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OBJECTIVEdFoods rich in fiber, such as vegetables and fruits, prevent cardiovascular disease
(CVD) among healthy adults, but such data in patients with diabetes are sparse.We investigated this
association in a cohort with type 2 diabetes aged 40–70 years whose HbA1c values were$ 6.5% in
Japan Diabetes Society values.

RESEARCH DESIGN AND METHODSdIn this cohort study, 1,414 patients were an-
alyzed after exclusion of patients with history of CVDs and nonresponders to a dietary survey.
Primary outcomes were times to stroke and coronary heart disease (CHD). Hazard ratios (HRs) of
dietary intake were estimated by Cox regression adjusted for systolic blood pressure, lipids,
energy intake, and other confounders.

RESULTSdMean daily dietary fiber in quartiles ranged from 8.7 to 21.8 g, and mean energy
intake ranged from 1,442.3 to 2,058.9 kcal. Mean daily intake of vegetables and fruits in quartiles
ranged from 228.7 to 721.4 g. During the follow-up of a median of 8.1 years, 68 strokes and 96
CHDs were observed. HRs for stroke in the fourth quartile vs. the first quartile were 0.39 (95%CI
0.12–1.29, P = 0.12) for dietary fiber and 0.35 (0.13–0.96, P = 0.04) for vegetables and fruits.
There were no significant associations with CHD. The HR per 1-g increase was smaller for soluble
dietary fiber (0.48 [95%CI 0.30–0.79], P, 0.01) than for total (0.82 [0.73–0.93], P, 0.01) and
insoluble (0.79 [0.68–0.93], P , 0.01) dietary fiber.

CONCLUSIONSdIncreased dietary fiber, particularly soluble fiber, and vegetables and fruits
were associated with lower incident stroke but not CHD in patients with type 2 diabetes.
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Type 2 diabetes is a significant cause of
premature mortality and morbidity
related to cardiovascular disease

(CVD), and medical nutritional therapy is
an essential component of diabetes care

aimed toward prevention of CVD. Current
guidelines for diabetes care in many coun-
tries encourage consumption of dietary
fiber, nondigestible carbohydrates, and lig-
nin that are intrinsic and intact in plants,

setting a variety of goals for daily intake of
total dietary fiber (14 g/1,000 kcal in the
U.S. [1], 40 g in Europe [2], 25–50 g in
Canada [3], and 20–25 g in Japan [4]).
An increase in dietary fiber can reduce
CVD risk through a variety of mechanisms,
such as decreasing total and LDL choles-
terol (5), reducing postprandial glucose
concentration and insulin secretion (6),
lowering blood pressure (7), reducing clot-
ting factors (8), and reducing inflammation
(9). Lipid-lowering effectswere attributable
to soluble fiber (5), which reduces absorp-
tion of fat and binds bile acids (10). The
effects of an unfortified high-fiber (50 g per
day) diet on glycemic control and lipids
were also demonstrated in a randomized
trial in patients with type 2 diabetes (11).

Cohort studies of healthy adults suggest
that foods rich in fiber protect against coro-
nary heart disease (CHD) (12) and stroke
(Supplementary Table 1) (13–19), but data
on patients with type 2 diabetes are sparse
(20–22) despite the integral role of medical
nutritional therapy. All of the earlier studies
in diabetes were conducted in the U.S. and
Europe, and the effects of dietary fiber on
CVD remain unknown for Asian patients,
who account for.60% of the diabetic pop-
ulation worldwide (23). In comparison with
type 2 diabetic patients inWestern countries,
those in East Asian countries, including Ja-
pan, are known to have different features re-
garding cardiovascular complications (24)
including a much lower incidence rate of
CHD than in Western countries (25) and
obesity as a lesser cardiovascular risk factor
(20). Therefore, it is still uncertain whether
dietary recommendations established by the
earlier studies are universally applicable to
patients with type 2 diabetes, particularly to
Japanese patients. This study therefore aimed
to investigate the incidence rates of stroke
andCHD in relation to intake of dietary fiber
in total, soluble form, and insoluble formand
vegetables and fruits in a cohort of Japanese
patients with type 2 diabetes.

