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OBSERVATIONAL STUDIES

have consistently indi-
cated that patients with oc-
clusive vascular disease

have higher blood levels of homocys-
teine than do controls, and these dif-
ferences precede the onset of disease
and are independent of other risk fac-
tors.1-3 A meta-analysis of prospective
studies indicated that, after adjust-
ment for known risk factors, a 25%
lower usual homocysteine concentra-
tion was associated with 11% lower risk
of coronary heart disease and 19% lower
risk of stroke.3 Daily supplementation
with folic acid typically lowers homo-
cysteine levels by about 25%, and the
addition of vitamin B12 lowers it by a
further 7%.4,5 Folic acid is inexpen-
sive, so there is considerable interest in
the possibility of reducing the inci-
dence of occlusive vascular disease with
folic acid supplementation.

Seven large-scale randomized trials
have previously reported on the ef-
fects on occlusive vascular disease of
lowering homocysteine with folic acid–
based vitamin supplements, but none
of those trials has shown definite pro-
tective effects.6-12 It has been unclear
whether these generally unpromising
results are due to insufficient num-
bers of particular cardiovascular events,
too short a duration of treatment, at-

tenuation of any effects by population-
wide folic acid fortification, or lack of
real benefit.13,14 A subgroup analysis of
the HOPE-2 trial9,15 and a meta-
analysis of a subset of these trials sug-
gested protective effects on stroke.16 The
SEARCH trial assessed the effects of
lowering homocysteine levels with fo-
lic acid plus vitamin B12 for almost 7
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Context Blood homocysteine levels are positively associated with cardiovascular dis-
ease, but it is uncertain whether the association is causal.

Objective To assess the effects of reducing homocysteine levels with folic acid and
vitamin B12 on vascular and nonvascular outcomes.

Design, Setting, and Patients Double-blind randomized controlled trial of 12 064
survivors of myocardial infarction in secondary care hospitals in the United Kingdom
between 1998 and 2008.

Interventions 2 mg folic acid plus 1 mg vitamin B12 daily vs matching placebo.

Main Outcome Measures First major vascular event, defined as major coronary
event (coronary death, myocardial infarction, or coronary revascularization), fatal or
nonfatal stroke, or noncoronary revascularization.

Results Allocation to the study vitamins reduced homocysteine by a mean of 3.8
µmol/L (28%). During 6.7 years of follow-up, major vascular events occurred in
1537 of 6033 participants (25.5%) allocated folic acid plus vitamin B12 vs 1493 of
6031 participants (24.8%) allocated placebo (risk ratio [RR], 1.04; 95% confidence
interval [CI], 0.97-1.12; P=.28). There were no apparent effects on major coronary
events (vitamins, 1229 [20.4%], vs placebo, 1185 [19.6%]; RR, 1.05; 95% CI,
0.97-1.13), stroke (vitamins, 269 [4.5%], vs placebo, 265 [4.4%]; RR, 1.02; 95%
CI, 0.86-1.21), or noncoronary revascularizations (vitamins, 178 [3.0%], vs pla-
cebo, 152 [2.5%]; RR, 1.18; 95% CI, 0.95-1.46). Nor were there significant differ-
ences in the numbers of deaths attributed to vascular causes (vitamins, 578 [9.6%],
vs placebo, 559 [9.3%]) or nonvascular causes (vitamins, 405 [6.7%], vs placebo,
392 [6.5%]) or in the incidence of any cancer (vitamins, 678 [11.2%], vs placebo,
639 [10.6%]).

Conclusion Substantial long-term reductions in blood homocysteine levels with fo-
lic acid and vitamin B12 supplementation did not have beneficial effects on vascular
outcomes but were also not associated with adverse effects on cancer incidence.

Trial Registration isrctn.org Identifier: ISRCTN74348595
JAMA. 2010;303(24):2486-2494 www.jama.com

2486 JAMA, June 23/30, 2010—Vol 303, No. 24 (Reprinted) ©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



years in 12 064 survivors of myocar-
dial infarction.17 The large size and long
duration of treatment in a high-risk
population without background man-
datory folate fortification allows
SEARCH to provide a reliable assess-
ment of the potential benefits and po-
tential hazards of lowering homocys-
teine substantially with folic acid and
vitamin B12 supplementation.

METHODS
The study objectives, design, and meth-
ods have been reported previously17

(protocol appears at http://www
.searchinfo.org). As well as assessing fo-
late-based homocysteine-lowering
therapy, a 2 � 2 factorial design al-
lowed the separate assessment of dif-
ferent doses of simvastatin.

Eligibility

Men and women aged 18 to 80 years
with a history of myocardial infarc-
tion were eligible provided they had no
clear indication for folic acid and had
blood cholesterol levels of at least 135
mg/dL if already taking a statin medi-
cation or 174 mg/dL if not (to convert
cholesterol to mmol/L, multiply by
0.0259). Exclusion criteria are re-
ported elsewhere17 and included
chronic liver, renal, or muscle disease;
history of any cancer (except nonmela-
noma skin cancer); and use of poten-
tially interacting medications.

