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The influence of waist circumference on insulin resis-
tance and nonalcoholic fatty liver disease in apparently
healthy Korean adults

Deok Yun Ju’, Young Gil Choe’, Yong Kyun Cho, Dong Suk Shin, Su Hyeon Yoo, Seo Hyoung Yim, Ji Yong Lee, Jung Ho
Park, Hong Joo Kim, Dong Il Park, Chong IL Sohn, Woo Kyu Jeon, and Byung lk Kim

Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea

Background/Aims: Waist circumference (WC) is a risk factor for metabolic syndrome and is related to insulin
resistance (IR) and nonalcoholic fatty liver disease (NAFLD). The purpose of this study was to determine the association
between WC and IR and NAFLD in apparently healthy Korean adults.

Methods: The volunteers included in this cross-sectional study comprised 9,159 adults (5,052 men, 4,107 women) who
participated in a comprehensive health checkup program. IR was evaluated by the homeostasis model assessment of
IR (HOMA-IR) and was considered to be present when the HOMA-IR score was >2. NAFLD was evaluated by ultrasound
examination. Elevated alanine aminotransferase (ALT) was defined as >40 IU/L in men and >35 IU/L in women. Logjistic
regression was performed to determine the odds ratios (ORs) and 95% confidence intervals (95% Cls) for NAFLD, IR,
and ALT according to categorized levels of WC.

Results: NAFLD was found in 2,553 (27.9%) of the participants (82.6% men, 17.4% women), while IR and elevated ALT
were found in 17.2% (68.1% men, 31.9% women) and 10% (83% men, 17% women), respectively. After adjusting for
confounding factors, the prevalence of NAFLD, IR, and elevated ALT was significantly associated with increases in WC
quartile: highest quartile for NAFLD in men, OR=15.539, 95% Cl=12.687-19.033; highest quartile for NAFLD in women,
OR=48.732, 95% (Cl=23.918-99.288 (P<0.001); and highest quartile for IR in men, OR=17.576, 95% C|=13.283-23.255;
highest quartile for IR in women, OR=11.078, 95% CI=7.813-15.708 (P<0.001); highest quartile for elevated ALT in men,
OR=7.952, 95% Cl=6.046-10.459; and highest quartile for elevated ALT in women, OR=8.487, 95% Cl=4.679-15.395
(P<0.001).

Conclusions: WC contributes to IR and NAFLD in apparently healthy Korean adults, and thus may be an important
factor in the development of IR and NAFLD. (Clin Mol Hepatol 2013;19:140-147)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), the most commonly
encountered chronic liver disease, encompasses a wide spectrum

of liver damage, ranging from simple steatosis to nonalcoholic ste-
atohepatitis, advanced fibrosis, and hepatic cancer.” The inci-
dence of NAFLD is increasing worldwide due largely to changes in
lifestyle and increases in obesity and type 2 diabetes mellitus
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FBS, fasting plasm glucose; HOMA-IR, homeostatic model assessment of insulin
resistance; IR, insulin resistance; NAFLD, non alcoholic fatty liver disease; NASH,
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(T2DM).** NAFLD s associated with many factors, including obe-
sity, T2DM, dyslipidemia, insulin resistance (IR), metabolic syn-
drome, and cardiovascular disease.*®® For this reason, NAFLD is
regarded as a hepatic component of metabolic syndrome.” Waist
circumference (WC) is one of the diagnostic criteria proposed by
the National Cholesterol Education Program (NECP), and has been
identified as a valuable predictor of cardiovascular risk. Recent
studies have reported a relation on the risk of IR and NAFLD with
increasing WC.""” However, few studies have been performed on
the risk of IR and NAFLD with increasing WC in South Korea. The
purpose of this study was to examine the association between WC
and IR and NAFLD in apparently healthy Korean adults.

