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Metabolic Syndrome and Risk of Developing 
Chronic Kidney Disease in Japanese Adults

Masahiko TOZAWA1), Chiho ISEKI2), Kaori TOKASHIKI3), Saori CHINEN3), Kentaro 

KOHAGURA3), Kozen KINJO4), Shuichi TAKISHITA3), and Kunitoshi ISEKI2)

Metabolic syndrome is a risk factor for the development of cardiovascular disease. Few prospective studies,

however, have examined metabolic syndrome as a risk factor for chronic kidney disease (CKD) in an Asian

population. We studied the occurrence of CKD in 6,371 subjects without CKD or diabetes mellitus at base-

line 1997 through 2002 in Okinawa, Japan. CKD was defined as dipstick-positive proteinuria (≥1+) or a low

estimated glomerular filtration rate (<60 mL/min/1.73 m2). Metabolic syndrome was defined according to the

modified criteria of the Adult Treatment Panel III in which body mass index (≥25 kg/m2) was substituted for

the waist circumference measurement. Logistic analysis was used to analyze the effect of metabolic syn-

drome on the development of CKD. During the 5-year follow-up, 369 (5.7%) participants developed CKD.

After adjusting for age, sex, current cigarette smoking and alcohol drinking habits at baseline, the relative

risk of developing CKD was 1.86 (95% confidence interval: 1.43–2.41, p<0.0001) in subjects with metabolic

syndrome. Compared with those without metabolic syndrome risk components, the adjusted relative risk

(95% confidence interval) was 1.49 (1.10–2.01), 1.89 (1.38–2.59), and 2.65 (1.19–3.68) in those with 1, 2, or

≥3 metabolic syndrome risk components, respectively. Metabolic syndrome is a significant risk factor for

the development of CKD in the Japanese population. Detection and treatment of metabolic syndrome should

be stressed as a strategy to prevent CKD. (Hypertens Res 2007; 30: 937–943)

Key Words: obesity, triglyceride, high-density lipoprotein cholesterol, blood pressure, fasting glucose

Introduction

Metabolic syndrome is a risk factor for the development of
cardiovascular disease. Lakka et al. reported that metabolic
syndrome increased the risk of mortality from coronary heart
disease in Finnish men (1). In Japanese men, Takeuchi et al.
showed that subjects with metabolic syndrome had a 2.2
times greater risk of developing cardiac disease than did sub-
jects in the non-metabolic syndrome (2).

The number of new dialysis patients is increasing annually,
and the prevalence of dialysis patients currently is over 2,000
per million persons including those in Okinawa, Japan (3, 4).

In Japan, Okinawa is the area with the highest incidence and
also has an increasing rate of the incidence of end-stage renal
disease (5). The prevalence of metabolic syndrome in Oki-
nawa is 15.1–19.1% (6, 7). We and others have shown that
metabolic syndrome is associated with chronic kidney disease
(CKD) in cross-sectional studies (8, 9).

A causal relationship between metabolic syndrome and the
development of CKD, however, has not been reported. A
recent longitudinal study in adults in the United States indi-
cated that metabolic syndrome is a risk factor for CKD (10).
The effect of obesity on glucose tolerance differs among
races, but there are few published data specifically for an
Asian population (11, 12). Therefore, we studied whether or
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not metabolic syndrome contributes to the development of
CKD in Japanese in Okinawa.

Methods

Study Design

All individuals between 19 and 84 years of age that partici-
pated in the 1997 health screening examination in Okinawa
by the Okinawa General Health Maintenance Association
(OGHMA). Subjects who developed CKD between 1997 and
2002 were identified by further OGHMA examinations. The
cumulative incidence of CKD and the relative risk of devel-
oping CKD were determined based on the presence of meta-
bolic syndrome components according to the health screening
registry.