RESEARCH DESIGN AND
METHODSdThis study is part of the
Japan Diabetes Complications Study
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(JDCS), an open-labeled randomized trial
originally designed to evaluate the effi-
cacy of a long-term therapeutic inter-
vention mainly focused on lifestyle
education. The original primary end
points were CHD, stroke, diabetic reti-
nopathy, and overt nephropathy. The
primary results (26) of the JDCS have pre-
viously been described. Eligibility criteria
were previously diagnosed patients with
type 2 diabetes aged 40–70 years whose
HbA1c levels were$6.5% in Japan Diabe-
tes Society values. From outpatient clinics
in 59 university and general hospitals na-
tionwide that specialize in diabetes care,
2,205 patients were initially registered
from January 1995 to March 1996. Of
the 2,033 patients who met the eligibility
criteria and were randomized, 1,588 pa-
tients responded to the baseline dietary
survey. There was no notable difference
in baseline characteristics between res-
ponders and nonresponders (27). After
exclusion of 174 patients with impaired
glucose tolerance, a history of angina
pectoris, myocardial infarction, stroke,
peripheral artery disease, familial hyper-
cholesterolemia, type III hyperlipidemia
(diagnosed by broad b-band on electro-
phoresis), or nephrotic syndrome (urine
protein.3.5 g/day and serum total pro-
tein ,6.0 mg/dL) or serum creatinine
levels.1.3 mg/dL (120mmol/L) at base-
line, 1,414 patients were included in the
current analysis. We analyzed follow-up
data collected until March 2003. The
protocol was approved by the institu-
tional review boards of all of the partici-
pating institutes. We obtained written
informed consent from all patients.

Outcome measures
A fatal or first nonfatal manifestation of
CHD comprised of angina pectoris or
myocardial infarction was diagnosed ac-
cording to criteria defined by the World
Health Organization/Multinational Mon-
itoring of Trends and Determinants in
Cardiovascular Disease (WHO/MONICA)
project, and angina pectoris was de-
fined as typical effort-dependent chest
pain or oppression relieved at rest or by
use of nitroglycerine as validated by an
exercise-positive electrocardiogram or
angiography. A patient with a first per-
cutaneous coronary intervention or cor-
onary artery bypass graft was also counted
as having a CHD event. Diagnosis of
stroke was according to guidelines defined
by the Ministry of Health, Labour and
Welfare of Japan andWHO criteria. Stroke
events were defined as a constellation of

focal or global neurological deficits or
disturbance of cerebral function that was
sudden or rapid in onset and for which
there was no apparent cause other than a
vascular accident such as epilepsy or brain
tumors on the basis of a detailed history,
neurological examination, and ancillary
diagnostic procedures such as computed
tomography, magnetic resonance imag-
ing, cerebral angiography, and lumbar
puncture. Stroke events were classified as
cerebral infarction (including embolus),
intracranial hemorrhage (including sub-
arachnoid hemorrhage), transient ische-
mic attack, or stroke of undetermined type
in accordance with WHO criteria. No
cases of asymptomatic lesions detected
by brain imaging (i.e., silent infarction)
were included. Only first-ever CHD or
stroke events during the study period
were counted in the analysis and in a
patient having both CHD and stroke
events; each event was counted sepa-
rately. Information regarding primary
outcome and other clinical variables for
each subject was collected through an
annual report that included detailed find-
ings at the time of the event from each
participating diabetologist who was pro-
viding care to those patients. Adjudica-
tion of CHD and stroke events was by
central committees comprised of experts
whoweremasked to risk factor status and
was based on additional data such as a
detailed history, sequential changes in
ECG and serum cardiac biomarkers, and
results of coronary angiography or brain
imaging.

