ActaMed® Library -

GIL0832

I ORIGINAL CONTRIBUTION

Homocysteine and Risk of Cardiovascular
Disease Among Postmenopausal Women

Paul M. Ridker, MD

JoAnn E. Manson, MD
Julie E. Buring, ScD

Jessie Shih, PhD

Matthew Matias

Charles H. Hennekens, MD

EVERAL MECHANISMS HAVE BEEN

proposed linking hyperhomo-

cystinemia to vascular dam-

age, and 1t has been hypoth-
esized that elevated levels of total
plasma homocysteine represent an 1m-
portant mochfiable risk factor for ath-
erothrombotic disease !> A number of
retrospective and cross-sectional stud-
1es provide support for this hypoth-
esis.” However, because homocyste-
ine levels may increase following acute
myocardial infarction (M1)* or stroke,’
any observed association could, at least
n theory, be a result rather than a cause
of acute vascular occlusion.

In contrast, in prospective studies,
homocysteine levels are ascertained
prior to the onset of thrombosis and,
thus, reduce the potental for this type
of bias. The results of such studies, how-
ever, have been inconsistent For ex-
ample, prospective studies from the
United States® and Finland’ report no
evidence of association between base-
line homocysteine level and subse-
quent coronary heart disease nisk,
whereas another study of middle-aged
US men reported a positive associa-
tion 1n the subgroup n the top 5% of
the homocysteine level distribution®
that was no longer present with long-
term follow-up ° In this latter study,
there were no associations between ho-
mocysteine and risk of thromboem-
bolic stroke!' or mcident angina pec-

Context Individuals with elevated levels of homocysteine tend to have higher preva-
lence of cardiovascular disease However, prospective studies of homocysteine are in-
consistent and data among women are imited.

Objective To determine whether elevated homocysteine levels in healthy postmeno-
pausal women predict nisk of developing cardiovascular disease.

Design Prospective, nested case-control study with a mean 3-year follow-up.

Setting The Women's Health Study, an ongoing US primary prevention trial it
ated in 1993.

Participants From a total cohort of 28 263 postmenopausal women with no his-
tory of cardiovascular disease or cancer at baseline, 122 women who subsequently
experenced cardiovascular events were defined as cases, and 244 age- and smoking
status-matched women who remained free of disease during follow-up were defined
as controls

Main Outcome Measures incdence of death due to cardiovascular disease, non-
fatal myocardial infarction (MI), stroke, percutaneous transluminal coronary angio-
plasty, or coronary artery bypass graft by baseline homocysteine level

Results Of the 122 cases, there were 85 events of Ml or stroke and 37 coronary
revascularizations. Case subjects had significantly higher baseline homocysteine levels
than controls (14.1 vs 12.4 pmol/L, P=.02). Subjects with homocysteine levels in the
highest quartile had a 2-fold increase in nisk of any cardiovascular event (relative risk
[RR], 2.0; 95% confidence interval [Cl], 1 1-3 8). This effect was largely due to an
excess of cases with high levels of homocysteine; the RR for those with homocysteine
levels at or higher than the 95th percentile (20 7 pmol/L) was 2 6 (95% Cl, 1.1-5 7)
Risk estimates were independent of traditional risk factors and were greatest for the
end points of MI and stroke (RR for those with baseline homocysteine levels in the
top quartile, 2.2,95% Cl, 1 1-4.6) Self-reported multivitamin supplement use at study
entry was associated with significantly reduced levels of homocysteine (P< 001) How-
ever, the association between increasing quartile of homocysteine level and risk of MI
or stroke remained significant in analyses controlling for baseline muttivitamin supple-
ment use (P= 003 for trend), and subgroup analyses imited to women who were (P= 02
for trend) or were not (P= 04 for trend) taking multivitamin supplements

Conclusions Among healthy postmenopausal US women, elevated levels of homo-
cysteine moderately increased the nisk of future cardiovascular disease Whether low-
ering the homocysteine level reduces risk of cardiovascular events requires testing in
randomized controlled tnals.
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ain!> demonstrate positive associa-
nons with coronary heart disease, while
other studies suggest positive associa-
tons for peripheral artenal disease’® and
stroke !7 Furthermore, among women
enrolled 1n the ARIC study, a positive
untvariate association was reported,
however, after adjustment for other
coronary risk factors, this effect was no
longer stanstically significant *? Thus,
recent prospective data are less consis-
tent than prior retrospective and cross-
sectional data.

