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E levated plasma homocysteine levels have been associated with higher risks of cardio-
vascular disease, but the effects on disease rates of supplementation with folic acid to
lower plasma homocysteine levels are uncertain. Individual participant data were ob-
tained for a meta-analysis of 8 large, randomized, placebo-controlled trials of folic acid

supplementation involving 37 485 individuals at increased risk of cardiovascular disease. The analy-
ses involved intention-to-treat comparisons of first events during the scheduled treatment period.
There were 9326 major vascular events (3990 major coronary events, 1528 strokes, and 5068 re-
vascularizations), 3010 cancers, and 5125 deaths. Folic acid allocation yielded an average 25% re-
duction in homocysteine levels. During a median follow-up of 5 years, folic acid allocation had no
significant effects on vascular outcomes, with rate ratios (95% confidence intervals) of 1.01 (0.97-
1.05) for major vascular events, 1.03 (0.97-1.10) for major coronary events, and 0.96 (0.87-1.06)
for stroke. Likewise, there were no significant effects on vascular outcomes in any of the sub-
groups studied or on overall vascular mortality. There was no significant effect on the rate ratios
(95% confidence intervals) for overall cancer incidence (1.05 [0.98-1.13]), cancer mortality (1.00
[0.85-1.18]) or all-cause mortality (1.02 [0.97-1.08]) during the whole scheduled treatment pe-
riod or during the later years of it. Dietary supplementation with folic acid to lower homocysteine
levels had no significant effects within 5 years on cardiovascular events or on overall cancer or
mortality in the populations studied. Arch Intern Med. 2010;170(18):1622-1631

Elevated plasma total homocysteine has
been suggested as a potentially modifiable
risk factor for coronary heart disease (CHD),
stroke, and other occlusive vascular

conditions.1-4 High rates of cardiovascular
disease (CVD) in untreated children with
homocystinuria (a rare autosomal reces-
sive condition with plasma homocysteine

levels greater than 100 µmol/L [to con-
vert to milligrams per liter, divide by
7.397]) prompted the homocysteine hy-
pothesis, which states that moderate el-
evations of homocysteine levels may be rel-
evant to CVD in the general population.5

Early observational studies reported that
patients with CHD or stroke have 3- to
5-µmol/L higher measured homocyste-
ine levels than age- and sex-matched con-
trols,1-3 and a 1995 meta-analysis of such
studies reported that a 5-µmol/L higher ho-
mocysteine level (eg, 15 vs 10 µmol/L) was
associated with a 70% higher risk of CHD.2

Subsequently, however, prospective co-
hort studies of homocysteine reported more
modest associations.3,4 In 2002, a collabo-
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rative meta-analysis involving indi-
vidual data from prospective stud-
ies reported that, after adjustment for
known cardiovascular risk factors, a
25%-lower usual plasma total homo-
cysteine level was associated with an
11% (95% confidence interval [CI],
4%-17%) lower risk of CHD and 19%
(5%-31%) lower risk of stroke.4

In patients with homocystin-
uria, supplementation with B vita-
mins has been shown to lower ho-
mocysteine levels and the risk of
CVD.5,6 A meta-analysis of random-
ized trials found that, in popula-
tions without folic acid fortifica-
tion, supplementation with folic acid
lowered homocysteine levels by 23%
or, if given in combination with vi-
tamin B12 (cyanocobalamin), by
30%.7 The effects of B-vitamin
supplementation were somewhat
less pronounced in populations with
preexisting mandatory folic acid for-
tification, but, even there, the com-
bination therapy typically lowered
homocysteine levels by 20%.7

Many large randomized trials of
B-vitamin supplementation in pa-
tients at high risk of or with estab-
lished CVD have been conducted to
test the homocysteine hypoth-
esis.8-19 Several of those trials (guided
by reviews of the early observa-
tional studies2,3) were designed to de-
tect reductions in CHD risk of more
than 30%, so they lacked statistical
power to detect more modest, but
still potentially important, ef-
fects.20 Consequently, a collabora-
tion between their investigators was
established in 2004 to conduct a
meta-analysis based on individual
participant data from all large ran-
domized trials of folic acid–based B-
vitamin supplementation intended
to lower plasma homocysteine lev-
els for the prevention of CVD.20,21

The present report describes the ef-
fects on cause-specific major mor-
bidity and mortality from the 8 such
trials that had been completed by the
end of 2009.8-15