Recruitment

Medical collaborators from 88 UK hos-
pitals appointed senior nurses to run
special study clinics (see eAppendix,
available at http://www.jama.com). Ap-
proval was obtained from the South East
Thames multicenter research ethics
committee, and local committees pro-
vided site-specific approval. Comput-
erized hospital discharge records were
used to identify patients with a diag-
nosis of myocardial infarction, who,
with the agreement of their general
practitioners, were invited to attend the
local study clinic. At the initial screen-
ing visit, a nonfasting blood sample was
obtained and guidance given about
modification of diet and other vascu-

lar disease risk factors. Eligible indi-
viduals were given detailed informa-
tion about the study and those agreeing
provided written consent to participate.

Potentially eligible participants en-
tered a prerandomization run-in phase,
which was intended chiefly to limit sub-
sequent randomization to those likely
to take the randomly allocated study
treatment for several years.18 Run-in
treatment involved placebo vitamin tab-
lets (and 20 mg simvastatin daily, which
allowed baseline lipid levels to be as-
sessed after all participants had re-
ceived the same statin therapy). Indi-
viduals who adhered to this treatment,
did not have a major vascular event or
other serious problem during the run-
in, and agreed to participate for sev-
eral years were randomly allocated to
receive 1 tablet daily containing either
2 mg folic acid plus 1 mg vitamin B12

or matching placebo in specially pre-
pared calendar packs (and, separately,
using a 2�2 factorial design, either 80
mg or 20 mg simvastatin daily). The
central telephone randomization sys-
tem used a minimization algorithm19 to
balance the treatment groups with re-
spect to major prognostic factors.17

Follow-up

Following randomization between Sep-
tember 1998 and October 2001, par-
ticipants were to be seen for routine fol-
low-up checks and blood safety
monitoring at 2, 4, 8, and 12 months
and then every 6 months until final fol-
low-up visits between October 2007 and
June 2008. Those who did not attend
were to be contacted by telephone at the
time of their scheduled follow-up (or
alternatively, followed up via their fam-
ily physician) and could be mailed their
allocated study vitamins or placebo tab-
lets (but not their study simvastatin be-
cause central blood safety monitoring
could not be continued). Adherence
was assessed by reviewing the calendar-
packed tablets remaining, and for those
who had stopped study treatment, the
reasons for doing so were sought.

Blood samples were obtained at each
follow-up visit for central laboratory as-
says of alanine aminotransferase and cre-

atine kinase to monitor possible liver-
and muscle-related adverse effects of
statin therapy. To assess the effects of the
vitamin allocation on blood vitamin and
homocysteine levels, assays were per-
formed in nonfasting blood collected
from a sample of approximately 1000
participants due for follow-up at about
the same time each year, from all par-
ticipants scheduled for follow-up be-
tween February 2003 and November
2003 (at median follow-up of 2.5 years)
and at all final visits in October 2007 to
June 2008. Differences in blood levels
between the treatment groups were
based on comparisons between all par-
ticipants allocated vitamins vs all allo-
cated placebo tablets, irrespective of ad-
herence (with any missing data imputed
from the baseline values prior to start-
ing any study vitamin treatment).

Information was recorded at each fol-
low-up about any suspected myocar-
dial infarction, stroke, vascular proce-
dure, pulmonary embolus, cancer, or
other serious adverse experience, and
about the main reasons for all other hos-
pital admissions (including day cases).
In addition, reports were systemati-
cally sought of muscle pain or weak-
ness and of any serious or nonserious
adverse events considered to be prob-
ably due to study treatment. Further de-
tails were sought from participants’ gen-
eral practitioners (plus, if considered
necessary for coding, from any rel-
evant hospital records) about reports
that might relate to major vascular
events or deaths, and from the Medi-
cal Research Information Service for En-
gland and Wales and the General Reg-
ister Office for Scotland about the sites
of any registered cancers and the cer-
tified causes of any deaths.

All such information was reviewed
by coordinating center clinicians who
were unaware of the study treatment al-
location and events coded according to
prespecified criteria.17 Analyses were
based on confirmed plus unrefuted re-
ports, with definite confirmation for
93% of the nonfatal myocardial infarc-
tions, 92% of the nonfatal strokes, and
96% of the revascularizations that were
included.

FOLIC ACID PLUS VITAMIN B12 IN MYOCARDIAL INFARCTION SURVIVORS

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, June 23/30, 2010—Vol 303, No. 24 2487

Downloaded From: https://jamanetwork.com/ on 05/22/2023



At the final follow-up, cognitive func-
tion was assessed using a modified Tele-
phone Interview for Cognitive Status
(TICS-m)20 and verbal fluency test,21

and hearing thresholds were mea-
sured in both ears at 1 KHz and 4 KHz.22

Statistical Analysis

The data analysis plan was prespeci-
fied either in the original protocol or
in amendments made before any analy-
ses of the effects of the study treat-
ment on clinical outcomes were avail-
able to the steering committee.17

Comparisons involved log-rank analy-
ses of the first occurrence of particu-
lar events during the scheduled treat-

ment period after randomization among
all participants allocated active vita-
mins vs all those allocated placebo (ie,
intention-to-treat analyses).23,24 The pri-
mary comparison was of the effect on
the incidence of first major vascular
event, defined as nonfatal myocardial
infarction or death from coronary heart
disease, fatal or nonfatal stroke, or any
arterial revascularization.

