
Risk stratification using sarcopenia status among
subjects with metabolic dysfunction-associated fatty
liver disease

Ho Soo Chun1,2, Mi Na Kim3,4*, Jae Seung Lee5,6, Hye Won Lee5,6, Beom Kyung Kim5,6, Jun Yong Park5,6, Do Young Kim5,6,
Sang Hoon Ahn5,6 & Seung Up Kim5,6*

1Department of Internal Medicine, Ewha Womans University Medical Center, Seoul, Korea; 2Department of Internal Medicine, Ewha Womans University College of Medicine,
Seoul, Korea; 3Division of Gastroenterology, Department of Internal Medicine, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam, Korea; 4Clinical
and Translational Hepatology Laboratory, Seongnam, Korea; 5Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea; 6Yonsei Liver Center,
Severance Hospital, Seoul, Korea

Abstract

Background Sarcopenia is a significant indicator of the severity of non-alcoholic fatty liver disease. We investigated
whether sarcopenia could identify subgroups with different risk of liver fibrosis and atherosclerotic cardiovascular dis-
ease (ASCVD) among subjects with metabolic dysfunction-associated fatty liver disease (MAFLD).
Methods Subjects from the Korea National Health and Nutrition Examination Survey 2008–2011 were selected
(n = 8361). Sarcopenia was defined using the sarcopenia index. Hepatic steatosis was defined as a fatty liver index
≥30. Significant liver fibrosis was defined as a fibrosis-4 index (FIB-4) ≥2.67 or the highest quartile of non-alcoholic
fatty liver disease fibrosis score (NFS). High probability of ASCVD was defined as ASCVD risk score >10%.
Results The mean age was 48.5 ± 15.6 years, and 42.6% of subjects were male. The prevalence of MAFLD was 37.3%
(n = 3116 of 8361), and the proportion of sarcopenic subjects was 9.9% among those with MAFLD. After adjusting for
confounders, the risk of significant liver fibrosis significantly increased from non-sarcopenic subjects with MAFLD [odds
ratio (OR) = 1.57 by FIB-4 and 2.13 by NFS] to sarcopenic subjects with MAFLD (OR = 4.51 by FIB-4 and 5.72 by NFS),
compared with subjects without MAFLD (all P < 0.001). The risk for high probability of ASCVD significantly increased
from non-sarcopenic subjects with MAFLD (OR = 1.47) to sarcopenic subjects with MAFLD (OR = 4.08), compared
with subjects without MAFLD (all P < 0.001).
Conclusions The risks of significant liver fibrosis and ASCVD differed significantly according to sarcopenic status among
subjects with MAFLD. An assessment of sarcopenia might be helpful in risk stratification among subjects with MAFLD.
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Introduction

The new term metabolic dysfunction-associated fatty liver
disease (MAFLD) has been suggested to reflect current

knowledge of fatty liver disease associated with metabolic
dysfunction more accurately.1,2 As compared with
non-alcoholic fatty liver disease (NAFLD), MAFLD is a diagnosis
of inclusion, based on the presence of hepatic steatosis and
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the coexistence of a set of metabolic risk factors.1–3 According
to recent reports, MAFLD is more likely to capture patients at
high risk of hepatic and extrahepatic complications,
supporting the positive implications of the change from
NAFLD to MAFLD.4–6 However, there has been no study of
stratifying patients with newly defined MAFLD according to
disease severity.

Sarcopenia has been linked to fatty liver disease, because
it shares the main potential pathophysiological mechanisms
of insulin resistance and increased inflammation.7 In line with
these shared mechanisms, sarcopenia was significantly
associated with liver fibrosis in patients with NAFLD, indepen-
dently of obesity and insulin resistance.8 Subsequent studies
confirmed this finding, supporting a role for sarcopenia in the
stratification of disease severity in patients with NAFLD.8–10

Accordingly, the presence of sarcopenia is now regarded as
an important indicator of the severity and prognosis of
NAFLD, which might be extrapolated into MAFLD because
of its substantial overlap with NAFLD.

