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Background: This study investigated the changes of fatty liver disease prevalence in general Korean population.

Methods: This study analyzed data from the Korean National Health Insurance Service from 2009 to 2017 that included individ-
uals aged 20 years or older who had undergone a medical health examination. Fatty liver disease was assessed using the fatty liver
index (FLI). The disease severity was defined by FLI cutoff, >30 as moderate, and >60 as severe fatty liver disease.

Results: The prevalence of Korean adults aged 20 years or over with fatty liver disease (FLI >60) increased from 13.3% in 2009 to
15.5% in 2017 (P for trend <0.001). The increase in fatty liver disease prevalence was prominent in men (from 20.5% to 24.2%)
and the young age (20 to 39 years) group (from 12.8% to 16.4%) (P for interaction <0.001). The prevalence of fatty liver disease
was the highest in type 2 diabetes mellitus (T2DM, 29.6%) population compared to that of prediabetes or normoglycemia (10.0%
and 21.8%) in 2017. The prevalence of fatty liver disease had statistically increased in individuals with T2DM and prediabetes (P
for trend <0.001). Its prevalence increased more steeply in the young-aged population with T2DM, from 42.2% in 2009 to 60.1%
in 2017. When applying a lower FLI cutoff (>30) similar results were observed.

Conclusion: The prevalence of fatty liver disease in the Korean population has increased. Individuals who are young, male, and
have T2DM are vulnerable to fatty liver disease.
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INTRODUCTION

As obesity has become epidemic, obesity-related comorbidi-
ties, including diabetes, and metabolic syndrome have also in-
creased [1]. In Korea, the prevalence of obesity has increased
steadily over a decade reaching 36.6% in the general popula-
tion, 46.2% in men, and 27.3% in women [2]. Along with this
era of obesity, the consequences of ectopic fat have emerged.

Fatty liver disease is a hepatic manifestation of ectopic fat dis-
tribution and is one of the most prevalent chronic liver diseas-
es worldwide [3]. Fatty liver disease was recognized as a benign
condition because simple steatosis without metabolic compo-
nents exhibited favorable outcomes [4]. However, recent stud-
ies have demonstrated that fatty liver disease is a progressive
form of liver injury, leading to liver fibrosis and hepatocellular
carcinoma, and causing other metabolic disorders such as hy-
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pertension and diabetes [5].

The etiologies of fatty liver disease are diverse. Metabolic
dysfunction associated fatty liver disease (MAFLD) has been
proposed to compensate for the conventional concept of non-
alcoholic fatty liver disease (NAFLD), which is an exclusion di-
agnosis of fatty liver disease derived from alcoholism or hepa-
titis virus [6]. Unlike NAFLD criteria, the diagnosis of MAFLD
emphasizes metabolic derangements in fatty liver disease and
distinguishes those with metabolically uncomplicated fatty liv-
er [7]. The presence of obesity or diabetes is the essential diag-
nostic factor of MAFLD. Although further validation of
MAFLD in long-term prognosis is needed, the transition from
NAFLD to MAFLD may ensure the identification of metaboli-
cally complicated fatty liver and distinguish metabolic features
that overwhelm other causes of chronic liver diseases such as
viral hepatitis or drinking alcohol.

Of the metabolic components in the MAFLD definition,
type 2 diabetes mellitus (T2DM) is one of the main contribu-
tors in parallel with obesity. The close association between fatty
liver disease and T2DM probably originates from the central
role of the liver in glucose and lipid metabolism, independent
of other risk factors such as hypertension, dyslipidemia, and
chronic systematic inflammation [8]. The co-presence of fatty
liver disease and T2DM increases overall and liver-related
mortality [9]. Additionally, T2DM is the strongest predictor
for hepatic fibrosis in fatty liver disease even in lean patients
[10]. In this respect, verifying the current status of fatty liver
disease and its association with T2DM has important clinical
relevance and public health implications.

Thus, the current study aimed to investigate the prevalence
of fatty liver disease in both the general Korean population and
individuals with T2DM using data from the Korean National
Health Insurance Service (NHIS).

