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kenshin” in Japanese) aged 70 and older living in [tabashi-
ku, Tokyo. “Otasha-kenshin,” literally meaning “health
examinations for successful aging,” are comprehensive
health examinations for community-dwelling older adults
aimed at preventing geriatric syndromes including falls and
fractures, incontinence, oral health and function, mild cog-
nitive impairment, depression, and undernutririon. Details
of the survey, such as the investigation methods and con-
tents, have been described previously.!3:14

The baseline survey for the present study was conduct-
ed in December 2002. Of 2,000 persons aged 70 to 84 ran-
domly sampled from the resident registration records of
Itabashi-ku in metropolitan Tokyo, 847 (456 men and 391
women) participated in the baseline survey. Of the 391
women, 205 (52.4%) also participated in the follow-up
survey conducted in November 2004 and completed the
interview, anthropometric measurements, blood analysis,
and physical performance tests. Twenty-three people who
participated in other intervention programs conducted at
the Tokyo Metropolitan Institute of Gerontology for pro-
moting independence were excluded. Thus the research
subjects analyzed in this study consisted of 182 elderly
women who participated in the baseline and follow-up sur-
veys and had not participated in other intervention pro-
grams during the 2-year period. The ethics committee of the

. Tokyo Metropolitan Institute of Gerontology approved the

study, and informed consent was obtained from all subjects.

Assessment of BMD

BMD was evaluated using dual-energy X-ray absorptiom-
etry (DTX-200, Osteometer Medi-Tech, Hawthorne, CA)
measured at the forearm. Specially trained personnel per-
formed the measurements. The Osteometer DTX-200 can
set region of interest automatically 24 mm proximal to the
position where the radius and ulna are 8 mm apart. Baseline
and follow-up examinations were conducted using densi-
tometers of the same make and model. Annual percentage
changes in BMD during the 2-year follow-up period were
calculated using the following formula

100 x (BMDin 2004 -BMD in 2002)/(BMD in 2002
x length of follow-up in years)

and summarized in quartiles of percentage change as fol-
low: first (—12.57 to —4.18), second (—4.17 to —1.78),
third ( — 1.77-0.72), and fourth (0.73-18.81).

Assessment of Physical Performance

Physical performance was assessed according to handgrip
strength, functional reach, and walking speeds {usual and

- maximal). These assessments are routinely conducted as

part of the Otasha-kenshin program, as described previ-
ously.3*

Handgrip strength was measured using Smedley’s
Hand Dynamometer (Yagami, Tokyo, Japan). For func-
tional reach, the subject stood sideways against a wall in a
natural position and stretched both arms forward to the
height of the shoulders. The positions of the fingertips were
taken as the zero point. Then one arm was lowered. With
the body tilted forward as far as possible, the subjects con-
tinued to stretch the arm parallel to the ground. The great-
est distance of forward reach was measured. Three

86

measurements were made, and the mean value was record-
ed.!’ To test walking speed, participants walked along a
straight 11-m walkway on a flat floor. A stopwatch meas-
ured the time taken to walk 5 m, from the time when the
foot touched the ground after the 3-m line to when the foot
touched the ground after the 8-m mark. The participant first
took the test by walking at usual speed and then by walking
as fast as possible. Walking tests at usual and maximum
speeds were repeated, and the faster speed was recorded in
each walking test.

The change in physical performance was expressed as
the change in value from 2002 to 2004 for each parameter.
Annual percentage change in usual walking speed during
the 2-year follow-up period was calculated by the formula

100 x (usual walking speed in 2004-usual walking speed in 2002)/
(usual walking speed in 2002 x length of follow-upin years)

Assessment of Other Variables

An interview was conducted to assess the age, education
level, subjective health status, regular exercise habits,
chronic disease history, and higher-level functional capac-
ity. Regular exercise per week was based on the following
activities: walking outdoors, running, exercise, and sports.
Chronic disease conditions were self-reported and included
hypertension, stroke, heart attack, and diabetes mellitus.
The higher-level functional capacity was measured using
the Tokyo Metropolitan Institute of Gerontology Index of
Competence.'® This multidimensional 13-item index of
competence comprises three subscales: instrumental activ-
ities of daily living, intellectual activity, and social roles.
Blood samples were collected under a nonfasting state, in a
sitting position, The analyses were performed centrally in
one laboratory (Special Reference Laboratories, Inc., Tok-
yo, Japan). Serum albumin level was measured using a
standard kit using the BCG method. Body mass index (BMI,
kg/m?) was calculated as weight (in kg) divided by the
square of height (in m).

