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Aging attenuates the association of central obesity with the
accumulation of metabolic risk factors when assessed using
the waist circumference measured at the umbilical level
(the Japanese standard method)
T Okazawa1, M Iwata1,2, Y Matsushita3, Y Kamura1, H Kato4, S Okazawa1, M Kigawa5 and K Tobe1

OBJECTIVE: The objective of this study was to clarify the generation and gender differences in the association between central
obesity and the accumulation of metabolic risk factors (RFs) in the Japanese population.
MATERIAL AND METHODS: A total of 12 389 subjects (age: 18–80 years) without receiving medication for diabetes, dyslipidemia
or hypertension were enrolled in this study and divided according to age and gender. In each group, we performed analyses as
follows: (1) a receiver operating characteristic (ROC) analysis to evaluate the utility of the waist circumference (WC) for detecting
subjects with multiple RFs of metabolic syndrome (MS); (2) a cross-sectional study to examine the relationship between the WC and
the odds ratio (OR) for detecting those subjects and (3) a longitudinal study to examine how longitudinal changes (D) in WC over a
1-year period affected the values of each metabolic RF.
RESULTS: With age, the WC cutoff values yielding the maximum Youden index for detecting subjects with multiple RFs increased
only in women, and the areas under the curves of the ROC analysis of WC for detecting those subjects decreased in both genders.
The positive correlation between the WC and the OR for detecting subjects with multiple RFs became weaker with age, especially in
women. In the longitudinal study, the significant correlation between DWC and D each metabolic RF, except for hypertension, and
between DWC and D the number of RFs became weaker with age in women, whereas the significant correlation between DWC and
D the number of RFs was not affected with age in men. In women aged X60 years, none of the changes in each metabolic RF were
significantly associated with DWC.
CONCLUSIONS: Aging attenuates the association of central obesity with the accumulation of metabolic RFs, especially in women.
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INTRODUCTION
The prevalence of metabolic syndrome (MS), which is composed
of a cluster of cardiovascular risk factors (RFs) such as central
obesity, high blood pressure, impaired lipid metabolism and
hyperglycemia, has been growing globally. Individuals with MS
have a higher risk of type 2 diabetes and cardiovascular disease
(CVD).1–3 As the morbidity and mortality of CVD is rapidly
increasing world-wide,4 establishing appropriate screening for
MS is essential to prevent the initiation and progression
of CVD. As many studies have demonstrated that the waist
circumference (WC) has a close relationship with the visceral fat
area (VFA) on computed tomography,5,6 WC is almost always
used as one criterion for the diagnosis of MS, and this measure is
typically used as a simplified measure of the VFA.7–9 A Japanese
committee also established criteria for the diagnosis of MS in the
Japanese population (Japanese criteria) in cooperation with the
International Diabetes Federation (IDF), in which the WC cutoff
values were fixed as 85 and 90 cm for men and women,
respectively.10 However, the IDF subsequently established novel

WC criteria, including WC cutoff values of 90 and 80 cm for
men and women in Asians, respectively,11 which totally differ
from those used in the Japanese criteria. Because of this
inconsistency, the WC cutoff values in the Japanese criteria have
been disputed. To settle this issue, multiple lines of study have
been designed to determine the optimal WC cutoff values for
the Japanese criteria;12–16 however, no consensus has yet been
reached. Moreover, generation differences in the optimal WC
cutoff values for the detection of subjects with multiple RFs of
MS have been reported;17,18 therefore, several reports have
concluded that sex- and age-specific cutoff values for MS
are needed for the Japanese population. In addition, the
associations between central obesity and each metabolic RF
have recently been reported to differ considerably according to
age.19,20 However, to the best of our knowledge, few reports
have examined whether aging affected the central obesity-
induced accumulation of RFs and the association between the
longitudinal change in WC and change in each metabolic RF in
the Japanese population.
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With the above-described background in mind, we hypothe-
sized that aging may affect the association between central
obesity and the accumulation of metabolic RFs, leading to the
onset of CVD. To validate our hypothesis, we divided all subjects
according to age and (1) re-evaluated the utility of WC for the
detection of multiple RFs of MS in a large cohort using receiver
operating characteristic (ROC) analyses; (2) performed a cross-
sectional study regarding the association of age with central
obesity-induced accumulation of metabolic RFs such as hyperten-
sion, dyslipidemia and a high fasting plasma glucose (FPG) level
and (3) conducted a longitudinal study to examine how long-
itudinal changes (D) in WC and body weight (BW) over a 1-year
period affected the values of each metabolic RF.

MATERIALS AND METHODS
Participants
A total of 41 490 subjects underwent health check-ups between 2008 and
2010 at the Shakaihoken Takaoka hospital (Takaoka, Japan) and in Itoigawa
city, Niigata Prefecture. Of these subjects, we recruited 12 389 subjects
(7611 men and 4778 women) between the ages of 18–80 years who had
received annual health examinations at least twice over a 1-year period,
who were not receiving medication for diabetes, hyperlipidemia or
hypertension and whose blood sample had been drawn after an overnight
12-h fast. The study subjects were divided into four age groups according
to generation (o40, 40–49, 50–59 and X60 years).

