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HOMOCYSTEINE LEVELS HAVE

been directly associated with
cardiovascular risk in obser-
vational studies1; and daily

supplementation with folic acid, vita-
min B6, vitamin B12, or a combination
have been shown to reduce homocys-
teine levels to varying degrees in inter-
vention studies.2 Based on these
data, several randomized trials were
designed to test the hypothesis that
supplementation with folic acid or B vi-
tamins or both would prevent cardio-
vascular disease (CVD). However, pub-
lished trials on patients with preexisting
vascular disease have not demon-
strated a benefit of folic acid or B vita-
mins on CVD risk.3 Participants in
observational studies were followed up
for longer durations then participants
in randomized trials1; therefore, it is
plausible that homocysteine lowering
may have had a greater effect if partici-
pants were treated and observed
for longer periods of time. Meta-
analyses of randomized trials sug-
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Context Recent randomized trials among patients with preexisting cardiovascular dis-
ease (CVD) have failed to support benefits of B-vitamin supplementation on cardio-
vascular risk. Observational data suggest benefits may be greater among women, yet
women have been underrepresented in published randomized trials.

Objective To test whether a combination of folic acid, vitamin B6, and vitamin B12

lowers risk of CVD among high-risk women with and without CVD.

Design, Setting, and Participants Within an ongoing randomized trial of anti-
oxidant vitamins, 5442 women who were US health professionals aged 42 years or
older, with either a history of CVD or 3 or more coronary risk factors, were enrolled in
a randomized, double-blind, placebo-controlled trial to receive a combination pill con-
taining folic acid, vitamin B6, and vitamin B12 or a matching placebo, and were treated
for 7.3 years from April 1998 through July 2005.

Intervention Daily intake of a combination pill of 2.5 mg of folic acid, 50 mg of
vitamin B6, and 1 mg of vitamin B12.

Main Outcome Measures A composite outcome of myocardial infarction, stroke,
coronary revascularization, or CVD mortality.

Results Compared with placebo, a total of 796 women experienced a confirmed CVD
event (406 in the active group and 390 in the placebo group). Patients receiving active vi-
tamin treatment had similar risk for the composite CVD primary end point (226.9/10 000
person-years vs 219.2/10 000 person-years for the active vs placebo group; relative risk
[RR], 1.03; 95% confidence interval [CI], 0.90-1.19; P=.65), as well as for the secondary
outcomes includingmyocardial infarction(34.5/10000person-yearsvs39.5/10000person-
years; RR, 0.87; 95% CI, 0.63-1.22; P=.42), stroke (41.9/10 000 person-years vs 36.8/
10000person-years;RR,1.14;95%CI,0.82-1.57;P=.44),andCVDmortality(50.3/10000
person-yearsvs49.6/10 000person-years;RR,1.01;95%CI,0.76-1.35;P=.93). Inablood
substudy, geometric mean plasma homocysteine level was decreased by 18.5% (95% CI,
12.5%-24.1%; P� .001) in the active group (n=150) over that observed in the placebo
group (n=150), for a difference of 2.27 µmol/L (95% CI, 1.54-2.96 µmol/L).

Conclusion After 7.3 years of treatment and follow-up, a combination pill of folic
acid, vitamin B6, and vitamin B12 did not reduce a combined end point of total cardio-
vascular events among high-risk women, despite significant homocysteine lowering.

Trial Registration clinicaltrials.gov Identifier: NCT00000541
JAMA. 2008;299(17):2027-2036 www.jama.com
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gest that benefits may be greater with
longer treatment durations,4 but the ma-
jority of published trials have 2 years
or less of follow-up,3 with only 1 trial
having 5 years of follow-up.5

Women have been underrepre-
sented both in observational studies and
in randomized trials of homocysteine
lowering, and limited data from meta-
analyses of observational studies sug-
gest that women may benefit from ho-
mocysteine lowering to a greater extent.
In the most recent meta-analysis of
these observational studies, a 25%-
lower homocysteine level was associ-
ated with a 32% (95% confidence in-

terval [CI], 15%-45%) lower risk of
coronary heart disease in women as
compared with a 15% lower risk (95%
CI, 8%-21%) in men.1 Although women
have been included in meta-analyses of
randomized trials,3,6 the relative risks
(RRs) for women have not been sepa-
rately estimated. Given the paucity of
data on women and the known influ-
ences of estrogen on homocysteine lev-
els,7,8 adequately powered random-
ized trials of homocysteine lowering in
women are still needed.9

The present study, the Women’s An-
tioxidant and Folic Acid Cardiovascu-
lar Study (WAFACS), tested whether

a combination of folic acid, vitamin B6,
and vitamin B12 would reduce total car-
diovascular events among women at
high risk for the development of CVD
over 7.3 years of follow-up.

METHODS
Study Design

WAFACS was a randomized, double-
blind, placebo-controlled trial that
evaluated whether a combination pill
of folic acid (2.5 mg/d), vitamin B6

(50 mg/d), and vitamin B12 (1 mg/d)
reduces the risk of important vascu-
lar events among high-risk women
with either a history of CVD or at
least 3 cardiovascular risk factors.
The WAFACS trial began in 1998,
when the folic acid, vitamin B6, and
vitamin B12 component was added to
the Women’s Antioxidant Cardiovas-
cular Study (WACS), an ongoing
2�2�2 factorial trial of 3 antioxi-
dant vitamins (C, E, and beta caro-
tene) , which expanded i t to a
4-group factorial trial. The factorial
design allowed an examination not
only of the main effects of each agent
but also of potential interactions
between agents. Interactions between
antioxidant vitamins and folic acid
were plausible because homocysteine
lowering might have antioxidant
effects.10 Details of the overall trial
design11 and the results for the anti-
oxidant group have been reported
previously.12 This report describes
the CVD results of the folic acid,
vitamin B6, and vitamin B12 combina-
tion pill treatment group (FIGURE 1).

