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Abstract: Background: Although most epidemiological studies have been conducted using a rel-
atively small population or subjects who had medical screenings, the present study aimed to in-
vestigate the incidence and prevalence of MASLD (formerly NAFLD) in Korea using nationwide
registry data provided by the Health Insurance Review and Assessment Service (HIRA). Methods:
Using nationwide medical records provided by HIRA, we analyzed the entire dataset of patients with
MASL (KCD10-K76.0) and MASH (KCD10-K75.8) from 2010 to 2021 and calculated the incidence
and prevalence by year, age, and gender. The prevalence and incidence rates were calculated by
analyzing the HIRA data covering almost the entire population of Korea for 12 years, from 2010
to 2021, with an average population of 50,856,244 during this period. Statistical analyses included
calculating confidence intervals using Ulm’s formula and conducting sex- and age-specific analyses
with a Cochran–Armitage test for trends. Results: The annual incidence of MASL/MASH increased
significantly from 9.71/0.37 in 2010 to 13.95/5.52 per 1000 persons in 2021 (p < 0.01). The annual
prevalence of MASL increased from 15.69 in 2010 to 34.23 per 1000 persons in 2021, while the annual
prevalence of MASH increased from 0.49 to 9.79 per 1000 persons between 2010 and 2021 (p < 0.01).
Regarding the sex-dimorphic feature of MASLD, there was a male predominance in those < 50 years
old but a female predominance in those ≥ 50 years old for the incidence and prevalence of MASL and
the incidence of MASH. Conclusion: The incidence of MASL increased by 3% to 4% every year, while
the incidence of MASH increased 14.91-fold from 2010 to 2021. The increasing trend is noteworthy
compared with previous reports.

Keywords: MASLD; potential underestimation of prevalence; nationwide dataset; HIRA records;
sex-specific differences

1. Introduction

A fatty liver is generally classified as an alcoholic- or metabolic dysfunction-associated
steatotic liver (MASL, formerly NAFL), depending on the extent of alcohol in the patho-
genesis of hepatosteatosis [1]. Along with the consistent increase in the obese population
and changes in lifestyles, metabolic dysfunction-associated liver disease (MASLD, formerly
NAFLD) is attracting increasing attention as a major public health problem worldwide [2].
MASLD is now known as a key contributor to not only hepatic diseases but also various
extrahepatic disorders, such as type 2 diabetes or cardiovascular diseases [3,4].
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MASLD refers to a wide spectrum of diseases from mere steatosis without inflamma-
tion (MASL) to metabolic dysfunction-associated steatohepatitis (MASH, formerly NASH),
liver fibrosis, cirrhosis or hepatoma [5]. MASLD is strongly associated with insulin resis-
tance, which is involved in its pathogenesis and progression to MASH [6]. According to
a study conducted on Koreans, individuals with non-alcoholic fatty liver disease had a
significantly higher body mass index (22.3 kg/m2 versus 25.4 kg/m2) and a significantly
higher prevalence of diabetes (3.7% versus 9.4%) and metabolic syndrome (10.7% versus
41.4%) compared to the control group [7]. Regarding the pathophysiologic aspects of
MASLD, the progression from MASL to MASH is an important step that increases the
risk of the development of fibrosis, cirrhosis and hepatocellular carcinoma (HCC) [8]. A
previous meta-analysis reported a 15-fold higher liver-specific mortality among patients
with MASH than among those with MASL [9].

On the other hand, the epidemiology of MASLD is affected by ethnic background, sex,
age, and environmental factors [10]. The global prevalence of MASLD is approximately
32.4% [9], and that of MASH ranges from 3% to 5% [9]. Age is generally a risk factor for
the development of MASLD and MASLD-related fibrosis [11]. The male predominance
of MASLD is thought to be exchanged with female predominance after menopausal age,
but a study in Thailand reported a female prevalence regardless of menopausal age [12,13].
South Korea is one of the countries that has experienced rapid urbanization. Our previous
systematic analysis found that the prevalence of MASLD was 30.3% and was continuously
increasing in Korea [14]. However, most epidemiological studies have been conducted
using a relatively small population or subjects who had medical screenings.

The present study aimed to investigate the real-world data for the incidence and preva-
lence of MASLD in Korea based on clinical diagnoses by physicians. We herein conducted
an analysis using nationwide medical records provided by the Korean government through
the Korean Health Insurance Review and Assessment Service (HIRA).

2. Materials and Methods
2.1. Patients and Study Design

The present retrospective population-based study aimed to investigate the incidence
and prevalence of MASLD, including MASL and MASH, among Koreans through a com-
plete enumeration survey using HIRA claims data from 1 January 2010, to 31 December 2021.
Korea has a national health insurance system that provides medical insurance coverage to
all its inhabitants, and each individual is registered with a health insurance identification
number. Every resident is eligible regardless of nationality or profession. The system is
funded by compulsory contributions from all residents and government subsidies. All
Korean patients who visit a hospital are assigned a diagnosis according to the Korean
Classifications of Diseases, 10th Revision (KCD10), a modification or adaptation of the
International Classifications of Diseases, 10th Revision (ICD10). The HIRA reviews the
data to ensure proper diagnoses and management and to assess the quality of health care
and medical fees.

To determine the incidence rates of MASL and MASH, we included patients who
were newly registered with a diagnostic code of K76.0 according to the KCD10/ICD10 or
K75.8 according to the KCD10/ICD10 in either the main or sub diagnosis. To determine
the prevalence rates of MASL and MASH, we included patients who were registered with
a diagnostic code of K76.0 or K75.8 in either the main or sub diagnosis and documented at
least one claim in the corresponding year. It is important to note that for the analysis, liver
diseases caused by factors other than MASL or MASH, such as alcohol-related liver disease
or other factors, were excluded.