METHODS

TRIAL ELIGIBILITY

Randomized trials were eligible if (1) they
involved a double-blind randomized com-
parison of B-vitamin supplements con-
taining folic acid vs placebo for the pre-

vention of vascular disease (irrespective
of whether any other treatment was ad-
ministered factorially); (2) the relevant
treatment arms differed only with re-
spect to the intervention to lower homo-
cysteine levels (ie, they were uncon-
founded); and (3) the trial involved at
least 1000 participants for a scheduled
treatment duration of at least 1 year. Un-
published trials were sought through elec-
tronic searches and discussions with other
experts in the field, but none was found.
Individual participant data were ob-
tained from 37 485 participants from all
8 available trials completed by the end of
2009. Data are not yet available from 3
unpublished trials involving almost
15 000 participants with prior CVD or re-
nal disease, and these are not expected
to report their results before late 2010.16-18

Another trial that intended to involve
15 000 participants with hypertension
only started enrollment in 2008.19

BASELINE AND
FOLLOW-UP DATA

For each randomized participant, infor-
mation was sought on characteristics re-
corded before randomization, the ran-
domly allocated treatment, and the type
and date (or time from randomization)
of any systematically recorded out-
comes occurring during the scheduled
treatment period. Information on ad-
verse events, including hospitaliza-
tions and cancer incidence, was col-
lected in each trial at typically 3- to
6-month intervals during the sched-
uled treatment period. In addition to self-
reported cancer, additional data on can-
cer incidence were obtained from
national cancer registries in some
trials.10,14,15 Trial coordinators sought
verification of all study-related out-
comes from hospital electronic records
or by writing to hospital or family phy-
sicians. Analyses of the individual pa-
tient data were checked for consistency
with any published reports (and with the
trialists) to help ensure that the data were
incorporated correctly into the meta-
analysis. Investigators were also asked
to confirm summary data for each treat-
ment group on the number of random-
ized patients; on plasma levels of total
homocysteine, folate, and vitamin B12 be-
fore and after starting treatment; and on
the numbers of patients who devel-
oped each of the predefined outcomes.

All events were prespecified and de-
fined using standard criteria in the pro-
tocol for this meta-analysis.21 The main
outcomes were major vascular events
(defined prospectively as major coro-
nary events, strokes, or coronary and non-
coronary artery revascularizations),

cancer incidence, and total and cause-
specific mortality.

Major coronary events were defined as
the first occurrence of nonfatal myocar-
dial infarction or coronary death (includ-
ing death from heart failure and sudden
or unexpected deaths considered coro-
nary in origin). Strokes were the first oc-
currence of ischemic, hemorrhagic, or un-
classified stroke (but not just transient
cerebral ischemia). Coronary revascular-
izations involved coronary artery bypass
grafting or coronary angioplasty (with or
without stent insertion), and noncoro-
nary revascularization included carotid ar-
tery endarterectomy or angioplasty, re-
pair of aortic aneurysm, peripheral arterial
surgery, or noncoronary angioplasty. In-
cident cancers were the first occurrence
after randomization of any new cancers
excluding (where possible) nonfatal non-
melanoma skin cancers. Having indi-
vidual participant data from each trial al-
lowed outcomes to be recoded uniformly
using these definitions.

STATISTICAL ANALYSIS

Comparisons were intention-to-treat,
time-to-event analyses of first events of
a particular type occurring during the
scheduled treatment period among all pa-
tients allocated to folic acid vs all allo-
cated to the control treatment. The log-
rank observed minus expected (o−e)
statistics and their variances (v) from each
trial were summed to produce, respec-
tively, a grand total observed minus ex-
pected statistic (G) and its variance
(V).22,23 The 1-step estimate of the loga-
rithm of the event rate ratio is then G/V
with variance 1/V (and 95% CI [G/V] ±
[1.96/V1/2]). For n trials, the �2 statistic
for heterogeneity with n−1 degrees of
freedom (�2

n−1) is S−(G2/V), where S is the
sum over all the trials of (o−e)2/v.22,23 The
effects on vascular outcomes were as-
sessed in the following predefined sub-
groups21: sex, age, approximate thirds of
pretreatment blood levels of folate (�4.4,
4.4-7.9, and �7.9 ng/mL [to convert to
nanomoles per liter, multiply by 2.266])
or of homocysteine (�11, 11-14, and
�15 µmol/L), mandatory folic acid for-
tification, years since randomization,
baseline smoking (current/not), alcohol
consumption (current/not), presence of
diabetes mellitus, statin use, aspirin use,
body mass index (calculated as weight in
kilograms divided by height in meters
squared) (�25.0, 25.0-29.9, and �30.0),
and approximate thirds of serum creati-
nine levels (�0.90, 0.90-1.06, and �1.07
mg/dL [to convert to micromoles per li-
ter, multiply by 88.4]). Heterogeneity of
the rate ratios (RRs) among these pre-
specified subgroups was investigated by
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a global test to reduce the chance of mis-
interpreting false-positive results aris-
ing from multiple comparisons.23 The CIs
used were 99% for individual trials or sub-
groups and 95% for the overall esti-
mates. In addition, the RR for major vas-
cular events in each trial was plotted
against the percentage homocysteine re-
duction achieved in that trial. The mean
percentage homocysteine reduction in the
aggregate of all trials was calculated as the
weighted mean of the study-specific per-
centage reductions, with weights equal
to the variances of the log-rank statistics
for major vascular events. Analyses used
commercially available software (SAS,

