
Original Contributions

Folate and Vitamin B6 From Diet and
Supplements in Relation to Risk of
Coronary Heart Disease Among Women
Eric B. Rimm, ScD; Walter C. Willett, MD, DrPH; Frank B. Hu, MD, PhD; Laura Sampson, MS;

Graham A. Colditz, MB, BS, DrPH; JoAnn E. Manson, MD, DrPH;

Charles Hennekens, MD, DrPH; Meir J. Stampfer, MD, DrPH

Context.— Hyperhomocysteinemia is caused by genetic and lifestyle influences,
including low intakes of folate and vitamin B6. However, prospective data relating
intake of these vitamins to risk of coronary heart disease (CHD) are not available.

Objective.— To examine intakes of folate and vitamin B6 in relation to the inci-
dence of nonfatal myocardial infarction (MI) and fatal CHD.

Design.— Prospective cohort study.
Setting and Patients.— In 1980, a total of 80 082 women from the Nurses’ Health

Study with no previous history of cardiovascular disease, cancer, hypercholester-
olemia, or diabetes completed a detailed food frequency questionnaire from which
we derived usual intake of folate and vitamin B6.

Main Outcome Measure.— Nonfatal MI and fatal CHD confirmed by World
Health Organization criteria.

Results.— During 14 years of follow-up, we documented 658 incident cases of
nonfatal MI and 281 cases of fatal CHD. After controlling for cardiovascular risk
factors, including smoking and hypertension and intake of alcohol, fiber, vitamin E,
and saturated, polyunsaturated, and trans fat, the relative risks (RRs) of CHD be-
tween extreme quintiles were 0.69 (95% confidence interval [CI], 0.55-0.87) for fo-
late (median intake, 696 µg/d vs 158 µg/d) and 0.67 (95% CI, 0.53-0.85) for vitamin
B6 (median intake, 4.6 mg/d vs 1.1 mg/d). Controlling for the same variables, the
RR was 0.55 (95% CI, 0.41-0.74) among women in the highest quintile of both fo-
late and vitamin B6 intake compared with the opposite extreme. Risk of CHD was
reduced among women who regularly used multiple vitamins (RR=0.76; 95% CI,
0.65-0.90), the major source of folate and vitamin B6, and after excluding multiple
vitamin users, among those with higher dietary intakes of folate and vitamin B6. In
a subgroup analysis, compared with nondrinkers, the inverse association between
a high-folate diet and CHD was strongest among women who consumed up to 1
alcoholic beverage per day (RR =0.69; 95% CI, 0.49-0.97) or more than 1 drink per
day (RR=0.27; 95% CI, 0.13-0.58).

Conclusion.— These results suggest that intake of folate and vitamin B6 above
the current recommended dietary allowance may be important in the primary pre-
vention of CHD among women.
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THREE DECADES AGO, premature
vascular occlusive disease was identified
in patients with inborn metabolic disor-
ders associated with homocysteinuria,
leading to the hypothesis that elevated
blood homocysteine levels may cause
coronary disease.1,2 More recently, evi-
dence linking moderately elevated blood
homocysteinelevelstoincreasedrisk3 has
focused attention on genetic and lifestyle
determinantsofhomocysteinelevels.Fo-

late and vitamin B6 are important cofac-
tors for metabolism. Supplementation of
the diet above the recommended dietary
allowance(RDA)withfolatealone,4,5 or in
combination with vitamin B6 and vitamin
B12, reduces homocysteine levels.3,6-9 The
current RDA for folic acid for nonpreg-
nantwomenis180µg/d,10 andtheaverage
dietary intake in this country among
adult women is approximately 225 µg/d.11

Because of evidence that this level of in-
take may be insufficient to minimize risk
of neural tube defects, and possibly coro-
nary heart disease (CHD), some have
urged that the RDA be reset to the ear-
lier level of 400 µg/d.12

For editorial comment see p 392.

