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| 72 Enrolled J

|

53 Assigned to Intervention Group 19 Assigned to Waiting-listed Control Group

Home-based PA intervention
1) Step exercise every 10 min 3 times per day
2) Increasing 1000 steps or keep 10000 steps

Group-based PA interventions
1) Step exercise for 10 min
2) Health or Exercise information
3) Recreation

48 (90.6%) Completed after 24 week 19 (100%) Measured after 24 week

Fig. 1  Participant flow
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Table 1. Cerebrovascular risk factors in Intervention and Control Groups

Intervention Group Control Group ANOVA
Baseline 12 week 24 week Baseline 12 week 24 week pe pe
Weight (kg) 56.7+8.1 55.1£8.4 ¢ 54.6£7.9 53.7%7.8 - <0.001 0.027
BMI (kg/m?) 24.2+2.9 23.542.9« 23.5+2.8 23.242.6 <0.001 0.032
SBP (mmHg) 152.3+21.8 133.8+22.1»  132.8+19.2« 131.8+13.2 140.2+18.8 135.3%£22.7 0.005 <0.001
DBP (mmHg) 86.9+13.0 77.4£11.4« 78.3+£10.3 » 75.4+8.3 78.3x10.7 75.8+9.6 0.003 <0.001
T-C (mg/dl) 224.2432.5 212.6+£32.52  212.64£28.5% 231.5434.0 223.6+35.0 229.4+38.8 0.006 0.292
HDL-C (mg/dl) 67.4+11.6 67.5+12.5 67.3£12.0 71.1415.3 71.8+14.8 73.9+15.5 0.481 0.404
LDL-C (mg/dl) 126.1£26.1 110.9£26.6 «  122.1+24.8 v 131.6+28.1 125.2+26.5 127.0428.1 0.000 0.102
TG (mg/dl) 93.8+42.1 76.0£29.1 « 83.9+31.1 87.2426.3 84.6+24.7 84.3+20.1 0.040 0.169
BS (mg/d}) 90.6+10.0 93.5+12.1 91.1%11.1 93.5+16.5 94.8+14.7 97.9+17.9 0.100 0.077
HbAlc (%) 5.80+0.37 5.73+0.35« 5.63+0.39 =» 5.75+0.42 5.63+0.41 ¢ 5.65+0.46 <0.001 0.267
T-C/HDL-C 3.4+0.8 3.3+0.8 3.240.7 3.440.7 3.2+0.6 3.2+0.7 0.002 0.986
LDL-C/HDL-C 1.940.6 1.7£0.6 ¢ 1.9+0.6 ° 1.9+0.6 1.8+0.5 1.8+0.5 <0.001 0.093
a:vs Baseline (P<0.05), b:vs 12 week (P<0.05), ¢: Time main effect P value, d: Time X Group interacation P value mean+SD
-17 -
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Table 2. Fall-related physical fitness in intervention group

i ER

Baseline 12 week 24 week
10 m maximum gait (sec) 4.7+0.6 4.3%0.6 « 4.240.7 2
Timed Up and Go (sec) 6.0+1.0 5.7£0.7 a 5.3£0.7 ab
Reaction Time (msec) 453.0+62.2 368.5+47.8 « 366.1+64.3 a
30-second Chair-Stand Test (times) 24.6£6.2 27.8+5.8 a 29.1+6.3 ab
Functional Reach Test (cm) 35.246.2 36.6+4.5 36.7£5.0
Single-leg balance with eyes open (sec) 66.5+46.0 79.3+41.2 » 84.4+40.5 ab
Aerobic fittness by step test (METSs) 5.240.6 5.940.9 « 6.3+0.9 ab
a: vs Baseline (P<0.05), b:vs 12 week (P <0.05) mean+SD
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Dietary patterns and risk of dementia in an elderly Japanese

population: the Hisayama Study'~®

Mio Ozawa, Toshiharu Ninomiya, Tomoyuki Ohara, Yasufumi Doi, Kazuhiro Uchida, Tomoko Shirota, Koji Yonemoto,

Takanari Kitazono, and Yutaka Kiyohara

ABSTRACT

Background: To our knowledge, there are no previous reports that
assessed the association between dietary patterns and risk of de-
mentia in Asian populations.

Objective: We investigated dietary patterns and their potential as-
sociation with risk of incident dementia in a general Japanese pop-
ulation.

Design: A total of 1006 community-dwelling Japanese subjects
without dementia, aged 60-79 y, were followed up for a median
of 15 y. The reduced rank regression procedure was used to effi-
ciently determine their dietary patterns. Estimated risk conferred by
a particular dietary pattern on the development of dementia was
computed by using a Cox proportional hazards model.

Results: Seven dietary patterns were extracted; of these, dietary
pattern 1 was correlated with high intakes of soybeans and soybean
products, vegetables, algae, and milk and dairy products and a low
intake of rice. During the follow-up, 271 subjects developed all-
cause dementia. Of these individuals, 144 subjects had Alzheimer
disease (AD), and 88 subjects had vascular dementia (VaD). After
adjustment for potential confounders, risks of development of all-
cause dementia, AD, and VaD were reduced by 0.66 (95% CI: 0.46,
0.95), 0.65 (95% CI: 0.40, 1.06), and 0.45 (95% CI: 0.22, 0.91),
respectively, in subjects in the highest quartile of score for dietary
pattern 1 compared with subjects in the lowest quartile.
Conclusion: Our findings suggest that a higher adherence to a di-
etary pattern characterized by a high intake of soybeans and soy-
bean products, vegetables, algae, and milk and dairy products and a
low intake of rice is associated with reduced risk of dementia in the
general Japanese population. Am J Clin Nutr 2013;97:1076-82.