version 9.1; SAS Institute Inc, Cary, North
Carolina).

RESULTS

CHARACTERISTICS OF THE
PARTICIPATING TRIALS

Selected characteristics of the 8
randomized trials are shown in
Table 1. Four trials recruited in-
dividuals with prior CHD,8,10,14,15 1
with prior stroke,9 2 with prior CVD
or increased risk of CVD,11,13 and 1

with advanced renal disease (in
which plasma homocysteine levels
were particularly high).12 Six
trials8-11,14,15 recruited partly or en-
tirely from nonfortified popula-
tions (22 371 individuals; 6311 ma-
jor vascular events), and 49,11-13

recruited partly or entirely from for-
tified populations (15 114 individu-
als; 3015 major vascular events).
Morbidity and mortality follow-up
were more than 99% complete in 4
trials10,11,14,15 but ranged from 93% to
97% in the others.8,9,12,13 The me-

Table 1. Design and Eligibility Criteria of Included Trials

Trial
No.

Randomized
Prior

Disease
Main

Country
Mandatory

Fortification
Median Duration
of Treatment, y

Daily Dose of Vitamin B, mg

Folic Acid Vitamin B12 Vitamin B6

CHAOS-28 1882 CHD UK − 2.0 5.0 0 0
HOST12 2056 Renal US � 3.2 40.0 2.0 100
WENBIT14 3090 CHD Norway − 3.2 0.8 0.4 40
VISP9 3680 Stroke USa �/− 2.0 2.5 0.4 25
NORVIT10 3749 CHD Norway − 3.4 0.8 0.4 40
WAFACS13 5442 CVD US � 7.3 2.5 1.0 50
HOPE-211 5522 CVDb Canadac �/− 5.0 2.5 1.0 50
SEARCH15 12 064 CHD UK − 7.0 2.0 1.0 0

Abbreviations: CHAOS-2, Cambridge Heart Antioxidant Study 2; CHD, coronary heart disease; CVD, cardiovascular disease or increased risk of cardiovascular
disease; HOPE-2, Heart Outcomes Prevention Evaluation 2; HOST, Homocysteinemia in Kidney and End Stage Renal Disease; NORVIT, Norwegian Vitamin Trial;
SEARCH, Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine; UK, United Kingdom; US, United States;
VISP, Vitamin Intervention for Stroke Prevention; WAFACS, Women’s Antioxidant and Folic Acid Cardiovascular Study; WENBIT, Western Norway B Vitamin
Intervention Trial; −, absent; �, present.

a Includes 3634 from the United States and 46 from the United Kingdom.
b Includes diabetes mellitus.
c Includes 3982 from Canada and the United States, 426 from Western Europe, 849 from Slovakia, and 265 from Brazil.

Table 2. Median Plasma Levels of Folate and Homocysteine Before and After Study Treatment

Trial
No.

Randomized

Folate Level, ng/mL Homocysteine Level, µmol/L

Homocysteine
Reduction, %b

Before Aftera Before Aftera

Treated Control Treated Control Treated Control Treated Control

Folate Fortified
VISP9 3634 10.1 10.2 27.8 10.0 12.3 12.3 9.8 11.7 17
HOST12 2056 6.9 6.8 890.9 7.3 22.5 22.2 16.5 21.6 25
HOPE-211 3982 12.7 12.8 20.0 10.2 11.0 11.0 9.0 12.0 24
WAFACS13 5442 8.8 8.9 38.9 15.4 12.1 12.5 9.8 11.8 18
Subtotal 15 114 10.0 9.8 30.5 9.8 13.2 13.2 11.0 13.5 22c

