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Abstract

We assessed the relationship of the dietary glycemic index (GI), glycemic load (GL), and intake of carbohydrate and rice, and risk of
mortality from stroke and its subtypes. The cohort consisted of 12 561 men and 15 301 women residing in Takayama, Japan, in 1992, At the
baseline, a food frequency questionnaire was administered; and the dietary GI, GL, and intake of carbohydrates and rice were estimated.
Deaths from stroke occurring in the cohort were prospectively noted until 1999 with data from the office of the National Vital Statistics. The
risk of mortality from stroke was assessed with a Cox proportional hazard model after adjusting for age; body mass index; smoking status;
physical activity; history of hypertension; education; and intake of total energy, alcohol, dietary fiber, salt, and total fat. The risk of stroke
subtypes was assessed in the age-adjusted model. The hazard ratios of total stroke comparing the highest vs the lowest quartiles of the dietary
GI were 0.78 (95% confidence interval [CI], 0.41-1.47) with Py, = .50 in men and 2.09 (95% CI, 1.01-4.31) with Pyenq = .10 in women.
Among women, the association was also significant with the risk of ischemic stroke (hazard ratio = 2.45; 95% CI, 1.01-5.92; Py, = .03);
and a significant positive trend was also observed between dietary GL and mortality from hemorrhagic stroke (Pyeng = .05). The current study

implies that diets with a high dietary GI increase the risk of mortality from stroke among Japanese women,

€ 2010 Elsevier Inc. All rights reserved.

1. Infroduction

Stroke is a common condition in Japan, and risk of death
due to stroke was about twice of that in the United States and
other Western countries from 1950 through 1987 [1].
Mortality from stroke has been declining in following
years, but it is still the third leading cause of death in Japan
{2]. Prospective epidemiologic studies have provided little
information concering the relationship among the dietary
glycemic index (GI), glycemic load (GL), and risk of stroke.
A few studies have evaluated the association and suggested
that the dietary GL increases the risk of stroke [3-5]. These
studies were conducted in Western countries, and no report
has yet been published conceming Asian populations.

* Corresponding author. Center for information research and library,
National Institute of Public Health, Wako, Saitama 351-0197, Japan.
E-mail addresses: oba@niph.go.jp, obas@gifu-wac.jp (S. Oba).

0026-0495/8 — sce front matter € 2010 Elsevier Inc. All rights reserved.
doi:10.1016/i.metabol . 2010.02.004

Carbohydrate consumption is high in Japan; and its major
source is white rice, which is high in dietary GI. Research
into the potential health effects of GI, GL, carbohydrates,
and rice is of particular interest in this population.

We therefore conducted a prospective study among
Japanese men and women in a community-based cohort to
obtain information on the relationship of the dietary GI, GL,
intake of carbohydrates and rice, and the risk of stroke. It might
be beneficial to study the specific types of stroke because each
subtype of stroke has its own risk factors [6,7]. We also
assessed the risk of subtypes of stroke in the current study.

2. Materials and methods
2.1. Study participants

The data were provided by the Takayama study in Japan.
The details of the Takayama study have been described
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elsewhere [8-10]. Briefly, the study population was men and
women residing in Takayama City who were 35 years or
older in 1992. At the baseline, a self-administered question-
naire was conducted to the 36 990 residents to collect
information on the baseline characteristics of the study
cohort such as age, height, weight, and length of education.
Physician diagnoses of major diseases including hyperten-
sion, cancer, myocardial infarction or angina, stroke, and
diabetes were also reported in the questionnaire. Of the
participants who responded to the questionnaire, those who
did not complete more than 45% of it and those who gave
unreliable or inconsistent responses were excluded. Based on
the answers to the food frequency questionnaire (FFQ)
administered at the same time, subjects who answered only
16 items or fewer, who were regarded to be responded by the
other person, who selected the food frequency category of
“Never” for all food items, or who selected the food
frequency category of “Once a day” or “Two or more times a
day” for continuous 40 food items or over were excluded
from the study [9]. In addition, subjects who reported to have
staple food (any kind of rice, bread, flour, or noodles) 5 times
or more, meat 7 times or more, fish 7 times or more, or
ethanol 400 mL or more per day were excluded [9].