INTRODUCTION

The number of patients with dementia is growing rapidly in
conjunction with the aging of the world population (1). However,
the cause of most types of dementia has not been fully clarified.
Consequently, those factors that are known to affect dementia and
can be modified, such as dietary factors, have been widely
discussed in terms of their potential to prevent the development of
the disease (2). Some epidemiologic studies have reported that
the intake of certain types of foods, such as fish and vegetables,
may protect against all-cause dementia and Alzheimer disease
(AD)4, but these results are still inconsistent (3, 4). In any case,
we do not consume foods or nutrients in isolation but, rather,
combined as meals. Therefore, a key part of the solution may be
to identify the dietary patterns that make the greatest contribution
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to dementia prevention. In Western countries, there have been
several epidemiologic reports that suggested that a Mediterra-
nean dietary pattern is protective against dementia (5-7).
However, a Mediterranean diet is very different from a tradi-
tional Asian diet, and it is possible that there is another dietary
pattern that would be equally or more effective for Asian people.
Thus, it is important to determine whether there is a dietary
pattern specific to Asian customs that would help to reduce risk
of dementia. To clarify this issue, we performed a prospective
cohort study to evaluate dietary factors associated with the de-
velopment of dementia in a general Japanese elderly population.
The ultimate goal of this study was to identify a dietary pattern
that could contribute to risk of dementia and its subtypes in
elderly Japanese.

SUBJECTS AND METHODS

Study populations

The Hisayama Study is a population-based prospective cohort
study ongoing in the town of Hisayama, which is located in
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DIETARY PATTERNS AND RISK OF DEMENTIA

a suburb of the Fukuoka metropolitan area on Kyushu Island,
Japan (8). The study began in 1961 to elucidate the actual
conditions of cerebrocardiovascular diseases and their risk fac-
tors in Japanese. Data from the national census and nutrition
survey has shown that the age and occupational distributions and
nutrient intake of the population of Hisayama have been mostly
the same as those of Japan as a whole for each year from 1961
until now (9). Comprehensive surveys of cognitive impairment
and dementia in the elderly, including neuropsychological tests,
have been conducted since 1985 (8). In 1988, a screening ex-
amination, including a dietary survey, was performed in 1073
residents aged 60-79 y (participation rate: 89.6%) for the current
study. After the exclusion of 15 subjects who already suffered
from dementia, one subject with no blood sample, and 51 sub-
jects who did not complete dietary questionnaires at baseline,
the remaining 1006 subjects (433 men and 573 women) were
enrolled in this study.

Follow-up survey

Subjects were followed up from December 1988 to November
2005. The median follow-up time was 15 y. During this time,
health examinations were performed every 1-2 y (10). For
subjects who did not have examinations or who had moved out
of town, the postal service or telephone was used to collect their
health information (11). We also established a daily monitoring
system in the study team and local physicians or members of the
Health and Welfare Office of the town to identify new events,
including stroke, cognitive impairment, and dementia. Follow-
up screening surveys of cognitive function, including neuro-
psychological tests, the Hasegawa Dementia Scale (12), the
Hasegawa Dementia Scale-Revised (13), or the Mini-Mental
State Examination (14), were conducted in 1992, 1998, and
2005. When a subject was suspected to have new neurologic
symptoms, including cognitive impairment, the subject was
carefully evaluated by the study physician and psychiatrist, who
conducted comprehensive investigations including interviews of
the family or attending physician, physical and neurologic ex-
aminations, and a review of the clinical records. Furthermore,
when a subject died, we reviewed all available clinical in-
formation, interviewed the attending physician and the family of
the deceased subject, and tried to obtain permission for an au-
topsy from the family. During follow-up, 446 subjects died; of
those, 326 (73.1%) underwent a brain examination at autopsy.
No subjects were lost to follow-up.

Diagnosis of dementia

The guidelines of the Diagnostic and Statistical Manual of
Mental Disorders, Revised Third Edition, were used for defining
the diagnosis of dementia (15). The criteria of the National In-
stitute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s disease and Related Disorders Association
were used to define subjects with AD (16), and the criteria of
the National Institute of Neurological Disorders and Stroke-
Association Internationale pour la Recherche et I’Enseignement en
Neurosciences were used to determine the diagnoses of vascular
dementia (VaD) (17). Clinical information, including neuro-
imaging, was used to diagnose possible and probable dementia
subtypes. Definite dementia subtypes were also determined on
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the basis of clinical and neuropathologic information in de-
mentia subjects who underwent autopsy. The diagnostic pro-
cedure for autopsy cases has been reported previously (18).
Definite VaD cases were confirmed with a causative stroke or
cerebrovascular change and no neuropathologic evidence of
other forms of dementia. Each case of dementia was adjudicated
by expert stroke physicians and psychiatrists.

During the follow-up period, 271 incident cases of dementia
were shown. Of these cases, 128 subjects (47.2%) underwent an
autopsy, and 114 subjects were examined by using brain imaging,
such as computed tomography and MRI. Therefore, 242 subjects
in all (89.3%) underwent some kind of morphologic examination.
The remaining 29 subjects were examined by using clinical
features. In all dementia cases, 19 AD cases and 15 VaD cases had
other subtypes of dementia; of those, 11 cases were a mixed type
of AD and VaD. These cases were counted as events in the
analyses for each subtype. Finally, 144 subjects experienced AD,
88 subjects experienced VaD, and 50 subjects experienced other
subtypes of dementia.