Non–Folate Fortified
VISP9 46 7.8 5.8 29.1 5.6 13.5 14.0 8.7 14.4 35
HOPE-211 1540 6.4 5.9 20.0 6.2 13.0 12.7 9.0 13.1 29
CHAOS-28 1882 6.4 6.3 20.0 7.2 9.3 9.9 8.2 9.2 11
WENBIT14 3090 4.3 4.5 27.2 3.8 10.0 10.1 7.7 10.2 26
NORVIT10 3749 3.6 3.5 27.5 3.2 12.1 12.1 8.9 12.4 28
SEARCH15 12 064 6.2 6.1 22.1 6.7 12.6 12.5 8.8 12.5 27
Subtotal 22 371 5.3 5.2 22.1 6.7 12.0 12.0 8.4 11.4 27c

All 37 485 6.1 6.0 22.1 6.7 12.3 12.3 9.3 12.2 25c

Abbreviations: For the study name expansions, see Table 1.
SI conversion factor: To convert folate to nanomoles per liter, multiply by 2.266.
Conventional conversion factor: To convert homocysteine to milligrams per liter, divide by 7.397.
a Indicates first available postrandomization values.
bThe values shown are the weighted mean values (with weights equal to the variance of the log-rank statistic for major vascular events).
cFor calculation of percentage of homocysteine reduction, the analysis used the average of the first 4 follow-up values (where available).
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dian duration of treatment in the dif-
ferent trials varied from 2.0 to 7.3
years, with an overall median of 5.0
years. All trials compared the effects
of folic acid with placebo, except 1
trial9 that compared 2.5 mg with 20.0
µg of folic acid (which is approxi-
mately equivalent to a placebo be-
cause this dose is less than one-
tenthof thedailydietary intakeof folic
acid). The doses of folic acid ranged
from 0.8 to 5.0 mg/d, except in 1 trial
that used 40.0 mg/d.12 All but 1 trial8

added vitamin B12 (dose range, 0.4 to
2.0 mg) to the folic acid, and all but
28,15 also added vitamin B6 (pyridox-
inehydrochloride).Two-thirdsof the
participantsweremen, themean(SD)
age at entry was 65 (10) years, 18%
were current smokers, 20% had dia-

betes mellitus, and 30% were obese
(defined as a body mass index of
�30.0) (eTable 1; http://www
.archinternmed.com).

EFFECTS ON PLASMA
HOMOCYSTEINE LEVELS

Table2 shows the effect of folic acid
allocation on the median postran-
domization plasma levels of folate
and total homocysteine. Overall,
there was a 25% reduction in ho-
mocysteine levels, which was main-
tained on average for 5 years. As ex-
pected, allocation to folic acid was
associated with slightly smaller rela-
tive and absolute reductions of ho-
mocysteine levels in folate-fortified
compared with non–folate-forti-

fied populations (22% vs 27% rela-
tive reductions; P� .001 for differ-
ences between these percentages).

EFFECTS ON MAJOR
VASCULAR EVENTS

Among all 37 485 participants in all
8 trials, 9326 had a major vascular
event during the scheduled treat-
ment period (Table 3 and eTable
2). Allocation to folic acid treat-
ment had no significant effect on ma-
jor vascular events, with 4670
(24.9%) first events among the
18 723 participants allocated to fo-
lic acid vs 4656 (24.8%) among the
18 762 allocated to placebo (RR,
1.01; 95% CI, 0.97-1.05; P = .6)
(Figure 1). There was no signifi-

Table 3. Number of Serious Events and Event Rates by Trial

Trial
No.

Randomized

Major Vascular Events Cancer Events Total Mortality

No. of Events Ratea No. of Events Ratea No. of Events Ratea

CHAOS-28 1882 206 70 NA NA 144 48
HOST12 2056 471 89 137 24 884 143
WENBIT14 3090 642 76 144 17 131 15
VISP9 3680 613 101 187 33 216 32
NORVIT10 3749 2000 321 149 15 365 30
WAFACS13 5442 778 24 414 12 506 14
HOPE-211 5522 1586 71 662 28 945 34
SEARCH15 12 064 3030 42 1317 18 1934 25
All 37 485 9326 NA 3010 NA 5125 28

Abbreviations: NA, not available. For the study name expansions, see Table 1.
aStandardized for age and sex and reported as number of events per 1000 per year.
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Figure 1. Effects of folic acid on first major vascular events. (Some people had more than 1 type of major vascular event.) The black squares denote the rate ratios
(RRs) and horizontal lines the 99% confidence intervals (CIs). Each square has an area inversely proportional to the variance of the logarithm of the RR. The
diamonds represent the summary estimates and their corresponding 95% CIs. CHD indicates coronary heart disease; MI, myocardial infarction.
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cant effect on the numbers of par-
ticipants having major coronary
events, with 2019 (11.4%) vs 1971
(11.1%) first MCEs (RR, 1.03; 95%
CI, 0.97-1.10; P=.3). Moreover, there
was no significant effect in these trials
on the risk of stroke, with 747 (4.2%)
vs 781 (4.4%) first events (RR, 0.96;
95% CI, 0.87-1.06; P=.4). There was
no significant effect on ischemic
stroke (RR, 0.96; 99% CI, 0.81-
1.14), hemorrhagic stroke (RR, 1.08;
99% CI, 0.66-1.77), or unclassified
stroke (RR, 0.94; 99% CI, 0.75-
1.18). Finally, there was no signifi-

