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Original Contributions

Dietary Intake of Folate and Risk of Strokein
US Men and Women
NHANES | Epidemiologic Follow-Up Study

Lydia A. Bazzano, PhD; Jiang He, MD, PhD; Lorraine G. Ogden, MS; Catherine Loria, PhD, MS;
Suma Vupputuri, PhD; Leann Myers, PhD; Paul K. Whelton, MD, MSc

Background and Purpose—Few population-based studies have examined the relationship between dietary intake of folate
and risk of stroke and cardiovascular disease (CVD). This study examines the association between dietary intake of

folate and the subsequent risk of stroke and CVD.

Methods—Study participants included 9764 US men and women aged 25 to 74 years who participated in the National
Health and Nutrition Examination Survey | Epidemiologic Follow-up Study (NHEFS) and were free of CVD at baseline.
Dietary intake of folate was assessed at baseline using a 24-hour dietary recall and calculated using ESHA software.
Incidence data for stroke and CVD were obtained from medical records and death certificates.

Results—Over an average of 19 years of follow-up, 926 incident stroke events and 3758 incident CVD events were
documented. Therelative risk (RR) was 0.79 (95% confidence interval [Cl], 0.63 to 0.99, P=0.03 for trend) for incident
stroke events and 0.86 (95% CI: 0.78 to 0.95, P<<0.001 for trend) for incident CVD events in the highest quartile of
dietary folate intake (median, 405.0 ug/day) compared with those in the lowest quartile (median, 99.0 wg/day), after
adjustment for established cardiovascular risk factors and dietary factors.

Conclusions—Our findings indicate an inverse relationship between dietary intake of folate and subsequent risk of stroke
and CVD. Increasing dietary intake of folate from food sources may be an important approach to the prevention of CVD

in the US population. (Stroke. 2002;33:1183-1189.)
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s early as 1969, homocysteine was hypothesized to
affect atherosclerotic processes.t Since that time, sub-
stantial evidence has accumulated linking homocysteine in
plasma and serum to the risk of cardiovascular diseases.2>
Folate and cyanocobalamin (vitamin By,) are important reg-
ulators of the metabolism of homocysteine in the body, and
studies have shown an inverse relationship between levels of
these factors and levels of homocysteine in the blood.6-8 In
addition, randomized controlled trials have demonstrated that
folate supplementation reduces blood levels of
homocysteine.1°
Epidemiological studies have also identified an inverse
relationship between blood concentrations of folate and
cardiovascular disease end points, including stroke.*-13 How-
ever, few studies have prospectively examined the relation-
ship between dietary intake of folate and the risk of cardio-
vascular diseases.’* To our knowledge, no previous
prospective study has reported a significant relationship
between dietary intake of folate and the risk of stroke.
The importance of examining the relationship between
dietary intake of folate and risk of cardiovascular disease is

See Editorial Comment, page 1188

underscored by the recent mandate for fortification of grain and
cered products with folate and recommendationsto further increase
levels1517 Therefore, we took advantage of the large sample sze
and prolonged follow-up experience of participants in the
NHANES | Epidemiologic Follow-up Study (NHEFS) to examine
the rdationship of dietary folate intake to subseguent risk of
cardiovescular diseese in a nationdly representative sample of the
US nonindtitutiondized population.

Subjects and Methods

Study Population

The first National Health and Nutrition Examination Survey
(NHANES 1) used a multistage, stratified, probability sampling
design to select a representative sample of the US civilian noninsti-
tutionalized population aged 1 to 74 years.1819 Certain population
subgroups, including those with alow income, women of childbear-
ing age (25 to 44 years), and elderly persons (65 years or older), were
oversampled. The NHEFS is a prospective cohort study of NHANES
| participants who were 25 to 74 years of age when the survey was
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conducted between 1971 and 1975. Of the 14 407 personsin this age
range at baseline, we excluded 1353 who had a self-reported history
of heart attack, heart failure, or stroke at baseline or had used
medication for heart disease during the preceding 6 months, and we
excluded 2893 NHANES | Augmentation Survey participants for
whom the study protocol did not include collection of dietary
information. Among the remaining participants, 397 (3.9%) were
lost to follow-up, leaving a total of 9764 participants who contrib-
uted 161 236 person-years of experience.

M easur ement

Basdine data collection induded a medica history, dietary assessment,
sandardized medical examination, laboratory tests, and anthropometric
messurements181° The dietary assessment included a single 24-hour
dietary recdl collected by trained NHANES | personnd using a standard-
ized protocol and 51 three-dimensonal models to estimate portion sze.
Dietary intake of folate was not availablein the origind NHANES | nutrient
database; therefore, a listing of the 3481 unique foods recorded during
collection of the 24 hour dietary recallswas obtained. Each uniquefood was
matched to a corresponding food item listed in the ESHA Food Processor
nutrient database by name and available nutrient content from NHANES |
documentation.° Participants dietary inteke of folate (ug/24 h), saturated
fat (9/24 h), and tota energy (kca/24 h) were cdculated. A rdliability
andys's was conducted to evauate correspondence between NHANES |
and ESHA nutrient databases. Intraclass corrdlation coefficients for nutrient
intakes derived usng NHANES | and ESHA food composition databases
ranged from 0.85 to 0.98, whereas graphicad methods aso demonstrated
good agreement for most nutrients (data not shown). Blood pressure, body
weight, and height were obtained using standard protocols8 Frozen sera
were sent to the Centers for Disease Control and Prevention for messure-
ment of serum totad cholesterol levels. The basdine questionnaire on
medica history included questions about sdlected hedth conditions and
medications used for these conditions during the preceding 6 months. Data
on education, physicd activity, and acohol consumption were obtained by
means of interviewer-administered questionnaires. Information on smoking
status was obtained in 6913 participants who underwent a more detailed
basdline examination.81° For the remaining study participants, information
on smoking status at basdline was derived from responses to questions on
lifetime smoking history obtained a their follow-up interviews between
1982 to 1984 or later.222 The vadidity of information obtained using this
gpproach has been documented.2324

