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VITAMIN E CONSUMPTION AND THE RISK OF CORONARY DISEASE IN WOMEN

MEIR J. Stamprer, M.D., CHArRLEs H. HENNEKENS, M.D., JoAnN E. Manson, M.D,,
Granam A. Corpitz, M.B., B.S., BERNARD Rosner, Pu.D., AND WALTER C. WILLETT, M.D.

Abstract Background. Interest in the antioxidant vita-
min E as a possible protective nutrient against coronary
disease has intensified with the recognition that oxidized
low-density lipoprotein may be involved in atherogenesis.

Methods. In 1980, 87,245 female nurses 34 to 59
years of age who were free of diagnosed cardiovascular
disease and cancer completed dietary questionnaires that
assessed their consumption of a wide range of nutrients,
including vitamin E. During follow-up of up to eight years
(679,485 person-years) that was 97 percent complete, we
documented 552 cases of major coronary disease (437
nonfatal myocardial infarctions and 115 deaths due to cor-
onary disease).

Results. As compared with women in the lowest fifth of
the cohort with respect to vitamin E intake, those in the top
fifth had a relative risk of major coronary disease of 0.66
(95 percent confidence interval, 0.50 to 0.87) after adjust-
ment for age and smoking. Further adjustment for a variety
of other coronary risk factors and nutrients, including other

APIDLY growing evidence suggests that oxida-
tion of low-density lipoprotein (LDL) plays an
important part in atherosclerosis. As Steinberg et al.
have found,'” oxidized LDL is taken up more readily
than native LDL by macrophages to create foam cells.
Also, oxidized LDL is chemotactic for circulating
monocytes,* and it inhibits the motility of tissue mac-
rophages.’ It may also be cytotoxic to endothelial
cells® and may increase vasoconstriction in arteries.’
Oxidized LDL has been identified in atherosclerotic
lesions,® ' and elevated titers of circulating autoanti-
bodies to epitopes of oxidized LDL are found in pa-
tients with atherosclerosis.!" Lipid peroxide concen-
trations have been found to be higher in patients with
atherosclerosis.'? In addition, the susceptibility of
LDL to oxidation was correlated with the severity of
atherosclerosis.'?

Vitamin E is a potent lipid-soluble antioxidant car-
ried in LDL.'*'> It inhibits the proliferation of smooth-
muscle cells in vitro,'® and when added to plasma, it
increases the resistance of LDL to oxidation.!” LDL
from volunteers given alpha-tocopherol supplements
showed increased resistance to oxidation.'® Several
small trials of vitamin E in peripheral vascular disease
have been reported, but the results have been incon-
clusive.'®*® We therefore studied the association be-
tween vitamin E intake and the incidence of major
coronary disease events in the Nurses’ Health Study.

METHODS

The Nurses’ Health Study began in 1976, when 121,700 female
registered nurses living in 11 states completed mailed question-
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antioxidants, had little effect on the results. Most of the
variability in intake and reduction in risk was attributable to
vitamin E consumed as supplements. Women who took
vitamin E supplements for short periods had little apparent
benefit, but those who took them for more than two years
had a relative risk of major coronary disease of 0.59 (95
percent confidence interval, 0.38 to 0.91) after adjustment
for age, smoking status, risk factors for coronary disease,
and use of other antioxidant nutrients (including multi-
vitamins).

Conclusions. Although these prospective data do
not prove a cause-and-effect relation, they suggest that
among middle-aged women the use of vitamin E supple-
ments is associated with a reduced risk of coronary heart
disease. Randomized trials of vitamin E in the primary and
secondary prevention of coronary disease are being con-
ducted; public policy recommendations about the wide-
spread use of vitamin E should await the results of these
trials. (N Engl J Med 1993;328:1444-9.)

naires containing items about lifestyle and medical history.?*?® Ev-
ery two years, follow-up questionnaires are sent to update the infor-
mation and identify newly diagnosed conditions.

