR, 1.06; 95% CI 0.91-1.23)^^^1 

Physicians' Health Study I (PHS I) 
In the Physicians' Health Study I (PHS I), 22,071 male U.S. physicians, aged 

42-84 years, were randomized in a 2x2 factorial design to receive beta-carotene 
(50 mg on alternate days), aspirin (325 mg on alternate days), or placebo^ '̂̂ l At 
baseline in 1982, 11% of the men were current smokers and 39% were past 
smokers. During more than 12 years of treatment and follow-up, there were 957 
Mis, 749 strokes, and 651 deaths from cardiovascular causes. There was no 
significant evidence of benefit or harm of beta-carotene on total MI (RR, 0.96; 
95% CI, 0.84-1.09), total stroke (RR, 0.96; 95% CI, 0.83-1.11), cardiovascular 
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death (RR, 1.09; 95% CI, 0.93-1.27), or the combined end point of nonfatal MI, 
nonfatal stroke, and total cardiovascular death (RR, 1.00; 95% CI, 0.91-1.08). 
Subgroup analysis of current smokers also indicated no significant evidence of 
benefit or harm, but the confidence limits were wide. In a preliminary subgroup 
analysis using five-year data at the time the aspirin component of the PHS I was 
terminated early, beta-carotene supplementation among 333 men with prior 
angina or revascularization procedures decreased the risk of subsequent 
important vascular events by 54%^^ \̂ 

Primary Prevention Project (PPP) 
In the Primary Prevention Project (PPP), 4,495 people were randomized in an 

open 2x2 factorial trial to test low-dose aspirin (lOOmg/day) and vitamin E (300 
mg/day) for the prevention of cardiovascular events. Although this trial was 
stopped early due to findings from other trials regarding the efficacy of aspirin 
therapy, mean follow-up was three to six years. With respect to the effectiveness 
of vitamin E for the prevention of cardiovascular events, the results showed no 
effect on any prespecified end point, including the main combined end point of 
cardiovascular death, non-fatal MI, and non-fatal stroke [RR, 1.07; 95% CI 0.74-
1.56], except for the end point of peripheral artery disease [RR, 0.54; 95% CI 
0.30-0.99], for those taking vitamin Ê ^̂ l 

Vitamin E Atherosclerosis Prevention Study (VEAPS) 
The Vitamin E Atherosclerosis Prevention Study (VEAPS) randomized 353 

patients with LDL > 3.37 mmol/L and no clinical signs or symptoms of CVD to 
DL alpha tocopherol 400 lU per day or placebo. Although alpha tocopherol 
treatment significantly increased plasma vitamin E levels (p<0.0001), reduced 
circulating oxidized LDL (p=0.03), and reduced LDL oxidative susceptibility 
(p<0.01), the rate of change in the intima-media thickness (IMT) of the common 
carotid artery far-wall, the primary trial end point, was not reduced over a three 
year period as compared to placebo treatment^^^\ 

Completed primary prevention trials of combined agents/multivitamins for 
CVD 

Beta-Carotene and Retinol Efficacy Trial (CARET) 
The Beta-Carotene and Retinol Efficacy Trial (CARET) evaluated combined 

treatment with beta-carotene (30 mg daily) and retinyl palmitate (25,000 lU 
daily) among 18,314 men and women, aged 40 to 74 years, at high risk of lung 
cancer due to cigarette smoking and/or occupational exposure to asbestos. The 
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trial was terminated early, after an average duration of treatment of four years, 
primarily because interim analyses suggested that no evidence of benefit could 
be demonstrated with longer treatment, but also because of concern that the 
interim findings regarding cancer end points and combined treatment with beta-
carotene and retinyl palmitate appeared to be compatible with the ATBC results 
for beta-carotene alone. Specifically, for lung cancer, the primary trial end point, 
there was a statistically significant 28% increase (p=0.02) among the combined 
treatment group. Regarding CVD, the combined treatment group had a 
nonsignificant 26% increased risk (p=0.06) of cardiovascular mortality at the 
time of the study's early termination. Of note, neither end point reached the 
prespecified stopping boundary for early termination (P<0.007), and the finding 
for cardiovascular mortality did not even reach the level of conventional 
statistical significance (p<0.05)^^^\ 