Dietary assessment
The Food Frequency Questionnaire
based on food groups (FFQg) (28) was
administered at baseline. In brief, the
FFQg elicited information on the average
intake per week of 29 food groups and 10
kinds of cookery in commonly used units
or portion sizes. The FFQg was externally
validated by comparison with dietary re-
cords for seven continuous days of 66
subjects aged 19–60 years (28). The ratios
of the estimates obtained by the FFQg
against those by the dietary records
ranged from 72 to 121%, and the average
was 104% (1,666 kcal/1,568 kcal for total
energy, 10.0 g/9.5 g for total dietary fiber,
51.0 g/48.0 g for green-yellow vegetables,
and 64.8 g/54.7 g for fruits). After patients
completed the questionnaire, the dietitian
reviewed the answers and in the case of
questionable responses interviewed the
patient. We use standardized software
for population-based surveys and nutrition

counseling in Japan to calculate nutrient
and food intakes (Excel EIYO-KUN, ver-
sion 4.5, developed by Shikoku Univer-
sity Nutrition Database; KENPAKUSHA,
Tokyo, Japan).

Statistical analysis
Hazard ratios (HRs) and 95% CIs for the
incidence of stroke or CHD in relation to
dietary intakes were estimated by Cox
regression with adjustment for age, sex,
BMI, HbA1c, diabetes duration, diabetic
retinopathy, treatment by insulin, treat-
ment by oral hypoglycemic agents,
systolic blood pressure (SBP), LDL cho-
lesterol, HDL cholesterol, triglycerides
(log transformed), current smoking,
physical activity, alcohol intake, propor-
tions of total fat, saturated fatty acids, n-6
fatty acids and n-3 fatty acids, cholesterol
intake, and sodium intake as confounders.
In addition to the multivariate adjustment,
we applied the standard multivariate
method for energy adjustment. We per-
formed both quartile and linear Cox re-
gression analyses, and the primary
analysis was conducted using linear re-
gression. Potential nonlinear relationships
between dietary fiber and stroke were ex-
plored by a spline function, a smooth
curve of incidence rate of stroke depend-
ing on dietary fiber. The spline function
and 95% CI were estimated by energy-
adjusted generalized additive models,
and the degree of freedomwas determined
by generalized cross-validation. Potential
effect modification by age$60 years, sex,
HbA1c $9%, duration of diabetes $10
years, overweight (BMI $25 kg/m2),
smoking status, hypertension (SBP $130
mmHg, diastolic blood pressure $85
mmHg, or treatment by antihypertensive
agents), and dyslipidemia (LDL choles-
terol $120 mg/dL, HDL cholesterol ,40
mg/dL, triglycerides $150 mg/dL, or
treatment by lipid-lowering agents) was
explored by subgroup analysis and Wald
tests for interaction terms using energy-
adjusted Cox regression. All P values are
two-sided, and the significance level is
0.05. All statistical analyses and data man-
agement were conducted at a central data
center using SAS, version 9.2 (SAS Insti-
tute, Cary, NC).

RESULTSdThe baseline characteristics
and daily dietary intake of the 1,414
patients according to quartiles of total
dietary fiber are shown in Table 1. Mean
total dietary fiber in quartiles ranged from
8.7 to 21.8 g. Mean energy intake in quar-
tiles ranged from 1,442.3 to 2,058.9 kcal.
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Intake of total dietary fiber was positively
associated with proportions of protein
and fat intake but not with the proportion
of carbohydrate intake. Patients in higher
quartiles were significantly older and in-
cluded more women and had preferable
lifestyles such as a lower smoking pro-
portion and increased physical activity.
However, there were no significant
trends in blood pressure, lipids, and
medications, and the difference in
HbA1c values was only marginal. Total
dietary fiber was positively associated
with not only intakes of grain, vegetables,
and fruits but also intakes of seafood,
meat, and sodium.