Ascertainment of Diet and Use of Vitamin E Supplements

In 1980, a dietary questionnaire was included in the mailing that
listed 61 food items, each with a specified portion size. The women
reported the average frequency with which they had consumed each
item during the previous year. We computed the average daily in-
take of nutrients by multiplying the frequency of consumption of
each item by the nutrient content, and totaling the nutrient intake
for all the food items. The reproducibility and validity of this ques-
tionnaire have been described elsewhere.?63¢ The correlation be-
tween vitamin E intake as assessed by the questionnaire and plasma
alpha-tocopherol levels was 0.34 (P = 0.006) in one study?® and
0.42 (P = 0.03) in another.?' Because the correlation between two
plasma levels measured eight weeks apart is about 0.6,3 a higher
correlation between a single plasma determination and dietary in-
take cannot be expected.

We assessed the dietary intake of the participants in 1980, but
information on vitamin E intake and use of multivitamin supple-
ments was also collected on each subsequent biennial questionnaire.
Participants reported whether they regularly used multivitamin
supplements, and if so, the exact type and brand. We also inquired
about specific supplements, including vitamins A, C, and E and
beta carotene.

Study Population

A total of 98,462 nurses returned the 1980 diet questionnaire. We
excluded women who left 10 or more items blank (4 percent), whose
reported food scores were implausible (2.7 percent), and who had a
history of cancer (except nonmelanoma skin cancer), angina, myo-
cardial infarction, stroke, or other cardiovascular disease. A total of
87,245 women remained. All the exclusions were made before the
analysis of the data.

Follow-up questionnaires were mailed to the participants in 1982,
1984, 1986, and 1988. Women who reported diagnoses of cardiovas-
cular diseases were asked for permission to examine their medical
records. We included women with cardiovascular conditions that
occurred after the return of the 1980 questionnaire but before June
1, 1988. For each woman, only the first event was considered. On
the basis of the responses to the questionnaire, follow-up for nonfa-
tal outcomes was 97.1 percent of the total possible person-years.

A myocardial infarction was considered confirmed if it met the
World Health Organization criteria®” of symptoms and either typi-
cal electrocardiographic changes or elevated cardiac enzymes. In-
farctions of indeterminate age were excluded. We designated as
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probable infarctions those that were reported by the nurse, required
hospitalization, and were corroborated by additional information
(in a letter or telephone interview), but for which records were
unobtainable.

Most deaths were reported by relatives or postal authorities. We
searched the National Death Index for the names of nonrespond-
ents and estimate that over 98 percent of deaths were identified.®®
When death from cardiovascular disease was suspected, we request-
ed permission to review the medical records. A death was designat-
ed as due to coronary heart disease if it involved a confirmed fatal
myocardial infarction or if the woman was known to have had
coronary heart disease and coronary disease was listed as the under-
lying cause on the death certificate without another, more plausible
cause. In no case did we rely solely on the listing of a cause on the
death certificate as confirmation of death from coronary disease.
Since sudden death in women can often occur without coronary
disease, we excluded 26 cases of sudden death — i.e., death within
one hour of the onset of symptoms in an apparently healthy woman
without other evidence of coronary disease.

Although the primary a priori end point was major coronary
disease (defined as nonfatal myocardial infarction or death due to
coronary disease), we also assessed other cardiovascular events. We
considered as one category coronary-artery surgery (bypass or an-
gioplasty), on the basis of reports by the women.

Strokes were confirmed by medical records and classified, accord-
ing to the criteria of the National Survey of Stroke, as ischemic
strokes (embolic or thrombotic), subarachnoid hemorrhages, intra-
cerebral hemorrhages, or strokes of unknown cause.3® We included
strokes that required hospitalization and were corroborated by in-
formation in a letter or interview, and fatal strokes that could be
confirmed by medical records, other reliable information, or a death
certificate.

Statistical Analysis

The primary analysis was based on incidence rates. For all wom-
en, person-months were allocated according to the exposure vari-
ables on the most recent questionnaire until death or an end point
was reached, or until May 31, 1988. We used information on the
intake of vitamin E in 1980 from dietary sources only. Height and
parental history of myocardial infarction were both ascertained in
1976; all other exposures apart from diet, including the consump-
tion of multivitamins and vitamin E supplements, were updated on
each follow-up questionnaire.