This investigation drew its strength from the comprehensive analysis of HIRA data,
covering nearly the entire Korean population over a span of 12 years, from 2010 to 2021.
The average population during this period was approximately 50,856,244. To enhance
the granularity of our findings, we conducted additional analyses by stratifying the adult
population according to gender and age groups (e.g., 20–29 years, 30–39 years, . . ., 80 years
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and older) for each respective year. A flowchart outlining the selection process for the
eligible study population for the final analysis has been created (Figure 1).
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Figure 1. A flowchart outlining the Selection Process for Eligible Study population. Clinician-
diagnosed MASL/MASH cases from HIRA claims data were chosen for calculating the inci-
dence/prevalence of MASL/MASH, including sex- and age-specific calculations.

2.2. The Diagnosis of MASL and MASH in Clinical Practice

The diagnosis of MASL and MASH in current clinical practice involves a multifaceted
approach. While there is not a single universally applied classification model, key diagnos-
tic methods commonly utilized in the clinical setting include noninvasive methods such
as imaging techniques (CT, MRI), transient elastography, and blood tests encompassing
liver function tests to evaluate liver enzymes, as well as serum biomarkers like the NAFLD
Fibrosis Score (NFS) and Fibrosis-4 (FIB-4) index [15]. Additionally, liver biopsy is another
diagnostic option. As the present data were extracted from Korean public health insur-
ance records generated by numerous physicians, it was impossible to identify the specific
approaches used for diagnosis or classification.

2.3. Disclosure of Ethical Statements

This study followed the principles outlined in the Declaration of Helsinki. Approval
for this study was obtained from the Institutional Review Board for Human Research of
Daejeon University Daejeon Hospital (Protocol number DJDSKH-22-E-10-1, approved on
18 May 2022), which exempted the study from the requirement of obtaining informed consent.

2.4. The Calculation of Incidence and Prevalence

Incidence Calculation: The incidence of MASL/MASH was calculated by determining
the number of patients who were newly diagnosed with MASL/MASH during a specific
calendar year and then dividing this number by the total number of people living in Korea
during that same calendar year. This calculation helped to estimate the rate at which new
cases of MASL/MASH are occurring in the population. To determine the exact confidence
intervals for the incidence, Ulm’s formula was employed. Ulm’s formula is a statistical
method used to calculate confidence intervals for incidence rates, which take into account
the uncertainty associated with the calculated incidence rate [16].
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Prevalence Calculation: The prevalence of MASL/MASH was calculated by dividing
the number of patients who were registered with a diagnosis of MASL/MASH during
a specific calendar year by the total number of people living in Korea during that same
calendar year. This calculation provided an estimate of the proportion of the population that
is affected by MASL/MASH. To calculate the 95% confidence intervals for the prevalence,

a formula was used: p ± 1.96
√

p(10p)
n . In this formula, ‘p’ represents the prevalence and ‘n’

represents the sample size. This method helped to determine the range within which the
true prevalence was likely to fall with a 95% level of confidence.

Sex- and Age-Specific Incidence and Prevalence: For a more detailed analysis, the
incidence and prevalence of MASL/MASH were calculated separately for different age
and gender groups. Population data from the Korean Statistical Information Service in
2015 were used for this purpose. Both the incidence and prevalence were expressed per
1000 inhabitants, allowing for a standardized comparison across different population sub-
groups. To investigate and compare time trends in incidence by sex and age group, a
Cochran–Armitage test for trends was applied. Statistical significance was determined
by evaluating the p-values, with values less than 0.05 considered statistically signifi-
cant, indicating trends in incidence over time. This comprehensive approach to data
analysis ensured that the study provided a detailed understanding of the incidence and
prevalence of MASL/MASH within the Korean population while considering different
demographic factors.

2.5. Statistical Analysis

A Cochran–Armitage Trend Test was performed using R v4.3.0 and RStudio 2022.07.2
Package. The calculation of the 95% confidence interval (CI) was conducted using the
MS-Excel program (2019).

3. Results
3.1. The Annual Incidence of MASL and MASH in Korea

There is an increasing trend in the annual incidence of MASL and MASH in Korea
(Figure 2A,B). The overall incidence of MASL during the study period was 11.02 per 1000
persons (male, 11.20; female, 10.85). The annual incidence of MASL increased significantly
from 9.71 per 1000 persons in 2010 to 13.95 per 1000 persons in 2021 (p < 0.01), and this
increasing trend was similar in both males (9.80 in 2010 to 14.18 per 1000 persons in 2021)
and females (9.61 in 2010 to 13.72 per 1000 persons in 2021). The incidence increased by
approximately 3% to 4% every year from 2010 to 2021 (Table 1).

The annual incidences of MASH during 2010 and 2021 are displayed in Table 2. The
overall incidence of MASH over 12 years (2010~2021) was 2.41 per 1000 persons (male,
2.61; female, 2.21). The annual incidence of MASH increased by approximately 14.91-fold
from 2010 to 2021, from 0.37 per 1000 persons in 2010 to 5.52 per 1000 persons in 2021
(p < 0.01). This rapid increase in MASH incidence showed the same pattern in both
males (0.39 in 2010 to 5.94 per 1000 persons in 2021) and females (0.36 in 2010 to 5.10 per
1000 persons in 2021).

