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OMOCYSTINURIA, A RARE CON-
dition in which plasma lev-
els of total homocysteine are
very high, was first associ-
ated with cerebrovascular disease in
1962."% In 1969, McCully?® suggested
that more moderate levels of hyperho-
mocystinemia might be associated with
atherosclerosis. Case-control studies
have shown higher levels of total ho-
mocysteine in patients with prema-
ture peripheral and cerebrovascular dis-
ease and atherosclerosis.*” Most but not
all studies have demonstrated an asso-
ciation between elevated levels of total
homocysteine and stroke.*!!

In the European Concerted Action
Project, the relative risk of vascular dis-
ease for participants in the top fifth of
fasting homocysteine level distribution
(>12 pmol/L) was 2.2 compared with
the bottom four fifths."> When patients
with coronary artery disease were strati-
fied by total homocysteine level, those

See also pp 576 and 621.
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Context Inobservational studies, elevated plasma total homocysteine levels have been
positively associated with ischemic stroke risk. However the utility of homocysteine-
lowering therapy to reduce that risk has not been confirmed by randomized trials.

Objective To determine whether high doses of folic acid, pyridoxine (vitamin B),
and cobalamin (vitamin Bs,), given to lower total homocysteine levels, reduce the risk
of recurrent stroke over a 2-year period compared with low doses of these vitamins.

Design Double-blind randomized controlled trial (September 1996-May 2003).

Setting and Participants 3680 adults with nondisabling cerebral infarction at 56
university-affiliated hospitals, community hospitals, private neurology practices, and
Veterans Affairs medical centers across the United States, Canada, and Scotland.

Interventions All participants received best medical and surgical care plus a daily
multivitamin containing the US Food and Drug Administration’s reference daily in-
takes of other vitamins; patients were randomly assigned to receive once-daily doses
of the high-dose formulation (n=1827), containing 25 mg of pyridoxine, 0.4 mg of
cobalamin, and 2.5 mg of folic acid; or the low-dose formulation (n=1853), contain-
ing 200 pg of pyridoxine, 6 pg of cobalamin and 20 pg of folic acid.

Main Outcome Measures Recurrent cerebral infarction (primary outcome); coro-
nary heart disease (CHD) events and death (secondary outcomes).

Results Mean reduction of total homocysteine was 2 pmol/L greater in the high-
dose group than in the low-dose group, but there was no treatment effect on any end
point. The unadjusted risk ratio for any stroke, CHD event, or death was 1.0 (95%
confidence interval [CI], 0.8-1.1), with chances of an event within 2 years of 18.0%
in the high-dose group and 18.6% in the low-dose group. The risk of ischemic stroke
within 2 years was 9.2% for the high-dose and 8.8% for the low-dose groups (risk
ratio, 1.0; 95% Cl, 0.8-1.3) (P=.80 by log-rank test of the primary hypothesis of dif-
ference in ischemic stroke between treatment groups). There was a persistent and graded
association between baseline total homocysteine level and outcomes. A 3-pmol/L lower
total homocysteine level was associated with a 10% lower risk of stroke (P=.05), a
26% lower risk of CHD events (P<.001), and a 16% lower risk of death (P=.001) in
the low-dose group and a nonsignificantly lower risk in the high-dose group by 2%
for stroke, 7% for CHD events, and 7% for death.

Conclusions In this trial, moderate reduction of total homocysteine after nondis-
abling cerebral infarction had no effect on vascular outcomes during the 2 years of follow-
up. However, the consistent findings of an association of total homocysteine with vas-
cular risk suggests that further exploration of the hypothesis is warranted and longer
trials in different populations with elevated total homocysteine may be necessary.
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Inclusion Criteria

netic resonance imaging
tion”
Age =35 years
Accessibility for follow-up

taining folic acid or vitamin By
Written informed consent

Exclusion Criteria

Life expectancy <2 years
Renal insufficiency requiring dialysis

stance abuse

can decrease folate levels
Childbearing potential

after May 5, 1999.

Box. Inclusion and Exclusion Criteria

Nondisabling ischemic stroke(Modified Rankin Stroke Scale =3):
Onset =120 days before randomization
Focal neurological deficit of likely atherothrombotic origin, classified as ische-
mic stroke by questionnaire/algorithm or confirmed as new cerebral infarc-
tion consistent with symptoms by cranial computed tomography or brain mag-

Total homocysteine level =25th percentile for North American stroke popula-

Agreement to take study medication and not take other multivitamins or pills con-

Potential sources of emboli (atrial fibrillation within 30 days of stroke, prosthetic
cardiac valve, intracardiac thrombus or neoplasm, or valvular vegetation)
Other major neurological illness that would obscure evaluation of recurrent stroke

Untreated anemia or untreated vitamin B,, deficiency

Systolic blood pressure >185 mm Hg or diastolic blood pressure >105 mm Hg
on 2 readings 5 minutes apart at time of eligibility determination

Refractory depression, severe cognitive impairment, or alcoholism or other sub-

Use within the last 30 days of medications that affect total homocysteine level (metho-
trexate, tamoxifen, levodopa, niacin, or phenytoin) or bile acid sequestrants that

Participation in another trial with active intervention

General anesthesia or hospital stay of =3 days, any type of invasive cardiac in-
strumentation, or endarterectomy, stent placement, thrombectomy, or any other
endovascular treatment of carotid artery within 30 days prior to randomization
or scheduled to be performed within 30 days after randomization

*Twenty-fifth percentiles were =10.5 pmol/L at the beginning of the study (November 1997);
=9.5 pmol/L after April 8, 1998; and =9.5 pmol/L for men and =8.5 pmol/L for women

with total homocysteine levels greater
than 20 pmol/L had an 8-fold increase
in risk.”> A meta-analysis of epidemio-
logical studies of cardiovascular disease
suggested that moderately elevated ho-
mocysteine levels are associated with an
increased risk of cardiovascular disease
independent of other established risk fac-
tors.'* A recent meta-analysis found
stronger associations with total homo-
cysteine in retrospective studies of stroke
or ischemic heart disease than in pro-
spective studies of individuals with no
history of stroke or cardiovascular dis-
ease.'” Boysen et al'® found a significant
difference in total homocysteine levels
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between patients with ischemic and hem-
orrhagic stroke, suggesting that el-
evated total homocysteine is not only a
reaction to acute illness but also a risk
factor for recurrent stroke.

Mechanisms by which total homocys-
teine may cause vascular disease include
propensity for thrombosis, impaired
thrombolysis,'” increased production of
hydrogen peroxide,'® endothelial dys-
function,'®?° and increased oxidation of
low-density lipoprotein.?*

Folic acid, pyridoxine (vitamin By),
and cobalamin (vitamin B,,) reduce
plasma homocysteine levels*? and may
help to reverse endothelial injury as-

sociated with elevated total homocys-
teine.'** Vitamin therapy may lead to
regression of carotid plaque, even in pa-
tients with normal levels of homocys-
teine,” and may reduce the number of
vascular events and revascularization
procedures among patients who have
undergone coronary angioplasty.**
The Vitamin Intervention for Stroke
Prevention (VISP) trial was designed to
determine whether best medical and
surgical management, risk factor modi-
fication, and a multivitamin containing
high-dose folic acid, pyridoxine, and co-
balamin given to lower total homocys-
teine levels would reduce the incidence
of recurrent cerebral infarction (pri-
mary outcome) as well as coronary heart
disease (CHD) and death (secondary out-
comes) in patients with a nondisabling
cerebral infarction and fasting total ho-
mocysteine levels greater than the 25th
percentile for stroke patients.

METHODS

This study was a multicenter, double-
blind, randomized controlled clinical
trial performed at 56 centers across the
United States (n=45), Canada (n=10),
and Scotland (n=1). The protocol was
approved by the ethics committees of
all study institutions and administra-
tive sites. Written informed consent was
obtained from every potential partici-
pant prior to screening. The adminis-
trative sites were an operations cen-
ter, a statistical coordinating center, a
central laboratory for homocysteine and
vitamin determinations, and a drug dis-
tribution center.

Participants

Volunteers were recruited from uni-
versity and community hospitals, pri-
vate neurology practices, and Depart-
ment of Veterans Affairs medical
centers. Screening procedures are de-
scribed elsewhere.? Briefly, patients
with a presumptive diagnosis of acute
ischemic stroke were screened no
sooner than 72 hours following stroke
onset per our previous study,?® which
confirmed that poststroke plasma total
homocysteine levels are unstable dur-
ing the first 72 hours following stroke.
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Investigators verified eligibility and
obtained written informed consent and
asample of plasma for quantification of
total homocysteine by the central labo-
ratory. Total homocysteine includes ho-
mocysteine, homocystine, and mixed
cysteine-homocysteine disulfide.*” Ef-
forts were made to obtain fasting plasma
samples to standardize testing condi-
tions and total homocysteine measure-
ment. Patients with total homocyste-
ine levels that exceeded thresholds
defined in the BOx were qualified for ran-
dom assignment to high- or low-dose vi-
tamin therapy. These thresholds were
adjusted twice during the study as new
information was obtained regarding the
25th percentile of total homocysteine
levels in stroke patients.