MATERIALS AND METHODS
Participants

A cross sectional analysis was conducted among healthy Korean
adults. Initial data was obtained from 27,033 participants in a
healthy checkup program at Kangbuk Samsung Hospital, Sung-
kyunkwan University, Seoul, Korea in 2009. We excluded partici-
pants with a history of alcohol consumption in excess of 20 g/day
(n=2,294), chronic liver diseases such as serologic proven viral
hepatitis B (n=1,087) and C (n=73), abnormal ultrasonographic
findings of liver cirrhosis or malignancy, or past history of dyslipid-
emia or cardiovascular disease (n=195). We also excluded individ-
uals with known DM, fasting plasma glucose (FBS) level >126 mg/
dL or HbATc >6.5% (n=784), metabolic syndrome according to
the International Diabetes Federation definition (n=6,386), miss-
ing data (n=5,429), and smokers (n=6,870). After applying these
exclusion criteria, 9,159 (5,052 men and 4,107 women) partici-
pants were eligible for this study.

Measurements

WC was measured with a flexible tape under fasting conditions,
at the level of the umbilicus in a standing position. Height and
body weight measurements were taken barefoot while light cloth-
ing with automated instruments (FA-94H, Fanics, Korea). Body
mass index (BMI) was calculated as weight in kilograms divided by
height in square meters. Medical history and lifestyle factors such
as alcohol consumption, smoking, and history of DM, dyslipid-
emia, or cardiovascular disease, were assessed in 2009 using a
standard questionnaire. Blood samples were collected from the

http://www.e-cmh.org

Deok Yun Ju, et al.
Waist circumference and NAFLD

antecubital vein after overnight fasting. FBS, total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C), aspartate aminotransfer-
ase (AST), and alanine aminotransferase (ALT) were measured us-
ing Bayer Reagent Packs on an automated chemistry analyzer
(Advia 1650 Autoanalyzer; Bayer Diagnostics, Leverkusen, Germa-
ny). Enzymatic colorimetric assay was used to measure TC and TG.
The homogeneous enzymatic colorimetric test and a selective inhi-
bition method were used to measure LDL-C and HDL-C, respec-
tively. The fasting glucose level was measured by the hexokinase
method and serum insulin concentration was measured using an
immunoradiometric assay (INS-IRMA; Biosource, Nivelles, Bel-
gium). The coefficients of variation were intra-assay 2.1-4.5% on
fasting glucose and intra-assay 4.7-12.2% on serum insulin, re-
spectively. As a marker of insulin resistance, the homeostatic
model assessment of insulin resistance (HOMA-IR) was calculated
using the following formula: HOMA-IR=(fasting insulin [pIU/
mL]xfasting serum glucose [mmol/1]/22.5). IR was considered to
be present when the HOMA-IR score was >2. HBsAg and HBsAb
were measured by chemiluminescent micro-particle immunoassay
(Architect i2000SR; Abbott Laboratories, Abbott Park, IL, USA).
HCV Ab was measured by polymerase chain reaction (COBAS An-
plicor HCV assay; Roche, Basel, Switzerland). The immunoturbidi-
metric assay used a Cobra Integra 800 automatic analyzer (Roche
Diagnostics, Basel, Switzerland) to measure the HbA1c level (refer-
ence value range of 4.4-6.4%). Abdominal ultrasonography (AS-
PEN; Acuson, PA, USA) with a 3.5 MHz probe was performed in
all participants by one of three experienced radiologists, and fatty
liver was diagnosed based on known standard criteria, including
hepatorenal echo contrast, liver brightness, and vascular blur-
ring."* The term NAFLD is used to describe a condition of fat accu-
mulation in the liver in the absence of excessive alcohol consump-
tion (less than 20 g per day) and any other specific causes of
hepatic steatosis.” Non-alcoholic steatohepatitis (NASH) is defined
as NAFLD that associated with a elevated ALT level.

Statistical analysis

Results are expressed as number of participants with percent-
age (%) or mean value with standard deviation. Comparisons of
the NAFLD and non-NAFLD groups were performed with the t-test
and Pearson’s y’-test. We estimated the odds ratio (OR [95% Cl])
for NAFLD development as a function of WC and BMI using a mul-
tivariate logistic regression model. SPSS version 20.0 (IBM Inc.,
Armonk, NY, USA) was used for all analyses. P-values less than
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0.05 were considered statistically significant. Receiver operating
characteristic (ROC) curve analysis was used to identify the sensi-
tivity and specificity of WC and BMI cut-off points for the detec-
tion of NAFLD and IR. Optimal cut-off points were selected at the
point where sum of sensitivity and specificity were high.