Chinese Cancer Prevention Trial 
The Chinese Cancer Prevention Trial evaluated antioxidant vitamin and other 

micronutrient supplements among 29,584 poorly nourished residents of Linxian, 
China. Various combinations of nine different agents (retinol, zinc, riboflavin, 
niacin, vitamin C, molybdenum, beta-carotene, vitamin E, and selenium) were 
tested. After nearly six years of treatment and follow-up, a total of 2,127 deaths 
were documented, including 523 (25%)) due to cerebrovascular disease (CHD is 
rare in this population and could not be evaluated). Persons assigned to 
combined daily treatment of beta-carotene (15mg), vitamin E (30mg), and 
selenium (50 mg) had a nonsignificant 10% decrease in cerebrovascular 
mortality compared with those assigned to placebo (RR, 0.90; 95%) CI, 0.76-
1.07)̂ ^̂ \ It is doubtful whether these findings are generalizable to well-nourished 
populations, and because three agents were tested in combination, the specific 
benefit of beta-carotene, vitamin E, or selenium cannot be determined. 

Ongoing Randomized Trials of Antioxidants for CVD 

Currently, four trials of antioxidants for CVD are in process. One trial 
focuses on secondary prevention of both single agents/vitamins and combined 
agents/multivitamins. Three trials are evaluating antioxidants in primary 
prevention, of which one focuses on a single agent/vitamin, a second focuses on 
combined agents/multivitamins, and a third on both single agents/vitamins and 
combined agents/multivitamins {Table 2). 
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Ongoing secondary prevention (treatment) trials of single agents/vitamins and 
combined agents/multivitamins for CVD in factorial designs 

Women ̂ s Antioxidant Cardiovascular Disease Study (WACS) 
The Women's Antioxidant Cardiovascular Disease Study (WACS) is a 

randomized, double-blind, placebo-controlled secondary prevention trial using a 
2x2x2x2 factorial design to test beta-carotene (50 mg on alternate days), vitamin 
E (600 lU on alternate days), vitamin C (500 mg daily), and a combination of 
folate (2.5 mg daily), vitamin 65 (50 mg daily), and vitamin B^ (1 mg daily)^^^\ 
The study population includes 8,171 female health professionals, aged 40 years 
or older, who are at high risk for cardiovascular disease because of a prior event 
or because they have three or more risk factors. 

Ongoing primary prevention trials of single agents/vitamins for CVD 

Women's Health Study (WHS) 
The Women's Health Study (WHS) is a randomized, double-blind, placebo-

controlled trial utilizing a 2x2 factorial design to test vitamin E (600 lU on 
alternate days) and low-dose aspirin (100 mg on alternate days) in the prevention 
of CVD and cancer̂ ^ '̂̂ \̂ The study population is 39,876 apparently healthy U.S. 
female health professionals, aged 45 years and older. 

Ongoing primary prevention trials of combined agents/multivitamins for CVD 
in factorial designs 

supplementation en Vltamines etMinerauxAntiXydants (SU.VLM.AX) study 
The supplementation en Vltamines et Mineraux AntiXydants 

(SU.VLM.AX) Study is a randomized, double-blind, placebo-controlled, 
primary prevention trial that is testing the efficacy of daily supplementation at 
nutritional doses with antioxidant vitamins (vitamin C, 120 mg; vitamin E, 30 
mg; and beta-carotene, 6 mg) and minerals (selenium, 100 mg; and zinc, 20 mg) 
in reducing risk of CVD and cance/^^\ The study began in 1994 and is 
comprised of 12,735 French men (aged 45-60) and women (aged 35-60). 
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Ongoing primary prevention trials of single agents/vitamins and combined 
agents/multivitamins for CVD in factorial designs 

Physicians' Health Study H (PHS H) 
PHS II is a randomized, double-blind, placebo-controlled trial of beta-

carotene (50 mg on alternate days), vitamin E (400 lU on alternate days), 
vitamin C (500 mg daily), and a multivitamin (Centrum Silver daily) in the 
prevention of total and prostate cancer, CVD, and the age-related eye diseases, 
cataract and macular degeneration^ '̂̂ ^ The trial uses a 2x2x2x2 factorial design 
with participant recruitment and randomization occurring in two phases. In 
Phase I, approximately 7,600 PHS I participants who were willing and eligible 
to participate in PHS II retained their randomized beta-carotene assignment from 
PHS I and have been newly randomized to vitamin E, vitamin C, a multivitamin, 
or placebos. In Phase II, new physician participants are randomly assigned to the 
same interventions. 

