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Abstract

The present study was undertaken to investigate folate dietary practice in long-term post-stroke

survivors. Patients (n = 40) with ischemic stroke at a median interval of 3 years were recruited and

reference values of 40 age- and sex-matched healthy individuals were obtained. Based on the data

collected from 24-hour recalls and folate food frequency questionnaire, the recent and usual intakes of

food folate in post-stroke patients were significantly lower than those in healthy references.

Approximately 55% of the post-stroke patients have the usual folate intake below 400 lg/d as

compared with 17% of healthy references. Low rate of consumption frequency and amounts for

vegetable with high folate density attributed to lower food folate intakes of post-stroke patients as

compared with healthy references. For the supplement users, the discrepancy of folate intake between

2 groups diminished. Taken together, our data demonstrate that post-stroke subjects as a whole

acquired significantly less folate from food. Either by a dietary modification to include folate-rich

vegetables or by folate supplements could long-term post-stroke survivors improve their folate intake.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Low circulating folate concentrations were associated with an increased risk of

cardiovascular diseases (CVDs) [1-3], stroke [4], and an excess incidence of acute coronary
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events [5]. The link between folate status, CVDs [6-8], and stroke risks [9-12] was partially

attributed to elevated plasma homocysteine levels, a functional marker of folate insufficiency

[6,7,13,14]. Although previous studies have emphasized the relationship of folate

biochemical markers and CVDs, few examined dietary folate intake in this population. In

the Kuopio Ischemic Heart Disease Risk Factor Study, Voutilainen et al [15] observed a

significant inverse association between low dietary folate intake and incidence of acute

coronary events in Finnish men. Bazzano et al [16] reported an inverse relationship between

dietary folate intake and subsequent risk of stroke in men and women from the United States

who participated in the National Health and Nutrition Examination Survey I epidemiologic

follow-up study. Although the importance of increasing folate intake to prevent stroke

remains uncertain, it is recommended that a diet dominated by plant-derived foods rich in

folate may be beneficial to reduce plasma homocysteine and promote cardiovascular

health [17].

Cerebrovascular disease (including stroke) is the second leading cause of death in Taiwan

[18], and stroke is the third most common cause of death in Western populations [19]. As

many new or recurrent strokes occurred each year in Taiwan [20-22], a decline in the age-

adjusted mortality rate for stroke was found [23]. For stroke survivors, early or late nutritional

support after stroke may play an important role in the rehabilitation and in the reduction of

complications [24]. Some studies have used biochemical measurements to assess nutritional

folate status in different phases of stroke. Gariballa et al [25] assessed nutritional status of

201 hospitalized acute stroke patients and found that their serum folate levels were within

normal ranges. Huang et al [26] reported that 60% of 152 acute ischemic stroke inpatients had

plasma folate levels lower than 3 ng/mL as compared with 39% of controls in Taiwan. Using a

folate functional marker, Brattstrom et al [27] reported that moderate hyperhomocysteinemia

was frequently present in 40% of 142 stroke survivors at the interval of 21 to 42 weeks after

stroke as comparedwith 6% in the controls. However, there is currently a paucity of information

on dietary folate intake of subjects in long-term post-stroke survivors.

To provide some basis for folate nutritional support after stroke, our goals were to

determine folate intake as well as food consumption profiles in stroke survivors and to seek

prudent dietary options for improving folate status. Dietary data were collected in sufficient

detail to better quantify folate intakes from all sources including supplements in stroke and

healthy reference subjects. The results are discussed herein.
2. Methods and materials

2.1. Patients and healthy subjects

Forty consecutive patients with a median interval of 3 years (3.1 F 2.6 years) after their

recorded ischemic stroke were recruited from the Department of Neurology and Internal

Medicine at Taipei Municipal Yang-Ming Hospital in Taiwan. Institutional approval was

given for all protocols and human subject use. Ischemic stroke due to stenosis or occlusion of

the internal carotid or vertebral arteries was diagnosed by an experienced neurologist and

referring physician and was documented by means of a positive test (ventilation/perfusion

scan, ultrasonography, or plethysmography) [28]. No patients were in the acute phase of
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ischemic stroke. Eighty-seven percent of case subjects were first-ever stroke patients and 13%

were recurrent stroke patients. Post–ischemic stroke patients with dysphagia, a powerful sign

of stroke severity, were excluded in this present study.