During the follow-up of a median of
8.1 years, the numbers of incident CVD
according to quartiles of total dietary
fiber were 21, 24, 27, and 24 for CHD;
22, 15, 13, and 18 for stroke; and 19, 12,
11, and 15 for cerebral infarction, respec-
tively. The 68 stroke events included 58
cerebral infarctions, 5 intracranial hem-
orrhages, 4 transient ischemic attacks,
and 1 stroke of undetermined type in
accordance withWHO criteria. The crude
incidence rates per 1,000 patient-years for
CHD, stroke, and cerebral infarction were
9.70, 6.81, and 5.69, respectively, and the
follow-up rate at 8 years was 78%. There
was no notable difference in baseline

characteristics between patients who
completed 8-year follow-up and the other
patients (27).

Tables 2 and 3 show HRs for dietary
fiber, vegetables, and fruits estimated by
Cox regression models unadjusted (top
model), adjusted for risk factors (middle
model), and further adjusted for total en-
ergy intake (bottom model). The energy-
adjusted HRs for stroke in the fourth
quartile compared with the first quartile
were 0.39 (95% CI 0.12–1.29, P = 0.12)
for total dietary fiber and 0.35 (95% CI
0.13–0.96, P = 0.04) for vegetables and
fruits (Table 2). There were no significant
decreasing trends between grain intake, a

Table 1dBackground characteristics and dietary intake for 1,414 patients with type 2 diabetes according to quartiles of total dietary fiber

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

N 352 349 353 360
Total dietary fiber (g/day) 8.7 6 1.6 12.5 6 0.9 15.8 6 1.0 21.8 6 4.0 ,0.01
Soluble dietary fiber (g/day) 2.1 6 0.4 2.9 6 0.2 3.7 6 0.3 5.1 6 1.2 ,0.01
Insoluble dietary fiber (g/day) 6.3 6 1.2 9.0 6 0.7 11.4 6 0.9 15.8 6 2.9 ,0.01
Age (years) 57.5 6 7.5 58.4 6 7.2 59.5 6 6.5 59.0 6 6.4 ,0.01
Women (%) 36.6 46.7 52.4 56.1 ,0.01
HbA1c (% in NGSP value) 8.2 6 1.2 8.3 6 1.2 8.4 6 1.5 8.4 6 1.4 0.03
HbA1c (mmol/mol) 66.0 6 12.7 66.9 6 13.3 68.3 6 16.5 68.1 6 15.1 0.03
Fasting plasma glucose (mg/dL) 158.1 6 42.5 158.8 6 41.0 162.6 6 46.9 161.9 6 43.9 0.16
Years after diagnosis 11.1 6 6.7 11.1 6 7.1 11.1 6 7.2 10.6 6 7.1 0.37
BMI (kg/m2) 22.8 6 2.8 22.9 6 3.1 22.8 6 2.8 23.2 6 3.1 0.10
SBP (mmHg) 131.3 6 16.5 131.1 6 17.2 132.5 6 15.2 131.6 6 15.9 0.57
Diastolic blood pressure (mmHg) 76.3 6 10.3 76.7 6 10.0 76.3 6 9.8 76.7 6 9.6 0.80
LDL cholesterol (mg/dL) 122.5 6 31.6 122.7 6 33.2 123.3 6 31.5 121.3 6 32.1 0.69
HDL cholesterol (mg/dL) 53.9 6 16.8 54.5 6 16.8 55.3 6 16.8 55.2 6 16.9 0.24
Triglycerides (mg/dL)* 101.0 6 65.0 103.0 6 71.0 97.0 6 70.0 98.0 6 68.0 0.26
Treated by insulin (%) 22.7 22.7 21.0 19.5 0.24
Treated by OHA without insulin (%) 65.6 66.2 66.0 64.2 0.68
Treated by antihypertensive agents (%) 25.6 27.7 26.9 23.1 0.41
Treated by lipid-lowering agents (%) 19.7 25.3 28.0 23.3 0.18
Current smoker (%) 39.6 27.8 23.7 19.9 ,0.01
Physical activity (kJ/day)* 424.8 6 956.3 546.4 6 1,033.3 600.6 6 1,041.3 702.9 6 1,342.2 ,0.01
Alcohol intake (%)
Never 52.1 59.8 63.2 67.1 ,0.01
#1 drink† 40.3 33.9 32.4 27.4
.1 drink† 7.7 6.3 4.4 5.4