The study inclusion and exclusion
criteria are summarized in the Box.
Most participants had routine diagnos-
tic tests such as carotid duplex ultra-
sonography and transthoracic echocar-
diography. Previous atrial fibrillation
was not exclusionary if an electrocar-
diogram (ECG) performed within the
30 days preceding recruitment showed
normal sinus rhythm.

All eligible participants were given
the low-dose vitamin formulation for
1 month to determine compliance, as-
sessed by pill counts. Only persons tak-
ing at least 75% of the vitamins during
the run-in phase were eligible to be ran-
domized.

Other baseline measurements in-
cluded medical history, current medi-
cation and vitamin use, physical and
neurological examination, dietary in-
ventory, a stroke symptoms question-
naire, stroke severity determination (in-
cluding the National Institutes of Health
Stroke Scale [NIHSS], Modified Rankin
Scale, and Barthel Index),”® the Mini-
Mental State Examination,* the Rose
angina questionnaire,* and blood sam-
pling for central laboratory determina-
tion of plasma folate and B, levels and
local laboratory determinations of
plasma/serum B,, and creatinine. An-
other plasma total homocysteine sample
was obtained to serve as the baseline
comparison measurement for all sub-
sequent samples. Cranial computed to-
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Figure 1. Flow of Study Participants

6860 Assessed for Eligibility

‘ 1853 Assigned to Receive Low-Dose Vitamins

132 Lost to Follow-up
18 No Postrandomization Contact
114 Incomplete Follow-up
186 Discontinued Intervention

1835 Included in Analysis
18 Excluded From Analysis
(No Postrandomization Contact)

3180 Excluded
2057 Had Ineligible Total
Homocysteine Levels
31Had Undetermined Total
Homocysteine Level Eligibility
1092 Had Eligible Total

3680 Randomized

Homocysteine Levels
522 Refused to Participate
277 Did Not Meet
Inclusion Criteria
33 Administrative Errors
260 Unknown

1827 Assigned to Receive High-Dose Vitamins

133 Lost to Follow-up
13 No Postrandomization Contact
120 Incomplete Follow-up
179 Discontinued Intervention

1814 Included in Analysis
13 Excluded From Analysis
(No Postrandomization Contact)

Asterisk indicates sex or date or blood drawn not available and patients had values between sex-specific cut

points.

mography (CT) or magnetic reso-
nance imaging (MRI), ECG, and a
current lipid profile were required for
randomization.

Participants were asked to fast for 12
hours before all clinic visits, but blood
was drawn regardless of fasting state and
plasma total homocysteine levels were
determined in duplicate analyses. Con-
cordance between duplicates was within
10% by high-performance liquid chro-
matography, using the modified method
of Smolin and Schneider.*'** Plasma ali-
quots were protected from light for
single radioassays of folate and vitamin
By, (Bio Rad Quantaphase 11, Bio Rad Di-
agnostics, Hercules, Calif). For quality
control, replicate blood aliquots were ob-
tained from a sample of participants
(n=283) and sent to the central labora-
tory with different identifiers. Interrun
coefficients of variation for analytes were
as follows: total homocysteine, 0.08;
plasma folate, 0.14; and plasma vita-
min By,, 0.08. The corresponding intra-
class correlations between repeat mea-
surements of blind replicates were 0.94,
0.94, and 0.97, respectively. These re-
sults were similar throughout the dura-
tion of the study.

Randomization, Intervention,
and Follow-up
Participants were randomized to the
high-dose or low-dose vitamin groups
within strata defined by clinic, sex, and
age (=70vs <70 years). Permuted block
randomization (with block size ran-
domly selected as 4 or 6) was used.** The
allocation of participants was pro-
grammed by the statistical coordinat-
ing center, encrypted, and entered into
adata entry program installed on a study
computer at each site. After computer
verification that all eligibility criteria had
been met, participants were randomly
assigned 1 of 20 medication codes. Al-
location information was accessible only
to the drug distribution center, which
bottled and distributed the vitamins to
clinics, and to selected coordinating cen-
ter personnel who could assist with ran-
domization in case of computer fail-
ure. Both pill formulations were
manufactured (Magno-Humphries
Laboratories, Tigard, Ore) to be indis-
tinguishable by external color, weight,
or dissolution in water. No request was
ever made to break the blind.

The multivitamin compositions con-
tained the reference daily intakes rec-
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ommended by the US Food and Drug
Administration for vitamins,” varying
only in the content of folic acid, pyri-
doxine, and cobalamin. The high-dose
multivitamin formulation contained 25
mg of pyridoxine, 0.4 mg of cobalamin,
and 2.5 mg of folic acid; the low-dose for-
mulation (control) contained 200 pg of
pyridoxine, 6 pg of cobalamin, and 20

ng of folic acid.” Both doses contained
at least 6 pg of cobalamin to minimize
the potential for neurological complica-
tions resulting from vitamin B, defi-
ciency. Participants received once-
daily doses of these formulations.
Physicians provided best available
medical and surgical management to pre-
vent recurrent stroke, which included

Table 1. Baseline Participant Characteristics®

Low-Dose High-Dose
Vitamin Group Vitamin Group P
Characteristics (n =1853) (n=1827) Value

Age, mean (SD), y 66.2 (10.8) 66.4 (10.8) .68
Age group, y

35-54 300 (16.2) 285 (15.6) ]

55-64 463 (25.0) 472 (25.8) 91

65-74 634 (34.2) 617 (33.8)

=75 456 (24.6) 453 (24.8)
Women 690 (37.2) 689 (37.7) 77
Race/ethnicity

Black 286 (15.4) 259 (14.2) 7]

White 1452 (78.4) 1473 (80.6) .20

Other 115 (6.2) 95 (.2 _
Mini-Mental State Examination®® score, mean (SD) 26.9 (3.3) 26.9 (3.4) .84
Current smoker 287 (15.5) 334 (18.3) .02
Taking multivitaminst 419 (22.6) 407 (22.3) .81
Body mass index, mean (SD)f

Men 28.1 (5.9) 28.1 (5.9) .67

Women 28.5(5.9) 28.7 (6.7) .66
Blood pressure, mean (SD), mm Hg

Systolic 140.6 (18.9) 141.1 (18.6) .38

Diastolic 77.8(10.1) 78.0 (10.0) .46
Cholesterol level, mean (SD), mg/dL

Total 203.0 (46.5) 200.8 (46.9) 16

High-density lipoprotein 45.6 (15.7) 45.2 (15.3) 46

Low-density lipoprotein 128.3 (40.1) 121.6 (40.2) 22
Triglyceride level, mean (SD), mg/dL 172.7 (108.7) 176.8 (190.1) 44
Serum creatinine level, mean (SD), mg/dL 1.10 (0.54) 1.13 (0.63) .23
History of

Hypertension 1358 (73.4) 1354 (74.3) .53

Diabetes 571 (30.8) 500 (27.4) .02

Any cardiac disease§ 438 (23.8) 456 (25.1) .37

Chest pain 646 (34.9) 697 (38.1) .04

Smoking (ever) 1205 (65.1) 1239 (67.8) .08

Stroke prior to qualifying stroke 428 (23.1) 428 (23.4) .81

Carotid endarterectomy 129 (7.0) 118 (6.5) .55

Angina| 130 (7.0) 145 (7.9) .29

Sl conversions: To convert total, high-density lipoprotein, and low-density lipoprotein cholesterol to mmol/L, multiply
by 0.0259; to convert triglycerides to mmol/L, multiply by 0.0113; to convert serum creatinine to pmol/L, multiply by

88.4.

*Data are presented as No. (%) unless otherwise indicated. Seven variables had more than 10 participants with miss-
ing data: any cardiac disease (missing 18), Mini-Mental State Examination score (missing 32), body mass index (miss-
ing 37), total cholesterol (missing 150), high-density lipoprotein cholesterol (missing 240), triglycerides (missing 263),

and low-density lipoprotein cholesterol (missing 371).

FTaking multivitamins, B-vitamin, folate, B, or By, at time of qualifying stroke.
FBody mass index was calculated as the weight in kilograms divided by the square of height in meters.
§Cardiac disease is defined as myocardial infarction, congestive heart failure, coronary angioplasty, or coronary artery

bypass graft surgery.
[IAngina determined by the Rose questionnaire.*
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risk factor control education and, usu-
ally, administration of aspirin, 325 mg/d.

Participants were contacted every 3
months, alternating between tele-
phone contacts and in-clinic visits for
up to 2 years after randomization. At
every contact, the stroke symptoms
questionnaire was administered and pa-
tients were asked about hospitaliza-
tions since the last contact. These forms
along with discovery of the death of a
participant provided the triggers for
end-point determination. The 2-year
visit (the exit visit) had an expanded
clinical examination including CT or
MRI. When the study was closed, par-
ticipants who had not completed the
2-year enrollment or had not had an exit
visit were invited for an early exit visit.

End-Point Determination

Data from participants who had a fol-
low-up assessment of likely stroke from
the stroke symptoms questionnaire;
who had a hospital discharge Interna-
tional Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-
CM) code of 433, 434, or 436, or a dis-
charge diagnosis of stroke, cerebral in-
farction, cerebrovascular accident, or
other synonyms; who had an increase
in score from the previous examina-
tion in specified sections of the NIHSS;
or who died, with stroke as underly-
ing cause of death, were entered into
stroke end-point review.

