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Vitamin E in Cardiovascular Disease
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Vitamin E was first introduced in 1946 as a therapeutic agent for angina.At that time, it was
felt to significantly reduce angina in over 90% of patients studied.1 However, three further
controlled trials 2,3,4 showed no benefit over placebo in short-term treatment of angina. The
use of vitamin E was abandoned in 1950, and it was not reconsidered until 1973 when a trial
of 22 patients again heralded a statistically significant advantage of vitamin E over placebo
in anginal therapy.5 Further randomized trials using doses of vitamin E up to 3200 IU daily6,7
showed no benefit, and again therapeutic use of vitamin E was discontinued. As techniques
in molecular biology improve, the mechanisms of atherosclerosis have been elucidated,
and vitamin E has re-emerged as possibly conferring benefit to patients suffering from
coronary disease.
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Postulated Mechanisms
Vitamin E is an antioxidant agent that may play a role in the pathophysiology of cardiovascular disease by either (i) attenuating levels of harmful oxygen free radicals which may
damage myocardium, or (ii) reducing oxidation of molecules which may secondarily play a
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role in disease development.There is evidence that oxygen free radicals generated during
reperfusion of ischemic myocardium contribute to myocardial cell injury.8,9 Transient release
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of lipid peroxides occurs after percutaneous transluminal coronary angioplasty (PTCA),10
and during coronary artery bypass grafting (CABG).11 Coronary artery endothelial
dysfunction worsens with increased susceptibility to oxidation, as measured by a
vasoconstrictor response to acetylcholine in hypercholesterolemic patients treated with
cholesterol-lowering agents. 12 One key player in the development of atherosclerosis is the
foam cell – a macrophage laden with low-density lipoprotein (LDL) – which is responsible
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for endothelial damage and plaque formation.

higher quintiles of vitamin E intake also had better

Macrophages have a very low affinity for circulating

overall health profiles: better diet, more regular exer-

LDL, yet oxidation of the LDL molecule allows it to

cise, and increased use of Aspirin. A third study of 5133

interact with a specific receptor on the macrophage,

Finnish men and women showed only a trend towards

permitting rapid uptake. Vitamin E can attenuate the

lower coronary heart disease events in those with

oxidation of LDL13,14 and thus theoretically reduce the

higher intake of vitamin E.25 However, this population

rate of atherosclerosis. Vitamin E may also have a

had a very low vitamin E intake even in the highest tertile,

beneficial effect on the vascular endothelium via

with very few patients on vitamin E supplementation.

reduced platelet adhesion to exposed collagen

and

Overall, there appears to be some possible benefit of

inhibition of smooth muscle cell proliferation.16 Vitamin

vitamin E supplementation based on epidemiological

E has been shown in vivo to have a dose related effect

evidence.

15

on the oxidation of LDL. A statistically significant
reduction in oxidation does not occur until doses of 400

Clinical Trials

IU per day.17 However, little further reduction in LDL

As mentioned previously, early clinical trials evaluating

oxidation and production of conjugated dienes occurs

the efficacy of vitamin E focused on the treatment of

with doses greater than 800 IU daily.

angina pectoris. Most of these trials failed to show a
benefit of vitamin E as an anti-anginal medication.6,7 It

Epidemiologic Data

was not until the early 1990’s that clinical trials focused

There appears to be no relation between serum vitamin E

on cardiovascular morbidity and mortality in the inves-

level and the prevalence of cardiovascular disease.18,19,20

tigation of vitamin E efficacy. One of the largest trials

However, this data is based on retrospective analysis,

that indirectly looked at the effect of vitamin E on IHD

and among two of the largest trials, vitamin E levels

randomized 29,133 male smokers between the ages of

were calculated from samples of venous blood that had

50-69 years to either 50 IU daily of vitamin E alone, 20

been stored at -20 degrees Celsius for up to seven

mg of beta carotene alone, both, or placebo.26 The

years.21,22 Two large prospective case-control studies on

primary endpoint was development of lung cancer;

