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Antioxidant vitamins and coronary heart disease risk:

a pooled analysis of 9 cohorts'™

Paul Knekt, John Ritz, Mark A Pereira, Eilis J O’Reilly, Katarina Augustsson, Gary E Fraser, Uri Goldbourt,
Berit L Heitmann, Goran Hallmans, Simin Liu, Pirjo Pietinen, Donna Spiegelman, June Stevens, Jarmo Virtamo,

Walter C Willett, Eric B Rimm, and Alberto Ascherio

ABSTRACT

Background: Epidemiologic studies have suggested a lower risk of
coronary heart disease (CHD) at higher intakes of fruit, vegetables,
and whole grain. Whether this association is due to antioxidant
vitamins or some other factors remains unclear.

Objective: We studied the relation between the intake of antioxidant
vitamins and CHD risk.

Design: A cohort study pooling 9 prospective studies that included
information on intakes of vitamin E, carotenoids, and vitamin C and
that met specific criteria was carried out. During a 10-y follow-up,
4647 major incident CHD events occurred in 293 172 subjects who
were free of CHD at baseline.

Results: Dietary intake of antioxidant vitamins was only weakly
related to a reduced CHD risk after adjustment for potential nondi-
etary and dietary confounding factors. Compared with subjects in the
lowest dietary intake quintiles for vitamins E and C, those in the
highest intake quintiles had relative risks of CHD incidence of 0.84
(95% CI: 0.71, 1.00; P = 0.17) and 1.23 (1.04, 1.45; P = 0.07),
respectively, and the relative risks for subjects in the highest intake
quintiles for the various carotenoids varied from 0.90 to 0.99. Sub-
jects with higher supplemental vitamin C intake had a lower CHD
incidence. Compared with subjects who did not take supplemental
vitamin C, those who took >700 mg supplemental vitamin C/d had
a relative risk of CHD incidence of 0.75 (0.60, 0.93; P for trend <
0.001). Supplemental vitamin E intake was not significantly related
to reduced CHD risk.

Conclusions: The results suggest areduced incidence of major CHD
events at high supplemental vitamin C intakes. The risk reductions at
high vitamin E or carotenoid intakes appear small. Am J Clin
Nutr 2004;80:1508 -20.

KEY WORDS Antioxidant, carotenoids, cohort, coronary
heart disease, diet, Pooling Project of Cohort Studies on Diet and
Coronary Disease, vitamin C, vitamin E

INTRODUCTION

Several observational epidemiologic studies have suggested
that higher intakes of fruit, vegetables, and whole grain are re-
lated to a lower risk of coronary heart disease (CHD) (1, 2). One
hypothesized explanation for this finding is a reduction in oxi-
datively modified LDL, which is thought to play an important
role in the development of atherosclerosis. Because of their an-
tioxidant properties, carotenoids, vitamin E, and vitamin C may
protect against free oxygen radicals and lipid peroxidation
and accordingly inhibit the development of atherosclerosis (3).
Findings from observational cohort studies on this topic are
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inconsistent (1, 4). Most previous cohort studies have investi-
gated a-tocopherol or vitamin E, vitamin C, and total carotene or
B-carotene, and only scarce information exists on other carote-
noids. Few studies have reported on vitamin supplement intake.
The inconsistency of the results from these studies may, in part,
be due to a lack of power to detect associations, misclassification
of antioxidant intake, unsatisfactory control for potential con-
founding factors, or an inability to investigate subpopulations.
Randomized intervention trials in primary prevention of cardio-
vascular disease have not shown substantial benefits from
a-tocopherol (5, 6) or B-carotene (5-9) supplementation.

In the present Pooling Project of Cohort Studies on Diet and
Coronary Disease, we studied the relations of the intakes of
vitamin E, 5 carotenoids, and vitamin C to the incidence of all
major CHD events (nonfatal myocardial infarction or fatal CHD)
and CHD mortality by pooling primary data from 9 major cohort
studies with the use of a standardized approach. This large
database enabled us to examine several issues that would be
difficult to address in any single cohort study, such as whether /)

! From the National Public Health Institute, Helsinki (PK, PP, and JV); the
Departments of Biostatistics (JR and DS), Nutrition (EJO, WCW, EBR, and
AA), and Epidemiology (SL, DS, WCW, EBR, and AA), Harvard School of
Public Health, Boston; the Harvard Center for Cancer Prevention, Boston
(WCW); the Channing Laboratory, Department of Medicine, Brigham and
Women’s Hospital and Harvard Medical School, Boston (WCW); the Divi-
sion of Epidemiology, School of Public Health, University of Minnesota,
Minneapolis (MAP); the Department of Medicine, Children’s Hospital, and
the Department of Pediatrics, Harvard Medical School, Boston (MAP); the
Department of Medical Epidemiology, Karolinska Institute, Stockholm
(KA); the Division of Preventive Medicine, Brigham and Women’s Hospital
and Harvard Medical School, Boston (SL); the Center for Health Research,
Loma Linda University School of Medicine, Loma Linda, CA (GEF); the
Section of Epidemiology and Biostatistics, Henry N Neufeld Cardiac Re-
search Institute, Department of Epidemiology and Preventive Medicine, Tel
Aviv University, Tel Aviv, Israel (UG); the Department of Public Health and
Clinical Medicine, Umea University, Umea, Sweden (GH); the Research
Unit for Dietary Studies at the Institute of Preventive Medicine, Copenhagen
(BLH); the Research Centre for Prevention and Health, Glostrup, Denmark
(BLH); the Glostrup University Hospital, Glostrup, Denmark (BLH); and the
Departments of Nutrition and Epidemiology, School of Public Health, Univer-
sity of North Carolina, Chapel Hill (JS).

2 Supported by research grant NIH NHLBI RO1 HL58904. The Unit for
Dietary Studies was funded by the FREJA (female researchers in joint action)
program of the Danish Medical Research Council.

* Address reprint requests to P Knekt, National Public Health Institute,
Mannerheimintie 166, 00300 Helsinki, Finland. E-mail: paul.knekt@Xktl.fi.

Received January 21, 2004.

Accepted for publication July 27, 2004.

Am J Clin Nutr 2004;80:1508 -20. Printed in USA. © 2004 American Society for Clinical Nutrition

6102 18BNy 8z U0 158nB Ad 1/ 1069+/80G L/9/08A9BASqE-8]o1LE/UDE/W0D"dNO"olWepEoE)/:SARY WO} POPEOJUMOQ



ANTIOXIDANT VITAMINS AND CORONARY HEART DISEASE

single antioxidants or combinations of them predict CHD occur-
rence, 2) the strength of associations differs by dietary and sup-
plemental intake, and 3) nondietary or dietary risk factors of
CHD modify the association.

