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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 2 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 52744 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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doi:10.1016/j.atherosclerosis.2006.05.043

99



306 M. Kuzuya et al. / Atherosclerosis 191 (2007) 305-312

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 II; ATPHI) 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.) 3434 3029
Average follow-up periods (years), mean (S.D.) 344.3) 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 (mng/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/dl or treated)
Prevalence of high trigtyceride (%, =150 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)
ATPII-BMI25, % (95% CT)

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(74)
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) 91.4(11.1)
121.2 (16.2) 1137 (7.4)
73.0(11.7) 66.5 (5.5)
24.1 11.5

30.6 17.0

114 40

322 8.0

9.1 9.1

35.1 8.5

7.8 (1.6-8.0) 22(2.0-2.3)
11.6(11.4-11.9) 40(38-4.1)

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/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, >110 mg/dl. The thresholds for waist circumference
to define central adiposity: >85 cm for men and >90cm 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
womeny); (2) elevated serum triglyceride level (>150 mg/dl);
(3) decreased HDL-cholesterol level (<40 mg/dl for men and
<50 mg/dl 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 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 r-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 6069 years group in the modified
Japanese or ATPIII-BMI25 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 ATPII-BMI2S5 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 ATPII-BMI25 N Modified Japanese ATPII-BMI25
Mean (%) 95% CI Mean (%) 95% CI Mean (%) 95% CI Mean (%) 95% CI
<39 15381 05 0.4, 0.6%) 1.1 0.9, 1.3%) 23087 5.7 (5.4, 6.0%) 8.3 (7.9, 8.6%)
4049 15287 19 (1.7,2.1%) 35 (3.2,3.7%) 26583 8.1 (7.7, 8.4%) 119 (11.5, 12.3%)
50-59 9199 40 (3.6,4.5%) 7.4 (6.9, 8.0%) 16783 9.9 (94,,103%) 150 (14.4,15.5%)
60-69 1830 7.8 (6.6,9.1%) 137 (12.1, 15.2%) 4152 9.6 (8.7,105%) 152 (14.1, 16.3%)
>70 249 72 (4.0,10.5%) 12.1 (8.0, 16.1%) 391 74 (4.8,10.0%) 136 (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 ATPII-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

ATPII-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
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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 S5 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
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-

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-BMI2S5 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 thé 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) ITI
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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Abstract

Because both genetic and environmental factors influence bone mass, it is important to examine the effect of gene-environment interactions on
bone mineral density (BMD) for the prevention of osteoporosis at an individual level. Estrogen receptor a (ERa) plays an important role in
increasing BMD via mechanical strain and muscle mass is a reflection of the forces the muscle applies to the bone. The aim of this study is to
investigate the effect of the interaction between lean tissue mass (LTM) and the ERa polymorphisms T— C (Pvull) [dbSNP: rs2234693] and
A — G (Xbal) [dbSNP: rs9340799] on BMD in middle-aged and elderly individuals. Subjects were 2209 community-dwelling Japanese men and
women, ages 40 to 79 years. ERa polymorphisms in the first intron, T— C and A — G were identified and lumbar spine and femoral neck BMD
and LTM were measured by dual-energy X-ray absorptiometry. Both T— C and A — G polymorphisms were divided into two genotype groups
(TT vs. TC/CC; AA vs. AG/GG). In postmenopausal women, the effect of LTM on femoral neck BMD was significantly larger for those with the
TC/CC genotype than for those with the TT genotype for the T — C polymorphism, and larger for those with the AG/GG genotype than for those
with the AA genotype for the A— G polymorphism. This gene—LTM interaction was observed at the femoral neck, but not at the lumbar spine.
For men and premenopausal women, no gene—LTM interaction was found. In conclusion, there was an interaction between LTM and the ERa
T-—C and A— G polymorphisms with respect to their effect on femoral neck BMD in postmenopausal women and those with the TC/CC and
AG/GG genotypes had larger effects of LTM than those with TT and AA genotypes.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Single nucleotide polymorphism; Estrogen receptor alpha; BMD; Lean tissue mass; Postmenopausal women

Introduction

It is generally accepted that dynamic loading acts as an
osteogenic stimulus [1] and that the forces applied to bone are
primarily the result of muscular contraction [2]. Therefore, mus-
cular weakness is an important factor contributing to osteoporosis
[3]. The importance of skeletal muscle in preserving bone [4] and
the relation between low skeletal mass and poor structural
parameters of bone in elderly men [5] have been reported. A
previous study suggested that physical exercise maintains bone
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mineral density (BMD) in postmenopausal women {6]. Vainion-
paa et al. showed that the intensity of exercise was significantly
correlated with BMD changes [7] and Kerr et al. reported that
postmenopausal bone mass can be significantly increased by
strength training, but not by endurance training [8&].

