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Abstract
Objective The metabolic syndrome is associated with an increased risk of chronic kidney disease, cardiovascular disease and mortality. However, the association between microalbuminuria and the metabolic syndrome has not yet been reported in the general population in Japan. Therefore, we undertook a populationbased study to examine the association between microalbuminuria and the metabolic syndrome in Takahata,
Japan.
Methods Subjects of this cross-sectional study were individuals aged from 40 to 87 years old. The metabolic syndrome was defined according to the criteria of the Adult Treatment Panel III. Microalbuminuria was
defined as a urine albumin-creatinine ratio of 30 to 300 mg/g.
Results A total of 2,321 subjects (mean age 64 years old) were entered into the final analysis. Among
them, the prevalence of the metabolic syndrome and microalbuminuria was 16.5% and 13.7%, respectively.
There was a significantly positive correlation between the number of components of the metabolic syndrome
and the corresponding prevalence of microalbuminuria (p<0.001). In the subjects with metabolic syndrome
compared with those without metabolic syndrome, the age- and gender-adjusted odds ratio of microalbuminuria was 1.99 (95% CI, 1.49-2.66). Multiple logistic regression analysis revealed that high glucose, high
blood pressure and obesity were independently associated with microalbuminuria.
Conclusions Our study revealed a strong relationship between microalbuminuria and the metabolic syndrome in the general population in Japan. More comprehensive and intensive management of the metabolic
syndrome at its early stage is important to prevent the progression of renal injury and cardiovascular complications.
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Introduction
The metabolic syndrome, a multifactorial disorder, is
characterized by abdominal obesity, hypertriglyceridemia,
low high-density lipoprotein (HDL) cholesterol level, high
blood pressure and high fasting glucose level. Recent works

have shown that people with the metabolic syndrome based
on the National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) criteria are at an increased risk for diabetes, cardiovascular morbidity and mortality (1, 2).
Microalbuminuria is associated with an increased risk of
end-stage renal disease, cardiovascular events and all-cause
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mortality. Several studies have disclosed that metabolic syndrome is independently associated with an increased risk for
chronic kidney disease (CKD) and microalbuminuria among
the general population of western countries (3, 4). In Japan,
Tanaka et al showed that metabolic syndrome is a significant determinant of CKD in a hospital-based population (5).
Recently we reported that a high prevalence of microalbuminuria was observed in the Japanese general population,
especially among the elderly (6). However, the association
between microalbuminuria and the metabolic syndrome has
not been clarified in Japan before. Therefore, we undertook
a population-based study to examine the association between
microalbuminuria and the metabolic syndrome in Takahata,
Japan.

Methods
Study population
This study is part of the ongoing Molecular Epidemiological Study utilizing the Regional Characteristics of 21st
Century Centers of Excellence (COE) Program in Japan.
The aim of the present study was to determine the association between microalbuminuria and the components of the
metabolic syndrome in the general population in Japan. This
study is a community-based and design-incorporated baseline survey that consisted of a self-administered questionnaire on lifestyle, blood pressure measurement, anthropometrical measurement, and collections of blood and urine
specimens from participants in the morning.
The survey population in this study is the general population aged from 40 to 87 years in Takahata town located in
the southern part of Yamagata prefecture, Japan. This region
has a resident population of 15,222 adults over the age of
40 years (males: 7,109, females: 8,113). From June through
November 2004，1,055 males and 1,346 females (total,
2,401) took part in the program and agreed to join the study.
This study was approved by the institutional ethical committee. All participants gave written informed consent.
Eighty subjects were excluded from the present analysis
due to incomplete data. A total of 2,321 subjects entered
into the final statistical analysis. There were 1,034 (44.5%)
males and 1,287 (55.5%) females and the mean age was 64
years old.
Measurement
Subjects used a self-report questionnaire to document
medical history, current medication, family history, clinical
symptoms, smoking habits (current or non-smoker) , and alcohol intake (current or non-drinker) . Systolic and diastolic
blood pressures were determined by using a mercury manometer in a sitting position after at least 5 minutes rest.
Measurement was performed twice, with the mean value
used for statistical analysis. Body mass index (BMI) was
calculated from weight and height measures as weight (kg)
divided by the square of height (m2) . Obesity was specified