Screened Cohort

The subjects in our current study were participants in the
human dry dock program, which was reported previously (13,
14). The program, run by OGHMA, involved a thorough
physical examination of 9,914 participants in 1997. Among
them, 8,151 subjects (82.2%) participated in the program
more than once during the following 5 years (1998 through
2002). From these 8,151 subjects, we excluded 728 subjects
who had CKD and 3 who did not receive a urinalysis in 1997
were excluded. In addition, those undergoing medical treat-
ment for hypertension, diabetes, or treatment of hyperlipi-
demia (n=769), those with fasting blood glucose ≥126 mg/
dL, or hemoglobin A1c >7.0% (n=243), and those missing
data for cigarette smoking or alcohol drinking habits (n=37)
were excluded. Finally, in the present study, we analyzed
6,371 subjects that were free from CKD at baseline (1997).
The present study was conducted in accordance with the prin-
ciples set out in the Declaration of Helsinki 1975, as revised
in 1993. The study design was approved by the ethics com-
mittee of OGHMA. Only the field data set, which excluded
private information such as name and address, was used for
this study. All participants were informed of the nature of the
screening and all signed a consent for the questionnaire.

Each subject’s medical history and current medical condi-
tion were recorded on a self-administered, standardized ques-
tionnaire. To corroborate the collected information, a
physician also interviewed every subject. Dipstick urinalysis
(Ames dipstick) was performed on fresh, mid-stream urine
collected in the morning. The results of the urine test were
interpreted as: (−), (±), (1+), (2+), (3+), or (4+). Height, body
weight, blood pressure, fasting glucose, serum urea nitrogen,
serum creatinine, serum albumin, triglyceride, total choles-
terol, and high-density lipoprotein (HDL) cholesterol were
measured in all subjects. All subjects fasted overnight before
blood sampling. Serum creatinine was measured using an
enzyme-based method. It was calibrated using the following
formula to the value of the Jaffe method: serum creatinine

(Jaffe method) = 0.194 + 1.079 × serum creatinine (enzyme
method) (6). After the subjects sat for 15 min, blood pressure
was measured twice by a trained nurse using a standard
sphygmomanometer. The lower value of two blood pressure
measurements was used for this study.

Metabolic syndrome was defined by the modified criteria
of ATP III (15) in which body mass index (BMI) ( ≥25 kg/
m2) was substituted for the waist circumference measure-
ment. Waist circumference was not measured in the present
study. Specifically, metabolic syndrome was defined as the
presence of three or more of the following components:
1) obesity: BMI ≥25 kg/m2; 2) high serum triglyceride:
≥1.69 mmol/L (150 mg/dL); 3) low HDL cholesterol: <1.03
mmol/L (40 mg/dL) in men or <1.29 mmol/L (50 mg/dL) in
women; 4) high blood pressure: systolic ≥130 mmHg or dias-
tolic ≥85 mmHg; 5) high fasting plasma glucose: ≥6.10
mmol/L (110 mg/dL).

The glomerular filtration rate was estimated from a formula
by the Modification of Diet in Renal Disease study using cal-
ibrated serum creatinine measurements (16). CKD was
defined as a glomerular filtration rate (GFR) of less than 60
mL/min/1.73 m2 or dipstick proteinuria (≥1+) (17).

Statistical Methods

The unpaired t-test or χ2 test was used to analyze differences
in values or ratios between groups. The χ2 test for trend and
analysis of variance were used to test linearity across years or
a number of components (18). The relative risk of developing
CKD was estimated with the use of multiple logistic regres-

Table 1. Baseline Characteristics of Subjects Who Were
Dropped Out and Those That Were Followed

Variables
Dropped out 
(n=1,763)

Followed 
(n=8,151)