Statistical Analysis

All data were analyzed using SPSS software for Windows
version 13.0 (SPSS Inc., Chicago, IL), and the level of sig-
nificance was set at 5%. Population characteristics at base-
line and at 2-year follow-up are expressed as frequency or
mean + standard deviation). Paired ¢ tests were used to
evaluate the changes in physical performance during the 2-
year follow-up period. Simple correlation was used to test
the association between changes in BMD and physical per-

- formance. Comparison of annual change in usual walking

speed according to annual BMD change in quartile was
conducted using analysis of covariance (ANCOVA). Trend
analysis was conducted using linear regression and entering
the quartiles of performance as ordinal variables.® The
model was adjusted for age; subjective health status; regular
exercise; BMI; serum albumin concentration; handgrip
strength; functional reach; usual walking speed in 2002;
and changes in BMI, serum albumin concentration, hand-
grip strength, and functional reach from 2002 to 2004.
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Table 1. Characteristics of the Study Subjects (n = 182) in
Baseline and Follow-Up Surveys

Characteristic Value P-value*
Age, mean + SD 759 £ 3.6
Education level > high school, % 62.6
Good subjective health status, % 80.2
Regular exercise every day, % 42.3
Chronic disease history, %
Hypertension 50.5
Stroke 5.5
Heart attack 8.8
Diabetes mellitus 4.9
Higher-level functional capacity
score, mean + SD
2002 122+ 1.2
2004 118+ 14 <.001
Change 20042002 —0.48 +1.32
Body mass index, kg/m?,
mean + SD
2002 228 +3.2
2004 226+ 3.2 .005
Change 2004-2002 —0.26 +1.23
Bone mineral density, g/cm?,
mean + SD
2002 0.296 + 0.068 .
2004 0.286 £ 0.067 <.001
Change 2004-2002 —0.010 £ 0.023
Serum albumin, g/dL, mean + SD
2002 425+ 0.20
2004 4.34 + 0.20 <.001
Change 2004-2002 0.09 £ 0.16
Handgrip strength, kg, mean £+ SD
2002 181+ 44
2004 174 £ 4.3 .001
Change 2004—2002 ~0.74 £ 2.94
Functional reach, cm, mean + SD
2002 32.0+5.3
2004 32.3+5.3 .65
Change 2004-2002 0.16 = 4.73
Usual walking speed, m/sec,
mean = SD
2002 115+ 0.25
2004 1.10 £ 0.26 .001
Change 2004~2002 —0.04 £0.18
Maximal walking speed, m/sec,
mean + SD
2002 1.61 +£0.34
2004 1.62 £ 0.39 495
Change 2004-2002 0.01 £ 0.25

* According to paired z-test.
SD = standard deviation.

RESULTS

Participants in the follow-up study were younger and had
significantly better subjective health, higher scores in high-
er-level functional capacity, and higher scores in physical
performance (functional reach, usual walking speed, and
maximal walking speed) (data not shown) than nonpartic-
ipants.
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Table 2. Correlations Between Changes in Bone Mineral
Density (BMD) and Physical Performance During the 2-
Year Follow-Up

Change in BMD (g/cm2)

Change in Physical Correlation
Performance Coefficient P-value*
Handgrip strength, kg —0.036 .63
Functional reach, cm 0.062 41
Usual walking speed, m/sec 0.212 .004
Maximal walking speed, m/sec 0.129 .08

* According to Pearson correlation analysis.

The baseline characteristics and changes in BMD and
physical performance during the 2-year follow-up period of
the 182 study participants are shown in Table 1. The mean
age in 2002 was 75.9 =+ 3.6 (range 70~84). The frequency
of good self-rated health was 80.2%, and the mean higher-
level functional capacity score was 12.2 + 1.2 out of a full
score of 13. During the follow-up period, higher-level func-
tional capacity (P <.001), BMI (P =.005), BMD (P <.001),
handgrip strength (P =.001), and usual walking speed
(P =.001) decreased significantly. Alternatively, serum al-
bumin concentration increased significantly (P<.001).
There were no significant changes in functional reach and
maximal walking speed during the 2-year follow-up period.

Table 2 shows the correlation between the change in
BMD and change in physical performance during the 2-year
follow-up period. Change in BMD was significantly related
only to change in usual walking speed (correlation coeffi-
cient = 0.212, P =.004). There was no significant relation-
ship between changes in BMD, handgrip strength,
functional reach, and maximal walking speed.