The final fixed cohort consisted of 31 552 subjects,
14 427 men and 17 125 women, yielding a response rate of
85.3%. From them, the subjects who had cancer, myocardial
infarction, angina, or diabetes were excluded from the
cohort. Among men, 146 subjects had cancer; 787 subjects
had myocardial infarction or angina; 794 subjects had
diabetes; 15 subjects had cancer and either myocardial
infarction or angina; 18 subjects had cancer and diabetes; 39
subjects had diabetes and either myocardial infarction or
stroke; and 7 subjects had cancer, diabetes, and either
myocardial infarction or angina. Among women, 476
subjects had cancer; 797 subjects had myocardial infarction
or angina; 423 subjects had diabetes; 32 subjects had cancer
and either myocardial infarction or angina; 27 subjects had
cancer and diabetes; 64 subjects had diabetes and either
myocardial infarction or stroke; and 5 subjects had cancer,
diabetes, and either myocardial infarction or angina. After
the exclusion, the final cohort for the current study consists
of 27 862 subjects, 12 561 men and 15 301 women.

2.2. Estimation of nutrient intake, GI, and GL

The FFQ was previously validated and in a semiquanti-
tative format measuring 169 food items [8]. From the FFQ,
the total daily calorie intake and intake of each nutrient and
food item, including carbohydrates, were estimated accor-
ding to the Japanese Standard Tables of Food Composition,
Fifth Edition, published by the Science and Technology
Agency of Japan. Fatty-acid food composition was defined
based on the data published by Sasaki et al [11]. The amount
of rice intake was estimated from the FFQ in grams. Detailed
information on the FFQ, including its validity and
reproducibility, was previously described [8]. Updated

Spearman correlation coefficients for men between the
FFQ and 12-day food record were 0.34 for carbohydrate and
0.63 for dietary fiber. For women, they were 0.45 for
carbohydrate and 0.60 for dictary fiber. We assigned GI
values based on the international table of GI [12] and
published data from studies in Japan [13,14]. Whenever
there was more than one value, preference was given to data
from Japanese studies. The carbohydrate intake after
subtracting the dietary fiber intake was used for calculating
the GI and GL values [13,14]. We used glucose as the
reference. The foods for which only the white rice~based G1
was available were transformed into glucose-based GI values
by multiplying the white rice—based GI by 0.82 (=100/122)
[14,15). Of the 169 FFQ items, 8 items containing 3.5 g or
more carbohydrates per serving had no GI values from the
previous data. Because the carbohydrate content of these
foods is still low and it is not likely that they will induce a
significant rise in blood glucose, we assigned a 0 value to
each one of them. The dietary GL was computed by
summing the product of the carbohydrate intake from each
food by the GI for that food and divided by 100. The dietary
GI of each subject was obtained by dividing the dietary GL
by the daily intake of total carbohydrate intake and
multiplying by 100. The amount of regular physical activity '
was estimated from the validated questionnaire by ascertain-
ing the average number of hours spent weekly performing
various kinds of activities in the past year, and the
information was calculated to determine the weekly
metabolic equivalent [16].

2.3. Ascertainment of mortality

Deaths in the cohort were recorded between September
1992 and December 1999. In Japan, the underlying cause of
death in the death certificates has been determined based on
the rules defined by the World Health Organization [17].
After obtaining permission to review the death data from the
Ministry of Internal Affairs and Communication, the cause
of each death and the date were confirmed with data from the
office of the National Vital Statistics. The Statistics and
Information Department of the Japanese Ministry of Health
and Welfare recorded the cause of death in each case, which
was coded according to the International Classification of
Diseases (ICD). The major end point of this study was
mortality from stroke (ICD-9 codes 430-438 and ICD-10
codes 160-169) and its subtypes: ischemic stroke (ICD-9
codes 434 and ICD-10 codes 163 and 169.3) and hemorrhagic
stroke (ICD-9 codes 430 and 431 and ICD-10 codes 160, 161,
169.0, and 169.1). This study was approved by the Ethics
Committee at Gifu University Graduate School of Medicine.

2.4. Data analysis

To assess the magnitude of the association of the dietary
Gl, GL, and intake of carbohydrates and rice to mortality
from stroke, a Cox proportional hazard model was applied
to estimate the hazard ratios (HRs) with 95% confidence
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intervals. For each participant, person-years of follow-up
were calculated from the study entry to the date of death
from stroke, death from any other cause, date on which the
person moved out of Takayama City, or the end of the
study. We referred to the city residential registers to obtain
information on subjects who had moved out. We considered
an age-adjusted model to assess the risk or death from total
stroke and the subtypes of stroke. A multivariate model
with adjusting for possible confounders such as age; body
mass index (BMIL in kilograms per square meter, in
quintiles and missing values); smoking status (current,
past, never smoked, or missing status); physical activity
(metabolic equivalent per week); reported history of
hypertension; education (12 years or more, or less); and
intake of total energy, alcohol, dietary fiber, salt, and total
fat was also considered to assess the risk of total stroke. The
dietary GI, GL, and intake of carbohydrate and rice in
grams were analyzed in quartiles. To test for linear trends
across categories, we modeled the median of each category.
The dietary GL and intake of carbohydrates, rice, and other
nutrients used in the model were adjusted for the total
energy intake using the regression analysis proposed by
Willett [18]. The dietary GI was left as the crude value. By
definition, it represented the quality of consumed carbohy-
drate, but not the quantity; and hence, it was not likely to be
confounded by between-person variation in total eunergy