Although homocysteine may be ath-
erogenic, it also may be only a marker of
folate and vitamin B6 status. Recent epi-
demiologicevidencesuggests thatpopu-
lations with higher plasma levels of fo-
late and pyridoxal 59-phosphate (PLP,
the active form of vitamin B6) have lower
risk of carotid artery stenosis13 and
CHD.14-16 In 1 retrospective study15 of
130 myocardial infarction (MI) cases and
118 controls, folate intake was inversely
associated with CHD risk. To our knowl-
edge, this relation has not been prospec-
tively studied. Furthermore, previous
studies have not examined the indepen-
dent effects of folate and vitamin B6 from
food or from supplements on risk of
CHD, nor have previous studies col-
lected sufficient detail to examine sub-
populations of individuals at higher risk
of CHD due to factors that may directly
or indirectly affect circulating levels of
folate (eg, smoking, parental history of
MI, and alcohol). Therefore, we exam-
ined the relation of intakes of folate and
vitamin B6 to risk of CHD among 80 082
women enrolled in the Nurses’ Health
Study and followed prospectively for 14
years (1980-1994).
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METHODS
The Nurses’ Health Study Cohort

Details of the Nurses’ Health Study
havebeenpublishedelsewhere.17 Briefly,
the cohort was established in 1976 when
121 700 female registered nurses aged 30
to 55 years and residing in 11 large US
states completed a mailed questionnaire
on their medical history and lifestyle. Ev-
ery 2 years, follow-up questionnaires
have been sent to update information on
potential risk factors and identify newly
diagnosed cases of CHD and other dis-
eases. In 1980, a 61-item food frequency
questionnaire (FFQ) was included to as-
sess intake of micronutrients and other
components of diet.18 In 1984, the FFQ
was expanded to include 116 items. Simi-
lar questionnaires were used to update
diet in 1986 and 1990.

Semiquantitative FFQs
A detailed description of the dietary

questionnaires and documentation of
their reproducibility and validity have
been published elsewhere.18-21 Briefly,
the questionnaire at baseline contained
61foodsthatallowedmaximumdiscrimi-
nation of macronutrient and micronutri-
ent intake. The 1980 questionnaire also
gathered information on brand of cold
cereal, use of vitamin supplements,
brandandtypeofmultiplevitamin,usual
number taken per week, and years of
pastsupplementuse.Refinementstothe
original instrument ledtoapproximately
twice the number of foods on revised
questionnaires in 1984, 1986, and 1990.
On all dietary questionnaires, a com-
monly used unit or portion size for each
food (eg, 1 egg or 1 slice of bread) was
specified, and the participant was asked
how often on average during the previ-
ous year she had consumed that amount
of each food. Nine responses were pos-
sible, ranging from “never or less than
once per month” to “six or more times
per day.” The intake of nutrients was
computed by multiplying the frequency
ofconsumptionofeachunitof foodbythe
nutrient content of the specified portion.
Food composition values for folate, ribo-
flavin, vitamin B6, vitamin B12, methio-
nine, and other nutrients were obtained
from the Harvard University Food
Composition Database (November 22,
1993) derived from US Department of
Agriculturesources22 andsupplemented
with manufacturer information.

Inadetailedvalidationstudy,wecom-
pared nutrients derived from the 61-
item baseline questionnaire with those
from four 1-week diet records collected
at approximately 3-month intervals and
found that the FFQ can provide a rea-
sonable measure of dietary intake of mi-
cronutrients among female nurses.18,21

For example, for vitamin B6, we found a
correlation of 0.58 (0.54 for vitamin B6

from foods only) between energy-ad-
justed nutrient intake derived from the
questionnaire and that from the average
of four 1-week diet records.18

As further validation of the dietary in-
strument, we,23 and others,24,25 have
found that the FFQ predicts circulating
levels of folate and vitamin B6. In the
Framingham Heart Study, intake calcu-
lated from the FFQ24,25 predicted plasma
folate (r=0.56), plasma vitamin B6 (mea-
sured as PLP) (r=0.51),24 and homocys-
teine levels.25

Population
After up to 4 mailings, 98 462 women

returned the 1980 diet questionnaire. A
priori, we excluded women who had im-
plausibly high (.14 700 kJ/d [3500 kcal/d])
or low (,2100 kJ/d [500 kcal/d]) total en-
ergy intake or those who left 10 or more
items blank. We further excluded wom-
en with previously diagnosed cancer
(n=3526) and cardiovascular disease
(ie, angina, MI, stroke, tachycardia, tran-
sient ischemic attack; n=1821). In addi-
tion, women reporting hypercholester-
olemia (n=4122) or diabetes (n=1812)
were excluded because these conditions
are associated with risk of CHD and these
women might tend to change their diet
and lifestyle habits after diagnosis. The
final 1980 baseline population consisted
of 80 082 women.

