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ALTHOUGH STROKE-RELATED

mortality has clearly de-
clined since the mid-20th
century,1 incidence rates of

stroke have been level since the mid-
1980s, and stroke remains a leading
cause of serious disability and death in
women.2 In the United States, approxi-
mately 600 000 cases of stroke ac-
counted for 160000 deaths in 1997.2 At
all ages, more women than men die of
stroke. Many of the approximately 4.4
million stroke survivors have perma-
nent disability, and the cost of stroke-
related care amounts to $40 billion each
year.3 Because known risk factors for
the development of stroke, including
hypercholesterolemia, hypertension,
obesity, and diabetes mellitus, can be
changed through dietary modifica-
tion, primary prevention holds much
promise.4 Few studies, however, have
specifically examined the relationship
of diet to stroke risk, especially among
women.5,6 Moreover, previous studies
have often failed to distinguish stroke
subtypes, although the pathologic
mechanisms for ischemic and hemor-
rhagic strokes are known to differ.4

Several epidemiological studies have
associated higher intakes of specific nu-
trients, such as dietary fiber, potas-

sium, and vitamin E, with a lower risk
of cardiovascular disease (CVD).7-10 Few
epidemiologic studies, however, have di-
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Context Although increased intake of grain products has been recommended to pre-
vent cardiovascular disease (CVD), prospective data examining the relation of whole
grain intake to risk of ischemic stroke are sparse, especially among women.

Objective To examine the hypothesis that higher whole grain intake reduces the
risk of ischemic stroke in women.

Design, Setting, and Participants A prospective cohort of 75521 US women aged
38 to 63 years without previous diagnosis of diabetes mellitus, coronary heart dis-
ease, stroke, or other CVDs in 1984, who completed detailed food frequency ques-
tionnaires (FFQs) in 1984, 1986, 1990, and 1994, and were followed up for 12 years
as part of the Nurses’ Health Study.

Main Outcome Measure Incidence of ischemic stroke, confirmed by medical re-
cords, by quintile of whole grain intake according to FFQ responses.

Results During 861900 person-years of follow-up, 352 confirmed incident cases of
ischemic stroke occurred. We observed an inverse association between whole grain
intake and ischemic stroke risk. The age-adjusted relative risks (RRs) from the lowest
to highest quintiles of whole grain intake were 1.00 (referent), 0.68 (95% confidence
interval [CI], 0.49-0.94), 0.69 (95% CI, 0.51-0.95), 0.49 (95% CI, 0.35-0.69), and
0.57 (95% CI, 0.42-0.78; P=.003 for trend). Adjustment for smoking modestly at-
tenuated this association (RR comparing extreme quintiles, 0.64; 95% CI, 0.47-0.89).
This inverse association remained essentially unchanged with further adjustment for
known CVD risk factors, including saturated fat and transfatty acid intake (multivariate-
adjusted RR comparing extreme quintiles, 0.69; 95% CI, 0.50-0.98). The inverse re-
lation between whole grain intake and risk of ischemic stroke was also consistently
observed among subgroups of women who never smoked, did not drink alcohol, did
not exercise regularly, or who did not use postmenopausal hormones. No significant
association was observed between total grain intake and risk of ischemic stroke.

Conclusions In this cohort, higher intake of whole grain foods was associated with
a lower risk of ischemic stroke among women, independent of known CVD risk fac-
tors. These prospective data support the notion that higher intake of whole grains may
reduce the risk of ischemic stroke.
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rectly examined the relationship be-
tween foods rich in such nutrients, par-
ticularly whole grains, fruits, and
vegetables, and risk of stroke, espe-
cially ischemic stroke. Such studies are
important because whole foods contain
numerous other beneficial phytochemi-
cals—many of which are not docu-
mented in existing databases11—and be-
cause the beneficial effects of specific
nutrients may not be apparent when ex-
amined individually because of poten-
tially important interactions between
them. Recently, we and others reported
that a higher intake of whole grains was
associated with a lower risk of coronary
morbidity12 and mortality.13 For this re-
port, we analyzed prospective data from
the Nurses’ Health Study from 1984-
1996 to evaluate the hypothesis that
greater whole grain intake reduces the
risk of ischemic stroke. A direct assess-
ment of the association between whole
grains and ischemic stroke can provide
notonly importantbiological insightsbut
also practical dietary guidance as well.