To avoid a spurious finding due to the influence of disease on the
use of vitamin supplements, women with a diagnosis of any cardio-
vascular disease or cancer (except nonmelanoma skin cancer) were
excluded from further analysis. Because diet was not updated after
1980, the analyses of dietary vitamin E in-
take were based on women who did not have
those diagnoses in 1980. In the analyses of
the use of vitamin E supplements, for which
data were updated biennially, women with
new diagnoses of cardiovascular disease or
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for age and one other variable at the same time were performed to
assess possible effect modification and confounding. To adjust si-
multaneously for multiple risk factors, proportional-hazards mod-
els*! were employed with vitamin E supplements used as a time-
dependent variable. All P values were two-tailed.

RESuLTS

During 679,485 person-years of follow-up from
1980 to 1988, 552 cases of major coronary disease were
documented: 437 nonfatal myocardial infarctions (360
confirmed and 77 probable) and 115 confirmed deaths
from coronary disease. Because there were no material
differences in any analyses between fatal and nonfatal
outcomes or in the results when the probable cases
were excluded, these have been combined into a single
category. Analyses with or without adjustment for to-
tal energy intake yielded very similar results; for sim-
plicity, therefore, only the unadjusted results are
shown. We observed a pronounced and statistically
significant reduction in the risk of major coronary dis-
ease among women with a high intake of vitamin E, as
compared with those with a low intake (Table 1).
After adjustment for age and smoking status, the rela-
tive risk for those in the highest fifth of intake was 0.66
(95 percent confidence interval, 0.50 to 0.87), as com-
pared with those in the lowest fifth. The apparent
benefit was attributable mainly to the use of vitamin E
from supplements, because high levels of intake from
dietary sources were not associated with significant
reductions in risk. Even the highest levels of dietary
intake of vitamin E were far lower, however, than the
intake among supplement users. Analyses adjusting
for age and smoking status (Table 1) showed even
more clearly that the lower risk of coronary disease
was associated primarily with the intake of vitamin E
from supplements rather than from the diet. Subse-
quent analyses therefore focused on vitamin E supple-
mentation.

The amount of vitamin E in multivitamins is typi-
cally 30 IU or less, whereas specific vitamin E supple-

Table 1. Age-Adjusted Relative Risks of Major Coronary Heart Disease, According to
Quintile Group for Total Vitamin E Intake and Intake of Vitamin E from Dietary

Sources. *

cancer were excluded at the beginning of P VALUE
each two-year follow-up pcriod. Thus, at the VARIABLE QUINTILE GROUP FOR VITAMIN E INTAKE FOR TREND
start of each such period, the base popula- ! 2 3 4 5
tion included no women who reported these Total intake (including
diagnoses. supplements)
For the analyses of total vitamin E intake PP

divided th h di intil > Median (IU/day) 2.8 4.2 5.9 17 208 —
we divided the cohort according to quintiles Range (IU/day) 1.2-35 3.6-49 50-80  8.1-21.5 21.6-1000 —
based on intake, both with and ‘;;lthout ad- Age-adjusted relative risk 1.0 0.90 1.00 0.68 0.59 —
justment for total energy intake.”® The rela- 95% Confidence interval —  0.70-1.16 0.78-1.27 0.52-0.89 0.45-0.78  <0.001
tive risk was defined as the incidence in Relative risk adjusted for 1.0 1.00 1.15 0.74 0.66 —
women in various categories of vitamin E age and smoking
intake (the number of end points divided by 95% Confidence interval  —  0.78-1.28 0.90-1.48 0.57-0.98 0.50-0.87  <0.001
the person-time of follow-up in that catego- Dietary intake (without
ry) divided by the corresponding rate for the supplements) N
women in the lowest category of intake. For Median (IU/day) 2.6 3.6 4.4 5.4 7.7 —
the analyses of the use of vitamin E supple- Range (IU/day) 0.3-3.1 3.2-39 4.0-48 49-62 6.3-100 —
ments, we compared users of such supple- Age-adjusted relative risk 1.0 0.97 0.77 0.98 0.79 —
ments with nonusers. Relative risks with 95 95% Confidence interval ~ —  0.75-1.26 0.59-1.01 0.77-126 0.6i-1.03  0.12
percent confidence intervals were adjusted Rei’“v:n;'s:mﬂgi":;“ for 1.0 1.04 0.87 114 0.95 -