All relevant information regarding po-
tential stroke end points was reviewed
by the local neurologist and 2 external
review committee neurologists. Recur-
rent stroke was diagnosed only with evi-
dence of sudden onset of focal neuro-
logic deficit lasting at least 24 hours
accompanied by an increased NIHSS
score in an area that was previously nor-
mal. When the sudden onset of symp-
toms lasting at least 24 hours was not
accompanied by an increased NIHSS
score in an area that was previously nor-
mal, then recurrent stroke was diag-
nosed using cranial CT or MRI evi-
dence of new infarction consistent with
the clinical presentation.If the review-
ers disagreed, the casewas adjudicated
by the full review committee.
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Silent cerebral infarction after treat-
ment was not analyzed as an outcome
measure, but each participant under-
went cranial CT or brain MRI at exit to
assist in the validation of stroke end
points with sudden onset of stroke
symptoms but without confirmation by
increased NIHSS score in areas previ-
ously normal.

Coronary heart disease events in-
cluded myocardial infarction (MI) re-
quiring hospitalization, coronary revas-
cularization, cardiac resuscitation, and
fatal coronary heart disease. Coronary
heart disease event end-point review was
implemented when the hospital dis-
charge diagnosis included terms sug-
gestive of MI, unstable angina, or coro-
nary atherosclerosis. Review was also
conducted for deaths with underlying
cause of death related to CHD, includ-
ing sudden death, or with ICD-9-CM
codes 410, 411, 414.1, 429.2, 36.0, or
36.1.%° Myocardial infarction was
defined by new ECG changes includ-
ing Q waves or marked ST-T changes
plus abnormal cardiac enzymes, car-
diac symptoms plus abnormal en-
zymes, or symptoms plus hyperacute
ECG changes resolving with thromboly-
sis. Fatal CHD was defined by CHD as
underlying cause of death on the death
certificate and either (1) (a) prior hos-
pitalization with MI, autopsy evidence
of MI, or death resulting from an inva-
sive coronary procedure or (b) history
of angina, MI, or coronary revascular-
ization when no cause of death other
than CHD could be determined; or (2)
death was sudden and no cause of death
other than CHD could be determined.
If the 2 external reviewers who re-
viewed the data disagreed, a third re-
viewer adjudicated.

Sample Size

The planned sample of 1800 in each
treatment group gave the study 80%
power to detect a 30% reduction in re-
current ischemic stroke over 2 years of
follow-up at a .05 significance level for
a 2-sided test. The calculations as-
sumed probability of recurrent stroke
0f 8% in the first year and 4% in the sec-
ond year and that 20% of participants

©2004 American Medical Association. All rights reserved.
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Table 2. Characteristics of Qualifying Stroke™*

Low-Dose High-Dose
Vitamin Group Vitamin Group P
Characteristics (n =1853) (n=1827) Value
Days from stroke to randomization, mean (SD) 71.2(30.3) 70.6 (30.7) .54
National Institutes of Health Stroke Scale®®
Score, mean (SD) 1.7 (2.0) 1.7 (2.0 .90
Distribution of scores
- 1767 (95.4) 1746 (95.6)
6-13 83 (4.5) 80 (4.4) .61
=14 3(0.2) 1(0.1)
Barthel Index score?®
Mean (SD) 19.4 (1.5) 19.5(1.3) 45
Distribution of scores
0-18 234 (12.6) 211 (11.5) ] 30
=19 1619 (87.4) 1616 (88.5) '
Modified Rankin Scale score®®
0 380 (20.5) 374 (20.5)
1 779 (42.0) 806 (44.1) 6
2 461 (24.9) 443 (24.2) '
3 233 (12.6) 204 (11.2)

*Data are presented as No. (%) unless otherwise indicated.

would be lost to follow-up or noncom-
pliant or would die of other causes.

Predetermined interim analyses were
conducted when the study had ob-
tained approximately 16%, 30%, 50%,
70%, 85%, and 95% of its total infor-
mation (ischemic stroke end points).
The Lan-DeMets spending rule, which
approximates the O'Brien-Fleming stop-
ping rule, was used to guide a deci-
sion to stop the study early for effi-
cacy.** Conditional power calculations
were also presented for consideration
of futility >">®

Statistical Analysis

The primary test statistic for interim and
final analyses was the log-rank test,*
based on intention to treat including all
randomized patients as randomized.**
Time was defined as number of days
from randomization to the first end
point (if one occurred), death, date of
last contact, or the last day of 2002. Data
collection continued through March 17,
2003, to ascertain and validate events
through 2002. In addition, survival
curves were fit by the Kaplan-Meier
method.* In a secondary analysis, tests
of treatment group differences in time
to end point were also performed by ad-
justing for stratification variables and
baseline covariates using a Cox model.*
Rate ratios are cited as the ratio be-

tween persons in the high-dose group
vs those in the low-dose group. SAS
software, version 8 (SAS Institute Inc,
Cary, NC) was used for all analyses and
P<.05 was considered statistically sig-
nificant for all analyses.

RESULTS

Recruitment began in August 1997 and
was completed in December 2001. In
December 2002, the performance and
safety monitoring board recom-
mended to the funding agency that the
study be terminated because the chance
of showing any difference between the
2 treatment groups in the remaining fol-
low-up period was close to nil. Exit as-
sessments were to be completed by
March 17, 2003, after all participants
had completed at least 1 year of follow-
up. The centers were asked to collect
information on potential end points and
all hospitalizations that had occurred
prior to January 1, 2003.

Participant Recruitment Data

Participant flow is illustrated in
FIGURE 1. Of the 6860 potential par-
ticipants screened for total homocys-
teine eligibility, 70% (4772) had total
homocysteine levels above the eligibil-
ity cut point. After adjusting to final
total homocysteine cut points (8.5
pmol/L for women and 9.5 umol/L for
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men), 74% of women (1178/1589) and
73% of men (1711/2336) screened for
total homocysteine were eligible, close
to the 75% study target. Of those with
eligible total homocysteine levels, 77%
(n=3680) were randomized (75% of
women [1379/1828] and 80% of men
[2301/2860]), 1853 to the low-dose vi-
tamin group and 1827 to the high-
dose vitamin group. For the 1092 pa-
tients with eligible total homocysteine
levels who were not randomized, the
most frequent reasons included “re

fusal after screening” (48%); ineligibil-

ity, including but not limited to stroke
beyond eligibility window and non-
compliance with run-in vitamin therapy
(25%); administrative errors (3%); and
“unknown” (24%).

Baseline Descriptive Data

Selected baseline participant charac-
teristics are shown in TABLE 1 and char-
acteristics of the qualifying stroke are
shown in TABLE 2. Of 96 baseline char-
acteristics, only 4 treatment group dif-
ferences were significant at the .05 level:
current cigarette use (16% vs 18%), his-

]
Table 3. Characteristics of Treatment Groups at 1-Year Follow-up*

No. of Low-Dose High-Dose
Participants Vitamin Group Vitamin Group P
Characteristics Followed Up (n =1696) (n=1673) Value
Tobacco use 3361
Continuing smoker 196 (11.6) 232 (13.9)
New smoker 62 (3.7) 53 (3.2) 11
Nonsmoker 1377 (8 4) 1317 (7 9)
Quit smoking 6 (3.3) 3 (4.1)
Current smokers, mean (SD) 541 14.0 (1 3) 151 ( .6) .21
cigarettes/d
Endarterectomy after randomization 3369 24 (1.4) 27 (1.6) .64
Estrogen/progestin use 1266 128 (20.9) 167 (26.9) .01
Barthel Index score, mean (SD) 3152 19.6 (1.6) 19.6 (1.6) .90
National Institutes of Health Stroke Scale 3145 0.9(1.5) 0.8 (1.5) 44
score, mean (SD)
Modified Rankin Stroke Scale score, 3152 1.0(1.0) 1.0(1.0) .61
mean (SD)
Mini-Mental State Examination score
=2-Point decrease 3073 275 (17.7) 289 (19.1) .32
Mean (SD) 3097 27.4 (3.2) 27.2 (3.6) 19
Weight, mean (SD), kg 3048 81.7 (17.3) 82.2 (19.0) .40
Body mass index, mean (SD)t 2829 28.5(5.4) 28.6 (6.0) .68
Blood pressure, mean (SD), mm Hg
Systolic 3122 140.2 (20.1) 140.1 (19.9) 91
Diastolic 3121 77.3(10.8) 77.3(10.8) .87
Cholesterol level, mean (SD), mg/dL
Total 27583 194.0 (40.8) 198.8 (42.5) .93
High-density lipoprotein 2735 47.8 (15.0) 49.2 (16.7) .02
Low-density lipoprotein 2583 112.9 (36.2) 111.5(35.7) .34
Triglycerides, mean (SD), mg/dL 2687 173.5(107.0) 170.3 (101.6) 44
No. of new neurological signs 2834
of possible cobalamin deficiency
after randomizationt
0 1017 (70.6) 1002 (71.9)
1 375 (26.0) 331 (23.8) 34
2 46 (3.2) 55 (3.9)
3 3(0.2) 5(0.4)

Sl conversions: To convert total, high-density lipoprotein, and low-density lipoprotein cholesterol to mmol/L, multiply
by 0.0259; to convert triglycerides to mmol/L, multiply by 0.0113.