METHODS
The Nurses’ Health Study is a prospec-
tive cohort study of diet and lifestyle fac-
tors in relation to chronic diseases among
121700 female registered nurses aged 30
to 55 years at enrollment. The cohort was
initiated in 1976 when the participants
returned a mailed questionnaire about
various dietary and lifestyle risk factors
for chronic diseases.14 In 1980, we as-
sessed diet with a 61-item semiquanti-
tative food frequency questionnaire
(FFQ).14 In 1984, the FFQ was ex-
panded to include 126 items. Because the
expanded questionnaires contained nu-
merous additional food items that are im-
portant for assessing details of carbohy-
drate intake, we considered 1984 as the
baseline for the current analysis. We ex-
cluded respondents with previously di-
agnosed diabetes mellitus, angina, myo-
cardial infarction, stroke, or other CVDs
in 1984. The final eligible baseline popu-
lation for our analyses consisted of 75521
women aged 38 to 63 years.

Measurements of whole grain and re-
fined grain foods along with other as-
pects of diet were repeated in 1986,

1990, and 1994 using FFQs similar to
the one used in 1984. For each food, a
commonly used unit or portion size (eg,
1 slice of bread) was specified, and the
participant was asked how often on av-
erage during the previous year she had
consumed that amount. Nine re-
sponses were possible, ranging from
“never” to “six or more times per day.”
The type and brand of breakfast cereal
were also assessed. The method used
in classifying whole and refined grains
has been described previously.12,13 Spe-
cifically, whole grain foods included
dark bread, whole grain breakfast ce-
real, popcorn, cooked oatmeal, wheat
germ, brown rice, bran, and other grains
(eg, bulgur, kasha, and couscous). Re-
fined grain foods included sweet rolls
and cakes/desserts, white bread, pasta,
English muffins, muffins or biscuits, re-
fined grain breakfast cereal, white rice,
pancakes or waffles, and pizza. The list
of breakfast cereals reported in the FFQ
was evaluated for whole grain and bran
content based on data provided by the
package labels, and breakfast cereals
with 25% or more whole grain or bran
content by weight were classified as
“whole grain.” A full description of the
FFQs and data on reproducibility and
validity in this cohort have been pre-
viously reported.14,15 The perfor-
mance of the FFQ for assessing the in-
dividual grain products has been
documented to be high.16 For ex-
ample, comparing the FFQ with de-
tailed diet records in a sample of the
participants, correlation coefficients
were 0.75 for cold breakfast cereal, 0.71
for white bread, and 0.77 for dark bread.

Assessment of Stroke
We confirmed incident cases of stroke
by reviewing medical records. When
nonfatal stroke was reported on a fol-
low-up questionnaire, we obtained per-
mission to review the pertinent medi-
cal records and then classified stroke
according to the criteria recommended
by the National Survey of Stroke.17 Is-
chemic stroke was defined as a clinical
syndrome, including a constellation of
neurological findings of sudden or rapid
onset persisting for 24 hours or more,

and these findings were judged to be
from thrombotic or embolic occlusion
of a cerebral artery, resulting in infarc-
tion. “Silent” strokes were excluded, as
were events secondary to trauma, infec-
tion, or cancer. Deaths were reported by
next of kin or were obtained from postal
authorities or the National Death In-
dex.18 Because the pathologic mecha-
nisms for ischemic and hemorrhagic
strokes are known to differ,4 we fo-
cused on ischemic stroke in our analy-
ses to reduce end-point misclassifica-
tion. This is because the most likely
plausible benefits of whole grains may
be associated with the etiology of ar-
terosclerosis.