To provide further prospective data
1n woinen, we evaluated baseline lev-
els of homocysteine among appar-
ently healthy parucipants in the Wom-
en’s Health Study (WHS), an ongoing
primary prevention trial among 39 876
postmenopausal women with no his-
tory of cardiovascular disease or can-
cer,'® and related these levels to the fu-
ture risk of experiencing cardiovascular
events

METHODS

We used a prospecuive, nested case-
control study design among partici-
pants in the WHS, an ongoing, ran-

domized, double-blind, placebo-
controlled tral of aspirin (100 mg on
alternate days) and vitamin E (600 1U
on alternate days) 1n the primary pre-
venuon of cardiovascular disease and
cancer Cohort assembly for the WHS
occurred between 1993 and 1995. Base-
line blood samples were obtained 1n
EDTA from 28 263 (71%) of WHS study
participants and stored in liquid nitro-
gen unul analysis

In this study, cases were defined as
WHS paruicipants who provided an ad-
equate baseline blood sample and sub-
sequently experienced a cardiovas-
cular event (defined as death due to
coronary heart disease, nonfatal MI or
stroke, percutaneous transluminal coro-
nary angloplasty, or coronary artery by-
pass graft) during a 3-year follow-up pe-
riod. The diagnosis of MI was made if
symptoms met World Health Organt-
zation cniteria and the event was asso-
ciated with cardiac enzyme abnormali-
ties or diagnostic electrocardiogram
changes The diagnosis of stroke was
made if the patient had a new neuro-
logic deficit lasung more than 24 hours;
computed tomography or magnetic reso-

PSS SRS S e e
Table 1. Baseline Clinical Characteristics of Cases and Controls

Cases Controls P Value*

No of subjects 122 244
Age, mean, y 59 3 593
Smoking status, %

Past 295 295

Current 279 279

Never 426 426
Hyperlipidemia, % 459 283 oot
Hypertension, % 565 313 001
Family history of premature myocardial infarction, % 213 127 04
Diabetes, % 98 21 001
Body mass index, mean, kg/m? 27 1 260 05
Alcohol use, %

Rarely/never 451 487 j

Monthly 148 139 60

Wesekly 279 312

Daily 123 g2 Jd
Exercise frequency, %

Rarely/never 44 3 447 T

<Once per wk 213 201 %0

1 3 times per wk 279 271

=4 times per wk 66 g2 |
Current use of hormone replacement therapy, % 44 3 410 50
Current multivitamin supplement use, % 400 313 10

*Ellipses indicate matching cntena
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nance imaging scans were available 1n
the majonty of cases Reported percu-
taneous transluminal coronary angio-
plasty and coronary artery bypass graft
procedures were confirmed by hospital
records. Coronary heart disease deaths
were confirmed by autopsy reports,
death ceruficates, and circumstances of
death. All end points were adjudicated
by a committee of cardiologists and neu-
rologists.

For each case subject who had a con-
firmed cardiovascular event dunng fol-
low-up, 2 control subjects of the same
age (x 1 year) and smoking status (past,
current, or never) were selected from
the remainming WHS participants who
also provided basehne blood samples
and who reportedly remained free of
cardiovascular disease during the 3-year
follow-up. Using these matching crite-
r1a, 122 cases and 24+ controls were se-
lected and form the basis for these
analyses.

