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Abstract:
Objective In Japan, metabolic syndrome (MetS) and preliminary metabolic syndrome (preMetS) are more

prevalent in men; however, it remains unclear whether the relationship between these metabolic disorders and

lifestyle factors is similar between genders.

Methods We examined waist circumference, blood pressure, fasting blood, and various lifestyle factors in

3,166 individuals aged from 30-79 years of age from the Japanese general population. MetS was diagnosed

on the basis of central obesity - assessed by waist circumference - plus two or more of the following cardio-

metabolic risks according to Japanese criteria: high blood pressure, hyperglycemia, and lipid abnormality.

Central obesity plus one of the risks was defined as preMetS.

Results Men had a significantly higher prevalence of MetS (23.3% vs. 8.7%, p<0.001) and preMetS

(21.2% vs. 10.2%, p<0.001) than women. An age-adjusted logistic regression analysis revealed that heavy

drinkers were associated with an increased probability of MetS (odds ratio, 1.91: 95% confidence interval,

1.29-2.83) and preMetS (1.69: 1.11-2.58); fast eaters were also related to preMetS (1.83: 1.33-2.55) and

MetS (1.55: 1.12-2.15) in men. Lacking regular exercise was significantly associated with preMetS (1.38:

1.03-1.85), but not MetS. In women, preMetS was significantly associated with fast eaters and lacking regu-

lar exercise (1.44: 1.01-2.07 and 1.41: 1.02-1.96, respectively); a stepwise increase in each odds ratio (2.02:

1.40-2.91 and 1.47: 1.03-2.09, respectively) was also observed for MetS.

Conclusion The relationships between lifestyle factors and MetS or preMetS differed between men and

women, which suggests the need for gender-specific lifestyle modification to effectively prevent MetS.
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Introduction

Cardio-metabolic risk factors, such as high blood pres-

sure, hyperglycemia, and lipid abnormalities usually increase

with age. Japanese criteria define metabolic syndrome

(MetS) as the presence of central obesity and two or more

of these cardio-metabolic risk factors (1). MetS is associated

with an increased risk of diabetes and cardiovascular dis-

eases (2-4). Moreover, it has been recently reported that

even central obesity alone or with a single cardio-metabolic

risk factor (preliminary metabolic syndrome [preMetS]) is

associated with an increased risk of cardiovascular disease

compared with non-obese healthy individuals (5); however,

the absence of any significant relationship has also been re-

ported (6). The incidence of diabetes is rapidly increasing in

Japan (7, 8), which may be attributable to the aging popula-

tion as well as MetS. Therefore, the early detection of MetS

and preMetS and adequate lifestyle intervention are neces-

sary to reduce the incidence of diabetes and cardiovascular

disease, as well as to reduce medical costs. In order to im-

plement this strategy at the national level, the Japanese gov-
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ernment introduced a specified health examination system in

2008.

Abdominal visceral fat may accumulate due to an imbal-

ance between energy intake and expenditure. Unhealthy

lifestyle behaviors such as fast eating (9-11), skipping

breakfast and having late-night meals (12), heavy drink-

ing (11, 13, 14), smoking (11, 14, 15), and lacking regular

exercise or a low physical activity (11, 15, 16) have been

associated with an increased risk of MetS. A Japanese gov-

ernment survey revealed that the prevalence of MetS and

preMetS increases with age, and both are more predominant

in men over all generations (17). However, only one study

has examined the relationship between the all above-

mentioned lifestyles and MetS according to gender (18).

Moreover, to our knowledge, no study has yet addressed the

relationship between lifestyle factors and preMetS. To ad-

dress these issues, we compared the relationships between

MetS or preMetS and lifestyle factors between men and

women in a Japanese rural population.

Materials and Methods

Study design and population

The Watari study is a prospective cohort study of the

Japanese general population that has been conducted in the

town of Watari, Miyagi Prefecture, Japan. The study exam-

ined whether albuminuria could predict cardiovascular

events in the Japanese population. A detailed description of

the study has been published elsewhere (19-21). The study

protocol was approved by the ethics committee of Tohoku

Rosai Hospital, and written informed consent was obtained

from all participants.