METHODS

Study populations

This nationwide cohort study used data collected from partici-
pants in the National Health Insurance database maintained
by the Korean NHIS, the single insurer in the Korean public
health insurance sector that provides national health examina-
tions for all the Korean population [11]. The NHIS database
includes almost the entire Korean population; therefore, it can
be used as a population-based, national source to study various
diseases [12]. A public health checkup is performed biannually
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and contains anthropometric measurements, blood pressure,
medical history, lifestyle patterns, and laboratory tests after
overnight fasting. Past medical history, alcohol consumption,
smoking history, and physical activity patterns are collected by
standardized self-reporting questionnaires. Among the indi-
viduals of the general health checkup program, NHIS provided
a sample research cohort database that includes approximately
2% of the total population, representing the entire population
with standardization [13]. We selected participants aged 20
years or older who had undergone a health examination be-
tween 2009 and 2017 and fulfilled the fatty liver index (FLI) as-
sessment.

All participants provided written informed consent to par-
ticipate in the original NHIS. The study was approved by the
Institutional Review Board of Soongsil University (SSU-
202007-HR-236-01). All study procedures involving human
participants were in accordance with the ethical standards of
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Assessment of fatty liver disease and definition of T2DM

The hepatic steatosis was assessed by using the FLI, which is
well-validated and widely accepted among noninvasive diag-
nostic modalities [14]. FLI was calculated by the following for-

mula: (60,953><10ge(tr1glycer1des)+0.139><budy mass index [BMI]+0.718 xloge(gamma-glutamyl

transpeptidase [GGT])+0.053 xwaist circumference—lS.745) / (1 _-¢0.953xloge(triglycerides) +0.139x
BMI+04718Xloge(GGT)+0.053Xwaistcircumferencef15.745) X 100 We applled two
cutoft values, 30 (moderate) and 60 (severe) to investigate the
dose-dependent effect of hepatic steatosis [14]. Additionally,
other noninvasive and validated markers, including hepatic
steatosis index (HSI) and simple NAFLD score are used to as-
sessing fatty liver disease; a HSI >36 [15] and a simple NAFLD
score 28 [16] were considered of having fatty liver disease.
T2DM was defined as at least one service claim with a diagno-
sis of T2DM, either in outpatient or inpatient care. The diagno-
sis of T2DM was based on the International Statistical Classifi-
cation of Disease and Related Health Problems, 10th Revision
(ICD-10; codes E11-E14). Additionally, glycemic status was
defined by the Korean Diabetes Association guideline [17],
which is identical to the American Diabetes Association guide-
line [18]; (1) T2DM was defined in subjects with at least one
service claim for a diagnosis of diabetes, either in outpatient or
inpatient care, and at least one prescription of hypoglycemic
agents or whose fasting glucose concentration was =126 mg/
dL; (2) impaired fasting glucose (IFG) was defined as fasting
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glucose concentration >100 and <126 mg/dL and without any
service claim or prescription of hypoglycemic medication; and
(3) others were identified as normoglycemia.

Statistical analysis

The estimated prevalence of fatty liver disease was presented as
a percentage. Subgroup analysis was performed according to
sex, age, and glycemic status. We divided the study population
according to their ages at the NHIS checkup as 20-39 years
(young aged), 40-64 years (middle-aged), and over 65 years
(old aged) [19]. Repeated measures of analysis of variance
(ANOVA) were used for the evaluation of statistical signifi-
cance by time period within subgroups. A two-sided P value
<0.05 was considered statistically significant. Statistical analy-
ses were performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA).

RESULTS

Increasing prevalence of fatty liver disease in the general
population

The prevalence of fatty liver disease has steadily increased from
2009 to 2017 (Fig. 1A) (P for trend <0.001). This trend was ob-
served in both men and women (Fig. 1B and C) (all P for trend
<0.001). In 2009, the prevalence of severe fatty liver disease for
total, men, and women was 13.3%, 20.5%, and 4.7% respec-
tively. In 2017, the prevalence of severe fatty liver disease was
15.5% overall, 24.2% in men, and 5.8% in women among Ko-
rean adults aged over 20 years. During the study period, men
had a higher prevalence of both severe and moderate fatty liver
disease than women, and there was more increase in fatty liver
prevalence in men (P for interaction <0.001). Similar findings
were observed when fatty liver disease was defined using HSI
and simple NAFLD score (Supplementary Table 1). When ap-
plying a moderate cutoff FLI score of 30, the prevalence of
overall moderate fatty liver disease and that of men and wom-
en increased (P for trend <0.001) while the proportion of indi-
viduals with FLI ranges 30 to 60 remained during the study pe-
riod (P for trend=0.529).

