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ABSTRACT

Aims: The present study aimed to investigate relationships among abdominal obesity, metabolic abnormalities, and
the prevalence of chronic kidney disease (CKD) in relatively lean Japanese men and women.
Participants and methods: The participants included 8133 men and 15 934 women between 40 and 75 years of
age recruited from the government health check-up center in Kanazawa City, Japan. The prevalence of abdominal
obesity, high blood pressure, dyslipidemia, and high fasting plasma glucose levels were assessed according to the
Japanese criteria for metabolic syndrome. The estimated glomerular filtration rate (eGFR) was calculated using the
modified Modification of Diet in Renal Disease equation for the Japanese population, and participants with an eGFR
<60mL/min/1.73m2 and/or proteinuria were diagnosed with CKD.
Results: Overall, 23% of males and 14% of females met criteria for CKD. Having more numerous complicated
metabolic abnormalities was significantly associated with a higher odds ratio (OR) of CKD for men and women,
irrespective of abdominal obesity. However, there was a sex difference in the OR of CKD for obese participants
without metabolic abnormalities, such that abdominal obesity without metabolic abnormalities was significantly
associated with a higher OR for men (multivariate-adjusted OR 1.63; 95% confidence interval [CI], 1.16–2.28) but
not for women (OR 1.01; 95% CI, 0.71–1.44).
Conclusions: The present findings demonstrated that obesity without metabolic abnormalities was associated with
a higher risk of CKD in men but not women in a relatively lean Japanese population.
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INTRODUCTION

The increasing number of patients with end-stage renal
disease (ESRD) has been recognized as a major global
public health problem.1 In 2002, the National Kidney
Foundation (NKF) proposed a definition for chronic kidney
disease (CKD) that encompasses a wide range of kidney
diseases.2 CKD is not only a precursor of ESRD but has been
identified as a risk factor for cardiovascular disease (CVD) in
its early stages.3,4

Obesity is a representative risk factor of CKD5–7 because
the hemodynamic and hormonal changes caused by excess

weight and the accumulation of abdominal fat may increase
the risk for CKD.8–10 It has also been shown that obesity-
related metabolic abnormalities, such as hypertension,11,12

dyslipidemia,13,14 and diabetes mellitus,13,15 affect the
progression of CKD. However, the prevalence of obesity
among Asian individuals is relatively low,16 and it is not clear
whether obesity itself or the metabolic abnormalities caused
by obesity have a stronger effect on the progression of CKD.
Previous studies from our research group have demonstrated

that the degree of obesity is closely associated with metabolic
abnormalities in Japanese men, but that the associations
between abdominal obesity and obesity-related metabolic
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abnormalities are not strong in Japanese women.17,18 While
sex differences may exist in the association between
abdominal obesity and CKD, few studies have separately
evaluated the effects of obesity on the development of CKD
in men and women in Asian populations, and the studies
that have done so have produced controversial results.5,6

Furthermore, these studies used body mass index (BMI) as a
marker of obesity rather than waist circumference, which may
more closely related to abdominal adiposity.

Thus, the present cross-sectional study aimed to evaluate
whether there are sex differences in the relationships among
abdominal obesity, obesity-related metabolic abnormalities,
and the prevalence of CKD in a general Japanese population.

METHODS

Participants
The participants included in the present study were recruited
from the government health check-up center in Kanazawa
City in central Japan. This specific health check-up and
guidance program is provided for national health insurance
subscribers living in Kanazawa City by the city’s National
Health Insurance program. In 2008, a total of 25 139 residents
in this area (8259 men and 16 880 women) between 40 and 75
years of age received a health check-up (response rate, 30%).
Of the 25 139 potential participants, 1072 (4%) were excluded
for various reasons: 1059 due to missing data (969 for missing
serum creatinine [Cr] levels, 86 for a missing urine test, and
four for missing waist-circumference measurements) and 13
due to severe CKD (estimated glomerular filtration rate
[eGFR]: <15mL/min/1.73m2). Ultimately, 24 067 participants
(8133 men and 15 934 women) were enrolled in the present
study.