cant effect on arterial revasculariza-
tion (RR, 1.00; 95% CI, 0.94-1.05) or
on coronary revascularization or
MCE (RR, 1.01; 95% CI, 0.96-
1.06).

Despite substantial differences be-
tween the trials in pretreatment
plasma folate status and folic acid
doses, there was no significant dif-
ference between the proportional ef-
fects on major vascular events in the
individual trials (�2

7 for heteroge-
neity, 8.09; P=.3) (Figure2). There
was no suggestion of beneficial ef-
fects even in those trials that achieved

larger homocysteine level reduc-
tions (Figure 3). No significant
effect was observed in any of the pre-
specified subgroups, including those
defined by sex, age, pretreatment lev-
els of folate or homocysteine, or
population-level fortification sta-
tus (global �2

5 for heterogeneity, 1.78;
P=.9) (Figure 2).The one-third of
participants with the highest base-
line homocysteine levels (mean, 21
µmol/L) experienced the greatest
reduction in homocysteine levels
(about 6 µmol/L), but even among
these, folic acid allocation was not

0.50 1.00 2.00
Control BetterTreatment Better

99% CI
95% CI

Trial
CHAOS-28

HOST12

WENBIT14

VISP9

NORVIT10

WAFACS13

HOPE-211

SEARCH115

Heterogeneity: χ2
7 = 8.09; P = .3

111
214
328
311
987
392
790

1537

(11.8)
(20.7)
(21.3)
(17.0)
(52.7)
(14.4)
(28.6)
(25.5)

95
257
314
302

1013
386
796

1493

(10.1)
(25.1)
(20.3)
(16.3)
(54.0)
(14.2)
(28.8)
(24.8)

1.21 (0.84-1.73)
0.83 (0.66-1.06)
1.07 (0.87-1.31)
1.05 (0.85-1.29)
0.97 (0.86-1.09)
1.00 (0.83-1.21)
1.01 (0.89-1.15)
1.04 (0.95-1.14)

Sex
Male
Female
Heterogeneity: χ2

1 = 0.17; P = .7

3426
1244

(27.4)
(20.0)

3443
1213

(27.5)
(19.5)

1.01 (0.94-1.07)
1.02 (0.92-1.14)

Age at randomization, y
<60
60-69
≥70
Trend: χ2

1 = .02; P = .9

1246
1652
1772

(21.6)
(24.1)
(29.0)

1255
1639
1762

(21.8)
(23.9)
(28.7)

1.02 (0.92-1.13)
1.01 (0.92-1.10)
1.01 (0.93-1.10)

Folate level, ng/mL
<4.4
4.4-7.9
>7.9
Missing
Trend: χ2

1 = 0.2; P = .7

1338
1113
1031
1188

(32.7)
(26.4)
(22.3)
(20.6)

1350
1122
1044
1140

(33.1)
(25.7)
(22.8)
(19.9)

1.00 (0.91-1.11)
1.02 (0.91-1.14)
0.97 (0.87-1.09)
1.05 (0.95-1.17)

Homocysteine level, µmol/L
<11
11-14
≥15
Missing
Trend: χ2

1 = 0.92; P = .3

1210
1492
1185
783

(23.8)
(28.1)
(29.8)
(18.0)

1250
1445
1203
758

(24.6)
(27.1)
(30.0)
(17.4)

0.96 (0.87-1.07)
1.04 (0.94-1.14)
1.02 (0.92-1.13)
1.04 (0.91-1.19)

Fortification
No
Yes
Heterogeneity: χ2

1 = 0.47; P = .5

3175
1495

(28.4)
(19.8)

3136
1520

(28.0)
(20.1)

1.02 (0.96-1.09)
0.99 (0.90-1.09)

Year of follow-up
1
2
3
4
5
≥6
Trend: χ2

1 = 0.48; P = .5

1866
819
605
469
393
518

(10.0)
(4.9)
(4.2)
(4.0)
(4.0)
(6.6)

1827
846
571
474
389
549

(9.7)
(5.1)
(3.9)
(4.0)
(4.0)
(7.0)