The participants were individuals from Watari (ranging

from 30-79 years of age, 42.6% men) who received an an-

nual medical check-up in 2009.

Measurements

Information regarding past and current medical history

and lifestyle factors (i.e., smoking status, regular exercise,

the amount of alcohol intake per day, fast eating, late-night

meal, fourth meal, and skipping breakfast) were examined

using a part of standardized questionnaire of specific health

examination (Appendix) (22). Medications for hypertension,

diabetes, and dyslipidemia were assessed by questions 1-3.

Participants who answered “yes” to question 8 were catego-

rized as current smokers, while those who answered “no” to

question 10 were categorized as lacking regular exercise.

Being heavy drinkers (question 19) was defined as drinking

two or more gou (gou=Japanese sake unit; 1 gou contains

approximately 23 g of ethanol) for men and one or more

gou for women. Participants who answered “faster” to ques-

tion 14 were categorized as fast eaters. Participants who an-

swered “yes” to questions 15-17 were categorized as com-

monly eating a late-night meal, a fourth meal, or skipping

breakfast. Height, body weight, and waist circumference

were measured by trained nurses. Body mass index was cal-

culated as weight (kg) divided by the height (m) squared.

After five minutes of seated rest, blood pressure was meas-

ured using a semiautomatic cuff-oscillometric sphygmoma-

nometer (BX-10; Omron Colin, Kyoto, Japan). Blood sam-

ples were collected after an overnight fast and analyzed for

low and high-density lipoprotein cholesterol, triglyceride,

fasting blood sugar, and HbA1c (NGSP) levels. HbA1c level

was determined by high-performance liquid chromatography

(HLC723G7; Tosoh, Yamaguchi, Japan); the levels of the re-

maining biochemical markers were determined using a stan-

dard automatic analyzer 7700DD (Hitachi, Tokyo, Japan).

Following the recommendations from the Japanese com-

mittee for the Diagnostic Criteria of Metabolic Syn-

drome (1), we defined MetS as the presence of central obe-

sity (waist circumference=85 cm or more in men, 90 cm or

more in women) as well as two or more risk factors among

the following: lipid abnormality (triglycerides �150 mg/dL

and/or high-density lipoprotein cholesterol <40 mg/dL or

use of medications for dyslipidemia), high blood pressure

(systolic blood pressure �130 mmHg and/or diastolic blood

pressure �85 mmHg or use of medications for hyperten-

sion), and hyperglycemia (fasting blood sugar �110 mg/dL

or HbA1c �5.6% in case of non-fasting sampling or use of

medications for diabetes). We defined preMetS as having

central obesity plus one cardio-metabolic risk factor. Lastly,

not having MetS meant not having central obesity or any of

the cardio-metabolic risk factors. Dyslipidemia, hyperten-

sion, diabetes, and obesity were defined as low-density lipo-

protein cholesterol �140 mg/dL and/or high-density lipopro-

tein cholesterol <40 mg/dL or use of medications for

dyslipidemia, systolic blood pressure �140 mmHg and/or

diastolic blood pressure �90 mmHg or use of medications

for hypertension, and HbA1c �6.5% or use of medications

for diabetes, and body mass index �25 kg/m2, respectively.

Statistical analysis

Of the 3,447 participants, we excluded 281 due to miss-

ing lifestyle (n=11) and waist circumference (n=270) data.

Consequently, we used the data from 3,166 participants for

the final analysis. The data were log-transformed in the case

of skewed distributions. Group comparisons were performed

using either Welch’s t- or the chi-square tests. Men and

women were classified by age: 30s, 40s, 50s, 60s, and 70s.