SUBJECTS AND METHODS

Study population

Eleven cohort studies meeting the following criteria were in-
cluded in the Pooling Project of Cohort Studies on Diet and
Coronary Disease: /) the study included =150 incident CHD
cases, 2) usual total dietary intake was determined with the use of
a food-frequency or dietary history method at baseline, and 3)
data were available from a validation or reproducibility study of
the diet-assessment instrument. One study of those satisfying the
criteria (Israel Ischemic Heart Disease Study) was excluded be-
cause it did not have data on antioxidant vitamin intake, and one
ongoing trial (Women’s Health Study) was excluded because the
subjects receiving antioxidant vitamin supplements could not be
identified. The basic characteristics of the remaining 9 studies are
presented in Table 1 (10—18). The cases and person-time expe-
rienced during follow up of the Nurses’ Health Study was divided
into 2 uncorrelated segments for analysis. The 1980-1986
follow-up period is referred to as Nurses’ Health Study (a), and
the 19861996 follow-up period is referred to as Nurses” Health
Study (b). In accordance with the underlying theory of survival
analysis, blocks of person-time in different time periods are
asymptotically uncorrelated, regardless of the extent to which
they are derived from the same persons (19). Thus, pooling the
estimates from the 2 time periods is equivalent to using a single
time period but takes advantage of the enhanced exposure as-
sessment in 1986 compared with 1980.

Criteria for exclusion of persons from the population at risk
were age < 35 vy, history of cardiovascular disease or cancer
(except nonmalignant skin cancer), and extreme energy intake
(ie, > or <3 SDs from the study-specific log-transformed energy
intake) at baseline. Subjects receiving vitamin E or 3-carotene
supplements in the ATBC trial were also excluded from the
analyses. A total of 293 172 subjects (77 948 men and 215 224
women) were included.

Exposure variables

Diet was measured by using a food-frequency questionnaire in
7 cohorts and by using a dietary history interview or food records
in 2 cohorts. We studied dietary vitamin E, «-carotene,
B-carotene, lutein, lycopene, B-cryptoxanthin, total carotene,
and vitamin C (Table 1). Overall intakes (dietary and supple-
mental combined) of vitamin E, 3-carotene, total carotene, and
vitamin C were calculated in 4 cohorts (the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study; the Health Profession-
als Follow-Up Study; the lowa Women’s Health Study; and the
Nurses’ Health Study) with information on intakes of vitamin E,
vitamin C, total carotene, and 3-carotene and on multivitamin
supplement intake (Table 2). Information on whether or not the
subjects at risk took supplements at baseline was available for all
cohorts except one (the Atherosclerosis Risk in Communities
Study).

For all nutrients, the energy-adjusted intake was estimated by
using the residual method (20), in which the log-transformed
nutrient intake was regressed against the log-transformed energy
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intake and the residual represented the nutrient intake indepen-
dently of energy intake. The results were standardized to a me-
dian energy intake of 2100 kcal in men and 1600 kcal in women.
A carotene variety score combining a-carotene, (3-carotene, lu-
tein, lycopene, and -cryptoxanthin was formed by summing
individual standardized scores (z scores) calculated for each log-
transformed carotenoid by subtracting its group mean from the
individual values and then dividing by the SD.

Outcome variables

The outcomes studied were incidence of all major CHD events
(including nonfatal myocardial infarction or fatal CHD) and CHD
mortality. Validated methods to define nonfatal and fatal CHD
cases (codes 410—414 in the International Classification of Dis-
eases, 8th revision) were used in 8 studies (21). Because the Iowa
Women’s Health Study had only self-reported data on nonfatal
CHD, we used only fatal coronary cases from that cohort.

The follow-up for cohorts varied from 6 to 22 y, but for studies
with follow-up times > 10y, the follow-up was restricted a priori
to the first 10 y for this analysis. During follow-up, 4647 subjects
developed major CHD events (2838 men and 1809 women). Of
these, 1888 died of the disease (986 men and 902 women). In
substudies of dietary vitamin intake, subjects who were taking
vitamin E, vitamin C, 3-carotene, carotene, or multivitamin sup-
plements at the baseline examination were excluded. After this
exclusion, 156 949 persons (46 521 men and 110 428 women)
remained in the population at risk, and 2908 (1888 men and 1020
women) and 1124 (640 men and 484 women) of them developed
CHD and died of the disease, respectively (Table 1). The total
number of persons at risk in the subpopulation of 4 studies in-
cluding subjects with information on both dietary and supple-
mental vitamin intake was 227 243 (48 326 men and 178 917
women), the number of incident CHD cases was 3036 (1737 men
and 1299 women), and the number of deaths was 1364 (615 men
and 749 women) (Table 2).

Statistical methods

Cox’s proportional hazards model (22) was used to estimate
the incidence rate ratio (relative risk, RR) for CHD in relation to
antioxidant vitamin intake in each individual subcohort consisting
of either men or women (Table 1). The calculations were performed
with PROC PHREG of SAS, version 8 (23). The follow-up time
was defined as the number of months from the baseline examina-
tion to the date of CHD occurrence, death, or withdrawal (ie, end of
follow-up), whichever came first. Analyses with exclusion of the
first 2 y of follow-up were also carried out. The models were strat-
ified on age and calendar year at baseline. Energy intake was in-
cluded as a continuous variable in all models.

To avoid assumptions regarding the shape of the relation be-
tween antioxidant vitamin exposure and CHD occurrence, RRs
were estimated for quintiles of the antioxidant variables. Two-sided
95% Cls were calculated. The P value for trend was calculated by
assigning the subjects the median value of their category of the
antioxidant considered and including this as a continuous variable in
the model. A weakness of this approach is that possible differences
in absolute intakes between the different cohorts are neglected at the
pooling stage. To minimize this shortcoming, we separately evalu-
ated dietary intake (excluding supplement users) and overall intake
(including cohorts with information on supplement intake) (Tables
1 and 2). Because the assumption of linearity on a logistic scale was
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reasonable in some cases, we also carried out complementary anal-
yses with the antioxidant vitamin variable included in the model as
a continuous variable; thus, the RR per nutritionally meaningful
increment was estimated.

Three main models were defined, the first of which included
the energy-adjusted antioxidant vitamin considered, age, and
energy intake. The second multivariate model also included the
following potential, nondietary confounding factors, which were
chosen a priori: smoking status [never, past, current (1-4, 5-14,
15-24, =25 cigarettes/d)], physical activity (5 levels), alcohol
intake (0, <5, 5-9.9, 10-14.9, 15-29.9, 30-49.9, =50 g/d),
body mass index (in kg/m?; <23, 23-24.9, 25-27.4, 27.5-29.9,
=30), education (less than high school, high school graduate,
more than high school), history of diabetes, history of hypercho-
lesterolemia, history of hypertension, and, for women, post-
menopausal estrogen use. Every variable was standardized be-
tween cohorts to the extent possible (21). A missing indicator
variable was created for each variable. In a third model, quintiles
of the potential dietary confounding factors saturated fatty acids,
cholesterol, cereal fiber, folic acid, vitamin B-6, and flavonoids,
all of which are related to alternative hypotheses on CHD risk,
were also included. The potential confounding factors race, as-
pirin use, iron intake, and n—3 fatty acid intake were not included
in the final models because inclusion of them did not notably alter
the results. Models including several antioxidant vitamins were
also fit. Highly correlated variables (ie, with a mutual correlation
coefficient > 0.6) were not included in the same model.