Table 2

intake. All the analyses were stratified by sex and then
additionally stratified by BMI (<23 and >23) only to assess
the risk of total swoke. The analysis stratified by BMI was
Jimited to the 11 856 men and 14 445 women who reported
both height and weight. The interaction term between sex or
BMI and each dietary factor was tested in the model. All the
statistical analyses were performed with SAS (SAS
Institate, Cary, NC).

3. Results

The characteristics of the study participants at the
baseline are presented in Table 1. Participants in higher
quartiles of dietary Gl were more likely to have lower
alcohol consumption and were less likely to be current
cigarette smokers. Women in the highest dietary GI were
more likely to be older and less likely to be educated. With
regard to daily food and dietary intake, participants in
higher quartiles of dietary GI were more likely to have
lower total calorie intake in line with lowered intakes of
carbohydrate and other nuirients.

Table 2 shows the association between each dietary factor
of interest and the risk of mortality from total stroke. Among
men, the risk of total stroke was not clearly associated with
the dietary GI, GL, carbohydrate intake, or rice intake.

. Hazard ratio of death from stroke according to quartiles of dietary GI, energy-adjusted dietary GL, total carbohydrate intake, and rice intake among 12 561 men

and 15 301 women in the Takayama study, Japan

Men Women
Quartile P for Quartile P for
12 3 4 gend |, 3 4 trend
Gl
No. of cases 32 30 25 12 31 33 51
Age adjusted 0.96 (0.59-1.56) 1.02(0.62-1.67) 0.82 (0.49-1.37) .53 1 2.00(1.03-3.91) 1.85(0.95-3.59) 246 (1.30-4.63) .01
Multivariate® 0.97 (0.59-1.60) 0.96 (0.56-1.64) 0.78 (0.41-1.47) 50 1 1.90(0.97-3.74) 1.66(0.83-3.31) 2.09 (1.01-431) .10
P interaction 12
with sex®
Energy-adjusted GL
No. of cases 25 24 29 . 16 31 43 37
Age adjusted 0.55 (0.34-0.91) 0.68 (0.41-1.13) 0.86 (0.54-1.38) 41 1 1.49(0.81-2.72) 1.80(1.01-3.20) 1.71 (0.95-3.07) .08
Multivariate® 0.61 (0.36-1.02) 0.81 (0.44-149) 1.00 (0.47-2.15) .66 1 1.36(0.73-2.53) 1.57(0.83-2.97) 1.17 (0.51-2.68) .60
P interaction .40
with sex”
Carbohydrate intake
No, of cases 28 27 31 25 24 35 43
Age adjusted 0,72 (0.43-1.18) 0.76 (0.46-1.25) 0.93 (0.57-1.51) .72 1 073 (0.42-1.28) 0.95(0.57-1.59) 1.10 {0.67-1.80) 42
Multivariate® 0.79 (0.47-1.36) 0.95 (0.51-1.78) 1.17 (0.52-2.62) .87 I 0.71(0.39-1.27) 0.88 (0.48-1.60) 0.88 (0.39-2.01) .85
P interaction .78
with sex®
Rice intake
No. of cases 43 13 28 14 32 47 34
Age adjusted 1.06 (0.68-1.65) 0.54 (0.29-1.03) 0.92 {0.56-1.51) .33 1 1.57(0.84-2.95) 1.42(0.78-2.60) 1.92 (1.03-3.57) .06
Multivariate® 0.95 (0.59-1.52) 0.53 (0.26-1.04) 0.84 (0.43-1.62) .28 1 1.47(0.78-2.79) 1.22(0.62-2.37) 1.37 (0.64-2.54) .62
P interaction .66
with sex”