Data Analyses
Person-time for each participant was cal-
culated from the date of return of the
1984 questionnaire to the date of con-
firmation of stroke, death, or June 1,
1996, whichever came first. We ini-
tially examined distributions of indi-
vidual foods to create categories of con-
sumption with adequate person-time at
risk ineachcategory. Incidence rates then
were calculated by dividing the num-
ber of events by the person-time in each
category. The relative risks (RRs) were
estimated as the rate of ischemic strokes
in a specific category of intake of whole
grain or refined grain divided by the rate
in the lowest category. We then con-
ductedmultivariateanalysesadjusting for
age (5-year categories), body mass in-
dex (BMI; calculated as weight in kilo-
grams divided by the square of height in
meters) (6 categories), level of physical
activity (hours per week in 5 catego-
ries), smoking status (never, past, and
current: 1-14, 15-24, and $25 ciga-
rettes per day), alcohol intake (4 catego-
ries: never, 0.1-4.9 g/d, 5.0-14.9 g/d, and
$15.0 g/d), parental history of myocar-
dial infarction at age younger than 60
years (yes or no), self-reported (asked as
“doctor diagnosed” in the question-
naire) hypertension (yes or no) and high
bloodcholesterol level (yesorno),meno-
pausal status (premenopausal, post-
menopausal without hormone replace-
ment therapy, postmenopausal with past
hormone replacement therapy, or post-
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menopausal with current hormone re-
placement therapy), use of multivita-
mins or vitamin E supplements (yes or
no), saturated fat (quintiles), transfatty
acids (quintiles), and total energy in-
take (quintiles). Because fruit and veg-
etable intake5 was inversely associated
with risk of ischemic stroke, we con-
ducted a secondary analysis further ad-
justing for intake of fruits and veg-
etables (in quintiles). To further
minimize residual confounding effects of
smoking, alcohol consumption, physi-
cal inactivity, and use of postmeno-
pausal hormones, we examined the as-
sociation between whole grain intake and
risk of ischemic stroke in 4 subgroups
of women: never smokers, nondrink-

ers, inactive lifestyle, and nonusers of
postmenopausal hormones. Tests of lin-
ear trend across increasing categories of
grain intake were conducted by assign-
ing the medians of intakes in categories
(servings per day) treated as a continu-
ous variable. All P values were 2-sided.

To reduce within-person variation
and to best represent long-term diet, we
applied a cumulative average method
that used repeated measures of diet dur-
ing the 12-year follow-up. Details of this
method have been reported else-
where.19 Briefly, we used pooled logis-
tic regression20 to model the incident
cases of ischemic stroke using the cu-
mulative average diet from all cycles of
the FFQs up to the beginning of each

2-year follow-up interval. For ex-
ample, incidence of ischemic stroke
from 1984-1986 was related to the in-
take of whole grain and other dietary
variables assessed on the 1984 ques-
tionnaire, incidence from 1986-1990
was related to the average intake re-
ported in 1984 and 1986, and inci-
dence from 1990-1994 was related to
the average intake reported in 1984,
1986, and 1990. Intermediate end
points that occurred during the follow-
up, including angina, hypercholester-
olemia, diabetes mellitus, and hyper-
tension, could have led to changes in
diet and therefore may have con-
founded the associations between diet
and disease. Hence, we stopped updat-

Table 1. Baseline Characteristics According to Quintiles of Whole Grain Intake Among 75 521 US Female Nurses Aged 38-63 Years in 1984*

Variables

Quintiles of Whole Grain Intake

1 2 3 4 5

Servings per day, median (range) 0.13 (0-0.26) 0.43 (0.27-0.56) 0.85 (0.57-1.06) 1.31 (1.07-1.76) 2.70 (1.77-17.86)

Percentage of total
Parental MI at age ,60 y 15 15 14 14 14

Vigorous activity (at least once a week) 36 41 44 47 50

Physical activity, MET/wk† 2.9 3.1 3.2 3.4 3.5

Current smoker 35 28 23 18 16

Aspirin use 44 46 45 45 43

Multivitamin use 30 34 38 40 44

Vitamin E supplement use 12 14 16 19 24

Current hormone replacement‡ 20 22 23 26 27

Hypertension 22 22 22 20 19

Hypercholesterolemia 7.0 7.1 7.6 7.8 8.6

Mean (SD)
Age, y 49 (7) 49 (7) 50 (7) 51 (7) 52 (7)