3.2. The Annual Prevalence of MASL and MASH in Korea

The distribution of the annual prevalence of MASL and MASH is shown in Figure 2C,D.
The overall prevalence of MASL in Korea increased significantly from 15.69 to 34.23 per
1000 persons between 2010 and 2021 (male, 16.17 to 34.82; female, 15.22 to 33.64 per
1000 persons). On the other hand, the overall prevalence of MASH increased 19.97-fold
from 0.49 to 9.79 per 1000 persons between 2010 and 2021 (male, 0.51 to 10.74; female, 0.47
to 8.84 per 1000 persons). The detailed number of cases of MASL/MASH and prevalence
rate according to sex and year are described in Tables 3 and 4.
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Table 1. Annual incidence (per 1000 persons) of MASL in Korea.

Year
Total Male Female

No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)

2010 484,176 49,879,812 9.71
(9.68–9.73) 244,837 24,977,164 9.80

(9.76–9.84) 239,339 24,902,648 9.61
(9.57–9.65)

2011 490,054 50,111,476 9.78
(9.75–9.81) 253,077 25,081,788 10.09

(10.05–10.13) 236,977 25,029,688 9.47
(9.43–9.51)

2012 472,877 50,345,325 9.39
(9.37–9.42) 241,778 25,187,494 9.60

(9.56–9.64) 231,099 25,157,831 9.19
(9.15–9.22)

2013 471,125 50,558,952 9.32
(9.29–9.34) 238,193 25,282,928 9.42

(9.38–9.46) 232,932 25,276,024 9.22
(9.18–9.25)

2014 462,805 50,763,158 9.12
(9.09–9.14) 234,270 25,374,486 9.23

(9.20–9.27) 228,535 25,388,672 9.00
(8.96–9.04)

2015 484,644 50,951,719 9.51
(9.49–9.54) 245,839 25,458,058 9.66

(9.62–9.69) 238,805 25,493,662 9.37
(9.33–9.40)

2016 537,241 51,112,972 10.51
(10.48–10.54) 273,451 25,527,815 10.71

(10.67–10.75) 263,790 25,585,157 10.31
(10.27–10.35)

2017 542,305 51,230,704 10.59
(10.56–10.61) 274,920 25,576,752 10.75

(10.71–10.79) 267,385 25,653,952 10.42
(10.38–10.46)

2018 659,533 51,300,880 12.86
(12.83–12.89) 334,176 25,601,961 13.05

(13.01–13.10) 325,357 25,698,919 12.66
(12.62–12.70)

2019 750,324 51,337,424 14.62
(14.58–14.65) 379,509 25,609,342 14.82

(14.77–14.87) 370,815 25,728,082 14.41
(14.37–14.46)

2020 663,742 51,349,259 12.93
(12.90–12.96) 334,214 25,606,081 13.05

(13.01–13.10) 329,528 25,743,179 12.80
(12.76–12.84)

2021 716,188 51,333,253 13.95
(13.92–13.98) 362,871 25,589,102 14.18

(14.13–14.23) 353,317 25,744,151 13.72
(13.68–13.77)

Mean 561,251 50,856,244 11.02
(10.99–11.05) 284,761 25,406,081 11.20

(11.16–11.24) 276,490 25,450,163 10.85
(10.81–10.89)

CI, confidence interval.
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Table 2. Annual incidence (per 1000 persons) of MASH in Korea.

Year
Total Male Female

No. of
Cases Population Incidence

(95%CI)
No. of
Cases Population Incidence

(95%CI)
No. of
Cases Population Incidence

(95%CI)

2010 18,519 49,879,812 0.37
(0.37–0.38) 9623 24,977,164 0.39

(0.38–0.39) 8896 24,902,648 0.36
(0.35–0.36)

2011 35,930 50,111,476 0.72
(0.71–0.72) 19,484 25,081,788 0.78

(0.77–0.79) 16,446 25,029,688 0.66
(0.65–0.67)

2012 42,687 50,345,325 0.85
(0.84–0.86) 23,139 25,187,494 0.92

(0.91–0.93) 19,548 25,157,831 0.78
(0.77–0.79)

2013 48,181 50,558,952 0.95
(0.94–0.96) 25,892 25,282,928 1.02

(1.01–1.04) 22,289 25,276,024 0.88
(0.87–0.89)

2014 49,428 50,763,158 0.97
(0.97–0.98) 26,775 25,374,486 1.06

(1.04–1.07) 22,653 25,388,672 0.89
(0.88–0.90)

2015 61,598 50,951,719 1.21
(1.20–1.22) 32,967 25,458,058 1.29

(1.28–1.31) 28,631 25,493,662 1.12
(1.11–1.14)

2016 77,686 51,112,972 1.52
(1.51–1.53) 41,285 25,527,815 1.62

(1.60–1.63) 36,401 25,585,157 1.42
(1.41–1.44)

2017 135,618 51,230,704 2.65
(2.63–2.66) 75,264 25,576,752 2.94

(2.92–2.96) 60,354 25,653,952 2.35
(2.33–2.37)

2018 227,007 51,300,880 4.43
(4.41–4.44) 123,114 25,601,961 4.81

(4.78–4.84) 103,893 25,698,919 4.04
(4.02–4.07)

2019 244,891 51,337,424 4.77
(4.75–4.79) 132,760 25,609,342 5.18

(5.16–5.21) 112,131 25,728,082 4.36
(4.33–4.38)

2020 256,764 51,349,259 5.00
(4.98–5.02) 138,733 25,606,081 5.42

(5.39–5.45) 118,031 25,743,179 4.58
(4.56–4.61)

2021 283,253 51,333,253 5.52
(5.50–5.54) 151,901 25,589,102 5.94

(5.91–5.97) 131,352 25,744,151 5.10
(5.07–5.13)

Mean 123,464 50,856,244 2.41
(2.40–2.43) 66,745 25,406,081 2.61

(2.60–2.63) 56,719 25,450,163 2.21
(2.20–2.23)

CI, confidence interval.