The study was sponsored by the Na-
tional Heart, Lung, and Blood Insti-
tute of the National Institutes of Health.
The study vitamins and matching pla-
cebo were provided by BASF Corpora-
tion, Mount Olive, New Jersey. The trial
was approved by the institutional re-
view board of the Brigham and Wom-
en’s Hospital, Boston, Massachusetts,
and all patients provided written in-
formed consent. An external indepen-
dent data and safety monitoring board
monitored the safety of the partici-
pants and the overall quality and sci-
entific integrity of the study.

Figure 1. Flow Diagram of the Folic Acid, Vitamin B6, and Vitamin B12 Component of
WAFACS

5442 Randomized in WAFACS
trial (April 1998)

8171 Randomized in the antioxidant
groups of WACS trial

11 280 Enrolled in run-in phase
(November 1994-October 1996)

53 788 Potentially eligible women invited
to participate in WACS trial

2721 Randomized to receive
combination pill of folic
acid, vitamin B6, vitamin B12

2721 Randomized to receive
placebo

Status on July 31, 2005
2277 Alive
250 Dead
194 Unknown vital statusa

Status on July 31, 2005
2258 Alive
256 Dead
207 Unknown vital statusa

2721 Included in primary analysis2721 Included in primary analysis

2729 Excluded
2584 Unwilling or ineligible to

participate in WAFACS trial
145 Died

3109 Excluded for nonadherence, unwillingness
to participate, or ineligibility

42 508 Excluded
26 391 Incomplete respondents or

nonrespondents to invitation
9295 Unwilling to participate
6822 Ineligible

WACS indicates Women’s Antioxidant Cardiovascular Study; WAFACS, Women’s Antioxidant and Folic Acid
Cardiovascular Study.
aMortality and morbidity information was complete for 98.9% and 98.0% of person-years of follow-up,
respectively.
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Study Population
In the WACS parent trial, 8171 female
health professionals throughout the
United States were randomized in a
2�2�2 factorial design between June
1995 and October 1996 to receive vi-
tamin C (500 mg/d), vitamin E (600 IU
every other day), and beta carotene (50
mg every other day) vs respective
matching placebos, yielding 8 treat-
ment groups. Of these women, 5922
(72.5%) returned a blood sample at the
beginning of the trial, prior to the ini-
tiation of folic acid fortification; and
98.8% completed a semiquantitative
food-frequency questionnaire, which
was used to assess baseline dietary in-
take including folate.

Women were eligible for WACS if
they were aged 40 years or older, post-
menopausal or had no intention of be-
coming pregnant, and had a reported
history of CVD or had at least 3 car-
diac risk factors. CVD was defined as
a reported history of myocardial infarc-
tion (MI), stroke, coronary or periph-
eral revascularization, angina pecto-
ris, or transient ischemic attack.
Qualifying cardiac risk factors were di-
agnosed hypertension, high choles-
terol, diabetes mellitus, parental his-
tory of premature MI (ie, younger than
60 years), obesity (body mass index
�30 kg [calculated as weight in kilo-
grams divided by height in meters
squared]), and current cigarette use.12

Women were excluded if they had a his-
tory of cancer (excluding nonmela-
noma skin cancer) within the past 10
years, any serious non-CVD illness, or
were currently using warfarin or other
anticoagulants.

To be eligible for the folic acid, vi-
tamin B6, and vitamin B12 component,
potential participants in the ongoing
8-group trial had to be additionally will-
ing to forgo individual supplements of
folic acid, vitamin B6, and vitamin B12

at levels beyond the US recommended
daily allowance (RDA) of 400 µg of fo-
lic acid, 2 mg of vitamin B6, or 6 µg of
vitamin B12 during the trial.2 Multivi-
tamin use at or below these RDA lev-
els was allowed. In April 1998, 5442 of
these women were additionally ran-

domized to receive a combination pill
containing 2.5 mg of folic acid, 50 mg
of vitamin B6, and 1 mg of vitamin B12

(active treatment) or a matching pla-
cebo daily, thus creating a total of 16
distinct treatment groups. All study in-
vestigators, personnel, and partici-
pants were unaware of the partici-
pants’ treatment assignments.

Follow-up Procedures

Following randomization and annu-
ally thereafter, participants were mailed
monthly calendar packs containing ac-
tive agents or placebos. The partici-
pants were followed up annually with
questionnaires on adherence, use of
nonstudy supplements, and occur-
rence of major illnesses or adverse
events. Written permission for medi-
cal records was sought from partici-
pants who reported cardiovascular end
points or from the next of kin in case
of death. Death certificates were also ob-
tained. An end points committee of
physicians who were blinded to ran-
domized treatment assignment adjudi-
cated all primary and secondary car-
diovascular outcome events.

Study medications and end point as-
certainment were continued in a
blinded fashion until the scheduled end
of the trial, July 31, 2005. Follow-up
and validation of reported end points
were completed in July 2006 for a fol-
low-up duration of 7.3 years. At the
scheduled end of the trial on July 31,
2005, morbidity and mortality fol-
low-up was 92.6% complete. If counted
in terms of person-time, mortality and
morbidity information was complete for
98.9% and 98.0% of person-years of fol-
low-up, respectively.