Mantel-Haenszel tests for trends were used to assess the p-

trends in cardio-metabolic risk factors and lifestyle factors

over age groups. The relationship between MetS, preMetS

or their components and each lifestyle factor were examined

by a multiple logistic regression analysis with not having

metabolic syndrome or each component as the control while

adjusting for age. The data were presented as the means ±

standard deviation, medians (interquartile range), or percent-

ages. A statistical analysis was performed using the IBM

SPSS Statistics software program for Windows, version 20.0

(IBM, Armonk, USA). Statistical significance was defined as

p<0.05.
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Table　1.　Clinical Characteristics.

Men Women
p

n=1,280 n=1,886

Age (y) 63.5±10.2 60.5±12.0 <0.001

WC (cm) 85.7±8.5 82.9±9.6 <0.001

BMI (kg/m2) 23.8±3.0 23.0±3.5 <0.001

SBP (mmHg) 134.3±19.3 130.0±20.0 <0.001

DBP (mmHg) 78.0±11.2 72.8±10.8 <0.001

TG (mg/dL) 104 (78, 146) 86 (64, 114) <0.001

HDL (mg/dL) 57.6±15.2 66.2±15.1 <0.001

LDL (mg/dL) 119.6±29.8 125.9±31.0 <0.001

FBS (mg/dL) 97.3±21.7 91.3±13.9 <0.001

HbA1c (%) 6.0±0.8 5.9±0.6 <0.001

MetS (%) 23.3  8.7 <0.001

PreMetS (%) 21.2 10.2 <0.001

Central obesity (%) 51.8 22.3 <0.001

Lipid abnormality (%) 35.7 27.0 <0.001

High blood pressure (%) 65.9 56.1 <0.001

Hyperglycemia (%) 19.6 10.4 <0.001

Obesity (%) 31.4 26.1 0.001

Dyslipidemia (%) 49.3 51.2 0.294

Hypertension (%) 53.5 41.6 <0.001

Diabetes (%) 16.4  9.9 <0.001

Means±SD or median (interquartile range). WC: waist circumference, BMI: 

body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, 

TG: triglyceride, HDL: high-density lipoprotein cholesterol, LDL: low-density 

lipoprotein cholesterol, FBS: fasting blood sugar, HbA1c: hemoglobin A1c. 

MetS: metabolic syndrome, preMetS: preliminary MetS

Results

Table 1 shows the clinical characteristics of the men and

women. Men were older and had generally worse cardio-

metabolic profiles compared to women, with the exception

of dyslipidemia. MetS and preMetS were much more preva-

lent in men than in women (23.3 vs. 8.7%, p<0.001 and

21.2 vs. 10.2%, p<0.001, respectively) while the frequency

of obesity was slightly higher in men than in women (31.4

vs. 26.1%, p=0.001). Hypertension and diabetes were more

prevalent in men than in women; however, the frequency of

dyslipidemia did not differ between the two groups.

Table 2 compares the prevalence of cardio-metabolic risk

factors between genders by ages. MetS and preMetS were

more prevalent in men than in women in all age groups.

Accordingly the frequencies of central obesity, lipid ab-

normality, high blood pressure and hyperglycemia were

higher in men in all age groups except for lipid abnormality

in the 70s. The frequency of obesity was higher in men than

in women in their 30s, but was similar between their 40s

and 70s, except for those in their 60s. Hypertension was

generally more prevalent in men than in women at all ages.

Dyslipidemia was more prevalent in men in their 30s and

40s, but was more prevalent in women in their 60s and 70s.

Diabetes was generally more prevalent in men than in

women at all ages except for the 30s.

Table 3 shows the results of a multiple logistic regression

analysis with MetS and preMetS as dependent variables. In

men, being a heavy drinker was significantly associated with

MetS [odds ratio (OR), 1.91: 95% confidence interval (CI),

1.29-2.83) and preMetS (OR, 1.69: 95% CI, 1.11-2.58). Be-

ing a fast eater was also related to preMetS (OR, 1.84: 95%

CI, 1.33-2.55) and MetS (OR, 1.55: 95%CI, 1.12-2.15).

Lacking regular exercise was significantly associated with

preMetS (OR, 1.38: 95%CI, 1.03-1.85), but not with MetS.