RESULTS

Among the 9,159 participants, 2,553 (27.9% [82.6% men,
17.4% women]) had NAFLD, 1,576 (17.2% [68.1% men, 31.9%
women]) had IR, and 915 (10% [83% men, 17% women]) had el-
evated ALT. Participants with NAFLD were older and significantly
more obese (as assessed by WC and BMI) than were participants
without NAFLD. WC, systolic blood pressure (BP), diastolic BP,
ALT, insulin, FBS, HbATc, HOMA-IR, TC, and LDL-C levels were sig-
nificantly elevated in the NAFLD group. HDL-C levels were signifi-
cantly lower in the NAFLD group (P<0.001) (Table 1).

Waist circumference and NAFLD

As the WC quartile increased, the risk for NAFLD increased,
with ORs of 3.472, 6.619, 15.539 in men and 5.704, 12.549,

48.732 in women when compared with the lowest quartile. Also,
as the BMI category increased, the risk for NAFLD increased, with
ORs of 3.477, 7.917, 25.507 in men and 4.463, 11.911, 39.476 in
women when compared with the lowest category (BMI<23.0). In-
creased WC and BMI is strongly associated with NAFLD (P<0.001)
(Table 2).

Waist circumference and insulin resistance
(HOMA-IR)

As WC quartile increased, the risk for IR increased, with ORs of
2.615, 6.058, 17.576 in men and 1.930, 3.412, 11.078 in women
when compared with the lowest quartile. Also, as BMI category
increased, the risk for IR increased, with ORs of 3.036, 7.298,
22.580 in men and 3.272, 6.297, 22.748 in women when com-
pared with the lowest category (BMI<23.0). Increased WC and
BMI is strongly associated with IR (P<0.001) (Table 3).

Waist circumference and elevated ALT

As WC quartile increased, the risk for elevated ALT increased,
with ORs of 1.941, 3.348, 7.952 in men and 1.449, 2.357, 8.487
in women when compared with the lowest quartile. Also, as BMI

Table 1. Clinical characteristics of study participants according to the presence of NAFLD

Total (n=9,159) Non-NAFLD (n=6,606) NAFLD (n=2,553) P-value
Age (yrs)’ 41.64+4.88 42494513 <0.001
BMI (kg/m?*)’ 22384253 25.63+2.61 <0.001
Waist circumference (cm)” 79.23£6.93 88.08+6.86 <0.001
Systolic BP (mmHg)* 113.18+11.85 118.89+11.86 <0.001
Diastolic BP (mmHg)* 72.63+9.14 77204923 <0.001
AST (U/L) 20.66+9.86 25.59+9.93 <0.001
ALT (IU/L) 18.93+12.19 34.55+21.69 <0.001
Insulin (uIU/mL)’ 483+249 7.94+4.29 <0.001
FBS (mg/dL)* 95.48+742 100.48+8.08 <0.001
HbAlc (%) 5.60=+0.27 5.69+0.29 <0.001
HOMA-IR’ 1.15+0.63 1.99+1.15 <0.001
Total cholesterol (mg/dL)* 191.06+31.84 208.06+33.20 <0.001
HDL cholesterol (mg/dL)* 59.14+13.07 50.06+9.93 <0.001
LDL cholesterol (mg/dL)* 105.68+27.12 123.33+28.62 <0.001
Triglyceride (mg/dL) 120.23+80.63 125.49+80.96 0.005

"Data are meanzstandard deviation.
P-values are from t-tests.

BMI, body mass index; BP, blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HbAlc, glycosylated hemoglobin; HOMA-IR,
homeostasis model assessment of insulin resistance; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease.
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Table 2. The risk of developing NAFLD according to WC and BMI category