Age (year) 50±12 49±9*
Male (%) 53 64*
BMI (kg/m2) 23±3 24±3*
SBP (mmHg) 123±18 122±17*
DBP (mmHg) 75±11 75±11
Serum albumin (g/dL) 4.45±0.2 4.47±0.2*
Serum urea nitrogen (mg/dL) 14±4 14±3
Serum creatinine (mg/dL) 0.98±0.22 1.00±0.19*
Total cholesterol (mg/dL) 208±37 207±35
Triglyceride (mg/dL) 141±124 145±127
HDL cholesterol (mg/dL) 57±14 55±14*
Fasting glucose (mg/dL) 104±27 102±20*
Current smoking (%) 27 28
Alcohol drinking habits (%) 60 65*

Values are expressed as mean±SD, except where otherwise indi-
cated. BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HDL, high-density lipoprotein.
*p<0.05 vs. subjects that dropped out.
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sion models (StatView 5.0, SAS Institute, Cary, USA). A p
value of less than 0.05 was considered significant.

Results

Table 1 shows the baseline (1997) characteristics of subjects
who dropped out of the study and of subjects who completed

the study. Age, systolic blood pressure, HDL cholesterol, and
fasting glucose were significantly lower in subjects who com-
pleted the study than in those who did not. Body mass index,
serum albumin, and serum creatinine were higher in subjects
completing the study than in those who did not. The percent-
age of males and the percentage of subjects with an alcohol
drinking habit were both higher in subjects completing the
study than those who did not. There were no differences in
diastolic blood pressure, serum urea nitrogen, total choles-
terol, triglyceride levels, or prevalence of current smoking
habit.

Age, percentage of males, BMI, systolic blood pressure,
diastolic blood pressure, serum albumin, serum creatinine,
total cholesterol, triglyceride, hemoglobin A1c, prevalence of
cigarette smoking, and prevalence of an alcohol drinking
habit were higher (p<0.05) in subjects with metabolic syn-
drome (Table 2). The GFR and HDL cholesterol were lower
in subjects with metabolic syndrome. Overall, 13.9% of the
subjects (n=884) had metabolic syndrome. The prevalence of
varying numbers of metabolic syndrome components in the
subject population is shown in Fig. 1.

During the follow-up period, 369 subjects (5.7%) devel-
oped CKD. According to the staging of CKD by Kidney Dis-
ease: Improving Global Outcomes, the distribution of
subjects by stage was: 2,781 in Stage 1, 3,465 in Stage 2, 125
in Stage 3, and none in Stages 4 and 5 (19).The cumulative
incidence of CKD during the follow-up period according to
the presence or absence of metabolic syndrome is shown in
Fig. 2. The percentage of subjects who developed CKD was
higher in the presence of metabolic syndrome (p< 0.005).

Table 2. Baseline Characteristics of the Subjects Included in the Analysis Stratified by Whether or Not They Had Metabolic
Syndrome

Variables All (n=6,371)
Metabolic syndrome

Absence (n=5,487) Presence (n=884)

Age (years) 47±9 47±9 49±9 *
Male (%) 63 60 80*
BMI (kg/m2) 23±3 23±2 26±2*
SBP (mmHg) 118±15 116±14 130±14*
DBP (mmHg) 73±10 72±9 80±9*
Serum albumin (g/dL) 4.4±0.2 4.4±0.2 4.5±0.2*
Serum urea nitrogen (mg/dL) 14±3 14±3 14±3
Serum creatinine (mg/dL) 0.9±0.1 0.9±0.1 1.0±0.1*
GFR (mL/min/1.73 m2) 82±12 83±12 81±11*
Total cholesterol (mg/dL) 205±34 203±34 213±36*
Triglyceride (mg/dL) 137±101 120±77 245±155*
HDL cholesterol (mg/dL) 56±14 58±14 44±10*
Fasting glucose (mg/dL) 98±8 97±7 105±9*
Hemoglobin A1c (%) 4.8±0.3 4.7±0.3 4.9±0.4*
Current smoking (%) 29 28 34*
Current drinking (%) 66 64 77*

Values are expressed as mean±SD except where otherwise indicated. BMI, body mass index; SBP, systolic blood pressure; DBP, dias-
tolic blood pressure; GFR, glomerular filtration rate; HDL, high-density lipoprotein. *p<0.05 vs. absence of metabolic syndrome.

