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hypertension, impaired glucose tolerance, and dyslipidemia
as components of metabolic syndrome.

1. Methods
1.1. Study population

The study population consisted of office workers and their
families residing in Aichi Prefecture in central Japan. The
subjects included 112,960 Japanese (70,996 men and 41,946
women) with an average age of 44.6 years'in men and 43.4
years in women, who had received annual examinations at a
health examination center in Japan between 1989 and 2004
‘(Table 1). About 57% of the cohort (41,709 men and 23,001
women) had attended at least one follow-up examination. The
average visits for the follow-up examinations were 3.4 times
for men and 3.0 times for women.

1.2. Procedures and laboratory methods

The examinations included a questionnaire, physical
examination, blood pressure measurement, an anthropomet-

ric measurement, and laboratory analysis of blood samples,
all taken on the same day as described previously [19-21].
The anthropometric measurements included height and body
weight. The body mass index (BMI) was calculated as

“weight/height? (kg/m?). Blood pressure was measured after

the participants had been comfortably seated for at least
5 min.

All serum samples were obtained following a 12-14h
fast. The serum was separated promptly, and all lipid anal-
yses were conducted at the clinical laboratory in the health
examination center. Serum glucose and triglycerides were
measured using enzymatic methods. HDL-cholesterol was
measured after dextran sulfate-magnesium precipitation. No
differences were seen in the sample collection, laboratory
apparatus, or techniques used between 1989 and 2004.

1.3. Definition of metabolic syndrome

We applied both the Japanese criteria of metabolic syn-
drome [15] and the NCEP Expert Panel on the Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III; ATPIII) criteria [12].
According to the Japanese definition, someone has metabolic

Table 1
‘Characteristics of participants

Males : Females
Number of subjects 70996 41946
Total number of measurements for 16 years 239879 122624
Number of subjects for whom measurements were taken at least twice 41709 23001
Number of measurements per subject for 16 years, mean (S.D.) 34349 3.02.9
Average follow-up periods (years), mean (S.D.) 3.44.3) 3.1(4.1)

Initial measurements
Age (years), mean (S.D.), age range (years)
Number of subjects in each age group, n (%)
10-29 years
30-39 years
40-49 years
50-59 years
60-69 years
70-79 years
>80 years
Hight (cm), mean (S.D.)
Body weight (kg), mean (S.D.)
BMI (kg/m?), mean (S.D.)
Total cholesterol (mg/dl), mean (S.D.)
Triglyceride (mg/dl), mean (S.D.)
HDL-cholesterol (mg/dl), mean (S.D.)
Fasting plasma glucose levels (mg/dl), mean (S.D.)
Systolic blood pressure (mmHg), mean (S.D.)
Dyastolic blood pressure (mmHg), mean (S.D.)
Prevalence of obesity (%, BMI 2 25 kg/m?)
Prevalence of hypertension (%, BP 2 130/85 mmHg or treated)
Prevalence of glucose intolerance (%, FSG 2 110 mg/di or treated)
Prevalence of high triglyceride (%, 2150 mg/dl)
Prevalence of low HDL (%, HDL male < 40, female < 50 mg/dl)
Prevalence of dyslipidaemia (%, TG 2 150 or HDL < 40 mg/d1)
Prevalence of metabolic syndrome
Modified Japanese criteria, % (95% CI)
ATPIII-BMI25, % (95% CI)

44.6 (9.3), 14-94 43.4(9.5), 17-85

1914 (2.7) 2183(5.2)
21173 (29.8) 1398 (31.5)
26583 (37.4) 15287 (36.4)
16783 (23.6) 9199 (21.9)
4152 (5.8) 1830 (4.4)
361(0.5) 230 (0.6)

30 (0.04) 19 (0.05)
168.6 (6.0) 156.0 (5.5)
65.7 (9.4) 52.4(7.4)
23.1(2.9) 21.6 (2.9)
199.4 (35.0) 199.0 (36.5)
142.0 (103.5) 87.0 (49.7)
55.2 (13.3) 67.8 (14.6)
98.5 (18.6) 914 (11.1)
121.2(16.2) 113.7(7.4)
73.0(11.7) 66.5 (5.5)
24.1 11.5