*Data are presented as No. (%) unless otherwise indicated.

TBody mass index was calculated as the weight in kilograms divided by the square of height in meters.
FNeurological signs that were suggestive but not diagnostic of cobalamin deficiency included diminished Achilles re-
flex, reduction of vibration sense in the great toe, or an extensor plantar sign (n = 3).
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tory of diabetes (31% vs 27%), chest
pain or discomfort (35% vs 38%), and
distribution of right patellar reflex re-
sponse (data not shown; P=.009).

Patient Follow-up Data

Of the 3680 randomized patients, for the
purpose of the primary analysis, 31 had
no follow-up after randomization,
(high=13, low=18 [high=number in
high-dose group, low=number in low-
dose groupl]), 300 proceeded to stroke
(high=152, low=148), 161 died with-
out recurrent stroke but with fol-
low-up (high=70, low=91), and 234
had some but not complete follow-up
(high=120, low=114). The remaining
2954 exited, reached the end of the study
(December 31,2002), or reached the end
of 2 years of follow-up without stroke
(high=1472, low=1482) (Figure 1).
Mean follow-up time for all partici-
pants with follow-up was 20.4 months
in the high-dose group and 20.2 months
in the low-dose group. For all living par-
ticipants, 94% of planned contacts were
completed for each treatment group.

Follow-up Descriptive Data

Participants returned their vitamins for
pill count at approximate 6-month in-
tervals, and the percentage of those do-
ing so was similar between groups (86%
for each group), as was compliance
among those returning pills, with 94%
of each treatment group taking at least
75% of their pills.

Selected patient characteristics after 1
year of follow-up are shown in TABLE 3.
More than 150 patient characteristics
were tested for treatment group differ-
ences during the 6-, 12-, 18-, and 24-
month follow-up examinations. Three
(not including the expected differences
in total homocysteine and plasma vita-
min levels) had statistically significant
differences between treatment groups at
the .05 level at study end: a 1.4-mg/dL
higher high-density lipoprotein choles-
terol level at the 1-year examination in
the high-dose group compared with the
low-dose group, a 6% more frequent use
at 1 year of estrogen/progestin among
women in the high-dose group, and 4.2%
more patients with reduced or absent
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Figure 2. Mean Total Homocysteine, Folate, and Vitamin B, Levels Over Time, by Treatment Group
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Error bars indicate 95% confidence intervals.

right-side temperature sensation in the
high-dose group compared with the low-
dose group from the neurological ex-
amination at 18 months (P=.02; data not
shown).

FIGURE 2 shows the mean levels of
plasma total homocysteine, folate, and
By, at each clinic examination, by treat-
ment group. Mean values of each were
virtually identical between treatment
groups at randomization (13.4 pmol/L
for total homocysteine in each group).
After randomization, both groups ex-
perienced a decrease in total homocys-
teine, but the decrease was greater for
the high-dose group by 2.0 pmol/L at
1 month (2.4 pmol/L in the high-dose
group and 0.3 pmol/L in the low-dose
group), by 2.2 umol/L at 1 year, and by
2.3 pmol/L at 2 years.

Between-group differences in de-
crease in total homocysteine for a par-
ticular visit relative to baseline were
somewhat smaller in late 2001: the mean
1-month difference was 2.7 pmol/L in
1997 through early 1998 and 1.5 pmol/L
inlate 2001. Likewise, the 12-month dif-
ference decreased from 2.4 pmol/L in
1997 through early 1998 to 1.8 pmol/L
in late 2001. The large treatment group
differences in plasma vitamin levels did
not vary substantially over time.

Seventy-five participants had a base-
line By, level of less than 150 pmol/L.
After study centers were notified and
patients received treatment, all but 2
had subsequent levels greater than 150
pmol/L. At 6 or 18 months of follow-

©2004 American Medical Association. All rights reserved.

up, an additional 9 participants (all but
1 were in the low-dose group) had a By,
level at or below the alert threshold of
150 pmol/L. Site investigators were no-
tified of these low values, the affected
participants were treated with replace-
ment cobalamin, and all subsequent B,,
levels exceeded 150 pmol/L when as-
sayed locally or in the central labora-
tory. At 12 months, 29% of partici-
pants had neurological findings
(diminished Achilles reflex, reduction
of vibration sense in the great toe, or
an extensor plantar sign) that could rep-
resent cobalamin deficiency but also
might be observed in stroke, diabetes,
or other conditions. The percentage of
participants showing 1 or more of these
neurological signs after randomiza-
tion did not differ significantly be-
tween treatment groups, confirming
that physical evidence suggestive of co-
balamin deficiency was not confined to
the low-dose group and was of no con-
sequence (Table 3).

At each follow-up clinic visit, par-
ticipants were asked about potential ad-
verse effects of the vitamins. There were
no statistically significant differences be-
tween treatment groups for itching, skin
rash, gastrointestinal upset, for the over-
all question on any adverse effects, or
for any of the most frequently cited
other adverse effects. No statistically sig-
nificant differences were found for any
additional self-reported adverse effect
thought to be due to the vitamins, hos-
pital admissions overall and by diag-

nostic category, or death overall and by
underlying cause.

Efficacy of Treatment

In an intention-to-treat analysis of the
primary end point, 8.1% of the low-
dose group (148/1835) and 8.4% of the
high-dose group (152/1814) had a re-
current ischemic stroke (TABLE 4). The
Kaplan-Meier curves by treatment
group were nearly identical (FIGURE 3),
with P=.80 by log-rank test. The high-
dose group had a 0.4% (95% confi-
dence interval [CI], -1.6 to 2.4) greater
probability of ischemic stroke within 2
years (by Kaplan-Meier method), and
the 2-year risk ratio was 1.0 (95% CI,
0.8-1.3). Analysis of fatal or disabling
ischemic stroke gave similar results.

The intention-to-treat analysis for
CHD events included 6.7% of cases in
the low-dose group (123/1835) and
6.3% (114/1815) in the high-dose
group. The high-dose group had a 0.5%
(95% CI, -1.3 to 2.2) lower probabil-
ity of CHD events within 2 years (by
Kaplan-Meier method), and the 2-year
risk ratio was 0.9 (95% CI, 0.7-1.2). Re-
sults of separate analyses of hospital-
ized MI and fatal CHD were similar.

In the low-dose group, 6.3% (117/
1847) died compared with 5.4% of the
high-dose group (99/1821). The high-
dose group had a 1.0% (95% CI,-0.7%
to 2.7%) lower probability of death
within 2 years (by Kaplan-Meier
method); the 2-year risk ratio was 0.9
(95% CI1, 0.7-1.1).
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In all analyses, adjusting for charac-
teristics in which the treatment groups
differed at baseline or accounting for the
stratification in randomization had little
effect on the results.

Analysis of an end point combining
the ischemic stroke, CHD events, and
death end points (whichever event came
first) yielded an observed 17.2% event
rate in the low-dose group (316/1838)
and 16.7% in the high-dose group
(303/1819), with a relative risk of 1.0
(95% CI, 0.8-1.1). In similar analyses for
ischemic stroke, CHD events, and death

within various participant subgroups de-
fined at baseline (eg, age =70 vs <70
years, race/ethnicity, sex, current smok-
ing, diabetes, history of stroke prior to
qualifying stroke, history of MI, blood
pressure, history of chest pain, base-
line total homocysteine level, and fruit,
vegetable, or grain intake), no effect of
treatment was found. Of particular in-
terest is the treatment effect among those
who began with high baseline total ho-
mocysteine levels. In the top third of the
baseline total homocysteine distribu-
tion (total homocysteine >14 pmol/L),

the 2-year risk ratios were 0.9 (95% ClI,
0.7-1.3) for stroke, 0.9 (95% CI, 0.6-
1.3) for coronary events, 0.9 (95% CI,
0.6-1.3) for death, and 1.0 (95% CI, 0.8-
1.2) for the combined end point includ-
ing all 3 outcomes. Analyses limited to
participants with compliance of at least
75% showed similar results as the in-
tention-to-treat analyses.

