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Is Ischemic Stroke Risk Related to Folate Status or Other
Nutrients Correlated With Folate Intake?
Lu-Chen Weng, MSc; Wen-Ting Yeh, MSc; Chyi-Huey Bai, PhD; Hsin-Jen Chen, MSc;
Shao-Yuan Chuang, PhD; Hsing-Yi Chang, PhD; Bi-Fong Lin, PhD; Kuan-Ju Chen, PhD;
Wen-Harn Pan, PhD
Background and Purpose—Folate status was inversely associated with plasma homocysteine concentration, a potential
risk factor of cardiovascular disease. However, it is uncertain whether folate is causally associated with risk of ischemic
stroke (IS). We aimed to examine the association between IS incidence and folate intake, biochemical folate status, and
folate associated nutrients.
Methods—Information on baseline characteristics and food frequency questionnaire was collected in 1990 to 1993 and
included for analyses data from 1772 adults over 40 years, who were free of stroke and cancer at baseline from the
CardioVascular Disease risk FACtor Two-township Study. Multivariate Cox proportional hazard model was used to
relate baseline nutrient status with IS event.
Results—Over an average of 10.6 years of follow-up, 132 incident IS events were documented. Low folate intake (1st and
2nd quartiles) was significantly and independently associated with increased IS risk (HR⫽1.61; 95% CI: 1.04 to 2.48
and HR⫽1.82; 95% CI: 1.20 to 2.76) compared with those in the 3rd and 4th quartile combined, whereas no association
was observed for plasma folate concentration. On the other hand, several nutrients correlated with dietary folate: vitamin
B2, potassium, iron, vitamin A of plant origin, calcium were also associated with IS risk in an inverse linear manner
with HR ranging from 1.5 to 1.9 for the first quartile.
Conclusions—The protective association of dietary folate on IS risk may be in part through that of other correlated
nutrients or other dietary components. (Stroke. 2008;39:3152-3158.)
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S

troke is the second leading cause of death in the world1
as well as in Taiwan.2 Quality of life was greatly
diminished in stroke survivors resulting from the residual
disability.
In 1960s, McCully first suggested a link between homocysteine and arterial lesions and proposed the “Homocysteine
Theory of Arteriosclerosis”.3,4 Numerous studies had shown
that higher homocysteine concentration has been positively
associated with risk of cardiovascular disease (CVD).5– 8
Because folate is involved in the one carbon pathway concerning homocysteine metabolism, folate intake and plasma/
serum folate concentration were therefore hypothesized to
associate with CVD risk by modulating homocysteine concentration.9 –19 However, prospective studies from different
populations showed inconsistent association between serum/
plasma folate concentration and ischemic stroke (IS).9,16 –18
Similarly, higher folate intake associated with reduced IS risk
in the study of US health professional men14 and Finnish male
smokers,19 but not in those of U.S. nurses13and Swedish.16

Nutrients in foods are consumed in a pattern-like manner.
Caution is required to conclude an effect of a single nutrient
on disease risk. In population-based studies, levels of fiber,
potassium, magnesium, flavonoid, carotenoid, calcium, vitamin B6, or B12, has also been suggested to associate with
CVD risk.14,20 –27 Fruits and vegetables, which are the major
sources of folate, also contain many of these CVD related
nutrients. Taiwanese elderly consumed in average approximately three servings of vegetables and one and half servings
of fruit a day.28 Their mean intake of vitamin A and vitamin
C were well above Taiwanese Daily Recommended Intakes
(DRI). Mean daily folate intake was around 90% DRI.29
However, those of potassium, magnesium, and calcium were
much below DRI in the elderly,28 probably attributable to a
low amount of dairy products in the diet. Therefore, in this
study, we not only aimed to assess the associations of dietary
or plasma folate with IS incidence, but also tried to identify
nutrient pattern associated with folate intake and IS risk in
Taiwan where intracranial disease is relatively prevalent.30
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Materials and Methods
Research Design
CardioVascular Disease risk FACtor Two-township Study (CVDFACTS) began in 1989. Five villages with more than 1000 people
and with population density greater than 200 people per square
kilometer were randomly selected from Chu-Dong township (northwest Taiwan) and Pu-Tzu township (southwest Taiwan). Until now,
there have been five cycles (1989 to 1990, 1990 to 1993, 1994 to
1997, 1997 to 1999, and 2000 to 2002) of data collections to acquire
information from participants on lifestyle, risk factors, medications,
and medical history concerning CVD. Blood and urine samples were
also collected for these cycles. This study was initiated in late 1980s
when IRB review was not required; however, the study had been
approved by the reviewers from the Department of Health and
National Health Research Institutes in Taiwan when various projects
were funded. Signed inform consents have been obtained for cycle 4
and cycle 5.
Cycle 1 was considered as a pilot study focusing on body-fluid
transmitted viruses. In cycle 2 (Nov 1990 to Sep 1993), all the
residents in the chosen villages were invited to participate in our
study. Participants with food frequency questionnaire in cycle 2 was
selected as the baseline samples in this study (n⫽6314). Because
very few stroke events were observed for those younger than 40
years old, we selected subjects who were older than 40 (n⫽3282). In
addition, we excluded people with history of cancer, stroke which
may have changed their dietary habits (n⫽84), and people who had
missing values for Food Frequency Questionnaire (n⫽613), for other
variables (n⫽797), or was lost of follow-up (n⫽11). Excluded also
were subjects who had extreme dietary data (n⫽5). We only
included subjects with a total energy intake range between 500 to
5500 kcal/d for men and 500 to 4000 kcal/d for women. There were
1772 and 1687 subjects included in dietary and plasma studies,
respectively.