30.6 17.0

11.4 4.0

322 8.0

9.1 9.1

35.1 8.5
7.8(7.6-8.0) - 2.2(2.0-2.3)
11.6 (11.4-11.9) 4.0(3.8-4.1)

BMI: body mass index, BP: blood pressure, FSG: fasting serum glucose, TG: triglyceride.
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syndrome if he or she has central adiposity plus two or
more of the following three factors [15]: (1) raised concen-
tration of triglycerides, =150 mg/d} or reduced concentra-
tion of HDL-cholesterol, <40 mg/dl; (2) raised blood pres-
sure: systolic blood pressure, >130 mmHg or diastolic blood
pressure, >85 mmHg or treatment of previously diagnosed
hypertension; and (3) raised fasting plasma glucose concen-
tration, >110 mg/dl. The thresholds for waist circumference
to define central adiposity: >85 cm for men and >90 c¢m for
women. The ATPIII proposed the following five abnormali-
ties to define metabolic syndrome [12]: (1) abdominal obesity
(abdominal circumference >102 cm for men and >88 cm for
women); (2) elevated serum triglyceride level (=150 mg/dl);
(3) decreased HDL-cholesterol level (<40 mg/dl for men and
<50 mg/d] for women); (4) elevated blood pressure (systolic
and diastolic blood pressure 130/85 mmHg); and (5) an ele-
vated fasting glucose level (>110mg/dl). Individuals with
three or more of the five abnormalities were considered to
have metabolic syndrome. Because waist measurements were
not available for the entire study sample, we substituted a
BMI of 25 kg/m? or greater for all participants as an index of
obesity for both criteria (the modified Japanese criteria and
ATPII-BMI25). A BMI of 25 kg/m? or greater has been pro-
posed as a cutoff for the diagnosis of obesity in Asian people
(22]. Individuals who were using antihypertensive or antidi-
abetic medications met the criteria for high blood pressure or
high fasting glucose. :

1.4. Data analysis

The data were analyzed with the Statistical Analysis Sys-
tem (SAS), release 8.2. We demonstrated that there is a birth
cohort effect on the prevalence rate of metabolic syndrome
based on a 16-year longitudinal analysis of the same cohort.
Therefore, the pooled cross-sectional data at the initial exam-
ination of each subject from 1989 through 2004 were adjusted
for the year of the examination using the logistic regression
model, and estimated for the examination in 1997. The preva-
lence rate of metabolic syndrome for the modified Japanese
and ATPIII-BMI25 definitions was estimated from an age
younger than 40 years through age 70 years and older at 10-
year intervals, and compared between these two definitions
in each age group by paired ¢-test.
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Longitudinal changes in the prevalence of metabolic syn-
drome were analyzed by a generalized-estimating-equation
(GEE), which adjusts for repeated measurements in the same
persons. For the longitudinal analyses, the subjects who
did not receive follow-up examination were excluded. Age-
related changes in the prevalence rate of metabolic syndrome,
obesity, hypertension, impaired glucose tolerance and dys-
lipidemia were estimated by quadratic curve of age con-
trolling for the observation year during which the subjects
attended at least one follow-up examination. The GEE was
also used to test for trends in the prevalence of metabolic
syndrome during 1989-2004. The year of examination was
used to test for temporal trends in prevalence. Age adjustment
was performed by a least-squares regression approach. The
model included age, square of age and year of examination as
independent variables. A result was considered statistically
significant if the P value was less than 0.05.

2. Results

Based on the pooled cross-sectional data of each subject at
initial examination from 1989 through 2004, the mean preva-
lence rate of metabolic syndrome defined by the modified
Japanese or ATPIII-BMI2S criteria was 7.8% in males and
2.2% in females, or 11.6% in males and 4.0% in females,
respectively (Table 1). The prevalence of metabolic syndrome
defined by two criteria was shown by age group and gender
after adjusting for the examination year (Table 2). The preva-
lence rate of metabolic syndrome increased with age, with the
highest rate in the 60-69 years group followed by a decline
in the 70 years and older group in females with both crite-
ria. In males, the highest prevalence rate was observed in the
50-59 years group or the 60—69 years group in the modified
Japanese or ATPIII-BMI2S5 criteria, respectively. There was
a significant difference between the two definitions in both
genders and any age group with a higher prevalence rate in
the ATPIII-BMI25 definition.