. N . ge

for age in five-year categories, and tests for 95% Confidence interval ~ —  0.80-1.35 0.66-1.14 0.89-1.47 072-123 0.9
trend across fifths of the group were per-
formed.* Stratified analyses that adjusted *Major heart disease includ fatal myocardial infarction and death due to coronary disease.
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ments usually contain 100 IU or more. After adjust-
ment for age and smoking status in separate stratified
analyses, both vitamin E supplements and multivita-
mins were associated with a lower risk of major coro-
nary disease. The relative risk for women who took
multivitamins was 0.78 (95 percent confidence inter-
val, 0.64 to 0.96), and for those who took vitamin E
supplements it was 0.57 (95 percent confidence inter-
val, 0.41 to 0.78), as compared with the risk in those
who took neither.

The women who took multivitamins or vitamin E
supplements differed somewhat from those who took
neither. Table 2 shows the age-standardized percent-
ages and means for various known or suspected coro-
nary risk factors, according to the use of multivitamins
or vitamin E. Among women who took supplements
there was a higher proportion of postmenopausal hor-
mone users, vigorous exercisers, and nonsmokers. The
magnitude of the overall differences was modest, how-
ever. For example, the 5.2 percent difference in hor-
mone use between women who took both multivita-
mins and vitamin E supplements and those who took
neither would account for a risk reduction of just 2.5
percent.?*

Table 3 summarizes the multivariate models that
controlled simultaneously for risk factors including
age, body-mass index, smoking status, alcohol intake,

Table 2. Exposure to Various Risk Factors for Coronary Heart
Disease, According to Type of Vitamin Use in 1984, after
Standardization for Age.*

VARIABLE TyPE OF VITAMINS USED

MULTIVITAMINS  VITAMIN E  VITAMIN E PLUS

NONE ALONE ALONE MULTIVITAMINS
Percentage of cohort 62.0 22.8 4.9 10.3
Mean age (yr) 49.8 50.0 51.5 51.1
Current smoker (%) 27.7 249 239 22.7
Former smoker (%) 28.0 30.6 325 335
High blood pressure 21.4 21.5 19.1 19.0
(%)t
Diabetes (%) 2.8 2.9 2.8 2.7
High cholesterol (%)t 7.6 8.3 8.6 9.2
Family history of MI 18.4 17.7 16.2 17.5
before age 60 (%)
Quetelet index$§ 25.3 24.6 24.4 24.5
Saturated fat (g/day) 28.0 27.7 26.7 26.8
Polyunsaturated fat 93 9.2 8.9 9.0
(g/day)
Caloric intake (kcal/day) 1576 1588 1542 1569
Cholesterol (mg/day) 326 334 331 340
Alcohol (g/day) 6.3 7.0 6.9 6.9
Dietary fiber (g/day) 16.1 16.6 17.0 17.6
Current use of post- 11.8 15.7 15.6 17.0
menopausal hor-
mones (%)
Vigorous activity =1 61.1 66.3 67.2 69.6
time/wk (%)
Aspirin (regular 57.0 47.7 49.3 49.8
use) (%)

*Except for the data on mean age, all data shown are standardized to the age distribution of
the entire cohort.

‘+Determined on the basis of the women’s reports of physicians' di of this conditi
MI d yocardial infarcti
§Calculated as the weight in kilograms divided by the square of the height in meters.
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menopausal status, postmenopausal hormone use,
vigorous activity, regular use of aspirin, hypertension,
high cholesterol level, diabetes, total energy intake,
use of vitamin E supplements, and use of multivita-
min supplements. The relative risk associated with the
use of specific vitamin E supplements was 0.63 (95
percent confidence interval, 0.45 to 0.88). Those who
took multivitamins were also at lower risk, although
this association was not statistically significant.

Because users of both vitamin E and multivitamin
supplements had a somewhat higher intake of other
antioxidant nutrients, we repeated the multivariate
analyses and controlled for the intake of carotene and
vitamin C (including that consumed as supplements).
This adjustment slightly attenuated the apparent
benefit of vitamin E, but the association remained
statistically significant with a relative risk of 0.69 (95
percent confidence interval, 0.49 to 0.97).