Food Frequency Questionnaire and Dietary
Nutrient Estimation
The Food Frequency Questionnaire (FFQ) was designed to assess the
dietary intake for the previous year. Included were 49 food items of
the 8 food groups (milk and soymilk, vegetables, fruits, meats, egg
and soybean products, seafood, drinks, and low content alcoholic
drinks with vitamin B complex). In addition, information on types,
amounts, and frequencies of staple foods, cooking oils, and supplements; discretionary use of sugar and butter/margarine/mayonnaise;
and avoidance of fats, egg yolk and skins was collected by openended questions. A standard portion size model was designed and
provided for each food, and proportion or number of servings was
questioned. Ten possible frequency responses were available (ⱕ6
times/yr, 1 to 3 times/mo, 1 time/wk, 2 to 4 times/wk, 5 to 6
times/wk, 1 time/d, 2 times/d, 3 times/d, 4 to 5 times/d, and ⱖ6
times/d). Reproducibility and validity study of this FFQ, comparing
nutrients measured by the FFQ and 15-days (3 5-day) food records,
have been previously reported.31 The Pearson correlation coefficients of folate intake between FFQ and food records were 0.26 and
0.19, respectively, before and after adjusting calories. Total calorie
was calculated by summing up the calories from dietary intake and
alcohol intake. In this study, nutrients intakes were calorieadjusted by residual method.32

Blood Collection and Laboratory Tests
All subjects were asked to fast overnight (more than 8 hours) before
blood specimen collection. Citrated fasting plasma was obtained by
centrifugation at 1469g for 15 minutes in 4°C within 30 minutes after
blood collection and stored in ⫺70°C before using. Hemostatic
measurements, such as fibrinogen and plasminogen, were measured
within 1 month of blood sampling on an ACL 300 Plus Automat
Clotting and Fibrinolyzing Analysis System (Instrumentation Laboratory), using reagents provided by the manufacturer. Apolipoprotein
B was measured by means of a nephelometric immunoassay,
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performed with the automated Array Protein System (Beckman
Instruments).
Heparinized fasting plasma was also obtained by centrifugation at
1469g for 15 minutes in 4°C. All samples were stored at ⫺70°C until
using. Basic clinical chemistry profile, such as fasting glucose,
cholesterol, and triglyceride were quantified by the Monarch 2000
Autoanalyzer (Instrumentation Laboratory) within one month after
blood collection. For this study, we used competitive immunoassay
to measure plasma folate concentration33 at 2004. The investigators
and laboratory staff were blinded to the disease status. There was a
significant but moderate correlation between plasma folate concentration and dietary folate intake (r⫽0.15, P⬍0.0001).

Other Variables
Weight, height, and waist circumference were measured with standard procedure.34 Body mass index (BMI) was calculated as weight
(kg)/height2 (m2). Three times blood pressure was measured after
sitting for 5 minutes, and the mean of the last 2 readings was used for
analysis. Questionnaire including demographic data (birth date and
sex), lifestyle (smoking, alcohol consumption, physical activity), and
self-reported health conditions (disease status and drug using record)
were also collected.