Longitudinal changes for 16 years in the prevalence rate
of metabolic syndrome by birth cohort using the both cri-
teria indicate the birth cohort effect in the prevalence rate
of metabolic syndrome for females from the fifth decade of
life, since at those ages, the prevalence rate of the younger

Table 2
The cross-sectional data of prevalence of metabolic syndrome at initial examination of each subject from 1989 through 2004
Age (years)  Females Males
N Modified Japanese ATPIII-BMI25 N Modified Japanese ATPIII-BMI25
Mean (%) 95% CI Mean (%) 95% CI Mean (%) 95% CI Mean (%) 95% Cl
<39 15381 0.5 (0.4, 0.6%) 1.1 0.9, 1.3%) 23087 5.7 (5.4, 6.0%) 8.3 (7.9, 8.6%)
40-49 15287 19 (1.7, 2.1%) 35 (3.2,3.7%) 26583 8.1 (1.7, 8.4%) 11.9 (115, 12.3%)
50-59 9199 4.0 (3.6, 4.5%) 7.4 (6.9, 8.0%) 16783 9.9 9.4,,103%) 150 (14.4, 15.5%)
60-69 1830 7.8 (6.6,9.1%) 13.7 (12.1, 15.2%) 4152 9.6 (8.7, 10.5%) 15.2 (14.1, 16.3%)
>70 249 72 (4.0,105%) 12.1 (8.0, 16.1%) 391 7.4 (4.8,-10.0%) 13.6 (10.2, 17.0%)

Data were adjusted for year of initial examination, and estimated for the examination in 1997. Significant difference between two definitions in both genders
and any age group with higher prevalence rate in ATPI1I-BMI25 definition P <0.0001.
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Fig. 1. Longitudinal changes for 16 years in the prevalence rate of metabolic syndrome by birth cohort in females and males using the modified Japanese and

ATPIII-BMI2S5 criteria.

birth cohorts were lower than those of the older birth cohorts
in both definitions (Fig. 1). There was a birth cohort effect
in males at least between 40 and 55 years, indicating that
the younger birth cohorts scored higher than the older birth
cohorts in both criteria (Fig. 1).

Fig. 2 shows the prevalence rates of the individual com-
ponents of metabolic syndrome in the modified Japanese
criteria. There was no birth cohort effect on the prevalence
rate of obesity in females, except for the cohort of the 1930s,
which demonstrated a higher prevalence rate than that of the
1940s between age 50 and 64 years. However, the appar-
ent birth cohort effect on the prevalence rate of obesity was
detected in males with a higher prevalence in the younger
cohort than the older one. Regarding the prevalence rate of
hypertension, no apparent birth cohort effect was detected in
either gender. There was no apparent birth cohort effect of
the prevalence rate of impaired glucose tolerance in females,
but there was an apparent effect in males with a higher preva-
lence rate in the younger cohort than that the older one. There
seemed to be a birth cohort effect of the prevalence rate of
dyslipidemia in both genders, with a lower prevalence rate in
the younger cohort than the older one, at least for the birth
cohort of the 1950s and older cohorts.

Fig. 3A shows the estimated prevalence rate of metabolic
syndrome at individual ages according to the two different

48

criteria after adjusting for the examination year (estimation at
1997). In male, the highest prevalence rate of metabolic syn-
drome was observed around 60 years for the ATPIII-BMI25
criteria and around 55 years for the modified Japanese crite-
ria. In females, the highest rate was detected at the 70 years
and older age group for both criteria.

Fig. 3B showed the estimated prevalence rate of each
component of metabolic syndrome defined in the modified
Japanese criteria at individual ages after adjusting for the
examination year (estimation at 1997). The prevalence rates
of obesity and dyslipidemia increased between 20 and 50
years, or 70 years in males, or females, respectively. The
prevalence rate of hypertension increased in both genders
from 20 years through the 80 years. Regarding impaired glu-
cose tolerance, the prevalence rate increased up to the 60th or
70th decade and then declined in males or females, respec-
tively.