To determine whether treatment
effect might occur only after a longer
interval, we conducted an analysis lim-
ited to participants with at least 1 year
of follow-up. These results were not sig-

|
Table 4. Intention-to-Treat Analysis of Treatment Group Difference in Primary and Secondary End Points

Kaplan-Meier

Observed % % With
No. of P Value With Event Event
End Points  (Log-Rank  Within 2y Within 2y
Test) for | 1T | Event Reduction P Value for Relative Adjusted
Low- High- Treatment Low- High- Low- High- by Kaplan-Meier Differenceat2y 2-y Risk Hazard Rate
End Points Dose Dose Effect Dose Dose Dose Dose Analysis(95% Cl) (Kaplan-Meier) (95% ClI) Ratio (95% CI)*
Ischemic stroke
Anyt 148 152 .80 8.1 8.4 8.8 9.2 -0.4(-2.4t01.6) .68 1.0(0.8t01.3) 1.1(0.8t01.3)
Fatal or disabling 18 21 .63 1.0 1.2 1.2 1.3 -0.1(-09100.7) 77 1.1(06t021) 1.1(06t01.2)
CHD
Any 123 114 57 6.7 63 7.4 7.0 0.5(-1.3t02.2) .62 09(0.7t01.2) 0.9(0.7t01.1)
Ml or fatal CHD 81 72 .48 4.4 4.0 4.9 4.4 0.5 (-0.9t0 2.0 .49 0.9(0.7t01.2) 09(0.6t01.2
Ischemic stroke or CHD
Any 257 249 74 140 187 1562 15.0 0.3 (-2.2t02.7) .83 1.0(0.8t01.2) 1.0(0.8t01.2)
Fatal or disabling stroke 98 89 .53 5.3 4.9 6.0 5.4 0.6(-1.0t02.2) 47 09(0.7t01.2) 0.9(0.7t01.2)
or Ml or fatal CHD
Death 117 99 25 6.3 5.4 6.9 5.9 1.0(-0.7t02.7) .24 0.9(0.7to1.1) 0.9(0.6to1.1)
Ischemic stroke, CHD,
or death
Any 316 303 .61 172 16,7 186 18.0 0.6 (-2.0t0 3.3) .65 1.0(0.8t01.1) 1.0(0.8to1.1)
Fatal or disabling 170 156 .45 9.3 86 103 9.4 0.9 (-1.1t0 3.0 .38 0.9(0.7to1.1) 0.9(0.7t01.2)
stroke, M,
or death

Abbreviations: CHD, coronary heart disease; Cl, confidence interval; MI, myocardial infarction.

*Hazard rate ratio calculated by the proportional hazards model for high-dose compared with low-dose treatment, adjusted for characteristics that differed between treatment
groups at baseline, including current smoking, history of diabetes or chest pain, and absent patellar reflex or impaired distal temperature sensation.

Fincluded 1835 and 1814 participants in the low-dose and high-dose groups, respectively, in the primary analysis, excluding the 18 and 13, respectively, with no postrandomization
follow-up. These data vary slightly by end point because of missing values for instruments used to determine end points.

Figure 3. Probability of Stroke, Coronary Event,

or Death Over Time, by Treatment Group
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nificant (hazard rate ratios for stroke,
1.0;95% CI, 0.7-1.5; P=.81]; for CHD
events, 1.0;95% CI,0.7-1.5; P=.97; and
for death, 0.7;95% CI, 0.5-1.1; P=.12).

Because we found no treatment effect
despite several observational studies
that found an association between base-
line total homocysteine and cardiovas-
cular disease in follow-up, we consid-
ered such associations within each
treatment group. Based on baseline
measurements we found persistent and
graded associations between baseline
total homocysteine level and out-
comes (FIGURE 4), which were signifi-
cant for stroke (P=.02) for the low-
dose group but not significant (P=.24)
for the high-dose group; for CHD events
(P=.001 for the low-dose and P=.002
for the high-dose group); and for death
(P=.001 for the low-dose and P=.001
for the high-dose group). For compari-
son with other observational studies,
the above model was recomputed us-
ing baseline total homocysteine as a
continuous variable. For the low-dose
group, a 3-umol/L lower total homo-
cysteine level was associated with a 10%
lower risk of stroke (P=.05), a 26%
lower risk of CHD events (P<<.001), and
a 16% lower risk for death (P=.001).
For the high-dose group, the risk was
lowered by 2% for stroke, 7% for CHD
events, and 7% for death, but these ef-
fects were not significant.

COMMENT

In this randomized double-blind trial,
high-dose vitamin therapy had no effect
on the outcome measures of stroke, CHD
events, or death. Noncompliance can-
not explain the null findings because the
reported good compliance was corrobo-
rated by the consistently higher blood
levels of vitamins and the consistently
lower total homocysteine in the high-
dose group vs the low-dose group. In ad-
dition, the results were similar when lim-
ited to high compliers.

One possible reason our treatment
was not effective may have been that pa-
tients enrolled in this study had levels
of total homocysteine that were too low
to show a large effect. The very high
stroke risk associated with hyperho-
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Figure 4. Probability of Stroke Over Time, by Treatment Group and Total Homocysteine
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mocystinemia involves total homocys-
teine levels in the hundreds of micro-
moles per liter. At levels approaching
the normal range, there is a steep rela-
tionship between total homocysteine
and risk: a prospective study in Nor-
way*® showed that levels of total ho-
mocysteine above 20 pmol/L carried a
9-fold increase in risk, whereas the Eu-
ropean Concerted Action Project™
showed that levels above 10.2 pmol/L
were associated with a doubling of risk.

Wald et al** estimated that reducing
total homocysteine by 3 pmol/L is as-
sociated with a 24% reduced risk of
stroke (95% CI, 15%-33%) and a 16%
reduced risk of ischemic heart disease
(95% CI, 11%-20%). This implies a 13%
combined stroke/coronary event re-
duction for a difference of 2 pmol/L,
which our trial had 31% power to de-
tect compared with 80% power for the
30% effect size used in the sample size
calculations. To detect a statistically sig-
nificant 10% reduction in all-cause mor-
tality (the nonsignificant result we
observed), a sample size of 20000 par-
ticipants would be required for 80%
power, assuming 10% dropouts.

The modest reduction in total homo-
cysteine observed in our study may be
due in part to the folate fortification of
the US grain supply that coincided with

the initiation of our trial. Folate fortifi-
cation, which began in 1996 and was
mandated by January 1998, profoundly
reduced the prevalence of low folate and
high total homocysteine levels. For ex-
ample, in the Framingham Offspring
Study, the proportion with folate defi-
ciency declined from 22% before forti-
fication to 1.7% after fortification.” Dur-
ing the course of our trial, the mean
difference in total homocysteine levels
between the treatment groups nar-
rowed: the 1-month difference was 2.7
pmol/L at baseline and 1.5 pmol/L at the
end of the trial. Fortification probably re-
duced the number of participants with
high total homocysteine who might be
most likely to benefit.* Furthermore, the
correction of low serum By, levels in the
low-dose group may have blunted the vi-
tamin effect. Thus, other determinants
of total homocysteine may have been
more important in this setting, suggest-
ing that other regimens, including beta-
ine (trimethylcholine) and higher doses
of By, might be more effective.
Another consideration is that a longer
duration of treatment may be neces-
sary. The baseline levels of total homo-
cysteine that were linked to risk in this
trial and in many observational stud-
ies likely represent many years of el-
evated total homocysteine; the 2 years
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of treatment in this trial may have been
insufficient to reverse those effects.

An alternative interpretation is that el-
evated total homocysteine levels are a
marker but not a cause for vascular dis-
ease risk. A previous randomized trial
of total homocysteine lowering with vi-
tamins found a significant reduction in
adverse outcomes among patients with
successful angioplasty.** However, an-
other trial, using folate alone, showed
no reduction in adverse outcomes for pa-
tients with coronary artery disease.”
That trial, like ours, also found base-
line total homocysteine to be an inde-
pendent predictor of outcome.

In summary, the VISP trial showed
that moderate reduction of total homo-
cysteine level after ischemic stroke had
no effect on vascular outcomes during
the 2 years of follow-up. However, be-
cause of the consistent findings of an as-
sociation of total homocysteine level with
vascular risk, further exploration of the
hypothesis is warranted and longer trials
in different populations with elevated
total homocysteine may be necessary.

Author Affiliations: Stroke Research Center, Depart-
ment of Neurology, Wake Forest University School of
Medicine, Winston-Salem, NC (Dr Toole and Ms Sides);
Laboratory of Cardiovascular Disease, Oregon Na-
tional Primate Research Center, Beaverton (Dr Ma-
linow); Department of Biostatistics, Collaborative Stud-
ies Coordinating Center, University of North Carolina
at Chapel Hill (Drs Chambless and Wang); Stroke Pre-
vention and Atherosclerosis Research Centre, Ro-
barts Research Institute, London, Ontario (Dr Spence);
Stroke Program/Sanders-Brown Center on Aging, Uni-
versity of Kentucky, Lexington (Dr Pettigrew); De-
partment of Epidemiology and International Health,
University of Alabama, Birmingham (Ms Howard); and
Department of Epidemiology, Harvard School of Pub-
lic Health, Boston, Mass (Dr Stampfer).

Author Contributions: Dr Toole had full access to all
the data in the study and takes responsibility for the integ-
rity of the data and the accuracy of the data analysis.
Study concept and design: Toole, Malinow, Chambless,
Spence, Howard, Stampfer.

Acquisition of data: Malinow, Chambless, Spence,
Pettigrew, Howard, Sides, Wang.

Analysis and interpretation of data: Malinow,
Chambless, Spence, Wang, Stampfer.

Drafting of the manuscript: Chambless, Spence,
Pettigrew, Sides, Wang.

Critical revision of the manuscript for important in-
tellectual content: Toole, Malinow, Chambless, Spence,
Howard, Sides, Stampfer.