Follow-Up Procedures

Follow-up data were collected between 1982 and 1984 and in 1986, 1987,
and 199221222526 Egch follow-up examination included tracking a partic-
ipant or hisher proxy to a current address, performing an in-depth
interview; obtaining hospitd and nursing home records, including pathol-
ogy reports and dectrocardiograms; and, for decedents, acquiring a degth
certificate. Incident stroke and cardiovascular disease events were based on
documentation of an event that met prespecified diagnostic criteria and
occurred during the period between the participant’s basdline examination
and lagt follow-up interview. Vdidity of study outcome data has been
documented.2”

Incident stroke was based on a desth certificate report in which the
underlying cause of desth was recorded with an International Classification
of Diseases, Ninth Revision (ICD-9) code of 430 to 438 or on one or more
hospital and/or nursing home stays in which the participant had a discharge
diagnosis with the above codes. Incident cardiovascular disease was based
on a death certificate report in which the underlying cause of degth was
recorded using an 1CD-9 code of 390 to 459 or on one or more hospita
and/or nursng home days in which the paticipant had a discharge
diagnosis with the above codes. The date of record for incident events was
identified by the date of first hospitl admission with an established study
event or date of deeth from a study event in the absence of hospitd or
nursing home documentation.

Statistical Analysis

Dietary folateintake was modeled asa categorical (quartile groups) variable
in primary andyses and modeled continuoudly in additiond analyses. In
continuous analyses, dietary folate intake was log transformed because of

right skew. Thedistribution of each basdline characteristic was ca culated by
quartile of dietary folate intake (mean or percent of study participants). The
datistical sgnificance of differences was examined by andysis of variance
(continuous variables) and by the y? test (categorica variables). Trend tests
were conducted using orthogona coefficients. The cumulative incidence of
cardiovascular diseese by quartile of dietary folate intake was caculated
using the Kgplan-Meer method,28 and differences in cumulative rates were
examined by thelog-rank test for trend.2° The adjusted rel ationship between
dietary intake of folate and risk of cardiovascular disease was modeled using
Cox regresson andysis® Cox proportiona hazard modes were dretified
by birth cohort usng 10-year intervals to control for calendar period and
cohort effects3! Age was used as the time-scde in dl timeto-event
andyses3t Methods to estimate variance that take into account sample
clugtering and dratification of the NHANES | sample were usad in the Cox
proportiond hazards models3! Because few participants remained and the
al-cause mortdity was dioroportionately high after age 85 years, dl
andyses were truncated & this age.

Results

In this cohort, the median folate intake was 203.7 ug per day with
an interquartile range of 164.6 ug per day. Compared with those
with alower inteke, participants with a higher dietary folate intake
tended to be mde and white (Table 1). Participants with a higher
intake of folate had, on average, a dightly lower systolic blood
pressure and serum tota cholesteral than those with alower dietary
folate intake. Hypertension and hyperchol esterolemia appeared less
often, on the whole, in paticipants with a higher folate inteke
compared with those with a lower intake. In addition, participants
who consumed higher levels of folate tended to perform more
recregtiona physica activity than their counterparts who consumed
lower levels of folate in their diet. Participantsin the lowest quartile
of folate intake had a higher body mass index than those in the
upper 3 quartiles. They were dso lesslikely to have completed high
schooal, be consuming acohal regularly, and be usng a vitamin
supplement; however, cigarette smoking did not differ across
quartile of dietary folate intake. Energy and saturated fat intakes
tended to be higher with progressvely higher intake of digtary
folate.

During the 161 236 person-years of follow-up between 1971 and
1992, 926 droke events and 3758 cardiovascular diseese events
were documented. Cumulative hazard of stroke by quartile of
dietary folae intake is presented in the Figure. The cumulative
hazard of stroke at age 85 years from the lowest to highest quartile
of digary folate intake was 38.6%, 34.3%, 34.6%, and 32.9%
(P=0.02 for trend). The cumulative hazard of cardiovascular
dissase did not dearly separate by quartile of dietary folateintakein
Kaplan-Meier plots.