Baseline plasma samples from each
case and control subject were thawed
and assayed for total plasma homocys-
temne level using the IMx homocyste-
ine assay (Abbott Laboratories, Ab-
bott Park, 111).** *° The assay coefhcient
of variation ranges from 3 7% 10 5 3%
when measunng samples between 5 and
25 pmol/L. All investigators and labo-
ratory personnel were blinded to the
subjects’ chnical details. Case and con-
trol specimens were handled 1dent-
cally and 1n blinded fashion through-
out the blood collecuon, storage,
retrieval, and analysis process. Samples
were analyzed 1n triplets, with the po-
sttion of the cases varied at random
within triplets to avoid systematic bias
and interassay vanability.

Means and proportions for baseline
cardiovascular risk factors were calcu-
lated for cases and controls. The sig-
mificance of differences 1n means be-
tween the case and control groups was
tested using the t test, while the sig-
nificance of differences 1n proportions
was tested using the x? statistic Tests
for trends were used to assess for evi-
dence of a hinear relationship between
increasing level of homocysteine and
the risk of future coronary events af-
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ter dividing the sample into quartiles,
defined by the distribution of the con-
trol values Adjusted estimates of risk
were obtained using logistic regres-
sion models that, in addition to ac-
counung for the matching vanables of
age and smoking status, controlled for
randomzed treatment assignment, his-
tory of hyperhpidemia, hustory of hy-
pertenston, body mass index (weight in
kilograms divided by the square of
height 1in meters), exercise frequency
(per week), hustory of diabetes, and pa-
rental lustory of M1 before age 60 years.
To compare our results with those of
previous investigations, we further
computed from these linear models the
relauve risk (RR) associated with each
5-umol/L increase 1n total plasma ho-
mocysteine Inaddition, because some
prior studies have suggested that a
threshold effect exists for homocyste-
1ne, the data were also analyzed using
prespecified cutoffs at the 50th, 75th,
90th, and 95th percentiles of homo-
cysteine level among the control val-
ues Additional analyses were per-
formed after adjustment for baseline
muluvitarmin supplement intake and in
subgroups hmited to women who did
and did not report multivitamin supple-
ment use at study entry All P values are
2-tailed and all confidence intervals
(Cls) were calculated at the 95% level.

RESULTS

Due to matching, the distributions of
age and smoking status were virtually
1dentical in the case and control groups
As expected 1n a study of cardiovascu-
lar disease, cases were more likely to
have a hustory of hyperlipidemua, obe-
sity, hypertension, or diabetes or a fam-
ily history of premature MI There were
no significant differences for self-
reported levels of alcohol consump-
uon, exercise frequency, hormone re-
placement therapy, or multuvitamin
supplement use at baseline (TABLE 1).

Of the 122 cases, there were 85
events of M1 or stroke and 37 coro-
nary revascularnizations. Overall, study
participants who subsequently expert-
enced cardiovascular events (cases) had
significantly higher baseline homocys-
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temne levels than those who remained
free of reported cardiovascular dis-
ease during follow-up (controls)(14 1
vs 12.4 pmoVL; P= 02) Similar ef-
fects were seen in subgroup analyses of
those who did and did not report base-
line use of muluvitamin supplements
(TABLE 2)

In age- and smoking status-matched
analyses, the risk of any future cardio-
vascular event appeared to increase with
increasing level of homocysteine such
that the RRs for women 1in the lowest
(referent) to highest quartiles of homo-
cysteine level at baseline were 1.0, 1 1,
11,and 2 0 (P= 02 for trend) For the
end points of MI or stroke, age- and
smoking status-matched risks for indi-
viduals 1n the lowest (referent) to high-
est quartiles of homocysteine level were
10,0.7,16,and 2.2 (P =.004 for trend)
(TABLE 3).