Body mass index, kg/m2 25 (5) 25 (5) 25 (5) 25 (4) 25 (4)

Carbohydrate, g/d 178 (35) 180 (35) 185 (3) 190 (28) 195 (30)

Polyunsaturated fat, g/d 12 (3) 12 (3) 12 (3) 12 (3) 12 (3)

Monounsaturated fat, g/d 24 (5) 23 (5) 22 (4) 22 (4) 21 (4)

Saturated fat, g/d 23 (5) 23 (5) 22 (4) 21 (4) 20 (4)

Transfatty acids, g/d 3.6 (1.2) 3.5 (1.1) 3.4 (1.0) 3.2 (1.0) 3.1 (1.1)

Cholesterol, mg/d 292 (111) 293 (93) 289 (90) 281 (88) 269 (92)

Fruits and vegetables, servings/d 4.5 (1.5) 5.2 (1.5) 5.7 (1.6) 6.3 (1.7) 6.9 (1.9)

Dietary fiber, g/d 14 (4) 15 (4) 16 (4) 18 (4) 20 (5)

Alcohol, g/d 7.9 (13) 7.5 (12) 7.1 (11) 6.5 (10) 6.1 (10)

Dietary vitamin E, mg/d 5.8 (2.8) 6.2 (2.9) 6.4 (3.0) 6.8 (3.7) 7.0 (3.6)

Folate, µg/d 334 (225) 359 (223) 384 (226) 414 (228) 432 (237)

Potassium, g/d 2714 (593) 2819 (550) 2907 (537) 3001 (536) 3066 (553)

Magnesium, mg/d 248 (59) 266 (57) 284 (55) 304 (59) 342 (68)

*Whole grain included dark bread, whole grain breakfast cereal, popcorn, cooked oatmeal, wheat germ, brown rice, bran, and other grains (eg, bulgur, kasha, and couscous).
Breakfast cereal with 25% or more whole grain or bran content by weight was classified as “whole grain.” MI indicates myocardial infarction.

†Metabolic equivalent (MET) hours = sum of the average time per week spent in each activity 3 MET value of each activity.

MET value =
(energy need/body weight/hour activity)

(energy need/body weight/hour at rest)
‡Hormone therapy use among postmenopausal women.
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ing information on diet at the begin-
ning of the interval during which those
conditions were diagnosed in a partici-
pant.

RESULTS
At baseline in 1984, the mean daily in-
take of whole grain foods was 1.12 serv-
ings per day. The median intake of
whole grain ranged from virtually no
consumption (0.13 servings/d) in the
lowest quintile to nearly 3 servings per
day in the highest quintile (TABLE 1).
Women with a high intake of whole
grains smoked less, exercised more, and
were more likely to use postmeno-
pausal hormones or take multivita-
mins or vitamin E supplements. Greater
whole grain intake also was associated
with higher intakes of carbohydrates,
fruits and vegetables, dietary fiber, and
folate, but lower intakes of fats, cho-
lesterol, and alcohol (Table 1). Body
mass index and history of parental myo-
cardial infarction at age younger than
60 years did not vary appreciably across
quintiles of whole grain intake. In con-
trast, findings were generally reversed
for the associations between these life-
style factors and the intake of refined
grains.

Intakes of both total grains and whole
grains increased from 1984-1994, while
intake of refined grain remained fairly
stable over time (TABLE 2). The mean
intake of whole grains increased from
1.12 servings per day in 1984 to 1.36
servings per day in 1994. The Spear-
man correlation coefficients between
any 2 assessments of whole grain in-
takes reported from 1984-1994 ranged
from 0.44-0.61, depending on the close-
ness in the time of assessments.