Outcome
We defined the primary outcome of

CHD as documented symptomatic non-
fatal MI or fatal CHD occurring after the
return of the 1980 questionnaire but be-
fore June 1, 1994. We requested permis-
sion to review medical records from
women who reported a nonfatal MI on a
follow-up questionnaire. The records
were reviewed by study physicians
blinded to the exposure status. We used
the World Health Organization criteria
forMI;confirmationrequiredsymptoms
plus either diagnostic electrocardio-
graphic changes or elevated cardiac en-
zymes. Myocardial infarctions that re-
quired hospital admission and for which
confirmatory information was obtained
by interview or letter, but for which no
medical records were available, were
designated as “probable.” We included
all “confirmed” and “probable” cases in
our analyses because results were not
substantially different after excluding
17% of cases defined as “probable.”

We were notified of most deaths by
the next of kin or the post office. Every
2 years we also search the National
Death Index for nonrespondents to bi-
ennial questionnaires. We estimate that
follow-up for deaths is over 98% com-

plete.26 Fatal CHD was defined as fatal
MI if confirmed by hospital records or
autopsy, or if CHD was listed as the pri-
mary cause on the death certificate and
evidenceofpreviousCHDwasavailable.
Information from death certificate alone
was not sufficient for the confirmation
of CHD.

Data Analysis
All nutrients were energy-adjusted

using the residual method.21,27 Energy
adjustment is based on the a priori bio-
logic considerations that a larger, more
physically active person will require a
higher caloric intake, which will also be
associated with a higher absolute intake
of all nutrients. Therefore, by adjusting
for energy intake, we examined the com-
position of the diet, accounting for dif-
ferences in energy requirements among
individuals. The residuals were stan-
dardized to the predicted nutrient in-
take of a women consuming 6720 kJ/d
(1600 kcal/d), the average total energy
intake among women responding to the
1980 dietary questionnaire. After en-
ergy adjustment, quintiles were created
for each nutrient. Person-time for each
participant was calculated from the date
of return of the 1980 questionnaire to the
date of first CHD event, death, or June 1,
1994. Women who reported cardiovas-
cular disease or cancer on previous ques-
tionnaires were excluded from subse-
quent follow-up; thus, each participant
could contribute only 1 end point, and
the cohort at risk included only those
who remained free from a cardiovascu-
lar and cancer end point at the beginning
of each 2-year follow-up interval.

We calculated incidence rates as the
number of events divided by the person-
time of follow-up in each quintile. The
relative risk (RR) was computed as the
rate in a specific quintile of a micronu-
trient divided by that in the lowest quin-
tile, with adjustment for 5-year age cat-
egories. In all multivariate analyses, we
calculated the odds ratio of CHD (as an
estimate of the RR) for quintiles of base-
line (1980) nutrients controlling for age;
time period; smoking; body mass index
(a measure of weight in kilograms di-
vided by the square of height in meters);
postmenopausal hormones; aspirin; vi-
tamin E supplements; exercise; hyper-
tension; parental history of CHD; and
intake of polyunsaturated, saturated,
and trans fat, fiber, and alcohol. The
main analyses were conducted as a
pooled logistic regression28 using base-
line nutrients with covariates updated
using data from each biennial follow-up.
Insecondaryanalyses, incidenceofCHD
was related to the cumulative average of
nutrient intake from dietary question-
naires administered in 1980, 1984, 1986,
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and 1990. Incident cases documented be-
tween each 2- or 4-year diet question-
naire cycle were examined in relation to
the average diet calculated from all the
preceding diet measures. Since change
in diet after development of intermedi-
ate conditions such as angina, hypercho-
lesterolemia,anddiabetesmayconfound
the exposure-disease association, we
stopped updating diet and covariates at
the beginning of the time interval during
which individualsdevelopedthose inter-
mediate end points.