Reative risks (RR) and corresponding 95% confidence intervals
(CI) for incidence of stroke and cardiovascular diseese by quartile of
dietary folate intake are presented in Table 2. In age-, race-, -,
and energy-adjusted andlyses, the risk of cardiovascular diseases
was sgnificantly and inversdy related to quartile of dietary folate
intake & basdine (P vaue for trend=0.03), wheress the risk of
droke was inversdy related to quartile of dietary folate intake with
borderline sgnificance (P vaue for trend=0.09). After further
adjusment for history of diabetes, systolic blood pressure, serum
cholesterol, body massindex, recregtiond physicd activity, leve of
education, regular acohol consumption, and current cigarette smok-
ing, dietary folate intake was sgnificantly and inversdy related to
the subsequent risk of stroke and cardiovascular diseese. Partici-
pants who consumed at least 300 ug of folate per day had a 20%
lower risk of stroke (RR, 0.80; 95% Cl, 0.64 to 0.99; P vaue for
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TABLE 1. Baseline Characteristics of 9764 NHEFS Participants According to Quartile of Folate Intake
Quartile of Folate Intake (ug/d) P Value for
Linear
Variable* <136.0 136.0-203.7 203.7-300.6 >300.6 Trend
No. of participants 2440 2441 2441 2442
Age, years 48.8+15.8 50.7+15.7 491+154 48.3+15.4 0.02
Men, % 20.6 326 43.8 56.1 <0.001
Whites, % 78.7 85.1 86.5 84.8 <0.001
Systolic BP, mm Hg 135.1£25.9 135.1+24.4 134.5+23.7 132.7+23.0 <0.001
Diastolic BP, mm Hg 83.5+13.4 83.2+13.1 83.2+13.2 82.9+125 0.15
Hypertension,T % 29.1 29.8 27.2 219 <0.001
Serum total cholesterol, mg/dL 222.0+49.9 222.5+49.0 219.7+48.4 217.1+48.2 <0.001
Hypercholesterolemia, % 33.2 33.6 30.9 27.6 <0.001
Diabetes, % 3.8 42 4.3 4.0 0.61
Body mass index, kg/m? 26.1+5.6 25.8+5.3 25.3+4.8 25.4+4.7 <0.001
Low recreational physical activity, % 51.1 48.3 43.4 42.0 <0.001
Less than high school education, % 52.8 46.0 435 451 <0.001
Current cigarette smoking, % 36.7 322 35.4 35.4 0.90
Regular alcohol consumption, % 17.2 22.4 26.6 28.2 <0.001
Vitamin supplement use,§ % 29.3 33.2 34.8 32.7 0.004
Took aspirin in the past 30 days, % 9.8 10.7 101 10.9 0.01
Dietary intake of saturated fat, g/24 h 17.8+11.0 23.4+125 28.8+£16.2 33.0+20.1 <0.001
Dietary intake of calories, kcal/24 h 1161503 1550555 1900+692 2326966 <0.001

NHEFS indicates National Health and Nutrition Examination Study | Epidemiologic Follow-Up Study; BP, blood pressure.

*Mean=SD or % of participants.

1Systolic blood pressure =160 mm Hg and/or diastolic blood pressure =95 mm Hg and/or use of antihypertensive medication.

$Serum cholesterol =240 mg/dL.

§Vitamin supplement use was defined as the regular or irregular use of any type of vitamin supplement.

trend=0.03) and a 13% lower risk of cardiovascular disease (RR,
0.87; 95% Cl, 0.79 to 0.96; P vaue for trend=0.002) than those
consuming less than 136 g of folate per day.

Results were consgent using the logarithm of dietary folate
intake as a continuous variable (Table 3). For indance, an incresse
in the log of folate intake representing the interquartile range was
asociated with a 9% lower risk of sroke (RR, 0.91; 95% Cl, 0.83
to 0.99; P=0.04) and an 8% lower risk of cardiovascular disease
(RR, 0.92; 95% Cl, 0.88 to 0.97; P<<0.001) &fter adjustment for
important cardiovascular disease risk factors.

The inverse asociations between digtary inteke of folate and
incidence of stroke and cardiovascular diseases seemed consstent
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Cumulative hazard of stroke according to quartile of dietary
folate intake in 9764 participants of the NHEFS cohort (log-rank
test of trend P value=0.02).

across genders, levels of physicd activity, and tobacco use. For
example, therisk of stroke among women in the highest quartile of
folate intake was 17% (RR, 0.83; 95% Cl, 0.60 to 1.14) lower than
thet of women in the lowest quartile, whereas the corresponding
estimate for men was 18% (RR, 0.82; 95% Cl, 0.61 to 1.11). For
smokers, the relative risk of stroke for the comparison of extreme
quartiles was 0.73 (95% Cl, 046 to 1.16), Smilar to thet of former
or nonsmokers (0.82; 95% Cl, 0.65 to 1.04). Estlimates of relative
risk for the comparison of extreme quartiles were smilar for
participants with low levels of recrestiond physical activity and
those with medium or high levels (RR, 0.84; 95% ClI, 0.59 to 1.18;
and RR, 0.77; 95% Cl, 0.58 to 1.02; respectively). Measures of the
association between dietary folate intake and cardiovascular disease
were aso comparable in groups based on gender, physical activity,
and tobacco use (data not shown).