Blood Substudy

Women in WAFACS who provided a
baseline blood sample in 1996, prior to
the initiation of background dietary fo-
lic acid fortification in the US food sup-
ply in 1998, were eligible for this pre-
planned substudy. From the 2596
eligible participants, 300 (150 in the ac-
tive treatment and 150 in the placebo
group) provided a blood sample at the
end of randomized treatment. These

women were randomly selected from
participants who were adherent with
study medications. Plasma levels of fo-
late (chemiluminescence method using
the 2010 Elecsys autoimmunoana-
lyzer, Roche Diagnostics, Basel, Swit-
zerland) and homocysteine (enzy-
matic assay using the Hitachi 917
analyzer, Roche Diagnostics, Basel,
Switzerland) were measured in base-
line and follow-up samples in a blinded
fashion in the same analytical run.

Study Outcomes

The primary outcome was a combined
end point of cardiovascular morbidity
and mortality, which included inci-
dent MI, stroke, coronary revascular-
ization procedures (coronary artery by-
pass grafting or percutaneous coronary
intervention), and cardiovascular mor-
tality. The individual components of
total MI, total stroke, and total coro-
nary heart disease events (MI, coro-
nary revascularization, and death from
coronary heart disease) were prespeci-
fied secondary end points.

An MI was confirmed if symptoms
met World Health Organization crite-
ria and if the event was associated with
either diagnostic electrocardiogram
changes or elevated cardiac enzymes.
Coronary revascularization was con-
firmed by medical record review. Con-
firmed stroke was defined as a new neu-
rologic deficit of sudden onset that
persisted for more than 24 hours or un-
til death within 24 hours. Clinical in-
formation, computed tomographic
scans, and magnetic resonance images
were used to distinguish hemorrhagic
from ischemic events. Coronary revas-
cularization was confirmed if a coro-
nary artery bypass grafting or percuta-
neous coronary intervention was
documented in the medical record.
Death due to cardiovascular cause was
confirmed by examination of autopsy
reports, death certificates, medical rec-
ords, and information obtained from the
next of kin or other family members.
Death from any cause was confirmed
by the end points committee on the ba-
sis of a death certificate. Only con-
firmed end points were included in
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these analyses, except for total mortal-
ity, which included an additional 43 re-
ported deaths.

Power Calculations

Power calculations were performed
under the assumption that all 4
agents would have beneficial effects
on CVD, which would be additive
(on the log scale) when used in com-
bination. This method affects the
power calculations by reducing the
incidence in all exposed groups and
provides a conservative estimate of
the study’s power to detect the effects
of each agent. We assumed additive

10% risk reductions for each of the
antioxidant vitamins and the folic
acid, vitamin B6, and vitamin B12

combination pill. It was estimated
that the 5442 women who were ran-
domized would provide 82% power
to detect an observed 20% reduction
in the primary end point.

Statistical Analysis

Baseline characteristics were com-
pared by randomized groups using t
tests, �2 tests for proportions, and tests
for trend for ordinal categories. Pri-
mary analyses were performed on an in-
tent-to-treat basis, including all 2721

randomized participants in each treat-
ment group, as randomized. For both
the primary and secondary analyses,
person-time was calculated until the
first confirmed end point specified by
the analysis or to the end of the trial if
no end point occurred. Kaplan-Meier
curves were used to estimate cumula-
tive incidence over time by random-
ized treatment group, and the log-
rank test was used to compare survival
curves. Cox proportional hazards mod-
els were used to calculate RRs ex-
pressed as hazard ratios and 95% CIs,
after adjustment for age and other ran-
domized treatment assignments (vita-
min E, vitamin C, and beta carotene).
The proportionality assumption was
tested using an interaction term for
treatment with log time, and was met
for each of the primary and secondary
analyses. To examine the effect of non-
adherence, a post hoc sensitivity analy-
sis censored participants when they
stopped taking at least two-thirds of
their study medications, reported tak-
ing outside supplements, or were miss-
ing adherence information.

Prespecified subgroup analyses ac-
cording to antioxidant treatment as-
signment(s), presence or absence of
prior CVD, dietary folic acid intake,
smoking, diabetes, aspirin, hormone
therapy, and multivitamin use were per-
formed using stratified Cox propor-
tional hazards models. These analyses
used baseline exposure assessments and
were restricted to participants with non-
missing subgroup data at baseline. Ad-
ditional exploratory subgroup analy-
ses were conducted to evaluate the
consistency of the results. Tests for
effect modification by subgroup used
interaction terms between subgroup in-
dicators and randomized assignment,
with a test for trend for ordinal sub-
group categories. The raw distribu-
tions and median values of plasma ho-
mocysteine and folate levels in the
blood substudy were compared using
the nonparametric Wilcoxon rank sum
test. For homocysteine, geometric
means were compared after natural
logarithmic transformation to com-
pare differences between treatment

Table 1. Baseline Characteristics of WAFACS and Blood Substudy Participants

Characteristic

Active Group,
No. (%)

(n = 2721)a

Placebo Group,
No. (%)

(n = 2721)a

Age, mean (SD), y 62.8 (8.8) 62.8 (8.8)

Age, y
40-54 582 (21.4) 584 (21.5)

55-64 990 (36.4) 970 (35.6)

� 65 1149 (42.2) 1167 (42.9)

Prior cardiovascular diseaseb 1764 (64.8) 1728 (63.5)

Risk factors
Hypertensionc 2360 (86.7) 2335 (85.8)

Elevated cholesterold 2118 (77.8) 2150 (79.0)

Body mass index �30e 1341 (49.3) 1349 (49.6)