The best evidence for a mechanism by which vita-
min E could reduce coronary disease is of a reduction
in atherosclerosis. We therefore reasoned that the
short-term use of vitamin E supplements would be
associated with little reduction in risk. Users of vita-
min E for less than two years had no significant reduc-
tions in risk, with a relative risk of 0.86 (95 percent
confidence interval, 0.52 to 1.43). Use of vitamin E for
two or more years, however, was associated with a
decrease in risk of 41 percent (62 to 9 percent) even
after adjustment for the intake of other antioxidants.
We found no significant trend toward lower risk for
periods of more than two years, but because of the
small numbers of long-term users, we had little statis-
tical power to detect such a trend if one were pres-
ent. Users of vitamin E for 15 or more years had a
relative risk of 0.59 (95 percent confidence interval,
0.14 to 2.39).

When we adjusted for coronary risk factors and ex-
cluded women who used vitamin E supplements for
less than two years, we found that a dose of less than
100 IU per day was associated with little or no appar-
ent benefit, but the confidence intervals were broad;
the relative risk was 0.93 (95 percent confidence inter-
val, 0.23 to 3.75). There was no suggestion of a trend
toward a greater decrease in risk with higher daily
doses; the relative risks were 0.56 (95 percent confi-
dence interval, 0.21 to 1.51) for doses of 100 to 250 IU
per day, 0.56 (95 percent confidence interval, 0.33 to
0.96) for doses of 300 to 500 IU per day, and 0.58 (95
percent confidence interval, 0.24 to 1.42) for doses of
600 or more IU per day. The results in models that
omitted both the lowest dose and the shortest duration
of vitamin E use are shown in Table 3.

To distinguish further the effect of vitamin E sup-
plements from that of multivitamins, we compared
the risk among women who used only vitamin E sup-
plements, women who used only multivitamins, wom-
en who used both, and women who used neither (the
reference group). After omitting women who used vi-
tamin E supplements in low doses and for short peri-
ods and adjusting for the factors shown in Table 3, we
found a relative risk of 0.41 (95 percent confidence
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Table 3. Relative Risks of Major Coronary Heart Disease, Accord-
ing to the Use of Multivitamin and Vitamin E Supplements, with
Adjustment for Age and Coronary Risk Factors.*

VitamiN E
VARIABLE SUPPLEMENTS MULTIVITAMINS
USERS  NONUSERS USERS NONUSERS
No. of cases of coronary disease 49 503 152 400

No. of person-years 93,921 585,564 231,310 448,175

relative risk associated with vitamin use
(95% confidence interval)
Crude risk (unadjusted)

0.61 (0.45-0.81)  0.74 (0.61-0.89)

Adjusted far age and smoking 0.57 (0.41-0.78)  0.78 (0.64—0.96)
statust
Basic model 0.63 (0.45-0.88)  0.87 (0.70-1.07)

Adjusted further for intake of
carotene and vitamin C
Excluding vitamin E use for <2 yr
Excluding vitamin E use for <2 yr
and adjusted further for intake
of carotene and vitamin C
Excluding vitamin E use for <2 yr
and doses <100 IU/day
Excluding vitamin E use for <2 yr
and doses <100 IU/day, and
adjusted further for intake
of carotene and vitamin C

0.69 (0.49-0.97)  0.92 (0.74-1.15)

0.54 (0.36-0.82)
0.59 (0.38-0.91)

0.88 (0.70-1.09)
0.91 (0.72-1.14)

0.52 (0.34-0.80)  0.88 (0.71-1.10)

0.57 (0.36-0.89)  0.92 (0.73-1.15)

*Adjusted for age (in five-year categories), time period, Quetelet index (in five categories),
king (never smoked, formerly ked, or ly smoking 1 to 14, 15 to 24, 25 t0 34, or
35 or more cigarettes per day), alcohol intake (none, or 0.1 t0 4.9, 5.0 to 14.9. or 15 or more
grams per day), 1 status (p P 1, p p I, or status uncertain),
postmenopausal hormone use (never, formerly, or currently), exercise (works up a sweat less
than once per week or once or more per week), regular use of aspirin, hypertension, high
cholesterol level, diabetes, total energy intake (in quintiles), use of vitamin E supplements, and
use of multivitamin supplements.