Regional reference values were obtained from 40 age- and sex-matched individuals who

were participants in a health screening program of Yang-Ming Hospital. Those subjects were

from a geographic background similar to that of case subjects and were free from stroke,

transient ischemic attack, or any type of cerebrovascular diseases.

2.2. Experimental design

At enrollment, study participants completed questionnaires concerning medical history,

behavior, and use of medications. To estimate current folate intake of study subjects, dietary

data were collected during their visit to the hospital. Up to 2 nonconsecutive days of intake

for post-stroke patients and 1 for healthy subjects were obtained by 24-hour dietary recalls

because of their limited visit to the hospital. All subjects also completed a semiquantitative

food frequency questionnaire (FFQ). An experienced registered dietitian was assigned to

assist all subjects to complete 24-hour dietary recall interviews as well as questionnaires with

the identification of consumed portion size. The portion sizes provided with questionnaires

were based on the typical or natural portion consumed. Data of usual alcohol intake, exercise,

smoking habit, and supplement use from study subjects were also collected. Supplement use

included the type of supplement used, the brand name, the dosage, average use, and the

frequency of use. Because the bioavailability of folic acid from supplements and food folate

is considered to be 85% and 50%, respectively, total dietary folate intake including supplements

is expressed as dietary folate equivalents (DFEs). Dietary folate equivalents were calculated by

the sum of micrograms of food folate and 1.7 � micrograms of folic acid [29].

The FFQ developed by Willett et al [30] was not used for the assessment of dietary folate

intake in Taiwanese population because of the diversity and availability of vegetables and

fruits in different countries. We designed a semiquantitative FFQ particular for assessment of

folate intake in the Taiwanese population (folate FFQ [fFFQ]) [31]. Briefly, vegetable and

fruit items from a list of the top 50 most frequently consumed reported from the Nutrition and

Health Survey in Taiwan (NAHSIT) were included into the fFFQ [32]. Other food items from

staples, dairy products, meat, and eggs were also included. This fFFQ has been previously

validated by multiple 24-hour recalls (r = 0.86, P b .001) [31] and by plasma folate levels

(r = 0.57, P b .001) in 200 Taiwanese subjects [33].

2.3. Dietary data analysis

The database in NAHSIT did not contain folate content values. The folate food

composition databases were created by our laboratory using the US Department of

Agriculture (USDA) data sets of 1997 [34] and incorporated with additional values in

commonly consumed vegetable items analyzed by Leh and Lin [35] in Taiwan. The detail

was described elsewhere [31]. In short, we matched identical foods from the NAHSIT

database to the USDA database to assign folate values. Values for foods not identical in the

2 databases were imputed by use of comparable foods or other available data [35]. Folate

contents of nutrient supplements were obtained from the food manufacturers. Dietary
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information was collected on the amount of foods that subjects reported eating by 24-hour

recalls and fFFQ. These reports were linked to our food composition database structured to

provide information on the amount of nutrient per 100-g portion of food. In this way, the

folate intakes for each subject could be derived.

2.4. Statistical analyses

Statistical analyses were performed by using the General Linear Model procedure of the

Statistical Analysis System (SAS/STAT Version 6.12, SAS Institute, Cary, NC). v2 Test

was used for categorical variables such as smoking, alcohol intake, and vitamin supplements.

For continuous variables, values between groups were examined by Student t test. Nutrient

intake variables were adjusted for total energy intake [31]. Separate regression models were

constructed for adjusted folate values with total energy, dietary fiber, smoking, and alcohol

intake as the independent variables and folate intake as the dependent variable. Adjusted

folate intake scores for each participant were then calculated. Differences were considered

significant at P b .05.
3. Results

3.1. Baseline data of post-stroke patients and healthy references

From the medical records, the proportions of post–ischemic stroke patients with

hypertension (blood pressure N160/90 mm Hg), hyperlipidemia (serum total cholesterol

N5.2 mmol/L), or diabetes (fasting plasma glucose N7.0 mmol/L) were 60%, 25%, and

32.5%, respectively. No healthy references were on any form of these diseases and

medication. Other characteristics of the study subjects are presented in Table 1. No significant

differences were observed between the 2 groups with respect to age, body mass index,
Table 1

Baseline data of post-stroke patients and healthy references

Variables Post-stroke (n = 40) Healthy references (n = 40)