Nutritional survey

At the baseline screening examination in 1988, a dietary
survey was conducted by using a 70-item semiquantitative food-
frequency questionnaire concerning food intake (19). The val-
idity of this questionnaire has been reported previously (20). The
questionnaire was completed by each participant in advance and
was checked by a trained dietitian or a nutritionist in the
screening examination. The average food intake per day was
calculated from the weekly frequency of intake of various foods
and the amount (quantity) of each food portion. The nutritional
intake was calculated by using the fourth revision of the Standard
Tables of Food Composition in Japan (21). Each nutritional el-
ement was adjusted for energy intake by using the nutrient
density method (22).

Risk-factor measurements

At baseline, each subject completed a self-administered
questionnaire that covered medical history, antidiabetic and
antihypertensive treatments, educational status, smoking habits,
and physical activity. A history of stroke was defined as a pre-
existing sudden onset of nonconvulsive and focal neurologic
deficit that persisted >24 h on the basis of all available clinical
data. Educational levels were divided into 3 categories as fol-
lows: low (<7 y of education), intermediate (7-12 y of educa-
tion), and high (=13 y of education). Smoking habits were
categorized as either current use or no current use. Physical
activity during leisure time was defined as 4 categories as fol-
lows: always sedentary, walking, exercise or sports 1-2 d/wk,
and exercise or sports =3 d/wk. Blood pressure was measured 3
times by using a standard mercury sphygmomanometer in the
sitting position after rest for =5 min. The mean of 3 measure-
ments was used for the analysis. Hypertension was defined as
blood pressure =140/90 mm Hg or current use of antihyper-
tensive drugs. Body height and weight were measured in light
clothing without shoes, and BMI (in kg/m2) was calculated.
Diabetes was defined as a fasting plasma glucose concentration
=7.0 mmol/L, 2-h postload glucose concentrations or postprandial
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glucose concentrations =11.1 mmol/L, or the current use of in-
sulin or oral medication for diabetes.

Statistical analysis

Dietary patterns associated with risk of dementia were
assessed by using a reduced rank regression (RRR) analysis (23).
Usually, a dietary pattern analysis is conducted by using either
a hypothesis-oriented approach that requires a known ideal di-
etary pattern (eg, the Mediterranean diet) or a principal com-
ponents analysis that determines dietary patterns specific to the
target population. In contrast with these analyses, RRR does not
require any known dietary pattern and can allow for previous
information about the pathway from the diet to relevant disease.
RRR identifies linear functions of food groups (ie, the dietary
pattern) that explain as much of the variation of nutrients selected
as risk or preventive factors for the relevant disease as possible.
Consequently, the score for dietary pattern computed by this
method is likely to be associated with risk of the relevant disease.
RRR could be the most appropriate method to estimate the ideal
dietary pattern for the prevention of dementia. We selected the
following 7 nutrients as risk or preventive factors for dementia:
SFA (24, 25), MUFA (25), PUFA (25, 26), vitamin C (27),
potassium (28), calcium (28), and magnesium (28). These nu-
trients were known or suspected to confer risk of or protection
against dementia and were variables with P < 0.2 in the uni-
variate analyses regarding their intakes and risk of the de-
velopment for dementia. Dietary patterns related to the intakes
of these 7 nutrients were derived on the basis of 19 food groups.
Pearson’s correlation coefficients in nutrients, food groups, and
scores for the extracted dietary pattern were calculated. Scores
for the dietary pattern were categorized in quartiles. Trends in
mean values or frequencies of risk factors across scores for the
dietary pattern were tested by using the general linear model
or logistic regression analysis, respectively. The age- and sex-
adjusted or multivariate-adjusted HRs and 95% Cls were esti-
mated by using the Cox proportional hazards model. The het-
erogeneity of HRs in subgroups was tested by adding interaction
terms to the relevant Cox model. Two-sided P < 0.05 was
considered statistically significant in all analyses. The SAS
software package (version 9.2; SAS Institute) was used to per-
form all statistical analyses.

Ethical considerations

This study was conducted with the approval of the Kyushu
University Institutional Review Board for Clinical Research.
Written informed consent was obtained from participants.

RESULTS

The mean age of the overall study population was 68 y, and the
proportion of women was 57%. The prevalence of diabetes and
hypertension was 15.0% and 51.7%, respectively. In total sub-
jects, 23.7% of subjects had smoking habits, and 70.5% of
subjects were sedentary during leisure time.

In our subjects, 7 dietary patterns were extracted by using
RRR. These dietary patterns explained 87.1% of the total vari-
ation of intakes of the following 7 nutrients selected as re-
sponsible variables: SFA, MUFA, PUFA, vitamin C, potassium,
calcium, and magnesium. Scores for dietary pattern 1 (DP1)

OZAWA ET AL

accounted for 54.3% of the total variation of all responsible var-
jables, and scores for dietary patterns 2-7 explained very few
variations (see Table 1 under “Supplemental data” in the online
issue). Therefore, we selected scores for DP1 as a target dietary
pattern in this study. Scores for DP1 were highly correlated with
intakes of each nutrient (all Pearson’s correlation coefficients
>0.50) (Table 1).

Factor loadings of the 19 food groups associated with scores
for DP1 and correlation coefficients between food groups and 7
response variables are shown in Table 2. Factor loadings rep-
resent the magnitude and direction of each food group’s con-
tribution to scores for DP1. A positive value of a factor loading
indicated that a higher score for DP1 was associated with an
increased intake for that food group. Food groups with a factor
loading =0.2 were soybeans and soybean products, green veg-
etables, other vegetables, algae, and milk and dairy products,
whereas the food with a factor loading less than —0.2 was rice.