Grains (g/day) 184.5 6 51.1 192.0 6 56.3 194.4 6 51.1 193.7 6 49.0 0.02
Vegetables (g/day) 158.6 6 64.7 258.3 6 71.2 351.7 6 86.1 518.3 6 159.6 ,0.01
Fruits (g/day) 70.1 6 57.0 113.5 6 74.0 147.3 6 86.8 203.1 6 139.3 ,0.01
Seafood (g/day) 75.9 6 44.4 86.2 6 45.2 106.3 6 54.5 128.1 6 73.3 ,0.01
Meat (g/day) 40.9 6 31.2 45.1 6 34.7 50.1 6 35.8 59.9 6 46.3 ,0.01
Energy intake (kcal/day) 1,442.3 6 315.7 1,617.5 6 300.0 1,787.6 6 310.0 2,058.9 6 407.4 ,0.01
Protein (% energy) 15.0 6 2.5 15.3 6 2.2 16.0 6 2.3 16.6 6 2.4 ,0.01
Fat (% energy) 26.5 6 5.3 27.3 6 5.1 27.5 6 4.4 28.6 6 5.1 ,0.01
Carbohydrate (% energy) 53.6 6 6.9 54.2 6 6.4 53.9 6 5.9 53.2 6 7.1 0.36
Saturated fatty acid (% energy) 7.8 6 2.0 8.0 6 1.7 7.9 6 1.5 7.9 6 1.6 0.35
Dietary cholesterol (mg/day) 260.1 6 99.7 287.1 6 90.1 321.4 6 105.7 371.4 6 135.8 ,0.01
Sodium (g/day) 2.7 6 0.7 3.7 6 0.8 4.4 6 0.9 5.9 6 1.4 ,0.01

Data are means6 SD unless otherwise indicated. OHA, oral hypoglycemic agents. *Median6 interquartile range. †One drink is equivalent to 12.6 g ethanol based on
the U.S. Department of Agriculture definition.
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major source of dietary fiber, and incident
stroke (data not shown). The HR per 1-g
increase was smaller for soluble dietary
fiber (0.48 [95% CI 0.30–0.79], P ,
0.01) than for total (0.82 [95% CI 0.73–
0.93], P , 0.01) and insoluble (0.79
[95% CI 0.68–0.93], P , 0.01) dietary
fiber. The HRs for cerebral infarction
were similar to those for stroke (Supple-
mentary Table 2). In contrast, both the
quartile and linear analyses showed no
significant trends toward a decreased in-
cidence rate of CHD (Table 3). Sup-
plementary Fig. 1 shows results of
subgroup analysis according to risk fac-
tors for CVD. None of these associations
indicated significant interactions, sug-
gesting lack of clear evidence of effect
modifications.

To explore potentially nonlinear rela-
tionships between total dietary fiber and
the incidence of stroke, we fitted the
energy-adjusted generalized additive
models (Fig. 1). As shown graphically, de-
creasing trends according to higher values
for dietary fiber were clearly shown, with
the relationships appearing to be nonlin-
ear. Notably, the estimated incidence rate
was very low, i.e., ,0.90/1,000 patient-
years, among patients consuming total di-
etary fiber .25 g. Indeed, the maximum
total dietary fiber in the 68 cases of stroke
was 24 g.