Parental history of myocardial infarctionf 1056 (38.9) 1097 (40.5)

Alcohol intake, �1 glass/wkg 897 (33.0) 889 (32.7)

Diabetes 570 (21.0) 574 (21.1)

Current smoking 311 (11.4) 334 (12.3)

Current medication use
Aspirinh 1446 (51.1) 1385 (48.9)

Hormone therapy 1320 (48.5) 1329 (48.8)

Lipid-lowering drugs 914 (33.6) 938 (34.5)

�-Blockers 684 (26.6) 697 (27.0)

Angiotensin-converting enzyme inhibitors 627 (24.3) 668 (25.8)

Multivitaminsi 616 (22.6) 631 (23.2)

Median dietary intake
(25th-75th percentiles) j

Folic acid, µg/d 424.4 (308.6-664.4) 438.7 (309.7-666.8)

Vitamin B6, mg/d 2.48 (1.81-3.81) 2.54 (1.81-3.87)

Vitamin B12, µg/d 7.10 (4.62-10.9) 6.98 (4.69-11.0)
Abbreviation: WAFACS: Women’s Antioxidant and Folic Acid Cardiovascular Study.
aColumn shows No. (%) for all categories except age.
bReported history of myocardial infarction, stroke, coronary revascularization, angina pectoris, transient ischemic attack,

carotid endarterectomy, or peripheral artery surgery.
cDenotes self-reported systolic blood pressure of 140 mm Hg or greater, diastolic blood pressure of 90 mm Hg or

greater, self-reported physician-diagnosed hypertension, or reported treatment with medication for hypertension.
dDenotes self-reported high cholesterol level of 240 mg/dL or greater, self-reported physician-diagnosed high cho-

lesterol levels, or reported treatment with cholesterol-lowering medication.
eBody mass index is calculated as weight in kilograms divided by height in meters squared.
fParental history of myocardial infarction in father younger than 60 years of age or mother younger than 65 years

of age.
gDenotes beer, wine, or liquor.
hAspirin use at least 4 times per month.
iAny multivitamin use in the past month.
jEstimated from the semiquantitative food-frequency questionnaire.
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groups. Analyses were conducted using
SAS version 9 (SAS Institute, Cary,
North Carolina), using 2-sided tests
with a significance level of .05.

RESULTS
Characteristics of the Participants

In April 1998, 2721 female health pro-
fessionals participating in the WACS
trial were randomly assigned to active
treatment with folic acid, vitamin B6,
and vitamin B12 and 2721 participants
were assigned to placebo. Baseline char-
acteristics at the time of randomiza-
tion in 1998 and responses to the di-
etary questionnaire administered prior
to randomization in 1996 are dis-
played in TABLE 1. The mean age of the
population was 62.8 years and 64.2%
of women had a history of CVD. There
were no statistically significant differ-
ences in baseline characteristics or in
dietary intake of study vitamins be-
tween the randomized groups (Table 1).
The median daily dietary intake of fo-
lic acid including supplements was 432
µg, of which approximately 15% (63
µg) was estimated to be derived from
dietary intake of folic acid–fortified
grains. The use of permitted multivi-
tamins with less than the RDA of folic
acid, vitamin B6, and vitamin B12 at least
4 days per month ranged from 19% at
the beginning to 31% at the end of the
trial.

Adherence and Adverse Events

Adherence was assessed through self-
report on annual study questionnaires
and was defined as taking at least two-
thirds of the study pills. Average ad-
herence over the course of follow-up
was approximately 83% for active and
placebo agents with no significant dif-
ference between active and placebo
groups. Use of open-label folic acid
supplements, vitamin B6, or vitamin B12

supplements containing more than the
RDA for at least 4 days per month
ranged from 2% to 11% in the active
group to 2% to 13% in the placebo
group over the course of the study.
There were no serious adverse events
reported that were conclusively re-
lated to study interventions.

Primary Analysis
During the 7.3 years of follow-up, 796
participants (14.6%) experienced a con-
firmed CVD event included in the pri-
mary end point, with some individuals
experiencing more than 1 event. Over-
all, 139 MIs, 148 strokes, 508 coronary
revascularization procedures, and 190
cardiovascular deaths occurred in the
population over the course of the study.
There was no difference in the cumula-
tive incidence of the primary com-
bined end point in the active vs pla-
cebo treatment groups at any time
during study follow-up (FIGURE 2). A
total of 406 women (14.9%) in the ac-
tive treatment group and 390 (14.3%)
in the placebo group experienced at
least 1 cardiovascular event included in
the primary end point (226.9/10 000
person-years vs 219.2/10 000 person-
years). This corresponded to an over-
all RR of 1.03 (95% CI, 0.90-1.19;
P=.65) after controlling for age and an-
tioxidant treatment assignment
(TABLE 2). There remained no evi-
dence for a treatment effect in sensi-
tivity analysis censoring at nonadher-
ence (RR, 1.05; 95% CI, 0.90-1.23;
P=.53) or if coronary revasculariza-
tion procedures were excluded from the

primary end point (RR, 0.96; 95% CI,
0.80-1.17; P=.72).

