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A new guideline on metabolic syndrome (MS) in Japanese was introduced in 2005. The purpose of this study

was to evaluate the prevalence and lifestyle characteristics of Japanese hypertensive patients with MS. Sub-

jects were 290 patients (mean age: 64±11 years) who had been followed at our hospital. The waist circum-

ference (WC) and body mass index (BMI) were assessed. Subjects who had BMI ≥25 kg/m2 were defined as

having BMI obesity, while abdominal obesity was defined as a WC ≥85 cm in men and ≥90 cm in women,

respectively. Since all patients had hypertension, the definition of MS was made when the patient had

abdominal obesity plus either dyslipidemia or glucose intolerance, or both. Among the subjects, 230

patients underwent 24-h home urine collection to measure urinary salt and potassium excretions. Dietary

habits were also assessed by use of a questionnaire. Mean values of BMI and WC were 24.2±3.4 kg/m2 and

87.1±9.6 cm, respectively. Among the total subject group, 39% patients were classified as having BMI obe-

sity, 49% as having abdominal obesity, and 27% as having MS. BMI was significantly correlated with WC

both in men (r=0.86; p<0.01) and in women (r=0.79; p<0.01). More men than women belonged to the BMI

obesity (46% vs. 33%, p<0.05), abdominal obesity (63% vs. 39%, p<0.01) and MS (39% vs. 18%, p<0.01)

groups. There were no significant differences in blood pressure between patients with and without MS, while

patients with MS needed a greater number of antihypertensive drugs than those without MS. Mean urinary

salt and potassium excretions were 8.9±3.8 g/day and 1.9±0.7 g/day, respectively. Urinary salt excretion of

<6 g (100 mmol of sodium)/day was achieved in 20% of the subjects. Urinary salt excretion in the patients

with MS was significantly higher than that in the patients without (10.1±4.2 vs. 8.5±3.6 g/day; p<0.01). Only

16% of the patients with MS achieved salt restriction (<6 g/day). The patients with MS had a significantly

greater the chance to eat out than the patients without MS. They were also less aware of the need to

increase their vegetable consumption. The results suggested that MS is prevalent in Japanese hypertensive

patients. Patients with MS showed higher urinary salt excretion and needed more antihypertensive drugs to

manage their blood pressure. Dietary counseling focusing not only on sodium restriction but also on the

need to increase fruit and vegetable consumption seems to be important. (Hypertens Res 2007; 30: 1077–

1082)
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Introduction

In recent years, the prevalence of glucose intolerance, hyper-
cholesterolemia, and obesity has greatly increased in Japan
(1). The concept and the definition of metabolic syndrome
(MS) have been established by the National Cholesterol Edu-
cation Program’s Adult Treatment Panel III (2) and by WHO
(3). Following these guidelines, a guideline on MS in Japa-
nese was introduced in 2005 (4). MS has been reported to be
associated with an increased risk for type 2 diabetes mellitus,
cardiovascular disease and other manifestations of atheroscle-
rotic disease (5–10). Since lifestyle factors can make a major
contribution to the development of MS, dietary modification
and enhanced physical activity may delay or prevent the dis-
ease (2, 11–13).

Among the relevant lifestyle factors, dietary sodium intake
plays a major role in the development of hypertension.
Although the National Nutrition Survey in Japan showed a
tendency for decreased sodium intake in recent years, it still
remains high (14). In the present study, we evaluated the
prevalence and lifestyle characteristics—including sodium
intake—of Japanese hypertensive patients with MS.

Methods

Participants were recruited from among hypertensive outpa-
tients who visited the National Kyushu Medical Center,
Fukuoka, Japan. Subjects included 290 patients, 167 women
and 123 men, with a mean age of 64±11 years. The waist cir-
cumference (WC) and body mass index (BMI) were assessed.
WC was measured at the umbilical level in standing subjects
after normal expiration. Subjects who had a BMI ≥25 kg/m2

were defined as having BMI obesity, while abdominal obesity
was defined as a WC ≥85 cm in men and ≥90 cm in women,
respectively. Blood pressure (BP) was measured with a
sphygmomanometer by the doctors while the patients were
seated. The averaged BP determined by two consecutive mea-
surements was used for analysis. Body fat was measured by
bioelectric impedance analysis (InBody 3.0; Biospace Tokyo
Japan Inc., Tokyo, Japan). Since all patients had hypertension
(systolic blood pressure [SBP] ≥130 mmHg and/or diastolic
blood pressure [DBP] ≥85 mmHg or current use of antihyper-
tensive drugs), the definition of MS was made when the
patient had abdominal obesity plus either dyslipidemia
(serum triglyceride ≥150 mg/dL and/or serum high-density
lipoprotein [HDL] cholesterol <40 mg/dL or the current use
of anti-lipemic agents) or glucose intolerance (fasting plasma
glucose ≥110 mg/dL or the current use of anti-diabetic
agents), or both.