High prevalence of fatty liver disease in young aged
population

In age subgroups, the prevalence of fatty liver disease was high-
er in young and middle age groups in 2017 (16.4% in age 20-39
years and 16.3% in age 40-64 years) than in the older popula-
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Fig. 1. Proportion of fatty liver disease in the general Korean
population. (A) Overall, (B) men, and (C) women. P for inter-
action between sex and fatty liver disease (fatty liver index
[FLI] =230) <0.001; P for interaction between sex and fatty liv-
er disease (FLI >30 to <60) <0.001; P for interaction between
sex and fatty liver disease (FLI 260) <0.001.
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tion (aged =65 years, 11.1%) (P<0.05) (Table 1). In 2017, the ~ 20-39, 40-64, and over 65 years, respectively. The prevalence of
proportion of individuals with moderate fatty liver disease (FLI ~ severe fatty liver disease in all age subgroups had increased dur-
ranges >30 to <60) was 17.9%, 24.7%, and 29.3% for those aged  ing the study period (12.8%-14.2% for age 20-39 years, P for

Table 1. The proportion of fatty liver disease in Korean general population between 2009 and 2017 by age groups

Age 20-39 years Age 40-64 years Age >65 years
Year Proportion of fatty liver Proportion of fatty liver Proportion of fatty liver
Number disease by FLI, % Number disease by FLI, % Number disease by FLI, %

>30 >30-<60 =60 >30 =>30-<60 =60 >30 >30-<60 =60
2009 61,925 31.1 18.3 12.8 115,515 39.5 253 14.2 27,366 40.6 29.6 10.9
2010 66,803 29.5 17.6 11.9 130,654 38.7 25.1 13.7 29,700 40.4 29.7 10.8
2011 66,317 30.7 18.0 12.8 136,197 38.4 24.7 13.7 30,685 38.9 29.0 9.9
2012 65,405 30.3 17.3 13.0 142,791 38.4 24.7 13.7 32,939 38.4 28.4 10.0
2013 65,115 31.5 17.5 14.0 141,682 38.3 24.3 14.0 34,771 38.6 28.5 10.1
2014 68,042 31.3 17.4 13.8 153,868 38.5 24.3 14.2 37,892 38.1 28.1 10.0
2015 66,767 32.3 17.6 14.7 158,253 39.8 24.7 15.1 39,583 39.0 28.5 10.5
2016 70,153 33.0 17.4 15.6 174,200 40.1 24.6 15.5 43,767 39.3 28.3 11.0
2017 69,865 34.3 17.9 16.4 177,226 41.0 24.7 16.3 45,681 40.4 29.3 11.1
P for trend <0.001  0.021  <0.001 <0.001  0.002  <0.001 0.636 0.019 0.006

P for interaction between age and fatty liver disease (FLI 230) <0.001; P for interaction between age and fatty liver disease (FLI =30 to
<60)=0.072; P for interaction between age and fatty liver disease (FLI >260) <0.001.
FLL, fatty liver index.

Table 2. The changes in proportion of fatty liver disease in Korean general population by glycemic status between 2009 and 2017

Normoglycemia Impaired fasting glucose Type 2 diabetes mellitus
Year Proportion of fatty liver Proportion of fatty liver Proportion of fatty liver
Number disease by FLI, % Number disease by FLI, % Number disease by FLI, %

>30 >30-<60 =60 >30 >30-<60 =60 >30 >30-<60 =60
2009 139,678 30.0 20.6 9.5 46,659 48.5 29.4 19.1 18,469 61.9 33.9 28.0
2010 155911 29.0 20.1 8.9 50,998 48.3 29.6 18.7 20,248 61.3 343 27.1
2011 159,144 289 19.8 9.0 52,512 49.0 29.9 19.1 21,543 59.9 334 26.4
2012 163,026 28.7 19.7 9.0 54,998 48.8 294 19.3 23,111 59.5 33.1 26.4
2013 160,042 28.7 19.5 9.2 57,510 48.3 28.7 19.6 24,016 60.0 33.2 26.7
2014 168,596 28.3 19.3 9.0 64,618 48.6 28.9 19.7 26,588 59.4 32.5 26.9
2015 168,307 289 19.5 9.4 68,282 50.1 29.4 20.7 28,014 61.0 33.0 28.0
2016 179,857 29.2 19.4 9.7 76,276 50.1 29.0 21.1 31,987 61.1 32.6 284
2017 179,009 29.7 19.7 10.0 79,829 51.2 29.4 21.8 33,934 61.7 322 29.6
P for trend 0.867  <0.001 <0.001 <0.001  0.054 <0.001 0.218  <0.001 <0.001