Data collection
The health examinations, which were performed by physicians
and/or nurses at clinics belonging to the Kanazawa Medical
Association, included a medical history, physical examination,
anthropometric measurements, and measurements of plasma
glucose, glycated hemoglobin (HbA1c), and serum lipid
levels. Height was measured without shoes to the nearest
0.1 cm using a standiometer; weight was measured to the
nearest 0.1 kg using a standard scale, with participants not
wearing shoes and wearing only light clothing; and BMI was
calculated as weight/height squared (kg/m2). Blood pressure
was measured after participants had rested for 5 minutes in a
seated position. The standardization of these measurements
was accomplished by following the guidelines for the specific
health check-up and guidance program issued by the Ministry
of Health, Labour and Welfare.

A questionnaire was used to identify voluntary health-
related behaviors, including alcohol consumption and
smoking, and an additional self-administered questionnaire
was used to collect information regarding medical histories

of hypertension, dyslipidemia, and diabetes. The prevalence
of abdominal obesity, high blood pressure, dyslipidemia,
and high plasma glucose levels were assessed according to
the Japanese criteria for metabolic syndrome19,20: abdominal
obesity was defined as a waist circumference ≥85 cm for
men and ≥90 cm for women; high blood pressure was
defined as systolic blood pressure ≥130mmHg, a diastolic
blood pressure ≥85mmHg, or the use of antihypertensive
medication; dyslipidemia was defined as serum triglyceride
levels ≥150mg/dL (fasting) or ≥200mg/dL (postprandial),
high-density lipoprotein (HDL)-cholesterol levels <40mg/dL,
or the use of medication for dyslipidemia; and glucose
intolerance was defined as a fasting plasma glucose level
≥110mg/dL, a postprandial plasma glucose level ≥140
mg/dL, a HbA1c level ≥6.0% (based on the National
Glycohemoglobin Standardization Program), or the use of
an anti-diabetic medication.

Renal function tests
Urinary proteins levels were examined using a dipstick test,
and eGFR was calculated based on serum Cr (sCr) levels
and age using the following estimation equation, which
was derived from insulin clearance data in a Japanese
population21:

eGFR ðmL=min=1:73m2Þ
¼ 194� sCr�1:094 � age�0:287 ð� 0:739 for womenÞ:

In accordance with NKF guidelines,2 CKD was defined based
on the presence of renal dysfunction, which was considered
to be present if the eGFR was <60mL/min/1.73m2 and/or if
the participant had dipstick urinary protein scores of ≥1+.

Statistical analysis
The odds ratios (ORs) and 95% confidence intervals (CIs) for
the prevalence rates of low eGFR (<60mL/min/1.73m2),
proteinuria, and CKD for each component of metabolic
syndrome were calculated using logistic regression analyses.
The ORs were adjusted for age (continuous), smoking status
(non-smoker or current smoker), alcohol consumption
(nondrinker, occasional drinker, or everyday drinker), and
the components of metabolic syndrome (abdominal obesity,
high blood pressure, dyslipidemia, and glucose intolerance).
Next, the association between the number of complicated
metabolic abnormalities (high blood pressure, dyslipidemia,
and glucose intolerance) and the prevalence of renal function
was evaluated according to the presence of abdominal obesity.
The difference in blood pressure among the groups according
to the number of complicated metabolic abnormalities with/
without obesity was evaluated using analyses of variance,
and post-hoc testing was used for multiple comparisons.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (IBM SPSS statistics version
22.0; IBM Corporation, Armonk, NY, USA). A P-value
<0.05 was considered to indicate statistical significance.
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Ethical considerations
Written informed consent was not obtained from the
participants. The Kanazawa Medical Association approved
the design of the present study and ensured that individuals
were not identifiable by providing linkable anonymous data
to the researchers. The Institutional Review Committee of
Kanazawa Medical University for Ethical Issues approved the
present study.

RESULTS

The characteristics of the study participants are presented in
Table 1. The mean age at baseline was 67.1 years for men
and 64.7 years for women, the mean BMI was 23.4 kg/m2 for
men and 22.5 kg/m2 for women, and the mean eGFR was
73.8mL/min/1.73m2 for men and 76.2mL/min/1.73m2 for
women. Overall, 50.7% of men and 20.8% of women
exhibited abdominal obesity, and the prevalence rates of low
eGFR, proteinuria, and CKD were 16.9%, 15.0%, and 22.7%
for men, respectively; corresponding rates for women were
11.3%, 4.0%, and 14.3%.