Discussion
This progpective study documents the presence of an independent
and inverse relationship between dietary folae intake and risk of
groke and cardiovascular diseases in adults. Stroke is the third
leading cause of death and the most common basis for long-term
disability in the US generd population.32 Given the high mortdity
and cogt of trestment of stroke and other cardiovascular disease,
primary prevention should be a centra god of plans amed at
reducing its societd burden. The findings from this study suggest
that a higher intake of folate may be associated with alower risk of
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TABLE 2. Relative Risk and 95% Confidence Interval for Incidence of Stroke and Cardiovascular Disease

Incidence According to Quartile of Folate Intake for 9764 NHEFS Participants

Quartile of Folate Intake (wg/d) P Value for
Linear
Variable <136.0 136.0-203.7 203.7-300.6 >300.6 Trend
Number of participants 2440 2441 2441 2442
Person-years 40 258 39 583 40 545 40 850
Stroke
Events 254 244 224 204
RR (95% Cl)
Age, race, sex, energy-adjusted 1.00 0.89(0.73,1.09) 0.87(0.72, 1.06) 0.82(0.67,1.02) 0.09
Multivariate* 1.00 0.93(0.74,1.16) 0.85(0.71,1.02) 0.80 (0.64, 0.99) 0.03
Cardiovascular disease
Events 957 982 899 920
RR (95% Cl)
Age, race, sex, energy-adjusted 1.00 0.97 (0.89, 1.05) 0.88 (0.80, 0.98) 0.90 (0.82, 1.00) 0.03
Multivariate* 1.00 0.98 (0.89, 1.07) 0.88(0.79,0.97) 0.87(0.79, 0.96) 0.002

RR indicates relative risk; CI, confidence interval.

*Stratified by birth cohort and adjusted for age, race, sex, systolic blood pressure, serum cholesterol, body mass index, history of diabetes, physical
activity, level of education, regular alcohol consumption, current cigarette smoking, saturated fat intake, and total energy intake; n=9244.

droke in a representative sample of the US generd population and
have important public hedth implications.

Evidence reaing homocysteine levels in blood and risk of
cardiovascular diseese is @bundant. A metarandysis of 29 epidemi-
ologica studies indicates that elevated levels of homocydeine are
related to stroke and cardiovascular disease 3334 In addition, ditary
folate intake has been inversdly related to plasma leves of totd
homocysteine in saverd epidemiologica studies®-1033 At |east 1
prospective study has suggested the presence of an inverse associ-
ation between risk of stroke and serum concentrations of folatein a
separate random subsample of 2006 participantsinthe NHEFSwho
underwent a detailed physicd examination.* The latter study
auffered from a smal sample sze and few events (98 srokes),
which may have contributed to the lack of statistica significancein
mog findings. This study extends those results by examining the
asocidion between dietary folate and the risk of sroke and
cardiovascular disease in a much larger sample.

Few data are currently available regarding the effect of dietary
folate on risk of cardiovascular diseese. In 1998, Rimm et a4
identified asignificant inverse relationship between dietary intake of
folate from foods and supplements and subsequent risk of coronary
heart disease in a cohort of US nurses. That study did not report an

associdion between dietary folate and risk of stroke or the com-
bined outcome of cardiovascular disease and was conducted in a
sdect, highly educated, femae population that may have different
dietary characterigtics than the US generd population. Mean folate
intake in that study was 366 ug/day, wel above the nationa
average of 224 pg/day.** Our study is conducted in arepresentative
sample of the noningitutiondized US population, therefore our
findings are highly generdizable.

Folate supplementation reduces blood levels of homocysteine,
which many believeto beanimportant risk factor for cardiovascular
disease. The mechanism by which homocysteine may increase risk
of sroke and cardiovascular diseases remains unclear.3> Homocys
teine may promote atherogenesis by damaging the vascular matrix,
increasing proliferation of endothdlia cells, and facilitating oxida
tive injury of vascular walls3637 In addition, homocysteine may
increase coagulation and disturb endothelium-dependent vasomotor
reguldion.® To date, most experimentd studies have involved
extreme concentrations of homocysteine not present in the generd
population; therefore, the results of these studies may have limited
relevance3” In addition to regulation of homocyseine, folate itsdlf
may have vasculoprotective effects3® A recent randomized trid
demongtrated that supplementation with folic acid and vitamin By

TABLE 3. Relative Risk and 95% Confidence Interval for Stroke and
Cardiovascular Disease Incidence Associated with an Increase in Logarithm of
Dietary Folate Representing the Interquartile Range*

Age, Race, Sex,
Energy-adjusted

Multivariatet

RR (95% Cl) P Value RR (95% Cl) P Value
Stroke 0.93(0.85,1.01) 0.08 0.91(0.83, 0.99) 0.04
Cardiovascular disease 0.95(0.91, 0.99) 0.01 0.92 (0.88, 0.97) 0.001

*0.8 Log units or a 2.2-fold increase in folate intake.

tStratified by birth cohort and adjusted for age, sex, race, systolic blood pressure, serum cholesterol, body
mass index, history of diabetes, physical activity, education level, % of regular alcohol consumption, % of current
cigarette smoking, saturated fat intake and total caloric intake; n=9244.