Liver fibrosis is considered the most relevant predictor of
poor prognosis in patients with NAFLD.11,12 A recent
meta-analysis reported that the risks of all-cause mortality,
liver transplantation, and liver-related events increased as
the stage of fibrosis increased.12 In addition, atherosclerotic
cardiovascular disease (ASCVD) confers the most common
cause of morbidity and mortality in patients with NAFLD.13,14

The severity of NAFLD is associated with ASCVD risk, indepen-
dently of other cardiovascular risk factors.15,16 Based on
these prognostic implications of liver fibrosis and ASCVD in
patients with NALFD, the severities of these two factors
might also differ among subgroups of patients according to
MAFLD severity.4–6

In this study, we investigated whether the stratification of
patients with MAFLD using sarcopenia status could identify
subgroups with different disease severity, in terms of the
degree of liver fibrosis and the risk of ASCVD, using the Korea
National Health and Nutrition Examination Survey (KNHANES)
database.

Methods

Patients

The KNHANES involves a nationwide, population-based,
cross-sectional health examination and survey that is annu-
ally conducted by the Division of Chronic Disease
Surveillance of the Korea Centers for Disease Control and
Prevention in the Ministry of Health and Welfare.17

Each KNHANES is composed of independent datasets of sub-
jects from the general population of South Koreans. These
subjects are randomly selected from 600 randomly selected
districts of cities and provinces in South Korea.

As depicted in Supporting Information, Figure S1, among a
total of 37 753 subjects in the KNHANES 2008–2011, we in-
cluded 28 071 subjects aged ≥20 years (12 160 men and
15 911 women). Of these, 19 710 subjects who met the
following criteria were excluded: (i) missing data for appen-
dicular skeletal muscle mass (ASM) (n = 9387); (ii) insufficient
data to calculate the degree of fibrosis (n = 7627); (iii) insuf-
ficient data to diagnose MAFLD (n = 2352); and (iv) history
of ASCVD before enrolment (n = 344). Finally, 8361 subjects
were included in the analysis.

The use of the KNHANES data was conducted following
the ethical approval by the Institutional Review Board of
the Korea Centers for Disease Control and Prevention (Nos.
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C,
and 2011-02CON-06C).

Definition of metabolic dysfunction-associated
fatty liver disease and non-alcoholic fatty liver
disease

Metabolic dysfunction-associated fatty liver disease was
defined as the presence of hepatic steatosis with any one
of the following three conditions: overweight/obesity [body
mass index (BMI) ≥23 kg/m2], diabetes mellitus, or ≥2
metabolic dysregulations.1 Metabolic dysregulations were
defined as follows: (i) waist circumference ≥90 cm in men
and ≥80 cm in women; (ii) blood pressure ≥130/85 mmHg
or specific drug treatment; (iii) triglyceride ≥150 mg/dL or
specific drug treatment; (iv) high-density lipoprotein choles-
terol <40 mg/dL for men and <50 mg/dL for women or
specific drug treatment; (v) prediabetes (fasting glucose
levels 100–125 mg/dL); and (vi) homeostasis model assess-
ment of insulin resistance (HOMA-IR) score ≥2.5.1,18 NAFLD
was defined as the presence of hepatic steatosis in the
absence of significant alcohol consumption and concomitant
liver disease.19

Definition of sarcopenia

Appendicular skeletal muscle mass was measured using dual-
energy X-ray absorptiometry (QDR 4500A; Hologic, Inc.,
Bedford, MA, USA).8 The sarcopenia index (SI) was calculated
using the following formula: SI = total ASM (kg)∕BMI (kg/m2).
Sarcopenia was defined as SI < 0.789 in men and <0.521 in
women, based on the recent recommendation.20

Definitions of hepatic steatosis and significant liver
fibrosis

Hepatic steatosis and significant liver fibrosis were defined
using well-validated prediction models. Hepatic steatosis was
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assessed using the fatty liver index, and the comprehensive
NAFLD score was used to validate the main finding.21

Hepatic steatosis was defined as a fatty liver index ≥30 or a
comprehensive NAFLD score ≥40 (Table S1).21 The fibrotic bur-
den of the liver was assessed using the fibrosis-4 index (FIB-4)
or NAFLD fibrosis score (NFS).22 Significant liver fibrosis was
defined as either FIB-4 ≥ 2.6723 or the highest quartile of
NFS (Table S1). Because NFS could not be calculated because
of the absence of serum albumin data in the KNHANES cohort,
we defined significant liver fibrosis as the highest quartile of
NFS, which was similarly used in previous studies.8,24

Definition of atherosclerotic cardiovascular risk

The atherosclerotic cardiovascular risk was calculated using
the 10 year ASCVD risk prediction model of the 2013 Ameri-
can College of Cardiology/American Heart Association
Guideline.25 High probability of ASCVD was defined as ASCVD
score >10%.26