Figure 1 compares the change in usual walking speed
according to the change in BMD presented in quartiles.
Mean annual BMD change rate was —1.57 £4.12%
{range —12.57-18.81), and mean annual usual walking
speed change rate was —1.54 + 8.58% (range — 23.84-
47.78). A significant association was observed between
mean annual change in usual walking speed and annual
BMD change presented in quartiles (P =.03, according to
ANCOVA). Elderly women whose BMD decreased
{—3.5% in the first quartile and —3.1% in the second
quartile) over the 2-year follow-up showed significantly
(P=.01) greater decline in usual walking speed than
women whose BMD increased (1.5% in the fourth quar-
tile). More-rapid annual bone loss was associated with
greater decline in usual walking speed (P =.005, according
to trend test). This result was adjusted for age; subjective
health status; regular exercise; BMI; serum albumin con-
centration; handgrip strength; functional reach; usual walk-
ing speed in 2002; and changes in BMI, serum albumin
concentration, handgrip strength, and functional reach
from 2002 to 2004.

DISCUSSION

The present 2-year longitudinal follow-up study evaluated
the association between changes in BMD and physical per-
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Figure 1. Associations between change in bone mineral density
(expressed in quartiles) and change in usual walking speed dur-
ing the 2-year follow-up. First quartile: —12.57 to —4.18; sec-
ond quartile: —4.17 to—1.78; third quartile: — 1.77-0.72;
fourth quartile: 0.73-18.81. Annual percentage change = 100

x (data from 2004—data from 2002)/(data of 2002 x 2 (length
of follow-up in years)). ANCOVA = analysis of covariance.

formance in a population-based random sample of 182

Japanese women aged 70 and older. It found that elderly.

women with more-rapid bone loss had a greater decline in
usual walking speed.

To promote independence and to maintain quality of
life in older people, the maintenance of physical perform-
ance, including muscle strength, balance capacity, and
walking speed, is important.1 Of these measures of phys-
ical performance, walking speed, especially usual walking
speed, is the most sensitive predictor of functional depend-
ence in older people.> Walking speed decreases with aging,
is influenced by multiple factors, and should be modified
through a lifestyle that strengthens muscles of the lower
extremities.%17!% For example, exercise and nutritional
interventional interventions in relatively healthy commu-
nity-dwelling elderly people have been shown to improve
walking speed.!7>18

BMD decreases with age, decreasing 1% per year after
menopause in women,!? although adequate dietary pro-
tein,?® calcium and dairy,2?2 and vitamin C intake;?3
weight maintenance;>}23 higher BMI;2! maintenance of
daily physical activity;zm—2 supplementation;?** and hor-
mone replacement therapy?® may contribute to healthy
bones and prevent decline in bone mass.

_ Cross-sectional studies have reported that BMD in eld-

erly people is significantly associated with physical per-
formance.”1%:12 Elderly women with lower BMD had
significantly lower grip strength and knee extension power
and poorer balance. These results suggest a strong role of
maintaining muscular strength in the prevention of bone
loss in healthy and functionally independent women. In the
absence of neurological and degenerative disorders, poor

physical performance in elderly people is likely to result -

from reduced physical activity, and a consequence of the
reduced mechanical loading would be reduced bone mass
and density.”

In the present study, elderly women with more-rapid
bone loss during 2 years of follow-up had a greater risk of
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decline in usual walking speed than those with greater
BMD. Because the directionality of the association between
the change in mineral density and usual walking speed can-
not be ascertained from this study design, the result does not
imply that modification or improvement of BMD would
have any effect upon walking speed. Intervention trials are
needed to assess the effect of treatment of osteoporosis on
walking speed and the effect of interventions targeting gait
speed on bone density.