Summary of results from completed randomized trials and contributions of 
ongoing trials 

Large-scale randomized trials of sufficient size, dose, and duration, as well as 
their meta-analyses, demonstrate no significant benefit of antioxidant vitamins in 
the treatment or prevention of CVD. With respect to beta-carotene 
supplementation for durations up to 12 years, there was no overall benefit on the 
incidence of CVD in well-nourished populations at usual risk. The present 
review also shows no benefit of vitamin E for the treatment or prevention of 
CVD, a finding that was supported by a recent meta-analysis of seven vitamin E 
trials with a combined total of 106,625 randomized participants in secondary and 
primary prevention who experienced a total of 9,727 CVD end points^^^\ Further 
evidence will emerge from the recently completed Women's Health Study 
(WHS) '̂̂ '̂ ^\ Finally, none of the five trials of multivitamins resulted in 
beneficial effects on cardiovascular morbidity or mortality. SU.V.I.MAX should 
provide additional data on combined use of antioxidant vitamins. 
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In addition to the finding of no benefit of antioxidants in the treatment 
and prevention of CVD, some results of trials suggest the possibility of 
adverse effects. In populations with excess risk for some cardiovascular (and 
cancer) end points, as shown in the ATBC study and in CARET - two trials 
conducted among smokers - unexpected findings of harm were observed 
among those taking beta-carotene as a single agent/vitamin (ATBC) and 
among those taking beta-carotene and retinyl (CARET). In HATS, 
antioxidant supplements containing beta-carotene mitigated the effectiveness 
of proven statin therapy (simvastatin and niacin). In HPS, there was a slight, 
nonsignificant trend in cardiovascular mortality among those taking a 
multivitamin containing vitamins E, C, and beta-carotene. Finally, a 
suggestion of harm was found in WAVE in the vitamin E plus C arm. 

However, these findings may be due to the play of chance - the 
hypothesis of adverse effects in the ATBC trial was not pre-specified, hence 
the data should be viewed as hypothesis formulating. In CARET, which was 
terminated early, the results for neither the primary end point, lung cancer, 
nor for cardiovascular mortality, reached the prespecified stopping boundary 
for early termination (P<0.007). Moreover, the results of ATBC, CARET, 
HATS, and the HPS should be viewed in the context of the findings from 
PHS I which are particularly reliable because the trial lasted more than twice 
as long as any other beta-carotene trial and because the narrow confidence 
intervals in PHS I exclude even small amounts of harm among non-smokers 
with a high degree of assurance. Finally, the PHS I subgroup findings for 
men with prior angina or revascularization procedures raise the possibility 
that beta-carotene may exert a beneficial effect among those with 
atherosclerosis, an unexpected finding being tested in ongoing trials of 
men̂ '̂*̂  and women^^ \̂ 

Conclusions 

With respect to antioxidant vitamins and CVD, the randomized trials 
have failed to fulfill the promises of observational epidemiologic studies 
which are also supported by a body of evidence from basic research that 
supports plausible biological mechanisms. Interestingly this situation also 
occurred with the use of post-menopausal hormones^^^\ For antioxidant 
vitamins, at present, we believe the most plausible interpretation of the 
totality of evidence to be that there is no significant evidence of benefit or 
harm in the treatment or prevention of CVD. These considerations should be 
viewed in light of the preponderance of evidence that suggests that diets high 
in fruits and vegetables may have beneficial effects on CVD, cancer, as well 
as other chronic conditions^^^\ It remains plausible that either antioxidant 



Antioxidant vitamins and cardiovascular disease 321 

vitamin supplements in combination with other components of fruits and 
vegetables or even these other components alone contribute to the lower 
risks of CVD, cancer, and other chronic conditions consistently observed 
among people who consume diets rich in fruits and vegetables. 

Nonetheless, antioxidant vitamins as supplements are consumed by large 
numbers of U.S. adults, perhaps over one-third of the population^^^\ 
Unfortunately, use of agents of proven lack of benefit on CVD which are 
more readily available over the counter such as antioxidant vitamins may 
well be contributing to the underutilization of agents of proven benefit in 
CVD such as aspirin^^^\ statinŝ '̂ ^^ beta-blockers and angiotensin converting 
inhibitors'"^^\ Finally, many individuals in the U.S. prefer prescription of 
pills, even of proven lack of benefit, to avoiding harmful lifestyles'̂ '̂'̂ ^l All 
of these considerations underscore the importance of avoiding harmful 
lifestyles, adopting healthy lifestyles that include diet and exercise, as well 
as the prescription of drugs of proven benefit as adjuncts not alternatives, 
and finally, the avoidance of agents of lack of proven benefit. 
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