female nurses23 and male health professionals24 examined

however, post hoc analysis showed a reduction in mor-

the relationship between intake of vitamin E and the

tality from ischemic heart disease from 75 to 71 deaths

risk of coronary events including fatal and non-fatal

per 10,000 patient years. While the statistical signifi-

myocardial infarction (MI), PTCA and CABG. Both

cance of this reduction is uncertain, the data suggests

studies found a significant risk reduction in persons who

that one would need to treat 250 patients over 10 years

were in the highest quintiles of median daily intake

to prevent one death from IHD. Further post-hoc

(208 IU23 and 419 IU24). It is noteworthy that patients in

analysis of the data from this trial revealed no reduction
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in angina between groups of patients who were or were

unlikely. There is no evidence in the literature to

not treated with vitamin E.27 Of note, this trial used only

suggest that vitamin E may regress atherosclerosis or

50 IU of vitamin E, and cardiovascular morbidity and

reduce the incidence of plaque rupture. Since only

mortality was not examined as a primary endpoint.

patients with angiographically proven coronary artery

A recent study examined the effect of 1200 IU of

disease were entered into the study, the mechanism by

daily vitamin E versus placebo on the incidence of

which vitamin E may act in such a short time is poorly

28

restenosis of coronary arteries 4 months after PTCA.

understood. Patients were enrolled into the study

Patients who developed symptoms of restenosis prior to

immediately after coronary angiography, with plans to

4 months of therapy were withdrawn from the study,

have PTCA or CABG. However, there is no mention of

possibly introducing selection bias. Angiographic data

which

suggested no benefit of vitamin E in reducing

Conceivably, if more patients in the vitamin E arm

progression of restenosis.

underwent PTCA or CABG, the results of the study

A recent double blind, randomized, placebo-

patients

underwent

either

intervention.

would be biased.

controlled trial assessed the effect of 400 IU and 800 IU

Furthermore, complications of either intervention

of vitamin E on the incidence of cardiovascular death

which could affect total event rate were not mentioned.

and non-fatal MI.29 Two thousand and two patients were

Given the lack of identifiable adverse effects of vitamin

enrolled in the study with a median follow-up of 510

E, explaining the increased overall mortality in the

days. Initially, patients were recruited to receive 800 IU

vitamin E group is difficult. Interestingly, this study also

of vitamin E (546 patients), but later recruits were given

quotes a relative risk of 2.14 for cardiovascular death or

400 IU (489 patients) because of data suggesting this

non-fatal MI in patients treated with beta-blockers

dose would be adequate. Overall, patients in the vitamin E

(compared to those not receiving such treatment),

arm had a relative risk of 0.53 (95% CI 0.34-0.83,

which suggests either a bias in patient selection or a

p=0.005) for combined cardiovascular death and non-

detection of a harmful effect of beta-blocker therapy

fatal MI. The relative risk for non-fatal MI alone was

not previously recognized. Although this study does

0.23 (0.11-0.47), yet the relative risk for cardiovascular

provide encouraging results suggesting reduction in non-

death was 1.18 (0.62-2.27), with slightly higher overall

fatal MI in patients treated with vitamin E, the above

mortality in the vitamin E group (3.5% versus 2.7%,

issues should be considered before accepting this data.

p=0.31).
Although the above data is encouraging, there are

Conclusions

several concerning issues. If vitamin E works by reducing

Basic research and epidemiological data suggest a

atherosclerosis, a median follow-up of only 510 days

benefit of vitamin E in prevention of coronary heart

makes the biological plausibility of this effect seem

disease. It has been suggested that a dose of 400 IU of
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vitamin E has significant in vivo effects on oxidation

proliferation, attenuation of oxygen free radicals

of LDL which may reduce the development of

during ischemia, and reduced coronary vasoconstric-

atherosclerosis. Although serum levels of vitamin E

tion in response to acetylcholine. Furthermore,

do not correlate with incidence of cardiac disease,

patients without evidence, but at risk for coronary

patients in higher quintiles of vitamin E intake have

artery disease, may benefit from vitamin E through

a reduced risk of CHD based on evidence from case-

prevention of atherosclerosis mediated by a reduction

control studies. Randomized placebo-controlled

in LDL oxidation. Further studies need to be done to

trials of vitamin E use suggest a reduction in non-

confirm this effect and to identify the patients who

fatal MI in patients taking vitamin E supplementation

might benefit from such an intervention.