During 12 years of follow-up (861900
person-years), 352 confirmed incident
cases of ischemic stroke occurred. We
observed a strong inverse association be-
tween whole grain intake and risk of is-
chemic stroke but no significant asso-
ciation between refined grain intake and
ischemic stroke risk (TABLE 3). Com-
paring women in the highest with the
lowest quintiles of intake, the age-
adjusted RRs of ischemic stroke were
0.57 for whole grain intake (95% con-

fidence interval [CI], 0.42-0.78; P=.003
for trend) and 0.90 for refined grain in-
take (95% CI, 0.64-1.26; P= .30 for
trend). In multivariate models of whole
grain intake and ischemic stroke risk,
smoking was the strongest confound-
ing factor. While adjustment for smok-
ing attenuated the inverse relation be-
tween whole grain intake and risk of
ischemic stroke, it remained strong and
significant (RR, 0.64; 95% CI, 0.47-
0.89, when comparing the 2 extreme
quintiles; P=.04 for trend). In a multi-
variate model adjusting for known CVD
risk factors, including saturated fat and
transfatty acids, the inverse relation be-
tween whole grain intake and risk of is-
chemic stroke remained essentially un-
changed (RR, 0.69; 95% CI, 0.50-0.98,
when comparing the 2 extreme quin-
tiles; P=.08 for trend) (Table 3). Addi-
tional adjustment for intake of fruits and
vegetables did not materially change the
inverse relation between whole grain in-
take and risk of ischemic stroke (RRs
across increasing quintiles of whole grain
intake were 1.00, 0.73, 0.78, 0.61, and
0.70; P=.09 for trend).

To further minimize residual con-
founding effects of smoking, alcohol
consumption, physical inactivity, and
use of postmenopausal hormones, we
examined the stratified models of whole
grain intake and risk of ischemic stroke
in 4 subgroups of women: never smok-
ers, nondrinkers, inactive lifestyle, and
nonusers of postmenopausal hor-
mones. The reduction in risk of ische-
mic stroke associated with a high in-

take of whole grain was even stronger
among never smokers (RR, 0.50; 95%
CI, 0.34-0.76; P=.006 for trend), while
it remained essentially unchanged from
the overall results among nondrink-
ers, women who did not engage in vig-
orous physical activity, or nonusers of
postmenopausal hormones (TABLE 4).
In addition, we found that the inverse
relation of whole grain intake to risk of
ischemic stroke was similar regardless
of levels of intake of saturated fat or
transfatty acids, BMI, or physical activ-
ity levels.

To determine whether the effects of
whole grains exceed their potential
known mediators, we examined
whether the inverse relation of whole
grain intake to ischemic stroke risk
could be attributed to increased in-
takes of dietary fiber, folate, potas-
sium, magnesium, and vitamin E. Af-
ter these constituents of whole grains
were simultaneously included in a mul-
tivariate model, the association of whole
grain intake with risk of ischemic stroke
was somewhat attenuated (RR, 0.76;
95% CI, 0.51-1.15, when comparing the
highest vs the lowest quintiles; P=.38
for trend).

We also examined the relations of
whole grain intake to risk of total stroke.
An inverse association was found for to-
tal stroke (multivariate-adjusted RRs
across increasing quintiles of whole
grain intake were 1.00, 0.90, 0.92, 0.79,
and 0.77; P=.06 for trend). Relatively
few cases of hemorrhagic stroke (n=76)
occurred among the participants of the

Table 2. Whole Grain and Refined Grain Intakes Assessed in 1984, 1986, 1990, and 1994
Food Frequency Questionnaires in the Nurses’ Health Study*

Variables

Servings per Day, Mean (SD) and Median (Range, 25th-75th Percentiles)

1984 1986 1990 1994

Total grain 3.24 (1.83) 3.22 (1.83) 3.47 (1.89) 3.51 (1.89)

2.90 (1.95-4.17) 2.89 (1.97-4.10) 3.11 (2.19-4.38) 3.12 (2.25-4.38)

Whole grain† 1.12 (1.12) 1.24 (1.16) 1.43 (1.21) 1.36 (1.19)

0.85 (0.29-1.49) 0.99 (0.43-1.64) 1.14 (0.57-1.92) 1.07 (0.56-1.79)

Refined grain‡ 2.12 (1.56) 1.98 (1.50) 2.04 (1.50) 2.14 (1.50)

1.70 (1.04-2.82) 1.61 (0.97-2.55) 1.68 (1.05-2.62) 1.77 (1.13-2.71)

*The Spearman correlation coefficient between any 2 measurements of whole grain intake ranged from 0.44-0.61,
which was closely related to proximity in time of assessments.