Fig. 4A shows the secular change in the prevalence rate
of metabolic syndrome defined by two different criteria from
1989 to 2004 from age younger than 40 years through age 70
years and older at 10-year intervals. In ATPIII-BMI25 crite-
ria in females except for younger than 40 and 70 years and
older age groups the prevalence rate of metabolic syndrome
decreased (trends: 40-49 years, P<0.01; 50-59 and 60-69
years, P <0.0001). In males aged 40-49 and 50-59 years the
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Fig. 2. Prevalence rates of individual component of metabolic syndrome in the modified Japanese criteria.

prevalence increased during study periods (trends, P < 0.001).
According to the modified Japanese definition, the prevalence
of metabolic syndrome decreased in females aged 50-59 and
60-69 years during study periods (trends, P <0.01 and 0.001,
respectively), and increased in males of youngest group, aged
4049 and 50-59 years. Fig. 4B shows the trends in age-
adjusted prevalence rate of metabolic syndrome defined by
two criteria. The data were estimated age at 50 years. In both
criteria the prevalence rate of metabolic syndrome decreased
in females and increased in males, respectively.

3. Discussion

The cross-sectional observations suggested similar age-
specific changes of the prevalence of metabolic syndrome
with two different metabolic syndrome definitions. In addi-
tion, our results agree with the previous cross-sectional obser-
vations of age-specific prevalence of metabolic syndrome
from other countries and ethnicities. The Third National
Health and Nutrition Survey indicated that the prevalence
of metabolic syndrome increased from 20-29 to 60-69 years
[16]. A survey in Iran suggested that the prevalence increased
with age, with the lowest prevalence at 20-29 years and
the highest at 60-69 years in both genders [18]. A cross-
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sectional survey in China demonstrated that the prevalence
of metabolic syndrome increased among men and women
until age 65 years, when the prevalence decreased slightly
among men and remained constant among women {17].
Although there are some differences in the peak age of the
prevalence in males, it was surprising to find that there is a
similarity of age-specific changes in the prevalence rate of
metabolic syndrome among different ethnic groups and in
different countries, which have different cultures, lifestyles,
food habits, and longevity. This consistency may suggest that
the aging effect highly regulates the prevalence of metabolic
syndrome even if genetic and environmental influences
may exist.

We clearly showed that the prevalence rate of metabolic
syndrome was much higher in both genders as well as in
all age groups with the ATPIII-BMI25 definition than with
the modified Japanese definition. This is not surprising, since
there are several noteworthy differences. The Japanese def-
inition requires the presence of obesity [15]. In contrast,
the NCEP definition makes obesity one of the five equally
weighted criteria [12]. Furthermore, the thresholds for HDL-
cholesterol levels under the modified Japanese definition are
<40 mg/d! in both genders, but those under the NCEP defini-
tion are different between genders: men, <40 mg/dl; women,
<50 mg/dl.
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Fig. 3. (A) Estimated prevalence rate of metabolic syndrome at individual age according to the two different criteria after adjusting for examination year
(estimation at 1997). (B) Estimated prevalence rate of each component of metabolic syndrome defined by the modified Japanese criteria at individual age after
adjusting for examination year (estimation at 1997). Dotted curves indicate 95% CL

Longitudinal observations demonstrated that there is a
birth cohort effect on the prevalence rate of metabolic syn-
drome as well as the each of the components of metabolic
syndrome in a large Japanese cohort. The estimated preva-
lence of metabolic syndrome increased from 20 up to 80
years in females both with the modified Japanese and ATPIII-
BMI25 definitions. In males, the prevalence of metabolic
syndrome gradually increased from 20 up to 50-59 years
or up to 60-69 years followed by a decline at 70 years and
older with the modified Japanese or ATPIII-BMI25 defini-
tion, respectively. It is obvious that the increasing trend of
metabolic syndrome with age can be attributed to a simi-
lar age-related trend in each of the components of metabolic
syndrome. The similar age-specific change of the prevalence
rate was observed in obesity, impaired glucose tolerance, and
dyslipidemia in males. The difference of the peak ages of the
prevalence rate of metabolic syndrome in the ATPIII-BMI25
and modified Japanese criteria in males may be due to the
requirement of obesity in the modified Japanese criteria, since
the prevalence of obesity decreased after SO years of age in
males. In contrast to males, consistent age-specific changes
of each component of the metabolic syndrome in females
showed a consistent increase in the prevalence rate with age. -

