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Background/Aims: The prevalence of nonalcoholic fatty liver disease (NAFLD) in Korea has increased recently. The
aim of the present study was to determine the regional differences in the prevalence and characteristics of NAFLD.

Methods: From January 2009 to December 2010, 161,891 Seoul and Gyeonggi-do residents receiving a health
examination at our institution were enrolled in this cross-sectional study. After applying exclusion criteria, the data of
141,610 subjects (80,943 males, 60,667 females) were analyzed. The presence of NAFLD was established by ultrasound
examination.

Results: The overall prevalence of NAFLD was 27.3% (38.3% in men, 12.6% in women). When standardized according
to age, area, and sex, the prevalence of NAFLD was 25.2%. The age and area standardized prevalence of NAFLD was
higher for men (34.4%) than for women (12.2%; P<0.001). The overall prevalence of NAFLD was higher in Gyeonggi-
do (27.7%) than in Seoul (26.9%; P<0.001). Among the men, the prevalence of NAFLD was higher in Gyeonggi-do
(39.2%) than in Seoul (37.4%; P<0.001), while for the women it was higher in Seoul (13.2%) than in Gyeonggi-do (12.0%;
P<0.001).

Conclusions: The regional prevalence of NAFLD differed between Seoul and Gyeonggi-do. Further studies are needed
to establish the etiology of this difference. (Clin Mol Hepatol 2013;19:266-272)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a wide spectrum of
diseases that range from simple steatosis to non-alcoholic steato-
hepatitis (NASH) and cirrhosis.' Prevalence of NAFLD has increased
and comprises more than 20% of the general population in the

United States and Europe.’

As Korea is also experiencing increased prevalence of Western
diseases due to westernized pattern in diet and life style, it is
probable that the prevalence of NAFLD among Koreans will in-
crease. However, few large scale studies have been performed in
Korea. Data from smaller scale studies that examined the preva-
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lence of NAFLD among Koreans are not representative of the pop-
ulation.** Also, no study has explored geographic differences in
NAFLD prevalence in Korea. This study was undertaken to esti-
mate the overall prevalence of NAFLD among Koreans. We includ-
ed 161,891 adults aged between 18 and 80 years old residing in
Seoul and Gyeonggi-do, where about half of the entire population
of Korea resides. We also estimated the prevalence of NAFLD by
region.

METHODS

Study subjects

From January 2009 to December 2010, 161,891 Seoul and
Gyeonggi-do residents 18-80 years of age who received a routine
health examination at the Heath Promotion Center in Kangbuk
Samsung Hospital, Korea, were enrolled in this cross-sectional
study. Patients with viral hepatitis with positive serologic markers
for hepatitis B or C, liver cirrhosis, liver transplantation, malignant
tumor, or other hepatobiliary disease including cholecystitis, Clo-
norchis sinensis, or chronic pancreatitis were excluded. After ex-
clusion, 141,610 subjects (80,943 men, 60,667 women) were ana-
lyzed (Fig. 1). Ethics approval for this study was obtained from the
institutional review board of Kangbuk Samsung Hospital.

Measurements

Medical history including hypertension, diabetes, dyslipidemia,
cardiovascular disease, or cerebrovascular disease and alcohol
consumption were assessed using a standard questionnaire.
Height and body weight were measured with automated instru-

Participants in health screening program in 2009~2010 (n=161,891)

Exclusion criteria (n=20,281)

Hepatobiliary sonography was not checked (n=8,032)
Positive serologic marker for hepatitis B virus (n=5,057)
Positive serologic marker for hepatitis C virus (n=311)
— Liver cirrhosis or malignancy on US findings (n=36)
Intrahepatic or intraabdominal tumors suspected (n=4,696)
Other hepatobiliary or pancreatic disease suspected
(chronic pancreatitis, choecystitis, Clonorchis sinensis, etc.) (n=646)
History of cancer (n=1,415)
History of major operation including liver transplantation (n=88)

Subjects finally eligible for study (n=141,610)

Figure 1. Flow chart of study enrollment.
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ments (FA-94H; Fanics, Seoul, Korea) while subjects were barefoot
and wearing light clothing. Waist circumference was measured
with a flexible tape under fasting conditions, at the level of the
umbilicus in a standing position. Body mass index (BMI) was cal-
culated as body weight (kilograms) divided by squared height
(meters).