Secondary comparisons were of the
effects on major vascular events in the
first year after randomization (when
little difference was anticipated) and,
separately, in the later years of the treat-
ment period; major vascular events
among participants subdivided into 3

similar-sized groups with respect to
blood homocysteine levels at the end
of the prerandomization run-in pe-
riod (before any study vitamin treat-
ment had been taken); major vascular
events in the presence of one or other
of the allocated study simvastatin regi-
mens; major coronary events, defined
as nonfatal myocardial infarction, death
from coronary disease, or coronary re-
vascularization; and any type of stroke
(excluding transient ischemic attacks).

Tertiary comparisons included the ef-
fects on total and cause-specific mor-
tality (considering vascular and non-
vascular causes separately), vascular
mortality excluding the first year after
randomization, coronary and noncoro-
nary revascularization separately, con-
firmed hemorrhagic and other strokes
separately, pulmonary embolus, total
and site-specific cancers, hospitaliza-
tions for various other causes, and pos-
sible adverse effects of treatment. Tests
for heterogeneity, or, if more appropri-
ate, trend, were to be used to help de-
termine whether the proportional ef-
fects in specific subcategories differed
clearly from the overall effects after due
allowance for multiple comparisons.25,26

It had been anticipated that alloca-
tion to 2 mg folic acid and 1 mg vita-
min B12 daily would produce about a
3- to 4-µmol/L difference in blood ho-
mocysteine levels.5 (To convert homo-
cysteine to mg/dL, divide by 7.397.) A
meta-analysis of observational studies
conducted in the early 1990s indi-
cated that a 3 µmol/L–lower usual ho-
mocysteine level was associated with a
20% to 25% lower risk of cardiovascu-
lar events.2 Based on previous studies
among myocardial infarction survi-
vors,27,28 it was estimated that approxi-
mately 1900 major coronary events
would occur during median fol-
low-up of approximately 4 years, which
would provide 90% power at 2-sided
P� .01 to detect a 15% reduction in
risk.

It was prespecified in the protocol
that the steering committee could
modify the study plans while still
blinded to the event rates in each treat-
ment group. Following completion of

Figure 1. Flow Diagram for Participants in the SEARCH Trial

7126 Excluded
2567 Ineligible
2253 Refused

1065 Other or unknown reason

424 Had blood abnormality
817 Advised to withdraw for

medical reasons

15 590 Excluded (not eligible or refused)

6033 Randomized to receive folic
acid and vitamin B12

6031 Randomized to receive placebo

19 190 Entered prerandomization
run-in phase

34 780 Attended screening visit

83 237 Potential participants
invited by mail

66 Lost to follow-up

1113 Stopped taking tablets before
scheduled end

5 Mortality
61 Morbidity

366 Advised to stop for medical
reasons

648 Personal reasons
12 Elevated liver or muscle

enzyme levels
23 Muscle pain or weakness

68 Other symptoms
72 Other reasons

21 Began taking contraindicated
medication

Lost to follow-up

1106 Stopped taking tablets before
scheduled end

5 Mortality
55 Morbidity

374 Advised to stop for medical
reasons

621 Personal reasons
29 Elevated liver or muscle

enzyme levels
15 Muscle pain or weakness

64 Other symptoms
64 Other reasons

19 Began taking contraindicated
medication

6031 Included in analysis6033 Included in analysis

5970 Had complete follow-up 5975 Had complete follow-up

12 064 Randomized

60

Numbers lost to follow-up relate to those without information to the end of the scheduled treatment period
on mortality (as well as morbidity) and on morbidity alone. For the reasons given for stopping study tablets,
nonstudy statin was started in 92% of the participants who were advised to stop for medical reasons. “Per-
sonal reasons” excludes discontinuations attributed to medical reasons. More than 1 reason could be reported.
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recruitment, an updated meta-
analysis of observational studies re-
ported that a 3 µmol/L–lower usual ho-
mocysteine level was associated with
only an 11% lower risk of CHD and a
19% lower risk of stroke.3 After me-
dian follow-up of 3 to 4 years, both the
reduction in risk that might realisti-
cally be expected with the homocyste-
ine-lowering therapy (and with the
statin comparison27,28) and the overall
major coronary event rate were smaller
than had been anticipated. Conse-
quently in 2004, blind to interim re-
sults for clinical outcomes, the steer-
ing committee decided to change the
primary outcome from major coro-
nary events to major vascular events and
to continue until at least 2800 pa-
tients had had a confirmed major vas-
cular event in order to have 90% power
at P� .05 to detect a 10% reduction in
risk.17,27,28

RESULTS
Postal invitations were sent to 83 237
potentially eligible survivors of myo-
cardial infarction and 34 780 attended
the initial screening clinic visit, of
whom 19 190 remained potentially eli-
gible and entered the prerandomiza-
t ion run-in phase of the study
(FIGURE 1). Participants were given a
run-in pack containing placebo vita-
min tablets (and 20 mg simvastatin
daily), and their family physicians were
informed of their provisional entry into
the trial.