In women, preMetS was associated with significantly higher

odds ratios for being a fast eater and lacking regular exer-

cise (OR, 1.44: 95%CI, 1.01-2.07 and 1.41: 1.02-1.96, re-

spectively). A stepwise increase in each odds ratio (OR,

2.02: 95%CI, 1.40-2.91 and 1.47: 1.03-2.09, respectively)

was observed for MetS. The association between the compo-

nents of MetS and unhealthy lifestyles was showed in the

Supplementary material 1. The relationship between central

obesity and unhealthy lifestyles was quite similar to that be-

tween preMets and unhealthy lifestyles for both men and

women.

Table 4 compares the frequency of unhealthy lifestyle fac-

tors between genders. Overall, the frequency of current

smokers, fast eaters, heavy drinkers and late-night meals was

higher in men than in women, while the lack of regular ex-

ercise was more prevalent in women. The frequency of a

fourth meal and skipping breakfast did not differ between

genders.
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Table　2.　Frequency of MetS, PreMetS, Its Components and Cardiovascular Risks ac-
cording to Age.

Age categories

30s 40s 50s 60s 70s p for trend

Number Men  68  71 161 592 388

Women 224 106 272 825 459

MetS (%) Men 11.8 18.3 29.2 22.3 25.3 0.073

Women 0.9* 3.8* 7.4* 9.2* 13.5* <0.001

PreMetS (%) Men 16.2 16.9 16.1 23.0 22.2 0.068

Women 1.8* 11.3 10.7 10.7* 13.1§ <0.001

Central obesity (%) Men 42.6 46.5 50.9 52.4 53.9 0.060

Women 6.7* 22.6§ 21.7* 23.8* 27.7* <0.001

Lipid abnormality (%) Men 36.8 46.5 39.8 34.3 34.0 0.093

Women 1.8* 9.4* 18.0* 30.9 41.8† <0.001

High blood pressure (%) Men 23.5 36.6 62.7 69.3 74.7 <0.001

Women 13.4 25.5 47.1§ 64.4† 74.5 <0.001

Hyperglycemia (%) Men 4.4 12.7 18.6 21.5 21.1 0.007

Women 1.8 2.8† 7.7§ 12.1* 14.8† <0.001

Obesity (%) Men 33.8 26.8 33.5 32.1 29.9 0.664

Women 10.3* 24.5 27.6 27.0† 31.8 <0.001

Dyslipidemia (%) Men 45.6 52.1 55.9 48.3 48.2 0.549

Women 8.0* 23.6* 50.0 58.4* 66.4* <0.001

Hypertension (%) Men 11.8 19.7 47.8 56.8 64.4 <0.001

Women 3.1§ 15.1 25.7* 49.2§ 62.1 <0.001

Diabetes (%) Men 0.0 7.0 14.3 18.6 18.6 0.001

Women 0.4 2.8 8.1 10.8* 15.7 <0.001

†p<0.05, §p<0.01, *p<0.001 vs. men. MetS: metabolic syndrome, preMetS: preliminary MetS

Table　3.　Association between MetS Or PreMetS and Unhealthy Lifestyles.

MetS preMetS

OR 95% CI p OR 95% CI p

Men

Current smoker (vs. non-smoker) 0.76 0.55-1.04 0.084 0.77 0.55-1.06 0.112

Lacking regular exercise (vs. presence of regular exercise) 1.22 0.92-1.62 0.172 1.38 1.03-1.85 0.033

Fast eater (vs. normal and slow eater) 1.55 1.12-2.15 0.008 1.84 1.33-2.55 <0.001

Presence of late-night meal (vs. no) 1.39 1.00-1.94 0.053 1.08 0.76-1.55 0.664

Presence of fourth meal (vs. no) 1.00 0.58-1.73 0.986 1.08 0.62-1.87 0.789

Presence of skipping breakfast (vs. no) 0.61 0.32-1.15 0.125 0.66 0.35-1.24 0.198