Blood samples were collected from the antecubital vein after
fasting overnight. An Advia 1650 automated chemistry analyzer
(Bayer Diagnostics, Leverkusen, Germany) was used to measure
fasting blood glucose, triglyceride (TG), high-density lipoprotein
(HDL) cholesterol, serum aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) levels. Hepatitis B surface antigen
(HBsAg) and antibody (HBsAb) were measured by chemilumines-
cent micro-particle immunoassay using an Architect i2000SR ap-
paratus (Abbott Laboratories, Abbott Park, IL, USA). Hepatitis C
virus (HCV) antibody was measured by polymerase chain reaction
using a COBAS Anplicor HCV assay (Roche, Basel, Switzerland).

The non-significant alcohol consumption was applied to sub-
jects who consumed less than 210 grams on average per week in
men and 140 grams on average per week in women according to
AASLD (American Association for the Study of Liver Diseases)
quideline.” NAFLD was defined as a fatty liver found on sonogra-
phy in the absence of viral hepatitis in non-significant alcohol con-
sumption. Sonographic fatty liver was defined according to a dif-
fuse hyperechoic echotexture, hepatorenal echo contrast in
reference to the cortex of the right kidney, vascular blurring, and
deep echo attenuation, using an ASPEN 3.5 MHz probe (Acuson,
Malvern, PA, USA).° Five sonographers blinded to the clinical sta-
tus of the subjects performed and interpreted the liver ultra-
sounds. We did not assess interobserver reliability.

Statistical analyses

All data were analyzed using PASW Statistics 18.0 (IBM, Ar-
monk, NY, USA). In univariate analysis, normal continuous vari-
ables were compared with the independent sample t-test. Cate-
gorical variables were compared using the Chi-square test. Logistic
regression analysis was carried out to analyze relationships be-
tween risk factors and NAFLD. To obtain the age, area, and sex
standardized prevalence of NAFLD, we used direct standardized
method by grouping age (< 30, 31-39, 40-49, 50-59, > 60 years)
for real population which was registered to Korean Statistical In-
formation Service in 2010. Data are presented by mean and stan-
dard deviations for continuous variables; percentage for categori-
cal variables. A P-value <0.05 was considered statistically
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Table 1. Characteristics of the study population

Variables Total (n=141610) Men (n=80943) Women (n=60667)  P-value
Age (yr)’ 416+86 418484 413489 <0.001
BMI (kg/m’)’ 234432 245429 22.0£3.0 <0.001
NAFLD' 273 383 12.6 <0.001
BMI >25 kg/m*" 289 396 147 <0.001
AST 240 U/’ 49 69 22 <0.001
ALT =40 U/l 12.7 19.2 35 <0.001
y—GIutamyItramsferase* (=63 1U/Lin men; =35 IU/L in women) 19 164 59 <0.001
Metabolic syndrome™ 143 18.2 91 <0.001
TG >150 mg/dL or treatment by medication’ 23.8 34.5 94 <0.001
HDL cholesterol or treatment by medication’ 194 18.7 20.2 <0.001
(<40 mg/dL in men; <50 mg/dL in women)
Fasting glucose > 100 mg/dL or type 2 diabetes' 229 293 143 <0.001
Waist circumference’ (=90 cm in men; =80 cm in women) 26.2 234 30.0 <0.001
Systolic BP=130 or diastolic BP =85 mmHg or treatment of 17.2 228 9.7 <0.001
hypertension’
Hypertension' 51 7.0 27 <0.001
Diabetes mellitus' 19 26 09 <0.001
Hyperlipidemia’ 6.5 89 34 <0.001
History of cardiovascular disease’ 04 05 0.2 <0.001
History of cerebrovascular disease’ 0.2 0.2 0.1 <0.001

BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein;

TG, triglyceride.
"Data are meanzstandard deviation, P value by #-test.
"Data are (%), P value by y’-test.

“IDF (International Diabetes Federation) definition was used for metabolic syndrome.

significant.

RESULTS

Overall prevalence of NAFLD was 27.3% (38.3% in men, 12.6%
in women). The prevalence of NAFLD after standardization for
age, area, and sex was 25.2%. The age and area standardized
prevalence of NAFLD was higher in men (34.4%) than in women
(12.2%) (P<0.001). Overall prevalence of obesity (BMI > 25 kg/mz)
was 28.9% (39.6% in men, 14.7% in women). The age, area, and
sex standardized prevalence of obesity was 28.6%.