Fig. 1. Prevalence of screened subjects by the number of
components of metabolic syndrome.
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The relative risk of developing CKD based on the presence
or absence of metabolic syndrome or on the number of meta-
bolic syndrome components is shown in Table 3. Compared
to the absence of metabolic syndrome, the presence of meta-
bolic syndrome was associated with a significantly higher risk
for CKD (p<0.0001). The risk did not significantly differ by
sex (p=0.5). The risk increased with age (relative risk: 1.04;
95% confidence interval: 1.03–1.05; p<0.0001). Relative to
those with no metabolic syndrome risk components, the risk
for CKD in subjects with ≥3 components was significant
(p<0.0001).

The risk of developing lower GFR (GFR<60 mL/min/1.73
m2) or proteinuria is shown in Table 3. Compared to the
absence of metabolic syndrome, the presence of metabolic
syndrome was not associated with a significantly higher risk
for lower GFR (p=0.1). Relative to those with no metabolic
syndrome risk components, the risk for lower GFR in subjects
with ≥3 components was not significant (p=0.07). Compared
to the absence of metabolic syndrome, the presence of meta-
bolic syndrome was associated with a significantly higher risk
for proteinuria (p<0.0001). Relative to those with no meta-
bolic syndrome risk components, the risk for proteinuria in
subjects with ≥3 components was significant (p<0.0001).

The relative risks for CKD by individual components of
metabolic syndrome are shown in Table 4. Among these com-
ponents, obesity and high systolic blood pressure (≥130

mmHg) were significant risk factors for developing CKD in
the adjusted model (obesity p=0.01, systolic blood pressure
p=0.0002).

Discussion

The major findings of this study are that metabolic syndrome
was an independent risk factor for the development of CKD
in a screened cohort of 6,371 subjects in Okinawa, Japan, who
did not have diabetes mellitus or hypertension at baseline.
Our results validate the usefulness of the modified ATP III
guideline for the diagnosis of metabolic syndrome when pre-
dicting the incidence of CKD.

Metabolic syndrome is associated with an increased risk of
CKD in cross-sectional and longitudinal studies in the United
States (6, 10). We previously examined 6,980 screened sub-
jects in a cross-sectional study using another registry in Oki-
nawa and determined that metabolic syndrome was
significantly associated with CKD (9). Ninomiya et al. fol-
lowed up 1,440 community-dwelling individuals in the
Hisayama study, Japan, without CKD for 5 years and found
that metabolic syndrome remained an independent risk factor
for the occurrence of CKD (odds ratio: 2.08; 95% confidence
interval: 1.23–3.52) even after adjustment for multiple factors
including hyperinsulinemia (12). The results of the present
longitudinal study also suggest that metabolic syndrome is a
risk factor for developing CKD in the Japanese.

Metabolic syndrome was an independent risk factor for the
development of proteinuria, but not for the decrease in GFR
in the present study. In the early stage of diabetes mellitus,
GFR becomes elevated above baseline. This phenomenon
may bias the result.

Obesity is a significant risk factor for developing pro-
teinuria (13, 20, 21). Body mass index at the first renal biopsy
is an independent risk factor for developing chronic renal fail-
ure in IgA nephropathy and is significantly associated with an
increased risk for CKD (22–24). The mechanism by which
obesity induces renal injury, however, is poorly understood.
A clinical study suggests that obesity is associated with renal
hyperfiltration and hyperperfusion (25). Kidneys from obese
subjects exhibit focal glomerulosclerosis and other histologic
changes similar to those observed in diabetic nephropathy
(26). An experimental study in dogs showed that a high-fat
diet causes obesity, increased arterial pressure, hyperinsuline-
mia, activation of the renin-angiotensin system, glomerular
hyperfiltration, and structural changes in the kidney (27). A
high-fat diet in dogs is also associated with marked changes
in renal cytokine gene expression profiles (28).