A total of 12 064 individuals (10 012
men and 2052 women) with a history
of myocardial infarction were random-
ized (TABLE), with a mean (SD) age of
64.2 (8.9) years. Previous coronary re-
vascularization was reported by 33%,
noncoronary revascularization by 2%,
cerebrovascular disease (stroke or tran-
sient ischemic attack) by 7%, diabetes
mellitus by 11%, and treated hyperten-
sion by 42%. At the end of the 2-month
prerandomization run-in phase tak-
ing placebo-vitamin tablets, the subse-
quently randomized participants had
mean (SD) nonfasting blood levels of
homocysteine of 13.5 (4.8) µmol/L, fo-
late of 7.4 (4.6) ng/mL, and vitamin B12

of 388 (240) pg/mL. (To convert fo-
late to nmol/L, multiply by 2.266; and
vitamin B12 to pmol/L, multiply by
0.7378.) The large size of the trial (and
the use of minimized randomization)
produced good balance between the
treatment groups for the main preran-
domization prognostic features that
were measured (Table) and should have
done likewise for those that were not.

Adherence and Blood
Homocysteine

Mean (SD) follow-up duration was 6.7
(1.5) person-years: totals of 40 083 per-
son-years among those allocated vita-
mins and 40 204 person-years among
those allocated placebo. Adherence at
each follow-up was defined as at least
80% of the scheduled vitamin or pla-
cebo tablets having been taken since the
previous follow-up (with only about
2%-3% of participants reporting tak-
ing some, but less than 80%, of the
treatment). Adherence was similar
among those allocated vitamins vs pla-
cebo, with 94% in each treatment group
adherent after 12 months of follow-
up, 89% vs 90% at 48 months, and 84%
vs 85% at 84 months.

There were no clear differences be-
tween those allocated vitamins or pla-
cebo in the proportions reporting dif-
ferent reasons for stopping (Figure 1).
Because only a single set of reasons was
provided for stopping the study sim-
vastatin, the vitamin tablets, or both, it
was not possible to know whether the
reason recorded applied to the study vi-
tamin/placebo tablets (but few partici-
pants stopped their study vitamins
alone). The main reasons given were
medical advice and personal wishes,
generally because of a perceived need
for more intensive low-density lipo-
protein–lowering therapy (which is re-
lated to the simvastatin comparison).

Compared with placebo, allocation
to 2 mg folic acid plus 1 mg vitamin B12

daily reduced blood levels of homocys-
teine by a mean (SE) of 4.0 (0.3) µmol/L
at 12 months, and by 3.3 (0.2) µmol/L
at 84 months, yielding a weighted av-
erage difference during the study of 3.8
(0.1) µmol/L. Folate levels were in-

Table. Baseline Characteristics of
Randomized Patients

Characteristic

Patients, No. (%)

Vitamins Placebo

Prior disease
MI alone 2921 (48) 2924 (48)

Other CHD (� MI) 2507 (42) 2534 (42)

Other vascular 533 (9) 529 (9)

Diabetes mellitus 635 (11) 632 (10)

Sex
Male 5006 (83) 5006 (83)

Female 1027 (17) 1025 (17)

Age at
randomization, y

�60 1885 (31) 1880 (31)

�60 to �70 2414 (40) 2414 (40)

�70 1734 (29) 1737 (29)

Homocysteine,
µmol/L

�11 1735 (29) 1736 (29)

�11 to �14 2255 (37) 2315 (38)

�14 2043 (34) 1980 (33)

Folate, ng/mL
�4.9 1958 (32) 1957 (32)

�4.9 to �7.9 2108 (35) 2093 (35)

�7.9 1967 (33) 1981 (33)

Vitamin B12, pg/mL
�298 1829 (30) 1811 (30)

�298 to �407 2209 (37) 2165 (36)

�407 1995 (33) 2055 (34)

Total cholesterol,
mg/dL

�155 2488 (41) 2450 (41)

�155 to �175 1729 (29) 1721 (29)

�175 1816 (30) 1860 (31)

LDL cholesterol,
mg/dL

�85 1960 (32) 1973 (33)

�85 to �105 2086 (35) 2091 (35)

�105 1987 (33) 1967 (33)

Smoking
Never regular 1372 (23) 1371 (23)

Ex-smoker 3918 (65) 3920 (65)

Current 743 (12) 740 (12)

Estimated GFR
(MDRD), mL/min

�60 852 (14) 834 (14)

�60 5181 (86) 5197 (86)

Prior treated
hypertension

No 3497 (58) 3493 (58)

Yes 2536 (42) 2538 (42)

Simvastatin allocation
20 mg daily 3017 (50) 3016 (50)

80 mg daily 3016 (50) 3015 (50)
Abbreviations: CHD, coronary heart disease; GFR (MDRD),

glomerular filtration rate estimated using the Modification
of Diet in Renal Disease equation; LDL, low-density lipo-
protein; MI, myocardial infarction.