Secondary and Other Outcomes
Among the prespecified secondary
cardiovascular outcomes, total coro-
nary heart disease events occurred in
283 participants (156.5/10 000 per-
son-years) in the active treatment
group and in 280 participants (155.8/
10 000 person-years) in the placebo
group (RR, 1.00; 95% CI, 0.85-1.18;
P = .96; Table 2). When analyzed
separately, there were no significant
differences for each of the compo-
nents of the primary outcome includ-
ing MI (34.5/10 000 person-years vs
39.5/10 000 person-years; RR, 0.87;
95% CI, 0.63-1.22; P = .42), stroke
(41.9/10 000 person-years vs 36.8/
10 000 person-years; RR, 1.14; 95%
CI, 0.82-1.57; P = .44), and CVD
mortality (50.3/10 000 person-years
vs 49.6/10 000 person-years; RR,
1.01; 95% CI, 0.76-1.35; P = .93)
between the active treatment and
placebo groups. Also, the risk of
death from any cause was similar
between the active and placebo treat-
ment groups (RR, 0.97; 95% CI,
0.81-1.15; P=.73).

Figure 2. Cumulative Incidence of Major Cardiovascular Disease by Randomized Folic Acid
and B-Vitamin Intervention in WAFACS
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WAFACS indicates Women’s Antioxidant and Folic Acid Cardiovascular Study. Major cardiovascular disease
denotes myocardial infarction, stroke, coronary revascularization, or cardiovascular death.
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Subgroup Analyses
There were no significant treatment ef-
fects with respect to the primary out-
come in any of the prespecified or
exploratory subgroups evaluated
(TABLE 3). Of particular interest, there
was a similar lack of benefit among par-
ticipants without prior CVD as com-
pared with those with prior CVD
(P=.93 for interaction), although the
trial was not powered to detect a spe-
cific benefit in this subgroup. Also, there
was no evidence that either dietary fo-
late intake or multivitamin use modi-
fied the treatment effect, although
power was limited for these sub-
groups as well. The test for interac-
tion was significant for treatment with
angiotensin-converting enzyme inhibi-
tors (P=.03); however, this was not a
prespecified subgroup analysis.

With respect to the antioxidant vi-
tamins, there was evidence for an in-
teraction between randomized treat-
ment assignment to vitamin C and the
combination therapy with folic acid, vi-
tamin B6, and vitamin B12 on the pri-

mary end point (Table 3). As com-
pared with those randomized to both
placebos, RR for folic acid was lower
among those receiving placebo vs ac-
tive vitamin C (P = .03 for interac-
tion). There were no other significant
2-way or 3-way interactions among the
agents for the primary end point.

Effect of Supplementation
vs Fortification on Folate
and Homocysteine Levels

The 300 participants in the blood sub-
study were similar with respect to all the
clinical characteristics outlined in
Table 1, except that smokers (8.0% in the
blood group vs 12.1% in the nonblood
group; P=.003) and participants with a
history of diabetes (16.7% in the blood
group vs 21.3% in the nonblood group;
P=.06) were underrepresented among
the adherent participants in the blood
substudy. The distributions of baseline
and follow-up folate and homocysteine
levels among 150 participants in the pla-
cebo group and 150 participants in the
active group are displayed

in TABLE 4. Prior to the initiation of for-
tification and randomization, median fo-
late levels were similar in the active treat-
ment group (8.9 ng/mL; interquartile
range, 6.0-13.4 ng/mL) and the placebo
group (8.8 ng/mL; interquartile range,
6.4-12.8 ng/mL; P=.94), with 34% of the
study population having levels consid-
ered inadequate (�7 ng/mL). Median
plasma homocysteine levels were also
similar at baseline in the active treat-
ment group (12.1 µmol/L; interquartile
range, 10.2-15.0 µmol/L) as compared
to the placebo group (12.5 µmol/L; in-
terquartile range, 9.6-15.5 µmol/L;
P=.96), with 27.7% of the study popu-
lation having a level greater than 15.0
µmol/L; Table 4).

At the end of study follow-up, the
median folate level increased signifi-
cantly in the placebo group to 15.4
ng/mL (interquartile range, 11.5-22.6
ng/mL; P� .001); however, the rela-
tive increase in folate level was greater
in the active treatment group, in which
49.3% of participants had a folate level
greater than 40 ng/mL (the upper limit
of the assay) as compared to 4.7% in the
placebo group (Table 4). Despite sig-
nificant increases in folate levels among
the placebo group, there was no appar-
ent reduction in homocysteine levels at
the end of the study as compared with
participants measured at the begin-
ning of the study in the placebo group
(median=11.8 µmol/L; interquartile
range, 9.8-14.9 µmol/L; P=.99). In com-
parison, homocysteine levels were sig-
nificantly reduced in the active treat-
ment group (median level, 9.8 µmol/L;
interquartile range, 7.9-12.4 µmol/L;
P=.001), and the number of partici-
pants with significantly elevated ho-
mocysteine levels of greater than 15
µmol/L was reduced to 10%.

In order to directly compare the de-
gree of additional homocysteine low-
ering observed in the active over the pla-
cebo group, we computed the difference
between treatment groups in the change
in the natural logarithm of homocys-
teine level from baseline to follow-up,
adjusting for baseline levels. The geo-
metric mean homocysteine level was
decreased by 18.5% (95% CI, 12.5%-

Table 2. Relative Risk of Clinical Outcomes According to Treatment Assignment With Folic
Acid, Vitamin B6, and Vitamin B12 vs Placebo

Outcome

No. of Patients (%)
Relative Risk

(95% Confidence
Interval)a

P
Value

Active
(n = 2721)

Placebo
(n = 2721)