This study has some limitations. First, the characteris-
tics of the subjects must be considered. Although the sub-
jects analyzed were selected randomly from the population
of an urban district, they were relatively healthy elderly
persons who were able to travel from their homes to the
health examination center at baseline and 2 years later. As a
result, the present results may not be applicable to frail
older people or those with multiple comorbidities who have
low physical functional capacity. Second, BMD has been
measured at virtually all available measurement sites (spine,
proximal femur, forearm, whole body, calcaneus, and tibia)
in other reports.?% In the present study, only forearm BMD
was used as indicator of bone loss. Therefore, the findings
may not be directly comparable with those in other groups.
To generalize this result, a more-comprehensive approach, -
including measuring bone mass at various sites in a large

“sample of elderly people and evaluating the associations

between bone loss at different sites and changes in physical
performance, is necessary. Forearm BMD measurement was
chosen, because it is a quick, easy, and accurate method to
evaluate the bone health of older people.?’ In addition,
forearm BMD may be useful to assess osteoporosis in post-
menopausal women because forearm BMD is significantly
associated with BMD of the lumbar spine and hip.2® Third,
this study did not control for the type and dose of drugs that
affect bone turnover, such as calcium, estrogens, vitamin D,
and calcitonin, all of which may affect BMD. Finally, this
study focused on the association between change in BMD
and change in walking speed during the 2-year follow-up
period and did not provide information on the cause-and-
effect relationship. However, the relationship between the
two parameters that were used in this study is expected to
form a basis for further study. The number of elderly people
with low bone mass and walking ability is going to increase
in the future. Therefore, there will be an increasing need for
strategies to strengthen these two parameters.

In conclusion, elderly women with more-rapid bone
loss had greater decline in usual walking speed, even after
multivariate adjustment including changes in muscle
strength, balance capability, and other potential confound-
ers. Further studies are needed to investigate the cause-
and-effect relationship between BMD and walking speed.
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Abstract

To examine real age-related changes in the prevalence of metabolic syndrome, we studied longitudinal changes in the prevalence of
metabolic syndrome in a single cohort of individuals. The participants included 112,960 Japanese (70,996 men, 14-94 years and 41,946
women, 17-85 years), who had received annual examinations between 1989 and 2004. Metabolic syndrome was defined according to the
Japan Metabolic Syndrome Criteria Study Group and the US National Cholesterol Education Program (NCEP) guidelines. Overweight was
defined as BMI = 25 kg/m?. Longitudinal changes indicated a birth cohort effect in the prevalence rate of metabolic syndrome with a lower or
higher prevalence in the younger birth cohort than in the older for females or males, respectively. The estimation of the age-specific prevalence
of metabolic syndrome demonstrated that in males, the prevalence of metabolic syndrome increased up to 50 decades of life for the Japanese
and 60 decades of life for the NCEP criteria. In females, the prevalence increased with age up to 80 years old for both criteria. The estimated
secular trends suggested that the prevalence rate of metabolic syndrome decreased in females and increased in males during study periods.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Metabolic syndrome; Aging; Secular trends; Longitudinal study

Metabolic syndrome has become one of the major the National Metabolic Syndrome Criteria Study Group
public-health challenges worldwide [1,2]. The most impor- has proposed new criteria for metabolic syndrome in the
tant dimension of metabolic syndrome is its associa- Japanese [15].
tion with the risk of developing type 2 diabetes mel- Since several definitions of the syndrome are in use, it
litus and atherosclerotic cardiovascular disease [3-9]. A is difficult to compare the prevalence and impact between
number of metabolic syndrome definitions have been pro- countries. However, a very consistent finding is that the
posed, including the World Health Organization (WHO) prevalence of metabolic syndrome is highly age-dependent
Consultation for diabetes and its complications [10], the [16—18]. These previous findings were based on the cross-
European Group for the Study of Insulin Resistance sectional observations, which may represent cohort, period,
[11], the National Cholesterol Education Program (NCEP) and/or survivorship effects rather than a true aging effect.
Expert Panel {12], and, more recently, the International Although longitudinal studies are required to examine real
Diabetes Federation (IDF) [13] have formulated defini- age-related changes in the prevalence of metabolic syndrome,
tions for metabolic syndrome. In addition, the Ameri- to our knowledge, no studies have examined the longitudinal
can Heart Association in conjunction with the National changes in the prevalence of metabolic syndrome in individ-
Heart, Lung, and Blood Institute have proposed a revised uals over time. '
version of the NCEP-ATPIII definition [14]. In Japan, We therefore studied longitudinal changes in the preva-

lence of metabolic syndrome in a single cohort of individuals
* Corresponding author. Tel.: +81 52 744 2364; fax: +81 52 744 2371. to observe the effect of the natural aging process on the
E-mail address: kuzuya@med.nagoya-u.ac.jp (M. Kuzuya). prevalence of metabolic syndrome as well as on obesity,
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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
Smin.