(1) Type 2 diabetes mellitus was defined as at least one service claim with a diagnosis of diabetes, either in outpatient or inpatient care and at
least one prescription of hypoglycemic agents or whose fasting glucose concentration was =126 mg/dL; (2) Impaired fasting glucose was de-
fined as fasting glucose concentration >100 and <126 mg/dL and without any service claim or prescription of hypoglycemic medication; and
(3) others were identified as normoglycemia.

P for interaction between glycemic status and fatty liver disease (FLI >30) <0.001; P for interaction between glycemic status and fatty liver dis-
ease (FLI 230 to <60)=0.259; P for interaction between glycemic status and fatty liver disease (FLI =60)=0.758.

FLL, fatty liver index.
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trend <0.001; 14.2%-16.3% for age 40-64 years, P for trend
<0.001; 10.9%-11.1% for age over 65, P for trend=0.006). The
results of moderate fatty liver disease prevalence change were
similar (P for trend <0.001). The increase in severe fatty liver
disease prevalence in the young age group (20 to 39 years) was
steeper than that of other groups (P for interaction <0.001).
When applying a lower FLI cutoff, similar results were found.
The proportion of individuals with FLI 30 to 60 decreased dur-
ing the study period though all age groups (all P for trend
<0.05) and there was no statistical significance between age and
moderate fatty liver disease prevalence (P=0.072).

High prevalence of severe fatty liver disease in individuals
with T2DM

When dividing individuals by glycemic status, the prevalence
of severe fatty liver disease was the highest in the T2DM group,
followed by the IFG group (P<0.001). The prevalence of severe
fatty liver disease though all glycemic groups had increased
with statistical significance (P for trend <0.001). In 2009, the
prevalence of severe fatty liver disease was 28.0%, 19.1%, and
9.5%, which was 29.6%, 21.8%, and 10.0% in 2017 for T2DM,
IFG, and normoglycemia, respectively (Table 2). The test for
interaction between glycemic status and severe fatty liver dis-
ease was not significant (P for interaction=0.758). When ap-
plied moderate FLI cutoff, the prevalence of moderate fatty liv-
er disease was remained in individuals with normoglycemia
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and T2DM, whereas increase of moderate fatty liver disease
was observed in IFG group (P for trend=0.867, <0.001, and
=0.218 for normoglycemia, IFG, and T2DM, respectively).

Increasing prevalence of severe fatty liver disease in young
T2DM population

As fatty liver disease was prevalent in T2DM population, we
turther analyzed in individuals with T2DM. Among individu-
als with T2DM, the prevalence of severe fatty liver disease was
36.6% for men and 18.0% for women in 2017, which was
35.0% and 16.6% in 2009 (Table 3). The prevalence of severe
fatty liver disease in both men and women with T2DM had in-
creased with statistical significance (both P for trend <0.001).
Men with T2DM tended to have fatty liver disease than wom-
en with T2DM during the study period (P<0.05). The test for
interaction between sex and severe fatty liver disease was not
significant (P for interaction=0.383). When applied moderate
severe fatty liver disease cutoft, there was only increase in prev-
alence of moderate fatty liver disease in men (P for trend=
0.036, P for interaction=0.046).