In continuous logistic regression
analyses, which evaluated for evi-
dence of a linear relanonship, each 1in-
crease 1n homocysteine concentration
of 5 pmol/L was associated with a 20%
increase n risk of any cardiovascular
event (P= 03) After adjustment for
baseline differences in other coronary
nisk factors, each 5-pymol/L increase in
homocysteimne was associated with a
24% increase in risk (P= 05)

To evaluate for evidence of nonlin-
ear effects, we computed RRs across a
sertes of prespecified cut points de-
fined by the control distribution. As
shown in TABLE 4, the age- and smok-
1ng status-matched risks of future car-
diovascular events for those with base-
Line homocysteine levels at or mgher than
the 50th, 75th, 90th, and 95th percen-
ules (as defined by the control distribu-
tion) were 1.5 (P= (09),1.9 (P=.007),
20(P= 03),and 2 6 (P= 02), respec-
uvely. Risk estimates were mimimally
altered after controlling for baseline
differences i body mass index, exercise
frequency, hypertension, hyperhpidemia,
diabetes, and family history of pre-
mature MI (Table 4) Controlling for
hormone replacement therapy had no
effect on these findings

Thurty-four percent of the study par-
ticipants reported use of multvitamin
supplements at study entry, when blood
samples were obtamed. Overall, con-
trol women who reported taking mulu-
vitamin supplements had signtficantly
lower mean levels of homocystemne com-
pared with control women not taking
multivitamin supplements (10 9vs 13.1
pmol/L, P< 001). Nonetheless, add:-
tional control for multivitarin supple-
ment use had little effect on the associa-
tion of baseline homocysteine levels with

Table 2. Baseline Levels of Total Plasma Homocysteine Among Cases and Controls

Homocysteine Concentration,
Baseline Mean (SD), pmol/L

‘ Cases Controls' Va'laue
All study participants 141 (80) 12 4(58) 02
Multivitarmin supplement users 126(42) 10939 o1
Non-multivitamin supplement users 151{(97) 131(64) 08

Table 3. Relative Risk of Future Cardiovascular Events According to Baseline Concentration

of Total Plasma Homocysteine*

Any Cardiovascular Event

Myocardial Infarction
or Stroke

Homocysteine Homocysteine |

10 !
Adjusted RR Crude RR Adjusted RR

Level Level, Range, Crude RR

Quartile pmol/L (95% Cl) (95% Cl) (95% CI) (95% CI)
1 <954 10 (Referent) 10 (Referent) 10 (Referent) 10 (Referent)
2 954-11 19 11(06-22) 11(06-22) 070316 070317
3 1120 1326 110521 12{0623 16(07-33) 17{0836)
4 >13 26 20(11-38 23(1243) 22(1148) 24(12-50)

*Data are shown for any cardiovascular event and for the subgroups of myocardial infarction or stroke Relative nisks
(RRs) are shown in crude analyses and after adjustment for self reported mulintamin supplement intake at study

entry Cl indicates confidence mterval
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subsequent nisk of cardiovascular dis-
ease (Table 3).

To further evaluate this 1ssue, we per-
formed a subgroup analysis hmited to
women taking multivitamin supple-
ments at basehne (TABLE 5). In this sub-
group, the overall distribution of ho-
mocystemne level was lower than in the
cohort as a whole, and those with base-
line levels of homocysteine at or gher
than the 75th percentile of the re-
duced control distribution had a 2- o
3-fold increase 1n risk of any cardio-
vascular event compared with those
with lower levels (RR, 2 6;95% Cl1, 1.2-
57, P= 02) Furthermore, the RRs 1n
this subgroup for any cardiovascular
event increased from lowest (refer-
ent) to highest quartles of baseline ho-
mocystelne concentration (RR,1.0,09,
1.6, and 3.1, respectively, P=.01 for
trend) Stmular mcreases n risk were ob-
served across quartiles of baseline ho-
mocysteine level 1n the subgroup of
women who were not taking multivi-
tamin supplements at study initiation
(P = 04 for trend) (Table 5).

COMMENT

In this prospective study of apparently
healthy postmenopausal women, those
with elevated baseline plasma concen-
trations of homocysteine had mcreased
nsk of future carcdiovascular events, par-
ticularly at the lghest levels of homo-
cystemne Thus association appeared to be
independent of several cardiovascular
nsk factors. Furthermore, baseline mul-
tivitamin supplement use m this cohort
was associated with significantly re-
duced homocysteine levels. However, in
these data, the association between ho-
mocysteine level and cardiovascular sk
remarned significant m analyses control-
ling for baseline multivitamin supple-
ment use, as well as 1n subgroup analy-
ses hmuted to those women who were
and were not taking multivitamn supple-
ments at study entry.