Collection of clinical information, anthropometric measurements
and metabolic RFs
Anthropometric measurements of individuals wearing light clothing and
without shoes were conducted by well-trained examiners. Body height and
weight were measured using an automated scale (model THP-SE3476;
KANSAI SEIKI Co., Kusatsu, Japan). Height was measured to the nearest
0.1 cm and weight was measured in an upright position to the nearest
0.1 kg. Body mass index (BMI) was calculated by dividing BW (kg) by height
squared (m2). The WC measurements were obtained at the end of normal
expiration and were measured to the nearest 0.1 cm at the umbilical level,
which is the Japanese standard method, using a flexible anthropometric
tape. Blood pressure was measured twice in a sitting position using an
automated device (Colin Model BP-203RV; Colin, Tokyo, Japan) after the
subject had rested for at least 5 min. The average of two readings was used
for the blood pressure value. After a 12-h overnight fast, blood samples
were drawn to measure the plasma glucose (PG) level, triglyceride (TG) and
high-density lipoprotein (HDL) cholesterol levels. Self-reported question-
naires based on a ‘specific health examination’21 were used to investigate
the drinking status and whether the subjects were currently receiving
medical treatment for hyperlipidemia, hypertension or diabetes or were
current smokers. Using the information obtained from the questionnaire,
we estimated the drinking status according to the frequency of alcohol
intake (everyday or sometimes or rarely (does not drink alcohol)) and the
amounts of all alcoholic beverages consumed. The usual daily intake of
alcohol was assessed in units of ‘gou’ (a traditional Japanese unit of
measurement, corresponding to 23 g of ethanol) and then converted to
grams of ethanol per day. Based on this information, we defined
‘nondrinker’ as a subject who does not drink alcohol or drinks alcohol
only rarely, ‘occasional drinkers’ as subjects who sometimes drink alcohol
and ‘current drinkers’ as subjects who drink alcohol everyday. In addition,
current drinkers were divided into four groups according to the amounts
of alcohol consumed: o23 g per day, 23–45 g per day, 46–68 g per day or
X69 g per day because the amount of alcohol consumption has been
reported to be linearly associated with the onset of hypertension22,23 and
dyslipidemia.24 Moreover, to examine the longitudinal change in the
anthropometric measurements and metabolic RFs, we handled these data
in 2008 or 2009 as a baseline data and in 2009 or 2010 as 1-year follow-up
data.

Sample size calculation
To conduct a longitudinal study to examine how longitudinal changes in
WC and BW over a 1-year period affected the values of each metabolic RF,
we calculated the required sample size based on the outcome of several
previous studies25,26 as follows. According to these studies, we estimated
the change in the BW and WC during 1 year required to achieve significant

longitudinal changes in the components of MS over the course of 1 year.
When these estimated values were used to perform a post hoc power
analysis (using a power¼ 80% and an a¼ 5%) to calculate the required
sample size, 153 men and 76 women were found to be needed to identify
longitudinal changes in the components of MS during the 1-year follow-up
period.

Ethics statement
The study was approved by the Ethics Committee of the University of
Toyama. Informed consent was not obtained from the study participants
for the following reasons. According to the Japanese Ethical Guidelines for
Epidemiological Research,27 in the case of observational research using
existing and anonymized data provided by another institution, informed
consent does not necessarily need to be obtained from the research
subjects. In the present study, we used existing and anonymized data from
health check-ups performed at the Shakaihoken Takaoka hospital and in
Itoigawa city, Niigata Prefecture, between 2008 and 2010, and we were not
involved in performing the actual health check-ups or data collection.
In addition, we have an agreement with the head of these institutions
regarding the transfer of data, and the anonymous data was provided
under this agreement. We uploaded our study to the homepage of the
First Department of Internal Medicine, Faculty of Medicine, Toyama
University,28 and announced its existence to the study participants who
received annual health examinations at the Shakaihoken Takaoka Hospital
(Takaoka, Japan) and in Itoigawa City, Niigata Prefecture. Moreover,
the Ethics Committee of the University of Toyama agreed that the data
collection method and data analysis used in our study were appropriate
ethically according to the Japanese Ethical Guidelines for Epidemiological
Research (permission number 22–79).

Diagnostic criteria for MS
According to the IDF criteria,11 MS was defined among men and women as
a WC in excess of 90 cm and 80 cm, respectively, in addition to having two
or more of the following components: (1) TG X1.7 mmol l� 1, (2) HDL
cholesterol o1.03 mmol l� 1 in men and o1.29 mmol l� 1 in women,
(3) systolic BP X130 mm Hg and/or diastolic BP X85 mm Hg, or (4) FPG
X5.6 mmol l� 1.

Statistical analysis
All the data were expressed as the mean±s.d. The statistical analyses were
performed using JMP for Windows, Version 9.0 (SAS Institute, Cary, NC,
USA) and SPSS for Windows, version 19.0 (SPSS Inc., Chicago, IL, USA).
Differences in the clinical features between the four groups according to
age were examined using an ANOVA. ROC analyses were performed to
determine the appropriate cutoff points for WC and BMI for the
identification of subjects with two or more RFs of MS. The diagnostic
abilities of the tests were compared using the areas under the curves
(AUC), and the significance of the difference between two areas was
assessed using the method described by Hanley and McNeil.29 The Youden
index (sensitivityþ specificity-1) is an integrative indicator of sensitivity
and specificity.30 Variables with skewed distributions were logarithmically
(natural) transformed for further analysis. The relationships between WC or
BW and each of the metabolic RF were investigated using a simple
regression analysis. Correlation coefficients were compared after Fisher’s
z-transformation. In Figure 1, we divided the subjects into eight groups
according to 5 cm WC increments (o70 cm, 70–75 cm, 75–80 cm,
80–85 cm, 85–90 cm, 90–95 cm, 95–100 cm and X100 cm) and calculated
the odds ratio (OR) of detecting subjects with multiple RFs of MS using a
multiple logistic regression analysis adjusted for age, the degree of alcohol
consumption (nondrinker, 0; occasional drinker, 1; current drinker
consuming o23 g per day, 2; current drinker consuming 23–45 g per
day, 3; current drinker consuming 46–68 g per day, 4; or current drinker
consuming X69 g per day, 5), and smoking status (nonsmoker, 0; current
smoker, 1), witho70 cm WC group as the reference. Results with P-values
o0.05 were considered statistically significant.