Age (y) 69.3 F 8.7 69.8 F 6.3

Male sex 70 70

Body mass index (kg/m2) 24.6 F 2.4 24.2 F 3.7

Systolic blood pressure (mm Hg) 138.5 F 16.6 141.5 F 20.6

Diastolic blood pressure (mm Hg) 79.1 F 9.5 78.8 F 11.5

Current smoker 10 20

Alcohol intakea 15 17.5

Regular exerciseb 75 87.5

Vitamin E supplements 17.5 15

Multiple vitamins 15 22.5

Values are expressed as mean F SD for continuous variables and proportions (%) for categorical variables. Paired

t test for continuous variables and v2 test for categorical variables. Values of 2 groups did not differ significantly

with respect to all variables in the table (P N .1).
a Regular alcohol intake is defined as 1 or more drinks per week.
b Regular exercise is defined as vigorous exercise 1 or more times per week.



Table 2

Dietary intakes associated with stroke risk factors in post-stroke patients and healthy references

Dietary intakea Post-stroke (n = 40) Healthy references (n = 40) Pb

Total energy (kJ) 7174 F 2125 8480 F 1749 .0040

Total fat (g) (% of total energy) 54 F 19 (28.6) 71 F 25 (31.9) b .0001

Cholesterol (g) 183 F 87 251 F 137 .0018

Dietary fiber (g) 15 F 7 19 F 8 b .0001

Folate (lg DFE) 424 F 293 556 F 299 .0337

Vitamin B6 (mg) 2.6 F 8.5 1.8 F 1.0 .6683

Vitamin B12 (lg) 6.0 F 6.8 7.8 F 7.2 .1855

Vitamin C (mg) 154 F 97 220 F 167 .1070

Vitamin E (a-TE) 74 F 149 88 F 206 .7107

Sodium (mg) 1089 F 822 1222 F 813 .0676

Values are expressed as mean F SD.
a Adjusted for total energy intake.
b Significantly different at P b .05.
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blood pressure, prevalence of smoking, alcohol intake, exercise activity, and the use of

multiple vitamins or vitamin E supplements.

3.2. Dietary characteristics of post-stroke patients and healthy references

Dietary intakes of subjects were assessed by 24-hour recalls and the data are shown in

Table 2. Post–ischemic stroke patients had total energy intake significantly lower than the

healthy subjects. After adjustment for energy intake, post-stroke patients had significantly

lower fat, cholesterol, and dietary fiber intakes compared with the control subjects. In

micronutrient intakes of folate and vitamins B6, B12, C, and E, only folate intake in post-

stroke subjects was significantly lower than that of reference subjects (424 F 293 vs 556 F
299 lg DFE per day, respectively, P b .05) after adjustment for energy intake.

3.3. Folate intake of post-stroke and healthy subjects from food and supplemental sources

Mean folate intake from food sources and in supplement users or nonusers were further

analyzed and the data are presented in Table 3. All mean values were adjusted for total

energy, dietary fiber, alcohol intake, and smoking as those factors may affect folate intake of

subjects. Folate intake in post-stroke patients remained significantly lower than healthy
Table 3

Adjusted mean folate intake from supplements and food sources in post-stroke patients and healthy references

Study subjects Mean folate intake (lg DFE per day)

Intake, including

supplementsa
Total intake

from foodsa
Supplement

usersb
Supplement

nonusersb

Post-stroke 424 F 293 (328) 322 F 121 (311) 963 F 196 (6) 320 F 184 (34)

Healthy references 556 F 299 (443) 409 F 176 (394) 988 F 157 (9) 427 F 188 (31)

P .0286 b .0001 .7876 .0371

Values are expressed as mean F folate intake adjusted by total energy, dietary fiber, alcohol intake, and smoking.
a Values in parentheses are medium folate intakes.
b Values in parentheses are number of subjects.
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Fig. 1. Frequency distribution of usual folate intake for post-stroke patients and healthy references. The usual

folate intakes of study subjects were assessed by the fFFQ analysis.
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references after adjustment for the multiple factors (P = .028). If folate intake from foods

only was computed, post-stroke patients consumed significantly lower food folate levels

as compared with healthy references with a greater magnitude of statistical significance

(P b .0001). For the supplement users, total folate intake was not significantly different

between 2 groups. For the supplement nonusers, post-stroke patients had a significantly lower

total folate intake than the controls (P = .037).

3.4. Frequency distribution of usual folate intake for post-stroke patients and

healthy references

Based on the fFFQ analysis, the usual mean food folate intakes of post-stroke patients were

significantly lower than those of healthy references (396 vs 500 lg/d, respectively, P = .0169).