Downloaded from stroke.ahajournals.org by on July 11, 2009


http://stroke.ahajournals.org

Bazzano €t al

reduces markers of endothelia dysfunction and the progression of
subclinicd atherosclerog s

It is possible that persons who consume high levels of folate in
their diet may have other dietary and nondietary lifestyle factorsthet
promote hedth, such as exercisng regularly, not smoking, usng
aspirin regularly, and consuming a diet low in saturated fa. To
reduce the impact of such “hedthy habits” the estimates of risk in
our study were adjusted for important potentiadd confounders of
cadiovascular disease like age, race, sex, education levd, recre-
ationa physca activity, cigarette smoking, diabetic satus, regular
acohol consumption, and totd energy intake. When vitamin sup-
plement use, often considered an indicator of a “hedthy lifestyle,”
was added to multivariate models, risk estimates did not change. In
multivariate modes adjusted for established cardiovascular disease
risk factors and vitamin supplement use, the relaive risks of stroke
and cardiovascular disease for the comparison of extreme quartiles
were 0.80 (95% CI from 0.64 to 0.99; P for linear trend=0.04) and
087 (95% CI from 0.79 to 0.97; P for linear trend=0.003),
respectively. When any aspirin usein the past 30 days was added to
models in addition to established cardiovascular risk factors, the
reldive risks of sroke and cardiovascular disease in extreme
quartiles were 0.82 (95% CI from 0.65 to 1.02; P for linear
trend=0.05) and 0.88 (95% CI from 0.79 to 0.97; P for linear
trend=0.004), respectively. Moreover, it isreassuring that when the
study population was examined by subgroups based on gender,
tobacco use, and physicad activity, the inverse association between
dietary inteke of folate and risk of stroke was consigtent in both
direction and magnitude.

The present study has severa limitations. One limitation of this
Sudy isthe estimation of dietary folateintake using asingle 24-hour
dietary recall. Because of day-to-day variability in participants food
intakes, estimates from asingle day of intake may not be represen-
tative of participants usud, long-term intake and SO may result in
misclassfication of usud folate consumption a the individud
leved 40-42 However, such random errors of measurement in folate
intake would tend to bias any observed association toward the null
rather than create a spurious association. Second, information on
folic acid supplementation from multivitamin use was not collected
in the NHANES | study. Therefore, folic acid supplements could
not be taken into account in the andysis. Although approximately
30% of our sample reported the regular or irregular use of any type
of vitamin supplement during their basdine examination (1971 to
1975), only 12.6% of persons reported regularly using multivita:
mins that may have contained folate, and they were equaly
distributed across levels of dietary folate intake. During the early
1970s when this data were collected, the folate content of vitamin
upplements was redtricted to 100 ug in asingle day’s preparation
available without prescription.*® Thus vitamin supplements may not
have been a Sgnificant source of folate in this sample and so may
not confound the relaionship we observed. Third, folate intake was
cdculated using a current nutrient database that might overestimate
folate intake over the whole study population because of changesin
the folate content of foods. This may not affect the rank of dietary
folateintake for each individua in the study population and thus not
bias our finding of an inverse asxociation between dietary folate
intake and risk of stroke. In addition, some NHANES | participants
may have underreported their dietary energy intake4445 However,
adjusment for energy intake in our analyses may have reduced the
potentia impact of such underreporting.

Dietary Intake of Folate and Risk of Stroke 1187

Thisstudy maintained severd strengths. Foremost, thisstudy was
conducted in a nationally representative sample of the noningtitu-
tiondlized US population; therefore these findings are broadly
generdizable. In addition, tempord relationships can be established
with confidence because intake of folate was estimated from dietary
information collected at basdine. Further, assessment of the inci-
dence of cardiovascular diseases occurred over an average of 19
years of follow-up, and more than 96% of the sudy participants
were successfully tracked through 1992.

In conclusion, these findings indicate that dietary intake of folate
from food sourcesisindependently and inversdly related to the risk
of droke and cardiovascular disease in a representative sample of
the noninditutionadized US population. Folate intake has been
inversdly related to homocysteine levels, animportant risk factor for
stroke and cardiovascular disease. Food fortification of folic acid
was mandated in 1996 to be fully implemented by 199815 A
fortification of 140 ug of synthetic folic acid per 100 g of enriched
grain product was used to provide an additiona 80 to 100 ug of
folic acid per day to the diet of women of childbearing age and 70
to 120 ug to the diet of middle-aged and older adults. Assuming a
causd and linear asociation between dietary folate intake and
sroke risk, an increase of 95 ug/day in the diet of middie-aged and
older adults would be consstent with an gpproximate 12% reduc-
tion in gsroke risk over 20 years based on our data. Given these
results, increasing inteke of folate from foods may be an important
eement in dietary interventions to reduce the incidence of stroke
and cardiovascular diseases Asin dl observationa epidemiologica
dudies, imperfect measurement of confounding variables and un-
meesured potentia confounders may bias study findings. Further
dudies designed to examine the rdlationship of dietary folate inteke
and risk of sroke and cardiovascular diseases are needed to shed
light on this important public hedlth issue.

Acknowledgments

This study was supported by grant RO3 HL61954 and in part by grant
RO1HL 60300 from the National Heart, Lung, and Blood Institute.
The NHANES | Epidemiologic Follow-up Study has been devel oped
and funded by the National Center for Health Statistics; National
Institute on Aging; National Cancer Institute; National Institute of
Child Health and Human Development; National Heart, Lung, and
Blood Institute; National Institutes of Mental Health; National
Institute of Diabetes and Digestive and Kidney Diseases; National
Ingtitute of Arthritis and Musculoskeletal and Skin Diseases; Na
tional Institute of Allergy and Infectious Diseases, National Institute
of Neurological and Communicative Disorders and Stroke; Centers
for Disease Control and Prevention; and US Department of Agriculture.

