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Objectives: Metabolic syndrome has received attention as a risk factor for cardiovascular disease, with particular importance at-
tached to visceral fat accumulation, which is associated with lifestyle-related diseases and is strongly correlated with waist circum-
ference. In this study, our aim is to propose waist circumference cut-off values that can be used as a marker for fatty liver based 
on a sample of workers receiving health checkups in Japan.
Methods: This study was conducted in a total of 21,866 workers who underwent periodic health checkups between January 2007 
and December 2007. The mean age of the subjects was 47.4 years for men (standard deviation [SD]: 8.0) and 44.7 years for wom-
en (SD: 6.9). Evaluation included abdominal ultrasound and measurement of waist circumference, body mass index, fasting blood 
glucose, triglycerides, high-density lipoprotein cholesterol, and blood pressure.
Results: Based on receiver operating characteristic curve analysis, the optimal waist circumference cut-off values were shown as 
85.0 cm (sensitivity 0.72, specificity 0.69) for men and 80.0 cm (sensitivity 0.75, specificity 0.78) for women.
Conclusion: Abdominal ultrasound is the most efficient means of diagnosing fatty liver, but this examination seldom occurs 
because the test is not routinely performed at workers’ health checkups. In people found to have a high risk of fatty liver, recom-
mendations can be made for abdominal ultrasound based on the waist circumference cut-off values obtained in this study. That 
is, waist circumference can be used in high risk individuals as an effective marker for early detection of fatty liver.

Key Words: Waist circumference, Fatty liver, Health-check examination, Ultrasonography, Receiver operating characteristic (ROC) 
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Introduction

According to the cause-of-death statistics provided by the 

Japanese Ministry of Health, Labor, and Welfare (JMHLW), 

cerebrovascular disease and cardiovascular disease caused 

by obesity and arteriosclerosis account for about 30% of  all 

deaths. Risk factors for these diseases include lifestyle factors 

and metabolic syndrome (visceral fat syndrome) due to the ac-

cumulation of  visceral fat this involves. Urgent measures are 

required to reduce the prevalence of these risk factors in Japan. 

One such measure was the implementation in 2008 of “specific 

health checkups” and “specific counseling guidance” with a 

focus on visceral fat-type obesity [1]. This led to the adoption 

of waist circumference (WC) as a marker for visceral fat-type 

obesity and the assessment of risk based on lifestyle.

Together with growing knowledge of the concept of meta-

bolic syndrome, the relationship between visceral fat accumula-
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tion and lifestyle-related diseases such as hypertension, diabetes 

mellitus, and lipid abnormalities has become increasingly clear 

[2-6]. Implementing specific health checkups and counseling 

guidance aims to prevent the onset or progression of lifestyle-

related diseases as a cause of  cardiovascular events, which is 

advantageous because the early screening of  candidates can 

promote a reduction in the number of persons with or at risk 

for such diseases.

One example of  visceral fat accumulation is fatty liver, 

which is a condition characterized by excess accumulation of 

triglycerides (TG) in hepatocytes. The major causes include 

obesity, excess alcohol consumption, and endocrine diseases 

such as diabetes. Fatty liver is promoted by overeating, lack of 

exercise, and the westernization of dietary habits. The preva-

lence of  fatty liver detected at health checkups has been in-

creasing over the years: 12.6% in 1989, 30.3% in 1998 [7], and 

39.6% and 18.2% in 2002 in males and females, respectively 

[8]. Fatty liver, in terms of  visceral fat accumulation, is also 

strongly associated with metabolic syndrome.

In a 2005 study, a strong correlation was found between 

histogram indices of  aspartate transaminase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transpeptidase (g-

GTP) and fatty liver [9]. Kawabe et al. [10] reported that the 

AST/ALT ratio was better than AST, ALT, and g-GTP as a 

marker for fatty liver. Yamada et al. [11] found that body mass 

index (BMI) and lipid test results, glucose level, and uric acid 

values were significant risk factors for predicting the probability 

of fatty liver development. Although studies such as these have 

been performed using biochemical test values as markers for 

fatty liver, no known studies have quantitatively specified and 

demarcated the use of WC as a marker for fatty liver.

Waist circumference is reported to be closely correlated 

with visceral fat accumulation [12,13]. We believe that visceral 

fat accumulation, as representative of fatty liver, could be as-

sessed by applying the WC cut-off values obtained in this study 

and by performing abdominal ultrasound in selected high-risk 

patients. The aims of this study were thus to 1) compare clini-

cal values between fatty and healthy liver groups, and 2) to pro-

vide the optimal WC cut-off values for screening for fatty liver.