Subgroup analysis according to age in T2DM, the prevalence
of severe fatty liver disease was the highest in young aged
T2DM compared to middle or old aged T2DM groups (60.1%
vs. 33.6% vs. 17.8%, P<0.05). There was an increase in severe
fatty liver prevalence in young and middle age groups (42.2%-
60.1% for those aged 20-39 years, P for trend <0.001; 30.7%-

Table 3. The changes in proportion of fatty liver disease in population with type 2 diabetes mellitus by sex

Men with T2DM Women with T2DM
Year Proportion of fatty liver disease by FLI, % Proportion of fatty liver disease by FLI, %
Number Number

>30 >30-<60 =60 >30 >30-<60 =60
2009 11,399 69.7 34.7 35.0 7,070 49.3 32.8 16.6
2010 12,542 69.0 35.7 333 7,706 48.9 32.0 17.0
2011 13,130 68.5 349 33.6 8,413 46.4 31.0 15.4
2012 14,240 67.7 342 33.6 8,871 46.4 31.5 14.9
2013 14,707 68.1 34.6 335 9,309 47.1 31.0 16.1
2014 16,301 68.0 342 33.8 10,287 45.7 29.8 15.8
2015 17,376 68.8 339 349 10,638 48.1 314 16.7
2016 19,677 69.7 34.2 35.5 12,310 472 30.1 17.1
2017 21,144 70.0 33.4 36.6 12,790 48.0 30.1 18.0
P for trend 0.036 0.001 <0.001 0.478 0.002 0.001

P for interaction between sex and fatty liver disease (FLI >30)=0.046; P for interaction between sex and fatty liver disease (FLI 230 to

<60)=0.298; P for interaction between sex and fatty liver disease (FLI >60)=0.383.
T2DM, type 2 diabetes mellitus; FLI, fatty liver index.
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Fig. 2. The changes in the proportion of fatty liver disease in a population with type 2 diabetes mellitus. (A) Overall, (B) age 20 to
39, (C) age 40 to 64, and (D) age 265 years. P for interaction between age and fatty liver disease (fatty liver index [FLI] >30)
<0.001; P for interaction between age and fatty liver disease (FLI =30 to <60)=0.321; P for interaction between age and fatty liver

disease (FLI >60) <0.001.

33.6% in those aged 40-64 years, P for trend <0.001) while the
prevalence of fatty liver disease in old-age population was
maintained (18.6% to 17.8%, P for trend=0.387) (Fig. 2). There
was more steep increase in severe fatty liver disease in young
aged group; the test for interaction between age and severe fat-
ty liver disease was significant (P for interaction <0.001). After
applied moderate fatty liver disease cutoff, similar results were
observed.

DISCUSSION

The prevalence of both moderate and severe fatty liver disease
steadily increased from 2009 to 2017. The estimated preva-
lence of Korean adults aged 20 years or older with severe fatty
liver disease (by FLI >60) had increased from 12.8% in 2009 to
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16.4% in 2017. The increase in fatty liver disease prevalence
was prominent in men and the young-aged population (age 20
to 39 years). The prevalence of severe fatty liver disease was
higher in individuals with T2DM, accounting for 29.6% in
2017. In the young-aged population with T2DM, we noted that
more than half (60.1%) had severe fatty liver disease. Addition-
ally, the prevalence of severe fatty liver disease in the young-
aged population with T2DM has increased sharply compared
with the other age groups with T2DM.

This study has several clinical implications. First, our re-
search demonstrates the current status and recent trends in the
prevalence of fatty liver disease in the Korean general popula-
tion using a nationwide cohort database. With epidemics of
obesity [2] and diabetes [20], an expansion of fatty liver disease
in the Korean population is expected. In 2017, the prevalence

Diabetes Metab J 2023;47:347-355  https://e-dmj.org
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of severe fatty liver disease was 15.5% (FLI 260), and 23.8% of
the total population remained at risk of fatty liver disease (FLI
230 to <60). The prevalence of fatty liver disease was higher in
men than in women (24.2% vs. 5.8%). This is similar to the
global prevalence of fatty liver disease, particularly among
Asians [21,22]. Like obesity prevalence in Korea [2], the preva-
lence of moderate fatty liver disease (FLI 230 to <60) in over-
all and men is seemed to reach a plateau in the current study.
These results showed the increases of fatty liver disease (FLI
>30) were mostly contributed to increase in severe fatty liver
disease (FLI >60) in those populations.