Previous prospective studies of
homocystene level as a nisk factor for
coronary heart disease have been
mconsistent, with both positive®!? 7
and null®7? 12 results reported Fur-
thermore, prior studies of homocyste-

S
Table 4. Crude and Adjusted Relative Risk of Future Cardiovascular Events Among Subjects
With Baseline Homocysteine Levels at or Higher Than the 50th, 75th, 90th, and

95th Percentiles of the Control Distribution™

Myocardial Infarction

Any Event or Stroke
I 7] |
Homocysteine Crude RR Adjusted RR Crude RR Adjusted RR
Percentile Level, pmol/L (95% CI) (95% Cli) (95% CI) (95% Cl)
=50th 1119 15(09-23) 12(07-20) 23(13-39) 19(10-34)
=75th 13.26 19(1.2-31) 20(1134) 21(12-39 22(12-40)
=90th 1729 20(11-37) 17(0837) 23(11-458 190943
=95th 2070 26(11-57) 34(13-88) 33(14-77) 46(17-123)

*Crude analysts was matched on age and smoking status and controlled for randomized treatment assignment Ad-
justed analysis was matched on age and smoking status and controlied for randomized treatment assignment, body
mass index (weight in kiograms divided by the square of height in meters), hyperlipidemia exercise frequency, hy
pertension diabetes and family history of premature myocardial infarction RR indicates relative nsk Cl, confidence

nterval

ine level in healthy populations have
predominantly been limited to men
Thus, the current data from post-
menopausal women add to the accu-
mulating evidence regarding homo-
cysteine level as a marker for
cardiovascular nisk. Qur finding that
each 5-umoV/L increase i homocyste-
ne level was associated with a 20%
increase in risk 1s consistent with esu-
mates from prior retrospective’ stud-
1es and some, but not all, prospective
studies.!® In addition, our data among
apparently healthy women are consis-
tent with subgroup analyses from the
recent ARIC study, in which a posi-
tive association was found m umvari-
ate analyses for women but not for
men.'? Whether these observatons
indicate a chance effect or provide
evidence of effect modification by sex
will require future studies.

Our observation that multivitamin
supplement use was associated with re-
duced homocysteine level 1s also con-
sistent with prior studies demonstrat-
ing that folic acid intake decreases total
plasma homocysteine level.*! ** In these
data, however 'a stanisucally significant
association between homocysteine con-
centranon and cardiovascular nsk was
observed in the total cohort after adjust-
ment for muluvitamin supplement use,
as well as in subgroup analyses strati-
fied by multivitamn supplement use.

Potential limitations of these data
merit consideration. Our study mea-
sured homocysteine levels only once, at
study entry, and thus are susceptible to
regression-dilution bias. Any such bias,
however, would tend to lead to an un-
derestimation of true effects and would

Table 5. Relative Risk of Future Cardiovascular Events According to Baseline Concentration of Total Plasma Homocysteine*

Women Taking
Multivitamin Supplements

Women Not Taking
Muttivitamin Supplements

r | I 1
Homocysteine Homocysteine
Homocysteine Level, Range, Any Event, M or Stroke, Level, Range, Any Event, Ml or Stroke,
Level Quartile pmol/L RR (95% Cl) RR (95% CI) pmol/L RR (95% ClI) RR (95% CI)
1 <817 1 Q (Referent) 1 0 (Referent) <994 1.0 {Referent) 1.0 (Referent)
2 817-1030 090332 09(02-43) 994-11.67 12(0.5-29) 1.2(04-33)
3 1031-11 64 16(0.5-52) 130357 11 68-1395 10(04-24) 1.7(06-44)
4 >11 64 31(11-91) 37(11-134) >1395 190942 24(10-59)