SI conversion factors: To convert homocysteine to mg/dL,
divide by 7.397; folate to nmol/L, multiply by 2.266; vita-
min B12 to pmol/L, multiply by 0.7378; total and LDL cho-
lesterol to mmol/L, multiply by 0.0259.
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creased by a weighted mean of 16.2
(0.5) ng/mL and vitamin B12 levels by
625 (19) pg/mL. (No significant differ-
ences in plasma lipid levels were seen
between these treatment groups.)

Major Vascular Events

During the scheduled treatment pe-
riod, major vascular events occurred in
1537 of the 6033 participants (25.5%)
allocated folic acid plus vitamin B12 vs
1493 of the 6031 (24.8%) allocated pla-
cebo (risk ratio [RR], 1.04; 95% con-
fidence interval [CI], 0.97-1.12; P=.28)
(FIGURE 2). There was no evidence of
any benefit beginning to emerge with

more prolonged treatment and fol-
low-up (trend P value=.48) (FIGURE 3).
Among participants in the low, middle,
and high thirds of baseline homocys-
teine levels, allocation to the study vi-
tamins produced mean (SE) reduc-
tions in homocysteine of 2.54 (0.07)
µmol/L, 3.34 (0.07) µmol/L, and 5.58
(0.18) µmol/L, respectively, but no sig-
nificant reduction in major vascular
events even among those in the high-
est third (FIGURE 4). Nor were there any
significant differences in the effects on
major vascular events in any of the other
subcategories of participant studied, in-
cluding among participants subdi-

vided by random allocation to 80 mg
vs 20 mg simvastatin daily.

Compared with placebo, allocation
to folic acid plus vitamin B12 was asso-
ciated with nonsignificant adverse
trends for death due to coronary heart
disease (RR, 1.10; 95% CI, 0.96-1.25)
and for noncoronary revasculariza-
tion (RR, 1.18; 95% CI, 0.95-1.46), but
there were no apparent differences for
nonfatal myocardial infarction and for
coronary revascularization (Figure 2).
In addition, allocation to study vita-
mins was not associated with a signifi-
cant effect on any stroke (vitamins, 269
[4.5%], vs placebo, 265 [4.4%]; RR,
1.02; 95% CI, 0.86-1.21). Nor were
there significant differences in fatal or
nonfatal stroke considered separately,
or in the numbers of presumed ische-
mic strokes (vitamins, 243 [4.0%], vs
placebo, 245 [4.1%]; RR, 0.99; 95% CI,
0.83-1.19).

For other vascular outcomes, there
were no significant differences be-
tween the treatment groups in the num-
bers of patients who were hospitalized
for stable or unstable angina (vita-
mins, 753 [12.5%], vs placebo, 708
[11.7%]), hospitalized or died due to
heart failure (vitamins, 260 [4.3%], vs
placebo, 248 [4.1%]), or reported to
have had transient cerebral ischemic at-
tacks (vitamins, 136 [2.3%], vs pla-
cebo, 169 [2.8%]) or any nonfatal or fa-
tal pulmonary emboli (vitamins, 52
[0.9%], vs placebo, 60 [1.0%]).

Mortality

There were no apparent differences in
the numbers of deaths attributed to vas-
cular causes (vitamins, 578 [9.6%], vs
placebo, 559 [9.3%]; RR, 1.04; 95% CI,
0.92-1.16) or nonvascular causes (vi-
tamins, 405 [6.7%] vs placebo, 392
[6.5%]; RR, 1.04; 95% CI, 0.90-1.19)
(FIGURE 5). Among the vascular deaths,
allocation to the study vitamins was as-
sociated with slightly more deaths due
to acute myocardial infarction and coro-
nary heart disease, but those differ-
ences were not significant and were par-
tially offset by nonsignificantly fewer
deaths from other vascular causes. No
significant benefit was seen after ex-

Figure 2. Effects of Folate Allocation on Major Vascular Events: Major Coronary Events,
Strokes, and Noncoronary Revascularizations

Favors
Vitamins

Favors
Placebo

Patients, No. (%)

Vitamins
(n = 6033)

Placebo
(n = 6031)

Risk Ratio
(95% CI) P Value

Major coronary event
431 (7.1) 429 (7.1)Nonfatal MI
589 (9.8) 591 (9.8)Coronary revascularization
463 (7.7) 423 (7.0)CHD death

1229 (20.4) 1185 (19.6)Subtotal 1.05 (0.97-1.13) .26

178 (3.0) 152 (2.5)Noncoronary revascularization

Stroke
59 (1.0) 65 (1.1)Fatal

218 (3.6) 221 (3.7)Nonfatal

269 (4.5) 265 (4.4)Subtotal 1.02 (0.86-1.21) .83

1537 (25.5) 1493 (24.8)Any major vascular event 1.04 (0.97-1.12) .28

0.6 0.8 1.21.0 1.4
Risk Ratio (95% CI)

Analyses are of the numbers of participants having a first event of each type during follow-up (with nonfatal
and fatal events considered separately), so there is some nonadditivity between different types of event. Risk
ratios compare outcome among participants allocated folic acid and vitamin B12 to that among those allocated
placebo. Data markers are approximately proportional to the numbers of events in each subdivision. CI indi-
cates confidence interval; MI, myocardial infarction; CHD, coronary heart disease.