†Whole grain included dark bread, whole grain breakfast cereal, popcorn, cooked oatmeal, wheat germ, brown rice,
bran, and other grains (eg, bulgur, kasha, and couscous).

‡Refined grain included sweet rolls and cakes/desserts, white bread, pasta, English muffins, muffins or biscuits, re-
fined grain breakfast cereal, white rice, pancakes or waffles, and pizza.
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Nurses’ Health Study between 1984 and
1996, so the power to detect an asso-
ciation between whole grain intake and
risk of hemorrhagic stroke was lim-
ited. Whole grain intake did not ap-
pear to reduce the risk of hemorrhagic
stroke, with an age- and smoking-
adjusted RR for hemorrhagic stroke of
1.01 (95% CI, 0.44-2.32, when com-
paring the 2 extreme quintiles of whole
grain intake; P=.98 for trend) and a
multivariate-adjusted RR of 1.15 (95%
CI, 0.51-2.58; P=.90 for trend). The
number of incident fatal strokes was

also small (n=91), and the multivariate-
adjusted RR was 0.91 (95% CI, 0.37-
2.20; P=.33 for trend) when compar-
ing the 2 extreme quintiles of whole
grain intake.

COMMENT
In this large prospective study, the
higher the consumption of whole grain
foods the lower the risk of ischemic
stroke, independent of a variety of CVD
risk factors. Because whole grain in-
take was reported through a self-
administered FFQ, measurement er-

rors were inevitable. However,
assessment of whole grain foods by the
questionnaires used in this study had
relatively high validity (r.0.70 for most
whole grain foods when compared with
a 7-day dietary record). Our FFQ was
designed to minimize day-to-day varia-
tion by assessing an average long-
term dietary intake. More impor-
tantly, it can clearly discriminate
participants’ dietary patterns and rank
them accordingly.21,22 For example, in
a sample of nurses without diabetes
mellitus or coronary heart disease who

Table 3. Ischemic Stroke According to Quintiles of Intake of Grains Among 75 521 US Female Nurses Aged 38-63 Years From 1984-1996*

Food Group

Quintiles of Consumption, RR (95% CI)

1 2 3 4 5 P for Trend

Whole Grain

Cases, No. 91 64 71 55 71

Person-years 172 713 173 432 170 300 173 194 172 261

Model 1: age-adjusted 1.00 0.68 (0.49-0.94) 0.69 (0.51-0.95) 0.49 (0.35-0.69) 0.57 (0.42-0.78) .003

Model 2: age- and smoking-adjusted 1.00 0.71 (0.52-0.98) 0.78 (0.57-1.06) 0.56 (0.40-0.79) 0.64 (0.47-0.89) .04

Model 3: model 2 plus other known
CVD risk factors

1.00 0.72 (0.53-1.00) 0.78 (0.58-1.08) 0.60 (0.43-0.86) 0.69 (0.50-0.98) .08

Refined Grain

Cases, No. 84 79 74 57 58

Person-years 173 076 171 453 172 409 172 955 172 008

Model 1: age-adjusted 1.00 1.06 (0.78-1.44) 1.08 (0.79-1.48) 0.86 (0.62-1.20) 0.90 (0.64-1.26) .30

Model 2: age- and smoking-adjusted 1.00 1.05 (0.78-1.43) 1.11 (0.81-1.51) 0.87 (0.62-1.21) 0.89 (0.63-1.25) .30

Model 3: model 2 plus other known
CVD risk factors

1.00 1.11 (0.81-1.52) 1.18 (0.85-1.64) 0.94 (0.66-1.35) 0.97 (0.67-1.42) .58

Total Grain

Cases, No. 93 70 70 53 66

Person-years 172 522 172 116 172 208 172 815 172 240

Model 1: age-adjusted 1.00 0.77 (0.56-1.04) 0.76 (0.56-1.03) 0.56 (0.40-0.78) 0.72 (0.52-0.98) .08

Model 2: age- and smoking-adjusted 1.00 0.83 (0.61-1.13) 0.82 (0.60-1.13) 0.62 (0.44-0.87) 0.78 (0.56-1.07) .23