IS Event Ascertainment
Stroke event occurring before 1996 was self-reported and crosschecked by medical records or death certificate. Three sources of
information were used to determine the first-ever IS status and the
onset time after 1996, including death certificate data, insurance
claim records of the National Health Insurance (NHI) database, and
subject’s self-reported disease history.35 A total of 99.5% of our
studied subjects were covered by NHI. A first-ever stroke was
defined by any one of the following conditions with codes 430 to 438
from International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM): (1) hospitalization claim for ⱖ one day,
or (2) more than 3 consecutive outpatient visits to hospitals, followed
either by claims for various neurological imaging technology (computed tomography, MRI, transcranial or carotid Doppler sonography)
and long-term prescriptions used for IS or by claims for rehabilitation and the long-term IS prescriptions. An unpublished validation
study showed that sensitivity and specificity for the above rules were
100% and 95%, respectively; using data from 508 ischemic stroke
patients of a hospital-based case-control study. More details and
validity data have been described elsewhere36

Statistics Analysis
Baseline characteristics for event and nonevent groups were compared by t tests for continuous variables and by 2 test for categorical
variables.
In this study, we used the Cox proportional hazard model to
examine the relationships between the incidence of IS and the levels
of dietary folate, plasma folate concentration, other dietary nutrients,
and dietary factor scores (see next paragraph). Two models were
used in our study to adjust other CVD risk factors. Model 1 adjusted
for age, sex, age–sex interaction, and model 2 additionally adjusted
for area, drinking habit, smoking habit, sex–smoking habit interaction, hypertension, diabetes mellitus, taking hypertensive drugs,
BMI, self-report heart disease, central obesity, physical activity,
hypertriglyceridemia, hypercholesterolemia, plasminogen, apolipoprotein B, and fibrinogen.
Moreover, factor analysis (principal component analysis) was
used to identify how dietary levels of 22 nutrients were related to one
another and fallen into smaller number of factors. All nutrient intake
levels had been calorie-adjusted by residual method32 and then
normalized. We then used the varimax rotation to separate dietary
nutrients into orthogonal dietary factors. Factor score was calculated
by summing up intakes of nutrients weighted by their factor loading
if the factor loading was greater than 0.45. All statistics were
estimated by SAS version 9.1 (SAS institute).
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Table 1. Baseline Characteristics of IS Event Group and
Nonevent Group
Nonevent Group IS Event Group
(n⫽1640)
(n⫽132)
Mean age, y

56.1 (9.8)

62.6 (8.1)

Table 1.
P
Value
⬍0.001

Sex, %
Male

43.7

49.2

Female

56.3

50.8

0.639

Chu-Dong

54.4

52.3

Pu-Tzu

45.6

47.7

397.1 (170.4)

364.0 (176.8)

0.032

0.214

Never

77.8

70.5

0.148

Past

3.1

4.6

19.1

25.0

91.0

90.2

Smoking habits, %

Current
Alcohol consumption habits, %
Never

0.18

Current

8.8

9.9

Yes

21.5

40.9

No

78.5

59.1

⬍0.001

Diabetes mellitus, %‡
Yes

9.5

23.5

No

90.6

76.5

⬍0.001

Self-report heart disease, %
Yes

3.9

8.3

No

96.1

91.7

0.015

Yes

41.4

47.0

No

58.6

53.0

24.4 (3.3)

25.3 (3.4)

0.002

Normal: ⱕ24

48.5

34.9

0.009

Overweight: 24–27

31.7

41.7

Physical activity, %§
0.212

BMI level, %

Obesity: ⱖ27
Central obesity, %储
Mean serum cholesterol
concentration, mg/dL

19.8

23.5

81.2 (9.5)

85.1 (9.5)

36.2

49.2

0.003

202.0 (41.5)

207.2 (42.2)

0.167

16.7

22.0

0.118

⬍0.001

Hypercholesterolemia, %#
Yes
No
Mean serum triacylglycerol
concentration, mg/dL

83.4

78.0

108.8 (73.3)

136.4 (85.1)

8.7

16.7

⬍0.001

Hypertriglyceridemia, %**
Yes
No

Use of antihypertensive
drugs, %
Yes

15.61

34.85

No

84.39

65.15

12.93

6.06

⬍0.001
0.021

Data are Mean (SD).
*Dietary folate was calorie-adjusted by residual method.
†Hypertension: systolic blood pressure ⱖ140 mm Hg or diastolic blood
pressure ⱖ90 mm Hg or on antihypertensive drugs.
‡Diabetes mellitus: fasting (over 8 hours) serum glucose concentration
ⱖ126 mg/dL or on diabetes mellitus drugs.
§Physical activity: 3 times a week and ⱖ20 minutes per time.
储Central obesity: waist circumference ⱖ90cm for male and ⱖ80cm for
female.
#Hypercholesterolemia: serum cholesterol concentration ⱖ240 mg/dL.
**Hypertriglyceridemia: serum triacylglycerol concentration ⱖ200 mg/dL.