RESULTS
Demographic, hemodynamic, and metabolic characteristics of the
study subjects according to age group
The clinical characteristics of the subjects in the present study are
shown in Table 1. The average age, WC and BMI were 47.5±10.6
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years, 83.5±8.6 cm and 23.3±3.2 kg m� 2, respectively, in men
and 48.2±10.0 years, 78.3±9.0 cm and 21.7±3.2 kg m� 2, respec-
tively, in women. The overall prevalence of central obesity and MS
were 20.9 and 12.0%, respectively, in men and 40.8 and 10.5%,
respectively, in women. The overall prevalence of an elevated BP,
an elevated FPG level, a reduced HDL cholesterol level and an
elevated TG level were 36.3, 44.7, 9.8% and 24.9%, respectively, in
men and 24.3, 20.4, 12.7 and 5.8%, respectively, in women.

When we divided all the participants into four strata according
to age, the prevalence of MS increased with age (P¼ 0.025) and
reached the peak in the 50–59-year group in men. On the other
hand, the prevalence of MS increased with age (Po0.0001) and
reached the peak in the X60-year group in women (Table 1).
A similar tendency was observed for the prevalence of central
obesity (Po0.0001) (Table 1). The prevalence of an elevated BP, an
elevated FPG and an elevated TG level increased with age in both
genders (Po0.0001), whereas the prevalence of a reduced HDL
cholesterol level was not influenced by age in both genders.

Estimation of WC and BMI cutoff level for detecting subjects with
multiple RFs of MS
Next, we plotted the ROC curve to evaluate the utility of the WC
and BMI for the detection of subjects with multiple RFs of MS
(Table 2). According to the ROC curve, the WC and BMI cutoff
values yielding an 80% sensitivity for detecting subjects with
multiple RFs of MS for all ages were 80.5 cm and 22.0 kg m� 2 in
men and 76.5 cm and 20.9 kg m� 2 in women, respectively
(Table 2). Our data were almost identical to the results of previous
studies.12–16

To examine how aging affected the cutoff value and the utility
of WC for detecting subjects with multiple RFs of MS,
we conducted the ROC analyses in each age group (Table 2).
The WC cutoff values yielding the maximum Youden index for
detecting subjects with multiple RFs of MS increased with age in
women (o40 years vs X60 years, 77.5 cm vs 85.0 cm), whereas
these values were comparable among age groups in men.
The AUC of the ROC analysis of WC for the detection of multiple
RFs of MS significantly decreased with age in both genders. When
we compared the AUC in the subjects aged o40 years with that in
those aged X60 years, the AUC was significantly smaller in the
subjects aged X60 years in both genders (men: AUC for o40
years¼ 0.738, AUC for X60 years¼ 0.641, P-value for o40 years

vs X60 yearso0.05; women: AUC for o40 years¼ 0.822, AUC for
X60 years¼ 0.652, P-value for o40 years vs X60 yearso0.05)
and the decrease of AUC with age was stronger in women than in
men.

Association of WC with the number of metabolic RFs and each
component of MS according to age group
To further examine the effect of aging on the association of WC
with the OR for detecting subjects with multiple RFs, using a
multiple logistic regression analysis, the ORs for detecting those
subjects according to WC values categorized by 5-cm increments
in men and women among each age group were calculated
(Figure 1). Based on a 70-cm WC in both genders, the OR (95% CI)
for detecting subjects with multiple RFs in the o40-year age
group increased with WC and became 53.4 (22.8–147.9) in men
with a WC X100 cm and 134.1 (41.8–536.9) in women with a WC
X95 cm; however, these central obesity-induced increments in
the OR weakened with advancing age in both gender (for
example, OR¼ 26.9 (7.3–134.4) in men X60 years with a WC
X100 cm, OR¼ 6.7 (2.8–16.9) in women X60 years with
a WC X95 cm) (Figure 1). In addition, when we compared the
OR for a 5-cm WC increase for the detection of subjects with
multiple metabolic RFs between the o40-year age group and the
X60-year age group, in both genders, the OR in the older group
(men: OR¼ 1.42 (95% CI, 1.30–1.54), women: OR¼ 1.42 (95% CI,
1.27–1.60)) was apparently lower than that in the younger group
(men: OR¼ 1.68 (95% CI, 1.58–1.80), women: OR¼ 2.11 (95% CI,
1.83–2.46)). Table 3 shows the simple correlation coefficients
between WC and the values of each component of MS for each
age group. We observed a significant positive association between
the WC and each component of MS including the systolic BP
(r¼ 0.39, Po0.001 in men and r¼ 0.35, Po0.001 in women), the
diastolic BP (r¼ 0.37, Po0.001 in men and r¼ 0.31, Po0.001 in
women) and the log FPG (r¼ 0.26, Po0.001 in men and r¼ 0.20,
Po0.001 in women) in the o40-year age group in both genders;
however, these associations weakened with advancing age
in both genders. When these correlation coefficients for the
o40-year age group and the X60-year age group were
compared, a significant difference was observed in both genders
(Po0.0001) (Table 3). Moreover, we also observed a significant
inverse association between the WC and the HDL cholesterol
(r¼ � 0.35, Po0.001 in men and r¼ � 0.29, Po0.001 in women)

Figure 1. OR adjusted for age, the degree of alcohol consumption and smoking status for detecting the subjects with two or more RFs of
metabolic syndrome according to generation and WC values categories, with WC o70 cm as a reference level, in men (a) and women (b),
respectively. Open triangles: all ages, closed circles: o40, open circles: 40–49, open squares: 50–59, closed squares: X60. WC: waist
circumference.
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in the o40-year age group; however, this association became
stronger in the X60-year age group only in women (r¼ � 0.38,
Po0.001). The positive correlation between the WC and log TG
decreased with age in men, but not in women (Table 3).