Clinical characteristics of study subjects according to the
quartile of scores for DP1 at baseline are shown in Table 3.
Subjects with higher scores for DP1 were likely to be women
and more likely to have diabetes and smoking habits. Mean
values of serum total cholesterol and BMI increased with higher
scores for DP1. )

We estimated HRs and 95% Cls for the development of de-
mentia and its subtypes according to the quartile of scores for
DPI1 (Table 4). Risk of all-cause dementia decreased by two-
thirds in subjects with the highest quartile of scores for DP1
compared with subject with the lowest quartile; the age- and
sex-adjusted HR (95% CI) was 0.66 (0.47, 0.94). This relation
remained unchanged even after adjustment for education, di-
abetes, hypertension, total cholesterol, history of stroke, BMI,
smoking habits, and the intake of energy. With regard to sub-
types of dementia, subjects with the highest quartile of scores
for DP1 had a significant lower risk of either AD or VaD after
adjustment for the aforementioned confounding factors; the HR
(95% CI) was 0.65 (0.40, 1.06) for AD and 0.45 (0.22, 0.91) for

“VaD (Table 5). There was a significant linear relation between

scores for DP1 levels and risk of VaD (P-trend = 0.02) but not
for AD (P-trend = 0.17). As a reference, there was no evidence
of a significant relation between dietary patterns 2-7 and de-
mentia.

Finally, we conducted sensitivity analyses stratified by diabetic
status because subjects with diabetes were likely to modify their

TABLE 1
Pearson’s correlation coefficients between nutrients (response variables)
and extracted dietary patterns’

Dietary patterns

Nutrients 1 2 3 4 5 6 7
SFA 050° 049° 0517 002 006 0117 004
MUFA 0572 058° 008> 0347 —006 —0.13° —0.07
PUFA 059° 045 -0.50° 0.16° 0.8 007 005
Vitamin C ~ 0.51° —0.70° 0.1 035 -002 -0.06 0.1
Potassium  0.84° —0.44° —0.04 007 -—0.1 0.14> —0.09
Calcium 084> 0.16 —005 -042° —0.15% -006  0.06
Magnesium  0.84> —030° 003 -021° 0217 —0.07 —0.05

! Dietary patterns were derived by reduced rank regression analysis.
2p < 0.001.

- 171 -

€102 ‘€1 Aepy uo Aseiqr] [eoIpsiy ANSIBAIUN SWININY 18 Bi0 UORLINU US[E WOl papeojumod



@ The American Journal of Clinical Nwirition

DIETARY PATTERNS AND RISK OF DEMENTIA

TABLE 2

1079

Factor loadings of food groups associated with dietary pattern 1 and correlation coefficients between food groups and nutrients (response variable)’

Correlations between food groups and 7 response variables

Factor loadings

Food groups (dietary pattern 1) SFA MUFA PUFA Vitamin C Potassium Calcium  Magnesium
Rice —-0.45 —0.48° —0.49? —-0.53% -0.07 -0.37% -0.57% —0.40°
Breads 0.10 0.29° 0.12 0.13% -0.04 0.01 0.16° 0.06
Noodles and other cereals 0.01 -0.03 -0.03 0.02 -0.03 -0.001 0.02 0.09
Potatoes 0.16 0.01 0.1 0.05 0.22? 0.33° 0.08 0.23°
Soybeans and soybean products 0.37 0.07 0.28° 0.722 0.02 0.34% 0.46° 0.42
Miso 0.01 —0.006 0.09 0.02 0.03 0.03 -0.02 -0.21
Pickles 0.04 -0.08 —-0.09 -0.11 0.30° 0.31° —0.02 -0.07
Green vegetables 0.40 —0.004 0.06 0.1 0.72? 0.70° 0.287 0.63%
Other vegetables 0.36 -0.009 0.03 0.04 0.747 0.67% 0.227 0.57
Fruits and fruit juices 0.19 -0.007 -0.01 —0.03 0.56° 0322 0.07 0.30°
Algae 0.24 0.04 0.172 0212 0.22 0.37% 0.22? 0.28°
Fish 0.17 -0.07 0.16% 0.21° -0.05 0.12? 0.46° 0.13%
Meat 0 0.34% 0.1 —-0.14° 0.02 -0.01 —0.11 ~0.05
Egg 0.15 0.29% 0.36% 0.07 0.03 0.1 0.14 0.08
Milk and dairy products 0.37 0.63° 0.27° 0.06 -0.03 0.26° 0.64° 0.50°
Fats and oils 0.12 0417 0.61% 0.23° 0.07 -0.04 —-0.07 -0.1
Sugar and confectioneries -0.1 0.01 -0.06 -0.12° —0.006 —0.11 -0.12 ~0.19°
Alcoholic drinks -0.17 —-0.14° —0.23? ~0.17% —0.19% —-0.19% —0.09 —0.14?
Salt —0.008 -0.05 —0.008 —0.13% 0.247 0.15% —0.08 —0.14?

! Factor loadings represent the magnitude and direction of the contribution of each food group to a dietary pattern 1 score. A positive value of factor
loading indicated an increased intake of the food group. A negative value of loading indicated less intake of the food group. Patterns were derived by using
a reduced rank regression with 7 nutrients (ie, SFA, MUFA, PUFA, vitamin C, potassium, calcium, and magnesium) as response variables and 19 foods and

food groups as independent variables.
2P < 0.001.

dietary customs because of the medical treatment. As a conse-
quence, multivariable-adjusted HRs of all-cause dementia and its
subtypes increased linearly with higher scores for DP1 in subjects
without diabetes (all P-trend < 0.01) but not in subjects with
diabetes.