0.815

Hypertension, %†

Waist circumference, cm

P
Value

Results

Past

Mean BMI, kg/m2

Nonevent Group IS Event Group
(n⫽1640)
(n⫽132)

Dietary supplement, %

Area, %

Dietary Folate, g/d*

Continued

0.003

91.3

83.3

Mean fibrinogen concentration,
mg/dL

280.5 (76.5)

287.0 (75.4)

0.341

Apolipoprotein B, mg/dL

114.9 (31.7)

121.5 (30.3)

0.022

Plasminogen, %

122.7 (34.0)

131.3 (40.1)

0.018
(Continued)

During 10.6 follow-up years, there were 132 incident events
of IS. In those developed into IS, there were more with
hypertension, DM, self-reported heart disease, large BMI,
central obesity at baseline (Table 1) than in those free of
stroke, and the event group had lower level of dietary folate,
but higher levels of age, waist circumference, BMI, serum
triacylglycerol concentration, apolipoprotein B, and plasminogen than the nonevent group. More of them used antihypertensive drugs, but less of them took dietary supplements.
However, no differences were observed in the level of
fibrinogen and the proportion of male sex, smoking habits,
alcohol habits, physical activity, hypercholesterolemia, and
people who resided in the two residential areas.
An inverse association was observed between folate intake
and IS (Table 2) after adjusting for age, sex, and age–sex
interaction. The hazard ratios (HRs) of IS were 1.77 (95% CI,
1.18 to 2.67) and 1.46 (95% CI, 0.95 to 2.26) for the 2nd and
the 1st quartiles of folate intake, respectively, comparing with
the two upper quartiles combined. After adjusting for other
risk factors, the HRs were slightly increased (HR⫽1.83, 95%
CI: 1.21 to 2.78 and HR⫽1.59, 95% CI⫽1.02 to 2.47 for the
2nd and 1st quartiles), and the test of trend was still
significant (P⫽0.014). The results from separating the 3rd
and the 4th quartiles are similar to but not as powerful as that
of the combined. However, plasma folate concentration did
not reveal any significant association with the risk of IS in
these 2 models (P⬎0.05).
Six independent factors were extracted by factor analysis
from 22 dietary nutrient intake levels (Table 3). Factor 1 was
mainly contributed by folate, dietary fiber, vitamin C, vitamin
A of plant origin, magnesium, calcium, potassium, iron, and
vitamin B2. Because it was involved in various kinds of
nutrients rich in plant product, we named this factor “Plant
food factor.” Factor 2 was mainly contributed by magnesium,
calcium, sodium, potassium, phosphorus, and iron, and thus
we named the factor “Mineral-rich factor.” We named factor
3 “Fatty acid factor” because of its two major components:
saturated fatty acid and oleic acid. Factor 4 was composed of
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Hazard Ratios and 95% CIs for Incident IS Event by Quartiles of Folate Status
Quartiles of Folate

Dietary level, g/d†

Q4⫹Q3 High

Q2

Q1 Low

⬍369.45

297.33–369.45

⬍297.33

P for Trend*

Event/n‡

50/886

44/443

38/443

Model 1

1

1.77 (1.18–2.67)

1.46 (0.95–2.26)

0.034

Model 2

1

1.83 (1.21–2.78)

1.59 (1.02–2.47)

0.014

⬎7.77

5.88–7.77

Plasma concentration, ng/mL

⬍5.88

Event/n‡

62/843

31/422

34/422

Model 1

1

1.00 (0.65–1.56)

0.91 (0.58–1.42)

0.736

Model 2

1

0.90 (0.57–1.42)

0.78 (0.49–1.25)