Table 3. Annual prevalence (per 1000 persons) of MASL in Korea.

Year
Total Male Female

No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)

2010 782,815 49,879,812 15.69
(15.66–15.73) 403,786 24,977,164 16.17

(16.12–16.22) 379,029 24,902,648 15.22
(15.17–15.27)

2011 834,240 50,111,476 16.65
(16.61–16.68) 436,512 25,081,788 17.40

(17.35–17.45) 397,728 25,029,688 15.89
(15.84–15.94)

2012 859,439 50,345,325 17.07
(17.04–17.11) 446,978 25,187,494 17.75

(17.69–17.80) 412,461 25,157,831 16.39
(16.35–16.44)

2013 907,013 50,558,952 17.94
(17.90–17.98) 467,478 25,282,928 18.49

(18.44–18.54) 439,535 25,276,024 17.39
(17.34–17.44)

2014 948,609 50,763,158 18.69
(18.65–18.72) 486,199 25,374,486 19.16

(19.11–19.21) 462,410 25,388,672 18.21
(18.16–18.27)

2015 1,019,960 50,951,719 20.02
(19.98–20.06) 524,331 25,458,058 20.60

(20.54–20.65) 495,629 25,493,662 19.44
(19.39–19.49)

2016 1,142,133 51,112,972 22.35
(22.30–22.39) 588,331 25,527,815 23.05

(22.99–23.10) 553,802 25,585,157 21.65
(21.59–21.70)

2017 1,211,432 51,230,704 23.65
(23.60–23.69) 624,350 25,576,752 24.41

(24.35–24.47) 587,082 25,653,952 22.88
(22.83–22.94)

2018 1,396,198 51,300,880 27.22
(27.17–27.26) 712,367 25,601,961 27.82

(27.76–27.89) 683,831 25,698,919 26.61
(26.55–26.67)
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Table 3. Cont.

Year
Total Male Female

No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)

2019 1,615,811 51,337,424 31.47
(31.43–31.52) 821,057 25,609,342 32.06

(31.99–32.13) 794,754 25,728,082 30.89
(30.82–30.96)

2020 1,603,009 51,349,259 31.22
(31.17–31.27) 811,650 25,606,081 31.70

(31.63–31.77) 791,359 25,743,179 30.74
(30.67–30.81)

2021 1,757,048 51,333,253 34.23
(34.18–34.28) 891,024 25,589,102 34.82

(34.75–34.89) 866,024 25,744,151 33.64
(33.57–33.71)

Mean 1,173,142 50,856,245 23.02
(22.97–23.06) 601,172 24,406,081 23.62

(23.56–23.68) 571,970 25,450,164 22.41
(22.36–22.47)

CI, confidence interval.

Table 4. Annual prevalence (per 1000 persons) of MASH in Korea.

Year
Total Male Female

No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)
No. of
Cases Population Incidence

(95% CI)

2010 24,496 49,879,812 0.49
(0.48–0.50) 12,863 24,977,164 0.51

(0.51–0.52) 11,633 24,902,648 0.47
(0.46–0.48)

2011 43,005 50,111,476 0.86
(0.85–0.87) 23,311 25,081,788 0.93

(0.92–0.94) 19,694 25,029,688 0.79
(0.78–0.80)

2012 55,921 50,345,325 1.11
(1.10–1.12) 30,541 25,187,494 1.21

(1.20–1.23) 25,380 25,157,831 1.01
(1.00–1.02)

2013 66,771 50,558,952 1.32
(1.31–1.33) 36,142 25,282,928 1.43

(1.41–1.44) 30,629 25,276,024 1.21
(1.20–1.23)

2014 73,447 50,763,158 1.45
(1.44–1.46) 39,679 25,374,486 1.56

(1.55–1.58) 33,768 25,388,672 1.33
(1.32–1.34)

2015 91,245 50,951,719 1.79
(1.78–1.80) 49,069 25,458,058 1.93

(1.91–1.94) 42,176 25,493,662 1.65
(1.64–1.67)

2016 115,232 51,112,972 2.25
(2.24–2.27) 61,654 25,527,815 2.42

(2.40–2.43) 53,578 25,585,157 2.09
(2.08–2.11)

2017 185,656 51,230,704 3.62
(3.61–3.64) 102,666 25,576,752 4.01

(3.99–4.04) 82,990 25,653,952 3.23
(3.21–3.26)

2018 316,035 51,300,880 6.16
(6.14–6.18) 173,851 25,601,961 6.79

(6.76–6.82) 142,184 25,698,919 5.53
(5.50–5.56)

2019 384,098 51,337,424 7.48
(7.46–7.51) 211,430 25,609,342 8.26

(8.22–8.29) 172,668 25,728,082 6.71
(6.68–6.74)

2020 432,276 51,349,259 8.42
(8.39–8.44) 237,555 25,606,081 9.28

(9.24–9.31) 194,721 25,743,179 7.56
(7.53–7.60)

2021 502,530 51,333,253 9.79
(9.76–9.82) 274,949 25,589,102 10.74

(10.70–10.78) 227,581 25,744,151 8.84
(8.80–8.88)

Mean 109,893 50,856,245 3.73
(3.71–3.74) 104,476 25,406,081 4.09

(4.07–4.11) 86,417 25,450,164 3.37
(3.35–3.39)

CI, confidence interval.