Animal studies have suggested that mechanical strain
stimulates osteoblast proliferation through estrogen receptor
a (ERa) [9], and osteoblast-like cells from ERa knockout
mice have deficient responses to mechanical strain {10]. Thus,
it is thought that ERa plays an important role in increasing
BMD via mechanical strain [11,12]. Although the association
between ERa genotype and the risk of osteoporosis in humans
remains controversial [13], many studies have suggested a
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relation between ERa polymorphism and BMD [14-16]. A
study previously carried out in our laboratory also showed that
the ERo gene was a susceptibility locus for reduced bone
mass, especially at the femoral neck, in elderly Japanese
women [17].

Because the effects of environment on individuals might
differ in accordance with individuals’ different genetic make-
ups, it is important to examine the effects of the gene-
environment interaction on BMD, particularly for the preven-
tion of osteoporosis at an individual level. Some studies have
investigated the effect of ERa polymorphism on the relation-
ship between exercise and BMD. These studies have shown an
effect of the ERa gene (Pvull)—exercise interaction on BMD in
middle-aged men [18] and prepubertal and early pubertal girls
[19].

Because magnetic -resonance imaging (MRI)-measured
muscle area correlates with muscle strength [20], and the
differences between MRI-measured and dual-energy X-ray
absorptiometry (DXA)-predicted skeletal muscle mass are small
[21], DXA-predicted total body lean mass can be legitimately
used as an index of skeletal load. As mentioned above, a few
studies have investigated the effects of the ERa gene—exercise
interaction on BMD. However, the effects of the ERa gene—
lean tissue mass (LTM) interaction were unknown. Further-
more, these previous studies involved single-sex populations
within a limited age range. This study investigated for the first
time the effects of the interaction between LTM and the typical
ERa polymorphisms T — C (Pvull) and A — G (Xbal) on BMD
in both men and women in a large population.

Materials and methods
Subjects

Study subjects were 1119 men and 1090 women, ages 40-79 years, who
participated in the first wave (from April 1998 to March 2000) of the National
Institute for Longevity Sciences-Longitudinal Study of Aging (NILS-LSA),
which is a population-based prospective cohort study of aging and age-related
diseases. Participants in the NILS-LSA were randomly selected age and sex
stratified individuals selected from the pool of independent residents in the NILS
neighborhood, Obu city and Higashiura town, Aichi Prefecture, central Japan.
Details of the NILS-LSA have been given elsewhere [22]. The study protocol
was approved by the Committee of Ethics of Human Research of the National
Center for Geriatrics and Gerontology. Written informed consent was obtained
from all subjects.

Anthropometric variables

Body weight was measured to the nearest 0.01 kg using digital scales, height
was measured to the nearest 0.1 cm using a stadiometer, and body mass index
(BMI) was calculated as weight (kg) divided by height squared (m?).
Menstrual status

Menopause was confirmed as the absence of menses by a questionnaire.
Dual-energy X-ray absorptiomerry

Whole-body fat mass, LTM, bone mineral content (BMC), and BMD of

the femoral neck and lumbar spine (L2-4) were assessed by DXA (QDR-
4500; Hologic, Madison, OH, USA). Lean tissue mass is equal to the fat-free