of at least 400 IU daily. However, post-hoc analysis,
short-term follow-up, and biological implausibility
of these studies make their interpretation difficult.
Several ongoing studies may improve the current
understanding of the role of antioxidants in cardiovascular medicine. The Heart Outcomes Protection
Evaluation study will assess the use of vitamin E in
over 9000 patients with established cardiovascular
disease.30 The St. Michael’s Hospital Division of
Cardiology is studying the effect of vitamin E on
coronary regression in type II diabetic patients.
Another study by the collaborative group of the
Primary Prevention Project31 will evaluate the effect
of vitamin E and Aspirin on over 2500 patients
without cardiovascular disease, but with one or more
cardiovascular risk factor. Over 35% of this patient
population is diabetic, and over 50% have two or
more risk factors.
In summary, a clear recommendation regarding
routine vitamin E use cannot be made. It is possible
that patients who already have coronary artery
disease benefit from vitamin E in many ways:
reduced platelet adhesion, reduced smooth muscle

CARDIOLOGY Rounds

References
11. Vogelsang A, Shute EV. Effect of vitamin E in coronary heart
disease. Nature 1946; 157:772.
12. Makinson DH, Oleesky S, Stone RV. Vitamin E in angina
pectoris. Lancet 1974;1:102.
13. Donegan CK, Messer AL, Orgain ES, Ruffin JM. Negative
results of tocopherol therapy in cardiovascular disease. Am J
MedSci 1949;217:294.
14. Rinzler SH, Bakst H, Benjamin ZH, et al. Failure of alpha
tocopherol to influence chest pain in patients with heart
disease. Circulation 1950;1:288.
15. Toone WM. Effects of vitamin E good and bad. New Engl J
Med 1973;289:979-80.
16. Anderson TW, Reid DBW. A double-blind trial of vitamin E
in angina pectoris. Am J ClinNutr 1974;27:1174-8.
17. Gillilan RE, Mondell B, Warbasse, JR. Quantitative
evaluation of vitamin E in the treatment of angina pectoris.
Am Heart J 1977;93:444-9.
18. Triana JF, Li XY, Jamaluddin U, et al. Postischemic
myocardial stunning: identification of major differences
between the open chest and the conscious dog and
evaluation of the oxygen radical hypothesis in the conscious
dog. CirculationRes 1991;69:731-47.
19. Ambrosia G, Weisfeldt ML, Jacobus WE, Flaherty JT.
Evidence for a reversible oxygen radical mediated
component of reperfusion injury: reduction by recombinant
human superoxide dismutase administered at the time of
reflow. Circulation 1987;75:282-91.
10. Roberts MJD, Young IS, Trouton G, et al. Transient release
of lipid peroxides after coronary artery balloon angioplasty
Lancet 1990, 336:143-5.
11. Coghlan JG, Flitter WD, Clutton SM, et al. Lipid
peroxidation and changes in vitamin E during coronary
artery bypass grafting. J Thorac Cardiovasc Surg 1993;
106:268-74.
12. Anderson TJ, Meredith IT, Charbonneau F, et al.
Endothelium-dependent coronary vasomotion relates to the
susceptibility of LDL to oxidation in humans. Circulation
1996;93:1647-50.
13. Jialal I, Grundy SM. Effect of combined supplementation
with α-tocopherol, ascorbate, and beta carotene on lowdensity lipoprotein oxidation. Circulation 1993;88:2780-6.
14. Princen HMG, vanDuyvenvoorde W, Buytenhek R, et al.
Supplementation with low doses of vitamin E protects LDL
from lipid peroxidation in men and women. Arterioscler
Thromb VascBiol. 1995;15:325-33.
15. Steiner M. Influence of vitamin E on platelet function in
humans. J Am CollNutr 1991, 10:466-73.
16. Boscoboinik D, Szewczyk A, Hensey C, Azzi A. Inhibition
of cell proliferation by α -tocopherol. J. Biol Chem 1991;
266:6188-94.