Model 3: model 2 plus other known
CVD risk factors†

1.00 0.83 (0.60-1.15) 0.82 (0.59-1.16) 0.62 (0.43-0.92) 0.79 (0.54-1.18) .16

*RR indicates adjusted relative risk; CI, confidence interval; and CVD, cardiovascular disease.
† Multivariate model 3 includes the following: age (5-year categories), body mass index (6 categories), physical activity (hours per week, in 5 categories), cigarette smoking (never,

past, and current smoking of 1-14, 15-24, and $25 cigarettes per day), alcohol intake (4 categories: never, 0.1-4.9 g/d, 5.0-14.9 g/d, and $15.0 g/d), parental history of myo-
cardial infarction at ,60 years of age (yes or no), aspirin use (yes or no), menopausal status (premenopausal, postmenopausal without hormone replacement therapy, post-
menopausal with past hormone replacement therapy, or postmenopausal with current hormone replacement therapy), self-reported hypertension (yes or no), self-reported high
blood cholesterol level (yes or no), use of multivitamins or vitamin E supplement (yes or no), saturated fat (quintiles), transfatty acids (quintiles), and total energy intake (quintiles).

Table 4. Ischemic Stroke According to Quintiles of Whole Grain Intake in Subgroups of Women From 1984-1996*

Subgroups

Whole Grain Quintiles, RR (95% CI)

P for Trend1 (Lowest) 2 3 4 5 (Highest)

Never smokers (n = 238) 1.00 0.63 (0.43-0.92) 0.68 (0.47-0.98) 0.57 (0.38-0.84) 0.50 (0.34-0.76) .006

Nondrinkers of alcohol (n = 94) 1.00 0.92 (0.49-1.71) 0.85 (0.46-1.59) 0.55 (0.27-1.10) 0.72 (0.39-1.36) .22

No vigorous physical activity (n = 201) 1.00 0.80 (0.53-1.20) 0.83 (0.55-1.24) 0.42 (0.25-0.69) 0.73 (0.48-1.11) .08

No use of postmenopausal hormones (n = 249) 1.00 0.93 (0.64-1.35) 1.00 (0.69-1.45) 0.75 (0.50-1.13) 0.69 (0.46-1.05) .05

*The multivariate model was simultaneously adjusted for all the covariates of multivariate model 3 as defined in Table 3 except the stratified variables. RR indicates adjusted relative
risk; CI, confidence interval.
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provided fasting blood samples, we ob-
served a positive dose-response rela-
tion between fasting plasma levels of tri-
glycerides and dietary carbohydrate that
was consistent with findings from con-
trolled metabolic experiments.23,24 Fur-
thermore, any measurement error in as-
sessing whole grain intake should not
be related to stroke end point because
dietary assessments were completed be-
fore the end points occurred. This kind
of nondifferential misclassification
would tend to weaken the association
between whole grain intake and ische-
mic stroke risk and would not explain
the significant 40% lower risk rate for
ischemic stroke associated with a high
intake of whole grain.

Several potential alternative expla-
nations need to be considered when
interpreting our findings. First, the
association between whole grain
intake and ischemic stroke may be
because of other potential confound-
ing factors. As expected, a higher
intake of whole grains was correlated
with a generally healthy lifestyle.
However, the apparent protective
effect of whole grain consumption
persisted in multivariate models that
accounted for known CVD risk fac-
tors. Furthermore, the apparent
inverse relation between whole grain
intake and risk of ischemic stroke was
remarkably consistent among sub-
groups of women who were never
smokers, did not drink alcohol, did
not report regular vigorous physical
activity, or did not use postmeno-
pausal hormones. This argues against
the possibility of residual confounding
from these known risk factors.