Statistical expertise: Chambless, Wang, Stampfer.
Obtained funding: Toole, Chambless, Spence, Howard.
Administrative, technical, or material support: Toole,
Malinow, Howard, Sides.

Supervision: Toole, Malinow, Chambless, Pettigrew,
Howard, Sides, Wang.

The Vitamin Intervention for Stroke Prevention (VISP)
Randomized Trial Group: Operations Center (Stroke
Research Center, Department of Neurology, Wake For-

574 JAMA, February 4, 2004—Vol 291, No. 5 (Reprinted)

est University School of Medicine, Winston-Salem, NC):
James F. Toole, MD, Elizabeth G. Sides, MEd, Virginia J.
Howard, MSPH, AngelaR. Kimel, CCRP, Sara A. Quandt,
PhD, Carol Wasilauskas, MS, Kenya G. Little, Dianne
C.Vernon, Kelley N. Reavis, Leah McGrady, Teresa God-
ley. Statistical Coordinating Center (Collaborative Stud-
ies Coordinating Center, Department of Biostatistics, Uni-
versity of North Carolina at Chapel Hill: Lloyd E.
Chambless, PhD, Chin-Hua (Lily) Wang, PhD, Jan Smith,
RN, MPH, Xiang-Fang Li, MD, Stephen Michael Camp-
bell, MHS, Susan M. Greer, MS, Hope Bryan, Monica
B. Miles, MHS, Vidya Antony, Climmon R. Walker, James
A. Locklear, Joe Eisen, MPH, Myra Carpenter, PhD. Cen-
tral Laboratory (Oregon National Primate Research Cen-
ter, Oregon Health Sciences University, Beaverton): M.
Rene Malinow, MD, Barbara Upson, Eric E. Graf, David
Hess, PhD. Performance and Safety Monitoring Board:
Philip A. Wolf, MD (chair), Boston University School of
Medicine; Marian R. Fisher, PhD, University of Wiscon-
sin, Madison; Ralph Sacco, MD, MS, Columbia Univer-
sity/New York Presbyterian Hospital; Barry Shane, PhD,
University of California, Berkeley; John Marler, MD, ex
officio, National Institute of Neurological Disorders and
Stroke; Barbara Radziszewska, PhD, MPH, ex officio,
National Institute of Neurological Disorders and Stroke.
External Advisors: Jeanne |. Rader, PhD, FDA, Arne
Lindgren, MD, University Hospital, Lund, Sweden; Frank
Yatsu, MD, University of Texas, Houston. Stroke End
Point Review Committee: John C. M. Brust, MD (chair),
Harlem Hospital Center; Arthur Dick, MD, University of
Kansas; Robert Gotshall, MD, Group Health Hospital;
Albert Heyman, MD, Duke University; Phillip Swan-
son, MD, University of Washington. Coronary End Point
Review Committee: John R. Crouse, MD (chair), Wake
Forest University School of Medicine; Peter Block, MD,
Emory University; Philip Liebson, MD, Rush Medical Col-
lege; Gaetan Houde, MD, Hopital de L'Enfant Jesus; Jac-
quest Genest, MD, McGill University Health Center; Kill-
ian Robinson, MD, Wake Forest University School of
Medicine. Death Review Committee: Phillip Swanson,
MD, PhD, University of Washington; Albert Heyman,
MD, Duke University; John R. Crouse, MD, Wake For-
est University School of Medicine. Publications Com-
mittee: Helmi Lutsep, MD (chair), Oregon Health and
Science University; Steven Kittner, MD, University of
Maryland; George Newman, MD, PhD, University of
Wisconsin, Madison; Leslie Paddock-Eliasziw, RN, Foot-
hills Hospital, Calgary Health; Lily Wang, PhD, Univer-
sity of North Carolina, Chapel Hill. Drug Distribution Cen-
ter (Department of Health and Human Services, Supply
Service Center, Perry Point, Md): Tom Shaffer, Lor-
raine D'Angelo, RPh, Annette Quinones, RPh.

VISP Participating Centers (in order of number of patients
randomized, number of patients in brackets, and per-
sonnel listed in the following order: principal investiga-
tor, coinvestigator, coordinator, and other current and
pastkey personnel): Hopital L'Enfant Jesus, Quebec City,
Quebec (205): D. Simard, A. Mackey, B. Leger, A. Hache,
D. Brunet, G. Houde, L. Fourier; University of
Saskatchewan, Saskatoon (143): A. Rajput, A. Rajput,
M. Press, M. Rajput, A. Schuaib, C. Henry, G. Blevins,
K. Khan, C. Toth, L. Schmidt, B. Kwiatkowski, T. Ladd,
W. Pang, S. Birdi, N. Yasmin, C. Filipchuck, A. Schultz;
Jewish General Hospital, Montreal, Quebec (138): J.
Minuk, C. Schanz; Montreal General Hospital, Mon-
treal, Quebec (131): R. Cote, A. Fontaine, L. Durcan,
C.Wong, L. Wadup, F. Bourque; Robarts Research Insti-
tute, London, Ontario (127): D. Spence, L. Fleming, L.
Paddock-Eliasziw, N. Richer, R. McKenzie, W. McCaw;
University of Kentucky, Lexington (124): C. Pettigrew,
S.Ryan, M. Hoffman, J. Short, T. Ellis, L. Rice, P. Brown,
D. Taylor, S. Vincent-Rawn, N. Hughes, A. Gorringe, L.
Penix, E. Escobar, S. Berryman, C. Kavanaugh, G. Miller;
L'Hopital De Charles Le Moyne, Greenfield Park, Que-
bec (108): L. Berger, A. Bellevance, D. Racicot, M.
Caplette, D. Truong, L. Moisan, L. Herbert, D. Veron-
neau; Mercy Ruan Center for Neurologic Research, Des
Moines, lowa (108): M. Jacoby, B. Hughes, R. Hamil-

ton, P. Babikian, M. Puricelli, P. Hart, J. Green, P.
McManus, L. Parsons, A. Wiley, S. Mueller, J. Andriko-
poulos; University of Maryland, Baltimore (106): M.
Wozniak, S. Kittner, M. Sparks, N. Zappala, K. Caubo,
M. Bankard, M. Simmons, J. Trembeth; St John's Mercy
Medical Center, St Louis, Mo (102): W. Logan, P. Lee,
D. Carpenter, L. Tempel, S. Schroer, B. Green, M. Wil-
cox, R. Frere; Cedars Sinai Medical Center, Los Ange-
les, Calif (95): S. Cohen, R. Cohenour, R. Ziman, D.
Brandes, L. Weinberg, M. Valmonte, R. Singh, G. Abedi,
P. Kankar, D. Reddy, N. Birmingham, H. Salari-Namin,
W. Wright, C. Parrish, A. Muthukumaran, T. Jolly, L.
Date, T. Krauss, D. Carmody; Cook County Hospital,
Chicago, Il (94): M. Kelly, L. Singleton, M. Ohprecio,
R. Freeman, K. Fields; Mayo Clinic, Rochester, Minn (94):
I. Meissner, D. Herzig, J. Covalt, B. Evans, R. Brown, B.
Pervin, K. Sagdalen, P. Reich, K. Tvedt, K. Turner, S.
Anderson, E. Henry-Brown, M. Ryks, D. Hanson, R.
Olson, C. Brooks; University of Texas Southwestern, Dal-
las (86): D. Urwin, D. Graybeal, M. Johnson, R. Green-
lee, M. Wood, J. Echetebu, R. Boren, C. Boston, L. Patel;
University of South Alabama, Mobile (82): R. Zweifler,
J. Rothrock, R. Yunker, A. Malapira, D. Alday, M. Mah-
mood, S. Cunningham, G. Graves, B. A. Bassam, R.
Drinkard, I. Lopez, J. Mendizabal, B. Stanley; Univer-
sity of Arizona, Tucson (80): B. Coull, S. Rapcsak, L.
Anderson, P. Skaff, T. Miller, D. Siegel, J. Larson, W.
Feinberg, D. Bruck, B. Huerta, S. Crawford, D. Rens-
vold, J. Orozco; Wake Forest University School of Medi-
cine, Winston-Salem, NC (76): D. Lefkowitz, P. Rey-
nolds, J. Satterfield, L. Westerberg, C. Tegeler; Indiana
University, Indianapolis (75): J. Biller, A. Bruno, L. Wil-
liams, J. Fleck, A. Lopez, L. Chadwick, A. Sears, W. Jones,
C. Kempf, J. Meschia, C. Nievera, E. Yilmaz, U. Nobo,
F. Gonzales; Lehigh Valley Hospital Center, Allen-
town, Pa (75): J. Castaldo, A. Rae-Grant, L. Spikol, R.
Wasserman, J. Redenbaugh, J. Margraf, G. Mackin, J.
Cho, J. Varrato, J. Rodgers, C. Wohlberg, D. Jenny;
MetroHealth Medical Center, Cleveland, Ohio (75): ).
Hanna, M. Winkelman, N. Thakore, A. Liskay, M. Shella,
L. Gullion, C. Sulzmann, D. Young, L. Calabrese, S.
Hochevar, G. Rothstein, N. Dussel, S. Rose, C. Sams, B.
Hanson; Medical College of Virginia, Richmond (73):
J. Taylor, W. Felton, K. Gitter, N. Eubank; Florida Neu-
rovascular Institute, Tampa (68): E. Albakri, B. Bertoldi,
M. Pierce, N. Chiasson, L. Vinci, K. Raburn, B. Huerta,
M. Hahn, L. Phuphanich, M. Bartley; State University
of New York at Stony Brook (64): C. Perkins, O. Bernal,
M. Guido, O. Gerber, M. Baumeister, D. Madigan, J.
Vasek, G. Chintalapudi, G. Newman, C. Wilson, S. Man-
zella, E. Wirkowski, H. Neigelberg; University of Roch-
ester, Rochester, NY (64): C. Benesch, M. Hildreth, J.
Zentner, L. Holmes; Helen Hayes Hospital, West Haver-
straw, NY (63): L. Lennihan, L. Tenteromano; Rush Pres-
byterian Medical Center, Chicago, Ill (63): S. Ruland,
P. Gorelick, K. Whited, P. Samuels, L. Walker, M. Schneck,
C. Motton, G. Ford, G. Gardziola, M. Kelly, T. Lukovits,
A. Iniguez; Marshfield Clinic, Marshfield, Wis (62): P.
Karanjia, K. Madden, A. Biswas, K. Ruggles, K. Mancl,
C. Matti, D. Clint, E. St. Louis; University of Alberta,
Edmonton (62): A. Shuaib, M. Muratoglu, J. Kash-
mere, N. Akhtar, F. O'Rourke, E. Rudd, K. Butcher, S.
Wedderburn, M. Sazgar, K. Khan, M. Saqqur, N. Amir,
N. Dean; Lankenau Mainline Health Care, Bryn Mawr,
Pa (61): G. Friday, A. Whittington-Smith, C. Baker, K.
Moore, M. Alter, C. Kinderman, A. Giraldo; University
of Illinois at Chicago (61): M. Dollear, C. Helgason, B.
Brennan, T. Gnutek, Y. Daabout; Johns Hopkins Bay-
view, Baltimore, Md (60): R. Llinas, J. Alt, D. Heckler, B.
Stone, C. Johnson, P. Panda, S. Geckle, A. Tate, C. Ear-
ley; Toronto Hospital-Western Division, Toronto,
Ontario (60): F. Silver, C. Jaigobin, S. Slattery, S. Yan-
tha, P. Urzua, R. Wiegner, B. Farrell; State University of
New York at Buffalo (59): F. Munschauer, R. Chan, P.
Lee-Kwen, S. Harrington, L. Hopkins, A. Castilone, P.
Pulicino, M. Hourihane, M. Hens, N. Meiler, S. Star, Y.
Isayev; Oregon Health Sciences Center, Portland (55):
H. Lutsep, R. Egan, W. Clark, T. Lowenkopf, E. North,