0.323

*P for trend based on the 3-group data (Q1, Q2, and Q3⫹Q4).
†Dietary folate was calorie-adjusted.
‡No. of people at risk in the category.
Model 1 was adjusted for age (40 –50, 50 – 60, 60 –70, ⱖ70), sex, age*sex.
Model 2 was adjusted for the covariates in model 1 plus hypertension (yes, no), use of antihypertensive drugs (yes, no), diabetes
mellitus (yes, no), area (Chu-Dong and Pu-Tzu), central obesity (yes, no), alcohol consumption habits (never, ex-drinker, current
drinker), smoking habit (never, ex-smoker, current smoker), sex-smoking habit interaction, BMI (ⱕ24, 24 –27, ⱖ27 kg/m2),
self-report heart disease (yes, no), hypercholesterolemia (yes, no), hypertriglyceridemia (yes, no), physical activity (yes, no), fibrinogen
(tertiles), apolipoprotein B (tertiles), and plasminogen (tertiles).

niacin and vitamins B1 and B6. We named it as “B vitamin
factor.” Polyunsaturated fatty acid, PS ratio, and vitamin E
were the main components of factor 5, which was named
“Vegetable oil factor.” Factor 6 contributed by vitamin A of
animal origin, vitamin B2, vitamin B12, and cholesterol and
was named “Animal food factor.”
Table 3.

In these factors, plant food factor was the only factor
correlated to dietary folate level. We divided this factor score
into quartiles, and assessed the association between quartiles
of this factor score and IS risk (Table 4). After adjusting for
age, sex, age–sex interaction, and other CVD risk factors, the
HR of the lowest quartile was 1.50 (95% CI, 0.98 to 2.31)

Factor Loading for Nutrient Intake Levels Estimated From FFQ*
Plant Food
Factor

Mineral-Rich
Factor

Fatty Acid
Factor

B Vitamin
Factor

Vegetable Oil
Factor

Animal Food
Factor

Dietary fiber

0.83

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Vitamin C

0.82

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Folate

0.79

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Vitamin A of plant origin

0.73

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Magnesium

0.46

䡠䡠䡠
0.83

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Calcium

0.53

0.75

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Sodium

䡠䡠䡠
0.57

0.72

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.72

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Iron

䡠䡠䡠
0.47

0.69
0.68

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Saturated fatty acid

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠
0.95

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

Oleic acid

䡠䡠䡠

䡠䡠䡠

0.95

䡠䡠䡠

䡠䡠䡠

Potassium
Phosphorus

Niacin

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠
0.72

䡠䡠䡠

䡠䡠䡠

Vitamin B1

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.65

䡠䡠䡠

䡠䡠䡠

Vitamin B6

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.64

Polyunsaturated fatty acid

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠
0.87

䡠䡠䡠

PS ratio

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.77

䡠䡠䡠

Vitamin E

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.69

Vitamin A of animal origin

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠
0.85

Vitamin B2

䡠䡠䡠
0.49

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.51

Vitamin B12

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.48

䡠䡠䡠
*Value ⬍0.45 is omitted for simplicity.

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

䡠䡠䡠

0.47

Cholesterol
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Table 4.
Intake*

December 2008
Hazard Ratios and 95% CIs for Incident IS by Quartiles of Factor Score and Daily Nutrients
Quartiles of Nutrients Intake
Q4⫹Q3 High

Q2

Q1 Low

P for Trend†

1

1.24 (0.81–1.89)

1.50 (0.98–2.31)

0.059

Plant food factor‡
Model
Magnesium, mg‡
Model
Calcium, mg‡
Model
Potassium, mg‡
Model

⬎282.15

242.60–282.15

⬍242.60

1

1.33 (0.86–2.04)

1.47 (0.96–2.23)

⬎591.50

451.24–591.50

⬍451.24

1

1.49 (0.99–2.24)

1.52 (0.98–2.35)

⬎3150
1
⬎12.0700

Iron, mg‡
Model

1

Vitamin A of plant origin, IU‡
Model
Dietary fiber, g‡
Model
Vitamin C, mg‡
Model

⬎8590.0

Model

9.9065–12.0700
1.41 (0.92–2.16)
5926.5–8590.0

1.66 (1.08–2.53)

⬎29.680

24.586–29.680

⬍24.586

1

1.17 (0.76–1.78)

1.17 (0.75–1.84)

⬎1.1420
1

229.5–327.0
0.8897–1.1420
1.95 (1.27–2.99)