3.3. Age- and Sex-Related Features of MASL and MASH

The frequencies of MASL and MASH dynamically changed according to aging. The
mean rates of both the incidence and prevalence of MASL (incidence, 11.02; prevalence,
23.02 per 1000 persons) and MASH (incidence, 2.41; prevalence, 3.73 per 1000 persons)
peaked at 60 to 69 years old in both males and females, which were approximately 2-fold
more than the rates at 30 to 39 years (Figure 3A–D, Tables 1–4). Age- and sex-related
annual incidences of MASL and MASH are described in Supplementary Tables S1 and S2.
Regarding the sex-dimorphic feature of MASLD, our results showed a male predominance
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for those < 50 years old but a female predominance for those ≥ 50 years old for the incidence
and prevalence of MASL and the incidence of MASH (Figure 3A–D).
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4. Discussion

South Korea has a national health insurance system that covers the entire population
of Korea (51,333,253 persons, 2021), which allows for the collection of accurate medical
information related to MASLD [17]. In the present study, we analyzed the nationwide
characteristics of patients treated for MASL or MASH (formerly NAFL and NASH) from
2010 to 2021 using Korean government-supported HIRA data that had collected the whole
medical diagnosis conducted by Korean medical doctors.

Based on the medical record by HIRA, both the incidence and prevalence of MASL
increased by 1.44-fold and 2.18-fold from 2010 to 2021, respectively (Figure 2A,C and
Tables 1 and 3). This increasing pattern is in accordance with other community-based
studies; a cross-sectional study showed a 1.5-fold increase in MASLD prevalence between
2015 and 2021 among the Korean military population [18]. Regarding MASH patients,
there was a dramatic increase in the incidence and prevalence of MASH over 12 years,
14.92- and 19.98-fold, respectively (Figure 2B,D and Tables 2 and 4). A US population-
based study also shared similar findings with our present data, in which the number
of patients diagnosed with MASH increased 12.3-fold between 2010 and 2020 [19]. One
systematic review reported 30% of the global MASLD prevalence in 2019 (25% in 2016)
and an estimation of MASH between 2% and 6% in the general population [20]. We also
previously reported similar prevalence rates, i.e., 30.3% and 2.2%, of MASLD and MASH in
Korea using 61 study-derived meta-analyses [14]. These 61 studies, however, obtained the
prevalence rates of MASLD through medical screenings conducted on the entire participant
population. The prevalence rates reported in the current study were only one tenth of the
previous rate reported for MASLD (3.4%) and less than half of the previous rate reported for
MASH (1.0%) [21]. The current data do not accurately reflect the prevalence rate of MASLD,
but our results show the reality in clinics producing very low diagnosis and treatments,
particularly for MASL. These facts may indicate the underestimated prevalence of MASL in
the HIRA data due to the fact that MASL is an asymptomatic condition ignored by patients
and/or physicians sometimes.

MASH is a more advanced stage of MASLD. The prevalence of MASH increased
from 0.49 to 9.79 per 1000 Korean individuals between 2010 and 2021 in the present data
(Figure 2D, Table 4). This steep increase in the prevalence of MASH is likely related to
the accumulating risk factors, such as changing dietary habits, sedentary lifestyles, and
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an aging population [22]. Comparing this to MASL, physicians also have been aware of
its risk of progressing into hepatic cirrhosis along with better diagnostic capabilities [23].
The prevalence of MASH in the United States also increased from 1.51% in 2010 to 2.79%
in 2020 [19]. Approximately 20% of individuals with MASL develop MASH, and over
40% of MASH cases progress to fibrosis [9,24]. Unlike MASL, the presence of MASH
directly impacts morbidity and mortality [25]. Accordingly, distinguishing MASL and
MASH is very important because most MASLD patients have steatosis (MASL) without
necroinflammation or fibrosis requiring medical therapy [26].

In general, being overweight is a major risk factor for MASLD, which was estimated
to account for 39% of adults aged 18 years and over in 2016 worldwide (who.int accessed
on 9 June 2021). According to the Asia-Pacific criteria of the WHO guidelines for obesity
(body mass index, BMI ≥ 25 kg/m2), Korean individuals with obesity and abdominal
obesity reached 35.7% and 23.8%, respectively, in 2018 [27]. Ethnicity, sex and age are
also important factors affecting the prevalence of MASLD [28]. The populations in Asian
countries, including Korea, are known to be susceptible to nonobese MASLD [29]. A
meta-analysis reported a MASH prevalence of 6.7% (in Asia) and 29.9% (in North America)
among MASLD patients [30]. Both the numbers of newly diagnosed and treated patients
with MASL and MASH peaked in the 60s in males and females in our results (Figure 3A–D).
Regarding the sex-dimorphic feature of MASLD, our results showed male a predominance
for those < 50 years old but a female predominance for those ≥ 50 years old for the incidence
and prevalence of MASL and the incidence of MASH (Figure 3A–D). The menopausal
age-specific feature in females is a known epidemiologic characteristic [31]. The reduced
estrogen level causes a decline in choline synthesis and the hepatic export of very low-
density lipoprotein (VLDL), leading to ectopic fat accumulation in hepatic tissue [32].
Globally, MASLD/MASH incidence increased 1.5-fold between 1990 and 2017 among
children and young adults [33], while approximately 20% to 50% of young patients with
MASLD had MASH at the time of diagnosis [34].