In the second part of the analysis, 24-h urine samples were
collected using a partition cup, which collects a 1/50 portion
of the 24-h urine. If the 24-h creatinine excretion was within
±30% of the estimated values, the urine collection was con-
sidered successful. Subjects included 230 patients who under-

went successful 24-h home urine collection. Urinary salt,
potassium, and creatinine were measured. Dietary habits
focusing on the chance to eat out (≥1/week) and the aware-
ness of the need to increase vegetable and fruit consumption
were also assessed by use of a questionnaire.

The detailed procedure of the study was explained and
informed consent was obtained from each subject. This study
was conducted following the institutional guidelines.

Statistical Analysis

Values are presented as the mean±SD. The differences in the
variables were compared by one-way ANOVA or generalized
linear model (GLM) when applicable. A χ2 test was also uti-
lized when appropriate. p values less than 0.05 were consid-
ered significant.

Results

The patient characteristics are shown in Table 1. The mean
age was 64±11 years, and 58% of the patients were women.
The mean values of BMI and WC were 24.2±3.4 kg/m2 and
87.1±9.6 cm, respectively. Among the total patient group,
39% were classified as having BMI obesity, 49% as having
abdominal obesity, and 27% as having MS. More men than
women belonged to the BMI obesity (46% vs. 33%, p<0.05),
abdominal obesity (63% vs. 39%, p<0.01) and MS (39% vs.
18%, p<0.01) groups. BMI was significantly correlated with
WC both in men (r=0.86; p<0.01) and in women (r=0.79;
p<0.01). Table 2 compares the profiles of hypertensive
patients with and without MS. As a matter of course, WC,
serum triglyceride and plasma glucose were significantly
higher and HDL cholesterol was significantly lower in both
male and female patients with MS than those without MS.
The values of total cholesterol and uric acid in men and BMI
in women were significantly higher in the MS group. On the
other hand, there were no significant differences in BP
between patients with and without MS, while patients with
MS needed a greater number of antihypertensive drugs than
those without MS (men: 2.0±1.3 vs. 1.6±1.0, p=0.10;
women: 2.1±1.0 vs. 1.6±1.1, p<0.05). As shown in Fig. 1,
angiotensin II receptor blockers and α-blockers were pre-
scribed more frequently in the patients with MS. Table 3
shows the characteristics of the patients with and without MS
who underwent successful 24-h home urine collection. The
mean urinary salt and potassium excretions of all patients
who underwent successful 24-h home urine collection were
8.9±3.8 g/day and 1.9±0.7 g/day, respectively. A urinary salt
excretion of <6 g (100 mmol of sodium)/day was achieved in
20% of the subjects. The urinary salt excretion in the patients
with MS was significantly higher than that in the patients
without MS (10.1±4.2 vs. 8.5±3.6 g/day; p<0.01). Only
16% of the patients with MS achieved salt restriction (<6 g/
day). The patients with MS had a significantly greater chance
to eat out than the patients without MS (Table 3). They were
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also less aware of the need to increase their vegetable con-
sumption (Table 3). Similarly, the patients with MS tended to
be less aware of the need to increase fruit consumption
(Table 3).

Discussion

In our present group of hypertensive patients, we found that
the prevalence of MS was 39% for men and 18% for women.
Epidemiological studies have shown that MS occurs in a wide
variety of ethnic groups (12, 15–18). Data extracted from the

third National Health and Nutrition Examination Survey (12)
have shown that the age-adjusted prevalence of MS is 24% as
defined by the NCEP-ATP III definition of MS. The preva-
lence of MS in the Hungarian population (16) and in
Okayama Prefecture (18) have been reported as 15% and 31%
for men, and 9% and 4% for women, respectively. The prev-
alence of MS in the present study was higher than any of these
previously reported values. This finding was expected given
that all our subjects were hypertensive. Our study used the
new definition of MS for Japanese, which primarily requires
a WC ≥85 cm in men and ≥90 cm in women in addition to