TAll the women were free of diagnosed cardiovascular disease and cancer (except nonmela-
noma skin cancer) at the start of the observation period in 1980. In this and each subsequent
model, women who had these diagnoses at the start of each two-year questionnaire cycle were
excluded from further follow-up.

interval, 0.18 to 0.93) for users of vitamin E supple-
ments only, 0.87 (95 percent confidence interval, 0.69
to 1.09) for users of multivitamins only, and 0.50 (95
percent confidence interval, 0.31 to 0.83) for users of
both. In separate multivariate analyses, the relative
risk for specific vitamin E use among the multivitamin
users was 0.58 (95 percent confidence interval, 0.35 to
0.97); among nonusers of multivitamins, it was 0.46
(95 percent confidence interval, 0.22 to 0.98).

We observed no marked differences between sub-
groups with respect to the association of vitamin E
supplements with lower risk. Some investigators have
suggested that antioxidants might be more important
among cigarette smokers, but we found similar reduc-
tions in risk among vitamin E users who smoked (rela-
tive risk, 0.55; 95 percent confidence interval, 0.30 to
1.02) and those who did not (relative risk, 0.52; 95
percent confidence interval, 0.29 to 0.90). Adjustment
for the intake of saturated, monounsaturated, or poly-
unsaturated fat and analyses of different categories of
fatintake had no material effect. Because the diagnosis
of diabetes or high cholesterol level could alter diet,
we performed analyses in which women with those
conditions were excluded; we also performed analyses
in which there was no exclusion for prevalent disease
at the base line of each two-year follow-up period. The
findings from these alternate analyses were virtually
the same as those for the whole cohort.

In further analyses, we explored the effect of vita-
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min E supplementation on other cardiovascular out-
comes and overall mortality (Table 4). For none of the
categories, including overall mortality, was the associ-
ation as pronounced as for major coronary disease,
which was a priori the main hypothesis. However,
there were suggestive trends for all the outcomes.

DiscussioN

In this large prospective study, we observed a risk
of major coronary disease among women who took
vitamin E supplements that was about 40 percent low-
er than the risk in women who did not take these
supplements; this association changed little after ad-
justment for coronary risk factors and the intake of
other dietary antioxidants. The prospective study de-
sign eliminated the potential for biased recall of vita-
min E use, and because the follow-up rate was high, it
is unlikely that differential follow-up could have affect-
ed the results materially.

Information on vitamin use and other potential risk
factors was reported by the women, but we believe it
to be reliable. Reports of various conditions have been
validated by review of the medical records and by
direct measurement.?’*? Also, the risk factors reported
by the women were strong predictors of subsequent
cardiovascular disease,?**3** and all the participants
were registered nurses with a demonstrated interest in
medical research.

Perhaps healthier women select themselves for vita-
min supplementation. Nurses who took vitamin E had
a somewhat better risk profile than those who did not,
but the differences were not striking. Adjustment for a
wide range of risk factors had only a modest effect
on the estimates of relative risk (from 0.61 to 0.63)
(Table 3), suggesting only minor confounding by the
risk factors measured. Some unmeasured factor might
be a confounding variable, but it would have to be
both highly associated with use of vitamin E supple-
ments and a very strong risk factor to explain these
results.

Although we cannot rule out such self-selection as
an explanation, other lines of evidence also support a

Table 4. Relative Risks for Cardiovascular Outcomes, According
to the Use of Multivitamins and Vitamin E Supplements, after
Adjustment for Age and Coronary Risk Factors.*

No. oF

OuTCcOME Cases  VITAMIN E SUPPLEMENTS MULTIVITAMINS

relative risk (95% confidence interval)

Major coronary disease 440%
Cardiovascular mortality 195

0.54 (0.36-0.82)
0.58 (0.30-1.12)

0.88(0.70-1.09)
0.77(0.58-1.16)

Ischemic stroke 154 0.71 (0.39-1.31) 0.86(0.59-1.24)
Coronary-artery surgeryf 366 0.73 (0.48-1.09) 0.76 (0.59-0.97)
Overall mortality 974 0.87 (0.69-1.10) 1.10(0.94-1.27)

*The risk factors included in the adjustment are listed in the first note to Table 3. All analyses
in this table were made after the exclusion of cancer and cardiovascular disease at the start of
each two-year period and the exclusion of women who had taken vitamin E supplements for less
than two years.