18. Rlemersma RA, Oliver M, Elton RA, et al. Plasma antioxidants and coronary heart disease, vitamins C and E, and
selenium. Eur J Clin Nutr 1990;44:143-50.
19. Rimersma RA, Wood DA, Macintyre CCA, et al. Risk of
angina pectoris and plasma concentrations of vitamin A, C,
and E and carotene. Lancet 1991;337:1-5.
20. Hense HW, Stender M, Bors W, Keil U. Lack of an
association between serum vitamin E and myocardial
infarction in a population with high vitamin E levels.
Atherosclerosis 1993;103:21-8.
21. Salonen JT, Salonen R, Penttila I, et al. Serum fatty acids,
apoliproteins, selenium and vitamin antioxidants and the risk
of death from coronary artery disease. Am J Cardiol 1985;56:
226-31.
22. Kok FJ, de Bruijn AM, Vermeeren R, et al. Serum selenium,
vitamin antioxidants, and cardiovascular mortality: a 9-year
follow-up study in the Netherlands. Am J Clin Nutr 1987;45:
462-8.
23. Stampfer MJ, Hennekens CH, Manson JE et al. Vitamin E
consumption and the risk of coronary disease in women.
N Engl J Med 1993;328:1444-9.
24. Rimm EB, Stampfer MJ, Ascherio A, et al. Vitamin E consumption and the risk of coronary heart disease in men. N Engl J
Med 1993;328:1450-6.
25. Knekt P, Reunanen A, Jarvinen R, et al. Antioxidant vitamin
intake and coronary mortality in a longitudinal population
study. Am J Epidemiol 1994;139:1180-9.
26. 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.
New Engl J Med 1994;330:1029-35.
27. Rapola JM, Virtamo J, Haukka JK et al. Effect of vitamin E
and beta corotene on the incidence of angina pectoris. JAMA
1996;275:693-8.
28. DeMaio SJ, King SB, Lembo NJ, et al. Vitamin E supplementation, plasma lipids and incidence of restenosis after
percutaneous transluminal coronary angioplasty. J Am Coll
Nutr 1992;11:68-73.
29. Stephens NG, Parsons A, Scholfield PM. Randomized
controlled trial of vitamin E in patients with coronary
disease: Cambridge Heart Antioxidant Study (CHAOS).
Lancet 1996;347:781-6.
30. The Heart Outcomes Prevention Evaluation (HOPE) study.
The design for a large, simple randomized trial of an
angiotenisn converting enzyme inhibitor and vitamin E in
patients at high risk of cardiovascular events. Can J Cardiol
1996;12:127-37.
31. Collaborative group of the Primary Prevention Project.
Epidemiological feasibility of cardiovascular primary
prevention in general practice: a trial of vitamin E and
Aspirin. Journal of Cardiovascular Risk 1995;2:137-42.

17. Jialal I, Fuller CJ, Hue BA. The effect of α-tocopherol
supplementation on LDL oxidation: a dose-response study.
Arterioscler Thromb Vasc Biol 1995;15:190 8.

CARDIOLOGY Rounds

Upcoming Scientific Meetings

Abstracts of Interest

4-7 August 96
44th Annual Scientific Meeting of the Cardiac Society of
Australia and New Zealand
Brisbane, Australia
(Kevin J Wickman Pty Ltd.)
Tel.: 61 3 859 6899

Antioxidant Supplementation Reduces the Susceptibility of Low
Density Lipoprotein (LDL) to Oxidation in Patients with Coronary
Artery Disease

25-29 August 96
XVIIIth Congress of the European Society of Cardiology
Birmingham, United Kingdom
(European Congress Organization)
Tel.: 33 92 94 76 21
25-29 September 96
The Royal College of Physicians and Surgeons of Canada
65th Annual Meeting
Halifax, Nova Scotia
(Royal College of Physicians and Surgeons of Canada)
Tel.: 613-730-8177
3-5 October 96
New Aspects of Drug Therapy in Cardiovascular Disease
Sophia Antipolis, France
(European Congress Organization)
Tel.: 33 92 94 76 00
19-22 October 96
1st European Research Conference on Blood Pressure and
Cardiovascular Disease
Noordwijkerhout, The Netherlands
(Leeuwenhorst Congress Center)
Tel.: 31 2523 78888
29 October-2 November 96
Canadian Cardiovascular Society 1996 Annual Meeting
Montreal, Quebec
(Canadian Cardiovascular Society)
Tel.: 604-681-5226
10-13 November 96
69th Scientific Sessions of the American Heart Association
New Orleans, Louisiana, USA
(American Heart Association)
Tel.: 214-706-1511