Figure 3. Effects of Folate Allocation on Major Vascular Events by Year of Follow-up

Favors
Vitamins

Favors
Placebo

Patients, No./Total No. (%)
Risk Ratio
(95% CI) P ValueYear of Follow-up

0.7 0.8 0.9 1.2 1.31.11.0 1.4
Risk Ratio (95% CI)

1
2
3
4
5
6
7 or more

Vitamins
265/6033 (4.4)
221/5751 (3.8)
232/5482 (4.2)
192/5201 (3.7)
221/4957 (4.5)
191/4679 (4.1)
215/4400 (4.9)

1537/6033 (25.5)

Placebo
228/6031 (3.8)
236/5783 (4.1)
197/5511 (3.6)
194/5257 (3.7)
192/5010 (3.8)
209/4749 (4.4)
237/4467 (5.3)

1493/6031 (24.8)All follow-up

Test for trend: χ2
1 = 0.49; P = .48

1.04 (0.97-1.12) .28

Analyses are of numbers of participants having a first event during each year of follow-up and of those still at
risk of a first event at the start of each year. CI indicates confidence interval.
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clusion of vascular deaths that oc-
curred in the first year after starting
study treatment (vitamins, 8.8%, vs pla-
cebo, 8.5%; RR, 1.03; 95% CI, 0.91-
1.16). Among the nonvascular deaths,
there were no significant differences in
the numbers of deaths attributed to neo-
plastic, respiratory, or other medical or
nonmedical causes.

Cancer Incidence

New primary cancers (excluding non-
melanoma skin cancer) were diag-
nosed in 678 (11.2%) of the partici-
pants allocated folic acid plus vitamin
B12 vs 639 (10.6%) allocated placebo
(RR, 1.07; 95% CI, 0.96-1.19)
(FIGURE 6) and caused death in 260
(4.3%) vs 252 (4.2%) of the partici-
pants (RR, 1.03; 95% CI, 0.87-1.23)
(Figure 5). These differences were not
significant, nor were there significant
differences between the treatment
groups in the incidence of cancers in
any particular body system (Figure 6).

Other Outcomes

Blood pressure was measured in all par-
ticipants attending their final fol-
low-up visit, and no differences were
detected between the treatment groups.
Full blood counts were performed at the
1- and 4-year follow-up visits for each
patient, with no significant effects of vi-
tamin allocation seen on any of the he-
matological parameters measured.
However, some conditions known to be
associated with deficiencies of these vi-
tamins were less likely to be reported
among the participants allocated folic
acid and vitamin B12: peripheral neu-
ropathy (vitamins, 7 [0.1%], vs pla-
cebo, 17 [0.3%]) and any hematologi-
cal condition (vitamins, 130 [2.2%], vs
placebo, 182 [3.0%]), which includes
nonspecific reports of anemia (vita-
mins, 80 [1.3%], vs placebo, 102
[1.7%]).

Low folate status and increased ho-
mocysteine levels have been associ-
ated with osteoporosis and fracture
risk,31-33 but fracture incidence was simi-
lar in the 2 groups, both overall (vita-
mins, 253 [4.2%], vs placebo, 242
[4.0%]) and when only fractures at the

hip, wrist, or spine were considered (vi-
tamins, 85 [1.4%], vs placebo, 69
[1.1%]). Hospitalization rates for all

other outcomes did not differ signifi-
cantly between the treatment groups
(even before making allowance for the

Figure 4. Effects of Folate Allocation on First Major Vascular Event in Different Categories of
Participant

Favors
Vitamins

Favors
PlaceboVitaminsBaseline Characteristic Placebo P Value

0.7 0.8 0.9 1.2 1.31.11.0 1.4
Risk Ratio (95% CI)

.40

.19

.69

.14

.56

.97

.50

.60

.56

.09

.47

Prior disease
MI alone 663/2921 (22.7) 662/2924 (22.6)
Plus other CHD 659/2507 (26.3) 630/2534 (24.9)
Plus other vascular 189/533 (35.5) 180/529 (34.0)

242/635 (38.1) 228/632 (36.1)Plus diabetes mellitus

Age, y
<60 421/1885 (22.3) 409/1880 (21.8)
≥60 and <70 607/2414 (25.1) 568/2414 (23.5)
≥70 509/1734 (29.4) 516/1737 (29.7)

Homocysteine, µmol/L
<11 363/1735 (20.9) 377/1736 (21.7)
≥11 and <14 563/2255 (25.0) 521/2315 (22.5)
≥14 611/2043 (29.9) 595/1980 (30.1)