The burden of MASLD has become a public health issue worldwide, as it is not only a
new causative disorder leading to liver-related death but also an independent risk factor
for various extrahepatic disorders, such as obesity, type 2 diabetes, and cardiovascular
diseases [4]. To date, many studies on the incidence or prevalence of MASLD have been
performed, and those data came from relatively small populations with restricted ages or
from subjects with certain disorders. We initially conducted an analysis of the national
dataset encompassing patients with MASL and MASH across the entire Korean population.
This study provides a genuine portrayal of the treatment landscape for patients with MASL
and MASH within clinical settings, reflecting an increased awareness among physicians
regarding the heightened risk associated with MASLD, particularly MASH.

5. Limitations

This study, however, has some limitations, which means we need a careful inter-
pretation of its findings. Although approximately 97% of Koreans had health insurance
coverage [35], there could be an exclusion from the MASLD data analyzed in this study.
It is important to note that the present study was based on the available data within the
Korean health insurance system, which would be different to those based on individual
chart reviews for each patient. The lack of information for MASLD-related disorders, such
as obesity, hyperlipidemia, and diabetes, is another limitation of the present study.

6. Conclusions

The present study first provides nationwide medically recorded data for MASLD
in Korea and will serve as crucial reference data for the prevention and management
of MASLD, including health-related policies. Further long-term studies investigating
environmental factors and other possible contributing factors are needed to elucidate the
increasing trend in the occurrence of MASLD.

who.int


J. Clin. Med. 2023, 12, 7634 10 of 11

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12247634/s1, Table S1: Annual incidence (per 1000 persons)
of MASL according to age group in Korea; Table S2: Annual incidence (per 1000 persons) of MASH
according to age group in Korea.

Author Contributions: N.-H.L.: wrote the main manuscript text and conducted statistical analysis;
H.-M.O., S.-J.J., J.-H.W., Y.-J.C. and H.-M.O.: contributed to the data collection and manuscript
preparation including the revision process.; J.-H.C. and Y.-C.A.: supervised the manuscript; C.-G.S.:
supervised the manuscript and directed the final version of all its contents. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by Daejeon University (2021), and a grant of KHIDI funded by
the Ministry of Health & Welfare, Republic of Korea (HF23C0074).

Institutional Review Board Statement: The study adhered to the tenets of the Declaration of Helsinki.
This study was approved by the Institutional Review Board for Human Research of Daejeon Univer-
sity Daejeon Hospital (approval number: DJDSKH-22-E-10-1, approved on 18 May 2022) and was
exempted from obtaining informed consent.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data used to support the findings of this study are included within
the article including Supplementary Tables S1 and S2.

Acknowledgments: The authors appreciate the Health Insurance Review and Assessment Service
(HIRA) for their invaluable cooperation and provision of essential data for this research project.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Angulo, P. Nonalcoholic Fatty Liver Disease. N. Engl. J. Med. 2002, 346, 1221–1231. [CrossRef] [PubMed]
2. Li, L.; Liu, D.W.; Yan, H.Y.; Wang, Z.Y.; Zhao, S.H.; Wang, B. Obesity Is an Independent Risk Factor for Non-Alcoholic Fatty Liver

Disease: Evidence from a Meta-Analysis of 21 Cohort Studies. Obes. Rev. 2016, 17, 510–519. [CrossRef] [PubMed]
3. Yki-Järvinen, H. Non-Alcoholic Fatty Liver Disease as a Cause and a Consequence of Metabolic Syndrome. Lancet Diabetes

Endocrinol. 2014, 2, 901–910. [CrossRef]
4. Adams, L.A.; Anstee, Q.M.; Tilg, H.; Targher, G. Non-Alcoholic Fatty Liver Disease and Its Relationship with Cardiovascular

Disease and Other Extrahepatic Diseases. Gut 2017, 66, 1138–1153. [CrossRef] [PubMed]
5. Blachier, M.; Leleu, H.; Peck-Radosavljevic, M.; Valla, D.-C.; Roudot-Thoraval, F. The Burden of Liver Disease in Europe: A

Review of Available Epidemiological Data. J. Hepatol. 2013, 58, 593–608. [CrossRef] [PubMed]
6. Gutiérrez-Cuevas, J.; Santos, A.; Armendariz-Borunda, J. Pathophysiological Molecular Mechanisms of Obesity: A Link between

Mafld and MASH with Cardiovascular Diseases. Int. J. Mol. Sci. 2021, 22, 11629. [CrossRef]
7. Choi, S.-Y.; Kim, D.; Kim, H.J.; Kang, J.H.; Chung, S.J.; Park, M.J.; Kim, Y.S.; Kim, C.H.; Choi, S.H.; Kim, W.; et al. The Relation

Between Non-Alcoholic Fatty Liver Disease and the Risk of Coronary Heart Disease in Koreans. Off. J. Am. Coll. Gastroenterol.
ACG 2009, 104, 1953–1960. [CrossRef] [PubMed]

8. Dhanasekaran, R.; Felsher, D.W. A Tale of Two Complications of Obesity: NASH and Hepatocellular Carcinoma. Hepatology 2019,
70, 1056–1058. [CrossRef]

9. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global Epidemiology of Nonalcoholic Fatty Liver
Disease-Meta-Analytic Assessment of Prevalence, Incidence, and Outcomes. Hepatology 2016, 64, 73–84. [CrossRef]

10. Riazi, K.; Azhari, H.; Charette, J.H.; Underwood, F.E.; King, J.A.; Afshar, E.E.; Swain, M.G.; Congly, S.E.; Kaplan, G.G.;
Shaheen, A.-A. The Prevalence and Incidence of MASLD Worldwide: A Systematic Review and Meta-Analysis. Lancet Gastroenterol.
Hepatol. 2022, 7, 851–861. [CrossRef]