DISCUSSION

The current study identified a dietary pattern that was asso-
ciated with lower risk of dementia in a general Japanese elderly
population. This dietary pattern was characterized by high in-
takes of soybeans and soybean products, green vegetables, other
vegetables, algae, and milk and dairy products and a low intake of
rice, which roughly correspondent to a customary Japanese diet.
The findings from this study are expected to provide valuable
information for the establishment of preventive strategies against
dementia through lifestyle modification in the general Japanese
population.

Several studies have assessed the relation between a dietary
pattern and risk of dementia (29). Most studies addressed effects
of the Mediterranean dietary pattern on risk of dementia and
showed that higher intakes of vegetables, fruits, and fish were
linked to lower risk of dementia. However, it would not be de-
sirable to apply a Mediterranean dietary pattern to Asian pop-
ulations because it is not a common dietary pattern for Asian
people. For a similar reason, Gu et al (30) have assessed the
relation between the dietary pattern and risk of dementia by using
RRR in a US population. Gu et al (30) used 7 nutrients as re-
sponse variables: SFA, MUFA, w-3 PUFA, w-6 PUFA, vitamin
E, vitamin B-12, and folate. As a consequence, the extracted
dietary pattern was positively correlated with the high intake of
salad dressing, nuts, tomatoes, poultry, cruciferous vegetables,

fruits, and dark-green leafy vegetables and highly negatively
correlated with high-fat dairy, red meat, organ meat, and butter,
and subjects with a greater adherence to this dietary pattern had
lower risk of dementia. Similar findings were also observed in
our analysis. This consistency was observed despite the clear
difference in dietary customs between the 2 study populations,
which underscores the reliability of our results.

In the current study, intakes of potassium, calcium, and
magnesium were included in the RRR analysis as preventive
factors for dementia on the basis of our previous findings (28).
These minerals are abundantly present in milk and dairy prod-
ucts. As a consequence, a greater milk and dairy intake was
positively correlated with higher scores for DP1, which linked to
lower risk of dementia. Some cross-sectional studies have shown
that the lower intake of dairy products was related to poor
cognitive function (31, 32). These findings may support our
results. We also showed that scores for DP1 were positively
correlated with the intake of SFA. Even though the favorable
effects of w-3 PUFA on dementia have been well established in
several epidemiologic studies (33, 26), effects of SFA remain
inconclusive (34). The Chicago Health and Aging Project
showed a positive association between SFA intake and risk of
AD (24), whereas the Rotterdam study indicated no association
between saturated fat and risk of dementia (35). Despite this
fact, DP1, which suggested a protective effect on dementia,
showed a positive correlation with SFA. Our findings could be
attributable to the abundance of SFA in milk and dairy products,
which also contain a lot of favorable minerals such as calcium
and magnesium.

We showed a negative correlation between rice intake and
DP1. Rice constitutes a large part of the Japanese daily diet. This
association may arise from an imbalance in food intake (ie, a high
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TABLE 3
Clinical characteristics of the study population by quartiles of score for dietary pattern 1

OZAWA ET AL

Score for dietary pattern |

Quartile 1 (n = 251), Quartile 2 (n = 252), Quartile 3 (n = 252), Quartile 4 (n = 251),

Variables less than —0.82 —0.82 to —0.05 —0.06 to 0.83 =0.83 P-trend
Scores for dietary pattern 1 -15 -0.4 0.4 1.6 <0.001
Age (y) 68 = 5.5 69 = 5.6 68 = 5.4 69 = 5.6 0.63
Women (%) 42.7 532 57.1 749 <0.001
Education (%)
<Ty 11.9 11.9 12.3 7.6 0.15
7-12y 82.9 80.6 78.6 80.9 0.47
=13y 52 7.5 9.1 11.5 0.01
Systolic blood pressure (mm Hg) 140 = 24 136 £ 22 138 = 23 138 = 20 0.36
Diastolic blood pressure (mm Hg) 77 £ 11 75 + 10 76 = 10 76 *+ 11 0.47
Hypertension (%) 55.0 50.0 51.6 50.6 0.46
Diabetes (%) 10.0 13.1 13.5 23.5 <0.001
Serum total cholesterol (mg/dL) 199 + 43 207 = 46 214 £ 42 217 = 40 <0.001
BMI (kg/m?) 22 +3 223+ 3 225%3 228 =3 0.01
History of stroke (%) 44 4.8 4.0 4.4 0.89
Smoking habits (%) 335 24.6 25.8 10.8 <0.001
Physical activity (%)
Always sedentary 75.3 71.0 69.9 65.7 0.02
Walking 6.0 9.5 8.7 12.0 0.04
Exercise or sport 1-2 d/wk 5.2 6.0 7.1 5.6 0.72
Exercise or sport =3 d/wk 135 13.5 14.3 16.7 0.30
Energy intake (kcal/d) 1721 = 469 1605 = 392 1620 = 374 1649 + 358 0.08

! General linear model was used to test trends in mean values of risk factors across scores for the dietary pattern. Logistic regression analysis was used to
test trends in frequencies of risk factors across scores for the dietary pattern.

2 All values are medians.

IMean = SD (all such values).

intake of rice may result in lower intake of foods favorable for the
prevention of dementia) rather than any harmful effects of rice
itself. Therefore, these findings cannot be taken to mean that ta
cessation of rice consumption per se will have any benefit against
dementia; rather, they findings may simply underscore that
a well-balanced meal with many nutritional foods is recom-
mended for a reduction in risk of dementia.