We showed the age-specific secular trends of the preva-
lence of metabolic syndrome in both genders from 1989
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through 2004. In both definitions a similar trends of the
prevalence of metabolic syndrome were demonstrated in both
genders during study periods. The prevalence of metabolic
syndrome decreased in females aged 50-69 years, and
increased in males aged 40-59 years. Consistently the age-
adjusted trends estimated at 50 years based on the longitu-
dinal analysis decreased in females and increased in males
in both criteria during study periods. Only a few reports
regarding secular trends in the prevalence of metabolic syn-
drome are available. From two national surveys: the National
Health and Nutrition Examination Survey (NHANES) III
and NHANES 1999-2000, it has been demonstrated that
the prevalence of metabolic syndrome increased signifi-
cantly in females from 1988-1994 through 1999-2000 in
US but increased much smaller without statistical signif-
icance in males [23). The recent the Mexico City Dia-
betes Study, a population-based study, revealed that the
“prevalence of the metabolic syndrome has not increased
in both genders between 1990-1992 and 1997-1999 {24].
These taken together with our findings suggest the secu-
lar trends of metabolic syndrome are dependent on each
country or ethnicity which has differences in genetic back-
ground, social status, and diet. Two important determinants
of the metabolic syndrome are obesity and physical activity.
In our cohort the secular trends of the prevalence of obe-
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Fig. 4. (A) Secular change in the prevalence rate of metabolic syndrome defined by two different criteria from 1989 to 2004 from age younger than 40 years
through age 70 years and older at 10-year intervals. (B) Trends in age-adjusted prevalence rate of metabolic syndrome defined by two criteria. The data were

estimated age at 50 years.

sity decreased in females and increased in males in most
of age groups during study periods (data not shown). This
seems to affect the trends of metabolic syndrome in our
cohorts. The data of physical activity in the participants are
unavailable.

There are several limitations in the present study. The
BMI was used as an index of obesity instead of waist cir-
cumference. This substitution appears to affect the preva-
lence rate of metabolic syndrome, although it has been
reported that BMI may be useful in making comparisons
pertaining to metabolic syndrome in the Japanese as the
index of visceral obesity, rather than waist circumference,
and that the ATPIII-BMI25 definition is suitable for the
determination of metabolic syndrome for the Japanese [25].
Some selection bias such as a healthy worker bias may
exist in our study, since most of the subjects were healthy
office workers. In addition, the subjects may have been
aware of the impact of body weight, blood pressure, glu-
cose and lipid levels on their health, since they had been
receiving annual examinations at a health examination
center.
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Dietary habit and longevity

Hiroshi Shimokata

Abstract

Obesity is one of the most important causes of life-style related diseases, and recently its pathophysiology is emphasized
as metabolic syndrome. Preventing obesity by good dietary habit is a key to achieve healthy longevity. However, a lean
body is not always good for health. There is an ideal body size for each person. This ideal body size differs according to age.
Especially in the elderly, to prevent weight loss is more important for maintaining health and longevity than to be obese.
Malnutrition is a critical factor of diseases and death in the elderly. Problems in nutritional status, and dietary intake, and
methods of nutritional assessment in the elderly are discussed. Ideal body size for health and longevity, the relationship of
body fat distribution and intra-abdominal fat accumulation health, and the effects of rapid weight change are also discussed

to clarify the association of dietary habit and nutrition with longevity.

Key words: Longeuity, Obesity, Diet, Aging, Nutrition
(Nippon Ronen Igakkai Zasshi 2007; 44: 209-211)

Department of Epidemiology, National Institute for Longevity Sciences

65