Definition of covariates

Demographic and lifestyle data were obtained using a
self-reported questionnaire. Smoking status was classified as
non-smoker or current smoker. Data from health examina-
tions and blood specimens were also provided. Blood
specimens were collected after overnight fasting for at least
8 h and analysed within 24 h of collection.27 The HOMA-IR
score was assessed as previously described.28

Significant alcohol consumption was defined as alcohol in-
take ≥30 g/day for men or ≥20 g/day for women. Regular ex-
ercise was defined as moderate or vigorous physical activity
for ≥20 min at least three times per week. Obesity was de-
fined as BMI ≥ 25 kg/m2, and central obesity was defined
as waist circumference ≥90 cm in men and ≥80 cm in women.
Diabetes was defined as a fasting plasma glucose level
≥126 mg/dL, or glycated haemoglobin ≥6.5%, or the use of in-
sulin or oral hypoglycaemic agents. Hypertension was defined
as systolic blood pressure ≥140 mmHg, diastolic blood pres-
sure ≥90 mmHg, or the use of antihypertensive medications.
Chronic kidney disease was defined as an estimated glomeru-
lar filtration rate <60 mL/min/1.73 m2.29

Statistical analysis

Data are expressed as the mean ± standard deviation or n
(%), as appropriate. Differences between continuous and
categorical variables were compared using Student’s t-test
(or the Mann–Whitney U test, as appropriate) and the χ2 test
(or Fisher’s exact test, as appropriate).

Multivariate logistic regression analysis was used to exam-
ine the independent risks of significant liver fibrosis and

ASCVD, according to the status of MAFLD/sarcopenia. Adjust-
ments for variables were as follows: Model 1, age and sex;
Model 2, variables in Model 1 plus alcohol consumption,
smoking status, and exercise; and Model 3, variables in
Model 2 plus chronic kidney disease and malignancy. Because
there were significant correlations among age, SI, and FIB-4
or NFS (Table S2), an interaction term between age and SI
(age × SI) was additionally included in all multiple regression
models for significant liver fibrosis. The adjusted odds ratio
(aOR) and its 95% confidence interval were calculated for
each model. All statistical analyses were performed using
SPSS Version 25.0 (IBM, Armonk, NY, USA). P < 0.05 was con-
sidered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the study population are
described in Table 1. The mean age was 48.5 years, and
42.6% of subjects were men. The mean ASM and SI were
18.7 kg and 0.80, respectively. Among the 8361 subjects in
this study, MAFLD was identified in 3116 (37.3%). Subjects
with MAFLD were significantly older and predominantly male
(all P < 0.001). They were more likely to have unfavourable
cardiovascular risk factors, consume significant amounts of
alcohol, be current smokers, have significant liver fibrosis,
and have a high probability of ASCVD, compared with
subjects without MAFLD (n = 5245, 62.7%) (all P < 0.001).
In addition, liver, metabolic, and kidney function were more
unfavourable in subjects with MAFLD than in those without
MAFLD (all P < 0.05) (Table 1).

Among subjects with MAFLD, 310 (9.9%) had sarcopenia.
Sarcopenic subjects were older than non-sarcopenic subjects
(n = 2806, 90.1%), and female sex was predominant (all
P < 0.001). The proportions of subjects with obesity, central
obesity, hypertension, diabetes, metabolic syndrome, and
malignancy were significantly higher among sarcopenic
subjects, whereas the proportions of subjects who were
current smokers and consumed significant amounts of alco-
hol were significantly lower among sarcopenic subjects (all
P < 0.05). In addition, platelet count, total cholesterol level,
high-density lipoprotein cholesterol level, low-density lipo-
protein cholesterol level, fasting glucose level, fasting insulin
level, and HOMA-IR score were significantly higher in
sarcopenic subjects than in non-sarcopenic subjects (all
P < 0.05), whereas alanine aminotransferase levels, serum
creatinine levels, and estimated glomerular filtration rate
were significantly lower in sarcopenic subjects (all
P < 0.05). Moreover, sarcopenic subjects had higher FIB-4,
NFS, and ASCVD risk score than those without sarcopenia
(Table 1) (all P < 0.001).
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Associations of metabolic dysfunction-associated
fatty liver disease/sarcopenia status with fibrotic
burden and atherosclerotic cardiovascular disease
risk by quartile stratification

When FIB-4 and NFS were stratified by quartiles, the degree
of fibrotic burden significantly increased from subjects
without MAFLD to non-sarcopenic subjects with MAFLD and
sarcopenic subjects with MAFLD (all P for trend <0.001)
(Figure 1). The ASCVD risk score significantly increased from
subjects without MAFLD to non-sarcopenic subjects with
MAFLD and sarcopenic subjects with MAFLD, when ASCVD
risk score was stratified by quartiles (all P for trend <0.001)
(Figure 2).