In the current study, diabetes was associated with a greater
adherence to DP1. This may be because subjects with diabetes tend

to adopt a more favorable pattern of diet in response to diet therapy.
Because diabetes has been considered a risk factor for dementia
(36), this reclassification of the dietary pattern is likely to weaken
the relation between the dietary pattern and risk of dementia,
especially AD, in subjects with diabetes. In support of this idea, the
analysis stratified by diabetic status revealed significant linear
relationships between the dietary pattern and risk of all-cause
dementia and its subtypes in subjects without diabetes. In contrast,
there was no significant relation between DP1 and dementia in

TABLE 4
HRs (95% CIs) of incident dementia associated with the score for dietary pattern 1

Score for dietary pattern 1

€102 ‘€l Aepy uo Aseigi [eaipapy AjisiaAiun swinindf je 610 uoRINuuofe Wol papeojumo ]

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-trend
All-cause dementia
Events/population at risk (n) 69/251 72/252 63/252 67/251 —
Age and sex adjusted 1 0.84 (0.60, 1.18)  0.70 (0.50, 0.99)  0.66 (0.47, 0.94) 0.01
Multivariate adjusted® 1 0.85 (0.61, 1.19)  0.72 (0.50, 1.02)  0.66 (0.46, 0.95) 0.02
Alzheimer disease
Events/population at risk (n) 36/251 31/252 371252 40/251 —
Age and sex adjusted 1 0.64 (0.39, 1.03) 0.70 (0.44, 1.11) 0.62 (0.39, 0.99) 0.096
Multivariate a\djusted2 1 0.64 (0.39, 1.04) 0.74 (0.46, 1.18) 0.65 (0.40, 1.06) 0.17
Vascular dementia
Events/population at risk (n) 26/251 27/252 21/252 14/251 —
Age and sex adjusted 1 0.93 (0.54, 1.60) 0.72 (0.40, 1.29) 0.48 (0.24, 0.93) 0.02
Multivariate adjusted” 1 0.97 (0.56, 1.68)  0.74 (0.41, 1.34) 045 (0.22, 0.91) 0.02

" Cox proportional hazards model was used to estimate the age- and sex-adjusted or multivariate-adjusted HRs (95%

Cls).

2 Adjusted for age, sex, education, diabetes, hypertension, total cholesterol, history of stroke, BMI, smoking habits,

exercise, and energy intake.
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HRs (95% CIs) of incident dementia associated with the score for dietary pattern 1 by diabetes status’

Score for dietary pattern |

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-trend
All-cause dementia
Without diabetes
Events/population at risk (1) 64/226 62/219 55/218 42/192 —
Age and sex adjusted 1.0 0.81 (0.57, 1.16) 0.69 (0.48, 0.99) 0.52 (0.35, 0.78) <0.001
With diabetes
Events/population at risk (n) 5125 10/33 8/34 25/59 -
Age and sex adjusted 1.0 0.94 (0.32,2.81) 0.58 (0.18, 1.86)  0.87 (0.31, 2.50) 0.87
Alzheimer disease
Without diabetes
Events/population at risk (n) 35/226 28/219 317218 27/192 —

Age and sex adjusted 1.0
With diabetes

Events/population at risk (1) 1725 3/33
1.36 (0.14, 13.36)

Age and sex adjusted 1.0
Vascular dementia
Without diabetes
Events/population at risk (1) 23/226
Age and sex adjusted 1.0
With diabetes
Events/population at risk (1) 3/25
Age and sex adjusted 1.0

0.60 (0.36, 0.99)

231219
0.94 (0.53, 1.69)

4/33
0.63 (0.14, 2.93)

0.62 (0.38, 1.01)  0.49 (0.29, 0.82) 0.01

6/34
2.17 (0.25, 19.02)

13/59 —
2.37 (0.29, 19.64) 0.31

20/218
0.82 (0.45, 1.50)

71192 —
0.32 (0.13, 0.76) 0.01

1/34 7159 —
0.12 (0.01, 1.30)  0.42 (0.09, 2.04) 0.30

! Cox proportional hazards model was used to estimate the age- and sex-adjusted HRs (95% Cls).

subjects with diabetes, probably because of the limited sample size
and existence of confounders caused by diet therapy. Additional
investigations will be needed to elucidate this issue.

Some potential limitations of this study should be noted. In-
formation regarding the intake of dietary nutrients derived from
a semiquantitative food-frequency questionnaire may not be fully
valid. In addition, the dietary assessment was performed only
once at baseline. These limitations were likely to lead to some
extent of misclassification of food intake. Such misclassifications
would have weakened the association shown in the current study
and biased the results toward the null hypothesis. In addition,
there is a possibility of reverse causation (ie, our subjects might
have already changed their dietary custom because of underlining
dementia and other diseases in older age). However, after the
sensitivity analysis in which cases who were diagnosed with
dementia in the first 3 y after the baseline survey were excluded
did not make any material differences in the findings. Finally, we
may not have been able to completely exclude the influence of
residual confounding on the relation between the identified di-
etary pattern and dementia risk.

In conclusion, to our knowledge, this is the first report to
suggest a dietary pattern that protects against dementia in
a general Japanese population. Subjects with this dietary pattern
had an inverse relation with risk of all-cause dementia, AD, and
VaD. These results could help to motivate changes in the dietary
behavior of the general population in Japan and, thereby, lower
risk of the development of dementia.
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Secular Trends in Cardiovascular Disease and Its Risk
Factors in Japanese
Half-Century Data From the Hisayama Study (1961-2009)

Jun Hata, MD, PhD; Toshiharu Ninomiya, MD, PhD; Yoichiro Hirakawa, MD, PhD;
Masaharu Nagata, MD, PhD; Naoko Mukai, MD, PhD; Seiji Gotoh, MD, PhD;
Masayo Fukuhara, MD, PhD; Fumie Ikeda, MD, PhD; Kentaro Shikata, MD, PhD;
Daigo Yoshida, PhD; Koji Yonemoto, PhD; Masahiro Kamouchi, MD, PhD;
Takanari Kitazono, MD, PhD; Yutaka Kiyohara, MD, PhD

Background—Changes in lifestyle and advances in medical technology during the past half century are likely to have
affected the incidence and mortality of cardiovascular disease and the prevalence of its risk factors in Japan.