Associations between the markers of renal damage and
each component of metabolic syndrome are shown in
Table 2. Abdominal obesity was associated with low eGFR,
proteinuria, and CKD independent of other metabolic
abnormalities among men and women. Of the four
components of metabolic syndrome, dyslipidemia was most
strongly associated with low eGFR and CKD in men and
women. High blood pressure was also significantly associated
with low eGFR, proteinuria, and CKD in men and women.
High plasma glucose was associated with proteinuria, but
not with low eGFR, after adjusting for other metabolic
abnormalities, and it was not associated with CKD in men.

Next, the ORs of low eGFR, proteinuria (Table 3), and
CKD (Figure 1) by the number of complicated metabolic

abnormalities were evaluated according to the presence
of obesity. Having numerous complicated metabolic
abnormalities was associated with a higher OR for renal
dysfunction, regardless of sex or the presence of abdominal
obesity, but the effects of the interaction between abdominal
obesity and the number of complicated metabolic
abnormalities on the association with CKD were not
significant. The interaction between sex and the number of
complicated metabolic abnormalities with/without obesity
was not significant (P = 0.304). However, male participants
with abdominal obesity without metabolic abnormalities
showed a higher risk of CKD, whereas abdominal obesity
without metabolic abnormalities was not associated with
a higher risk of CKD in women (Figure 1). Among the
participants without metabolic abnormalities, systolic blood
pressure was significantly higher in obese compared to
non-obese women (mean [standard deviation] 116.1
[9.1]mmHg vs 112.9 [10.1]mmHg, P < 0.001), but was
not higher in obese men than in non-obese men (mean
[standard deviation] 116.2 [8.6]mmHg vs 113.7 [9.8]mmHg,
P = 0.123). Diastolic blood pressure did not differ between
non-obese and obese men and women. Even after adjusting
for systolic blood pressure, the ORs for the presence of
CKD were similar to the results of Figure 1 (data not
shown). Obesity without metabolic abnormalities was not
associated with a higher risk of CKD in women, even when
a cut-off point for waist circumference of 80 cm was used
(based on the definition of abdominal obesity for Asian
women) or when a BMI ≥25 kg/m2 was used to diagnose
obesity (Figure 2).

Table 1. Characteristics of study participants

Men (n = 8133) Women (n = 15934)

Mean (SD) age, years 67.1 (6.5) 64.7 (8.1)
Mean (SD) body mass index, kg/m2 23.4 (2.9) 22.5 (3.3)
Mean (SD) waist circumference, cm 84.9 (8.2) 82.2 (9.7)
Abdominal obesitya 50.7 20.8
High blood pressurea 68.8 57.9
Dyslipidemiaa 42.2 38.1
High plasma glucosea 31.0 17.7
Current smoker 24.3 6.4
Alcohol consumption
Non-drinker 32.6 72.0
Occasional 17.8 17.0
Everyday 49.6 10.9

Low eGFR 16.9 11.3
Proteinuria 15.0 4.0
Chronic kidney disease 22.7 14.3

eGFR, estimated glomerular filtration rate; SD, standard deviation.
Data are presented as percentages, unless otherwise noted.
aAbdominal obesity, high blood pressure, dyslipidemia, and high
plasma glucose levels were defined in accordance with the definition
of metabolic syndrome for the Japanese population.

Table 2. Odds ratios of the presence of low eGFR,
proteinuria, and chronic kidney disease for
abdominal obesity and metabolic abnormalities in
Japanese men and women

Men Women

χ2 ORb 95% CI χ2 ORb 95% CI

Low eGFR
Abdominal obesitya 10.4 1.23 (1.08–1.39) 21.9 1.32 (1.17–1.48)
High blood pressurea 22.7 1.41 (1.22–1.63) 7.5 1.17 (1.05–1.30)
Dyslipidemiaa 62.8 1.64 (1.45–1.86) 26.5 1.31 (1.18–1.45)
High plasma glucosea 4.1 0.88 (0.77–1.00) 0.0 1.01 (0.89–1.14)