Heavy drinker (vs. non-or moderate drinker) 1.91 1.29-2.83 0.001 1.69 1.11-2.58 0.015 

Women

Current smoker (vs. non-smoker) 0.98 0.39-2.45 0.967 0.99 0.45-2.19 0.978

Lacking regular exercise (vs. presence of regular exercise) 1.47 1.03-2.09 0.032 1.41 1.02-1.96 0.040

Fast eater (vs. normal and slow eater) 2.02 1.40-2.91 <0.001 1.44 1.01-2.07 0.047 

Presence of late-night meal (vs. no) 1.22 0.76-1.98 0.411 1.00 0.62-1.61 0.988

Presence of fourth meal (vs. no) 1.07 0.58-1.99 0.823 0.75 0.39-1.42 0.373

Presence of skipping breakfast (vs. no) 1.05 0.49-2.24 0.906 0.49 0.19-1.25 0.134

Heavy drinker (vs. non-or moderate drinker) 1.25 0.63-2.50 0.518 1.74 1.00-3.04 0.051

MetS: metabolic syndrome, preMetS: preliminary MetS, OR: odds ratio, CI: confidence interval

Discussion

We observed in this Watari population that being a fast

eater was significantly associated with the presence of MetS

in both genders and that being a heavy drinker was signifi-

cantly associated with the presence of MetS in men. The

frequency of heavy drinkers was significantly higher in men

than in women at all ages, while that of fast eaters was

higher in men than in women in their 30s. These data sug-
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Table　4.　Frequency of Unhealthy Lifestyles by Gender.

Total
Age categories

30s 40s 50s 60s 70s p for trend

Current smokers (%) Men 30.0 50.0 43.7 38.5 29.7 20.9 <0.001

Women 5.4* 17.4* 17.0* 5.5* 2.9* 1.3* <0.001

Lacking regular exercise (%) Men 56.4 69.1 73.2 73.3 53.9 47.9 <0.001

Women 64.7* 87.5§ 82.1 71.3 60.6† 52.9 <0.001

Fast eaters (%) Men 24.1 45.6 28.2 32.9 22.8 18.0 <0.001

Women 20.8† 20.1* 25.5 24.6 20.0 19.2 0.291

Eating late-night meal (%) Men 20.8 22.1 22.5 26.7 21.2 17.3 0.066

Women 12.0* 14.7 17.9 11.8* 8.1* 16.6 0.604

Eating fourth meal (%) Men 7.7 22.1 12.7 14.9 6.3 3.4 <0.001

Women 8.7 17.9 17.0 12.9 5.5 5.7 <0.001

Skipping breakfast (%) Men 6.8 22.1 19.7 9.9 5.8 2.1 <0.001

Women 5.3 12.1 12.3 4.4† 4.0 3.3 <0.001

Heavy drinkers (%) Men 13.8 20.6 22.5 16.8 15.2 7.5 <0.001

Women 7.4* 14.7 16.0 9.6† 5.9* 3.1* <0.001

†p<0.05, §p<0.01, *p<0.001 vs. men.

gest that gender differences in the prevalence of MetS may

be explained in part by those dietary factors.

In women, substantially similar lifestyle factors; i.e. lack-

ing regular exercise and being fast eaters were significantly

associated with MetS and preMetS. Moreover, MetS was as-

sociated with a stepwise worsening of those lifestyle factors

compared with preMetS. These data support the hypothesis

that preMetS is an earlier stage of MetS and may develop to

MetS by the continuation of an unhealthy lifestyle. Contrary

to women, men demonstrated a different relationship be-

tween MetS, preMetS conditions, and lifestyle factors. MetS

was associated with a higher odds ratio for heavy drinkers

compared with preMetS, while the opposite was observed

for fast eaters. Moreover, a lacking regular exercise was sig-

nificantly associated with preMetS, but not with MetS.