Men Women
OR 95% Cl P-value OR 95% Cl P-value
WC
Ist quartile 1 1
2nd quartile 3472 2.844-4.237 <0.001 5.704 2.671-12.183 <0.001
3rd quartile 6.619 5434-8.064 <0.001 12.549 6.057-26.003 <0.001
4th quartile 15.539 12.687-19.033 <0.001 48.732 23.918-99.288 <0.001
BMI
<23.0 1
23.0-24.99 3477 2.942-4110 <0.001 4463 3.380-5.894 <0.001
25.00-27.99 7917 6.674-9.391 <0.001 191 8.930-15.888 <0.001
>28 25.507 19.150-33.974 <0.001 39476 26.638-58.502 <0.001
Note: adjusted for age.
WC in men: 1st quartile (<80.2), 2nd quartile (80.3-84.6), 3rd quartile (84.7-89.1), 4th quartile (>89.1).
WC in women: 1st quartile (<73.1), 2nd quartile (73.2-77.1), 3rd quartile (77.2-82.0), 4th quartile (>82.1).
NAFLD, nonalcoholic fatty liver disease; WC, waist circumference, BMI, body mass index.
Logistic regression analysis.
Table 3. The risk of developing IR according to WC and BMI category
Men Women
OR 95% CI P-value OR 95% CI P-value
WC
Ist quartile 1 1
2nd quartile 2.651 1.950-3.604 <0.001 1.930 1.298-2.870 <0.001
3rd quartile 6.058 4.539-8.085 <0.001 3412 2.351-4.952 <0.001
4th quartile 17.576 13.283-23.255 <0.001 11.078 7.813-15.708 <0.001
BMI
<23.0 1 1
23.0-24.99 3.036 2.381-3.871 <0.001 3.272 2.562-4.179 <0.001
25.00-27.99 7.298 5.785-9.207 <0.001 6.297 4.798-8.266 <0.001
>28 22.580 17.035-29.929 <0.001 22.748 15.647-33.071 <0.001

Note: adjusted for age.

WC in men: 1st quartile (<80.2), 2nd quartile (80.3-84.6), 3rd quartile (84.7-89.1), 4th quartile (>89.1).
WC in women: 1st quartile (<73.1), 2nd quartile (73.2-77.1), 3rd quartile (77.2-82.0), 4th quartile (>82.1).
NAFLD, nonalcoholic fatty liver disease; WC, waist circumference, BMI, body mass index; IR, insulin resistance.

Logistic regression analysis.

category increased, the risk for elevated ALT increased, with ORs
of 2.038, 4.472, 11.181 in men and 2.565, 5.809, 17.528 in wom-
en when compared with the lowest category (BMI<23.0). In-
creased WC and BMI is strongly associated with elevated ALT
(P<0.001) (Table 4).

Waist circumference and non-alcoholic steato-
hepatitis (NASH)

As WC quartile increased, the risk for NASH, with ORs of 3.630,
7.453, 18.060 in men and 2.059, 4.584, 34.057 in women when
compared with the lowest quartile. Increased WC in men is
strongly associated with NASH (P<0.001). Increased WC in wom-
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Table 4. The risk of elevated ALT levels according to WC and BMI category

Men Women
OR 95% Cl OR 95% Cl P-value
WC
Ist quartile 1 1
2nd quartile 1.941 1.428-2.638 <0.001 1449 0.706-2.977 0.312
3rd quartile 3.348 2.505-4.475 <0.001 2.357 1.213-4.581 0.0M
4th quartile 7952 6.646-10.459 <0.001 8487 4.679-15.395 <0.001
BMI
<230 1 1
23.0-24.99 2.038 1.572-2.641 <0.001 2.565 1.642-4.006 <0.001
25.00-27.99 4472 3.506-5.703 <0.001 5.809 3.737-9.030 <0.001
>28 11.181 8.414-14.857 <0.001 17.528 10.847-28.324 <0.001
Note: adjusted for age.
WC in men: 1st quartile (<80.2), 2nd quartile (80.3-84.6), 3rd quartile (84.7-89.1), 4th quartile (>89.1).
WC in women: 1st quartile (<73.1), 2nd quartile (73.2-77.1), 3rd quartile (77.2-82.0), 4th quartile (>82.1).
NAFLD, nonalcoholic fatty liver disease; WC, waist circumference, BMI, body mass index; ALT, alanine aminotransferase.
Logistic regression analysis.
Table 5. The risk of developing NASH according to WC category
Men Women
OR 95% Cl P-value OR 95% Cl P-value
WC
Ist quartile 1
2nd quartile 3.630 2.289-5.756 <0.001 2.059 0.376-11.269 0405
3rd quartile 7453 7453-11.545 <0.001 4.584 0.988-21.267 0.052
4th quartile 18.060 11.829-27.574 <0.001 34.057 8.311-139.559 <0.001

Note: adjusted for age.