Methods and Results—We established 5 cohorts consisting of residents aged 240 years in a Japanese community, in 1961
(n=1618), 1974 (n=2038), 1983 (n=2459), 1993 (n=1983), and 2002 (n=3108), and followed up each cohort for 7 years.
The age-adjusted incidence of stroke decreased greatly, by 51% in men and by 43% in women, from the 1960s to the
1970s, but this decreasing trend slowed from the 1970s to the 2000s. Among the stroke subtypes, ischemic stroke in both
sexes and intracerebral hemorrhage in men showed a similar pattern. Stroke mortality decreased as a result of the decline
in incidence and a significant improvement in survival rate. Although the incidence of acute myocardial infarction did not
change in either sex, disease mortality declined slightly in women. From the 1960s to the 2000s, blood pressure control
among hypertensive individuals improved significantly and the smoking rate decreased, but the prevalence of glucose
intolerance, hypercholesterolemia, and obesity increased steeply.

Conclusions—Our findings suggest that in Japanese, the decreasing trends in the incidence of ischemic stroke have
recently slowed down, and there has been no clear change in the incidence of acute myocardial infarction, probably
because the benefits of hypertension control and smoking cessation have been negated by increasing metabolic risk

factors. (Circulation. 2013;128:1198-1205.)

Key Words: coronary disease & incidence m mortality ® stroke m trends

Cardiovascu]ar disease (CVD), including stroke and coro-
nary heart disease (CHD), is one of the leading causes of
death worldwide.! Changes in lifestyle and advances in medi-
cal technology during the past half century have likely affected
the prevalence of cardiovascular risk factors and thereby the
incidence and mortality of CVD. According to vital statistics,
Japanese populations were characterized by higher stroke
mortality and lower CHD mortality than Western popula-
tions in the 1960s, and then stroke mortality in Japan began
to decline in the 1970s.'* However, the vital statistics based
on death certificates cannot determine whether the secular
change in mortality reflected a change in CVD incidence or
the prevalence of its risk factors or an improvement in case
fatality. In addition, diagnosis on death certificates is not
always accurate* and is not based on standardized criteria.

Therefore, population-based studies with standardized diag-
nostic criteria are needed to examine accurate trends in the
incidence, mortality, and survival rate of CVD, as well as the
prevalence of its risk factors.
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Several population-based observational studies have examined
the secular trends in CVD in Western®” and Japanese popula-
tions®'%; however, there have been very few studies on CVD in
Japan that have covered a period of multiple decades from the
1960s to the 2000s.8 In our previous report from the Hisayama
Study,’ a long-term population-based prospective study in Japan,
the incidence and mortality of stroke decreased significantly, but
those of CHD did not show a clear secular change in either sex
during the 40-year period from 1961 to 2000. For the present
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study, we extended the study period to 2009 and examined 5
cohorts, which were established in different years and were used
to represent each decade from the 1960s to the 2000s. The aims of
the present study were thus to provide an overview of the secular
trends in the incidence, mortality, and survival rates of stroke and
CHD along with the prevalence of risk factors during the past half
century and to confirm whether or not the previously reported sec-
ular changes in CVD had continued into the most recent decade.

Methods
Study Cohorts

The town of Hisayama is located in a suburb of the Fukuoka metropolitan
area in Kyushu, Japan. According to the national census, the population of
the town was approximately 6500 in 1960 and 8400 in 2010, and the age
and occupational distributions in the town have been very similar to those
in the country of Japan as a whole (Figures I and II in the online-only
Data Supplement). Since 1961, annual health examinations for residents
of Hisayama aged 240 years have been repeated by the town government
and Kyushu University to determine their health status. We attempted to
examine >80% of the residents in this age group in health examinations
every 2 to 5 years to establish new cohorts. In the present study, the exami-
nations in 1961, 1974, 1983, 1993, and 2002 were used to establish 5
different cohorts. In 1961, 1658 residents aged 240 years participated in
the examination (90% of the total population in this age group). Similarly,
the number of participants was 2135 (participation rate, 81%) in 1974,
2551 (81%) in 1983, 2111 (53%) in 1993, and 3328 (78%) in 2002. After
excluding those with a history of stroke or CHD, we established 5 cohorts
consisting of 1618 participants in 1961, 2038 in 1974, 2459 in 1983,
1983 in 1993, and 3108 in 2002, and each cohort was followed up for
7 years (Figure III in the online-only Data Supplement). Consequently,
these 5 cohorts roughly covered the decades of the 1960s, 1970s, 1980s,
1990s, and 2000s, respectively. The study was approved by the Kyushu
University Institutional Review Board for Clinical Research.