These data suggest that MetS does not simply develop from

preMetS by the continuation of the same unhealthy lifestyle

but may instead be associated with some qualitatively differ-

ent lifestyle factors than preMetS. These data suggest the

need for a gender-specific lifestyle strategy to effectively

prevent MetS. An unhealthy lifestyle related to central obe-

sity was quite similar to the risk related to preMets for both

men and women suggesting that central obesity predisposes

one to develop preMets in both genders.

Studies conducted in Japanese populations have shown

that regular exercise lowers the risk for MetS (11, 15, 18).

Moderate physical activity has also been shown to poten-

tially decrease the risk of MetS and preMetS only in

men (16). The reasons for the discrepancy between those

previous reports and ours are unclear, but local occupational

characteristics may be involved. The participants of this

study were typically engaged in self-employed occupations,

such as agriculture, fishing, forestry, and retail (19). There-

fore, many men are likely to be engaged in hard physical

activity, which may promote heavy drinking (23). In other

words, lacking regular exercise does not necessarily result in

low physical activity in this male MetS population. Addi-

tional data on regular activity as well as physical activity re-

lated to occupation are necessary to clarify this point.

The frequency of unhealthy lifestyle behaviors generally

decreased with age in both sexes (Table 4). This finding

suggests that the age-related increases in the frequencies of

MetS and preMetS were chiefly attributable to non-lifestyle

factors that develop with age. These may include age-related

changes in endocrine and metabolic functions as well as the

progression of sarcopenia (24, 25). In other words, only a

subtle worsening of lifestyle could induce MetS in older

generations. Conversely, MetS in young generations was

largely attributable to lifestyle factors such as fast eating and

heavy drinking seen in this male population.

In this study, the prevalence of MetS in men and women

was 23.3% and 8.7%, respectively; this is similar to data

from the 2007 National Nutrition Survey, which reported a

prevalence of 22.5% and 7.3% in men and women, respec-

tively (17). The much lower prevalence of MetS in women

than in men may be largely attributable to the unique Japa-

nese diagnostic criteria in which the cut-off values for cen-

tral obesity are waist circumferences of 85 cm and 90 cm

for men and women, respectively. The International Diabetes

Federation (IDF) criteria include cut-off values of 90 cm for

men and 80 cm for women. A recent meta-analysis of

226,653 Chinese people examined by IDF criteria reported a

pooled MetS prevalence of 24.5% (95%CI: 22.0-

26.9%) (26). By sex, the prevalence was 19.2% (95%CI:

16.9-21.6%) in men and 27.0% (95% CI: 23.5-30.5%) in

women. Thus, the prevalence of MetS is markedly influ-

enced by the diagnostic criteria. The current Japanese crite-

ria could underestimate cardiovascular risks in women. In

fact, the prevalence of dyslipidemia was similar between

men and women. Moreover, the differences in the preva-

lence of obesity, hypertension, and diabetes were much

smaller than the difference in the prevalence of MetS. Re-
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cent reports have suggested that the cut-off value for central

obesity for Japanese women should be 80 cm (27, 28), the

same as the value recommended by the IDF.

This study is associated with several limitations. First, the

number of male participants in their 30s and 40s was small;

therefore, data from those groups may be biased. Second,

the Watari town is a rural area of Japan and so the results of

this study may not apply to urban populations. Third, we

had no information on the amount of meal intake, which is

a critical factor for the development of MetS (11). A lack of

information on total physical activity including occupation

was also another limitation, as noted above. Finally, the

cross-sectional study design does not ensure that the signifi-

cant lifestyle factors related to MetS identified in this study

really increase the risk of incident MetS. Further prospective

observational studies are therefore necessary to clarify this

point.

Conclusion

Based on current Japanese criteria, the frequency of MetS

and preMetS was more than three times higher in men than

in women in a general rural Japanese population. Moreover,

the relationship between lifestyles and MetS or preMetS dif-

fered between genders. In women, preMetS appeared to be

an earlier stage of MetS; however, MetS was associated with

qualitatively different lifestyle factors than preMetS in men.

Our data suggest the need for a gender-specific lifestyle

strategy to effectively prevent MetS.
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