Proteinuria
Abdominal obesitya 8.8 1.28 (1.09–1.50) 13.9 1.40 (1.18–1.68)
High blood pressurea 62.2 2.36 (1.90–2.92) 49.4 2.01 (1.66–2.45)
Dyslipidemiaa 14.7 1.37 (1.17–1.60) 11.4 1.34 (1.13–1.58)
High plasma glucosea 66.4 1.93 (1.65–2.26) 26.4 1.62 (1.35–1.94)

Chronic kidney disease
Abdominal obesitya 20.9 1.29 (1.16–1.44) 28.1 1.33 (1.20–1.47)
High blood pressurea 51.4 1.59 (1.40–1.81) 29.3 1.32 (1.20–1.46)
Dyslipidemiaa 61.5 1.55 (1.39–1.73) 30.3 1.30 (1.19–1.43)
High plasma glucosea 2.9 1.10 (0.98–1.24) 4.6 1.13 (1.01–1.26)

CI, confidence interval; eGFR, estimated glomerular filtration rate; OR,
odds ratio.
aAbdominal obesity, high blood pressure, dyslipidemia, and high
plasma glucose levels were defined in accordance with the definition
of metabolic syndrome for the Japanese population.
bORs were adjusted for age, smoking status, alcohol consumption,
and the four metabolic components (abdominal obesity, high blood
pressure, dyslipidemia, and high plasma glucose).
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Table 3. Prevalence of abdominal obesity, number of complicated metabolic abnormalities, and odds ratios of renal dysfunction
in Japanese men and women

Abdominal obesity
Number of metabolic

abnormalities

Men Women

n Prevalence ORa (95% CI) n Prevalence ORa (95% CI)

Low eGFR
(−) 0 868 8.4 1.00 (reference) 4007 6.8 1.00 (reference)
(−) 1 1693 15.0 1.80 (1.36–2.37) 5032 10.3 1.17 (1.00–1.37)
(−) 2 1141 17.2 1.98 (1.48–2.65) 2910 13.0 1.32 (1.11–1.56)
(−) 3 305 22.6 2.64 (1.83–3.82) 671 15.2 1.44 (1.12–1.85)
(+) 0 415 13.3 1.70 (1.17–2.49) 381 8.9 1.05 (0.72–1.54)
(+) 1 1469 16.5 2.08 (1.56–2.75) 1140 13.7 1.42 (1.14–1.76)
(+) 2 1533 20.4 2.60 (1.98–3.42) 1266 18.2 1.84 (1.51–2.23)
(+) 3 709 24.1 3.12 (2.31–4.22) 527 22.2 2.23 (1.74–2.85)

Proteinuria
(−) 0 868 3.1 1.00 (reference) 4007 1.9 1.00 (reference)
(−) 1 1693 5.8 1.91 (1.23–2.95) 5032 3.3 1.66 (1.25–2.19)
(−) 2 1141 9.6 3.24 (2.10–4.99) 2910 4.3 2.14 (1.59–2.87)
(−) 3 305 16.1 5.80 (3.54–9.48) 671 8.9 4.56 (3.18–6.53)
(+) 0 415 3.4 1.08 (0.56–2.09) 381 2.1 1.05 (0.50–2.19)
(+) 1 1469 7.8 2.60 (1.69–4.00) 1140 4.4 2.19 (1.52–3.17)
(+) 2 1533 11.0 3.77 (2.48–5.72) 1266 6.9 3.49 (2.52–4.82)
(+) 3 709 20.3 7.73 (3.04–11.85) 527 11.2 5.88 (4.08–8.46)

CI, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.
aORs were adjusted for age, smoking status, and alcohol consumption.
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Figure 1. Prevalence of abdominal obesity, number of complicated metabolic abnormalities, and the odds ratio of chronic
kidney disease in Japanese men and women. Odds ratios were adjusted for age, smoking status, and alcohol
consumption. CI, confidence interval; CKD, chronic kidney disease.
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DISCUSSION

The present large-scale cross-sectional study of Japanese
men and women found that abdominal obesity, diagnosed
according to the definition of metabolic syndrome for the
Japanese population, was associated with the prevalence of
CKD independent of the presence of metabolic abnormalities.