as BMI ≧25.0 kg/m2 both in men and women (7). Urine
albumin-creatinine ratio (UACR) was calculated from a single spot urine specimen collected in the morning. Urine albumin concentration was determined by immunoturbidimetry. Microalbuminuria and macroalbuminuria were defined
as UACR 30 to 300 mg/g and 300 mg/g, respectively by the
National Kidney Foundation (8). Subjects were excluded
when menstruation was present, because this renders the albumin measurement unreliable. Plasma glucose level was
measured with a hexokinase enzymatic reference method.
Serum HDL cholesterol, triglyceride and serum creatinine
(SCr) were measured by enzymatic methods. Glomerular filtration rate (GFR) was estimated using the abbreviated
Modification of Diet in Renal Disease (MDRD) study equation, including a correction factor of 0.742 for women (9).
SCr was calibrated using the following formula:serum creatinine (Yaffe method) = 0.194 + 1.079 × serum creatinine
(enzymatic method) (5). To estimate GFR, we used calibrated SCr values. Chronic kidney disease was defined as
micro- or macroalbuminuria among subjects with GFR of
more than 60 ml/min/1.73 m2 (CKD stage 1-2) and GFR of
less than 60 ml/min/1.73 m2 (CKD stage 3-5) (10). The
metabolic syndrome was defined by modified National Cholesterol Education Program (NCEP) Adult Treatment Panel
III (ATP III) guidelines criteria (11). Subjects were deemed
to have metabolic syndrome if they had three or more of the
following five criteria:1) obesity, BMI ≧25 kg/m2, 2) hypertriglyceridemia, triglycerides ≧150 mg/dl, 3) low HDL cholesterol <40 mg/dl if male or <50 mg/dl if female, 4) high
blood pressure ≧130/85 mmHg or, 5) high fasting glucose ≧110 mg/dl. Participants who reported current use of
antihypertensives or a treatment for diabetes were classified
as having high blood pressure or high fasting glucose level,
respectively. In this study we used BMI to classify subjects
with obesity, because waist circumference measures were
not available.
Statistical analyses
We used student’s t-test to evaluate differences in means
and chi-square tests to evaluate differences in proportions.
The non-parametric Mann-Whitney U test was utilized for
the parameters of the data that were not normally distributed. To determine the odds ratio and 95% confidence intervals of microalbuminuria as a function of the metabolic syndrome, logistic regression analysis was used. The crude and
age-, sex-adjusted odds ratios of microalbuminuria were determined by clustering the components of the metabolic syndrome. In these analyses, the odds ratios were calculated by
comparing subjects with 1, 2, 3, 4, and 5 components of the
metabolic syndrome with subjects without component. Next,
the odds ratios were calculated by comparing subjects with
the metabolic syndrome (≧3 components) and without the
metabolic syndrome (<3 components) . Then, we used univariate analyses to examine the relationship between each
component of the metabolic syndrome and UACR category.
Finally, the odds ratios of microalbuminuria were calculated
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with each component of the metabolic syndrome as an exposure of interest separately using multivariate regression
analysis. Data are expressed as mean ± SD. All statistical
analysis was performed using the software of Stat View version 5 (SAS Institute Inc, Cary, NC, USA) . A significant
difference was defined as p<0.05.

Results
Characteristics of subjects
Baseline characteristics of the 2,321 subjects that entered
into the final analysis are shown in Table 1. In total, 16.5%
of the study participants had metabolic syndrome (17.2% for
men and 16.0% for women) . The serum creatinine, uric
acid, urine albumin, and urinary albumin-creatinine ratio
were higher, while estimated GFR was lower among subjects with metabolic syndrome compared with those without
metabolic syndrome. In subjects with metabolic syndrome,
the prevalence of CKD, microalbuminuria or macroalbuminuria was significantly higher compared with those without
metabolic syndrome.
Overall, 31.1%, 16.5%, 15.6%, 74.8% and 13.4% of the
study sample had obesity, high triglyceride, low HDL cho-

lesterol, high blood pressure and high fasting glucose, respectively. The prevalence of 0, 1, 2, 3, 4 or 5 components
of metabolic syndrome was 15.5%, 40.5%, 27.5%, 11.2%,
4.4% and 0.9%, respectively. Among the subjects with one
component of the metabolic syndrome, the prevalence of
obesity, high triglyceride, low HDL cholesterol, high blood
pressure and high fasting glucose were 6.3%, 2.1%, 3.7%,
84.5% and 3.4% respectively. In both men and women, high
blood pressure was dominant among the components of the
metabolic syndrome.
Relationship between microalbuminuria and metabolic syndrome
Next we investigated the relationship between microalbuminuria and the metabolic syndrome. Figure 1 shows the
prevalence of microalbuminuria by the number of components of the metabolic syndrome. There was a significant
positive correlation between the number of components present and the corresponding prevalence of microalbuminuria
(p<0.001).
Table 2 shows the crude and age, gender-adjusted odds
ratio of microalbuminuria associated with the number of
components of the metabolic syndrome. In the adjusted
model, subjects with 1, 2, 3, 4 and 5 components of the
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metabolic syndrome had increased odds of 2.39, 3.62, 4.46,
6.20 and 13.3 respectively, compared with those without
component. Subjects with the metabolic syndrome had 1.99fold increased odds of microalbuminuria compared with
their counterparts without the metabolic syndrome.
To examine the contribution of risk factors to the presence of microalbuminuria we used univariate analyses and
multivariate logistic regression analyses. Univariate analyses
revealed that the metabolic syndrome and each component
of the metabolic syndrome were associated with increasing
levels of UACR (Table 3) . Multivariate logistic regression
analyses revealed the odds ratios for microalbuminuria given
specific components of the metabolic syndrome (Table 4) .
On multivariate analyses, obesity, high glucose and high
blood pressure were independently associated with microalbuminuria.