Combined major
cardiovascular diseaseb

406 (14.9) 390 (14.3) 1.03 (0.90-1.19) .65

Myocardial infarction 65 (2.4) 74 (2.7) 0.87 (0.63-1.22) .42

Stroke 79 (2.9) 69 (2.5) 1.14 (0.82-1.57) .44

Ischemicc 69 (2.5) 62 (2.3) 1.10 (0.78-1.56) .57

Hemorrhagicc 10 (0.4) 6 (0.2) 1.65 (0.60-4.53) .33

Coronary revascularizationd 253 (9.3) 255 (9.4) 0.99 (0.83-1.17) .87

Coronary artery bypass
graftinge

87 (3.2) 98 (3.6) 0.88 (0.66-1.17) .38

Percutaneous coronary
interventione

192 (7.1) 177 (6.5) 1.08 (0.88-1.33) .46

Cardiovascular death 96 (3.5) 94 (3.5) 1.01 (0.76-1.35) .93

Myocardial infarction, stroke,
and cardiovascular death

205 (7.5) 211 (7.8) 0.96 (0.80-1.17) .72

Total coronary heart diseasef 283 (10.4) 280 (10.3) 1.00 (0.85-1.18) .96

Total mortality 250 (9.2) 256 (9.4) 0.97 (0.81-1.15) .73
aEstimated from Cox proportional hazards models that adjusted for age and randomized treatment assignment to vitamin

E, vitamin C, and beta carotene.
bThe primary outcome is defined as a composite end point comprising the first of any of these events: nonfatal myocardial

infarction, stroke, coronary revascularization procedures (coronary artery bypass grafting or percutaneous coronary in-
tervention), and cardiovascular mortality.

cStroke type was unknown for 1 woman in the placebo group.
dComposite end point comprised the first coronary artery bypass grafting or percutaneous coronary intervention.
e Includes all incident coronary artery bypass grafting operations and percutaneous coronary intervention, respectively.
f Composite end point comprised the first of any of these events: nonfatal myocardial infarction, coronary revascularization

procedures (coronary artery bypass grafting or percutaneous coronary intervention), and coronary heart disease death.
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24.1%; P� .001) in the active group
over that observed in the placebo group
for a difference of 2.27 µmol/L (95% CI,
1.54 -2.96) from the placebo geomet-
ric mean homocysteine level of 12.28
µmol/L.

COMMENT
In this large-scale, placebo-controlled,
randomized trial among high-risk
women participants, we found no over-
all effects of a combination of folic acid,
vitamin B6, and vitamin B12 on the pri-

mary outcome of total CVD events over
the largest number of person-years and
the longest follow-up period reported to
our knowledge (7.3 years). In sub-
group analyses, there was no heteroge-
neity of treatment effect among those

Table 3. Effect of Randomized Treatment Assignment on the Primary Outcome in Prespecified and Exploratory Subgroups

Characteristic

No. of Patientsa No. of Events (%)a

Relative Risk
(95% Confidence Interval)

P Value
for InteractionActive Placebo Active Placebo

Overall 2721 2721 406 (14.9) 390 (14.3) 1.03 (0.90-1.19)

Age, y
40-54 582 584 50 (8.6) 43 (7.4) 1.17 (0.78-1.76)

55-64 990 970 119 (12.0) 133 (13.7) 0.85 (0.67-1.09) .55

�65 1149 1167 237 (20.6) 214 (18.3) 1.12 (0.93-1.34)

Prior cardiovascular diseaseb

Yes 1764 1728 329 (18.7) 314 (18.2) 1.03 (0.89-1.21)
.93

No 957 993 77 (8.1) 76 (7.65) 1.01 (0.73-1.39)

Diabetes
Yes 570 574 142 (24.9) 143 (24.9) 0.99 (0.78-1.24)

.67
No 2151 2147 264 (12.3) 247 (11.5) 1.06 (0.89-1.26)

Hypertensionc

Yes 2360 2335 373 (15.8) 363 (15.6) 1.01 (0.87-1.16)
.30

No 361 386 33 (9.1) 27 (7.0) 1.32 (0.80-2.20)

Elevated cholesterold
Yes 2118 2150 340 (16.1) 331 (15.4) 1.03 (0.88-1.19)

.77
No 603 571 66 (11.0) 59 (10.3) 1.07 (0.76-1.52)

Current smoking
Yes 311 334 56 (18.0) 70 (21.0) 0.87 (0.61-1.24)

.34
No 2410 2387 350 (14.5) 320 (13.4) 1.07 (0.92-1.25)

Parental history of myocardial infarctione

Yes 1056 1097 165 (15.6) 167 (15.2) 1.03 (0.83-1.27)
.90

No 1656 1610 238 (14.4) 219 (13.6) 1.04 (0.87-1.26)

Body mass indexf

�25 616 566 100 (16.2) 82 (14.5) 1.12 (0.84-1.50)

25-�30 764 806 126 (16.5) 127 (15.8) 1.07 (0.84-1.37) .41

�30 1341 1349 180 (13.4) 181 (13.4) 0.97 (0.79-1.20)

Alcohol intake, glass/mog

�1 1494 1499 247 (16.5) 234 (15.6) 1.05 (0.88-1.26)
.73

�1 1227 1222 159 (13.0) 156 (12.8) 1.00 (0.80-1.25)

Folate intakeh

Below median, �432 µg/d 1322 1263 207 (15.7) 183 (14.5) 1.07 (0.87-1.30)
.88

Above median, �432 µg/d 1263 1323 181 (14.3) 183 (13.8) 1.04 (0.85-1.28)

Aspirini

Yes 1446 1385 270 (18.7) 244 (17.6) 1.07 (0.90-1.28)
.37

No 1274 1336 136 (10.7) 146 (10.9) 0.93 (0.73-1.17)

�-Blockers
Yes 684 697 125 (18.3) 123 (17.7) 1.04 (0.81-1.34)