11. Huh, Y.; Cho, Y.J.; Nam, G.E. Recent Epidemiology and Risk Factors of Nonalcoholic Fatty Liver Disease. J. Obes. Metab. Syndr.
2022, 31, 17–27. [CrossRef]

12. Lonardo, A.; Nascimbeni, F.; Ballestri, S.; Fairweather, D.; Win, S.; Than, T.A.; Abdelmalek, M.F.; Suzuki, A. Sex Differences in
Nonalcoholic Fatty Liver Disease: State of the Art and Identification of Research Gaps. Hepatology 2019, 70, 1457–1469. [CrossRef]

13. Summart, U.; Thinkhamrop, B.; Chamadol, N.; Khuntikeo, N.; Songthamwat, M.; Kim, C.S. Gender Differences in the Prevalence
of Nonalcoholic Fatty Liver Disease in the Northeast of Thailand: A Population-Based Cross-Sectional Study. F1000Research 2017,
6, 1630. [CrossRef]

14. Im, H.J.; Ahn, Y.C.; Wang, J.H.; Lee, M.M.; Son, C.G. Systematic Review on the Prevalence of Nonalcoholic Fatty Liver Disease in
South Korea. Clin. Res. Hepatol. Gastroenterol. 2021, 45, 101526. [CrossRef]

15. Piazzolla, V.A.; Mangia, A. Noninvasive Diagnosis of NAFLD and NASH. Cells 2020, 9, 1005. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm12247634/s1
https://www.mdpi.com/article/10.3390/jcm12247634/s1
https://doi.org/10.1056/NEJMra011775
https://www.ncbi.nlm.nih.gov/pubmed/11961152
https://doi.org/10.1111/obr.12407
https://www.ncbi.nlm.nih.gov/pubmed/27020692
https://doi.org/10.1016/S2213-8587(14)70032-4
https://doi.org/10.1136/gutjnl-2017-313884
https://www.ncbi.nlm.nih.gov/pubmed/28314735
https://doi.org/10.1016/j.jhep.2012.12.005
https://www.ncbi.nlm.nih.gov/pubmed/23419824
https://doi.org/10.3390/ijms222111629
https://doi.org/10.1038/ajg.2009.238
https://www.ncbi.nlm.nih.gov/pubmed/19491838
https://doi.org/10.1002/hep.30649
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/S2468-1253(22)00165-0
https://doi.org/10.7570/jomes22021
https://doi.org/10.1002/hep.30626
https://doi.org/10.12688/f1000research.12417.1
https://doi.org/10.1016/j.clinre.2020.06.022
https://doi.org/10.3390/cells9041005


J. Clin. Med. 2023, 12, 7634 11 of 11

16. Ulm, K. A Simple Method to Calculate the Confidence Interval of a Standardized Mortality Ratio (SMR). Am. J. Epidemiol. 1990,
131, 373–375. [CrossRef]

17. Lee, J.; Park, Y.T.; Park, Y.R.; Lee, J.H. Review of National-Level Personal Health Records in Advanced Countries. Health Inf. Res.
2021, 27, 102–109. [CrossRef] [PubMed]

18. Jeong, E.H.; Jun, D.W.; Cho, Y.K.; Choe, Y.G.; Ryu, S.; Lee, S.M.; Jang, E.C. Regional Prevalence of Non-Alcoholic Fatty Liver
Disease in Seoul and Gyeonggi-Do, Korea. Clin. Mol. Hepatol. 2013, 19, 266–272. [CrossRef] [PubMed]

19. Hamid, O.; Eltelbany, A.; Mohammed, A.; Alsabbagh Alchirazi, K.; Trakroo, S.; Asaad, I. The Epidemiology of Non-Alcoholic
Steatohepatitis (MASH) in the United States between 2010–2020: A Population-Based Study. Ann. Hepatol. 2022, 27, 100727.
[CrossRef] [PubMed]

20. Henry, L.; Paik, J.; Younossi, Z.M. Review Article: The Epidemiologic Burden of Non-Alcoholic Fatty Liver Disease across the
World. Aliment. Pharmacol. Ther. 2022, 56, 942–956. [CrossRef] [PubMed]

21. Vilar-Gomez, E.; Vuppalanchi, R.; Mladenovic, A.; Samala, N.; Gawrieh, S.; Newsome, P.N.; Chalasani, N. Prevalence of High-risk
Nonalcoholic Steatohepatitis (NASH) in the United States: Results from NHANES 2017–2018. Clin. Gastroenterol. Hepatol. 2023,
21, 115–124.e7. [CrossRef]

22. Hallsworth, K.; Adams, L.A. Lifestyle Modification in NAFLD/NASH: Facts and Figures. JHEP Rep. 2019, 1, 468–479. [CrossRef]
23. Chung, G.E.; Youn, J.; Kim, Y.S.; Lee, J.E.; Yang, S.Y.; Lim, J.H.; Song, J.H.; Doo, E.Y.; Kim, J.S. Dietary Patterns Are Associated

with the Prevalence of Nonalcoholic Fatty Liver Disease in Korean Adults. Nutrition 2019, 62, 32–38. [CrossRef] [PubMed]
24. Sheka, A.C.; Adeyi, O.; Thompson, J.; Hameed, B.; Crawford, P.A.; Ikramuddin, S. Nonalcoholic Steatohepatitis: A Review. JAMA

2020, 323, 1175–1183. [CrossRef] [PubMed]
25. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Diehl, A.M.; Brunt, E.M.; Cusi, K.; Charlton, M.; Sanyal, A.J. The Diagnosis and