Fig. 1 illustrates the frequency distribution of total usual folate intake in both groups by

the quintiles of folate levels (b400, 401-600, 601-800, N800 lg DFE per day).

Approximately 55% of post-stroke patients have total dietary folate intake below 400 lg
DFE per day, as compared with only 17% of healthy references. Conversely, 20% of post-

stroke patients and 27.5% of healthy references have folate intake levels in the highest deciles

(N800 lg DFE per day).
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Fig. 2. Food consumption pattern of usual folate intake in post-stroke patients and healthy references. Values for

post-stroke and healthy references were not significantly different in each food categories by v2 test (P N .05).
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3.5. Food consumption pattern of usual folate intake in post-stroke patients and

healthy references

Fig. 2 presents the dietary profile of usual folate intake in post-stroke patients and healthy

references. For all subjects, the vegetable group was the biggest source, contributing 50% to

55% of dietary folate intake. Vitamin supplements, which followed, contributed 20% to

23%. The fruit group was the third top contributor to folate intake (10%-11%). Rice, white

bread, beans, dairy products, meat, and eggs together contributed 15%.

3.6. Food consumption frequency of folate contributors in post-stroke patients and healthy

references

Table 4 presents consumption frequency of major food folate contributors and their

contribution to folate intake in the subjects. Using a composite of foods in our database,

2 major food folate contributors (vegetable and fruit) were respectively ranked according to

their folate density and divided into 3 categories: high, moderate, and low folate density. The

rate of consumption frequency for vegetable in 3 ranks of folate density was significantly lower

in post-stroke patients than in healthy references. The lower consumption rate of vegetables

with high folate density resulted in a significant decrease of folate intake in post-stroke subjects

as compared with healthy references. The frequently consumed vegetables with high folate

density (z70 lg folate per 100 g) in Taiwan included spinach, asparagus, field mustard,

ching-chiang pak-choi, Chinese cabbage, gumbo, amaranth, cabbage sprouts, cauliflower,

Chinese leek, and pak-choi. In the fruit category, post-stroke patients consumed fruits with low

folate density at a significantly lower rate of frequency, yet it did not lead to a significant
Table 4

Food consumption frequency and contribution of folate intake in post-stroke patients and healthy references

Food groupsT Food consumptionTT (frequency per day) Folate intake from food groupsTTT (lg/d)

Post-stroke References Post-stroke References

Vegetables

High density 1.2 F 0.5a 1.4 F 0.5b 135.9 F 80.1a 180.1 F 92.2b

Moderate 1.8 F 0.6a 2.2 F 0.6b 105.8 F 59.1a 127.9 F 79.3a

Low density 1.3 F 0.9a 1.7 F 0.7b 21.8 F 21.9a 36.0 F 39.2a

Fruit

High density 0.6 F 0.5a 0.7 F 0.4a 33.5 F 31.4a 39.3 F 27.5a

Moderate 0.6 F 0.9a 0.7 F 0.3a 15.9 F 28.4a 15.5 F 8.2a

Low density 0.8 F 0.6a 1.1 F 0.6b 7.6 F 9.3a 7.9 F 6.2a

Oat and soybean

products

0.4 F 0.5a 0.7 F 0.7b 9.0 F 7.1a 14.6 F 12.3b

Values are expressed as mean F SD.

T Using a composite of vegetable foods in our database, vegetables were ranked according to folate density

and divided into 3 categories: high density (z70 lg per 100 g), moderate density (41-69 lg per 100 g), and low

density (b41 lg per 100 g). Fruits were ranked according to folate density and divided into 3 categories: high

density (z25 lg per 100 g), moderate density (14-24 lg per 100 g), and low density (b14 lg per 100 g).

TT Consumption frequency values in a row without a common letter differ (P b .05).