LORI MOSCA, MELVYN RUBENFIRE, CAROLINE MANDEL, CHERYL ROCK,
THOMAS TARSHIS, ALAN TSAI, THOMAS PEARSON, THE UNIVERSITY OF
MICHIGAN, ANN ARBOR, MICHIGAN

We studied the effect of a combination of vitamin E, vitamin C, and
beta-carotene on the susceptibility of LDL, to oxidation, as determined by lag phase (minutes), in a 12 week clinical trial of 45 patients
with coronary artery disease (CAD), mean age 60.6+ 8.6 years.
Subjects were randomized to one of the following interventions (15
each): 1) placebo; 2) vitamin E 400 IU, vitamin C 500 mg, betacarotene 12 mg (mid dose); or 3) vitamin E 800 IU, vitamin C 1000
mg, beta-carotene 24 mg (high dose). Two baseline, one 6 week and
two 12 week measurements of standard lipoproteins and lag phase
(Lag) were obtained. Compared to baseline, 12 week plasma concentrations of alpha-tocopherol increased 2 and 3 fold; vitamin C
increased 1.5 and 2 fold; and beta-carotene increased 6 and 10 fold in
the mid and high dose groups respectively with no change in the
placebo group. Lag significantly increased from baseline (190.1+63.8)
to 12 weeks (391.1+153.0) in the high dose group (p<0.01). No significant within group change for Lag was observed for the placebo or
mid dose group at 12 weeks. A significant between group difference
in Lag was observed at 12 weeks, attributable to high dose vs. placebo (p<0.05). Results were not altered by adjusting for age, sex or
other significant clinical predictors of lag phase. We conclude supplementation with a combination of antioxidant vitamins reduces the
susceptibility of LDL to oxidation in patients with CAD. These results
may be significant for the secondary prevention of CAD.
Reprinted from Journal of the American College of Cardiology, Volume 27/Number 2 (Supplement A),
February 1996.

A randomised controlled trial of vitamin E in patients with coronary disease: The Cambridge heart antioxidant study (Chaos)
NG STEPHENS, A PARSONS, PM SCHOFIELD, M MITCHINSON, MJ BROWN
CARDIAC UNIT, PA P W O RTH HOSPITAL AND CAMBRIDGE UNIVERSITY, UK

Vitamin E is thought to play an important endogenous role in prevention of atherosclerosis, through inhibition of oxidation of low
density lipoprotein. Some epidemiological data show an association
between high dietary intake or high serum levels of a-tocopherol and
reduced risk of ischaemic heart disease. We designed the CHAOS
trial to test the hypothesis that treatment with a high dose of a-tocopherol (400 or 800IU/d) will reduce the subsequent risk of cardiovascular death and nonfatal myocardial infarction (MI) in patients with
ischaemic heart disease. The study was double blind, placebo-controlled with stratified randomisation. 2002 patients with angiographically-proven coronary atherosclerosis were enrolled and followed up
for a median of 510 days (3 -978). Treatment raised serum a-tocopherol levels from mean 34.2 µM/L to 51.1 µM/L with 400IU/d and
64.5 µM/L with 800 IU/d (p < 0.001). Vitamin E reduced the risk of
cardiovascular death and non-fatal MI (OR 0.57 (0.36-0.89);
P=0.014) and reduced the risk of non-fatal MI alone (OR 0.23 (0.110.47); P<0.001). Patients with a higher treatment level of lipid-adjusted serum a-tocopherol had a lower risk of events (OR 0.23 (0.06 0.84); P=0.026). Kaplan Meier survival curves for nonfatal MI are
shown (broken line = placebo, survival time in days).
We conclude that Vitamin E therapy is effective in reducing the
incidence of major cardiovascular events in patients with coronary
disease, with beneficial effects apparent after one year of treatment.
Reprinted from Heart, Volume 75/Number 5 (Supplement 1), May 1996.
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