*Data are shown for the subgroups of women taking and not taking multivitarmin supplements at study entry Ml indicates myocardial infarction, RR, relative nsk, and C|, confidence

interval
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not yield a false-positive result. Also,be--
cause the follow-up perniod for our study
was relatively short (3 years), we can-
not exclude the possibility that homo-
cystemne levels are elevated because of the
presence of subclhimical atherosclerosis
This possibility has been raised 1n at least
1 prior prospective study of men in
which homocysteine level was found to
be a better predictor of short-term risk
than long-term risk.2® On the other
hand, because the blood samples in our
study were obtained prior to the onset
of first cardiovascular events, we can ex-
clude the possibility that the elevations
observed 1n our data are a result rather
than a cause of acute vascular occlu-
sion In addition, we did not ascertain
allele status for the methylenetetrahy-
drofolate reductase gene 1n this popu-
lation However, a series of studies has
reported that methylenetetrahydrofo-

HOMOCYSTEINE AND CARDIOVASCULAR DISEASE

late reductase status alone is a poor in-
dicator of nsk and that assessment of this
polymorphism does not substanually
add to the predictive value of homocys-
temne levels 22> > Moreover, as 1n any
prospective eptdemiological study, the
potential for residual confounding can-
not be excluded In our analysis, how-
ever, we matched on smoking status and
age and additionally controlled for body
mass mdex, hyperlipidermia, exercise fre-
quency, hypertension, diabetes, hor-
mone replacement therapy, and family
history of premature coronary artery dis-
ease Thus, we believe the magritude of
any restdual confounding 1s likely to be
small.

In conclusion, in this prospective
study, women with ligher levels of ho-
mocysteme at baseline had higher risks
of future cardiovascular disease These
risks, however, were modest in abso-

lute size and smaller than those ob-
served 1n this cohort for other emerg-
ing cardiovascular nisk factors, such as
high-sensitivity C-reactive protein 2° It
15 clear that folate supplementation
reduces homocysteine level,?! 22 but
whether folic acid reduces the risk
of cardiovascular disease and, 1if so,
whether such an effect 1s mediated by
lowering homocysteine level remains a
research question that must be tested
in randomized controlled trials We be-
lieve the current totahity of evidence 1s
insufficient on which to base rational
chinical decisions for individual pa-
tients or for the general public in terms
of any recommendation to screen for
homocysteine level

Funding/Support: This project was supported by grants
from the National Heart Lung, and Blood institute
Bethesda, Md, and by an Established Investigator

Award to Dr Ridker from the American Heart Asso-
ciation, Dallas, Tex

REFERENCES

4. McCully KS Vascular pathology of homocystein-
erma imphications for the pathogenesis of artenoscle-
rosis Am J Pathol 1969,56 111-128

2 Welch GN Loscalzo) Mechanisms of disease ho-
mocysteine and atherothrombosis N EnglJ Med 1998,
338 1042 1050

3. Boushey CJ, Beresford SAA, Omenn GS, Motul

sky AG A quantitative assessment of plasma homo-
cysteine as a nisk factor for vascular disease JAMA

1995,274 1049-1057

4. Egerton W, Silberberg J, Crooks R, Ray C, Dud-
man N Senal measures of plasma homocysteine af-
ter acute myocardial infarction Am J Cardiol 1996,
77 759-761

5. Lindgren A, Brattstrom L, Norrving B, Hultberg B,
Anderson A, Johansson BB Plasma homocysteine in
the acute and convalescent phases after stroke Stroke

1995,26 795-800

6. Evans RW, Shaten J, Hempel JD, Cutler JA, Kuller
LH Homocystemne and nsk of cardiovascular disease
n the Multiple Risk Factor Intervention Trial Arterio-
scler Thromb Vasc Biol 1997,17 1947-1953

7. Alfthan G, Pekkanen J, Juahianen M, et al Rela-
tion of serum homocysteine and iipoprotein(a) con-
centrations to atherosclerotic disease in a prospec-
tive Finnish population-based study Atherosclerosis

1994,106 9-19

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

9. Chasan-Taber L, Selhub J, Rosenberg IH, etal A
prospective study of folate and vitamin B6 and risk of
myocardial infarction in US physicians J Am Coll Nutr
1996,15 136-143