mass minus BMC, and is assumed to be an index of the amount of muscle
mass. -

ERo genotype analysis

DNA was extracted from peripheral blood lymphocytes by using a standard
procedure. ERa genotypes were determined in accordance with a study by
Yamada et al. {17] The ERa genotypes were analyzed by using an automated
fluorescent allele-specific DNA primer assay system (Toyobo Gene Analysis,
Tsuruga, Japan). To determine the T—C (Pvull) genotype, the polymorphic
region of the gene was amplified by polymerase chain reaction (PCR) using
allele-specific sense primers labeled at the 5’ end either with fluorescein
isothiocyanate (5'-AGTTCCAAATGTCCCAGXTG-3") or with Texas red (5'-
AGTTCCAAATGTCCCAGXCG-3') and an antisense primer labeled at the 5’
end with biotin (5'-TCTGGGAAACAGAGACAAAGC-3'). The reaction
mixture (25 pl) contained 20 ng DNA, 5 pmol of each primer, 0.2 mmol/l of
each deoxynucleoside triphosphate, 2.5 mmol/l MgCl,, and 1U DNA
polymerase (rTag; Toyobo, Osaka, Japan) in rTaq buffer. The amplification
protocol consisted of initial denaturation at 95 °C for 5 min; 35 cycles of
denaturation at 95 °C for 30 s, annealing at 62.5 °C for 30 s, and extension at
72 °C for 30 s; and a final extension at 72 °C for 2 min. For determination of the
A—G (Xbal) genotype, the polymorphic region of the gene was amplified by
PCR using a sense primer labeled at the 5’ end with biotin (5'-CTGTTTCCCA-
GAGACCCTGAG-3') and allele-specific antisense primers labeled at the 5’
ends either with fluorescein isothiocyanate (5-CCAATGCTCAT-
CCCAACTXTA-3’) or with Texas red (5'-CCAATGCTCATCCCAACTXCA-
3'). The reaction mixture (with the exception of the primers) and the
amplification protocol (with the exception that the annealing temperature was
65 °C) were identical to those used for genotyping of the T— C polymorphism.

Amplified DNA was incubated in a solution containing streptavidin-
conjugated magnetic beads in the wells of a 96-well plate at room temperature.
The plate was placed on a magnetic stand and the superatant was discarded.
After two washings, 0.01 M NaOH was added to the wells and mixed well. The
plate was placed on a magnetic stand again and the supernatants were transferred
to the wells of a new 96-well plate. The fluorescence was measured by using a
microplate reader (Fluoroscan Ascent; Dainippon Pharmaceutical, Osaka,
Japan) at excitation and emission wavelengths of 485 nm and 538 nm, res-
pectively, for fluorescein isothiocyanate, and 584 nm and 612 nm, respectively,
for Texas red.

Haplotype analysis

The haplotype distribution was calculated by using Haplotyper, a software
program for haplotype inference, with the Bayesian algorithm [23,24].

Statistical analysis

Values are expressed as the mean=+standard error (SE). The chi-squared test
was used to identify significant departures from Hardy-Weinberg equilibrium,
Both T~ C and A— G polymorphisms were divided into two genotype groups
(TT vs. TC/CC; AA vs. AG/GG). The differences between genotype groups
were analyzed using one-way analysis of variance and the Tukey—Kramer post
hoc test. A general linear model was employed to evaluate the effect of the
LTM~genotype interaction on BMD (adjusted for age and BMI). When the
effect of the interaction on BMD was significant for both T-—+C and A—G
polymorphisms, further analysis (in accordance with haplotype groups) was

Table 1
Distribution of T—C and A— G genotypes of the ERa gene

AA AG GG Total

n % n % n % n %
T 787 356 1 0.1 0 0.0 788 35.7
TC 584 26.4 465 21.1 5 0.2 1054 477
cc 120 5.4 174 7.9 73 33 367 16.6

Total 1491 67.5 640 29.0 78 35 2209 100.0
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Physical characteristics of subjects with reference to the T— C and A— G genotypes of the ERa gene