Modification by different risk factors of the association be-
tween a specific antioxidant vitamin and CHD risk was studied
by including a cross-product interaction term between the anti-
oxidant variable as a continuous variable and the potential mod-
ifying factor (ie, age, smoking status, alcohol intake, cholester-
olemia, diabetes, hypertension, body mass index, and intakes of
polyunsaturated fatty acids, cholesterol, and fiber) as a categor-
ical variable. Interactions between vitamin E, vitamin C, total
carotene, and (3-carotene intakes were also evaluated.

Heterogeneity among the study-specific RRs was tested by
using the Q statistic (24). The RRs of CHD per continuous in-
crement of vitamin E and vitamin C were corrected for bias due
to dietary measurement error by using the regression calibration
method (25, 26). The cohort-specific logs of RRs were weighted
by the inverse of their variance, and an overall pooled estimate of
the RR was computed by using a random-effects model (24). The
P value for the test of trend was based on a Wald test of the pooled
estimates. Pooled P values for the test of interaction were ob-
tained by using squared Wald statistics by pooling the study-
specific interaction coefficients and dividing by the square of the
SE of the pooled interaction term, and the resulting statistic was
referred to a chi-square distribution with 1 df.

RESULTS

Dietary intake

We found significant inverse associations of age-adjusted in-
takes of energy-adjusted dietary vitamin E, a-carotene, (3-carotene,
lutein, and B-cryptoxanthin and of the energy-adjusted carotene
score with the incidence of all major CHD events in the pooled
population not taking vitamin supplements (Table 3). The pooled
RRs of CHD between the highest and lowest quintiles of intake of
these micronutrients varied from 0.75 to 0.91. Vitamin C intake was
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not related to CHD incidence (RR = 1.03). With the exception of
vitamin E, testing for the presence of heterogeneity among studies
did not indicate significant differences; the observed heterogeneity
for vitamin E was due to a significant sex difference (P = 0.001),
with a stronger inverse association among the women than among
the men. Accordingly, the pooled RRs are apparently appropriate
summaries of the study-specific data. The associations estimated
when vitamins C and E were included as continuous variables in the
model were consistent with those based on quintiles (data not
shown). Correction for bias due to errors in the measurement of
vitamins E and C did not substantially alter the main findings (data
not shown).

After adjustment for potential nondietary and dietary con-
founding factors, dietary vitamin E was significantly related to
the incidence of all major CHD events among the women (RR =
0.76; 95% CI: 0.65, 0.96; P for trend = 0.04; Figure 1) but not
among the men (RR = 0.91; 95% CI: 0.71, 1.17; P for trend =
0.65; Figure 2; P for sex interaction = 0.10). The carotene score
was inversely associated with CHD incidence among the men
and the women combined (RR = 0.84; 95% CI: 0.70, 1.00; P for
trend = 0.04; Table 3). Of the individual carotenoids, lutein was
significantly inversely associated with CHD incidence (RR =
0.89; 95% CI: 0.75, 1.04; P for trend = 0.03), whereas the
strength of association for the other carotenoids was nonsignif-
icant. A nonsignificant positive association, mainly as a conse-
quence of adjustment for dietary factors, was found for vitamin
C intake (RR = 1.23; 95% CI: 1.04, 1.45; P for trend = 0.07).

The association between dietary vitamin E intake and CHD
incidence was not notably altered by further adjustment for vi-
tamin C and total carotene (data not shown). Nor was the asso-
ciation for lutein intake altered systematically by further inclu-
sion of the 4 other carotenoids (RR = 0.91; 95% CI: 0.73, 1.13;
P for trend = 0.09) or dietary intakes of vitamins E and C (RR =
0.88; 95% CI: 0.74, 1.03; P for trend = 0.04) in the model.
Likewise, the results of the carotene score did not change to any
great extent after inclusion of dietary intakes of vitamins E and C
in the model (RR = 0.80;95% CI: 0.66,0.97; P for trend = 0.02).
Both associations were, however, no longer significant after the
exclusion of cases occurring during the first 2 y of follow-up. The
RRs for lutein and the carotene score were 0.95 (95% CI: 0.79,
1.14; P for trend = 0.08) and 0.95 (95% CI: 0.77, 1.17; P for
trend = 0.49), respectively. The associations for all these dietary
antioxidants were similar but weaker for CHD mortality (data not
shown).

With few exceptions, no significant interactions of vitamin E,
vitamin C, or B-carotene with potential modifying factors (ie,
age, smoking, alcohol intake, cholesterolemia, diabetes, hyper-
tension, body mass index, and intakes of polyunsaturated fatty
acids, cholesterol, and fiber) were found. Of 56 analyses, a sig-
nificant interaction was found only between intakes of vitamin E
and fiber and between (-carotene intake and alcohol consump-
tion. The RRs of CHD incidence between the highest and lowest
quintiles of vitamin E intake were 1.06 (95% CI: 0.86, 1.30) and
0.85 (95% CI: 0.65, 1.10) in the lowest and highest tertiles of
fiber intake, respectively.

Supplemental intake
We further analyzed supplemental vitamin E and vitamin C in-
takes in relation to the incidence of major CHD events by using
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Pooled relative risks of the incidence of major coronary heart disease (CHD) events by quintile of energy-adjusted dietary antioxidant vitamin intake
among subjects who did not take vitamin supplements in the pooled analysis of all cohort studies’