References

1. McCully KS. Vascular pathology of homocysteinemia: implications for
pathogenesis of arteriosclerosis. Am J Pathol. 1969;56:111-128.

2. Sdhub J, Jecques PF, Bostom AG, D’Agostino RB, Wilson PW, Beanger AJ,
O'Leary DH, Wolf PA, Schaefer EJ, Rosenberg IH. Association between plasma
homocysteine concentrations and extracranid carotid-artery stenosis. N Engl
J Med. 1995;332:286-291.

3. Stampfer MJ, Mdinow R, Willett WC, Newcomer LM, Upson B, Ullmann D,
Tishler PV, Hennekens CH. A prospective study of plasma homocyst(e)ine and
risk of myocardid infarction in US physicians. JAMA. 1992;268:877—881.

4. Wild NJ, Wett HC, Law MR, Weir DG, McPartlin J, Scott JM. Homocysteine
and ischemic heart dissaser results of a prospective sudy with implications
regarding prevention. Arch Intern Med. 1998;158:862—867.

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

Downloaded from stroke.ahajournals.org by on July 11, 2009


http://stroke.ahajournals.org

1188

6.

10.

11

13.

14.

15.
16.
17.

18.

19.

21

23.

24,

25.

Stroke May 2002

Sdhub J, Jecques PF, Wilson PWF, Rush D, Rosenberg IH. Vitamin status and
inteke as primary determinants of homocysteinemia in an elderly population.
JAMA. 1993;270:2693-2698.

. Brattstrom L. Vitamins as homocysteine-lowering agents. J Nutr. 1996;126:

1276S-1280S.

Jacob RA, Wu M, Henning SM, Swendssid ME. Homocysteine increases as
folate decreasss in plasma of hedthy men during short-term dietary folate and
methyl group restriction. J Nutr. 1994;124:1072-1080.

. Bogtom AG, Shemin D, Lgpane KL, Hume AL, Yoburn D, Nadeau MR,

Bendich A, Sdhub J, Rosenberg IH. High dose-B-vitamin trestment of hyper-
homocysteinemiain didyss paients. Kidney Int. 1996;49:147-152.

Lowering blood homocysteine with folic acid based supplements: metarandysis
of rendomised trids Homocysteine Lowering Tridists Collaboration. BMJ.
1998;316:894—898.

GilesWH, Kittner SJ, Anda RF, Croft JB, Casper ML. Serum folate and risk for
ischemic stroke: First National Hedlth and Nutrition Examination Survey Epide-
miologic Follow-up Study. Sroke. 1995;26:1116-1170.

. Morrison HI, Schaubel D, Desmeules M, Wigle DT. Serum folate and risk of

fata coronary heart disease. JAMA. 1996;275:1893-1896.

Loria CM, Ingram DD, Feldman JJ, Wright JD, Madans JH. Serum folate and
cardiovascular disease mortdity among US men and women. Arch Intern Med.
2000;160:3258-3262.

Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson JE, Hennekens
C, Sampfer MJ. Folate and vitamin B6 from diet and supplements in relation to
risk of coronary heart disease among women. JAMA. 1998;279:359-364.

Food standards: amendment of standards of identity for enriched grain products
to require addition of folic acid. Fed Regist. 1996,61:8781—-8797.

Oakley GP Jr. Let's increase folic acid fortification and include vitamin B-12.
AmJ Clin Nutr. 1997;65:1839-1890.

Oakley GP J. Eat right and take a multivitamin. N Engl J Med. 1998;338:
1060-1061.

Miller HW. Plan and operation of the Hedlth and Nutrition Examination Survey,
United States, 1971-1973: Nationd Center for Hedth Satitics. Vital Health Sat.
1978;1(10a):1—46.

Engd A, Murphy RS, Maurer K, Collins E. Plan and operation of the NHANES
I Augmentation Survey of Adults 25-74 years, United States, 1974-1975:
National Center for Hedth Statistics. Vital Health Sat. 1978;1(14):1—110.

. Food Processor for Windows, Nutrition Andyss, and Fitness Software, Version

7.0, User Manud. Sdem, Ore: ESHA Research Inc; 1987.

Cohen BB, Barbano HE, Cox CS, &t d. Plan and operation of the NHANES |
Epidemiologic Followup Study, 1982—-84: Nationd Center for Hedlth Statistics
Vital Health Sat. 1987;1(22):1-42

. Finucane FF, Freid VM, Madans JH, Cox CS, Kleinman JC, Rothwel ST,

Barbano HE, Feldman 10. Plan and operation of the NHANES | Epidemiologic
Followup Study, 1986: Nationd Center for Hedth Statidtics. Vital Health Sat.
1990;1(25):1-154.

McLaughlin X, Dietz MS, Mehl ES, Biot WJ. Reliability of surrogate infor-
mation on cigarette smoking by type of informant. Am J Epidemiol. 1987;126:
144-146.

Meclin SR, Kleinman JC, Madans JH. Vdidity of mortdity andysis based on
retrogpective smoking information. Sat Med. 1989;8:997—-1009.

Cox CS, Rothwell ST, Matans JH, et d. Plan and operation of the NHANES |
Epidemiologic Follow-up Study, 1987: Nationa Center for Hedlth Satistics. Vital
Health Sat. 1992;1:1-90.