+This number is lower than the total of 552 because of the additional criteria for exclusion
used in these analyses.

$Includes coronary-artery bypass grafting and p
plasty.

inal coronary angio-
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cause-and-effect relation. If self-selection were the en-
tire explanation, one would expect to have observed a
similar apparent benefit among short-term users of
vitamin E and users of other vitamin supplements,
such as multivitamins and vitamin C. In multivariate
analyses (Table 3), a significant risk reduction was
observed for vitamin E, but not for multivitamin sup-
plements. Also, further analysis indicated a lower risk
among the women who took vitamin E, but not among
those who took vitamin C, even in the highest quintile,
which included only users of specific vitamin C sup-
plements. We had insufficient statistical power to test
adequately for a trend toward increased protection
with longer use. The lack of a dose—response associ-
ation is not surprising, because blood levels do not rise
in a linear fashion with increasing doses of vitamin
E.* The modest trends toward reduced risk among
users of multivitamins may possibly be explained by
an effect of folate and vitamin By to reduce otherwise
elevated levels of homocyst(e)ine in a subgroup.*

As with postmenopausal estrogens,?* we did not ob-
serve the same magnitude of effect of vitamin E on
cardiovascular outcomes other than major coronary
disease. Although the findings were not statistically
significant, there were trends toward a reduction in
the risk of mortality from cardiovascular causes, is-
chemic stroke, coronary-artery surgery, and overall
mortality.

A benefit of vitamin E in reducing the risk of major
coronary heart disease is plausible because of the sub-
stantial evidence indicating the importance of oxida-
tion of LDL in atherosclerosis.*** No association
was observed between plasma levels of vitamin E and
resistance to LDL oxidation among nonusers of sup-
plements, but vitamin E supplementation markedly
increased the resistance.'® This finding is consistent
with our results in suggesting that supplementation at
levels far higher than those achievable by diet alone
may be needed to reduce LDL oxidation. In a ran-
domized trial in monkeys fed an atherogenic diet, ani-
mals given vitamin E supplements had less arterial
stenosis than those given placebo,*® but the study was
small and the results somewhat inconsistent.

Epidemiologic data on this research question are
sparse. Gey et al. observed that in regions of Europe
with high rates of coronary disease, the mean plasma
levels of vitamin E were lower than in other regions,*
but this association could also be due to other differ-
ences. Although Salonen et al. found no association
between plasma levels of vitamin E and coronary dis-
ease,” there were few users of vitamin E supplements
in the population. In a case—control study of angina,
Riemersma et al.*? observed a statistically significant
relative risk of 0.37 when the highest and the lowest
quintiles for plasma vitamin E intake were compared;
no significant associations were seen for plasma levels
of vitamin C or carotene. In a small, four-month ran-
domized trial of vitamin E among patients undergoing
angioplasty, restenosis was reduced by 25 percent in
the treatment group, but the result was not statistical-
ly significant.?!

Rimm et al.*® have reported findings in men that
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were very similar to those we observed, using a similar
prospective design. As in our study, those findings
could not be explained by confounding by other coro-
nary risk factors or dietary variables.

Although we cannot exclude the possibility of resid-
ual confounding, the consistency of our findings,
the biologic plausibility, and the similar results from
another prospective cohort®® all support the possi-
bility of a causal explanation and suggest that vita-
min E supplements may reduce the risk of coronary
heart disease. Randomized trials of adequate size
in secondary and primary prevention will be needed
to test this question.? Because vitamin E appears not
to be toxic, even in high doses,* such trials, notably
the Women’s Health Study,® have been initiated.
Public policy recommendations about the widespread
use of vitamin E should await the results of these
trials.

We are indebted to the participants in the Nurses’ Health Study
for their continuing outstanding level of cooperation; to Frank E.
Speizer, M.D., overall principal investigator for the study; and to
Mark Shneyder, Stefanie Bechtel, Gary Chase, Karen Corsano,
Kate Saunders, Lisa Dunn, Barbara Egan, Lori Ward, and Marion
McPhee for their unfailing help.
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