Follow-Up Survey

Each cohort was followed up for 7 years by the annual health examina-
tions or by mail or telephone for any participants who did not undergo
the examination or who moved out of the town. The development of
CVD was also checked by a daily monitoring system organized by the
study team, local physicians, and the town government. All available
information about potential CVD events and deaths among the study
participants was collected and reviewed by physician members of the
study to determine the occurrence of CVD events or cause of death
under the standardized diagnostic criteria throughout the study period.
When a participant died, autopsy was performed at the Department of
Pathology of Kyushu University, if consent for autopsy was obtained.
Our cohorts were characterized by extraordinarily high autopsy rates.
During the 7-year follow-up period of each cohort, autopsy examination
was performed for 181 (78%) of 232 deceased participants in the 1960s
cohort, 165 (84%) of 196 in the 1970s cohort, 185 (84%) of 221 in the
1980s cohort, 156 (82%) of 190 in the 1990s cohort, and 170 (64%) of
267 in the 2000s cohort (Figure III in the online-only Data Supplement).
The autopsy findings were used to adjudicate the underlying cause of
death and confirm the existence of CVD (stroke lesions, myocardial
necrosis, and atherosclerotic lesions in coronary, carotid, cerebral, and
other major arteries) and to classify subtypes of stroke. Twenty-four
participants (1%) in the 1990s cohort were lost to follow-up, and no par-
ticipants in the other cohorts were lost to follow-up during the follow-up
periods (Figure I1I in the online-only Data Supplement).

Risk Factors

Information on medical history, treatment of hypertension and diabe-
tes mellitus, smoking habits, and alcohol intake was obtained by use
of a standardized questionnaire. Smoking habits and alcohol intake
were categorized as current use or not. Current smoking was defined
as being when the participant smoked at least 1 cigarette per day.
Current drinking was defined as when the participant drank at least
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1 alcohol beverage per month. Blood pressure was measured in a
supine position in 1961 and in a seated position in 1974, 1983, 1993,
and 2002. Hypertension was defined as systolic blood pressure 2140
mmHg or diastolic blood pressure 290 mmHg (average of 3 mea-
surements) or the use of antihypertensive agents. Glucose intolerance
was defined by an oral glucose tolerance test in participants with gly-
cosuria in 1961, by fasting or postprandial plasma glucose concentra-
tions in 1974 and 1983, and by a 75-g oral glucose tolerance test in
1993 and 2002, in addition to a medical history of or treatment for
diabetes mellitus (online-only Data Supplement).>!*'¢ Serum total
cholesterol concentrations were measured by the modified Zak-Henly
method in 1961, by the Zurkowski method in 1974, and by the enzy-
matic method in 1983, 1993, and 2002.>'*!7 Hypercholesterolemia
was defined as serum total cholesterol levels =25.7 mmol/L (220 mg/dL).
Body height and weight were measured in light clothing without
shoes, and obesity was defined as body mass index 225 kg/m?>.

Diagnostic Criteria for CVD

Stroke was defined as a sudden onset of nonconvulsive and focal neu-
rological deficit persisting for >24 hours and was classified as isch-
emic stroke, intracerebral hemorrhage, subarachnoid hemorrhage, or
undetermined type. The diagnosis of CHD included acute myocardial
infarction, silent myocardial infarction, percutaneous coronary inter-
vention, coronary artery bypass graft surgery, and sudden cardiac death
within 1 hour after the onset of acute illness. Acute myocardial infarc-
tion was diagnosed when a participant met at least 2 of the following
4 criteria: (1) Typical symptoms, including prolonged severe anterior
chest pain; (2) evolving diagnostic ECG changes; (3) cardiac enzyme
levels more than twice the upper limit of the normal range; and (4) mor-
phological changes (local asynergy of cardiac wall motion on echo-
cardiography, persistent perfusion defect on cardiac scintigraphy, or
myocardial necrosis or scars 21 cm long accompanied by coronary ath-
erosclerosis at autopsy). Silent myocardial infarction was diagnosed for
participants without any historical indication of clinical symptoms or
abnormal cardiac enzyme changes by either of the following 2 criteria:
(1) New onset of abnormal Q waves on ECG plus morphological myo-
cardium changes (local asynergy on echocardiography or persistent
perfusion defect on scintigraphy), or (2) myocardial necrosis or scars
21 cm long accompanied by coronary atherosclerosis at autopsy. For
participants who died, the underlying causes of death were classified as
stroke, CHD, or others, using all available information such as autopsy
examination, medical records, and death certificates. Deaths attributed
to stroke and CHD were further classified as to their subtypes.

During the follow-up periods of the 5 cohorts, a total of 487 par-
ticipants had first-ever stroke (344 ischemic stroke, 93 intracerebral
hemorrhage, 45 subarachnoid hemorrhage, and 5 undetermined type)
and a total of 208 participants had first-ever CHD. Among the 1106
deceased participants in total, 144 died of stroke (67 ischemic stroke,
48 intracerebral hemorrhage, 25 subarachnoid hemorrhage, and 4
undetermined type) and 61 died of CHD (Figure III in the online-only
Data Supplement). Only 4 participants had no information for cause
of death and were diagnosed as death of unknown cause.

Statistical Analysis

The prevalence of each risk factor was adjusted for age by the direct
method and compared among the cohorts by logistic regression analysis.
The World Health Organization standard population was used as a stan-
dard population for the age adjustment. The age-adjusted mean values
of risk factors as continuous variables were calculated and compared by
the linear regression model. Because the cohorts contained overlapping
individuals, the logistic and linear regression analyses were fit by general-
ized estimating equations to account for individuals contributing to >1
examination. The incidence and mortality rates of CVD were calculated
by the person-year method with adjustment for age by the direct method
and compared by Poisson regression. Because individuals who developed
CVD could not contribute to future cohorts, generalized estimating equa-
tions were not necessary in the analyses for incidence and mortality.'®
Participants who developed stroke or acute myocardial infarction were
also followed up for the subsequent 5 years or to the end of the follow-up
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