Correlations between changes in WC or BW and metabolic RFs
according to age group in a longitudinal study
Next, we examined how longitudinal changes (D) in WC and BW
over a 1-year period affected the longitudinal changes in each RF
of MS and the number of metabolic RFs for each age group. The
changes (D) in the anthropometric indices and each RF of MS
during the 1-year follow-up period are shown in Table 4. The 1-
year changes in each of these parameters were relatively small in
both genders. The Pearson correlation coefficients for the changes
in the anthropometric measurements and metabolic RFs are
shown in Table 5. First, we calculated the Pearson correlation
coefficients between the DBW and DWC. We found a significant
correlation between the DBW and DWC in both genders and the
correlation coefficient was greater in men than in women

(r¼ 0.71, Po0.001 in men and r¼ 0.44, Po0.001 in women),
suggesting that the change in the visceral fat was more
pronounced in men than in women during weight change.
In addition, the correlation coefficients between the DBW and
DWC became smaller with age in both genders (men: r for o40
years¼ 0.76, r for X60 years¼ 0.56, P-value for o40 years vs X60
yearso0.0001, women: r for o40 years¼ 0.48, r for X60 years
¼ 0.37, P-value for o40 years vs X60 yearso0.0001). Overall,
significant correlations between D all RFs of MS and DWC were
observed in both genders (Po0.01). Then, we examined whether
aging affected the association between DWC or DBW and D the
number of RFs. The correlation coefficient between DWC or DBW
and D the number of RFs was significantly smaller in the X60-year
age group than in the o40-year age group in women (Po0.05),
but not in men (Table 5). Then, we next examined whether aging
affected the association between DWC and the changes in each
RF of MS. The correlation coefficient between Dlog TG and DWC
was significantly smaller in the X60-year age group than in the
o40-year age group in both genders (Po0.01) (Table 5).
The correlation coefficient between DBP and DWC in men and

Table 1. Demographic, hemodynamic and metabolic characteristics of study population according to age group

Variable All Age group (years)

o40 40–49 50–59 X60 P-values
ANOVA

Men
n 7611 2146 2217 2090 1158
Age (years) 47.5±10.6
Prevalence of metabolic syndrome (%)a 12.0 10.7 12.2 13.5 11.1 0.025
Central obesity (%)a 20.9 19.8 22.0 22.3 18.5 0.019
Waist circumference(cm) 83.5±8.6 82.7±9.6 84.0±8.6 84.0±7.8 83.1±7.7 o0.0001
Body mass index (kgm� 2) 23.3±3.2 23.4±3.6 23.5±3.2 23.1±2.9 22.8±2.7 o0.0001
Systolic blood pressure (mmHg) 123.4±16.1 120.7±14.6 122.5±15.5 124.7±17.0 127.8±17.0 o0.0001
Diastolic blood pressure (mmHg) 74.2±11.1 73.0±10.4 76.6±11.2 78.2±11.0 78.2±10.4 o0.0001
Elevated blood pressure (%)b 36.3 27.9 34.9 40.2 47.8 o0.0001
Fasting plasma glucose (mmol l� 1) 5.6±0.9 5.4±0.8 5.6±0.9 5.8±1.1 5.7±0.9 o0.0001
Elevated fasting plasma glucose (%)c 44.7 33.0 43.6 54.2 51.1 o0.0001
High-density lipoprotein cholesterol (mmol l� 1) 1.4±0.4 1.4±0.3 1.4±0.4 1.4±0.4 1.5±0.4 0.0045
Reduced high-density lipoprotein cholesterol (%)d 9.8 8.9 10.5 10.4 9.2 0.239
Triglycerides (mmol l� 1) 1.4±1.1 1.4±1.1 1.5±1.1 1.5±1.1 1.3±0.8 o0.0001
Elevated triglycerides (%)e 24.9 22.1 26.7 27.9 21.2 o0.0001
Current smokers (%) 70.8 70.2 74.8 75.5 55.6 o0.0001
Current drinker (%)f 35.6 25.4 37.1 43.0 38.3 o0.0001