When we assessed the associations of MAFLD status with
SI, fibrotic burden, and ASCVD risk by quartile stratification,
the degree of sarcopenia, fibrotic burden (by FIB-4 or NFS),
and ASCVD risk were significantly higher in subjects with
MAFLD than in those without MAFLD (P for trend <0.001)

(Figure S2). The prevalence of significant liver fibrosis was
significantly higher in subjects with MAFLD (29.7% by FIB-4
and 35.8% by NFS) than in those without MAFLD (22.6%
by FIB-4 and 18.6% by NFS) (all P < 0.001). Subjects with
MAFLD had significantly higher prevalence of high probabil-
ity of ASCVD than those without MAFLD (all P < 0.001).
Compared with subjects without MAFLD, those with MAFLD
showed significantly increased relative risks of significant
liver fibrosis [odds ratio (OR) = 1.94 by FIB-4; OR = 2.54 by
NFS] and high probability of ASCVD (OR = 3.74) (all
P < 0.001) (Figure S3).

Risk of significant liver fibrosis according to the
status of metabolic dysfunction-associated fatty
liver disease/sarcopenia

The prevalence of significant liver fibrosis was highest in
sarcopenic subjects with MAFLD (6.1% by FIB-4 and 56.1%

Figure 1 Association between the status of metabolic dysfunction-associated fatty liver disease (MAFLD)/sarcopenia and fibrotic burden by quartile
stratification. When (A) fibrosis-4 index (FIB-4) and (B) non-alcoholic fatty liver disease fibrosis score (NFS) were stratified by quartiles, the degree of
fibrotic burden significantly increased from subjects without MAFLD to non-sarcopenic subjects with MAFLD and sarcopenic subjects with MAFLD (all P
for trend <0.001).

Figure 2 Associations between the status of metabolic dysfunction-associated fatty liver disease (MAFLD)/sarcopenia and atherosclerotic cardiovas-
cular disease (ASCVD) risk by quartile stratification. When ASCVD risk score was stratified by quartiles, the ASCVD risk significantly increased from sub-
jects without MAFLD to non-sarcopenic subjects with MAFLD and sarcopenic subjects with MAFLD (all P for trend <0.001).
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by NFS), followed by non-sarcopenic subjects with MAFLD
(3.0% by FIB-4 and 33.5% by NFS), and then subjects without
MAFLD (1.7% by FIB-4 and 18.6% by NFS) (Figure 3). When
subjects without MAFLD were considered as a reference
group, the risk of significant liver fibrosis significantly
increased from non-sarcopenic subjects with MAFLD
(OR = 1.36 by FIB-4; OR = 2.44 by NFS) to sarcopenic subjects
with MAFLD (OR = 2.44 by FIB-4; OR = 5.60 by NFS) (all
P < 0.001) (Figure 3).

After multistep adjustments for confounders that might
affect significant liver fibrosis, MAFLD subjects, regardless of
sarcopenia, showed significantly higher aOR for significant
liver fibrosis, by both FIB-4 and NFS, in all adjustment models,

compared with subjects without MAFLD (all P < 0.001). The
aOR was higher in sarcopenic subjects with MAFLD
(aOR = 4.51 by FIB-4; aOR = 5.72 by NFS) than in non-
sarcopenic subjects with MAFLD (aOR = 1.57 by FIB-4;
aOR = 2.13 by NFS) after sufficient adjustment (Model 3). In
an analysis of subjects with MAFLD, sarcopenic subjects
showed significantly increased risk of significant liver fibrosis
(aOR = 3.17 by FIB-4; aOR = 3.13 by NFS), compared with
non-sarcopenic subjects (Table 2).

When comprehensive NAFLD score was used to define
hepatic steatosis, similar findings were observed (Table S3).
In addition, when we excluded subjects with malignancy,
similar findings were obtained (Table S4).