Men (n=1119) Premenopausal women (n=278) Postmenopausal women (7=812)
TT (n=398) TC/ICC (n=721) TT (n=98) TC/CC (n=180) TT (n=292) TC/CC (n=520)
Age (years) 58.910.6 59.3+0.4 46.2+0.5 46.2+0.3 62.8+0.5 64.6+0.4*
Weight (kg) 62.9+0.5 62.2+0.3 53.9+0.8 54.7£0.6 52.50.5 51.7+£0.4
BMI (kg/m2) 23.20.1 22.940.1 22.5+£0.3 22.940.2 23.1£0.2 23.0+0.2
LTM (kg) 47.2+0.3 46.6+0.2 36.3+0.4 36.5+0.3 33.9+0.2 33.7£0.2
L2-4 BMD (kg/cm?) 0.99+0.01 0.98+0.01 1.030.01 1.02+0.01 0.82+0.01 0.80+0.01
Femoral neck BMD (g/cmz) 0.76+0.01 0.75+0.004 0.78+0.01 0.77+£0.01 0.66+0.01 0.64+0.004*
AA (n=769) AG/GG (n=350) CAA (n=192) AG/GG (n=86) AA (n=530) AG/GG (n=282)
Age (years) 59.2+0.4 59.1+0.5 46.3+0.3 46.0+0.5 63.7+£0.4 64.2+0.5
Weight (kg) 62.7+0.3 61.9+0.5 53.5+0.5 56.4+1.0 51.9+£0.3 52.2+0.5
BMI (kg/m?) 23.1+0.1 22.840.1 22.3+0.2 23.7+0.4** 22.9+0.1 23.3+0.2
LTM (kg) 47.0+0.2 46.5£03 - 36.1+0.3 37.0£0.5 33.8+0.2 33.7+0.2
L2-4 BMD (kg/cm?) 0.99+0.01 0.97+£0.01 1.03%0.01 1.02+0.01 0.81+0.01 0.81+0.01
Femoral neck BMD (g/cmz) 0.75+0.004 0.75+0.01 0.77+0.01 0.78+0.01 0.65+0.004 0.64+0.01

Data are mean=+SE. *p<0.05 vs. TT genotype, **p<0.01 vs. AA genotype.

carried out. Values of p<0.05 were considered to indicate statistical
significance. Data were analyzed with the Statistical Analysis System (SAS)
release 8.2 (SAS Institute Inc., Cary, NC, USA).

Results
Distribution of ERa genotypes

The distribution of genotype combinations was examined
(Table 1). The distributions of ERa T—C and A—G
genotypes were both in Hardy—Weinberg equilibrium. There
were no subjects with the TT and GG genotypic combination
and few with the TT/AG or TC/GG genotypic combination.

Physical characteristics

Physical characteristics of the subjects were compared with
reference to the ERa T— C and A — G genotype groups (Table
2). For men and premenopausal women, age, weight, BMI,
LTM, L2-4 BMD, and femoral neck BMD did not differ
between subjects with the TT and TC/CC genotypes. In contrast,

Table 3

in postmenopausal women, age was significantly higher and
femoral neck BMD was significantly lower in individuals with
the TC/CC genotype than in those with the TT genotype. After
adjusting for age, statistical significance was not achieved for the
difference in femoral neck BMD in postmenopausal women
(data not shown). In men and postmenopausal women, there
were no differences in age and physical characteristics between
subjects with the AA and AG/GG genotypes. In premenopausal
women, age, weight, LTM, and BMD did not differ between
subjects with the AA and AG/GG genotypes, whereas BMI was
significantly greater in those with the AG/GG genotype than in
those with the AA genotype. After adjusting for BMI, the
relationship of L2—4 and femoral neck BMD between AA and
AG/GG genotypes still did not show a significant difference in
premenopausal women (data not shown).

ERa genotype and association between LTM and BMD
To investigate whether an interaction between ERa genotype

and LTM had an effect on L2-4 and femoral neck BMDs,
general linear models for BMD were analyzed using LTM, ERa

General linear model for bone mineral density (BMD) with interaction between the ERa genotype and LTM

Dependent Independent variables Men Premenopausal women Postmenopausal women
variables F p value F ) p value F p value
L2-4 BMD LT™M 45.65 <0.0001 24.73 <0.0001 25.53 <0.0001
T—C genotype 0.91 ns 1.36 ns 241 ns
LTM x (T — C genotype) 0.83 ns 1.29 ns 2.55 ns
Femoral neck L™ 63.90 <0.0001 15.07 <0.0001 25.35 <0.0001
BMD T—C genotype 0.03 ns 0.13 ns 8.15 0.004
LTM x(T— C genotype) 0.03 ns 0.06 ns 7.48 0.007
L2-4 BMD LT™ 45.27 <0.0001 .24.36 <0.0001 25.41 <0.0001
A — G genotype 0.10 ns 0.16 ns 220 ns
LTM x (A — G genotype) 0.05 ns - 0.26 ns 2.14 ns
Femoral neck LT™M 64.07 <0.0001 14.95 <0.0001 24.95 <0.0001
BMD A — G genotype 0.38 ns 0.07 ns 8.15 0.004
LTM x (A — G genotype) 0.45 ns 0.05 ns 8.03 0.005

ns=not significant. Adjusted for age and BMIL.
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