Women
n 4778 1042 1580 1534 622
Age (years) 48.2±10.0
Prevalence of metabolic syndrome (%)a 10.5 4.8 8.9 12.8 18.8 o0.0001
Central obesity (%)a 40.8 23.7 37.4 48.5 59.2 o0.0001
Waist circumference(cm) 78.3±9.0 74.9±8.7 77.7±8.9 79.7±8.6 81.7±9.0 o0.0001
Body mass index (kgm� 2) 21.7±3.2 21.0±3.4 21.7±3.4 21.9±3.1 22.2±2.9 o0.0001
Systolic blood pressure (mmHg) 117.9±16.3 112.4±14.4 116.0±15.6 120.7±16.5 125.5±16.5 o0.0001
Diastolic blood pressure (mmHg) 70.9±10.5 67.4±9.7 70.2±10.4 72.9±10.5 73.7±10.3 o0.0001
Elevated blood pressure (%)b 24.3 12.0 19.6 31.6 38.4 o0.0001
Fasting plasma glucose (mmol l� 1) 5.2±0.6 5.1±0.4 5.1±0.5 5.3±0.7 5.4±0.7 o0.0001
Elevated fasting plasma glucose (%)c 20.4 11.0 16.6 26.7 30.7 o0.0001
High-density lipoprotein cholesterol (mmol l� 1) 1.7±0.4 1.7±0.4 1.7±0.4 1.7±0.4 1.7±0.4 0.0062
Reduced high-density lipoprotein cholesterol (%)d 12.7 14.7 11.1 12.8 13.3 0.0528
Triglycerides (mmol l� 1) 0.9±0.5 0.8±0.4 0.9±0.5 1.0±0.5 1.0±0.5 o0.0001
Elevated triglycerides (%)e 5.8 2.4 5.0 7.3 10.0 o0.0001
Current smoker (%) 13.4 22.1 14.1 10.2 4.8 o0.0001
Current drinker (%)f 4.7 5.3 6.5 3.6 2.3 o0.0001

Data are means±s.d. or %. Among the four groups according to age, the P-values were calculated using an ANOVA. aMetabolic syndrome and central obesity
were defined according to International Diabetes Federation (IDF) criteria (Alberti et al.11). bElevated blood pressure (BP) was diagnosed if systolic BP was
X130mmHg or diastolic BP was X85mmHg. cElevated fasting plasma glucose (FPG) was diagnosed if FPG was X5.6mmol/l. dReduced high-density
lipoprotein (HDL) cholesterol was diagnosed if HDL cholesterol was o1.03mmol l� 1 in men and o1.29mmol l� 1 in women. eElevated triglycerides (TG) was
diagnosed if TG was X1.7mmol l� 1. fCurrent drinkers were regarded as individuals who drink some amount of alcohol on a daily basis.
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the correlation coefficients between Dlog FPG and DWC and
between DHDL-c and DWC in women were significantly smaller in
the X60-year age group than in the o40-year age group
(Table 5). When we examined the association between DBW and
the change in each RF of MS, the correlation coefficients between
DBW and the change in each metabolic RF except for BP were
decreased by age in women, but not in men. Especially, in women
aged X60 years, none of the changes in each RF of MS were
significantly associated with DWC and DBW.

DISCUSSION
In this study, (1) the prevalences of MS and central obesity
increased with age, especially in women; (2) the WC cutoff values
yielding the maximum Youden index for the detection of subjects
with multiple RFs of MS increased with age in women, but not in
men and the AUC of the ROC analysis of WC for the detection of
those subjects significantly decreased with age in both genders,
especially in women; (3) the positive correlation between the WC
and the OR for the detection of subjects with multiple RFs of MS
became weaker with age, especially in women; (4) in a long-
itudinal study, the significant correlation between DWC and D
each metabolic RF, except for hypertension, and between DWC
and D the number of RFs became weaker with age in women,
whereas the significant correlation between DWC and D the
number of RFs was not affected with age in men.

Vyssoulis et al.19 and other groups have reported generation
differences in the association between WC and each RF of MS in
the cross-sectional study similar to our findings.19,20 However,
to the best of our knowledge, the age-specific correlations between
longitudinal changes in metabolic RFs and changes in the WC have
not been previously evaluated, and the present study is the first to
examine whether age-specific associations exist between
longitudinal changes in the WC and changes in metabolic RFs.

We found that the association between central obesity and the
accumulation of metabolic RF weakened with advancing age.
The accumulation of visceral fat resulting in central obesity is
reportedly more prone to low-grade inflammation in adipose
tissue,31 inducing proinflammatory cytokines and leading to the
accumulation of metabolic RFs such as impaired glucose
tolerance, dyslipidemia, and hypertension, as well as the onset
of CVD. On the other hand, aging has also been reported to cause
low-grade inflammation.32 Vyssoulis et al.19 examined the high-
sensitive C-reactive protein (hs-CRP) level, a marker of low-grade
inflammation, in all the study participants and the association
between the hs-CRP, the WC and each RF of MS in each of the age
groups. They reported that with age, the association between the
hs-CRP level and each of the metabolic RFs increased, whereas the
associations between the hs-CRP level and the WC weakened.
Therefore, they concluded that as an age-related increase in low-
grade inflammation, rather than central obesity, affected the onset
of each of the components of MS, the associations between
central obesity and each of the components of MS weakened with
age. In addition, BP and PG reportedly increase with advancing
age because of the accumulation of vascular damage33 and a
decrease in insulin secretion,34–36 respectively. Moreover, another
report demonstrated that the cardiovascular risk associated with
obesity reportedly decreases markedly with age.37 Therefore, our
finding that the associations between central obesity and the
accumulation of metabolic RF became weaker with age may be
caused by age-related increases in low-grade inflammation, the
accumulation of vascular damage and a decrease in insulin
secretion.