® Adjusted for age; BMI (in quintiles and missing values); smoking status (current, past, never smoker, or stafus missing); physical activity (metabolic
equivalent per week); reported history of hypertension; education (12 years or longer, or not); and intake of total energy, alcohol, dietary fiber, salt, and total fat.
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Among women, a high dietary GI was significantly
associated with an increased risk of mortality from total
stroke. The interaction between each dietary factor and sex
was not significant in each model, but the term with dietary
Gl had a relatively small P value. Tabie 3 shows the
association between each dietary factor of interest and the
risk of mortality from hemorrhagic stroke. Among men, the
risk was not significantly associated with any of the dietary
variables. Among women, dietary GL and rice intake were
significantly associated with the increased risk of hemor-
thagic stroke. A positive trend for dietary GI was also
observed, but the association failed to reach significance. We
found a statistically significant interaction between intake of
rice and sex on the risk of hemorrhagic stroke. Table 4 shows
the association between each dietary factor and the risk of
mortality from ischemic stroke. Among men, the risk or
mortality from ischemic stroke was not significantly
associated with the dietary GI, GL, carbohydrate intake, or
rice intake. Among women, the risk of death from ischemic
stroke increased with higher dietary GI. There was no
significant interaction between sex and each dietary factor.

To separate the effect of the dietary GI from the effect of
rice intake, we roughly estimated GI sourcing from all foods
except for rice. The dietary GI not sourcing from rice was not
associated with total stroke or hemorrhagic stroke among
men and among women, and not associated with ischemic
stroke among women. It was inversely associated with the
risk of ischemic stroke among men (HR for comparing
highest to the lowest quartiles was 0.36 [95% confidence
interval, 0.15-0.831).

Table 3

Table 5 summarizes the analyses stratified by BML
Among women with BMI less than 23 kg/m?, higher dietary
GI was significantly associated with an increased risk of
mortality from total stroke. However, the interaction term
between BMI and dietary GI was not significant. No other
associations clearly varied by BMIL

4. Discussien

To our knowledge, the current study is the first
prospective cohort study that suggests an association
between the dietary GI and the risk of stroke. Among
Japanese women in this population, the dietary GI was
significantly associated with an increasing risk of mortality
from stroke. Such association was not observed among men.

In previous studies, diets high in GI have been linked with
an increased risk of diabetes and glucose intolerance [19-22].
The association of the dietary GI to the risk of diabetes may
explain the increased risk of stroke observed in the current
study. Subjects who reported a history of diabetes were
excluded in the current study, but prediabetes or developed
diabetes during the follow-up in association with a high
dietary Gl may have increased the risk of stroke. Many
epidemiologic studies suggested that type 2 diabetes mellitus
has been an important risk factor for stroke [23-27]. In
addition, previous studies showed a significantly greater risk
in women with diabetes developing stroke than in men with
diabetes [25,27-29], indicating that women are more
susceptible to diabetes or glucose intolerance and subsequent

Hazard ratio of death from hemorrhagic stroke according to quartiles of dietary GI, energy-adjusted dietary GL, total carbohydrate intake, and rice intake among

12 561 men and 15 301 women in the Takayama study, Japan

Men ‘Women
Quartile P for Quartile P for
1 2 3 4 wend 3 4 trend
Gl
No. of cases 14 9 13 i2 . 6 9 15 16
Age adjusted 1 0.64(0.28-1.49) 0.97 (0.46-2.06) 0.90 (0.42-1.94) .94 1 1.38(0.49-3.88) 2.15(0.83-5.57) 2.10{0.82-5.39) .08
P interaction .35
with sex®
Energy-adjusted GL
No. of cases 18 8 8 14 6 9 15 16
Age adjusted 1 044 (0.19-1.00) 0.48(0.21-1.11) 0.86(0.43-1.73) 47 1 1.33(0.47-3.73) 2.08 (0.80-5.37) 2.30(0.90-5.88) .05
P interaction 13
with sex®
Carbohydrate intake
No. of cases i7 9 8 14 7 10 11 18
Age adjusted I 051(0.23-1.14) 047 (0.20-1.08) 0.84 (0.42-1.71) 46 1 1.22(0.47-3.22) 1.27(0.49-3.29) 1.96 (0.82-4.70) .11
P interaction 13
with sex®
Rice intake
No. of cases 17 13 [ 12 6 7 17 16
Age adjusted 1 0.73 (0.35-1.50) 0.39(0.15-1.00) 0.71 (0.34-1.49) .15 1 0.98(0.33-291) 1.81 (0.71-4.66) 2.36 (0.92-6.03) .02
P interaction .03

with sex®

? Adjusted for age, sex, and the single dietary factor of the interaction ferm.