RESULTS
During 14 years of follow-up, we iden-

tified 658 incident cases of nonfatal MI
and 281 cases of fatal CHD. Based on the
assessment of average diet, the largest
contributors (in absolute percentage) to
the overall intake of folate were multiple
vitamins (26%), cold cereal (8%), orange
juice (8%), lettuce (7.5%), eggs (3%),
broccoli (2.5%), and spinach (2%). Al-
though women with higher folate intake
were older and had a higher prevalence
of hypertension, they generally weighed
less, were less likely to smoke, and ate a
diet higher in fiber and lower in satu-
rated fat, polyunsaturated fat, and trans
fat (Table 1).

Using the baseline 1980 measure of di-
etary folate to classify women into quin-
tiles of intake, the age-adjusted RR of
CHD was 0.53 (95% confidence interval
[CI], 0.43-0.65) comparing women in the
highest and lowest quintiles (Table 2). In
multivariate models of folate and CHD,
smoking and use of vitamin E supple-
ments were the strongest confounders.
The RR for folate was 0.61 (95% CI, 0.49-
0.75) after adding smoking to the model
and was further attenuated to 0.65 (95%
CI,0.53-0.80)aftercontrollingforcurrent
use of vitamin E supplements. After con-
trolling for other cardiovascular risk fac-
tors, including dietary variables, the final
multivariate RR (Table 2) was only
slightly further attenuated (RR=0.69;
95% CI, 0.55-0.87). In an analysis of the
overall trendwefoundanRRof 0.89(95%
CI, 0.82-0.96) for each 200-µg increase in
folate. Furthermore, to assess whether
the dose-response relationship for folate
extended beyond the RDA of 180 µg/d,
we excluded all women at or below the
RDAandstill foundasignificantdecrease
in risk of CHD for each 200-µg increase in
folate (RR=0.91; 95% CI, 0.84-0.99).
When intake of riboflavin, vitamin B12,
and methionine were added to the mod-
els, they did not appreciably alter the RR
of folate (RRs of CHD between extreme
quintiles: for riboflavin, RR=0.99 [95%
CI, 0.67-1.48]; for vitamin B12, RR=1.09
[95% CI, 0.82-1.44]; and for methionine,
RR=0.82 [95% CI, 0.65-1.03]). Therefore,
these nutrients were not included in sub-

sequent analyses. The multivariate RRs
for folate in Table 2 were not appreciably
altered after further controlling for in-
take of carotene, magnesium, iron, or mo-
nounsaturated fat. The reduction in risk
of CHD associated with a higher folate
intake was similar when we used the up-
dated cumulative average as a measure
of intake rather than only the baseline
values and when we used either nonfatal
MI or fatal CHD as the outcome.

In more detailed analyses, we exam-
ined the independent associations for fo-
late from diet and from supplemental in-
take. In the same multivariate model
noted in Table 2 we simultaneously in-
cluded folate from both sources; a diet
high in folate from food or supplements
conferred a reduction in risk of CHD (for
food, RR=0.78 [95% CI, 0.61-1.01]; quin-
tile 5, median 379 µg/d vs quintile 1, me-
dian151µg/d; forsupplements,RR=0.76
[95% CI, 0.59-0.98]; 400-1000 µg/d vs no
supplements). The RR for a diet high in
folate was virtually identical after ex-
cluding the 33.7% of women who re-
ported use of vitamin supplements.

We conducted similar analyses for vi-
tamin B6 as to those presented above for
folate. As with folate, vitamin supple-
ments were by far the largest contribu-
tor to total vitamin B6 intake. Among the
66.3% of women not taking a multiple
vitamin or other supplements contain-
ing vitamin B6, the leading contributors
to intake were beef (14%), cold breakfast
cereal (9%), potatoes (9%), bananas