Quintile
P for P for
Nutrient 1 (Lowest) 2 3 4 5 (Highest) trend heterogeneity
Vitamin E
Number at risk 28 009 28 009 27993 28 045 27997 — —
Number of incident CHD cases 627 555 581 554 537 — —
Median intake (mg) 3.92 4.90 5.59 6.53 8.17 — —
Relative risk
Age- and energy-adjusted model 1.00 0.87 (0.77,0.99) 0.91(0.81,1.02) 0.83(0.74,0.94) 0.77 (0.64,0.92) 0.01 0.005
Multivariate model 1 1.00 0.91 (0.80, 1.03) 0.98 (0.87,1.11) 0.90 (0.79, 1.02) 0.85(0.75,0.97) 0.11 0.44
Multivariate model 2 1.00 0.89 (0.77,1.03) 0.98 (0.86, 1.11) 0.89 (0.78,1.02) 0.84 (0.71, 1.00)  0.17 0.24
a-Carotene
Number at risk 25772 25773 25774 25775 25771 — —
Number of incident CHD cases 600 524 525 571 495 — —
Median intake (ug) 100 227 380 591 1508 — —
Relative risk
Age- and energy-adjusted model 1.00 0.86 (0.76,0.98) 0.86 (0.76,0.98) 0.90 (0.79, 1.03)  0.77 (0.68, 0.87) <0.001 0.48
Multivariate model 1 1.00 0.95(0.83, 1.08) 0.95(0.83,1.08) 1.00(0.88,1.14) 0.89 (0.78,1.01) 0.15 0.88
Multivariate model 2 1.00 0.96 (0.83,1.10) 0.97 (0.84, 1.12) 1.01 (0.88,1.17) 0.90 (0.77,1.04) 0.22 0.87
B-Carotene
Number at risk 26 137 26 138 26 139 26 138 26 137 — —
Number of incident CHD cases 580 570 530 586 535 — —
Median intake (ug) 662 1171 1706 2605 5231 — —
Relative risk
Age- and energy-adjusted model 1.00 0.96 (0.85,1.09) 0.87(0.77,0.99) 0.92 (0.81,1.05) 0.84 (0.74,0.95) 0.01 0.77
Multivariate model 1 1.00 1.00 (0.89, 1.14)  0.92 (0.80, 1.06)  0.96 (0.83, 1.10) 0.91 (0.80, 1.04) 0.16 0.82
Multivariate model 2 1.00 1.01 (0.88, 1.15) 0.93 (0.80, 1.09) 0.98 (0.85, 1.13)  0.92 (0.79, 1.06)  0.29 0.94
Lutein
Number at risk 22 469 22471 22 468 22471 22 469 — —
Number of incident CHD cases 542 539 500 497 492 — —
Median intake (ug) 739 1447 2159 3109 6029 — —
Relative risk
Age- and energy-adjusted model 1.00 1.02 (0.88, 1.20) 0.93 (0.82, 1.06) 0.92(0.81, 1.04) 0.91 (0.80, 1.04)  0.05 0.62
Multivariate model 1 1.00 1.09 (0.95,1.25) 0.98 (0.86, 1.12) 0.94 (0.82, 1.08) 0.94 (0.82, 1.07)  0.05 0.90
Multivariate model 2 1.00 1.07 (0.94, 1.23) 0.97 (0.84, 1.11)  0.92(0.79, 1.07) 0.89 (0.75, 1.04) 0.03 0.79
Lycopene
Number at risk 22439 22 500 22 483 22 462 22 464 — —
Number of incident CHD cases 530 521 485 511 523 — —
Median intake (ug) 43 1333 2665 5172 11015 — —
Relative risk
Age- and energy-adjusted model 1.00 1.00 (0.88, 1.14)  0.93 (0.82, 1.06) 0.95(0.84, 1.09) 0.97 (0.85,1.11)  0.52 0.72
Multivariate model 1 1.00 1.06 (0.93, 1.21) 0.98 (0.86, 1.12) 0.96 (0.84, 1.10) 0.98 (0.85, 1.12)  0.37 0.85
Multivariate model 2 1.00 1.08 (0.95,1.24) 1.01(0.88,1.16) 0.99 (0.86, 1.13) 0.99 (0.85,1.14) 0.42 0.88
B-Cryptoxanthin
Number of risk 21 530 21530 21530 21531 21530 — —
Number of incident CHD cases 399 347 347 338 383 — —
Median intake (ug) 10 39 69 113 212 — —
Relative risk
Age- and energy-adjusted model 1.00 0.89 (0.76, 1.04) 0.84 (0.73,0.97) 0.78 (0.68,0.90) 0.85(0.74,0.97) 0.04 0.81
Multivariate model 1 1.00 0.97 (0.83,1.14)  0.93 (0.81,1.08) 0.87 (0.75,1.01) 0.93(0.80, 1.07)  0.28 0.79
Multivariate model 2 1.00 0.94 (0.79, 1.12)  0.96 (0.81, 1.13)  0.88 (0.74, 1.05) 0.94 (0.79, 1.12)  0.48 0.52
Total carotene
Number at risk 25771 25773 25776 25772 25773 — —
Number of incident CHD cases 556 547 534 566 512 — —
Median intake (ug RE) 221 407 579 864 1375 — —
Relative risk
Age- and energy-adjusted model 1.00 0.98 (0.85,1.14)  0.90 (0.80, 1.02)  0.93 (0.82, 1.05) 0.83(0.73,0.95) 0.007 0.51
Multivariate model 1 1.00 1.03 (0.88,1.19)  0.94 (0.80, 1.10) 0.98 (0.86, 1.11)  0.91 (0.79, 1.04)  0.15 0.84
Multivariate model 2 1.00 1.03 (0.89, 1.20)  0.96 (0.83, 1.12)  0.99 (0.86, 1.14)  0.91 (0.78, 1.06) 0.24 0.94
Carotene score
Number at risk 21528 21530 21533 21532 21528 — —

(Continued)
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TABLE 3 (Continued)
Quintile
P for P for
Nutrient 1 (Lowest) 2 3 4 5 (Highest) trend heterogeneity
Number of incident CHD cases 458 439 375 446 401 — —
Median intake —4.09 —1.23 0.36 1.77 3.75 — —
Relative risk
Age- and energy-adjusted model 1.00 0.94 (0.79, 1.11)  0.76 (0.66, 0.88)  0.83 (0.67, 1.04)  0.75 (0.66, 0.87) <0.001 0.29
Multivariate model 1 1.00 1.01 (0.86, 1.17)  0.85(0.73,0.98) 0.94 (0.80, 1.10) 0.85(0.73,0.98) 0.02 0.75
Multivariate model 2 1.00 0.99 (0.83,1.17)  0.85(0.72,0.99) 0.93(0.78,1.12) 0.84 (0.70, 1.00)  0.04 0.79
Vitamin C
Number at risk 26 136 26 138 26 140 26 139 26 136 — —
Number of incident CHD cases 586 571 504 519 621 — —
Median intake (mg) 45 65 84 107 152 — —
Relative risk
Age- and energy-adjusted model 1.00 1.00 (0.85,1.16) 0.83(0.71,0.97) 0.87(0.77,0.99) 1.03(0.91, 1.16) 0.97 0.86
Multivariate model 1 1.00 1.10(0.97, 1.24) 0.88 (0.77,1.02) 0.96 (0.84, 1.10) 1.12(0.98,1.27) 0.30 0.58
Multivariate model 2 1.00 1.12(0.97,1.28) 0.92(0.79, 1.07) 1.04(0.89, 1.21) 1.23(1.04,1.45) 0.07 0.53

1'95% Cl in parentheses. Quintiles were derived from the entire cohort. Medians were reported for multivariate model 2. For multivariate model 1, relative risks
were adjusted for age, energy intake (kcal/d), smoking status [never, past, current smoker (1—4, 5-14, 15-24, =25 cigarettes/d)], BMI (in kg/m?; <23, 23-24.9,
25-27.4,27.5-29.9, =30), physical activity (levels 1-5), education (less than high school, high school graduate, more than high school), alcohol intake (0, <5, 5-9.9,
10-14.9, 15-29.9, 30—49.9, =50 mL/d), history of diabetes, hypercholesterolemia or serum cholesterol (quintile), hypertension or blood pressure, and postmeno-
pausal hormone use among the women. For multivariate model 2, relative risks were adjusted for all of the factors in multivariate model 1 plus quintiles of intake of
energy-adjusted saturated fatty acids, cholesterol, flavonoids, folate with supplements, vitamin B-6 with supplements, and cereal fiber. The following cohorts were
excluded from some analyses because the models did not converge: women in the Adventist Health Study and the Visterbotten Intervention Program were excluded
from the vitamin E analyses, and subjects in the Nurses’ Health Study (1986—1996) were excluded from the B-cryptoxanthin analyses. RE, retinol equivalents.