Materials and Methods

Subjects
The data used in the present study consisted of the results of 

employee health checks conducted at a medical examination 

center between January and December 2007 for employees 

from 225 companies within the manufacturing, finance and 

service industries, as well as in local government. Japanese 

companies are required to implement annual occupational 

health checkups, which are conducted by medical examination 

centers that meet national standards and hold related individual 

contracts with various types of businesses such as those men-

tioned above. Checkup parameters comprise statutory items 

established by the government alongside optional tests.

Among 225,602 employees (from 225 companies), a total 

of 30,650 (13.6%) were from 99 companies that offered ultra-

sound examination as an optional test. Complete clinical data 

including WC, BMI, fasting blood sugar (FBS), hemoglobin 

A1c (HbA1c), TG, high-density lipoprotein-cholesterol (HDL-

C), and systolic and diastolic blood pressure were available for 

23,740 of the 30,650 employees who underwent optional ab-

dominal ultrasound screening. After excluding 1,874 employees 

(1,326 men, 548 women) due to hypertension, hyperlipidemia, 

current diabetes treatment and positivity for hepatitis B and C, 

data from 21,866 subjects (11,509 men, 10,357 women) were 

analyzed.

The study protocol was approved by the Ethics Commit-

tee of  the Association for Preventive Medicine of  Japan. No 

data were collected that could be used for identification.

Fatty liver diagnostic criteria
General purpose ultrasound diagnostic imaging scanners were 

used for abdominal ultrasound screening at a frequency of 

3-5 MHz to produce B mode images, which display levels of 

brightness based on reflected ultrasound intensity.

Patients satisfying all four items of the diagnostic criteria 

were diagnosed with fatty liver, while those satisfying less than 

four items were given the diagnosis of fatty liver change (mild 

fatty liver). In the present study, individuals of  the latter type 

were included in the fatty liver group as they represented poten-

tial cases of fatty liver.

Measurement of WC
Based on the diagnostic criteria for metabolic syndrome, WC 

was measured in a standing position, during quiet breathing, at 

the level of the umbilicus. If  there was marked fat accumula-

tion with the umbilicus displaced downwards, WC was mea-

sured at a point midway between the lower rib margin and the 

anterior superior iliac spine.

Statistical analysis
The frequency of  subjects diagnosed with fatty liver and 

healthy liver by sex and age was examined using the abdominal 

ultrasound findings, and the results were divided among age 

groups representing 5-year intervals. In addition, between the 

fatty liver group and the healthy liver group, clinical values by 
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sex, including WC, BMI, FBS, HbA1c, TG, HDL-C, systolic 

blood pressure, and diastolic blood pressure were compared. 

Blood samples were collected after overnight fasting. Two-

group comparisons were analyzed by Student’s unpaired t-test.

To assess the utility of WC as a marker of fatty liver, the 

optimal cut-off  values, sensitivity, specificity, and receiver op-

erating characteristic (ROC) area under the curve (AUC) were 

calculated by sex.

WC was classified in 2-cm intervals starting from 70 cm. 

The proportion of subjects with fatty liver by WC category and 

sex was determined.

Results

Table 1 shows the subject characteristics. The mean age was 

47.4 years for men and 44.7 years for women. Among subjects, 

those with a diagnosis of fatty liver based on abdominal ultra-

sound numbered 3,402 men (29.6%) and 737 women (7.1%).

The prevalence of  fatty liver by age classification (age 

divided into 5-year groups) and sex was examined. The propor-

Table 2. Prevalence of fatty liver by sex and age classification

Age group
(year)

Male Female

Participant (n) Fatty liver (n) Prevalence rate (%) Participant (n) Fatty liver (n) Prevalence rate (%)

-30 29 2 6.9 19 1 5.3

31-35 680 173 25.4 738 17 2.3

36-40 2,421 671 27.7 2,710 106 3.9

41-45 1,826 591 32.4 2,355 141 6.0

46-50 1,593 523 32.8 2,111 162 7.7

51-55 2,439 748 30.7 1,581 183 11.6

56-60 2,521 694 27.5 843 127 15.1

Table 3. Comparison of clinical values between the fatty liver group and the healthy liver group (males; n=11,509)

Clinical value
Fatty liver

p-value
Present (n = 3,402) Absent (n = 8,107)

Waist circumference (cm) 89.9 ± 7.3 82.1 ± 6.9 <0.001

Body mass index (kg/m2) 25.8 ± 3.0 22.7 ± 2.5 <0.001

Fasting blood sugar (mg/dL) 100.1 ± 22.4 93.2 ± 14.1 <0.001

Hemoglobin A1c (%) 5.3 ± 0.8 5.0 ± 0.8 <0.001

Triglyceride (mg/dL) 166.9 ± 119.9 109.9 ± 72.7 <0.001

HDL-cholesterol (mg/dL) 52.7 ± 11.9 61.9 ± 15.6 <0.001

Systolic blood pressure (mmHg) 127.8 ± 16.6 122.7 ± 16.6 <0.001

Diastolic blood pressure (mmHg) 81.1 ± 11.6 77.0 ± 11.6 <0.001

Values are presented mean ± standard deviation.
HDL: high-density lipoprotein.