©2004 American Medical Association. All rights reserved.

Downloaded from jama.ama-assn.org by guest on February 13, 2012


http://jama.ama-assn.org/

A. Doherty, J. Kuyl, M. Gaul, A. Cline, C. Nunez, K. Ber-
telson, K. Hazel, N. Papamitsakis, J. Baldwin, A. Vaishnay,
C. Brown; University of California, Los Angeles (51): J.
Saver, M. Leary, C. Kidwell, B. Oubiagele, D. Liebes-
kind, R. Ghurabi, R. Masamed, M. Tremwel, K. Fergu-
son, N. Yazdi, K. Gough, M. Kalafut, R. Sweeney, J.
Llanes; Vancouver General Hospital, Vancouver, Brit-
ish Columbia (50): P. Teal, A. Woolfenden, J. Wee, D.
Synnot, C. Johnston, M. Rusak; Dartmoth-Hitchcock
Medical Center, Lebanon, NH (48): A. Reeves, T. Luko-
vits, N. Cornell, G. Greenough, E. McCarthy, K. Ryan,
L. Cornell, S. Christine; Massachusetts General Hospi-
tal, Boston (47): K. Furie, B. Thornell, J. Kistler, F. Buo-
nanno, H. Ay, P. Kelly; University of Glasgow, Glasgow,
Scotland (46): K. Lees, M. Walters, |. Shah, F. Nazir, P.
Sanmugnathan, S. Muir, L. Campbell, K. Shields, L. Mal-
colm, A. Dyker, J. Overall; Stanford Stroke Center, Palo
Alto, Calif (44): G. Albers, M. Yenari, P. Wasserstein, C.
Lock, D. Tong, M. Garcia, S. Kemp, J. Lacy, E. Skala-
brin, B. Chan, B. Barnes, P. Delio, R. Bernstein; Brown
University/Rhode Island Hospital, Providence (43): J.
Wilterdink, E. Feldman, C. Cirillo, B. Silver, A. Sigurds-
son, P. Santalucia; Syracuse VA Medical Center, Syra-
cuse, NY (43): A. Culebras, T. Ranachandran, M. Kab-
bani, M. Benitez, J. Sanchez, R. Corpaciu, U. lyer, L.
Schad, C. Matei, T. Dean, P. Eller, M. Moro-de-
Casillas, J. Won, M. Vertino, M. Gonzales, S. Verma, A.
Ahmadieh, M. Harb, L. Laza, S. Bati; King/Drew Medi-
cal Center, Los Angeles, Calif (39): G. Locke, M. Cer-
ritos, S. Orola, L. Nelson, N. Dapo; East Bay Neurology,
Berkeley, Calif (36): B. Richardson, J. Cooper, B. Wru-
bel, C. Ndungu, C. Kong, J. Warren, H. Shale, J. Gins-
burg, L. McGee, D. Yano-Fong, R. Fox, H. Chow, T. Alex-
androv, S. Howell, D. Salkovsky, R. Prior, J. Wood, K.
Ashiekeh; Washington University School of Medicine,
St Louis, Mo (35):J. Lee, A. Nassif, D. Shearrer, K, Treat,
T. Lowenkopf, M. Kareem, M. Thomas, C. Hess, L. Rietz-
Yanese, E. Allen, F. Santiago, A. Bhattacharyya, A. Alre-
shaid, C. Hsu, J. Epps-Wilbanks, E. Garcia-Morales;
Wayne State University, Detroit, Mich (31): S. Chatur-
vedi, B. Jacobs, D. Wiseman, F. Mada, E. Berlow, B. Ber-
tasio, A. Guyot, N. Jeshi; Chattanooga Neurology Asso-
ciates, Chattanooga, Tenn (31): T. Devlin, B. Kaplan,
H. Kadrie, S. Farber, D. Rankins, A. Reeves, P. Wade-
Hardie, C. Turner, A. Ackell, R. Cahnder, T. Owen, K.
Creel, D. Riddle, P. Levi; University of Colorado, Den-
ver (30): R. Hughes, A. Anderson, C. Hennessy, N. Mahr,
S.Kolsrud, G. Sung; Yale University, New Haven, Conn
(25): L. Brass, P. Fayad, L. Restrepo, I. Silverman, A. Med-
nick, M. Monssouttas, A. Lovejoy, T. Sego, B. Kennedy,
K. Matthews; Cleveland Clinic Florida, Weston (18):
V. Salanga, R. Piccirillo, N. Galvez-Jimenez, M. Pic-
cirillo, B. Dandapani, P. Parks; University of Wisconsin,
Madison (18): R. Dempsey, D. Dulli, R. Levine, G. New-
man, N. Page, J. Kish, C. Weasler, F. Hafeez, M. Khasru,
S. Dixit, P. Munson; Field Neurosciences Institute/St
Mary's Medical Center, Saginaw, Mich (17): F. Abbott,
K. Gaines, K. Leedom, R. Herm; Sunnybrook Health Sci-
ences, Toronto, Ontario (13): S. Black, J. Perry, J. Nor-
ris, N. Vujoic-Zotovic, M. Medel, L. Smurowaka, N. Jiang.
Funding/Support: This trial was supported by the Na-
tional Institute of Neurological Disorders and Stroke
grant RO1 NS34447. The raw materials for the vita-
mins were supplied by Roche Inc, Paramus, NJ.
Role of the Sponsor: The funding sources had no role
in the design and conduct of the study; the collec-
tion, analysis, and interpretation of the data; or the
preparation, review, or approval of the manuscript.
Acknowledgment: We acknowledge the invaluable
assistance of John Marler, MD, and Barbara Radziszew-
ska, PhD, MPH, at the National Institute of Neuro-
logical Disorders and Stroke and the interest and sup-
port of Jeanne |. Rader, PhD, at the US Food and Drug
Administration. Editorial assistance was provided by
Debra Weiner, MPH, Winkelman and Associates,
Chapel Hill, NC, and Ralph Hicks, Jr, MEd, Stroke Re-
search Center, Department of Neurology, Wake For-
est University School of Medicine, Winston-Salem, NC.

©2004 American Medical Association. All rights reserved.

LOWERING HOMOCYSTEINE TO PREVENT RECURRENT STROKE

REFERENCES

1. Carson NA, Neill DW. Metabolic abnormalities de-
tected in a survey of mentally backward individuals in
Northern Ireland. Arch Dis Child. 1962;37:505-513.
2. Gerritsen T, Vaughn JG, Waisman HA. The iden-
tification of homocystine in the urine. Biochem Bio-
phys Res Commun. 1962;9:493-496.