TTT Folate intake values in a row without a common letter differ (P b .05).
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difference in folate intake between the 2 groups. The fruits with low folate density (b14 lg
folate per 100 g) included melon, grapefruit, pineapple, grape, and cherry. The frequently

consumed fruits with high folate density (z25 lg folate per 100 g) included avocado, papaya,
orange juice, tangerine, and kumquat. Other than vegetables and fruits, post-stroke subjects also

consumed oat and soybean products at a lower rate of frequency, which contributed a

significantly lower amount of folate level as compared with the healthy references.
4. Discussion

The major finding in the present study was that Taiwanese post-stroke subjects had

insufficient dietary folate intake and acquired significantly less folate from food. Based on the

data collected from the two 24-hour recalls, medium dietary folate intake in post-stroke

patients was 328 lg/d, which was far below the 400 lg/d recommended intake for patients at

risk for CVDs [36] or for healthy older persons [37]. The insufficient current folate intake of

post-stroke patients was further confirmed by the usual dietary folate intake estimated from

fFFQ. Approximately 55% of the post-stroke patients had a usual folate intake below 400 lg/d
as compared with 17% of age- and sex-matched healthy references. It appeared that inferior

folate intake was common in Taiwanese stroke survivors at the long-term post-stroke phase.

Several factors may contribute to inferior folate intake of post-stroke patients. Malnourish-

ment was found to be prevalent in acute stroke patients [25], and it may subsequently affect

folate status in a long-term post-stroke period. Indeed, our data revealed that post-stroke

patients had total energy, fat, cholesterol, and dietary fiber significantly lower than healthy

subjects. Post-stroke patients with lower energy intakes may possibly have lower intakes of

other vitamins and minerals, not just folate. After the adjustment of total energy intake, we

found folate intake but not vitamin B6, B12, C, and E intakes in post-stroke patients to be

significantly lower than that of healthy subjects. After adjustment for some potential dietary

or lifestyle confounding factors such as energy, dietary fibers, alcohol intake as well as

cigarette smoking, the inferior folate intake in post-stroke patients remained statistically

significant. Some intermediary events including hypercholesterolemia, diabetes, and

hypertension could also lead to changes in diet and may therefore influence folate intake

in a post-stroke phase. In this respect, folate intake in the subjects carrying these diseases was

not significantly different from those without disease [31].

The variation in eating habits and dietary patterns may have substantial impacts on total

folate intake because folate is particularly rich in vegetables, fruits, and legumes [38]. Indeed,

our data revealed that the post-stroke group ate the vegetables with high folate density in less

frequency and quantity, which contributed to a significant drop of folate intake in post-stroke

patients as compared with references values (Table 4). Given that vegetables and fruits are

commonly available in Taiwan [32], our data suggest that proper food choices on food items

with high folate density could make a significant impact on total food folate intake in post-

stroke patients.

The lower folate intake of post-stroke patients was restricted to those who did not take

multiple vitamin or folate supplements. The supplemented post-stroke patients had as good

intake of folate as the supplemented references. It is surprising that a few of post-stroke patients
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in the present study were taking multivitamin supplements containing folate. Stroke patients

or medical professions in Taiwan may not be aware of this prevalence of inferior folate intake

in the post-stroke phase. They may not realize the need for improving dietary folate intake

either from food sources or from supplementation. No usual recommendations are made to

patients with CVD about folate use in Taiwan. In Western populations, daily supplementation

with 0.5 to 5 mg folate would be expected to reduce blood homocysteine concentrations by

about a quarter [39]. Folate supplementation has been found to improve endothelial function

in coronary artery disease [40], yet no data so far indicate that recovery from the stroke

event is related to folate status. The potential clinical impact for folate supplements on the

functional outcome during long-term post-stroke phase requires further studies.

A number of limitations were found in this study. The most potential limitation was the

relatively small sample size. First, both our post-stroke cases and healthy references were

limited to 40 subjects. Second, there may be inherent errors in assigned folate values for

foods from Taiwan by using a database from the USDA or imputing folate values by use of

comparable foods. More studies warrant chemical analysis of food folate content to better

assess dietary folate intake of the Taiwanese population. Third, dietary intake itself may not

be sufficient to assess folate status. The inferior folate intake in long-term post-stroke patients

may only serve as early warnings of marginal folate status, which would require further

confirmation by using clinical measures of plasma folate and homocysteine levels. A study

with both dietary and biochemical measurements in a larger sample size of post-stroke

patients is currently underway in our laboratory.

In conclusion, the major finding of this study was that Taiwanese post-stroke subjects in

the long-term rehabilitation phase had insufficient dietary folate intake. The insufficient folate

intake in post-stroke patients was attributed to lower intake of legumes and vegetables,

particularly with high folate density. Either by a dietary modification to include folate-rich

vegetables and legumes or by multivitamin supplements containing folate could stroke

survivors improve their folate intake during the long-term post-stroke period.
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