.93
No 1887 1883 263 (13.9) 249 (13.2) 1.03 (0.87-1.23)

Lipid-lowering drugs
Yes 914 938 178 (19.5) 171 (18.2) 1.05 (0.85-1.30)

.83
No 1807 1783 228 (12.6) 219 (12.3) 1.02 (0.85-1.23)

Angiotensin-converting enzyme inhibitors
Yes 627 668 102 (16.3) 125 (18.7) 0.81 (0.63-1.06)

.03
No 1957 1920 287 (14.7) 247 (12.9) 1.15 (0.97-1.36)

Hormone therapy
Yes 1320 1329 172 (13.0) 191 (14.4) 0.89 (0.72-1.09)

.05
No 1401 1392 234 (16.7) 199 (14.3) 1.18 (0.97-1.42)

(continued)
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above or below the median of folate in-
take and among women with or with-
out prior vascular disease. A possible
interaction with randomized vitamin C
and with nonrandomized angiotensin-
converting enzyme inhibitor treat-
ment on the primary outcome was ob-
served; however, due to the large
number of comparisons, these results
could have been due to chance.

These null results for women are con-
sistent with those previously reported
in randomized trials composed primar-

ily of men with preexisting vascular dis-
ease.3 In the Heart Outcomes Preven-
tion Evaluation Trial (HOPE) 2,5 the
same regimen of folic acid, vitamin B6,
and vitamin B12 failed to significantly
lower the risk of a combined outcome
of death from cardiovascular causes, MI,
and stroke among 5522 patients with
prior vascular disease over an average
of 5 years. Although there was a sig-
nificant reduction in the secondary end
point of stroke in this trial (RR, 0.75;
95% CI, 0.59-0.97), a reduction in

stroke was not found with a similar
B-vitamin regimen in the Vitamins
Intervention for Stroke Prevention
(VISP) trial,13 in which stroke was the
primary end point. The HOPE-2 trial
also reported an increased risk of
hospitalization for unstable angina
(RR, 1.24; 95% CI, 1.04-1.49) among
participants randomized to active
treatment.

In the Norwegian Vitamin (NORVIT)
Trial,14 a 2�2 factorial trial of vitamin
B6 and a combination pill of folic acid
and vitamin B12 among recent post MI
patients, a marginally significant 22%
(95% CI, 0%-50%; P=.05) increased
risk of recurrent MI, stroke, and sud-
den death was found among partici-
pants assigned to the combination of
folic acid, B12 and vitamin B6 over a
median follow-up of 40 months. Smaller
studies among patients postcoronary
intervention have found both de-
creased15 and increased16 rates of reste-
nosis among patients treated with
B-vitamin regimens. In the present
study, we found no evidence for a ben-
efit on stroke or any evidence for harm
regarding the primary composite end
point or any of the individual second-
ary end points including coronary re-
vascularization.

Table 4. Distribution of Plasma Levels of Folate and Homocysteine in 300 Participants in the
Blood Substudy at Baseline Prior to Randomization and at the End of Treatment and
Follow-up

Characteristic

Baseline, No. (%) Follow-up, No. (%)

Placebo
(n = 150)

Active
(n = 150)

Placebo
(n = 150)

Active
(n = 150)

Folate, ng/mL
�7 52 (34.7) 49 (32.7) 2 (1.33) 0

7-�15 71 (47.3) 80 (53.3) 69 (46.0) 1 (0.67)

15-�25 22 (14.7) 19 (12.7) 54 (36.0) 21 (14.0)

25-40 4 (2.67) 2 (1.33) 18 (12.0) 54 (36.0)

�40 1 (0.67) 0 7 (4.67) 74 (49.3)

Homocysteine, µmol/Lb

�9 30 (20.0) 21 (14.0) 21 (14.0) 64 (42.7)

9-�12 40 (26.7) 52 (34.7) 57 (38.0) 43 (28.7)

12-�15 35 (23.3) 39 (26.0) 35 (23.3) 28 (18.7)

�15 45 (30.0) 38 (25.3) 37 (24.7) 15 (10.0)
SI conversion: for folate, multiply by 2.266 for nmol/L units.

Table 3. Effect of Randomized Treatment Assignment on the Primary Outcome in Prespecified and Exploratory Subgroups (cont)

Characteristic

No. of Patientsa No. of Events (%)a

Relative Risk
(95% Confidence Interval)

P Value
for InteractionActive Placebo Active Placebo

Multivitaminsj

Yes 616 631 94 (15.3) 87 (13.8) 1.09 (0.81-1.46)
.67

No 2105 2088 312 (14.8) 302 (14.5) 1.02 (0.87-1.19)

Vitamin C
Active 1349 1356 213 (15.8) 177 (13.1) 1.21 (0.99-1.48)

.03
Placebo 1372 1365 193 (14.1) 213 (15.6) 0.89 (0.73-1.08)

Vitamin E
Active 1364 1356 190 (13.9) 198 (14.6) 0.94 (0.77-1.15)

.22
Placebo 1357 1365 216 (15.9) 192 (14.1) 1.12 (0.93-1.37)

Beta carotene
Active 1358 1349 199 (14.7) 203 (15.1) 0.96 (0.79-1.17)