WC in men: 1st quartile (<80.2), 2nd quartile (80.3-84.6), 3rd quartile (84.7-89.1), 4th quartile (>89.1).
WC in women: 1st quartile (<73.1), 2nd quartile (73.2-77.1), 3rd quartile (77.2-82.0), 4th quartile (>82.1).
NASH, non-alcoholic steatohepatitis; WC, waist circumference, BMI, body mass index.

Logistic regression analysis.

en has an association with developing NASH (Table 5).

DISCUSSION

We assessed the association between WC and BMI and IR and
NAFLD in apparently healthy Koreans. In this study, 27.9% of
healthy participants were affected by NAFLD. The previous study
have shown the prevalence of NAFLD was 18.6% and BMI, diabe-
tes mellitus, hypertriglyceridemia, ALT level were independently
associated with the presence of NAFLD in Koreans."® NAFLD has
become an important public health problem because of its high
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prevalence, potential progression to severe liver disease, and as-
sociation with serious cardio-metabolic abnormalities, including
T2DM, metabolic syndrome, and coronary heart disease.*"”'® Mor-
tality is significantly increased among individuals with NAFLD
compared with the general population of the same age and sex,
and is predicted by the presence of impaired fasting glucose/dia-
betes, cirrhosis, and older age.”” ALT seems an appropriate marker
of fatty liver disease, and ALT enzyme activity and NAFLD are as-
sociated with cardiovascular risk. Treatment of NAFLD should be
aimed at reducing hepatic fat content and the concomitant cardio-
vascular disease risk.”” Obesity is the condition most often associ-
ated with NAFLD. Obesity is associated with a spectrum of liver
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Men Women
AUC 95% Cl AUC 95% Cl

WC

NAFLD 0.759 0.746-0.773 0.821 0.801-0.840

R 0.771 0.756-0.787 0.737 0.713-0.761
BMI

NAFLD 0.760 0.747-0.773 0.830 0.811-0.850

IR 0.763 0.747-0.778 0.740 0.715-0.765

ROC curve analysis.
Note: adjusted for age.

AUC, area under curve; NAFLD, nonalcoholic fatty liver disease; WC, waist circumference; BMI, body mass index; IR, insulin resistance.

abnormalities known as NAFLD that is characterized by an in-
crease in intrahepatic triglyceride (IHTG) content (i.e., steatosis)
with or without inflammation and fibrosis (i.e., steatohepatitis).”
Abdominal obesity is strongly associated with cardiovascular dis-
ease risk, other diseases and mortality.”*** Central obesity seems
to be an important risk factor for NAFLD, even in those with a
normal BMI, and may be a key link with IR.>* Central obesity is a
correlate of visceral adiposity and is more closely linked to IR, the
central event in NASH, than is generalized obesity.” In patients
with NAFLD liver necro-inflammation, fibrosis increased signifi-
cantly with visceral fat in a dose-dependent manner. Visceral fat
remained an independent predictor of liver inflammation and fi-
brosis even when measures of IR, hepatic steatosis, adipokines,
and age were considered.” WC is a convenient measure of ab-
dominal obesity.”” and has a simple predictable relationship with
intra-abdominal fat volume or area, which is likely to relate to the
prediction of health risks.”® BMI and WC have been considered as
predictors of NAFLD severity and as independent predictors of
steatosis.”**® Measurement of WC may be a preliminary method
for surveys of people at higher risk of lifestyle-related disorders in
Japanese men, especially among those with moderate BMI.>' Pre-
vious studies have shown an association between obesity and liver
disease.’”?* Other studies have reported WC increases in
NAFLD.*" The major finding of our study is that increased WC and
BMI were associated with a significantly increased risk of IR and
NAFLD. The area under the curve (AUC) of BMI and WC in NAFLD,
were 0.760, 0.759 in men, 0.830, 0.821 in women. And in IR AUC
of BMI and WC were 0.763, 0.771 in men, 0.740, 0.737 in women
(Table 6). BMI and WC have a predictive value for NAFLD and IR,
but the AUC are alike, WC has no superiority in comparison with
BMI to predict NAFLD. Based on the best optimum sensitivity and
specificity rates, the best cutoff point of WC and BMI in prediction
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for NAFLD were 84.945 cm and 24.465 kg/m’ in men, 80.395 cm
and 22.715 kg/m’ in women. In prediction for IR were 85.980 cm
and 24.495 kg/m® in men, 80.295 cm and 22.715 kg/m’ in wom-
en. There are several limitations of this study. First, three radiolo-
gist performed ultrasonography. Even though all of three radiolo-
gist were very experienced, they could be affected by interobserver
variation. Second, although we excluded subjects with diabetes
and metabolic syndrome, the prevalence of NAFLD was high as
compared with previous study.” It may be due to the missing data
and probable selection bias because all participants were not re-
ceive the ultrasonography. Third, NAFLD and NASH were diag-
nosed by ultrasonography rather than liver biopsy pathology. De-
spite these limitations, the present study is a meaningful
investigation of the relationship between WC and NAFLD in non-
diabetic subjects independent of obesity and other metabolic
components. In conclusion, WC and BMI contribute to IR and
NAFLD in apparently healthy Koreans, and so these factors may
be important in the development of IR and NAFLD. These observa-
tions reinforce the importance of using both BMI and WC in clini-
cal practice, as they may be helpful in evaluating the risk of NAFLD
and IR. Further studies on WC, IR, and NAFLD are required to con-
firm these findings.