Folate, ng/mL
<4.9 533/1958 (27.2) 519/1957 (26.5)
≥4.9 and <7.9 540/2108 (25.6) 496/2093 (23.7)
≥7.9 464/1967 (23.6) 478/1981 (24.1)

Vitamin B12, pg/mL
<298 468/1829 (25.6) 459/1811 (25.3)
≥298 and <407 555/2209 (25.1) 528/2165 (24.4)
≥407 514/1995 (25.8) 506/2055 (24.6)

Total cholesterol, mg/dL
<155 626/2488 (25.2) 620/2450 (25.3)
≥155 and <175 446/1729 (25.8) 409/1721 (23.8)
≥175 465/1816 (25.6) 464/1860 (24.9)

LDL cholesterol, mg/dL
<85 472/1960 (24.1) 504/1973 (25.5)
≥85 and <105 512/2086 (24.5) 477/2091 (22.8)
≥105 553/1987 (27.8) 512/1967 (26.0)

Estimated GFR MDRD, mL/min
<60 272/852 (31.9) 285/834 (34.2)
≥60 1265/5181 (24.4) 1208/5197 (23.2)

Smoking status
Never smoked 328/1372 (23.9) 321/1371 (23.4)
Ex-smoker 978/3918 (25.0) 959/3920 (24.5)
Current smoker 231/743 (31.1) 213/740 (28.8)

Treated hypertension
No 836/3497 (23.9) 822/3493 (23.5)
Yes 701/2536 (27.6) 671/2538 (26.4)

Simvastatin allocation
20 mg daily 805/3017 (26.7) 748/3016 (24.8)
80 mg daily 732/3016 (24.3) 745/3015 (24.7)

Sex
Male 1312/5006 (26.2) 1290/5006 (25.8)
Female 225/1027 (21.9) 230/1025 (19.8)

1537/6033 (25.5) 1493/6031 (24.8)All patients

Patients, No./Total No. (%)

P values for �2
1 tests are given for heterogeneity between risk ratios within dichotomous categories and for

trend within other categories (except for prior disease categories since there is some overlap between them).
Cholesterol categories relate to measured values at the randomization visit after all participants had been tak-
ing 20 mg simvastatin daily for 2 months during the prerandomization run-in phase. The data analysis plan
prespecified that blood homocysteine, vitamin, and cholesterol values would be used to subdivide participants
into 3 similar-sized groups. GFR MDRD indicates glomerular filtration rate estimated using the Modification of
Diet in Renal Disease equation.29,30 CI indicates confidence interval; MI, myocardial infarction; CHD, coronary
heart disease; LDL, low-density lipoprotein.
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exploratory nature of such analyses),
and there were no confirmed reports of
serious adverse reactions to the
vitamins.

One small randomized trial had re-
ported that folate supplementation
might improve age-related hearing
loss.34 As would be expected,35 mea-
sured hearing thresholds increased with
age at both the lower and higher fre-
quencies (with a greater age-related
effect at the higher frequency). But at
neither frequency was there any sig-
nificant effect of allocation to folic acid
and vitamin B12 (eTable, available at
http://www.jama.com).

Elevated blood homocysteine levels
have also been associated with demen-
tia and cognitive impairment in some,
but not all, studies.36-40 A TICS-m score
below 22 out of 39 was prespecified to
be indicative of cognitive impairment
and, as would be expected, was more
common among older individuals and
among those with a previous stroke. But
despite this discriminatory ability, no
significant differences were observed
between the treatment groups in the
percentages of participants classified as
cognitively impaired, either overall
(22% allocated vitamins vs 22% allo-
cated placebo; P� .99) or in various

subgroups. Nor was there any signifi-
cant difference between the groups in
mean TICS-m score (24.3 vs 24.3; dif-
ference [SE], 0.0 [0.1]) or verbal flu-
ency scores (data not shown). Similar
numbers of participants in each treat-
ment group were reported to have de-
veloped dementia during follow-up (vi-
tamins, 43 [0.7%], vs placebo, 38
[0.6%]).

COMMENT
The SEARCH trial demonstrates that,
despite lowering blood homocysteine
levels by 3.8 µmol/L (28%) for up to 7
years in 12 064 high-risk patients,
supplementation with 2 mg folic acid
and 1 mg vitamin B12 daily had no ben-
eficial effects on major vascular events
either overall or in any of the prespeci-
fied subgroups studied. Moreover, de-
spite the suggestion that such treat-
ment might preferentially reduce
stroke,15,16 SEARCH found no signifi-
cant effects on either strokes or coro-
nary events. A meta-analysis of indi-
vidual patient data from 8 homocysteine
lowering trials (including SEARCH),
which has been submitted for publica-
tion and includes data on 37 485 indi-
viduals, confirms that folic acid supple-
mentation has no significant effects on
major vascular events (RR, 1.01; 95%
CI, 0.97-1.05) or any of its separate
components.