In this study, we also observed that the dissociation between
BW or WC and the accumulation of metabolic RFs with age were
stronger in women than in men. Previous reports have demon-
strated that during weight reduction, the men lost more visceral
fat than the women, whereas subcutaneous fat loss was moreTa
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pronounced in women than in men.38 It was also reported that the
greater reduction in visceral fat seen in men was accompanied by
a more pronounced improvement in the metabolic risk profile.38

Although we did not measure the VFA in the present study,
we observed that the correlation coefficient between the DWC
and DBW over 1-year period were greater in men than in women
in the longitudinal study. As WC has been reported to have the
closest relationship with VFA,5,6 our results as mentioned above
may reflect that men tended to change more visceral fat than
women during BW change, which is compatible with a previous
report.38 Moreover, several cross-sectional studies examining the
correlation between WC and VFA5,6 demonstrated that the
regression coefficient for VFA vs WC was greater in men than in
women, indicating that the change in VFA associated with the
change in WC was more pronounced in men than in women. From
these findings, we speculated that the gender difference in the
dissociation between BW or WC and the accumulation of

metabolic RFs with age in our study may be caused by the
gender differences in changes in visceral fat during weight change
and in the relationship between visceral fat and WC.

Several reports have examined the WC and the prevalence of
MS according to generation;16,39 these studies found that the
prevalence of central obesity and MS increased with age in
women, but not in men, which were compatible with our data.
This finding seems to support the hypothesis that aging has an
inevitable impact on a woman’s body composition.40 The estrogen
level of pubescent females causes the accumulation of fat in the
hips and thighs, but as the estrogen level begins to decrease with
age, the accumulated fat starts to be redistributed in the abdomen
and/or waist; thus, the WC begins to increase when puberty
comes to an end, even in healthy women.40 This process may be
independent of the development of obesity. In Japan, research
performed by a Japanese underwear company demonstrated that
the WC size starts to increase after B40 years in women.41

Table 3. Correlation between WC and each components of metabolic syndrome

Variables Age group (years) Comparison of correlation
coefficients

All o40 40–49 50–59 X60 o40 vs X60 50–59 vs X60

r P r P r P r P r P aP aP

Men
Systolic pressure (mmHg) 0.29 o0.001 0.39 o0.001 0.33 o0.001 0.22 o0.001 0.20 o0.001 o0.001 0.435
Diastolic pressure (mmHg) 0.30 o0.001 0.37 o0.001 0.30 o0.001 0.23 o0.001 0.22 o0.001 o0.001 0.547
Log triglycerides 0.35 o0.001 0.39 o0.001 0.32 o0.001 0.34 o0.001 0.29 o0.001 o0.001 0.010
HDL cholesterol (mmol l� 1) � 0.33 o0.001 � 0.35 o0.001 � 0.35 o0.001 � 0.32 o0.001 � 0.32 o0.001 0.057 0.660
Log fasting plasma glucose 0.23 o0.001 0.27 o0.001 0.26 o0.001 0.21 o0.001 0.14 o0.001 o0.001 0.002

Women
Systolic pressure (mmHg) 0.34 o0.001 0.35 o0.001 0.33 o0.001 0.26 o0.001 0.20 o0.001 o0.001 0.036
Diastolic pressure (mmHg) 0.31 o0.001 0.31 o0.001 0.30 o0.001 0.24 o0.001 0.20 o0.001 o0.001 0.164
Log triglycerides 0.36 o0.001 0.30 o0.001 0.33 o0.001 0.32 o0.001 0.29 o0.001 0.713 0.144
HDL cholesterol (mmol l� 1) � 0.29 o0.001 � 0.29 o0.001 � 0.31 o0.001 � 0.29 o0.001 � 0.38 o0.001 0.001 o0.001
Log fasting plasma glucose 0.22 o0.001 0.23 o0.001 0.24 o0.001 0.20 o0.001 0.05 0.185 o0.001 o0.001

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; r, correlation coefficients using simple correlation analysis between WC and each
components of metabolic syndrome; WC, waist circumference. aCorrelation coefficients among each age group were compared after Fisher’s z-transformation.

Table 4. Changes in anthropometric indices and metabolic risk factors during a 1-year follow-up period

Changes in 1-year period Age group

All o40 40–49 50–59 X60

Mean±s.d. P Mean±s.d. P Mean±s.d. P Mean±s.d. P Mean±s.d. P

Men
WC (cm) 0.12±2.98 0.382 0.24±3.06 0.423 0.12±3.08 0.648 0.09±2.78 0.720 � 0.02±3.01 0.953
BMI (kgm� 2) 0.03±0.81 0.504 0.07±0.91 0.532 0.03±0.85 0.763 0.02±0.71 0.866 0.02±0.69 0.888
BW (kg) 0.08±2.39 0.661 0.22±2.71 0.527 0.05±2.54 0.868 � 0.01±2.03 0.984 � 0.01±2.03 0.977
Systolic blood pressure (mmHg) 1.00±11.59 0.001 0.77±10.97 0.087 0.94±10.95 0.043 1.27±12.20 0.016 1.01±12.76 0.153
Diastolic blood pressure (mmHg) 0.57±7.76 0.002 0.63±7.34 0.049 0.55±7.89 0.108 0.48±7.75 0.166 0.67±8.29 0.126
Triglyceride (mmol l� 1) 0.01±0.97 0.560 0.03±1.03 0.350 0.01±1.00 0.677 � 0.01±1.00 0.876 � 0.01±0.65 0.788
HDL cholesterol (mmol l� 1) 0.00±0.20 0.909 0.01±0.19 0.517 0.01±0.19 0.621 � 0.01±0.20 0.449 � 0.01±0.20 0.486
Fasting plasma glucose (mmol l� 1) 0.06±0.55 0.001 0.04±0.48 0.126 0.07±0.58 0.010 0.06±0.58 0.059 0.07±0.58 0.104