0.015

⬍5926.5
1.60 (1.02–2.50)

1.29 (0.84–1.99)

0.017

⬍9.9065

1.41 (0.93–2.14)

⬎327.0

0.031

⬍2555
1.69 (1.12–2.56)

1

1

Vitamin B2, mg‡

2556–3150
1.20 (0.77–1.86)

0.059

0.029
0.425

⬍229.5
1.37 (0.89–2.11)

0.122

⬍0.8897
1.87 (1.22–2.87)

0.001

*Daily intake was calorie-adjusted.
†P for trend based on the 3-group data.
‡Adjusted for covariates of model 2 cited in Table 2.

compared with the two upper quartiles combined. Test of
trend was borderline significant (P⫽0.059).
We further assessed the association between IS and levels
of various nutrients intakes in this plant food factor. Inverse
linear associations were shown for calcium, potassium, and
iron with IS risk after adjusting for CVD risk factors. The HR
comparing bottom quartile with the two top quartiles of
dietary intake was 1.52 (95% CI, 0.98 to 2.35; P⫽0.031 for
trend) for calcium, 1.69 (95% CI, 1.12 to 2.56; P⫽0.017 for
trend) for potassium, and 1.66 (95% CI, 1.08 to 2.53;
P⫽0.015 for trend) for iron after adjusting risk factors. In
addition, magnesium intake was negatively correlated with IS
risk at a borderline significance (P⫽0.059 for trend). Among
these minerals, strength of the association ranked the highest
for potassium.
Similar analyses were also represented for vitamin A of
plant origin and for vitamin B2 intake. The HR was significant for vitamin A of plant origin (HR⫽1.60, 95% CI: 1.02 to
2.50) and for vitamin B2 (HR⫽1.87, 95% CI: 1.22 to 2.87),
after adjusting for risk factors. Test for trend also showed
significant inverse association (P⬍0.05). However, there was
no significant association with dietary fiber or vitamin C
intake.

Discussion
We found that dietary folate intake was negatively associated
with incidence of IS, when plasma folate was not. A derived
plant food factor was associated with folate intake, and
intakes of several nutrients such as potassium, iron, calcium,