Table 1. Characteristics of the Patients

Total Men Women

Number of patients 290 123 167
Age (years) 64±11 63±12 65±10
BMI (kg/m2) 24.2±3.4 24.4±3.3 24.0±3.5
Waist circumference (cm) 87.1±9.6 87.9±8.6 86.5±10.2
Serum total cholesterol (mg/dL) 205±30 199±31 210±28**
Serum triglyceride (mg/dL) 135±89 145±84 127±93
Serum HDL cholesterol (mg/dL) 59±16 54±14 62±17**
Serum creatinine (mg/dL) 0.8±0.4 1.0±0.4 0.7±0.3**
Serum uric acid (mg/dL) 5.9±1.4 6.7±1.3 5.3±1.1**
Plasma glucose (mg/dL) 102±19 103±16 101±21
Systolic blood pressure (mmHg) 135±16 134±13 136±17
Diastolic blood pressure (mmHg) 71±11 71±10 71±11
Number of antihypertensive drugs 1.7±1.1 1.8±1.1 1.7±1.1
Prevalence of BMI obesity (%) 39 46 33*
Prevalence of AO (%) 49 63 39**
Prevalence of MS (%) 27 39 18**

Values are means±SD. *p<0.05, **p<0.01 vs. men. BMI, body mass index; HDL, high-density lipoprotein; AO, abdominal obesity;
MS, metabolic syndrome.

Table 2. Characteristics of the Patients with and without Metabolic Syndrome

Men Women

Non-MS MS Non-MS MS

Number of patients 75 48 137 30
Age (years) 65±11 61±12** 64±10 67±8
Body mass index (kg/m2) 23.1±3.1 26.6±2.3 23.3±3.2 27.1±3.2**
Waist circumference (cm) 84.2±8.2 93.6±5.6†† 83.8±9.0 98.4±6.4††

Serum total cholesterol (mg/dL) 194±31 207±30† 212±27 201±31
Serum triglyceride (mg/dL) 106±58 205±84†† 116±67 177±156††

Serum HDL cholesterol (mg/dL) 58±14 48±13†† 63±17 55±15†

Serum creatinine (mg/dL) 1.0±0.4 1.0±0.3 0.7±0.3 0.7±0.3
Serum uric acid (mg/dL) 6.5±1.3 7.1±1.3† 5.3±1.1 5.3±1.0†

Plasma glucose (mg/dL) 99±12 110±19†† 96±14 120±34††

Systolic blood pressure (mmHg) 135±12 132±15 135±17 138±16
Diastolic blood pressure (mmHg) 71±11 72±9 71±11 70±11
Number of antihypertensive drugs 1.6±1.0 2.0±1.3 1.6±1.1 2.1±1.0†

Values are means±SD. *p<0.05, **p<0.01 vs. non-MS. †p<0.05, ††p<0.01 vs. non-MS adjusted for age and body mass index. MS,
metabolic syndrome.
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two or more of the following risk factors: hypertension, dys-
lipidemia, and glucose intolerance. These cutoff points of the
WC are reported to correspond to a visceral fat area of 100
cm2 at the umbilical level (19). Although the prevalence of
MS varies by the definition used and the population studied,
there is strong epidemiological evidence suggesting that the
number of subjects with MS is increasing rapidly in many
countries.

In the present study, the prevalence of abdominal obesity
differed from that of BMI obesity; however, there was a sig-
nificant association between abdominal obesity and BMI obe-
sity. Based on the regression analysis, BMI of 25 kg/m2

corresponded to a WC of 89.3 cm in men and 88.7 cm in
women, respectively. These WC values were close to the cri-
teria for abdominal obesity in the new guidelines on MS in
Japanese.

Since multiple risk factors for cardiovascular disease exist
in patients with MS, aggressive pharmacological as well as
non-pharmacological intervention to achieve strict BP control
should be required. In the present study, BP levels were com-
parable between the patients with and without MS, while the
patients with MS required a greater number of antihyperten-
sive drugs. Our results are consistent with previous studies in
which obese patients required a greater number of antihyper-
tensive drugs (20, 21). Among the lifestyle modifications rec-
ommended for hypertensive patients, sodium restriction
seems to be the most important. One of the main findings of
this study was that urinary salt excretion in the patients with
MS was significantly higher than that in the patients without
MS. The rate of achievement of urinary salt excretion <6 g/
day in the patients with MS was also low. We have previously
reported that sodium intake in Japanese hypertensive patients
remains fairly high, and that very few of our patients were
able to achieve the sodium restriction recommended by the
guidelines (22, 23). Recently, it has been reported that the