26.

27.

28.

8B

Cox CS, Musxlino ME, Rothwell ST, Lane MA, Golden CD, Madans JH,
Feldman 0. Plan and operation of the NHANES | Epidemiologic Followup
Study, 1992: Nationd Center for Hedlth Statistics. Vital Heelth Sat. 1997;1(35):
1-231.

Madans JH, Reuben CA, Rothwell ST, Eberhardt MS. Differences in morbidity
measures and risk factor identification using multiple data sources: the case of
coronary heart disease. Sat Med. 1995;14:643-653.

Kagplan EL, Meer P. Nonparametric estimation from incomplete observations.
J Am Sat Assoc. 1958;53:457—-481.

. Tarone RE. Tests for trend in life table andysis. Biometrika. 1975;62:679—682.
. Cox RD. Regresson models and life tables (with discussion). J R Sat Soc [B].

1972;34:187-220.

. Korn EL, Craubard BI, Midthune D. Time-to-event andyss of longitudina

follow-up of asurvey: choice of thetime scae. AmJ Epidemiol. 1997;145:72—80.

32. American Heart Association. 2001 Heart and Stroke Statitical Update. Dallas,

Tex: American Heart Association, 2000.

33. Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG. A quantitative

assessment of plasmahomocysteine as arisk factor for vascular diseese: probable
benefits of increasing folic acid intakes. JAMA. 1995;274:1049-1057.

. Kittner SJ, Giles WH, Mako RF, et d. Homocyst(e)ine and risk of cerebra

infarction in a hiracid population: The Stroke Prevention in Young Women
Study. Stroke. 1999;30:1554—-1560.

. Hankey GJ, Eikelboom JW. Homocysteine and vascular disease. Lancet. 1999;

354:407-413.

36. Tsa JC, PerrdllaMA, Y oshizumi M, Hseh CM, Heber E, Schlegel R, Lee ME.

37.

41

42.

Promotion of vascular smooth muscle cdll growth by homocysteine: a link to
atherosclerosis. Proc Natl Acad Sci U SA. 1994;91:6369—6373.

Welch GN, Upchurch G X, Loscazo J. Hyperhomocyst(e)inemia and athero-
thrombosis. Ann N'Y Acad ii. 1997;811:48-58.

. Wilmink HW, Stroes ES, Erkelens WD, Gerritsen WB, Wever R, Banga D,

Rabdink TJ. Influence of falic acid on postprandia endothelid dysfunction.
Arteriocler Thromb Vasc Biol. 2000;20:185-188.

. Vermeulen EG, Stehouwer CD, Twisk JW, van den Berg M, de Jong SC,

Mackaay AJ, van Campen CM, Visser FC, Jekobs CA, Bulterjis EJ, Rauwerda
JA. Effect of homocysteine-lowering trestment with folic acid plus vitamin B6 on
progression of subclinica atherosclerosis: arandomised, placebo-controlled tridl.
Lancet. 2000;355:517-522.

. Posner BM, Martin-Munley SS, Smigelski C, CupplesLA, Cobb J_, Scheefer E,

Miller DR, D’ Agostino RB. Comparison of techniques for estimating nutrient
inteke: the Framingham Study. Epidemiology. 1992;3:171-177.

Buzzard IM. 24-Hour dietary recal and food record methods. In: Willett WC, ed.
Nutritional Epidemiology. New York, NY: Oxford University Press; 1998.
Gersovitz M, Madden JP, Smiciklas-Wright H. Vaidity of the 24-hour recall and
seven-day record for group comparisons. J Am Diet Assoc. 1978;73:48-55.
Food additives permitted in food for human consumption, pteroylglutamic acid.
Fed Regist. 1963,28:7425-7426.

. Klesges RC, Eck LH, Ray JW. Who underreports dietary intake in a digtary

recall? Evidence from the Second Nationd Hedlth and Nutrition Examination
Survey. J Consult Clin Psychol. 1995;63:438—444.

. Briefd RR, Sempos CT, McDowell MA, Chien S, Alaimo K. Dietary methods

research in the third Nationa Hedth and Nutrition Examination Survey. Am J
Clin Nutr. 1997;65:12035-1209S.

Editorial Comment

Folate and the Risk of Stroke: Fortify First and Ask Questions L ater?

In this aticle, Bazzano and colleagues demondrated an inverse
relationship between dietary intake of folate and the risk of stroke
and cardiovascular diseese. This association has been reported
previoudy in severd epidemiologic sudies, 4 but the present sudy

isthefirg to confirm its existence in alarge prospective cohort of a

representative sample of the US populaion. Peoplewhose dally diet
included at least 300 ug of folate (about three fourths of the current

US Recommended Daily Allowance of 400 ug) were about 20%
lesslikely to suffer a subseguent stroke than those whose daily diet
contained less than 136 ng. This relationship perssted even after
adjugting for other dietary and vascular risk factors. It is often
extraordinarily difficult to explore the connection between nutrition
and disease, both retrospectively and prospectively, because of
numerous potentid threststo vaidity such asinaccuracies of dietary
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recdl, varigbility in esting habits, and confounding by other dietary
and environmental exposures® The current study is certainly no
exception, but the authors address the limitations effectively in their
discusson. Thus, dong with the prior reports, Bazzano and col-
leagues have provided uswith credible class |1 evidence that greater
folate consumption is associated with a lower risk of subsequent
stroke, and support for a level B recommendation thet folate is
probably effective in stroke prevention.