magnesium, vitamin A of plant origin, and vitamin B2, each
of which were also inversely associated with IS.
Previous prospective studies showed inconsistent results
on the relations between folate intake and stroke
risk.11,13,14,16,19 Using 24-hour recall data of NHANES I,
Bazzano et al observed a 20% stroke risk reduction in those
with the highest quartile of folate intake (daily folate intake
⬎300.6 g) compared to the lowest quartile group (daily
folate intake ⬍136.0 g).11 In other cohort studies, He et al,14
using FFQ, observed a ⬇34% reduction of IS in men with the
highest quintile of folate intake (mean daily intake⫽821 g)
compared with the lowest quintile (mean daily intake⫽262
g). Also, higher folate intake (median daily intake⫽410 g)
was shown to decrease 20% risk of cerebral infarction in
Finnish male smokers.19 However, higher folate intake (daily
intake ⬎526 g) did not decrease the risk of any type of
stroke in middle-aged women.13 A nested case–referent study
in Sweden did not find decreased IS risk in highest quartile of
folate intake, but did so for the hemorrhagic stroke.16 Race,
sex, and age of the studied populations, the way to collect
dietary information, subtypes of stroke, and the cut-point of
nutrient intake may influence the conclusions of the studies.
Nevertheless, our results supported that low dietary folate
intake may be a risk factor of IS, either representing itself or
as a surrogate for other nutrients and dietary components in
the foods. On the other hand, in this study, we did not observe
any association between plasma folate and IS risk. According
to the “Homocysteine Theory of Arteriosclerosis,”3,4 folate
may prevent stroke via lowering homocysteine concentration.
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However, in our study, the negative association between
folate intake level and ischemic stroke did not change after
adjusting for plasma folate or homocysteine (data not shown).
We suggest the protective effect of dietary folate on ischemic
stroke may be independent of homocysteine mechanism in
this population.
There were at least two possibilities to explain the above
phenomenon. The first one is that dietary folate intake may be
a surrogate of plant foods or other component(s) in the plant
foods, either a single component or multiple components
combined. In our factor analysis, we were able to divide 22
nutrients into 6 factors. Among the 6, the plant food factor
was inversely associated with IS at a borderline level, which
also correlated with dietary folate, potassium, calcium, dietary fiber, vitamin C, vitamin A of plant origin, magnesium,
iron, and vitamin B2. According to the Intersalt study,37
Taiwanese have poorer potassium intake status than people of
many Western countries. In our previous study, we had
shown a long-term benefit effect of potassium on cardiovascular mortality exhibited via the replacing regular salt by
potassium-enrich salt in elderly veterans.38 In addition, higher
dietary calcium or magnesium intakes have been inversely
correlated with the risk of stroke or stroke mortality.21,25
Furthermore, higher vitamin B2 (riboflavin) was also believed to reduce CVD risk by decreasing homocysteine
concentration.39 We would suggest that the protective association of folate intake on IS may represent a combined effect
of all protective nutrients or dietary components, whereas
plasma folate concentration represents the true folate status in
bodies.
Another potential reason for the discrepancy between
dietary and plasma folate may result from the relatively good
biochemical folate status in Taiwanese. Lower serum folate
concentration (ⱕ9.2 nmol/L) in blacks raised the risk of IS to
3.6 times comparing with the higher folate concentration in
blacks.9 In a Swedish research, higher plasma folate (male:
4.2 to 5.8 nmol/L; female: 7.6 to 9.9 nmol/L) reduced ⬇40%
IS risk compared with the lowest quartile (male: ⬍3.3
nmol/L; female: ⬍5.8 nmol/L).16 In these two studies, the
cut-points of the lowest group were obviously lower than ours
(⬍5.88 ng/mL [13.3 nmol/L]). It may be possible that the
high risk of IS only exists in people who had extremely low
concentration of serum/plasma folate. When serum/plasma
folate concentration is higher, dietary folate becomes more of
a surrogate of plant foods.
Recent meta-analysis collected 8 randomized secondary
prevention trials showed that folic acid supplementation
significantly reduced the risk of stroke by 18% in patients
with myocardial infarction, stroke, or chronic renal failure.
The effect was more apparent for the patients without history
of stroke or with a longer treatment duration (⬎36 months)
(RR⫽0.75; 95%CI: 0.62 to 0.90 and RR⫽0.71; 95%CI: 0.57
to 0.87, respectively).40 Although these results further supported the importance of dietary folate on primary prevention
of stroke in patients with heart and renal diseases; however, it
did not prevent recurrence of stroke in stroke patients. More
intervention studies are needed to confirm the benefits of
folate on decreasing stroke risk in the future.
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There were some strengths in this study. Compared with
case– control study, our prospective study design provides
insights to whether there is a temporal relationship. In
addition, the national health insurance system provided complete insurance claim records of most of the subjects, and
decreased the chance of loss of follow-up in our study. Our
ascertainment scheme for catching incident IS event is
rule-based, which can reduce false-positive events identified
by ICD codes only. Furthermore, our study is the only one
taking into consideration intercorrelation of dietary nutrients,
which is crucial for nutrition epidemiological studies.
The limitations of this study include the length of blood
sample storage and the potential that subjects may modify
their dietary behaviors during the follow-up period. In previous studies, the concentration of plasma folate decreased
obviously after long-time storage at ⫺20°C.41 However, we
stored our samples at⫺70°C, and the correlation between
plasma folate and homocysteine concentration in our study
was significant (r⫽⫺0.20, P⬍0.0001) after storing over 11
years, indicating that the concentration of plasma folate was
reliable. In addition, during the 10.6 years of follow-up,
subjects in our study may have changed their diets. However,
we have documented a positive finding. Furthermore, we did
not calculate the nutrient contents from vitamin or mineral
supplement in this study. However, the correlation between
plasma folate and folate intake did not change much after
adding the information of supplements, and the HR was even
more significant in relation to ischemic stroke risk when we
used the total folate intake to replace dietary folate intake
(data not shown).

Summary
Dietary folate was an independently protective factor of IS,
whereas plasma folate was not associated with the risk of IS
in this Taiwanese population where people have relatively
higher levels of plasma folate concentration than those of
previous literature and intracranial diseases are more prevalent compared to Western countries. More significant was the
inverse association between risk of IS and some other
nutrients correlated with dietary folate, including vitamin B2,
potassium, iron, vitamin A of plant origin, or calcium. This
inverse association may in part be compounded by other
nutrients or food components in plant foods. Cautions are
needed to make conclusion from observational nutrition
epidemiological studies. The role of intervention study should
be stressed.
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