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; ATPII) 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.) 34339 3.029)
Average follow-up periods (years), mean (S.D.) . - 34 4.3) 3.14.1)

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-cholestero] (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/dl 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/dl)
Prevalence of metabolic syndrome
Modified Japanese criteria, % (95% CI)
ATPHI-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(29) 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) 91.4 (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

114 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) 40(3.84.1)

BML: 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/dl 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, >110mg/dl. The thresholds for waist circumference
to define central adiposity: >85 cm for men and >90 cm 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
ATPIII-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 ATPHI-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 t-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-BMI25 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-BMI2S 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 ATPITI-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%Cl Mean (%) 95% Cl Mean (%) 95% CI Mean (%) 95% CI
<39 15381 0.5 ' (0.4, 0.6%) 1.1 (0.9, 1.3%) 23087 57 (5.4, 6.0%) 83 (7.9, 8.6%)
4049 15287 1.9 (1.7, 2.1%) 3.5 (3.2,3.7%) 26583 8.1 (7.7, 8.4%) 11.9 (11.5,12.3%)
50-59 9199 4.0 (3.6, 4.5%) 74 (6.9, 8.0%) 16783 9.9 (9.4,,103%) 15.0 (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%) 152 (14.1, 16.3%)
>70 249 7.2 (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 ATPIII-BMI25 definition P <0.0001.
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Modified Japanese criteria
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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

ATPHI-BMI25 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

93

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 4049 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
40-49 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/dl 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% CI.

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 50 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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EIETF SR lemEH BIEFZR
o P 1% Eﬁgim ReReRBsRhEH (WCT) / | BOFEE
g 5 ZIR(ZBEA) (rs No.) = o1z rEEEWC) | (o value)
ADR Androgen receptor (CAG repeat) (rs4045402) 7t | KERE WCT 0.022
CAL Calcitonin receptor (C1377T) (rs1801197) ‘ e | REE WCT 0.047
CP10 | Calpain10 (G-43A) (rs3792267) ot | B WCT 0.021
CYP17 | Cytochrome P450, family 17, subfamily A, polypeptide 1 o | B wC 0.029
(T-34C) (rs743572) :
DRD2 | Dopamine receptor D: CG (Ser311Cys) (rs1801028) “tE | REAE WC 0.046
EDN1 Endothelin-1 (Lys198Asn) | &g | REAR wC 0.041
: it | REAR WCT 0.048
GNB Guanine nucleotide-binding protein 83 (C825T) (rsb443) | ztE | B wC 0.045
GP1BA | Glycoprotein | b {(C1018(Thr145Met)) (rs6065) Bit WC 0.018
B WCT 0.008
IRAK1 interleukin-1 receptor-associated kinase 1 ok WCT 0.043
(T587C(F196S)) (rs1059702) wE | AR WC 0.031
| AR WCT 0.029
KLOT Klotho (G-395A) (rs1207568) B WC 0.047
: B WCT 0.045
MMP12 | Matrix metalloproteinase-12 (A-82G) (rs2276109) ' B2 wC 0.019
3 ' WCT 0.010
MAOB | Monoamine oxidase B {GA(intron13/exon14)} (rs1799836) | %tk | REAR WC 0.021
7 | REAR WCT 0.027
Mt15497 | MT15497 (G/A) ey we 0.013
g WCT 0.019
it | FAR WC 0.009
. i | PR WCT 0.016
Mt15524 | MT15524 (A/G) wE | AR WC 0.049
| PR WCT 0.034
NOSID | Nitric oxide synthase 3 (ID) B WCT -0.010
PAI Plasminogen activator inhibitor 1 (4G/5G) (rs1799889) 3 WC 0.025
PRC 24 kDa protein of complex | (Ala29Val) (rs306807) 7| AR WC 0.035
RAGE1 | Receptor of advanced glycation end products (AGER) Bt WCT 0.029
(1704G/T) (rs184003)
RIL Reversion-induced LIM (T-333C) (rs453602) B wC 0.041
B4 WCT 0.007
TNF Tumor necrosis factor o (C-863A) (rs1800630) _ 3 WCT 0.030
TOM40 | TOMA40 polymorphism SNP988 (T5328C) (rs157581) atE wC 0.009
ok WCT : 0.020
Eegks RAE WC 0.001
T PA%Z WCT 0.003
UCP1 - | Uncoupling protein 1 (A-3826G) (rs1800592) B WC 0.013
VDRI Vitamin D receptor (T2C) | B wC 0.049
VEGF4 | Vascular endothelial growth factor (G-1154A) (rs1570360) B wC 0.008
B WCT 0.048
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