absolute cutoffs for amounts of vitamins ingested. An inverse gra-
dient between intake and CHD incidence was found for both vita-
mins after adjustment for nondietary confounding factors (Table 4).
The RRs of CHD incidence among subjects who consumed vitamin
E supplements in amounts of <25 mg/d and among subjects who
consumed vitamin C supplements at 400—699 mg/d in comparison
with nonusers were 0.87 (95% CI:0.78,0.97; Pfor trend = 0.02) and
0.72 (95% CI: 0.62,0.83; P for trend < 0.001), respectively. Intakes
of vitamin E supplements of =25 mg/d or of vitamin C supplements
of =700 mg/d did not strengthen the association. After further in-
clusion of dietary intakes of vitamin E, vitamin C, and carotene
in the same model, the associations for vitamin C supplement
use persisted, whereas the association for vitamin E was no

longer significant. With the exception of supplemental vita-
min C intakes of =700 mg, all associations for CHD mortality
were nonsignificant (Table 4).

Overall intake

The pooled RRs of CHD incidence for quintiles of energy-
adjusted overall intakes (dietary and supplemental intakes com-
bined) of vitamins E and C, adjusted for nondietary risk factors
of CHD, showed inverse associations (Table 5, multivariate
model 1). The RRs between the highest and lowest quintiles of
intake were 0.80 (95% CI: 0.72, 0.91; P for trend = 0.008) for
vitamin E and 0.76 (95% CI: 0.67, 0.86; P for trend < 0.001) for
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FIGURE 1. Study-specific and pooled multivariate-adjusted relative risks of incident major coronary heart disease events in women in the highest quintile
(Q5) of dietary vitamin E intake compared with those in the lowest quintile (Q1). Multivariate model 2 was used. In this model, relative risks were adjusted for age,
energy intake, smoking status, body mass index, physical activity, education, alcohol intake, history of diabetes, hypercholesterolemia or serum cholesterol, hyper-
tension or blood pressure, postmenopausal hormone use, and intakes of energy-adjusted saturated fatty acids, cholesterol, flavonoids, folate with supplements, vitamin
B-6 with supplements, and cereal fiber. P for heterogeneity = 0.75. The black squares and horizontal lines represent the study-specific relative risks and 95% Cls,
respectively. The area of the black squares reflects the study-specific weight (inverse of the variance). The diamond represents the pooled relative risk and 95% CI. The
vertical dashed line represents the pooled relative risk. ARIC, Atherosclerosis Risk in Communities Study; FMC, Finnish Mobile Clinic Health Examination Survey;
GPS, Glostrup Population Study; NHS (a), Nurses’ Health Study, 1980—1986; NHS (b), Nurses’ Health Study, 1986-1996.
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0.91 (95% CI: 0.71, 1.17) P for trend = 0.65
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FIGURE 2. Study-specific and pooled multivariate-adjusted relative risks of incident major coronary heart disease events in men in the highest quintile (Q5)
of dietary vitamin E intake compared with those in the lowest quintile (Q1). Multivariate model 2 was used. In this model, relative risks were adjusted for age,
energy intake, smoking status, body mass index, physical activity, education, alcohol intake, history of diabetes, hypercholesterolemia or serum cholesterol,
hypertension or blood pressure, and intakes of energy-adjusted saturated fatty acids, cholesterol, flavonoids, folate with supplements, vitamin B-6 with
supplements, and cereal fiber. P for heterogeneity = 0.16. The black squares and horizontal lines represent the study-specific relative risks and 95% ClIs,
respectively. The area of the black squares reflects the study-specific weight (inverse of the variance). The diamond represents the pooled relative risk and 95%
CI. The vertical dashed line represents the pooled relative risk. AHS, Adventist Health Study; ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study (the placebo arm); ARIC, Atherosclerosis Risk in Communities Study; FMC, Finnish Mobile Clinic Health Examination Survey; GPS, Glostrup
Population Study; HPFS, Health Professionals Follow-Up Study; VIP, Visterbotten Intervention Program.

vitamin C. The strongest risk reduction for vitamin E was ob-
served for cohort-specific median intakes up to 18.7 mg/d (ie, the
left end of the distribution), whereas for vitamin C, the strongest
risk reduction was observed from a median vitamin C intake of
268 mg/d (ie, the right end of the distribution). Because the use
of PB-carotene supplements was low, the RR for overall
B-carotene (RR = 0.82;95% CI: 0.72, 0.93; P for trend = 0.07)
and dietary B-carotene (RR = 0.87; 95% CI: 0.71, 1.05; P for
trend = 0.18) intakes were similar. The significance of the as-
sociation persisted for vitamin C but not for vitamin E or
B-carotene after further adjustment for dietary factors (Table 5).
Exclusion of the CHD events occurring during the first 2 y of
follow-up did not notably alter the results. The possible simul-
taneous effect of intakes of vitamin E, vitamin C, and 3-carotene
on CHD occurrence was studied by estimating the pairwise in-
teractions between the 3 micronutrients. No significant interac-
tions were found (data not shown). Total intakes of vitamin E,
vitamin C, or (B-carotene did not predict CHD mortality after
adjustment for nondietary confounding factors. Pooled RRs of
CHD incidence for total intakes of vitamin E, vitamin C,
B-carotene, and total carotene within categories of potential
effect-modifying factors showed only a few significant interac-
tions. The RR of CHD between the highest and lowest quintiles
of B-carotene intake was 0.72 (95% CI: 0.60, 0.87) among sub-
jects who consumed <30 g alcohol/d, whereas the RR did not
differ from unity in nonusers (RR = 0.97; 95% CI: 0.81, 1.16) or
subjects who consumed =30 g/d (RR = 0.89; 95% CI: 0.65,
1.20). The RR for B-carotene differed significantly from unity in
the highest tertile of fiber intake (RR = 0.73; 95% CI: 0.53,
1.00) but not in the 2 lower tertiles. The RR between the
highest and lowest quintiles of total vitamin E intake differed
significantly from unity in nondiabetic subjects (RR = 0.80;
95% CI: 0.69, 0.92) but not in diabetic subjects (RR = 0.96;
95% CI: 0.61, 1.51).

DISCUSSION

Yitamin C

In cohorts with information on supplemental vitamin C intake,
higher overall intake of vitamin C was associated with lower
CHD rates. Subjects in the highest quintile of vitamin C intake
(median intake of 756 mg/d) had a 24% lower risk than did those
in the lowest quintile. The lower risk was independent of nondi-
etary risk factors of CHD, and a dose-response association was
observed. Because vitamin C supplement use may be an indicator
of a “healthy” lifestyle, we further adjusted for many relevant
constituents of foods (eg, dietary fiber and saturated fat). The
adjustment had no notable effect on this association. Our finding
is inconsistent with the suggestion of no notable additional ben-
efit from vitamin C intakes over 200 mg/d because of tissue
saturation (27) but agrees with results from previous cohort stud-
ies showing a significantly (28 —30) or nonsignificantly (15, 16,
31) lower CHD risk at intakes of >500 mg/d. One cohort study
(32) that reported no association had considerably lower vitamin
C intakes.