.32
Placebo 1363 1372 207 (15.2) 187 (13.6) 1.11 (0.91-1.35)

aNumbers do not always sum to group totals due to missing information for some subgroup variables.
bDenotes reported history of myocardial infarction, stroke, coronary revascularization, angina pectoris, transient ischemic attack, carotid endarterectomy, or peripheral artery surgery.
cDenotes self-reported systolic blood pressure of 140 mm Hg or greater, diastolic blood pressure of 90 mm Hg or greater, self-reported physician-diagnosed hypertension, or reported

treatment with medication for hypertension.
dDenotes self-reported high cholesterol, cholesterol level of 240 mg/dL or greater, self-reported physician-diagnosed high cholesterol levels, or reported treatment with cholesterol-

lowering medication.
eParental history of myocardial infarction in father younger than age 60 years or mother younger than age 65 years.
fBody mass index is calculated as weight in kilograms divided by height in meters squared.
gDenotes beer, wine, or liquor.
hEstimated from the semiquantitative food-frequency questionnaire.
iAspirin use at least 4 times per month.
jAny multivitamin use in the past month.
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Concerns have been raised regard-
ing the power of this trial and other cur-
rent trials to adequately test the homo-
cysteine hypothesis17,18; especially in
countries where folic acid fortifica-
tion of the food supply has taken
place.19 Observational studies sug-
gested that fortification of grain prod-
ucts with 140 µg of folic acid per 100
g, which began in 1996 and became
mandatory in the United States and
Canada by 1998, significantly re-
duced mean plasma homocysteine con-
centrations among middle-aged indi-
viduals, and decreased the prevalence
of high homocysteine levels (�13
µmol/L) from 29.8% to 18.7%.20 Based
on these data, it has been estimated that
additional B-vitamin supplementa-
tion in such a fortified population
would only lower homocysteine lev-
els by about 10%.21 In the present trial,
a greater but still somewhat modest
lowering of homocysteine (18.5% re-
duction) was observed. Although al-
most complete elimination of low fo-
late concentrations was observed (�7
ng/mL) in the placebo group after for-
tification, there was no apparent reduc-
tion over time on homocysteine con-
centrations or on the prevalence of
elevated homocysteine levels (�15
µmol/L) in this population. Although
homocysteine levels were unchanged in
the placebo group, folic acid fortifica-
tion likely prevented further eleva-
tions in homocysteine levels that would
have otherwise taken place due to the
aging of the population.

Initially, epidemiologic studies,
which were primarily retrospective and
cross-sectional, suggested that reduc-
ing plasma homocysteine by 5 µmol/L
would decrease vascular risk by one-
third.22 However, a more recent meta-
analysis of prospective observational
studies suggested that risk reductions
associated with homocysteine lower-
ing would be much more modest.1 In
these studies, a 25%-lower homocys-
teine level, approximately 3 µmol/L, was
associated with 11% reduction in coro-
nary heart disease risk and a 19% lower
stroke risk.1 The expected reductions
in cardiovascular events may have been

even lower in this trial where the re-
duction in homocysteine levels was only
18.5% (2.3 µmol/L) among adherent
patients. Although this trial was not ini-
tially powered to detect such modest re-
ductions in cardiovascular events, the
95% CIs for the primary end point ex-
cludes with reasonable certainty reduc-
tions as low as 10% in the combined end
point of total cardiovascular events.
However, such modest plausible reduc-
tions in the individual secondary end
points of stroke, MI, and cardiovascu-
lar death cannot be excluded even in a
trial of this size.

There are several caveats and/or limi-
tations to this study, which warrant
consideration. First, the study was con-
ducted in a population of health pro-
fessionals, who were at a relatively low
risk of folate deficiency. These partici-
pants were allowed to take the RDA of
folic acid and B-vitamins and were also
exposed to folic acid–fortified grain
products during the course of the trial.
Although the blood study suggests that
a significant proportion of the partici-
pants were folate deficient at the be-
ginning of the trial, this was virtually
eliminated over the course of study.
Therefore, we cannot rule out the pos-
sibility that this same regimen may have
resulted in an even greater reduction in
homocysteine levels in a more folate-
deficient population, which might have
translated into an observable benefit on
cardiovascular events. Alternatively, the
optimal dose of these vitamins may ac-
tually be lower than the dose tested in
this and other trials, and the potential
for harm at higher doses has been raised
by other studies.14 Also, since homo-
cysteine levels were only measured in
5% of the sample, we were unable to
determine whether women with high
homocysteine levels at baseline may
have benefited to a greater extent both
with respect to homocysteine lower-
ing and cardiovascular events.

Although this trial was the first to in-
clude a significant number of partici-
pants without prior cardiovascular dis-
ease (n=1950), power is still insufficient
to exclude moderate treatment effects
in primary prevention. Also, morbid-

ity and mortality follow-up rates in this
high-risk population were lower than
in other trials of primary prevention
using similar methodology23; and it is
thus plausible that a larger primary pre-
vention population with higher rates of
follow-up might have demonstrated a
benefit. However, since the lost to fol-
low-up rates did not differ between the
2 treatment groups in this study, they
are unlikely to account for the null find-
ings observed. These remaining is-
sues, along with the hypotheses regard-
ing possible novel drug interactions
with vitamin C and angiotensin en-
zyme-converting inhibitors raised by
the subgroup analyses of this study,
warrant further investigation in fu-
ture studies.

In summary, in the WAFACS trial,
a combination pill of 2.5 mg of folic
acid, 50 mg of vitamin B6, and 1 mg vi-
tamin B12 had no beneficial or adverse
effects on a combined outcome of total
major cardiovascular events in a high-
risk population of women with prior
cardiovascular disease or 3 or more
coronary risk factors over 7.3 years of
follow-up. Our results are consistent
with prior randomized trials per-
formed primarily among men with es-
tablished vascular disease3 and do not
support the use of folic acid and B vi-
tamin supplements as preventive in-
terventions for CVD in these high-risk–
fortified populations.
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