Because women with a high back-
ground risk of ischemic stroke, such as
those with diabetes mellitus, hyperten-
sion, or hypercholesterolemia, may
change their diet after being diag-
nosed with these conditions, the asso-
ciations between whole grain intake and
ischemic stroke may be confounded by
these indications. In addition, interme-
diate end points that occurred during
the follow-up, including angina, hy-
percholesterolemia, diabetes mellitus,
and hypertension, also could have led

to changes in diet and therefore may
have confounded the associations be-
tween diet and disease. To account for
this, we stopped updating informa-
tion on diet at the beginning of the in-
terval during which those conditions
were diagnosed in a participant. Al-
though we could not entirely exclude
the possibility of confounding by indi-
cation, it seemed more likely that the
protective effect of whole grain intake
would be underestimated because
women who perceived themselves to be
at increased risk of ischemic stroke
would tend to increase their intake of
whole grain foods. Similar findings were
observed when women with those con-
ditions at baseline in 1984 were ex-
cluded from the main analysis. Also,
these results are internally consistent
with our previous report of an inverse
association between whole grain con-
sumption and risk of coronary heart dis-
ease in this cohort of female nurses.12

Because of the differences in etiologic
mechanisms between hemorrhagic and
ischemic stroke, the finding that con-
sumption of whole grains was not as-
sociated with risk of hemorrhagic stroke
indirectly strengthens the interpreta-
tion that the inverse relation between
whole grain and ischemic stroke that
we observed may be mechanistic rather
than because of chance or bias.

The protective effect of whole
grains against ischemic stroke may
involve multiple biological pathways,11

and the active ingredients in whole
grains that may impart this risk reduc-
tion are not completely understood.
Whole grains contain an abundance
of antioxidants, minerals, phyto-
chemicals, and fibers in both the outer
(bran) and inner (germ) layers, both
of which are removed during process-
ing. Of the myriad compounds found
in whole grains, folate, vitamin E,
magnesium, potassium, and fibers
have received much attention. Folate
can lower homocysteine blood levels
by converting homocysteine to
methionine, and a high intake of folate
has been associated with a lower risk
of coronary events.25 High serum
homocysteine and low serum folate

levels also have been associated with
carotid artery stenosis.26 Greater intake
of potassium, magnesium, and vitamin
E also has been independently associ-
ated with reduced risks of coronary
events or ischemic stroke.7-10,27 Finally,
intake of cereal fiber has been consis-
tently associated with lower risk of
coronary events in prospective cohort
studies,9,28 which also may explain the
protective effects of whole grains.
Because our primary objective was to
evaluate the total impact of whole
grains on risk of ischemic stroke, we
did not control for the effects of these
whole grain constituents in our pri-
mary analyses. In our secondary analy-
ses, however, we examined whether
the protective effects of whole grains
are limited to these known constitu-
ents or go beyond them. Adjustment
for these components of whole grain
foods attenuated the inverse relation of
whole grain intake with ischemic
stroke, suggesting that the apparent
protective effect of whole grains can be
partially attributed to these protective
constituents. However, the inverse
relation remained (although it was not
statistically significant), indicating that
other constituents may contribute to
additional protection. Before generaliz-
ing our findings to the other popula-
tions, it is important to consider that
our study cohort was approximately
98% white. Because nonwhite women
are underrepresented, when findings
are expected to differ significantly
according to underlying biological dif-
ferences between ethnic groups, stud-
ies in other populations will be desir-
able to confirm our findings.

Survey data indicate that most of the
grains consumed in the United States
are processed and refined,29 with the av-
erage consumption of whole grain prod-
ucts at approximately one-half serv-
ing per day.30 In this cohort of female
nurses, whole grains accounted for only
one third of the servings of total grains,
and median consumption of whole
grain foods was 1 serving per day. Even
the women in the top quintile of whole
grain intake barely approached the 3
servings per day that are generally rec-
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ommended.31 Given that the inverse re-
lation we observed between whole grain
intake and ischemic stroke risk in this
cohort of women was continuous, al-
though risk reduction seemed to level
off at the fourth quintile (about a 30%-
40% lower risk rate of ischemic stroke
associated with 1.3 servings per day),
replacing refined grains with whole

grains by even 1 serving a day may have
significant benefits in reducing the risk
of ischemic stroke.

In conclusion, higher intakes of whole
grain foods were associated with a lower
risk of ischemic stroke, independent of
known CVD risk factors, in this large
population of women. These findings
support thehypothesis that increasing in-

take of whole grains may help reduce the
incidence of ischemic stroke.
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