(8.5%), chicken (7%), milk (5%), and tuna
fish(3.5%).Comparedwithwomeninthe
lowest quintile of vitamin B6 intake, the
age-adjusted RR of CHD was 0.49 (95%
CI, 0.40-0.61) among women in the high-
est quintile. As with folate, the 2 stron-
gest confounders were smoking and use
of vitamin E supplements. The final mul-
tivariateRRwas0.67 (95%CI,0.53-0.85)
after controlling for measured predic-
tors of CHD (Table 2). In an analysis of
the overall trend we found an RR of 0.83
(95% CI, 0.74-0.93) for each 2-mg in-
crease in vitamin B6. Although we had
substantially fewer cases (n=458) after
excluding all women at or below the
RDA of 1.6 mg/d, the RR for each 2-mg
increase in vitamin B6 intake above the
RDA was still suggestive of a reduction
in risk of CHD (RR=0.90; 95% CI, 0.79-
1.03). In the model that simultaneously
assessed the independent associations
for vitamin B6 from food or supplement
sources, the inverse association for
supplemental intake (RR=0.75; 95% CI,
0.62-0.92; for 2-10 mg/d of supplements
vs no supplements) was slightly stron-
gerthanfor intakefromfoods (RR=0.85;
95% CI, 0.68-1.07; between quintile 5
[median 2.3 mg/d] and quintile 1 [median
1.1 mg/d]). However, in this model the
range in vitamin B6 was much broader
for intake of supplements than for foods.
The model that incorporated vitamin B6

assessed from follow-up questionnaires
yielded similar results as the multivari-
ate with only baseline dietary measures.

Table 1.—Baseline (1980) Diet and Lifestyle Characteristics by Quintiles of Total Energy-Adjusted Folate
Intake Among 80 082 Women Enrolled in the Nurses’ Health Study*

Folate Quintile

1
(,190 µg)

2
(190-244 µg)

3
(245-318 µg)

4
(319-544 µg)

5
($545 µg)

Folate, µg/d 153 217 278 409 774

Age, y 44.7 45.7 46.4 46.3 46.3

Body mass index, kg/m2 24.3 24.4 24.4 24.1 23.9

Current smokers, % 36.9 29.6 26.4 24.8 24.6

Multiple vitamins, % 7.7 10.6 14.7 43.7 94.5

Vitamin E supplements, % 5.9 6.9 8.9 14.3 27.5

Postmenopausal hormones, % 6.0 5.8 6.3 6.6 7.4

Regular exercise, %† 35.0 42.2 47.1 50.9 50.8

Hypertension, % 13.1 14.0 14.7 14.2 14.1

Parental history of CHD, %‡ 19.8 20.0 20.3 19.8 19.7

Average intake of
Vitamin B6, mg/d 1.5 1.9 2.2 3.3 5.9

Vitamin B12, µg/d 5.5 6.1 6.8 9.3 17.2

Vitamin B2, mg/d 2.2 2.6 2.9 3.6 5.5

Methionine, g/d 1.7 1.8 1.9 1.9 1.9

Saturated fat, g/d 31.1 29.0 27.2 26.1 26.8

Polyunsaturated fat, g/d 10.0 9.6 9.2 8.9 9.0

Trans fat, g/d 4.6 4.2 3.9 3.6 3.7

Fiber, g/d 10.2 12.6 14.6 15.8 14.9

Alcohol, g/d 6.9 6.8 6.6 6.5 6.5

*Means for each quintile are directly age-standardized using the age distribution of the 80 082 women eligible for
analyses.

†Regular exercise is defined as vigorous exercise 1 or more times per week.
‡Parental history of coronary heart disease (CHD) is assigned to women who reported a myocardial infarction in

either parent before the age of 65 years.
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The reduction in risk associated with a
high intake of vitamin B6 was similar for
nonfatal MI or fatal CHD.

Intakes of folate and vitamin B6 were
highly correlated (Spearman r=0.77)
largely because multiple vitamins and
fortified breakfast cereals were major
sources of both; this correlation some-
what limited our ability to assess their
independent effects. Therefore, we ex-
amined risk of CHD among women with
high intakes of both of these vitamins.
For those in the highest quintile of both
total folate and total vitamin B6 com-
pared with women in the lowest quintile
of both nutrients the multivariate RR of
CHD was 0.55 (95% CI, 0.41-0.74). The
RR was similar (RR=0.51; 95% CI, 0.33-
0.77) after excluding women with
supplemental intake of either micronu-
trient during the follow-up period.