Table 1. The characteristics of the study subjects

Variable
Male  

(n = 11,509)
Female  

(n = 10,357)

Age (year) 47.4 ± 8.0 44.7 ± 6.9

Waist circumference (cm) 84.4 ± 7.9 75.0 ± 8.2

Body mass index (kg/m2) 23.6 ± 2.9 20.6 ± 2.8

Prevalence rate of fatty liver (%) 29.6 7.1

Values are presented as mean ± standard deviation or number.
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tion of subjects diagnosed with fatty liver increased with age, 

and a high prevalence was seen in men in their 40s. In women, 

the prevalence of  fatty liver was relatively low, but increases 

were seen after the age of 50 (Table 2).

Clinical values were compared between the fatty liver 

group (subjects with a diagnosis of fatty liver) and the healthy 

liver group. Other than HDL-C, all test values in the fatty liver 

group were significantly higher in both men and women. In the 

male fatty liver group, the mean WC exceeded the metabolic 

syndrome diagnostic criterion of 85 cm and BMI exceeded the 

obesity criterion of 25 (Tables 3, 4).

As a marker for fatty liver, the optimal cut-off  values for 

WC were calculated using an ROC curve. As seen from the 

ROC curves in Fig. 1 and Fig. 2, the shortest distance from the 

left upper corner and the maximum product of sensitivity and 

specificity was at 85.0 cm in men (sensitivity 0.72, specificity 

0.69) and 80.0 cm in women (sensitivity 0.75, specificity 0.78).

WC was classified at 2-cm intervals and the prevalence 

of fatty liver by WC category was examined. In both men and 

women, increases in WC were correlated to increases in the 

prevalence of fatty liver (Fig. 3).

Table 4. Comparison of clinical values between the fatty liver group and the healthy liver group (female; n = 10,357)

Clinical value
Fatty liver

p-value
Present (n = 737) Absent (n = 9,620)

Waist circumference (cm) 85.5 ± 9.1 74.1 ± 7.5 <0.001

Body mass index (kg/m2) 24.6 ± 3.8 20.3 ± 2.4 <0.001

Fasting blood sugar (mg/dL) 95.7 ± 15.6 87.9 ± 8.7 <0.001

Hemoglobin A1c (%) 5.3 ± 0.6 5.0 ± 0.3 <0.001

Triglyceride (mg/dL) 120.6 ± 80.9 69.5 ± 33.7 <0.001

HDL-cholesterol (mg/dL) 63.2 ± 16.1 75.4 ± 15.6 <0.001

Systolic blood pressure (mmHg) 122.0 ± 17.8 111.2 ± 15.2 <0.001

Diastolic blood pressure (mmHg) 75.5 ± 11.8 67.8 ± 10.7 <0.001

Values are presented mean ± standard deviation.
HDL: high-density lipoprotein.

Fig. 2. Receiver operating characteristic (ROC) curve (females). As 
seen from the ROC curves, the shortest distance from the left upper 
corner and the maximum product of sensitivity and specificity was 
80.0 cm in women (sensitivity 0.75, specificity 0.78). These were 
defined as the optimal waist circumference cut-off values for women.

Fig. 1. Receiver operating characteristic (ROC) curve (males). As seen 
from the ROC curves, the shortest distance from the left upper corner 
and the maximum product of sensitivity and specificity was 85.0 cm 
in men (sensitivity 0.72, specificity 0.69). These were defined as the 
optimal waist circumference cut-off values for men.
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Discussion

In this study, we assessed WC, which is an indicator of the de-

gree of visceral fat accumulation, as a marker for fatty liver by 

analyzing ROC curves to demonstrate their relationship. Based 

on the ROC curves shown in Fig. 1 and Fig. 2, the optimal WC 

cut-off values were 85.0 cm in men and 80.0 cm in women.

Compared to the WC cut-off  values used in the JM-

HLW specific health checkups (85.0 cm in men and 90.0 cm 

in women), our findings did not differ much for men, but in 

women, there was a 10 cm discrepancy. It has been previously 

assumed that men typically have visceral fat-type obesity and 

that women typically have subcutaneous fat-type obesity [14]. 