To examine associations between antioxidant vitamins from
dietary sources and CHD risk, we excluded subjects who took
supplements. We found no reduction of CHD risk at higher
dietary intakes of vitamin C. In fact, after adjustment for poten-
tially confounding dietary factors, vitamin C was positively re-
lated to CHD incidence. The possibility of a chance finding
cannot be excluded. Several previous studies also failed to find an
inverse association for vitamin C status (16, 29, 33-39). In con-
trast, several studies reported a lower risk of CHD at higher
vitamin C intakes and concentrations (13, 40—45). A higher
serum ascorbic acid concentration indicates dietary patterns fea-
turing a variety of fruit and vegetables. The reported associations
may be due in part to incomplete adjustments for other
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TABLE 4
Pooled relative risks (RRs) of the incidence of major coronary heart disease (CHD) events and CHD mortality according to the use of vitamin
supplements’
Model 1 Model 2 Model 3
Number at Number of
Supplement risk cases RR 95% CI RR 95% C1 RR 95% CI
Incidence
Vitamin E
Amount (mg/d)
0 111 110 1629 1.00 — 1.00 — 1.00 —
<25 38 579 458 0.87 (0.78,0.97) 0.93 (0.81, 1.06) 0.92 (0.81, 1.06)
25-99 12 405 200 0.88 (0.76, 1.03) 1.00 (0.83, 1.20) 1.00 (0.83, 1.20)
100-249 7451 88 0.80 (0.64, 1.00) 0.88 (0.70, 1.11) 0.88 (0.70, 1.12)
=250 20273 325 0.86 (0.76, 0.97) 0.94 (0.81, 1.09) 0.94 (0.81, 1.09)
P for trend — — 0.02 — 0.47 — 0.52 —
P for heterogeneity — — 0.86 — 0.83 — 0.83 —
Vitamin C
Amount (mg/d)
0 105 764 1767 1.00 — 1.00 — 1.00 —
<100 31885 437 0.90 (0.80, 1.00) 0.93 (0.80, 1.07) 0.93 (0.80, 1.07)
100-399 24 431 373 0.89 (0.79, 1.00) 0.89 (0.76, 1.05) 0.89 (0.76, 1.05)
400-699 16 298 213 0.72 (0.62, 0.83) 0.74 (0.63, 0.88) 0.75 (0.63, 0.88)
=700 16 960 246 0.74 (0.62, 0.90) 0.75 (0.60, 0.93) 0.75 (0.60, 0.93)
P for trend — — <0.001 — 0.002 — <0.001 —
P for heterogeneity — — 0.23 — 0.34 — 0.36 —
Mortality
Vitamin E
Amount (mg/d)
0 131239 740 1.00 — 1.00 — 1.00 —
<25 45595 242 1.02 (0.87, 1.18) 1.02 (0.84, 1.23) 1.03 (0.85, 1.25)
25-99 13 031 60 0.75 (0.57,0.99) 0.81 (0.58, 1.13) 0.82 (0.59, 1.14)
100-249 8519 53 1.09 (0.79, 1.51) 1.15 (0.83, 1.58) 1.18 (0.86, 1.69)
=250 23339 137 0.94 (0.65, 1.37) 0.95 (0.63, 1.43) 0.98 (0.64, 1.48)
P for trend — — 0.81 — 0.94 — 1.00 —
P for heterogeneity — — 0.03 — 0.05 — 0.04 —
Vitamin C
Amount (mg/d)
0 123224 664 1.00 — 1.00 — 1.00 —
<100 36920 202 0.99 (0.84, 1.16) 0.97 (0.80, 1.18) 0.98 (0.81, 1.20)
100-399 29282 157 0.85 (0.60, 1.19) 0.82 (0.57, 1.18) 0.84 (0.58, 1.21)
400-699 19 232 118 0.96 (0.72, 1.28) 0.94 (0.68, 1.32) 0.96 (0.70, 1.32)
=700 18 585 91 0.77 (0.61,0.97) 0.75 (0.58, 0.98) 0.76 (0.58, 0.99)
P for trend — — 0.11 — 0.16 — 0.17 —
P for heterogeneity — — 0.22 — 0.27 — 0.26 —

! For multivariate model 1, RRs were adjusted for age, energy intake (kcal/d), smoking status [never, past, current smoker (1-4, 5-14, 15-24, =25
cigarettes/d)], BMI (in kg/mz; <23,23-24.9,25-27.4,27.5-29.9, =30), physical activity (levels 1-5), education (less than high school, high school graduate,
more than high school), alcohol intake (0, <5, 5-9.9, 10-14.9, 15-29.9, 30-49.9, =50 mL/d), history of diabetes, hypercholesterolemia or serum cholesterol
(quintiles), hypertension or blood pressure, and postmenopausal hormone use among the women. For multivariate model 2, RRs, were adjusted for all of the
factors in multivariate model 1 plus intakes of energy-adjusted saturated fatty acids, cholesterol, flavonoids, folate with supplements, vitamin B-6 with
supplements, and cereal fiber. For multivariate model 3, RRs were adjusted for all of the factors in multivariate model 2 plus dietary intakes of total carotene,
vitamin C, and vitamin E. Data for vitamin E were from the Health Professionals Follow-Up Study (HPFS); the lowa Women’s Health Study (IWHS); the
Nurses” Health Study, 1980-1986 [NHS (a)], and the Nurses” Health Study, 1986—1996 [NHS (b)]. Data for vitamin C were from the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study (the placebo arm), the HPFES, the IWHS, the NHS (a), and the NHS (b).

substances in plant foods. In addition, low blood vitamin C con-
centrations reflect smoking and other physiologic stressors.

Vitamin E

We found a lower CHD risk at higher intakes of dietary vita-
min E when the results were adjusted for age and energy intake.
The relation persisted for women but not for men after further
adjustment for potential confounders. Some (13, 16), but not all
(17), previous cohort studies in women found a lower risk at
higher dietary vitamin E intakes. With a few exceptions (13, 39),

studies in men alone or in men and women combined failed to find
an association for dietary vitamin E (15, 17, 37, 44) or serum
a-tocopherol concentration (5, 46—48). The suggestion of a lower
risk in women but notin men is in line with the observation of higher
lipid peroxidation in women than in men (49) and the fact that
women may have fewer competing risk factors than do men.