CONCLUSIONSdThis 8-year follow-
up study of Japanese patients with type 2
diabetes revealed an ~60% risk reduction
of stroke in the fourth quartile of total
dietary fiber and vegetables/fruits com-
pared with the first quartile. The esti-
mated incidence rate of stroke was very
low in patients consuming .25 g/day of
total dietary fiber, suggesting a potential
threshold of ~20–25 g. The association in
relation to soluble fiber seemed to be
stronger, but there were no significant as-
sociations between CHD and any types of
dietary fiber. Our findings are in line with
results of earlier cohort studies on the in-
cidence of stroke among healthy adults, as
summarized in Supplementary Table 1.

In comparison with people in West-
ern countries, diabetic patients in East
Asian countries, including Japan, are
known to have quite different features
such as the much lower incidence rate of
CHD than in Western countries (25) and
the low prevalence of obesity (20). As ex-
pected, the incidence rate of stroke
among patients in this cohort, 6.81/
1,000 patients-years, was 2–10 times
higher than those in earlier studies (14–19)
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(Supplementary Table 1). The “metaboli-
cally obese” phenotype (20) characterized
by normal body weight with increased
abdominal adiposity was also common
(Table 1). Furthermore, most patients typ-
ically had a “low-fat energy-restricted
diet,” i.e., the proportions of protein, fat,
and carbohydrate consumption met the
Western guidelines (1–3), which recom-
mended carbohydrate intake ranging from
45 to 65%, fat intake,30–35%, and pro-
tein intake from 10 to 20%. On the other
hand, despite the possible difference in di-
etary habits, the distribution of dietary fi-
ber intake substantially overlaps with
those in populations of healthy adults ex-
cept for cohorts in Finland and Sweden
(Supplementary Table 1). The current
goals for daily intake of total dietary fiber
in guidelines are similar between Japan
(20–25 g [4]) and the U.S. (14 g/1,000
kcal [1]). We observed a lower incidence
of stroke around intake of 20–25 g
(Fig. 1), supporting these dietary goals.
Achieving such intake would be realistic
given the national average in Japanese
adults, i.e., 14.6 g (29).

The estimated risk reduction by di-
etary fiber in this cohort was seemingly
stronger than those in the earlier cohort
studies (Supplementary Table 1). The
HRs of the fifth quintile of total dietary
fiber compared with the first quintile
ranged from 0.64 (95% CI 0.46–0.88)
to 1.05 (0.73–1.51), showing moderate
heterogeneity across studies. Data on the
effects of dietary fiber in diabetic patients
are limited (20–22). The Nurses’ Health
Study reported that whole-grain and bran
intakes were associated with reduced all-
cause and cardiovascular mortality
among U.S. women with type 2 diabetes
(20). Inverse associations with all-cause
and cardiovascular mortality were also
observed in a study of self-reported diabe-
tes nested within the European Prospective
Investigation into Cancer and Nutrition
(EPIC) study (21). The EURODIAB Pro-
spective Complications Study reported
that higher dietary fiber consumption,
especially that of soluble fiber, was asso-
ciated with CVD in type 1 diabetic pa-
tients (22). Taken together, high intake
of dietary fiber would reduce the inci-
dence of stroke not only in healthy
adults but also in patients with type 2
diabetes. However, it is unclear whether
dietary fiber is more beneficial for dia-
betic patients.

The precise mechanisms for our find-
ings cannot be clarified merely from
epidemiological studies, but it is importantT
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to note that the energy-adjusted HR was
smaller for soluble dietary fiber (0.48/g)
than for total (0.82/g) and insoluble
(0.79/g) dietary fiber. Soluble fiber is mainly
derived from fruits, vegetables, and le-
gumes in typical Japanese diets. This type
of fiber specifically decreases LDL choles-
terol by 22.2 mg/dL per 1 g (5) and SBP
by 21.32 mmHg (7) if given as supple-
ments. Furthermore, lipids and blood
pressure are the leading risk factors for
CHD and stroke in Japanese patients, re-
spectively (24). Our observations there-
fore support the hypothesis that the
effects of dietary fiber on some types of
stroke are mediated by lipids and blood
pressure, but given that the degree of im-
provement in LDL cholesterol and SBP by
dietary fiber is small, the entire risk reduc-
tion for stroke does not seem to be attrib-
utable to merely the effect on lipids and
blood pressure. Other possibilities include
reducing postprandial glucose concentra-
tion and insulin secretion (6), reducing
clotting factors (8), and decreasing inflam-
mation (9). These protective factors
against CVD are biologically interrelated,
so it may be possible that synergism
among them results in the 60% risk reduc-
tion of stroke.