10. Verhoef P Hennekens CH, Malinow MR, Kok FJ,

Willett WC, Stampfer MJ A prospective study of
plasma homocyst(e)ine and nsk of ischemic stroke

Stroke 1994,25 1924-1930

11. Verhoef P, Hennekens CH, Allen RH, Stabler SP,
Willett WC, Stampfer MJ Plasma total homocyste-
ine and nisk of angina pectors with subsequent coro-
nary artery bypass surgery Am J Cardio/ 1997,79

799-801

12. Folsom AR, Nieto FJ, McGovern PG, et al Pro-
spective study of coronary heart disease incidence in
relation to fasting total homocysteine, related ge-
netic polymorphisms, and B vitamins Crculation 1998,
98 204 210

13. Arnesen E, Refsum H, Bonaa KH, Ueland PM,
Forde OH Nordrehaug JE Serum total homocyste-
ine and coronary heart disease Int J Epidemiol 1995,
24 704-709

14. Nygard O, Nordrehaug JE, Refsum H, Ueland PM,
Farstad M, Vollset SM Plasma homocysteine levels
and mortality in patients with coronary artery dis-
ease N Engl /] Med 1997337 230-236

15. Wald NJ, Watt HC, Law MR, Werr DG, McPart

hn J, Scott JIM Homocysteine and ischemic heart dis-
ease results of a prospective study with implications
regarding prevention Arch intern Med 1998,158

862-867

16. Taylor LM, LeFrang RD, Harris EJ, Porter IM The
association of elevated plasma homocysteine with pro-
gression of symptomatic peripheral artenal disease

J Vasc Surg 1991,13 128-136

17. Perry lJ, Refseumn H, Nomse RW, Ebratwm S8, Ueland
PM, Shaper AC Prospective study of serum total homo-
cysteine concentrations and nisk of stroke in middle aged
Bnhsh men Lancet 1995,346 1395-1398

18. Buning JE, Hennekens CH, for the Women'’s Heaith
Study Research Group The Women's Health Study

summary of the study design J Myocardial is-
chemia 1992,4 27-29

19. Shipchandler MT, Moore EG Rapid, fully auto-
mated measurement of plasma homocyst(e)ine with
the Abbott IMx analyzer Clin Chem 1995 41 991-
995

20. Altheim A, Auerbekk A, Holets-McCormack S, Shih
J Development of an assay for homocysteine on an
automated immunoassay analyzer [abstract] Clin
Chem 1998,44(suppl) A170

21. Malinow MR, Duell PB, Hess DL et al Reduc-
tion of plasma homocysteine levels by breakfast ce-
real fortified with folic acid in patients with coronary
heart disease N Engl J Med 1998,338 1009-1015
22. Selhub ), Jacques PE, Wilson PW, Rush D, Rosen
berg IH Vitamin status and intake as primary deter-
minants of homocysteinemia in an elderly popula
tion JAMA 1993,270 2693-2698

23, Verhoef P, Rimm EB, Hunter DJ, et al A com-
mon mutation in the methylenetetrahydrofolate re
ductase gene and nsk of coronary heart disease re-
sults among US men J Am Coll Cardiol 1998,32
353-359

24, MaJ, Stampfer M), Hennekens CH, et al Methy
lenetetrahydrofolate reductase polymorphism, plasma
folate, homocysteine and risk of myocardial infarction
in US physicians Circulation 1996,94 2410-2416
25. Brattstrom L, Wilcken DEL, Ohrvik J, Brudin L
Common methylenetetrahydrofolate reductase gene
mutation leads to hyperhomocysteinerma but not to
vascular disease the result of a meta-analysis Circu
lation 1998,98 2520-2526

26. Ridker PM, Buring JE, Shib J, Matias M, Hennek-
ens CH Prospective study of C-reactive protein and the
nsk of future cardiovascular events among apparently
healthy women Circulation 1998,98 731-733

JAMA, May 19, 1999—Vol 281, No 19 1821