Conflicts of Interest
The authors have no conflicts to disclose.

REFERENCES

1. Tolman KG, Fonseca V, Dalpiaz A, Tan MH. Spectrum of liver dis-
ease in type 2 diabetes and management of patients with diabetes
and liver disease. Diabetes Care 2007;30:734-743.

145



CNMH

14.

16.

18.

146

lin Mol Hepatol
Volume 19 Number 2 June 2013

McCullough AJ. Update on nonalcoholic fatty liver disease. J Clin
Gastroenterol 2002;34:255-262.

Angulo P. Nonalcoholic fatty liver disease. N Engl J Med
2002;346:1221-1231.

Farrell GC. Non-alcoholic steatohepatitis: what is it, and why is
it important in the Asia-Pacific region? J Gastroenterol Hepatol
2003;18:124-138.

Bedogni G, Miglioli L, Masutti F, Tiribelli C, Marchesini G, Bellentani
S. Prevalence of and risk factors for nonalcoholic fatty liver disease:
the Dionysos nutrition and liver study. Hepatology 2005;42:44-52.
Eriksson S, Eriksson KF, Bondesson L. Nonalcoholic steatohepatitis
in obesity: a reversible condition. Acta Med Scand 1986;220:83-
88.

Batman PA, Scheur PJ. Diabetic hepatitis preceding the onset of
glucose intolerance. Hepatology 1985;9:237-243.

Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G, Bugianesi E,
McCullough AJ, et al. Association of nonalcoholic fatty liver disease
with insulin resistance. Am J Med 1999;107:450-455.

Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R,
et al. Nonalcoholic fatty liver, steatohepatitis, and the metabolic
syndrome. Hepatology 2003;37:917-923.

Han TS, van Leer EM, Seidell JC, Lean ME. Waist circumference as a
screening tool for cardiovascular risk factors: evaluation of receiver
operating characteristics (ROC). Obes Res 1996;4:533-547.

. Janiszewski PM, Janssen I, Ross R. Does waist circumference predict

diabetes and cardiovascular disease beyond commonly evaluated
cardiometabolic risk factors? Diabetes Care 2007;30:3105-3109.

. Rocha R, Cotrim HP, Carvalho FM, Siqueira AC, Braga H, Freitas

LA. Body mass index and waist circumference in non-alcoholic fatty
liver disease. J Hum Nutr Diet 2005;18:365-370.

. Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Ze-

nere MB, et al. Homeostasis model assessment closely mirrors the
glucose clamp technique in the assessment of insulin sensitivity:
studies in subjects with various degrees of glucose tolerance and
insulin sensitivity. Diabetes Care 2000;23:57-63.

Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M,
et al. The utility of radiological imaging in nonalcoholic fatty liver
disease. Gastroenterology 2002;123:745-750.

Bellentani S, Marino M. Epidemiology and natural history of non-
alcoholic fatty liver disease (NAFLD). Ann Hepatol 2009;8(Suppl!
1):54-S8.