High triglyceride levels are a risk factor for developing pro-
teinuria, and high triglyceride levels in women as well as low
HDL cholesterol levels in men predict a decline in renal func-
tion (14). In a prospective study of 12,728 subjects, high tri-
glycerides and low HDL cholesterol were significant risk
factors for increasing serum creatinine (29). Thus, high tri-
glyceride levels and low HDL cholesterol levels are probably

Fig. 2. Cumulative incidence of chronic kidney disease
(CKD) in 6,614 screened subjects, according to the absence
or presence of metabolic syndrome. p values were calculated
using a test for linearity across years (χ2 test for trend of
CKD incidence). p=0.14 for the absence of metabolic syn-
drome and p=0.01 for the presence of metabolic syndrome.
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risk factors for developing CKD. The mechanisms whereby
lipids contribute to renal injury are not completely under-
stood. Several cytokines might be involved in renal injury.

The secretion of interleukin-6, platelet-derived growth factor,
transforming growth factor-β, and tumor necrosis factor-α by
mesangial cells is enhanced when mesangial cells are exposed

Table 3. Relative Risk (95% Confidence Interval) of Developing Chronic Kidney Disease, Decreasing GFR, and Developing
Proteinuria

Dependent variables and 
independent variables

Model 1 Model 2

RR (95% CI) p RR (95% CI) p

CKD (GFR<60 mL/min or proteinuria) (n=369)
Metabolic syndrome

Absence 1.00 1.00
Presence 1.98 (1.53–2.55) <0.0001 1.86 (1.43–2.41) <0.0001

Number of components
0 1.00 1.00
1 1.63 (1.21–2.19) 0.0011 1.49 (1.10–2.01) 0.009
2 2.11 (1.55–2.86) <0.0001 1.89 (1.38–2.59) <0.0001
≥3 2.93 (2.14–4.02) <0.0001 2.65 (1.91–3.68) <0.0001

GFR<60 mL/min
Metabolic syndrome

Absence 1.00 1.00
Presence 1.41 (0.89–2.23) 0.1 1.36 (0.84–2.18) 0.1

Number of components
0 1.00 1.00
1 1.47 (0.90–2.38) 0.1 1.18 (0.71–1.94) 0.5
2 2.02 (1.23–3.30) 0.005 1.56 (0.93–2.60) 0.08
≥3 1.98 (1.14–3.43) 0.01 1.67 (0.94–2.97) 0.07

Proteinuria
Metabolic syndrome

Absence 1.00 1.00
Presence 2.24 (1.68–3.01) <0.0001 2.09 (1.55–2.81) <0.0001

Number of components
0 1.00 1.00
1 1.72 (1.19–2.47) 0.003 1.64 (1.13–2.37) 0.008
2 2.16 (1.48–3.15) <0.0001 2.02 (1.37–2.97) 0.0003
≥3 3.43 (2.36–5.00) <0.0001 3.16 (2.14–4.67) <0.0001

Model 1: unadjusted analysis. Model 2: adjusted for age, sex, current cigarette smoking and alcohol drinking habits. RR, relative risk;
CI, confidence interval; CKD, chronic kidney disease; GFR, glomerular filtration rate.