1.02 (0.94-1.12)
0.97 (0.86-1.10)
1.07 (0.92-1.24)
0.99 (0.84-1.17)
1.02 (0.85-1.23)
0.95 (0.82-1.12)

All 4670 (24.9) 4656 (24.8) 1.01 (0.97-1.05)

No. (%) of Events
Treatment group

(n = 18 723)
Control group
(n = 18 762) RR (CI)

Figure 2. Effects of folic acid on major vascular events in prespecified subgroups (global test for heterogeneity, �2
5=1.78; P=.9). Symbols and conventions are

given in Figure 1. To convert folate to nanomoles per liter, multiply by 2.266; homocysteine to milligrams per liter, divide by 7.397. CHAOS-2 indicates
Cambridge Heart Antioxidant Study 2; HOPE-2, Heart Outcomes Prevention Evaluation 2; HOST, Homocysteinemia in Kidney and End Stage Renal Disease;
NORVIT, Norwegian Vitamin Trial; SEARCH, Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine; VISP, Vitamin Intervention for
Stroke Prevention; WAFACS, Women’s Antioxidant and Folic Acid Cardiovascular Study; and WENBIT, Western Norway B Vitamin Intervention Trial.
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associated with any significant effect.
There was no trend of increasing
benefit with increasing duration of
treatment (�2

1, 0.48; P= .5). Like-
wise, no significant effect was found
on major vascular events in further
exploratory subgroup analyses
(global �2

7 for heterogeneity, 7.41;
P=.4) (eFigure 1). Finally, analy-
ses of major coronary events only
(eFigure 2) or of stroke only (eFig-
ure 3) found no apparent effects in
any of the prespecified subgroups.

EFFECTS ON CANCER
INCIDENCE

Data were available on 3010 people
with incident cancers that oc-
curred after randomization among
the 35 603 individuals included in
the 7 randomized trials that col-
lected such data.9-15 Allocation to fo-
lic acid was not associated with any
significant difference in the overall
incidence of cancer, with 1541 new
cases (8.7%) among the 17 783 par-
ticipants allocated to folic acid vs
1469 (8.2%) among the 17 820 al-
located to placebo (RR, 1.05; 95% CI,
0.98-1.13; P=.14) (Figure4). There
was no significant difference be-
tween the proportional effects on
cancer in any of the individual trials
(�2

6 for heterogeneity, 4.68; P=.6),
despite the doses of folic acid rang-
ing from 0.8 to 40.0 mg/d. Even
among patients who received folic
acid treatment for more than 5 years,
there was no suggestion of any effect
on cancer rates beginning to emerge
with longer duration of treatment
(�2

1 for trend, 0.01; P=.9), in the other
prespecified subgroups (global �2

5

for heterogeneity, 5.90; P = .3)
(Figure 4), or in further explor-
atory subgroups (global �2

7 forhetero-
geneity, 7.84; P=.4) (eFigure 4).

EFFECTS ON MORTALITY

Data were available on 5125 deaths
among the 37 485 randomized par-
ticipants. Allocation to folic acid was
not associated with any significant
differences in total mortality, with
2578 deaths (13.8%) among the
18 723 participants allocated to fo-
lic acid vs 2547 deaths (13.6%)
among the 18 762 allocated to pla-
cebo (RR, 1.02; 95% CI, 0.97-1.08;
P=.46) (Figure 5). Consistent with

the lack of any apparent effect on
major vascular events, there were no
significant effects on mortality from
CHD (RR, 1.02; 99% CI, 0.90-1.16;
P=.65), stroke (RR, 0.92; 99% CI,
0.67-1.25; P=.47), or other vascu-
lar causes (RR, 0.99; 99% CI, 0.83-
1.18; P=.85). Similarly, consistent
with the lack of any apparent effect
on cancer incidence, there was no
significant effect on cancer mortal-
ity (RR, 1.00; 99% CI, 0.85-1.18;
P=.99).

COMMENT

The present meta-analysis has dem-
onstrated that lowering homocyste-
ine levels by an average of 25%
(about 3 µmol/L) for an average of
5 years has no significant effect on
the incidence of major vascular
events during the scheduled treat-
ment period. With 9326 such events
among 37 485 individuals, this col-
laboration had more than 99%
power to detect the 10% reduction
that might plausibly have been an-

ticipated from the observational
studies if the association of homo-
cysteine with major vascular events
seen in those studies was causal and
if protection emerges within just a
few years.4,20