prevalence of sodium-sensitive hypertension is significantly
higher in patients with MS than in those without MS, and the
patients with MS show higher homeostasis model assessment
of insulin resistance (HOMA-IR) (24). These findings indi-
cate the close association between sodium-sensitive hyperten-
sion and insulin resistance. Taken together, these results
indicate that sodium restriction in the hypertensive patients
with MS may have an additional therapeutic advantage to
reduce the risk of cardiovascular complication. In addition,
the present patients with MS had a significantly greater
chance to eat out, and were also less aware of the need to
increase vegetable and fruit consumption. However, the uri-
nary potassium excretion in the patients with MS was equal to
that in the patients without MS in the present study, in spite of
the reduced awareness of the need to increase vegetable con-
sumption in the former group. One possible explanation for
this finding is that actual potassium intake tends to differ from
the natural content of food because of the influence of cook-
ing. Some previous studies have reported on the association
between food intake and MS (11, 25–28). A whole array of
dietary factors, such as high intakes of saturated fatty acids
and low intakes of n-3 fatty acids, have been reported to con-

Fig. 1. Antihypertensive drugs used in the patients with and
without MS. *p<0.05 vs. non-MS. MS, metabolic syndrome;
CCB, Ca antagonist; ACEI, angiotensin converting enzyme
inhibitor; ARB, angiotensin II receptor blocker.
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Table 3. Characteristics of the Patients with and without
MS Who Underwent 24-h Urine Collection

Non-MS MS

Number of patients 175 55
Sex (men/women) 66/109 37/18**
Age (years) 64±10 63±12
Body mass index (kg/m2) 23.3±2.9 26.8±2.5**
Body fat (%) 28±7 29±6
Waist circumference (cm) 84.4±8.3 95.0±6.3**
Systolic blood pressure (mmHg) 135±16 134±14
Diastolic blood pressure (mmHg) 71±11 71±10
Serum creatinine (mg/dL) 0.8±0.4 0.9±0.4
Urinary salt excretion (g/day) 8.5±3.6 10.1±4.2**
Urinary potassium excretion (g/day) 1.9±0.7 1.9±0.6
Urinary creatinine excretion (mg/day) 944±274 1,187±360
Chance to eat out (≥1/week) (%)

All 41.9 72.3††

Men 52.7 78.1†

Women 35.5 60.0#

Awareness to increase vegetable consumption (%)
All 75.4 60.0†

Men 71.2 62.2

Women 78.0 55.6†

Awareness to increase fruit consumption (%)
All 73.1 52.7#

Men 59.1 43.2

Women 81.7 72.2

Values are means±SD. MS, metabolic syndrome. **p<0.01 vs.
non-MS. #p<0.1, †p<0.05, ††p<0.01 vs. non-MS (adjusted for
age).
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tribute to the development of components of MS (26, 27). It
has also been reported that the Dietary Approaches to Stop
Hypertension (DASH) diet and the Mediterranean-style diet
might be effective in reducing the prevalence of MS (11, 28).
In addition, Riccardi and Rivellese introduced a diet with high
amounts of vegetables, fruits, and legumes as well as reduc-
tions in saturated fat, salt, and alcohol as an optimal diet for
MS (29). Thus, lifestyle modifications to target not only
weight reduction, dietary sodium reduction, regular aerobic
physical activity, and decreased alcohol consumption, but
also increased fruit and vegetable consumption, may be help-
ful in hypertensive patients with MS.

One of the limitations of this study is that all subjects were
hypertensives, and thus we did not examine the prevalence
and lifestyle characteristics of normotensive patients with
MS. Another limitation is that the present investigation was
conducted in a hospital in Fukuoka. Therefore, our observa-
tions may not reflect the prevalence and lifestyle characteris-
tics of hypertensive patients with MS in the general
population.

In conclusion, our findings suggest that MS is prevalent in
Japanese hypertensive patients. We found that our patients
with MS required more antihypertensive drugs to manage BP
than our hypertensive patients without MS. Urinary salt
excretion was also high in the hypertensive patients with MS.
These results indicate that dietary counseling focusing not
only on sodium restriction but also on the value of increasing
fruit and vegetable consumption is important.
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