Women
WC (cm) 0.05±3.86 0.806 0.24±3.64 0.536 0.11±3.77 0.736 � 0.04±3.83 0.896 � 0.22±4.47 0.667
BMI (kgm� 2) 0.03±0.77 0.610 0.08±0.80 0.613 0.05±0.75 0.685 � 0.01±0.79 0.923 0.04±0.69 0.828
BW (kg) 0.05±1.91 0.797 0.23±2.04 0.582 0.09±1.88 0.778 � 0.10±1.89 0.733 � 0.02±1.77 0.969
Systolic blood pressure (mmHg) 0.51±11.43 0.127 0.20±10.92 0.744 0.73±10.90 0.191 0.40±11.88 0.513 0.77±12.44 0.413
Diastolic blood pressure (mmHg) 0.19±7.32 0.391 0.28±7.02 0.517 0.25±7.30 0.500 0.06±7.46 0.882 0.18±7.49 0.752
Triglyceride (mmol l� 1) � 0.02±0.37 0.078 � 0.01±0.38 0.416 � 0.02±0.33 0.296 � 0.01±0.39 0.604 � 0.04±0.39 0.143
HDL cholesterol (mmol l� 1) 0.01±0.20 0.071 0.02±0.21 0.196 0.03±0.20 0.012 � 0.01±0.20 0.676 0.00±0.20 0.899
Fasting plasma glucose (mmol l� 1) 0.02±0.40 0.155 0.03±0.36 0.165 0.02±0.36 0.318 0.02±0.39 0.497 0.00±0.53 0.909

Abbreviations: BMI, body mass index; BW, body weight; HDL cholesterol, high-density lipoprotein cholesterol; WC, waist circumference. P-values between
values at baseline and at the 1-year follow-up were analyzed by paired t test. Changes in each variable during a 1-year period was shown.
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In consideration of these observations, it is understandable that
the mean WC and the prevalence of MS increased with age in
women.

Several reports have examined appropriate age-specific WC
cutoff points for the detection of subjects with multiple RFs of
MS.17,18 They reported that the cutoff value was smaller in subjects
under the age of 40 years than in higher age groups in women but
not in men. These findings were identical to our data.
Furthermore, they also reported that the AUC of the ROC curve
of WC for the detection of multiple RFs of MS tended to decrease
with age in both genders. From this finding, the association of WC
with the detection of multiple RFs of MS is thought to be stronger
among young individuals and to be weaker among elderly
individuals. The reason for this may be that in the elderly, MS may
also be caused by RFs other than central obesity (such as age-
related low-grade inflammation, hyperglycemia and high blood
pressure, as mentioned above).

In the present study, the prevalence of MS based on the IDF
criteria was 12.0% in men and 10.5% in women. These
prevalences were lower than those in a previous study.16 In the
present study, to examine the correlations between longitudinal
changes in the WC or BW and metabolic RFs, we excluded
subjects who were currently receiving medical treatment for
hyperlipidemia, hypertension or diabetes because the metabolic
RFs in these individuals might be affected by factors other than

the change in WC and BW, such as medications. On the other
hand, the previous study included the subjects who were
currently receiving medical treatment for hyperlipidemia,
hypertension or diabetes as study subjects.16 The differences in
the study subjects between their report and ours might explain
the lower prevalences of MS and its components in the present
study.

The Diabetes Prevention Program (DPP) and other studies have
shown that weight loss reduces the risk of diabetes, hypertension
and dyslipidemia in patients with prediabetes or MS.42–44

Moreover, it has been reported that lifestyle intervention
improved cardiovascular RFs in post-menopausal women.45,46

Our observations suggest that the improvement of these RFs
arising from a decrease in WC or BW per se might be less
predictable in older subjects, especially in women. These
considerations do not deny the importance of lifestyle
modifications for the prevention of diabetes and improvement
of each RF of MS, even in elderly obese/overweight women.

The strengths of our study include not only its cross-
sectional design but also its longitudinal design and the large
population of unmedicated subjects. However, the present
study has some potential limitations. First, the subjects
enrolled in our study chose to undergo annual health
examinations; they were, therefore, likely to be more health-
conscious than the average, which might have caused some

Table 5. Pearson correlation coefficients among changes in anthropometric indices such as WC or BW and each of metabolic risk factors

Age group (years) Comparison of correlation
coefficients

All o40 40–49 50–59 X60 o40 vs X60 50–59 vs X60

r P r P r P r P r P aP aP

Men
Correlation between DWC and change in BW and each of metabolic risk factors

D Systolic pressure 0.14 o0.001 0.14 o0.001 0.16 o0.001 0.15 o0.001 0.08 0.005 0.012 0.004
D Diastolic pressure 0.14 o0.001 0.16 o0.001 0.15 o0.001 0.13 o0.001 0.09 0.003 0.001 0.075
D Log triglycerides 0.19 o0.001 0.19 o0.001 0.21 o0.001 0.19 o0.001 0.14 o0.001 0.012 0.015
D HDL cholesterol � 0.18 o0.001 � 0.18 o0.001 � 0.17 o0.001 � 0.21 o0.001 � 0.14 o0.001 0.121 0.002
D Log FPG 0.11 o0.001 0.09 o0.001 0.15 o0.001 0.10 o0.001 0.09 0.003 1.000 0.657
D Number of RFs 0.13 o0.001 0.11 o0.001 0.15 o0.001 0.13 o0.001 0.11 o0.001 0.478 0.901
D BW 0.71 o.001 0.76 o0.001 0.74 o0.001 0.68 o0.001 0.56 o0.001 o0.001 o0.001