Because most of the supplemental in-
take of folate and vitamin B6 came from
multiple vitamins, we further examined
the risk of CHD among users and nonus-
ers (Table 3). Compared with women not
taking a multiple vitamin supplement at
baseline, the age-adjusted RR of CHD
was 0.69 (95% CI, 0.59-0.81) among wom-
en taking a supplement at least every
other day. The association was only mod-
estly attenuated (RR=0.76; 95% CI, 0.65-
0.90) after accounting for other known
risk factors (Table 3). Women who re-
ported taking at least 4 multiple vitamin
pills a week for 5 or more years had the

lowest risk of CHD (RR=0.71; 95% CI,
0.56-0.90).The2%ofwomenwhoreported
taking more than 1 multiple vitamin per
day did not experience a reduction in
CHD (RR=1.19; 95% CI, 0.78-1.83).

We conducted further analyses exam-
ining combinations of factors that may
influence folate or homocysteine levels.
We divided the cohort into 3 groups
based on average alcohol consumption
(abstainers, 0.1-14.9 g/d, and $15.0 g/d).
These levelsofconsumptionareapproxi-
mately equivalent to 0, up to 1, and more
than 1 drink per day, respectively. The
inverse relation between folate intake
and risk of CHD was stronger with each
increasing level of alcohol consumption.
Among women consuming up to 1 drink
per day, the RR of CHD, comparing the
highest with lowest quintiles of folate,
was 0.69 (95% CI, 0.49-0.97) and among
those consuming more than 1 drink per
day, the comparable RR was 0.27 (95%
CI, 0.13-0.58). We also conducted a sepa-
rate analysis in the whole study popula-
tion using a multivariate model that in-
cluded indicator variables for each com-
bination of folate and alcohol. Compared
with women who were in the lowest
quintile of dietary folate and who ab-
stained from alcohol, the RR of CHD
among women in the highest quintile of
folate was 0.55 (95% CI, 0.40-0.77) at al-
cohol levels up to 1 drink a day and 0.22
(95% CI, 0.11-0.44) among those drink-
ing at least 1 drink a day (Figure). The

reduction in risk of CHD associated with
a high-folate diet was somewhat stron-
ger among women with a parental his-
tory of CHD before 65 years of age
(RR=0.57; 95% CI, 0.37-0.87) than those
without (RR=0.74; 95% CI, 0.57-0.97)
and among women who were current
smokers at baseline (RR=0.55; 95% CI,
0.39-0.77) than among nonsmokers
(RR=0.87; 95% CI, 0.64-1.20). The RR
between extreme quintiles of vitamin B6

were not appreciably different across
levels of alcohol consumption, smoking,
or family history of CHD.

COMMENT
During 14 years of follow-up of this

large prospective cohort study of wom-
en, we found graded associations be-
tween higher intakes of folate and vita-
minB6 and lowerriskofCHD.Forfolate,
lower risks were seen for higher intake
from either food or supplement sources
and for intake well above the current
RDA of 180 µg/d. For vitamin B6, the risk
was lowest with higher intake of food
and supplement sources combined. Risk
of CHD was lowest among women with
the highest intake of both folate and vi-
tamin B6. In exploratory analyses of
high- and low-risk subgroups, we found
the strongest apparent benefit of a high-
folate diet among women who consumed
alcohol. Our main findings are consistent
with the experimental evidence linking
higher intake of folate and vitamin B6

with lower homocysteine levels6-9 and
with the observational evidence sug-
gesting a strong association between el-
evated homocysteine levels and cardio-
vascular disease3,29; however, we cannot
exclude the possibility that homocyste-
ine may only be a marker of folate status
and other unknown mechanisms could
explain the lower rates of CHD among
women with higher intakes of folate and
vitaminB6.Forexample, folate-depleted
diets may be prothrombotic.30

Because the data we collected are ob-
servational, we evaluated whether the

Table 2.—Relative Risk (RR) and 95% Confidence Intervals (CIs) of Coronary Heart Disease (CHD) (Nonfatal Myocardial Infarction and Fatal CHD) by Quintiles
of Total Energy-Adjusted Folate and Vitamin B6 Intake Among 80 082 Women Enrolled in the Nurses’ Health Study (1980-1994)