The rate of  coexisting metabolic syndrome is known to be 

higher with visceral fat-type obesity than with subcutaneous 

fat-type obesity [15]. However, our study found that even in 

women with a WC < 90.0 cm, which is below the criteria for 

obesity in the JMHLW health checkups, visceral fat accumula-

tion representative of fatty liver was present. Men have a higher 

prevalence of fatty liver and if  undiscovered and left untreated, 

this progresses to become a risk factor for lifestyle-related dis-

eases such as hypertension, diabetes, and hyperlipidemia. Our 

results for men matched the WC cut-off  point for obesity in 

the JMHLW health checkups, but in women, our results were 

lower. Lifestyle guidance at an early stage, with an emphasis on 

diet, exercise, and careful follow-up evaluation, is important for 

fatty liver prevention.

Additionally, clinical values including blood pressure, glu-

cose, and lipid values were significantly higher in patients with 

fatty liver than in those subjects with a healthy liver. Fatty liver 

is reversible and may be associated with a good prognosis. Ko-

jima et al. [7] observed that fatty liver appeared when BMI in-

creased and disappeared when BMI decreased. If  the underly-

ing cause can be treated, for example by weight control through 

improvements in lifestyle, fatty liver can be cured. However, 

due to the absence of severe symptoms or the fact that clinical 

values are often in the normal range in mild fatty liver, lifestyle 

guidance can be difficult to implement and the need for patient 

behavior modification may not be recognized.

Although visceral fat area can be measured by X-ray 

or computed tomography, this is not feasible in all patients 

in terms of  both cost effectiveness and radiation exposure. 

Abdominal ultrasound is the most useful examination for 

diagnosis of  fatty liver, but this is not routinely performed at 

occupational health checkups, and the condition is thus seldom 

diagnosed. Studies have reported that even in non-obese pa-

tients, fatty liver is a risk factor for lifestyle-related diseases [16-

18]. Fatty liver is strongly correlated with visceral fat and is as-

sociated with a high rate of coexisting lifestyle-related diseases 

such as hypertension, diabetes, and hyperlipidemia [19,20]. For 

this reason, a marker that is able to to screen persons at high 

risk for fatty liver is needed. In a study examining the preva-

lence of lifestyle-related disease based on the severity of fatty 

liver, Hamaguchi et al. [8] reported that severe fatty liver was 

associated with a higher prevalence of hypertension, diabetes, 

and hyperlipidemia than was mild fatty liver.

The subjects in the present study were employees of  99 

companies that incorporate ultrasound examination into their 

health checkups as an optional test. The majority of  the 225 

companies that implement health checkups offer only the 

regular health checkup items defined by the government. Ul-

trasound examination may be offered as an optional test only 

by those companies that actively promote health management 

among employees and that can afford it in their benefit pro-

gram. Currently in Japan, ultrasound examination is recom-

mended for individuals aged ≥ 35 years. Among the employees 

at the 99 companies that provided ultrasound examination, we 

compared those aged ≥ 35 years who underwent ultrasound ex-

amination (30,002 individuals) with those who did not (52,618 

individuals). No significant difference was observed between 

those aged ≥ 35 years who underwent ultrasound examination 

and those who did not in mean age (46.4 and 45.3 years) or 

mean BMI (23.3 and 23.2, respectively). Therefore, selection 

bias was not regarded as a significant concern in the present 

study.

In conclusion, when using WC measurements as a 

marker for fatty liver, it is recommended that individuals with 

Fig. 3. Rate of fatty liver by waist circumference (WC). WC was 
classified in 2-cm intervals and the prevalence of fatty liver by WC 
category was examined. In both men and women, as WC increased, 
the prevalence of fatty liver also increased.
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values higher than the cut-off  point (85.0 cm, men; 80.0 cm, 

women) should receive further evaluation by abdominal ultra-

sound. This would lead to not only an early reduction in the 

risk of cardiovascular events, but also to the prevention of non-

alcoholic steatohepatitis, which is a concern if  fatty liver is al-

lowed to progress, as well as a reduction in the risk of cirrhosis 

and malignant tumors such as hepatocellular carcinoma.

This study found a high prevalence of fatty liver in males 

in their 40s and females in their 50s. Therefore, we used WC 

measurements as a preventive marker for fatty liver. This was 

found to be a simple and easy screening method in our partici-

pants.

The findings of the present study demonstrate the poten-

tial of  WC measurement as a simple, cost-effective screening 

tool to identify individuals at high risk of fatty liver due to ac-

cumulated visceral fat, and thus our findings are significant for 

the field of occupational health. Ultrasound evaluation of peo-

ple identified as high risk enables early detection of fatty liver 

and thus encourages lifestyle improvements at an early stage, 

thereby decreasing the risk of cerebrovascular disease onset.
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