Management of Non-Alcoholic Fatty Liver Disease: Practice Guideline by the American Gastroenterological Association,
American Association for the Study of Liver Diseases, and American College of Gastroenterology. Gastroenterology 2012,
142, 1592–1609. [CrossRef] [PubMed]

26. Loria, P.; Adinolfi, L.E.; Bellentani, S.; Bugianesi, E.; Grieco, A.; Fargion, S.; Gasbarrini, A.; Loguercio, C.; Lonardo, A.; Marchesini,
G.; et al. Practice Guidelines for the Diagnosis and Management of Nonalcoholic Fatty Liver Disease: A Decalogue from the
Italian Association for the Study of the Liver (AISF) Expert Committee. Dig. Liver Dis. 2010, 42, 272–282. [CrossRef]

27. Nam, G.E.; Kim, Y.-H.; Han, K.; Jung, J.-H.; Rhee, E.-J.; Lee, S.-S.; Kim, D.J.; Lee, K.-W.; Lee, W.-Y. Obesity Fact Sheet in Korea,
2019: Prevalence of Obesity and Abdominal Obesity from 2009 to 2018 and Social Factors. J. Obes. Metab. Syndr. 2020, 29, 124–132.
[CrossRef]

28. Pan, J.-J.; Fallon, M.B. Gender and Racial Differences in Nonalcoholic Fatty Liver Disease. World J. Hepatol. 2014, 6, 274–283.
[CrossRef]

29. Farrell, G.C.; Wong, V.W.-S.; Chitturi, S. MASLD in Asia—As Common and Important as in the West. Nat. Rev. Gastroenterol.
Hepatol. 2013, 10, 307–318. [CrossRef]

30. Alexander, M.; Loomis, A.K.; Fairburn-Beech, J.; van der Lei, J.; Duarte-Salles, T.; Prieto-Alhambra, D.; Ansell, D.; Pasqua, A.;
Lapi, F.; Rijnbeek, P.; et al. Real-World Data Reveal a Diagnostic Gap in Non-Alcoholic Fatty Liver Disease. BMC Med. 2018,
16, 130. [CrossRef]

31. Frith, J.; Day, C.P.; Henderson, E.; Burt, A.D.; Newton, J.L. Non-Alcoholic Fatty Liver Disease in Older People. Gerontology 2009,
55, 607–613. [CrossRef] [PubMed]

32. Suzuki, A.; Abdelmalek, M.F. Nonalcoholic Fatty Liver Disease in Women. Women’s Health 2009, 5, 191–203. [CrossRef] [PubMed]
33. Zhang, X.; Wu, M.; Liu, Z.; Yuan, H.; Wu, X.; Shi, T.; Chen, X.; Zhang, T. Increasing Prevalence of NAFLD/NASH among Children,

Adolescents and Young Adults from 1990 to 2017: A Population-Based Observational Study. BMJ Open 2021, 11, 5–7. [CrossRef]
[PubMed]

34. Goyal, N.P.; Schwimmer, J.B. The Progression and Natural History of Pediatric Nonalcoholic Fatty Liver Disease. Clin. Liver Dis.
2016, 20, 325–338. [CrossRef]

35. Kim, E.; Kwon, S. The Effect of Catastrophic Health Expenditure on Exit from Poverty among the Poor in South Korea. Int. J.
Health Plann. Manag. 2021, 36, 482–497. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/oxfordjournals.aje.a115507
https://doi.org/10.4258/hir.2021.27.2.102
https://www.ncbi.nlm.nih.gov/pubmed/34015875
https://doi.org/10.3350/cmh.2013.19.3.266
https://www.ncbi.nlm.nih.gov/pubmed/24133664
https://doi.org/10.1016/j.aohep.2022.100727
https://www.ncbi.nlm.nih.gov/pubmed/35700934
https://doi.org/10.1111/apt.17158
https://www.ncbi.nlm.nih.gov/pubmed/35880713
https://doi.org/10.1016/j.cgh.2021.12.029
https://doi.org/10.1016/j.jhepr.2019.10.008
https://doi.org/10.1016/j.nut.2018.11.021
https://www.ncbi.nlm.nih.gov/pubmed/30826597
https://doi.org/10.1001/jama.2020.2298
https://www.ncbi.nlm.nih.gov/pubmed/32207804
https://doi.org/10.1053/j.gastro.2012.04.001
https://www.ncbi.nlm.nih.gov/pubmed/22656328
https://doi.org/10.1016/j.dld.2010.01.021
https://doi.org/10.7570/jomes20058
https://doi.org/10.4254/wjh.v6.i5.274
https://doi.org/10.1038/nrgastro.2013.34
https://doi.org/10.1186/s12916-018-1103-x
https://doi.org/10.1159/000235677
https://www.ncbi.nlm.nih.gov/pubmed/19690397
https://doi.org/10.2217/17455057.5.2.191
https://www.ncbi.nlm.nih.gov/pubmed/19245356
https://doi.org/10.1136/bmjopen-2020-042843
https://www.ncbi.nlm.nih.gov/pubmed/33947727
https://doi.org/10.1016/j.cld.2015.10.003
https://doi.org/10.1002/hpm.3097

	Introduction 
	Materials and Methods 
	Patients and Study Design 
	The Diagnosis of MASL and MASH in Clinical Practice 
	Disclosure of Ethical Statements 
	The Calculation of Incidence and Prevalence 
	Statistical Analysis 

	Results 
	The Annual Incidence of MASL and MASH in Korea 
	The Annual Prevalence of MASL and MASH in Korea 
	Age- and Sex-Related Features of MASL and MASH 

	Discussion 
	Limitations 
	Conclusions 
	References