We did not find any benefits of higher supplemental intakes of
vitamin E. Cohort studies on the association between dietary or
supplemental intake combined or supplemental intake of vitamin
E alone have produced contradictory results. Two studies
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Pooled relative risks of the incidence of major coronary heart disease (CHD) events and CHD mortality for quintiles of energy-adjusted overall (dietary
and supplemental combined) antioxidant vitamin intake in the pooled analysis of the cohort studies reporting supplemental intakes’

Quintile of overall antioxidant vitamin intake

P for P for
Nutrient 1 (Lowest) 2 3 4 5 (Highest) trend heterogeneity
Incidence
Vitamin E
Number at risk 39 063 39076 39 062 39071 39 066 — —
Number of incident CHD cases 658 619 622 568 569 — —
Median intake (mg) 5.10 6.74 8.45 18.7 279 — —
Relative risk
Multivariate model 1 1.00 0.94 (0.84,1.06) 0.92(0.81, 1.05) 0.86(0.73, 1.01)  0.80(0.72,0.91) 0.008 0.77
Multivariate model 2 1.00 0.97 (0.86, 1.09)  0.96 (0.85,1.09) 0.95(0.76,1.21) 0.90 (0.78, 1.05) 0.44 0.85
Multivariate model 3 1.00 0.96 (0.86, 1.08)  0.96 (0.85,1.09) 0.95(0.76, 1.19)  0.95 (0.81, 1.12)  0.85 0.84
B-Carotene
Number at risk 22 425 22422 22 426 22422 22423 — —
Number of incident CHD cases 519 483 499 569 502 — —
Median intake (ug) 1918 2918 3791 4925 7323 — —
Relative risk
Multivariate model 1 1.00 0.90 (0.79, 1.03)  0.91 (0.78,1.06) 1.01 (0.84,1.21) 0.82(0.72,0.93) 0.07 0.25
Multivariate model 2 1.00 0.92 (0.81,1.05) 0.94(0.79, 1.12)  1.07 (0.85, 1.34) 0.88 (0.73, 1.06)  0.38 0.20
Multivariate model 3 1.00 0.92 (0.81, 1.05) 0.94 (0.76, 1.15) 1.06 (0.83,1.36) 0.88 (0.71,1.10) 0.44 0.12
Total carotene
Number at risk 21320 21320 21321 21319 21320 — —
Number of incident CHD cases 445 434 447 486 424 — —
Median intake (ug RE) 369 578 764 1015 1567 — —
Relative risk
Multivariate model 1 1.00 0.95(0.83,1.08) 0.94 (0.82,1.08) 0.99(0.87,1.13) 0.83(0.71,0.96) 0.17 0.06
Multivariate model 2 1.00 0.96 (0.84,1.10) 0.98 (0.85,1.12)  1.05(0.91, 1.21) 0.88 (0.70, 1.11)  0.43 0.03
Multivariate model 3 1.00 0.96 (0.84, 1.11) 0.98 (0.85,1.13) 1.04 (0.87,1.25) 0.88 (0.68, 1.16)  0.50 0.02
Vitamin C
Number at risk 39 066 39073 39061 39072 39 066 — —
Number of incident CHD cases 641 624 645 605 521 — —
Median intake (mg) 81 128 177 268 756 — —
Relative risk
Multivariate model 1 1.00 0.96 (0.86, 1.08)  0.95 (0.85, 1.06)  0.89 (0.79, 1.00)  0.76 (0.67, 0.86) <0.001 0.68
Multivariate model 2 1.00 1.02 (0.90, 1.15) 1.04 (0.92,1.19) 1.01 (0.86, 1.18) 0.87 (0.74,1.01) 0.004 0.91
Multivariate model 3 1.00 1.01 (0.89, 1.14)  1.05(0.92,1.20) 1.03 (0.86, 1.23)  0.88 (0.75, 1.03)  0.007 0.90
Mortality
Vitamin E
Number at risk 45044 45458 45 443 45451 45447 — —
Number of CHD deaths 304 278 240 270 272 — —
Median intake (mg) 4.71 6.23 8.27 16.0 208 — —
Relative risk
Multivariate model 1 1.00 0.94 (0.79, 1.11)  0.80 (0.66, 0.95)  0.90 (0.76, 1.07) 0.88 (0.71, 1.10)  0.65 0.10
Multivariate model 2 1.00 0.97 (0.82, 1.16)  0.84 (0.69, 1.01)  0.99 (0.79, 1.23) 0.97 (0.71, 1.33)  0.79 0.04
Multivariate model 3 1.00 0.97 (0.81, 1.16)  0.84 (0.70, 1.02) 0.98 (0.78, 1.23) 1.01 (0.70, 1.45)  0.89 0.03
B-Carotene
Number at risk 22425 22422 22 426 22422 22423 — —
Number of CHD deaths 190 172 162 185 173 — —
Median intake (ug) 1918 2918 3791 4925 7323 — —
Relative risk
Multivariate model 1 1.00 0.88 (0.71,1.09) 0.82(0.57,1.16) 0.89(0.70, 1.12)  0.78 (0.62,0.97)  0.06 0.82
Multivariate model 2 1.00 0.90 (0.72, 1.13)  0.84 (0.58,1.23) 0.92 (0.72,1.17)  0.84 (0.66, 1.07)  0.27 0.79
Multivariate model 3 1.00 0.89 (0.71,1.11)  0.82(0.55,1.24) 0.90 (0.71, 1.14)  0.84 (0.65,1.07) 0.34 0.68
Total carotene
Number at risk 27701 27701 27702 27 700 27701 — —
Number of CHD deaths 236 228 212 221 215 — —
Median intake (ug RE) 369 578 764 1015 1567 — —
Relative risk
Multivariate model 1 1.00 0.97 (0.80, 1.16)  0.89 (0.72,1.09) 0.90 (0.75,1.09) 0.87 (0.72,1.06)  0.17 0.48
Multivariate model 2 1.00 1.01 (0.83,1.21) 0.93(0.73,1.19) 0.97 (0.79, 1.18)  0.94 (0.74, 1.20)  0.68 0.32
Multivariate model 3 1.00 1.01 (0.83,1.22) 0.94 (0.72,1.22) 0.98 (0.80, 1.20) 0.96 (0.73, 1.25)  0.81 0.29
Vitamin C
Number at risk 45 447 45 454 45 442 45453 45 447 — —
Number of CHD deaths 269 288 290 267 250 — —
Median intake (mg) 84 132 179 265 701 — —

(Continued)
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TABLE 5 (Continued)

Quintile of overall antioxidant vitamin intake

P for P for
Nutrient 1 (Lowest) 2 3 4 5 (Highest) trend heterogeneity
Relative risk
Multivariate model 1 1.00 1.11(0.92,1.33) 1.06 (0.87,1.29) 0.96 (0.81, 1.15) 0.94(0.77,1.14)  0.38 0.17
Multivariate model 2 1.00 1.19(0.99, 1.44) 1.17(0.94, 1.44) 1.06 (0.86, 1.32) 1.05(0.85,1.31) 0.58 0.25
Multivariate model 3 1.00 1.20(0.99, 1.44) 1.18(0.95,1.47) 1.07 (0.86,1.33) 1.08 (0.81,1.44) 0.61 0.24