Another important finding of this
study was that only stroke but not CHD
was significantly reduced by dietary fiber.
The Japan Public Health Center Study
(18) also reported a significant associa-
tion for only stroke, while dietary fiber
was correlated with only CHDdnot
strokedin the Japan Collaborative Cohort
Study (17) (Supplementary Table 1).

However, these three cohorts in Japan
consistently reported HRs for CHD
of ,1 in higher quartiles of dietary
fiber, showing weak decreasing trends
in CHD (though statistically nonsignifi-
cant). Furthermore, our post hoc power
calculation suggested that the power of
our study may not be sufficient. For ex-
ample, the observed HR for CHD be-
tween the first and fourth quartiles was
0.62, and P = 0.36 (Table 3), but the
power to detect a true HR of 0.62 was
only 11%, given the 45 CHD incidents
in the first and fourth quartiles. There-
fore, it is possible that the association be-
tween CHD and dietary fiber would
become significant by conducting pooled
analysis of cohorts.

To the best of our knowledge, this is
the first study on dietary fiber and CVD in
which patients with type 2 diabetes are
prospectively registered based on their
HbA1c levelsdnot retrospectively se-
lected based on self-reported diabetes
status. Other strengths include treat-
ment and follow-up plans that were con-
ducted in institutes specializing in
diabetes care and adjudication of cardio-
vascular events by an independent cen-
tral committee. Our study has several
limitations. First, the potential for bias,
such as measurement errors in dietary
assessments, confounding factors, and
informative censoring, cannot be ruled out
entirely. However, we found no notable dif-
ference in baseline characteristics between
patients who completed 8-year follow-up
and the other patients (27). Second, in
an observational study rather than a ran-
domized trial, it is impossible to conclude
whether medical nutritional treatment
encouraging dietary fiber or intake of veg-
etables and fruits would reduce incident
stroke in clinical practice. The apparent
preferable effects of dietary fiber might
be due to a generally healthy lifestyle
among high dietary fiber consumers.
This possibility cannot be not entirely ex-
cluded; patients in higher quartiles of di-
etary fiber had a relatively low smoking
rate and high level of physical activity,
although they had adverse dietary behav-
iors such as increased intake of energy,
saturated fatty acid, cholesterol, and so-
dium. Furthermore, it is difficult, al-
though not impossible under strong
assumptions for mediation analysis, to
separate the effects specific to dietary fiber
and the generic effect mediated by the
quantity of energy consumed in this ob-
servational study. Finally, our results may
not be generally applicable to populations

with different lifestyle or genetic factors.
For example, BMI and body weight are
markedly different between patients in
Japan and Western countries (30). Our
systematic review found that earlier stud-
ies were conducted in U.S., Europe, and
Japan and that the findings were moder-
ately heterogeneous. Furthermore, a co-
hort study suggests that dietary fiber
intake may modify the association be-
tween TCF7L2 rs7903146 and the inci-
dence of type 2 diabetes, leading to
preventive effects of dietary fiber from
type 2 diabetes only among non–risk al-
lele carriers (31). The contribution of
such ethnic and genetic differences re-
mains uncertain and is worthy of further
research. These limitations notwithstand-
ing, we conclude that high intakes of di-
etary fiber, particularly soluble fiber, and
vegetables and fruits reduce incident
stroke but not CHD in patients with
type 2 diabetes.
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