Quintiles
P for
Trend1 2 3 4 5

Folate, median, µg/d 158 217 276 393 696

Cases, No. 237 197 197 168 140

Age-adjusted RR (95% CI) 1.0 0.76 (0.63-0.91) 0.72 (0.60-0.87) 0.61 (0.50-0.75) 0.53 (0.43-0.65) ,.001

Multivariate RR (95% CI)* 1.0 0.86 (0.71-1.05) 0.86 (0.70-1.06) 0.78 (0.63-0.98) 0.69 (0.55-0.87) .003

Vitamin B6, mg/d (median) 1.1 1.3 1.7 2.7 4.6

Cases 216 210 207 175 131

Age-adjusted RR (95% CI) 1.0 0.80 (0.66-0.97) 0.70 (0.50-0.85) 0.68 (0.55-0.82) 0.49 (0.40-0.61) ,.001

Multivariate RR (95% CI)* 1.0 0.92 (0.76-1.12) 0.86 (0.70-1.05) 0.88 (0.76-1.10) 0.67 (0.53-0.85) .002

*Multivariate adjustment for age (5-year categories); time period; body mass index (5 categories); smoking (never, past, and 1-14, 15-24, and $25 cigarettes per day);
menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with current hormone replacement); aspirin; vitamin E supplements;
physical activity; hypertension; parental history of myocardial infarction before age 65 years; alcohol (5 categories); and quintiles of fiber, alcohol, and saturated, polyunsaturated,
and trans fat.

Table 3.—Relative Risk (RR) and 95% Confidence Interval (CIs) of Coronary Heart Disease (CHD)
(Nonfatal Myocardial Infarction and Fatal CHD) for Users of Multiple Vitamin Supplements in 1980 Among
80 082 Women Enrolled in the Nurses’ Health Study (1980-1994)

Nonusers

Current Users *

1-3
Pills/wk

4-7
Pills/wk

Cases, No. 702 31 184

Person-years 716 913 42 685 272 435

Age-adjusted RR 1.0 (Referent) 0.82 (0.57-1.17) 0.67 (0.57-0.79)

Multivariate RR† 1.0 (Referent) 0.97 (0.68-1.40) 0.76 (0.65-0.90)

*Twenty-two cases (2%) were not included in the current user category because information on numbers of pills
per week was missing or well above 1 per day.

†Adjusted for same variables as in Table 2.
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association with folate could be ex-
plained by other healthy lifestyle prac-
tices among women in the highest
quintile of folate intake. For several
variables, such as smoking and use of vi-
tamin E supplements, women in the
highest quintile of folate had a lower risk
profile (Table 1). Controlling for these
factors attenuated the age-adjusted RR
from 0.53 (95% CI, 0.43-0.65) to 0.69 (95%
CI, 0.53-0.85) (Table 2). However, sev-
eral lines of evidence suggest that this
inverse association for folate is not due
to further bias or confounding. First, if
the self-selection of the healthiest indi-
viduals into the highest quintile of folate
were to explain our results, we would
expect several other micronutrients
found in supplements and “healthy di-
ets”alsotoberelatedto lowerrisk.How-
ever, we did not find inverse associa-
tions for other such micronutrients (eg,
riboflavin, vitamin B12, and vitamin C31).
Second, our data suggest a graded in-
verse association between CHD and in-
creasing intake of folate regardless of fo-
latesource.Finally, themagnitudeofthe
inverse association for folate is consis-
tent with our parallel study among male
health professionals32 and with the
physiologic effects of folate on lowering
of homocysteine levels.3 From calcula-
tions by Boushey et al3 and Tucker et
al,25 increasing folate intake by 100 µg/d
would lower homocysteine levels by 6%
and risk of CHD by approximately 5%.
Each 100 µg/d increase in folate in our
population was associated with a 5.8%
(95% CI, 2%-9%) lower risk of CHD.