Table 4. Individual Metabolic Syndrome Components and Relative Risk (95% Confidence Interval) of Developing Chronic
Kidney Disease

Variables
Model 1 Model 2

RR (95% CI) p RR (95% CI) p

Obesity 1.27 (1.02–1.59) 0.03 1.31 (1.04–1.64) 0.01
High triglycerides 1.09 (0.86–1.38) 0.45 1.17 (0.91–1.49) 0.2
Low HDL cholesterol 1.16 (0.88–1.55) 0.28 1.10 (0.82–1.47) 0.5
High blood pressure
SBP≥130 mmHg 2.06 (1.60–2.60) <0.0001 1.64 (1.26–2.14) 0.0002
DBP≥85 mmHg 0.93 (0.68–1.27) 0.6 1.05 (0.76–1.43) 0.7
High fasting glucose 1.28 (0.94–1.75) 0.11 1.22 (0.89–1.07) 0.2

Model 1: unadjusted analysis. Model 2: adjusted for age, sex, current cigarette smoking and alcohol drinking habits. RR, relative risk;
CI, confidence interval; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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to lipids (30). In mesangial cells, lipoproteins stimulate the
production of fibronectin and monocyte chemoattractant pro-
tein-1 expression (31). Insulin-like growth factor-1 induces
lipid accumulation in mesangial cells, and this impairs their
ability to respond to specific migratory and contractile stimuli
(32). Increased expression of sterol regulatory element–bind-
ing proteins might also have an important role in renal lipid
accumulation, glomerulosclerosis, tubulointerstitial fibrosis,
and proteinuria in mice with type 2 diabetes (33).

Hypertension is a well-described risk factor for renal
injury. High blood pressure is a strong independent risk factor
for developing end-stage renal disease (34–37). Even a high-
normal level of blood pressure predicted the development of
renal disease in these studies (34–37). In the present study,
high systolic blood pressure was also a significant risk factor
for developing CKD.

Obesity induces glucose intolerance and hyperinsulinemia,
as well as diabetes mellitus. Ethnic differences in the genetic
predisposition to diabetes mellitus do exist, however, and dia-
betes mellitus tends to develop more in Asians than in Cauca-
sians, even in those with a smaller BMI (11). In Japan,
diabetes mellitus has become the leading cause of new onset
dialysis since 1998, affecting 13,920 patients (41.3%) in 2004
(38). Furthermore, in Japan, obesity increases health care
costs, all causes of mortality, and the risk of cancer (39). Obe-
sity is a great problem in Japan now and will be in the future.

There are potential limitations to the interpretations of this
study. First, the measurement of waist circumference was not
commonly performed in the OGHMA screening in 1997.
Therefore, metabolic syndrome was defined based on the
modified criteria of the ATP III, in which BMI (≥25 kg/m2)
was substituted for the waist circumference measurement.
Both waist circumference and BMI are accurate predictors of
total body fat, however, in the Asian population (40). Further-
more, the present study suggests that the modified ATP III
criteria are useful for detecting the risk for developing CKD.
Second, a selection bias of subjects might exist. Our subjects
were able to pay the fee to participate in the screening pro-
gram, and they were mainly employees of local companies.
This might be one reason why more men than women partic-
ipated. Also, some baseline characteristics were different
between the subjects that were followed and those that
dropped out. Third, serum creatinine levels and calculated
GFR have been used to define CKD (17). Although inulin or
iothalamate clearance techniques might provide a more sensi-
tive estimate of renal function, serum creatinine is widely
used in large epidemiologic studies and clinical practice for
estimating renal function. Therefore, our findings are applica-
ble to clinical and public health practice settings. We chose
estimated GFR calculated by the Modification of Diet in
Renal Disease formula, which is more accurate for predicting
GFR than is measuring the creatinine clearance or other com-
monly used equations (16). Fourth, in the present study, we
did not measure the reproducibility of proteinuria and GFR,
because only one set of data for proteinuria and GFR were

available at each examination. Fifth, the possible effect of
hypertension or diabetes mellitus developed during the fol-
low-up period on the development of CKD could not be
excluded in the present study.

In summary, we investigated the effects of metabolic syn-
drome on the incidence of CKD in a large screened cohort of
Japanese. Metabolic syndrome was an independent predictor
for developing CKD. Early detection and treatment of those
with metabolic syndrome are essential as continuing strate-
gies to prevent CKD.
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