Observational studies have found
stronger associations of homocys-
teine with stroke than with CHD4

and in women than in men.4 Based
on secular trends in the United States
and the United Kingdom, the greater
reduction in stroke mortality from
1990 through 2002 in the United
States had been tentatively attrib-
uted to the introduction of folic acid
fortification,24 although this is not
supported by reexamination of the
trends in stroke mortality in middle
age (35-69 years; trends at older ages
may be less reliable).25 A previous
meta-analysis of published results
from some of the folic acid trials in-
volving a total of 778 first strokes re-
ported that folic acid could reduce
the risk of stroke.26 By contrast, this
meta-analysis of individual patient
data involving 1528 first strokes
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Figure 3. Effects of folic acid on major vascular events by percentage reduction in plasma total
homocysteine levels. The black squares denote the rate ratios (RRs) and vertical lines the 99%
confidence intervals (CIs). Each square has an area inversely proportional to the variance of the logarithm
of the RRs. Other abbreviations are given in Figure 2.
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Figure 4. Effects of folic acid on cancer incidence in prespecified subgroups (global test for heterogeneity, �2
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Figure 5. Effects of folic acid on cause-specific mortality. Symbols and conventions are given in Figure 1. CHD indicates coronary heart disease.
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found no significant effects on stroke.
Folic acid did not produce signifi-
cant effects on major vascular or coro-
nary events in those presenting with
low blood folate levels or with high
blood homocysteine levels.

The doses of folic acid used in all
the trials included in this meta-
analysis exceeded those required for
near-maximal reduction in homo-
cysteine levels.7 In addition, all ex-
cept 1 trial8 used vitamin B12, which
further reduces homocysteine lev-
els (and, with a dose of at least 1.0
mg/d in 4 trials,11-13,15 should also
correct for any undetected vitamin
B12 deficiency27). The randomized
trials in the present meta-analysis
found no evidence of benefit with
treatment continued for more than
5 years. Although some benefit
might emerge with even longer treat-
ment and follow-up, the trial re-
sults give no reason to expect this
(particularly because cardiovascu-
lar benefits tend to emerge within
just a few years with other cardio-
protective treatments, such as anti-
hypertensives28 or statins29). Thus,
the meta-analysis indicates that
supplementation with folic acid has
little or no beneficial effect on coro-
nary disease, stroke, or mortality
during the 5 years of supplementa-
tion. In contrast with previous re-
views30,31 based on summary re-
sults of these trials (but excluding
the largest15), the use of individual
participant data from these trials al-
lows the present report to provide
results for a broader range of vascu-
lar and nonvascular outcomes and
to explore the effects of B vitamins
in relevant subgroups reliably. It is
unlikely that findings from ongo-
ing trials will differ much from those
of this meta-analysis; so, the addi-
tion of their results is likely only to
improve the precision of the esti-
mates around the lack of ben-
efit.16-19 Although trials of folic acid
supplementation suggest no reduc-
tion in CHD or stroke associated
with an average 25% reduction in
homocysteine levels maintained for
a median duration of 5 years, the
lower confidence limits are compat-
ible with a 3% reduction in CHD risk
and a 13% reduction in stroke risk—
and, if there is any real effect, the ef-
fects of lifelong differences could be
somewhat larger.

Some observational studies have
reported that folate status is in-
versely related to the risk of colo-
rectal cancer32 and breast cancer.33

Conversely, it has also been sug-
gested that increasing folic acid in-
take might increase the rate of trans-
formation of adenomas into cancers
or of small cancers into larger ones.34

An analysis of trends in colorectal
cancer incidence in the United States
and Canada from 1986 through 2002
indicated a transient reversal in the
downward trends that coincided
with the introduction of folic acid
fortification in 1996, and it was sug-
gested that this might be causal35;
again, however, this is not con-
firmed by reexamination of the na-
tional mortality trends at ages 35 to
69 years.25 Three trials of folic acid
supplementation involving a total of
2652 participants with a history of
colorectal adenoma (and so not eli-
gible for the present meta-analysis)
have reported conflicting results on
the recurrence of adenomas and on
cancer incidence.36-39 An analysis of
the 6-year follow-up of 6837 par-
ticipants with a history of CHD in
2 Norwegian trials included in the
meta-analysis also suggested that fo-
lic acid plus vitamin B12 might in-
crease overall of cancer incidence
and mortality.40 By contrast, based
on 3010 incident cancers among
35 603 individuals, the present meta-
analysis did not find any signifi-
cant adverse effect of folic acid on
cancer incidence overall or in any
prespecified subgroup. There was no
heterogeneity in the effects on inci-
dent cancer by dose of folic acid,
which ranged from 0.8 to 40.0 mg/d.
For example, the 40.0-mg/d folic
acid dose studied in the Homocys-
teinemia in Kidney and End Stage
Renal Disease trial produced a 100-
fold increase in plasma folate level
but had no apparent adverse effect
on cancer incidence.12 Even with
more than 5 years of treatment, there
was no evidence of any emerging
effect on overall cancer incidence.
Moreover, the absence of heteroge-
neity in the effects of folic acid on
cancer incidence in the different
trials refutes concerns about any dif-
ferential effects of folic acid in trials
that relied on self-reported cancer
events compared with those that also
included surveillance by cancer reg-

istries. (The present meta-analyses
do not address the possibility of ef-
fects on some particular types of can-
cer, which will be considered in a
separate report.)