Discussion
In this study, the prevalence of metabolic syndrome in
general population was 16.5%. This value was higher than
those of previous reports (6.0-12.0%) among the Japanese
young population (mean age less than 50 years old) (5, 12).
It is already known that the prevalence of metabolic syndrome increases with aging. However, our result is still
much lower than those of other studies among young population in Europe and United States, e.g., 23.6% in Greece
(13) and 23.1% in NHANES III (14). Although this difference might have been partly derived of the differences in
definitions used for the metabolic syndrome, the ethnic
properties including dietary pattern and genetic predisposition might have a great effect on the metabolic syndrome. It
is reported that the cutoffs for BMI or abdominal girth to
identify high-risk subjects may be influenced by ethnicity
due to the differential sensitivity to the deleterious effects of
obesity among ethnic groups (15). Notably, the morbidity
and mortality of the Asian population is increasing in people
with a lower BMI as compared with those of Caucasians
(7).
In the young population, obesity or dyslipidemia is a
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leading component of metabolic syndrome and the prevalence of high blood pressure is less than 50% in other reports including a Japanese study (4, 5, 13). By contrast, in
our relatively elderly population, high blood pressure was
the most predominant component of metabolic syndrome.
The same trends were found among men or women. These
results indicate that in the middle-aged and elderly population in Japan, high blood pressure is likely the most frequent component of metabolic syndrome which leads a substantial number of subjects to the pre-stage of metabolic
syndrome.
The prevalence of micro- and macroalbuminuria increased
with the number of components of metabolic syndrome
(Fig. 1). Importantly, the prevalence of microalbuminuria
was much higher than that of macroalbuminuria. This indicates that a large number of subjects with microalbuminuria
are easily overlooked in routine health checkups that do not
include a microalbuminuria examination. The increase in
microalbuminuria was significant even in the subjects with 1
or 2 components of metabolic syndrome (Table 2). Therefore, it is suggested that intervention for metabolic syndrome should be started at the earliest opportunity to prevent the progression of renal injury.
In the present study, in the middle-aged and elderly general subjects, all of the components of metabolic syndrome
were associated with microalbuminuria. In particular, high
plasma glucose, high blood pressure and obesity were the
major risk factors for microalbuminuria, as previously reported (3, 16). The subclinical level of increase in blood
pressure and plasma glucose is typical in the relatively older
population. Thus, it should be stressed that these factors
might be strongly associated with microalbuminuria in this
population.
There are several limitations in our study. First, we used
BMI ≧25 to classify individuals with obesity, because waist
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circumference measures were not available. This might have
caused an underestimation of the effect of obesity on microalbuminuria (17). However, recent studies have used BMI
successfully to classify those with metabolic syndrome (18,
19), lending support to the validity of our measure. In particular, the report of Shiwaku et al stated that the definition
of BMI ≧25 as obesity is suitable for the determination of
the metabolic syndrome among Japanese (20). Second, because this is a cross-sectional study, the measurement of microalbuminuria was carried out only once, which did not
completely conform to the requirement of multiple urine

spective observation in those free from metabolic syndrome.
Third, in Takahata town, the majority of persons working at
a company undergo a medical examination at their workplace. They were not covered by our study. Furthermore,
only persons who are interested in health care came to this
screening and persons that are under current medication or
uninterested in health care did not come. Therefore, there is
a possibility that the participant bias might affect these results.
In conclusion, the present study revealed a strong relationship between microalbuminuria and metabolic syndrome
in the general population in Japan. More comprehensive and
intensive management of the metabolic syndrome at its early
stage should be started to prevent the progression of renal
injury and cardiovascular complications.
Sources of support:A grant-in-aid from the 21st century center
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