There was significant increase of severe fatty liver disease all
age groups. However, the most notable change was more in-
crease in the prevalence of severe fatty liver disease among
adults aged 20 to 39 years (P for interaction <0.001). Although
Korea remains an intermediate endemic area for hepatitis B
infection, the prevalence of hepatitis B infection in the young
population has decreased [23]. Meanwhile, the prevalence of
NAFLD in young men has consistently increased over recent
decades with an increase in hypertension, dyslipidemia, and
hyperglycemia [24]. In a United States study analyzing the Na-
tional Health and Nutrition Examination Survey (NHANES)
conducted in 2011 to 2018, the increase in MAFLD prevalence
with statistical significance was only observed in the young-
aged population (age 19 to 39) while other age groups showed
an increase without statistical significance [22]. Additionally,
nonalcoholic steatohepatitis (NASH) has increased as an indi-
cation for liver transplantation in those below the age of 40 in
the United States [25]. An alarming finding from this study
was that 30% of individuals died and 11.5% of patients under-
went re-transplantation mostly due to NASH recurrence with-
in 45.8 months from the first transplantation [25].

Second, regarding the association between fatty liver disease
and glycemic status, our reports demonstrate a high preva-
lence of fatty liver disease in the T2DM population than in in-
dividuals with normoglycemia or IFG. In 2017, less than one-
third of T2DM individuals (29.6%) had severe fatty liver dis-
ease, and less than another one-third of T2DM patients
(32.2%, FLI 230 to <60) were at risk of fatty liver disease. Al-
though the prevalence of fatty liver disease in the T2DM popu-
lation varies according to the diagnosis modalities (e.g., ultra-
sound, magnetic resonance spectroscopy, and other fatty liver
scores), this prevalence rate determined by gamma-glutamyl
transpeptidase is similar to those previously reported [26,27].
From 2009 to 2017, the prevalence of fatty liver disease in

https://e-dmj.org  Diabetes Metab J 2023;47:347-355
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T2DM had increased (28.0% to 29.6%) in both men and wom-
en; likely, the prevalence of fatty liver disease in people with
IFG also increased. We also noticed a steep increase of severe
fatty liver disease in T2DM individuals aged 20 to 39 years, and
the estimated prevalence in this population reached 60.1% in
2017. The estimated prevalence in the young T2DM popula-
tion was double and triple that of the middle-aged (40 to 64
years), and older population (over 65 years). Considering the
growing burden of fatty liver disease in the young age popula-
tion as aforementioned, particularly people with T2DM, an
early screening strategy should be considered in these popula-
tions.

Third, considering the close association between NAFLD
and T2DM,, identification of NAFLD in established T2DM pa-
tients is important to determine individuals at a high risk of
T2DM complications. Accumulated evidence strongly indi-
cates that NAFLD is linked with cardiovascular disease [8,28].
Similarly, it has been known that individuals with both
NAFLD and T2DM showed a significantly higher prevalence
of chronic vascular complications of T2DM including coro-
nary, cerebral, and peripheral vascular disease [27,29]. In this
respect, high risk patient identification, and early intervention
are important to decrease future disease burden. The current
study results showed the characteristics of high risk individuals
with T2DM in Korea; high prevalence of fatty liver disease in
men and young-age population. Moreover, the prevalence of
moderate and severe fatty liver disease had increased, while the
proportion of individuals with FLI 30 to 60 remained, suggest-
ing more increase in severity of fatty liver disease in Korea.
These findings imply a more active and systematic evaluation
for fatty liver disease-related comorbidities in those population
and a view to implementing an earlier and more aggressive
treatment whenever indicated.

Despite the clinical implications of our study, there were sev-
eral limitations. First, although a well-validated fatty liver dis-
ease prediction model was applied, liver imaging and histologi-
cal information were not available. Second, we could not assess
the influences of T2DM management modalities in fatty liver
disease. Third, due to the lack of information, we could not
consider the family history or dietary habits of each individual,
which can affect T2DM or fatty liver disease development.
Lastly, as we did not established the exclusion criteria, the eti-
ologies of fatty liver disease in the current study is diverse.

In conclusion, the prevalence of fatty liver disease in Korea
has increased, especially severe fatty liver disease. The increase
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in fatty liver disease prevalence was prominent in men and
young adults. One-third of T2DM adults had fatty liver disease
and two-thirds of young adults with T2DM had fatty liver dis-
ease. These findings call for greater awareness of fatty liver dis-
ease in Korean adults, particularly in the young population. A
systematic search for fatty liver disease development in adult
patients with T2DM needs to be established, in addition to a
disease risk strategy for fatty liver disease in populations with
T2DM.
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