3. McCully KS. Vascular pathology of homocystein-
emia: implications for the pathogenesis of arterioscle-
rosis. Am J Pathol. 1969;56:111-128.

4. Boers GH, Smals AG, Trijbels FJ, et al. Heterozy-
gosity for homocystinuria in premature peripheral and
cerebral occlusive arterial disease. N Engl J Med. 1985;
313:709-715.

5. Clarke R, Daly L, Robinson K, et al. Hyperhomo-
cysteinemia: an independent risk factor for vascular
disease. N Engl J Med. 1991,324:1149-1155.

6. Brattstrom LE, Hardebo JE, Hultberg BL. Moder-
ate homocysteinemia—a possible risk factor for arte-
riosclerotic cerebrovascular disease. Stroke. 1984;15:
1012-1016.

7. Brattstrom L, Lindgren A, Israelsson B, et al. Hy-
perhomocysteinaemia in stroke: prevalence, cause, and
relationships to type of stroke and stroke risk factors.
Eur J Clin Invest. 1992;22:214-221.

8. Coull BM, Malinow MR, Beamer N, Sexton G, Nordt
F, de Garmo P. Elevated plasma homocyst(e)ine con-
centration as a possible independent risk factor for
stroke. Stroke. 1990;21:572-576.

9. Perry 1, Refsum H, Morris RW, Ebrahim SB, Ueland
PM, Shaper AG. Prospective study of serum total ho-
mocysteine concentration and risk of stroke in middle-
aged British men. Lancet. 1995;346:1395-1398.
10. Verhoef P, Hennekens CH, Malinow MR, Kok FJ,
Willett WC, Stampfer MJ. A prospective study of
plasma homocyst(e)ine and risk of ischemic stroke.
Stroke. 1994,25:1924-1930.

11. Yoo JH, Chung CS, Kang SS. Relation of plasma
homocyst(e)ine to cerebral infarction and cerebral ath-
erosclerosis. Stroke. 1998;29:2478-2483.

12. Graham IM, Daly LE, Refsum HM, et al. Plasma
homocysteine as a risk factor for vascular disease: the
European Concerted Action Project. JAMA. 1997;
277:1775-1781.

13. Nygard O, Nordrehaug JE, Refsum H, Ueland PM,
Farstad M, Vollset SE. Plasma homocysteine levels and
mortality in patients with coronary artery disease.
N Engl J Med. 1997;337:230-236.

14. Eikelboom JW, Lonn E, Genest J Jr, Hankey G, Yu-
suf S. Homocyst(e)ine and cardiovascular disease: a
critical review of the epidemiologic evidence. Ann In-
tern Med. 1999;131:363-375.

15. Homocysteine Studies Collaboration. Homocys-
teine and risk of ischemic heart disease and stroke: a
meta-analysis. JAMA. 2002;288:2015-2022.

16. Boysen G, Brander T, Christensen H, Gideon R,
Truelsen T. Homocysteine and risk of recurrent stroke.
Stroke. 2003;34:1258-1261.

17. den Heijer M, Koster T, Blom HJ, et al. Hyperho-
mocysteinemia as a risk factor for deep-vein throm-
bosis. N Engl J Med. 1996;334:759-762.

18. Stamler JS, Slivka A. Biological chemistry of thi-
ols in the vasculature and in vascular-related disease.
Nutr Rev. 1996;54:1-30.

19. Chambers JC, McGregor A, Jean-Marie J, Obeid
OA, Kooner JS. Demonstration of rapid onset vascu-
lar endothelial dysfunction after hyperhomocystein-
emia: an effect reversible with vitamin C therapy. Cir-
culation. 1999;99:1156-1160.

20. van den Berg M, Boers GH, Franken DG, et al.
Hyperhomocysteinaemia and endothelial dysfunc-
tion in young patients with peripheral arterial occlu-
sive disease. Eur J Clin Invest. 1995;25:176-181.
21. Leerink CB, van Ham AD, Heeres A, Duif PF, Bouma
BN, van Rijn HJ. Sulfhydryl compounds influence im-
munoreactivity, structure and functional aspects of
lipoprotein(a). Thromb Res. 1994;74:219-232.

22. Brattstrom L. Vitamins as homocysteine-lowering
agents. J Nutr. 1996;126(suppl):1276S-1280S.

23. Peterson JC, Spence JD. Vitamins and progres-

sion of atherosclerosis in hyper-homocyst(e)inaemia.
Lancet. 1998;351:263.

24. Schnyder G, Roffi M, Flammer Y, Pin R, Hess OM.
Effect of homocysteine lowering therapy with folic acid,
vitamin B12, and vitamin B6 on clinical outcome af-
ter percutaneous coronary intervention: the Swiss Heart
Study: a randomized controlled trial. JAMA. 2002;
288:973-979.

25. Spence JD, Howard VJ, Chambless LE, et al. Vita-
min Intervention for Stroke Prevention (VISP) trial: ratio-
nale and design. Neuroepidemiology. 2001;20:16-25.
26. Howard VJ, Sides EG, Newman GC, et al, for the
Stability of Plasma Homocyst(e)ine in Acute Stroke Pa-
tients (SHASP) Study Investigators. Changes in plasma
homocyst(e)ine in the acute phase after stroke. Stroke.
2002;33:473-478.

27. Mudd SH, Levy HL. Plasma homocyst(e)ine or ho-
mocysteine? N Engl J Med. 1995;333:325.

28. D'Olhaberriague L, Litvan I, Mitsias P, et al. A re-
appraisal of reliability and validity studies in stroke.
Stroke. 1996;27:2331-2336.

29. Folstein MF, Folstein SE, McHugh PR. “Mini-
mental state”: a practical method for grading the cog-
nitive state of patients for the clinician. J Psychiatr Res.
1975;12:189-198.

30. Rose GA. The diagnosis of ischaemic heart pain
and intermittent claudication in field surveys. Bull
World Health Organ. 1962;27:645-658.

31. Smolin LA, Schneider JA. Measurement of total
plasma cysteamine using high-performance liquid chro-
matography with electrochemical detection. Anal Bio-
chem. 1988;168:374-379.

32. Malinow MR, Kang SS, Taylor LM, et al. Preva-
lence of hyperhomocyst(e)inemia in patients with pe-
ripheral arterial occlusive disease. Circulation. 1989;
79:1180-1188.

33. Malinow MR, Sexton G, Averbuch M, Gross-
man M, Wilson D, Upson B. Homocyst(e)ine in daily
practice: levels in coronary artery disease. Coron Ar-
tery Dis. 1990;1:215-220.

34. PiantadosiS. Clinical Trials: A Methodologic Per-
spective. New York, NY: John Wiley & Sons; 1977.
35. Food and Nutrition Board, Institute of Medicine.
Dietary Reference Intakes for Thiamin, Riboflavin Nia-
cin, Vitamin Bé, Folate, Vitamin B12, Panothenic Acid,
Biotin, and Choline. Washington, DC: National Acad-
emy Press; 1988.

36. Hospital & Payer International Classification of
Diseases, Ninth Revision, Clinical Modification. 5th
ed. Salt Lake City, Utah: Medicode Publications; 1999.
37. Halperin M, Lan KK, Ware JH, Johnson NJ, DeMets
DL. An aid to data monitoring in long-term clinical trials.
Control Clin Trials. 1982;3:311-323.

38. Lan KK, Wittes J. The B-value: a tool for moni-
toring data. Biometrics. 1988;44:579-585.

39. Kalbfleisch JD, Prentice RL. The Statistical Analy-
sis of Failure Time Data. New York, NY: John Wiley
& Sons; 1980.

40. Nygard O, Nordehaug JE, Refsum H, Ueland PM,
Farstad M, Vollset SE. Plasma homocysteine levels and
mortality in patients with coronary artery disease.
N Engl J Med. 1997,337:230-236.

41. Graham IM, Daly L, Refsum H, et al. Plasma ho-
mocysteine as a risk factor for vascular disease. JAMA.
1997,277:1775-1781.

42. Wald DS, Law M, Morris JK. Homocysteine and
cardiovascular disease: evidence on causality from a
meta-analysis. BMJ. 2002;325:1202.

43. Jacques PF, Selhub J, Bostom AG, Wilson PW,
Rosenberg IH. The effect of folic acid fortification on
plasma folate and total homocysteine concentra-
tions. N Engl J Med. 1999;340:1449-1454.

44, Stampfer MJ, Malinow MR, Willet WC, et al. A
prospective study of plasma homocyst(e)ine and risk
of myocardial infarction in US physicians. JAMA. 1992;
268:877-881.

45. Baker F, Picton D, Blackwood S, et al. Blinded com-
parison of folic acid and placebo in patients with is-
chemic heart disease: an outcome trial. Circulation.
2002;106(suppl):11741S.

(Reprinted) JAMA, February 4, 2004—Vol 291, No. 5 575

Downloaded from jama.ama-assn.org by guest on February 13, 2012


http://jama.ama-assn.org/