HomocysteinemayincreaseriskofCHD
throughdirect toxicitytoendothelial cells,
increasedcoagulation,decreasedendothe-
lial reactivity, and stimulation of smooth
muscle cell proliferation.33-36 Higher lev-
els of homocysteine have been observed
among patients with peripheral37,38 and ce-
rebral vascular occlusion39,40 and coronary
disease.3 Although the positive associa-
tion is graded between levels of homocys-
teine and degree of carotid artery steno-
sis13 andCHD,3,29,41 theassociationbetween
dietary folate and CHD may not be linear
sincetheassociationbetweenfolateandho-
mocysteineappearstoplateaubetween400
µg/d and 1 mg/d.3,24-25 Within the range of
folate intake in this population (10th per-
centile of 150 µg/d and 90th percentile of
700 µg/d), our results suggest a linear de-
cline in risk of CHD. We were not able to
examinebenefitsofsupplementationabove
1 mg/d.

Elevated homocysteine levels after a
methionine load and fasting homocyste-
ine levels may be independent predic-
tors of CHD.3,15,42 Recent evidence sug-
gests that vitamin B6 is generally more
effective at lowering homocysteine lev-
els after methionine load,43,44 and folate

more effective at lowering fasting homo-
cysteine levels. Our results of a maxi-
mum benefit among women in the high-
est quintile of both folate and vitamin B6

(RR=0.57; 95% CI, 0.40-0.82) are consis-
tent with independent effects of these
vitamins in lowering homocysteine lev-
els and suggest that maximum benefit is
obtained at optimal levels of both. Ran-
domized trials in secondary and primary
prevention are needed to test their in-
dependent effects.45 Although dietary
B12 also may lower homocysteine level,
plasma B12 levels are influenced more by
absorption than intake, thus the lack of
association between extreme quintiles
ofdietaryvitaminB12 (RR=1.09;95%CI,
0.82-1.44) and risk of CHD is expected.

The stronger inverse association be-
tween folate and CHD among women
who consumed alcohol (Figure) merits
further exploration since several sub-
group analyses were conducted. At mod-
erate levels of alcohol consumption,
oxidation of acetaldehyde from ethanol
metabolism can inactivate folate.46 Fur-
thermore, acetaldehyde binds and inacti-
vates methionine synthase,47 the enzyme
responsible for the folate-dependent re-
methylation of homocysteine to methio-
nine.Therefore,wewouldexpectthatthe
cardiovascular benefits of moderate alco-
hol consumption48 may be partially offset
unless women have high folate intake.

Inconclusion, inthispopulationofwom-
en, higher intakes of folate from food or
supplements, alone or incombinationwith

vitamin B6, are associated with substan-
tially lower risk of CHD among women.
Our results corroborate and extend re-
cent studies,14-16,49 showing lower risk of
coronarydiseaseinindividualswithhigher
plasma folate and plasma vitamin B6 lev-
els. Even though in this population of US
womenaverage intakesof folate (366µg/d;
median=277 µg/d) and vitamin B6 (3.0 mg/
d; median=1.7 mg/d) were well above
those from national averages (224 µg/d for
folate and 1.51 mg/d for vitamin B6),11 we
still found a graded reduction in risk with
higher intake. The lowest risk was among
womenwithintakeoffolateabove400µg/d
and vitamin B6 above 3 mg/d. Therefore,
the current RDA for folate of 180 µg/d and
for vitamin B6 of 1.6 mg/d deemed suffi-
cient to prevent deficiency among non-
pregnant women10 may not be sufficient
to minimize risk of coronary disease. Fur-
thermore, for folate, it is estimated that
88% to 90% of the population has dietary
intakes below 400 µg/d11,50 and that the re-
cently implementedpolicyof folatesupple-
mentationof140µgper100gofgrainprod-
ucts inUSfoodsuppliesmayonly increase
average intakes by 100 µg/d,51 and less if
currently fortified foods are required to
reducefortificationlevels.52 Evenafterfor-
tification, only 25% of adult women will
havedietaryfolate intakesabove400µg/d.
Our results suggest that any widespread
increase in folate intake will have a favor-
able impact on CHD rates, but that maxi-
mum benefit would be achieved at folate
intake of at least 400 µg/d.
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