Clinical characteristics of the subjects among men and women
are given in Table 1. The mean age of the subjects was 41.8+8.4
years for men and 41.3+8.9 years for women. The mean BMI in
men and women were 24.5+2.9 and 22.0+3.0 kg/m’, respectively.
The proportion of subjects with results that were out of normal
range in each variable was higher in men.
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The regional clinical characteristics of the subjects among
Gyeonggi-do and Seoul are given in Table 2. The mean age of the
subjects was 40.0+7.7 years in Gyeonggi-do and 43.4+9.3 years
in Seoul. The mean BMI of residents of Gyeonggi-do and Seoul
was 23.4+3.3 and 23.4+3.2 kg/m’, respectively. The proportion
of subjects with levels that were out of normal range in fasting
glucose, waist circumference, and blood pressure was higher in
Gyeonggi-do, whereas Seoul had higher proportion of subject with
level that were out of normal range in AST, y-Glutamyltransferase, and
HDL cholesterol. The prevalence of hypertension, diabetes melli-
tus, hyperlipidemia, history of cardiovascular disease, and cerebro-
vascular disease in Seoul was higher than Gyeonggi-do.

The prevalence of NAFLD was higher in Gyeonggi-do (27.7%)
than in Seoul (26.9%) (P<0.001) (Fig. 2). The prevalence of NAFLD
for men was higher in Gyeonggi-do (39.2%) than Seoul (37.4%)
(P<0.001). But, among women, the prevalence was higher in
Seoul (13.2%) than Gyeonggi-do (12.0%) (P<0.001). The preva-
lence of obesity was higher in Gyeonggi-do (29.2%) than Seoul

http://www.e-cmh.org



Eun Haeng Jeong, et al.
Regional prevalence of NAFLD

"3woJpufs J1joge1aW Joj pasn sem uoiuL3p 4ql,
1581- X Aq anjen-¢ ‘(%) ale eleq,
1591-1 Aq 3n[eA-4 ‘UOIIRIASD PiepUBISFURSW 3JB Bleq_

‘apuadA|BL ‘0] ‘uioidodi| Aususp-ybiy “IgH ‘asesvjsueiouILIR Buluefe ‘|Ty ‘aseiajsuenoulwe alenedse ‘| Sy ‘seasip Jaal Aie) d1joyodje-uou ‘gT4vN Xapul ssew Apoq ‘jNg

7000 1'0 1’0 0L00 €0 0 1000> 0 1'0 ,95e9SIP JRINOSeADIGRIeD JO A101SIH
1000 €0 0 1000> 90 €0 1000> S0 €0 |OSeasIP JejnoseAcipied Jo SN
L00'0> 6'C €¢ 1000> Ll 79 1000> 1A 6'G km_Eob_Q_cm&I
L00'0> L'l L0 1000> e 0¢ 1000> €¢ Gl Shijjew se1eqeld
100'0> 43 4 100'0> 61 79 100'0> 6 S ,UOISuSLIRdAH

000> 0L S0l 000> L'sT 8¢ oIsuaLadAY j0 uawaean
¢ 100'0> 6l 50¢ 10 BHWW 68 dg dI|0lseIp 10 OE|Z d I|0ISAS

(USWIOM Ul WD 08 ‘UsW Ul WD 06<)
000> 8¢ o'le 000> LTt L'vC 000> 61¢C YT ,92UBI3JWINDIID ISIBAA
000> 44! 4! 100°0> 8'GC (43 100°0> 66l 4 ,S919GRIp 7 9dA1 10 Jp/Bul 01 9503n|6 buiisey

(USWOM Ul Tp/Bw OG> ‘UsWw Ul Tp/Bul O>)
1000> £1C 6l 1000> L0C LZL 100°0> 01 08l ,Uol1ea|pauw Aq 1uaWwieal 1o 013153]0Yd TH
440 49 €6 ¥6¢°0 443 VA4S 0800 9¢c 6'¢C Juonesipswi Aq uawieaiy o 1p/bw 0gL< 9L
/0 49 L'6 1000> 0zl 6l 1000> o€l 61l zwc(_o%c\@ Jljogelsiy

. . . . . . (USWOM U1 7/N| GEL {USW Ul T/N| €9%)
L00°0> 99 €S 1000> 08l LGl 000> 0l 601 v,.m@&mcmb_?_ﬁz_o;
100'0> ()7 [as CeLlo o6l 76l 6¢C0 6°Cl 9¢l J/N10P< LIV
L00'0> LC 8l 1000> L 59 1000> 'S 9Y J/N0P< 1SY
€60 Yl Lyl 0610 €£6¢ 8'6¢ 00 L'8C 44 W/ b 57= INg
1000> el 0l 100°0> (A4S 433 100°0> 69¢ L1 JdT4VYN
e0 C0EF66LC C0'EF0CC 210 (8¢ FS¥ie S6CFY e €000 SLEF6EEC CEEFIPEC *ANE\@_V IINg
L00'0> 996 98¢t 082 ¥68'6¢ 1000> S68FLEY 9SG, F11'0¥ 1000> [C6FSGEEr 99/ F 100F *c\c aby