Seo SH, Lee HW, Park HW, Jang BG, Chung WJ, Park KS, et al.
Prevalence and associated factors of nonalcoholic fatty liver disease
in the health screen examinees. Korean J Med 2006;70:26-32.
Misra VL, Khashab M, Chalasani N. Nonalcoholic fatty liver disease
and cardiovascular risk. Curr Gastroenterol Rep 2009;11:50-55.
Shibata M, Kihara Y, Taguchi M, Tashiro M, Otsuki M. Nonalcoholic
fatty liver disease is a risk factor for type 2 diabetes in middle-aged

http://dx.doi.org/10.3350/cmh.2013.19.2.140

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Japanese men. Diabetes Care 2007;30:2940-2944.

Adams LA, Lymp JF, St Sauver J, Sanderson SO, Lindor KD, Feldstein
A, et al. The natural history of nonalcoholic fatty liver disease: a
population-based cohort study. Gastroenterology 2005;129:113-
121.

Schindhelm RK, Diamant M, Dekker JM, Tushuizen ME, Teerlink T,
Heine RJ. Alanine aminotransferase as a marker of non-alcoholic
fatty liver disease in relation to type 2 diabetes mellitus and cardio-
vascular disease. Diabetes Metab Res Rev 2006;22:437-443.

. Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic fatty liver

disease: biochemical, metabolic, and clinical implications. Hepatol-
ogy 2010;51:679-689.

Folsom AR, Kaye SS, Sellers TA, Hong CP, Cerhan JR, Potter JD, et
al. Body fat distribution and 5-year risk of death in older women.
JAMA 1993;269:483-4817.

Reeder BA, Senthilselvan A, Després JP, Angel A, Liu L, Wang H,
et al. The association of cardiovascular disease risk factors with
abdominal obesity in Canada. Canadian Heart Health Surveys Re-
search Group. CMAJ 1997;157(Suppl 1):539-545.

Fan JG, Zhu J, Li XJ, Chen L, Li L, Dai F, et al. Prevalence of and risk
factors for fatty liver in a general population of Shanghai, China. J
Hepatol 2005;43:508-514.

Omagari K, Kadokawa Y, Masuda J, Egawa |, Sawa T, Hazama H,
et al. Fatty liver in non-alcoholic non-overweight Japanese adults:
incidence and clinical characteristics. J Gastroenterol Hepatol
2002;17:1098-1105.

van der Poorten D, Milner KL, Hui J, Hodge A, Trenell MI, Kench JG,
et al. Visceral fat: a key mediator of steatohepatitis in metabolic
liver disease. Hepatology 2008;48:449-457.

Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, Trem-
blay A, et al. Waist circumference and abdominal sagittal diameter:
best simple anthropometric indexes of abdominal visceral adipose
tissue accumulation and related cardiovascular risk in men and
women. Am J Cardiol 1994;73:460-468.

Han TS, McNeill G, Seidell JC, Lean ME. Predicting intra-abdominal
fatness from anthropometric measures: the influence of stature. Int
J Obes Relat Metab Disord 1997;21:587-593.

Marceau P, Biron S, Hould FS, Marceau S, Simard S, Thung SN, et
al. Liver pathology and the metabolic syndrome X in severe obesity.
J Clin Endocrinol Metab 1999:84:1513-1517.

Clouston AD, Powell EE. Nonalcoholic fatty liver disease: is all the
fat bad? Intern Med J 2004;34:187-191.

Hsieh SD, Yoshinaga H, Muto T, Sakurai Y, Kosaka K. Health risks
among Japanese men with moderate body mass index. Int J Obes
Relat Metab Disord 2000;24:358-362.

Marchesini G, Moscatiello S, Di Domizio S, Forlani G. Obesity-
associated liver disease. J Clin Endocrinol Metab 2008;93(11 Suppl
1):574-580.

http://www.e-cmh.org



Deok Yun Ju, et al.
Waist circumference and NAFLD

33. Bellentani S, Saccoccio G, Masutti F, Crocé LS, Brandi G, Sasso F, et al. Liver abnormalities in severely obese subjects: effect of dras-
al. Prevalence of and risk factors for hepatic steatosis in Northern tic weight loss after gastroplasty. Int J Obes Relat Metab Disord
Italy. Ann Intern Med 2000;132:112-117. 1998;22:222-226.

34. Luyckx FH, Desaive C, Thiry A, Dewé W, Scheen AJ, Gielen JE, et

http://www.e-cmh.org http://dx.doi.org/10.3350/cmh.2013.19.2.140 147