Concerns have been expressed that
folic acid may play a role in carcino-
genesis, preventing initiation when ad-
ministered in healthy individuals but
potentially promoting tumor growth
when administered to individuals with
established cancers.41 It has been sug-
gested that the introduction of folic acid
fortification in the United States was
linked to an increase in colorectal can-
cer incidence in the late 1990s.42 Pre-
vious trials of folic acid supplementa-
tion in patients with colorectal polyps
have reported conflicting results, with
some suggesting possible hazards for
those with multiple and advanced co-
lorectal adenomas,43 while others sug-
gested no such effects.44,45 In addition,
some trials of folic acid supplementa-
tion have reported increased risks of

Figure 5. Effects of Folate Allocation on Cause-Specific Mortality

Favors
Vitamins

Favors
Placebo

Patients, No. (%)

Vitamins
(n = 6033)Cause of Death

Placebo
(n = 6031)

Risk Ratio
(95% CI) P Value

.54

0.6 0.8 1.21.0 1.61.4
Risk Ratio (95% CI)

Vascular
185 (3.1) 170 (2.8)Acute MI
278 (4.6) 253 (4.2)Other CHD
115 (1.9) 136 (2.3)Other vascular

578 (9.6) 559 (9.3)Subtotal 1.04 (0.92-1.16)

Nonvascular
260 (4.3) 252 (4.2)Neoplastic
67 (1.1) 66 (1.1)Respiratory
62 (1.0) 64 (1.1)Other medical
16 (0.3) 10 (0.2)Nonmedical

405 (6.7) 392 (6.5)Subtotal 1.04 (0.90-1.19)

983 (16.3) 951 (15.8)Any death 1.04 (0.95-1.13) .43

.62

CHD indicates coronary heart disease; CI, confidence interval; MI, myocardial infarction.

Figure 6. Effect of Folate Allocation on Site-Specific Cancer Incidence

Favors
Vitamins

Favors
Placebo

Patients, No. (%)

Vitamins
(n = 6033)Cancer Site

Placebo
(n = 6031)

Risk Ratio
(95% CI)

0.6 0.8 1.21.0 1.61.4
Risk Ratio (95% CI)

148 (2.5) 154 (2.6)Gastrointestinal
135 (2.2) 131 (2.2)Respiratory and intrathoracic
62 (1.0) 61 (1.0)Connective tissue

247 (4.1) 220 (3.6)Genitourinary
13 (0.2) 6 (0.1)Central nervous system
66 (1.1) 78 (1.3)Hematological
15 (0.2) 12 (0.2)Other
35 (0.6) 30 (0.5)Not specified

222 (3.7) 213 (3.5)Nonmelanoma skin

678 (11.2) 639 (10.6)Any cancer 1.07 (0.96-1.19)

Analyses are of the numbers of participants developing cancer at each site (excluding recurrences or new can-
cers at the same site), so there is some nonadditivity between cancers at different sites. “Connective tissue”
excludes nonmelanoma skin cancers, which are given separately. CI indicates confidence interval.
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prostate cancer46 and, more recently, of
lung cancer.47

By contrast, with more than 1300 in-
cident cancers during up to 7 years of
treatment with 2 mg folic acid and 1 mg
vitamin B12 daily, SEARCH provides no
evidence of adverse effects on cancer at
any particular site including colorec-
tal cancer in 86 patients (1.4%) allo-
cated vitamins vs 91 patients (1.5%) al-
located placebo (RR, 0.95; 95% CI,
0.71-1.27); prostate cancer in 159
(2.6%) vs 135 (2.2%) (RR, 1.18; 95%
CI, 0.94-1.49); and lung cancer in 116
(1.9%) vs 122 (2.0%) (RR, 0.95; 95%
CI, 0.74-1.23). A planned collabora-
tive meta-analysis of all of the large fo-
late-based trials should be able to pro-
vide even more reliable evidence about
any effects on site-specific cancer.
SEARCH did not find that any excess
of cancer emerged with prolonged treat-
ment, and continued surveillance of the
study participants using UK cancer and
mortality registries should allow even
longer-term safety of folic acid supple-
mentation to be assessed.

SEARCH was conducted in the
United Kingdom during a period with-
out mandatory folate fortification of
flour (albeit with increasing voluntary
fortification). The daily dose of folic acid
given during SEARCH was about 20
times higher than would typically be
consumed with mandatory fortifica-
tion (about 100 µg/d). Hence, these
findings from SEARCH are relevant to
the public health debate about the safety
of mandatory folate fortification for pro-
tecting against neural tube defects.41,48

Taken together with the previous ho-
mocysteine-lowering trials, the re-
sults of SEARCH indicate that folic acid
supplementation has no significant ad-
verse effects on cancer or other major
health outcomes, even if it also pro-
duces no beneficial effects on cardio-
vascular disease. In addition, these re-
sults highlight the importance of
focusing on drug treatments (eg, aspi-
rin, statins, and antihypertensive
therapy) and lifestyle changes (in par-
ticular, stopping smoking and avoid-
ing excessive weight gain) that are of
proven benefit, rather than lowering ho-

mocysteine with folic acid–based vita-
min supplements, for the prevention of
cardiovascular disease.
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