(coL8z=u) (S961€=U) (905.£=u) (LEVEYP=U)
anjea-, anjeA- = =
1eA-d |noag op-166u0afo eA-d |noas op-166u03£D  snjer-g (807z99=u)  (zOvS/=U) sa|qemen
|noas op-166u0afp
uswop uspy

[N03S pue op-166uoaks) uj uonendod Apnis sy JO SoRsHLIDEIRYD *Z dlqeL

269

http://dx.doi.org/10.3350/cmh.2013.19.3.266

http://www.e-cmh.org



CNMH

lin Mol Hepatol
Volume 19 Number 3 September 2013

45 4
40

35 4 *

- Gyeonggi-do
- Seoul

30 4 277 269

Prevalence of NAFLD (%)
o - N Ny
o [8;] o [8;] L [$]
g e
=1 ©w
n

Figure 2. Regional prevalence of non-alcoholic fatty liver disease
(NAFLD). P<0.001.
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Figure 3. Regional prevalence of obesity. Obesity is defined as BMI
>25 kg/m”. 'P<0.05.

(28.7%) (P=0.042). But there were no differences between male
and female gender (Fig. 3). The prevalence of metabolic syndrome
was also higher in Gyeonggi-do (14.9%) than in Seoul (13.6%)
(P<0.001). Among men, it was higher in Gyeonggi-do (19.2%)
than in Seoul (17.0%) (P<0.001). But there was no significant dif-
ference among women (Fig. 4).

Table 3 shows results of logistic regression analysis. The age
adjusted odds ratio (OR) of obesity was 7.41 (95% confidence in-
terval [Cl], 7.22-7.61; P<0.001). That of metabolic syndrome was
6.53 (95%Cl, 6.32-6.74; P<0.001). The multivariate adjusted OR
including age and metabolic components (raised TG, reduced HDL
cholesterol, raised fasting plasma glucose, waist circumference,
and raised blood pressure) was highest in raised TG (OR, 3.74;
95%Cl, 3.64-3.85; P<0.001). And second highest OR was waist
circumference (OR, 2.99; 95%Cl, 2.91-3.07; P<0.001). The multi-
variate adjusted OR including age, metabolic components, and
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Figure 4. Regional prevalence of metabolic syndrome. IDF
(International Diabetes Federation) definition was used for metabolic
syndrome. P<0.001.

obesity was highest in obesity (OR, 5.10; 95% Cl, 4.96-5.25;
P<0.001). And second highest OR was in raised TG (OR, 2.99;
95%Cl, 2.90-3.08; P<0.001). We used IDF (International Diabetes
Federation) definition for metabolic syndrome.

The age standardized prevalence of NAFLD showed an increas-
ing tendency with age until more than 60 years (Fig. 5). When an-
alyzed separately between men and women, the prevalence of
NAFLD in men peaked at 41-50 years and then decreased. The
prevalence of NAFLD in women showed increasing tendencies
with age, with an especially sharp increase in the prevalence of
NAFLD for subjects 51-60 years of age.

DISCUSSION

In this study, we tried to estimate the overall prevalence of
NAFLD in Korea. For this, we calculated the prevalence of NAFLD
among 141,610 adult subjects who resided in the Seoul and
Gyeonggi-do area, where about half of total Korean population
resides, and also analyzed the regional difference and age stan-
dardized distribution of NAFLD.

In previous studies, the prevalence of NAFLD in Korea has been
reported in various results depending on the study populations
and methods. Those were 17.9% in 1997, 23.4% in 2001, 28.1%
in 2008,° and 27.4% in 2009,” substantially increased. Prevalence
of NAFLD in 589 potential living liver donors in Korea by liver bi-
opsies was 51.4% in 2005."° These studies included specific study
population, so were not representative of the whole Korean popu-
lation.