Correlation between DBW and change in each of metabolic risk factor
D Systolic pressure 0.18 o0.001 0.17 o0.001 0.20 o0.001 0.17 o0.001 0.18 o0.001 0.491 0.618
D Diastolic pressure 0.18 o0.001 0.19 o0.001 0.20 o0.001 0.17 o0.001 0.18 o0.001 0.782 0.717
D Log triglycerides 0.26 o0.001 0.28 o0.001 0.28 o0.001 0.23 o0.001 0.25 o0.001 0.104 0.306
D HDL cholesterol � 0.20 o0.001 � 0.21 o0.001 � 0.19 o0.001 � 0.23 o0.001 � 0.18 o0.001 0.127 0.022
D Log FPG 0.14 o0.001 0.12 o0.001 0.18 o0.001 0.10 o0.001 0.13 o0.001 0.651 0.182
D Number of RFs 0.17 o0.001 0.15 o0.001 0.20 o0.001 0.15 o0.001 0.16 o0.001 0.497 0.551

Women
Correlation between DWC and change in BW and each of metabolic risk factors

D Systolic pressure 0.05 0.000 0.06 0.053 0.04 0.081 0.05 0.038 0.07 0.090 0.806 0.579
D Diastolic pressure 0.05 0.001 0.05 0.095 0.07 0.004 0.03 0.249 0.05 0.242 0.878 0.507
D Log triglycerides 0.09 o0.001 0.12 o0.001 0.10 o0.001 0.09 o0.001 0.02 0.545 0.003 0.015
D HDL cholesterol � 0.04 0.003 � 0.07 0.035 � 0.04 0.105 � 0.06 0.017 0.00 0.937 0.037 0.018
D Log FPG 0.05 0.001 0.08 0.008 0.00 0.932 0.12 o0.001 � 0.04 0.362 o0.001 o0.001
D Number of RFs 0.06 o.001 0.08 0.007 0.07 0.007 0.07 0.007 � 0.01 0.826 0.004 0.004
D BW 0.44 o0.001 0.48 o0.001 0.46 o0.001 0.42 o0.001 0.37 o0.001 o0.001 0.024

Correlation between DBW and change in each of metabolic risk factor
D Systolic pressure 0.13 o0.001 0.13 o0.001 0.14 o0.001 0.14 o0.001 0.07 0.066 0.059 0.019
D Diastolic pressure 0.10 o0.001 0.09 0.003 0.11 o0.001 0.10 o0.001 0.08 0.061 0.579 0.265
D Log triglycerides 0.16 o0.001 0.23 o0.001 0.16 o0.001 0.17 o0.001 0.06 0.123 o0.001 o0.001
D HDL cholesterol � 0.09 o0.001 � 0.08 0.007 � 0.13 o0.001 � 0.11 o0.001 � 0.03 0.519 0.075 0.002
D Log FPG 0.08 o0.001 0.11 0.001 0.04 o0.001 0.16 o0.001 � 0.05 0.211 o0.001 o0.001
D Number of RFs 0.10 o0.001 0.07 0.016 0.13 o0.001 0.11 o0.001 0.05 0.232 0.032 0.424

Abbreviations: BW, body weight; FPG, fasting plasma glucose; HDL cholesterol, high-density lipoprotein cholesterol; MS, metabolic syndrome;
RFs, risk factors were defined according to IDF criteria; WC, waist circumference. r, correlation coefficients using simple correlation analysis between
change (D) in WC or BW and change in (D) each metabolic risk factor. aCorrelation coefficients among each age group were compared after Fisher’s
z-transformation.
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bias in the current study. Second, although we utilized a
longitudinal design, the study was retrospective in nature and
the follow-up period was 1 year. We examined whether a
follow-up period of 1 year was appropriate for observing
longitudinal changes in the components of MS, as mentioned
in the Materials and methods section. We estimated the sample
size required to identify longitudinal changes in the compo-
nents of MS during a 1-year follow-up period based on the
results of previous studies25,26 and found that a required
sample size of 153 men and 76 women would be necessary.
In this study, the smallest number of individuals in any age
group was 1158 in men aged X60 years and 622 in women
aged X60 years (Table 1). As these numbers were much larger
than the sample size required to identify longitudinal changes
in the components of MS during a 1-year follow-up period,
we believe that a follow-up period of 1 year was appropriate
for the presently reported longitudinal study. Third, we only
measured the WC at the umbilical level, which is the Japanese
standard method, and not at the midpoint between the lower
borders of the rib cage and the iliac crest, which is the world-
wide standard method. Therefore, our findings might be
applicable to the Japanese population, but not for other
populations. However, we estimated the WC (world-wide
method) using the WC measured at the umbilical level using
the method recently reported by Matsushita et al.47 We then
used the estimated WC (world-wide method) as the diagnostic
criterion for MS and re-analyzed the association between the
WC and metabolic RFs in each generation and sex. We also
observed the generation and sex differences in the prevalence
of MS and the cutoff value for detecting subjects with multiple
RFs (Supplementary Tables 1 and 2) and obtained results
showing that aging attenuated the association between central
obesity and the accumulation of metabolic RFs (data not
shown), which were identical to the results obtained when the
WC measured at the umbilical level was used.

In conclusion, we clarified that the association between central
obesity and the accumulation of metabolic RFs weakened with
age in ROC analyses, cross-sectional and longitudinal studies,
especially in women. Further, we speculated that these findings
may be caused by age-related increases in low-grade inflamma-
tion, accumulation of the vascular damage and decrease of the
insulin secretion. Therefore, men and younger adult women with
obesity/MS should be recommended to adopt positive lifestyle
modifications. However, this study was a retrospective study over
a 1-year period. A prospective study involving a larger number of
subjects is needed to clarify the present findings.
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