Further, having more numerous complicated metabolic
abnormalities was associated with a higher prevalence of
CKD in men and women. There was a sex difference in the
association between the risk of CKD in participants with
obesity but without metabolic abnormalities, with a higher
risk of CKD in men but not women; however, the interaction
between the sexes was not significant.
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Figure 2. Prevalence of obesity, number of complicated metabolic abnormalities, and the odds ratio for the presence of
chronic kidney disease in Japanese women. Obesity was defined by (A) the cut-off point for waist circumference
according to the definition of metabolic syndrome for Asian women (80 cm), and (B), the BMI cut-off point of
25 kg/m2. Odds ratios were adjusted for age, smoking status, and alcohol consumption. CI, confidence interval;
CKD, chronic kidney disease.
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A previous prospective Japanese study demonstrated that a
higher BMI is an independent risk factor for the development
of ESRD in men but not in women,22 which is in partial
accordance with our data. In contrast, the presence of obesity
has also been associated with a higher risk of Stage I or II
CKD in men and women.5 In the present study, abdominal
obesity was associated with CKD in men and women when
the associations were adjusted for the presence of other
metabolic abnormalities. However, abdominal obesity also
exhibited close associations with the presence of metabolic
abnormalities, so the use of statistical models including
both the presence of abdominal obesity and metabolic
abnormalities might have been inappropriate due to
multicollinearity. Therefore, stratification was employed to
account for the influence of metabolic abnormalities on the
association between abdominal obesity and CKD. The use
of this method allowed for the clarification of the impact of
obesity without metabolic abnormalities on the presence of
CKD.

A number of studies have reported sex differences in the
progression of renal diseases. For example, men are at a
higher risk of CKD and tend to develop ESRD earlier in life
than women,23–25 and these sex differences may be caused,
at least in part, by the influence of testosterone and other
sex hormones on the risks for proteinuria and glomerular
sclerosis.26 Thus, variations in the levels of sex hormones may
influence sex differences in the association between obesity
and CKD. Sex differences in fat distribution may also affect
the association between obesity and CKD. Our research group
found that waist circumference does not effectively predict
the existence of metabolic abnormalities in relatively lean
Japanese women.17,18 Adipocytokines that are associated with
visceral obesity, such as leptin and adiponectin, are associated
not only with the pathogenesis of metabolic syndrome but
also with that of CKD.27–29 Due to the strong influence
of subcutaneous fat, but not visceral fat, on waist
circumference,30 the presence of abdominal obesity would
not be a useful marker of visceral adiposity in relatively lean
Asian women. This may be one of the reasons that abdominal
obesity without metabolic abnormalities was not associated
with the presence of CKD in women in the present study.

Another possible cause of the sex differences observed in
the association between obesity and CKD is the definition
of abdominal obesity. In the present study, abdominal obesity
was assessed according to the Japanese criteria for metabolic
syndrome,19 which is a waist circumference ≥85 cm for men
and ≥90 cm for women. These cut-off points differ from the
cut-off points of 90 cm for men and 80 cm for women that are
commonly used for Asian populations.31 It is possible that the
cut-off point of 90 cm for waist circumference for women
might be not appropriate for the detection of abdominal
obesity; therefore, we further evaluated the association
between obesity and CKD using the cut-off points of 80 cm
for waist circumference and 25 kg/m2 for BMI in women.

However, the associations using these different cut-off points
were similar, which indicates that obesity itself was not
associated with a higher risk of CKD in relatively lean Asian
women.
One strength of this study was the large number of

study participants recruited from a government health
check-up center in a Japanese city. However, there were
also several limitations to the present study. First, this was a
cross-sectional study, and the use of a prospective design
may provide additional information regarding the causal
relationships between obesity and metabolic abnormalities
and the progression of CKD. Another limitation was the fact
that there was a low response rate to the government health
check-up survey (30%). A person who is aware and conscious
of his/her health may be more likely to respond to the health
check-up, so the study population may have been healthier
than the general population.
In conclusion, the present study found that obesity without

metabolic abnormalities was associated with a higher risk of
CKD in Japanese men but not in Japanese women. Thus,
obesity without metabolic abnormalities should be recognized
as a risk factor for CKD among men, but obesity itself may
not influence the risk for CKD or metabolic abnormalities in
relatively lean Japanese women.
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