In contrast, the present study included large number of popula-

http://www.e-cmh.org



« Multivariate adjusted
ORincluding obesity’
(95%(Cl)
5.10 (4.96-5.25)°
299 (2.90-3.08)°

Multivariate adjusted
OR (95%ClI)
3.74 (3.64-3.85)°

Age,obesity and
metabolic syndrome
adjusted OR (95%Cl)

5.54 (5.39-5.70)°
331 (319-343)°

Age adjusted
OR (95%Cl)
741 (7.22-761)°
6.53 (6.32-6.74)°
527 (513-541)°

Table 3. Odds ratio of the association between obesity, metabolic syndrome and NAFLD

TG >150 mg/dL or treatment by medication

Metabolic syndrome’

Variables
Obesity*

http://www.e-cmh.org

1.84 (178-1.90)°

1.78 (1.72-1.84)
1.86 (1.80-1.91)°

276 (2.69-2.84)°

HDL cholesterol (<40 mg/dL in men; <50 mg/dL in women) or treatment by medication

261 (2.54-2.68)° 1.70 (1.65-1.75)°

393 (3.83-4.03)°

Fasting glucose =100 mg/dL or type 2 diabetes

299 (2.91-3.07)°

Waist circumference (=90 cm in men; >80 cm in women)

143 (1.38-148)°

1.65 (1.60-1.70)*

246 (240-2.53)°

NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval; HDL, high-density lipoprotein; TG, triglyceride.

Systolic BP>130 or diastolic BP =85 mmHg or treatment of hypertension

"After adjusting for age, raised TG, reduced HDL cholesterol, raised fasting plasma glucose, waist circumference, and raised blood pressure.

"After adjusting for age, obesity, raised TG, reduced HDL cholesterol, raised fasting plasma glucose, and raised blood pressure.

“Obesity is defined as BMI >25 kg/m’.

"IDF definition was used for metabolic syndrome.
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Figure 5. Age and area standardized prevalence of non-alcoholic
fatty liver disease (NAFLD).

tion and various regions. And we did estimate age, area, and sex
standardized prevalence of NAFLD with a direct standardization
method using an actual resident population registered in 2010.
Therefore, we infer that the results are close to the true prevalence
of NAFLD in the general population of Seoul and Gyeonggi-do.

To analyze the regional difference in the prevalence, we com-
pared Gyeonggi-do which is an urban and rural area, and Seoul
which is the capital city of Korea. Regional prevalence of NAFLD
differed in Gyeonggi-do and Seoul, with the prevalence of NAFLD
higher in Gyeonggi-do. Among men, the prevalence of Gyeonggi-
do was higher than Seoul, but among women, it was lower than
Seoul. Both prevalence of obesity and metabolic syndrome in
Gyeonggi-do were higher than Seoul. It is well known that obesity
and metabolic syndrome are associated with NAFLD.>"""* Thus
higher prevalence of NAFLD in Gyeonggi-do is associated with
higher prevalence of obesity and metabolic syndrome. As adjusted
OR of obesity was higher than that of metabolic syndrome in de-
velopment of NAFLD, obesity would have more affected to the
prevalence of NAFLD than metabolic syndrome. Among the meta-
bolic components, raised TG the most would influence, then waist
circumference would influence prevalence of NAFLD.

Advanced age has been associated with increasing prevalence
of NAFLD.” In this study, the age and area standardized preva-
lence of NAFLD increased with age among women. But among
men, it showed a peak between 41 to 50 years and decreased
thereafter. This tendency is similar to the results of a study about
3,175 people in Shanghai."* This trend in women was reported as
an estrogen hormone effect.® However, in men, data about on its
age distribution and trend is lacking. So, further studies are need-

é: ed to understand the reason for our observation of a peak in the
e prevalence of NAFLD among men in their 40s.
http://dx.doi.org/10.3350/cmh.2013.19.3.266 27
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Our study had several limitations. The major limitation is that
subjects were voluntary health-check examinees rather than gen-
eral population. Another limitation is that fatty liver was detected
by sonographic findings without assessing interobserver reliability,
even though all of the radiologists were very experienced. Alcohol
intake was assessed by self-reported questionnaires, which may
have the possibility of underestimating the amounts of alcohol in-
take.

The strengths of this study are the inclusion of a large popula-
tion of 141,610 subjects, which enabled the detection of regional
difference in the prevalence of NAFLD. Also, for direct standard-
ization for age, area, and sex, we used distribution of actual resid-
ing population, so the estimations for the prevalence of NAFLD in
this study must be very close to a true value.

In conclusion, there were differences of regional prevalence of
NAFLD and obesity in Seoul and Gyeonggi-do in Korea. Further
studies will be needed to learn the cause of the differences.
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