"' 95% Cls in parentheses. Data for vitamins E and C were from the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (the placebo arm; ATBC);
the Health Professionals Follow-Up Study (HPFS); the lowa Women’s Health Study (IWHS); the Nurses’ Health Study, 19801986 [NHS (a)]; and the Nurses’
Health Study, 1986-1996 [NHS (b)]. Data for B-carotene were from the ATBC, the HPFS, and the NHS (b). Data for total carotene were from the HPFS, the
IWHS, and the NHS (b). For multivariate model 1, relative risks were adjusted for age, energy intake (kcal/d), smoking status [never, past, current smoker (1—4,
5-14,15-24, =25 cigarettes/d)], BMI (in kg/m?; <23,23-24.9,25-27.4,27.5-29.9, =30), physical activity (levels 1-5), education (less than high school, high
school graduate, more than high school), alcohol intake (0, <5, 5-9.9, 10-14.9, 15-29.9, 30-49.9, =50 mL/d), history of diabetes, hypercholesterolemia or
serum cholesterol (quintiles), hypertension or blood pressure, and postmenopausal hormone use among the women. For multivariate model 2, relative risks were
adjusted for all of the factors in multivariate model 1 plus intakes of energy-adjusted saturated fatty acids, cholesterol, flavonoids, folate with supplements,
vitamin B-6 with supplements, and cereal fiber. For multivariate model 3, relative risks were adjusted for all of the factors in multivariate model 2 plus additional
factors as follows: vitamin E was adjusted for vitamin C and total carotene, 3-carotene and total carotene were adjusted for vitamins E and C, and vitamin C

was adjusted for vitamin E and total carotene. RE, retinol equivalents.

included in the pooling project (15, 17) reported an inverse
association for vitamin E, whereas 3 other studies (16, 29, 31)
found no association. One intervention trial on vitamin E sup-
plementation in a relatively low amount (50 mg/d) reported no
protection against fatal CHD (5), and another trial that used
higher amounts (300 mg/d) found that the supplementation did
not provide any significant protection before it was prematurely
stopped (50). Because vitamin C can help to regenerate oxidized
vitamin E, an interaction between vitamins E and C was expected
but not observed in our data.

Carotenoids

We found a lower risk of major CHD events at higher total
intakes of (-carotene and at higher dietary intakes of several
carotenoids after adjustment for age and energy intake. The re-
lations were considerably reduced after further adjustment for
potential nondietary confounding factors. Because a high intake
of carotenoids is essentially the result of a diet rich in fruit and
vegetables and possibly low in meat products, we also adjusted
for many constituents of these foods. After these adjustments, the
inverse associations with all individual carotenoids except lutein
disappeared. Our lutein finding was in accordance with previous
epidemiologic, in vitro, and animal model findings (51). A car-
otene score combining all carotenoids also had a significant
inverse association with CHD risk. Because the association for lu-
tein disappeared after further exclusion of cases occurring during the
first 2 y of follow-up, our results can be interpreted as suggesting that
none of the carotenoids considered, when consumed in typical
dietary amounts, predicts a reduced incidence of CHD.

Results from the few cohort studies available on intakes or
serum concentrations of total carotene or 3-carotene and CHD
are contradictory: some of the studies (5, 7, 15, 37, 44, 52-54)
found an inverse association, whereas others found no inverse
association (13, 16, 29, 39, 41, 48, 55, 56). At least some of the
studies, especially the serologic ones that suggested an inverse
association, were apparently not adjusted for all potential con-
founding factors, including details of smoking behavior. There-
fore, inverse associations may, at least in part, have been due to
residual confounding.

Intervention studies using supplemental 3-carotene in the pre-
vention of cardiovascular diseases have found no benefit (5-9,

57, 58). Because supplements in the intervention studies pro-
vided much higher B-carotene intakes (20—50 mg/d) than re-
ported in the cohort studies, the results from cohort and inter-
vention studies are not comparable.

Methodologic aspects

To obtain a more comprehensive picture of the association
between intakes of the antioxidant vitamins considered and CHD
occurrence, we used 2 different approaches. First, we estimated the
RR of CHD between quintiles of micronutrient intake. The advan-
tage of this lies in the lack of assumption on the pattern of the
relation. The shortcoming that the differences in absolute micronu-
trient intakes between the studies were ignored was reduced by
conducting separate analyses for dietary intake and total intake.
Second, we estimated the strength of association for a specific in-
crement of the antioxidant vitamin considered; in this approach, the
absolute intakes are considered, but a linear relation with the out-
come is assumed. Because several of the associations appeared to be
present only at higher intakes of the antioxidant vitamin and thus the
linearity assumption on a logistic scale was violated, the quintile
approach was favorable. Nonetheless, the results from the 2 ap-
proaches did not differ materially.

An advantage of the pooling project is that publication bias is
reduced because of the inclusion of studies from which results on
this topic have never been published. Other advantages include a
higher power to detect associations, a more satisfactory control
of confounding, a better ability to investigate potential effect
modification, and an ability to differentiate the associations for
dietary and supplemental intakes. However, there remain some
methodologic factors that may have masked associations or
caused artificial associations. First, we cannot exclude the pos-
sibility that other carotenoids or single vitamin E compounds or
some combination of them may have afforded protection. Sec-
ond, possible changes in dietary habits during the 6-10-y
follow-up period in some cohorts may have biased the observed
associations between antioxidant intake and CHD. However,
inclusion of only the first 5 y of follow-up did not notably alter the
results. Third, lack of or limited information on particular dietary
(eg, iron) and lifestyle factors may have resulted in residual
confounding or interactions. Fourth, the adjustment for certain
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nutrients may have caused overadjustment. Our results for di-
etary vitamin C are consistent with this hypothesis. Fifth, meth-
odologic issues related to the dietary questionnaire and to the
estimation of nutrient intakes may have affected the results, most
likely biasing estimates toward the null hypothesis. Sixth, in
addition to antioxidant intakes, the oxidative balance between
prooxidants and antioxidants may affect antioxidant efficiency
(49, 59). Because polyunsaturated fatty acids are sensitive to
oxidation and may increase the formation of free radicals, the
intake of polyunsaturated fatty acids may modify the associa-
tions between antioxidant vitamins and CHD risk (60). In addi-
tion, oxidative stress is increased in smokers and diabetic persons
(49). Therefore, we examined whether smoking, diabetes, and
polyunsaturated fat intake modified the associations observed
but found little evidence for interaction. Furthermore, because of
metabolic interrelations between antioxidants, synergistic inhi-
bition of LDL oxidation by several antioxidants is possible.
However, we found no notable interaction between the intakes of
vitamin E, vitamin C, and carotene (3-carotene) or between
different carotenoids. Our findings in this regard disagree with
those of one cohort study (32) but agree with those of one inter-
vention (57).

Conclusions

In conclusion, the results of the present study suggest that the use
of vitamin C supplements may reduce CHD incidence in men and
women. The results weakly support the hypothesis that a higher
dietary intake of vitamin E or lutein reduces the risk of CHD. Be-
cause the effects of high antioxidant vitamin intake are not fully
understood, the present study does not provide adequate support for
recommending high doses of vitamin C supplements. ¢ |
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