As with dl observationd dudies the question of causdity
lingers® The relaionship is biologicaly plausble, as folate reduces
serum levels of homocysteine” However, the mechanisms by
which homocysteine increases the risk of vascular disease remain
uncertain and continueto be extensively studied in vascular biology.

An dternative approach to establishing causdity, which would
a0 provide upgraded class | evidence, may come in the form of
definitive randomized controlled clinicd trids. To determine if
folate supplementation is effective in primary or secondary preven-
tion of vascular events, 3 mgor trids are currently under way in
North America: the Vitamin Intervention for Stroke Prevention
(VISP) trid, the Women's Antioxidant Cardiovascular Disease
Study (WACS), and the Heart Outcomes Prevention Evauation-
The Ongoing Outcomes (HOPE-TOO) study. In each of thesetrids,
petients are randomly assigned to receive either high-dose folate
(25 to 5 mg daly) dong with vitamins B, (pyridoxine) and By,
(cobaamin) versus very low—dose folate (20 pg daily in VISP) or
placebo (in WACS and HOPE-TOO). There is a potentid conun-
drum facing these trids that may undermine their ahility to answer
thisimportant clinical question. Because of the evidence for reduc-
tion of neurd tube defects with folate, the US Food and Drug
Adminigtration mandated the addition of 140 ug of folic acid per
100 g of flour, rice, pasta, cornmedl, and related food products by
January 19988 The 3 mgor vascular studies started enrolling
patients after this date but had been designed before this date and
edimated the expected trestment effect and respective sample sizes
based on prior datathat did not reflect massive vitamin fortification
policies. In effect, the control arms of these studies are now exposed
to much higher levels of folate than was intended. Conseguently,
thereisahigh probability thet al 3 studies will be underpowered to
detect differences among groups® Moreover, negetive results from
these otherwise well-designed randomized dlinicd trials may be
believed to provide dass | evidence that folate supplementation
does not reduce the risk of vascular diseese, even if the data are
fdsdy negative due to these sample size consderations (ie, type I
eror).

Dietary Intake of Folate and Risk of Stroke 1189

How, then, are we to proceed in the face of this impending
possible paradox, and what should we recommend? The random-
ized trids should go on to completion, and thereis no ethicd issue
about withholding a “proven” therapy since even the control
patients are receiving some level of folate supplementation from
their diets. Even if individualy negative, the combined weight (ie,
future metarandyss) of these trids may have enough power to
detect atrestment effect if one doesin fact exidt. Further, thesetrials
may identify relevant subgroups for whom higher doses of folate
may be paticularly important. Findly, these trids may determine
whether there are any safety concerns with high doses of folate thet
have not been gpparent to date. Until then, outsde the context of
dinica trids, we should recommend (level B rating) dietary inteke
of a least 300 to 400 ug of folate for petients at risk for
cerebrovascular and cardiovascular disease. A ligt of breskfast
ceredsthat contain 100% of the recommended amount of folate can
be found at http:/Aww.cdc.gov/nchddd/folicacid/cered .htm.

Scott E. Kasner, MD, Guest Editor
Department of Neurology

Comprehensve Sroke Center

University of Pennsylvania Medical Center
Philadelphia, Pennsylvania

References

1. Giles WH, Kittner SJ, Anda RF, Croft JB, Casper ML. Serum folate and
risk for ischemic stroke: First National Health and Nutrition Examination
Survey epidemiologic follow-up study. Stroke. 1995;26:1166—1170.

2. Morrison HI, Schaubel D, Desmeules M, Wigle DT. Serum folate and risk of
fatal coronary heart disease. JAMA. 1996;275:1893-1896.

3. Loria CM, Ingram DD, Feldman 3J, Wright JD, Madans JH. Serum folate and
cardiovascular diseese mortality among US men and women. Arch Intern Med.
2000;160:3258-3262.

4. Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson JE, Hennekens
C, Slampfer MJ. Folate and vitamin B6 from diet and supplementsin relaion to
risk of coronary heart disease among women. JAMA. 1998;279:359-364.

5. Thompson FE, Byers T. Dietary assessment resource manud. J Nutr. 1994;
124(suppl):22455-2317S.

6. Kaufman JS, Cooper RS. Seeking causal explanations in socid epidemiology.
Am J Epidemiol. 1999;150:113-120.

7. Homocysteine Lowering Tridists Collaboration. Lowering blood homocysteine
with folic acid based supplements meta-andysis of randomised trids. BMJ.
1998;316:894—898.

8. Kesder DA, ShaddaDE. Food standards: amendment of standards of identity for
enriched grain products to require addition of folic acid. Fed Regist. 1996;61:
8781-8797.

9. Bosom AG, Salhub J, Jacques PF, Rosenberg IH. Power shortage: dlinicdl trids
testing the “homocysteine hypothesi's’ against abackground of folic acid-fortified
cered grain flour. Ann Intern Med. 2001;135:133-137.

Downloaded from stroke.ahajournals.org by on July 11, 2009


http://stroke.ahajournals.org