One-third of adults in the United
States41 andone-quarterof those in the
United Kingdom42 report taking daily
multivitamin supplements contain-
ing folic acid. The present meta-
analysis, however, found no evi-
dence that routine use of folic acid for
5 years has any material effect on car-
diovascular or noncardiovascular
events in the North American and Eu-
ropean populations studied. The
doses of folic acid used in these trials
(0.8-40.0 mg/d) were substantially
greater than the mandatory folic acid
fortification adopted in the United
States (140 µg per 100 g of cereal grain
products; approximatelyequivalent to
0.1 mg/d of folic acid) for the preven-
tion of neural tube defects.43,44 Al-
though the lack of any other benefits
is disappointing (albeit faily defini-
tive), the lack of any significant ad-
verse effects on vascular events, can-
cer incidence, cancer mortality, and
overall mortality provides reassur-
ance about the safety of population-
wide folic acid fortification.
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ment of Medicine, Veterans Affairs

ARCH INTERN MED/ VOL 170 (NO. 18), OCT 11, 2010 WWW.ARCHINTERNMED.COM
1629

©2010 American Medical Association. All rights reserved.
(REPRINTED WITH CORRECTIONS)

Downloaded From: http://archinte.jamanetwork.com/ by a University of Pittsburgh User  on 08/06/2015



Palo Alto Healthcare System and
Stanford University School of Medi-
cine, Palo Alto, California (Dr
Jamison); Cooperative Studies Pro-
gram, Department of Veterans Af-
fairs, Connecticut Veterans Affairs
Healthcare System, West Haven (Dr
Guarino); and Department of Clini-
cal Pharmacology, Addenbrookes’
Hospital, Cambridge, England (Dr
Mir).
Correspondence: Robert Clarke,
FRCP, Clinical Trial Service Unit and
Epidemiological Studies Unit,
Richard Doll Building, University of
Oxford, Old Road Campus, Oxford
OX3 7LF, England (robert.clarke
@ctsu.ox.ac.uk).
Author Contributions: The authors
accept full responsibility for the con-
tent of this article. Study concept and
design: Clarke, Lonn, Armitage, Man-
son,Boxnaa,Spence,Nygård, Jamison,
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INVITED COMMENTARY

The Vital Amines

Too Much of a Good Thing?

I n 1747, Joseph Lind demon-
strated that giving citrus fruit
to sailors on long voyages

cured them of scurvy, a debilitat-
ing illness. Scurvy was the first dis-
ease for which the proven cause was
a nutritional deficiency, although the
missing nutrient, vitamin C (ascor-
bic acid), was not isolated until
1928.1 In 1912, Casmir Funk pro-
posed that inadequate consump-
tion of “vital amines” (vitamins) in
food could cause disease.1 He had
isolated vitamin B1 (thiamine), the
nutrient that, when deficient in the
diet, will result in beriberi. Based on

a growing recognition of diseases
caused by insufficient vitamins in the
diet, the US government began to re-
quire fortification of commonly con-
sumed foods.2,3 Examples include
milk fortification with vitamin D and
flour enriched with thiamine, fo-
late, riboflavin, and niacin.2 The goal
of fortification is to prevent dis-
eases of vitamin deficiency.

Americans, however, now take vi-
tamins far in excess of the doses re-
quired to prevent diseases of defi-
ciency. The number of Americans
who take supplemental vitamins in
hopes of optimizing their health has

increased dramatically during the
past 40 years. The 1999 to 2000 Na-
tional Health and Nutrition Exami-
nation Survey found that 52% of
adult Americans reported taking a
dietary supplement.3 This percent-
age has increased steadily from 23%
in the first National Health and Nu-
trition Examination Survey per-
formed in the early 1970s.3 Multi-
vitamins are the most common
vitamin supplement used by Ameri-
cans, followed by vitamin E (tocoph-
erol compounds), vitamin C (ascor-
bic acid), and B-complex vitamins.3

Ironically, patients with the poor-
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