Figure 3 Prevalence and relative risk of significant liver fibrosis according to the status of metabolic dysfunction-associated fatty liver disease
(MAFLD)/sarcopenia. The prevalence and relative risk of significant liver fibrosis [(A) by fibrosis-4 index (FIB-4) and (B) by non-alcoholic fatty liver dis-
ease fibrosis score (NFS)] significantly increased from non-sarcopenic subjects with MAFLD to sarcopenic subjects with MAFLD, compared with those
without MAFLD (all P < 0.001). CI, confidence interval; OR, odds ratio.

Table 2 The risk of significant liver fibrosis according to the status of MAFLD/sarcopenia

Groups

Model 1 Model 2 Model 3

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Liver fibrosis assessment by FIB-4
Entire study population
Non-MAFLD 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD without sarcopenia 1.62 1.18–2.23 0.003 1.56 1.14–2.15 0.006 1.57 1.14–2.16 0.006
MAFLD with sarcopenia 4.20 2.41–7.33 <0.001 4.50 2.57–7.87 <0.001 4.51 2.58–7.90 <0.001

Subgroup with MAFLD
MAFLD without sarcopenia 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD with sarcopenia 2.80 1.59–4.94 <0.001 3.17 1.78–5.63 <0.001 3.17 1.78–5.63 <0.001

Liver fibrosis assessment by NFS
Entire study population
Non-MAFLD 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD without sarcopenia 2.13 1.88–2.41 <0.001 2.12 1.87–2.40 <0.001 2.13 1.88–2.42 <0.001
MAFLD with sarcopenia 5.69 4.36–7.43 <0.001 5.70 4.37–7.45 <0.001 5.72 4.38–7.47 <0.001

Subgroup with MAFLD
MAFLD without sarcopenia 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD with sarcopenia 3.04 2.30–4.01 <0.001 3.12 2.36–4.13 <0.001 3.13 2.36–4.13 <0.001

CI, confidence interval; CKD, chronic kidney disease; FIB-4, fibrosis-4 index; MAFLD, metabolic dysfunction-associated fatty liver disease;
NFS, non-alcoholic fatty liver disease fibrosis score; OR, odds ratio; SI, sarcopenia index.
Model 1 = age (applied as a categorical variable with a median cut-off value of 47), age × SI, and gender. Model 2 = Model 1 + alcohol,
smoking, and exercise. Model 3 = Model 2 + CKD and malignancy.
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High probability of atherosclerotic cardiovascular
disease according to the status of metabolic
dysfunction-associated fatty liver disease/
sarcopenia

We assessed the relative risk for high probability of ASCVD
according to the status of MAFLD/sarcopenia. The prevalence
of high probability of ASCVD increased from subjects without
MAFLD (16.3%) to non-sarcopenic subjects with MAFLD
(29.2%) and sarcopenic subjects with MAFLD (60.6%). When
subjects without MAFLD were considered as a reference
group, the risk for high probability of ASCVD significantly
increased from non-sarcopenic subjects with MAFLD
(OR = 2.12) to sarcopenic subjects with MAFLD (OR = 7.91)
(all P < 0.001) (Figure 4).

The risk for high probability of ASCVD after multistep
adjustments is shown in Table 3. Compared with subjects
without MAFLD, MAFLD subjects, regardless of sarcopenia,
showed significantly increased aOR for high probability of
ASCVD in all adjustment models (all P < 0.001). In addition,
sarcopenic subjects with MAFLD exhibited higher aOR
(aOR = 4.08) than non-sarcopenic subjects with MAFLD
(aOR = 1.47) after sufficient adjustment (Model 3) (all
P < 0.001). Among subjects with MAFLD, sarcopenic subjects
showed significantly increased risk for high probability of
ASCVD (aOR = 2.78), compared with non-sarcopenic subjects
(Table 3).

Similar findings were observed when hepatic steatosis was
defined using the comprehensive NAFLD score (Table S5) and
after the exclusion of subjects with malignancy (Table S6).

Risk of sarcopenia according to the metabolic
dysfunction-associated fatty liver disease
diagnostic criteria

Our subjects with MAFLD (n = 3116) were differentially diag-
nosed according to the MAFLD diagnostic criteria (Table S7).
The proportion of subjects with MAFLD was 10.4% (n = 324
of 3116), 75.7% (n = 2358 of 3116), and 13.9% (n = 434 of
3116) in each group who met one, two, and three criteria, re-
spectively. The risk of sarcopenia increased as the number of
diagnostic criteria met increased: 2.5%, 9.6%, and 17.3% in
each group who met one, two, and three criteria,
respectively.

Risk of significant liver fibrosis and high probability
of atherosclerotic cardiovascular disease according
to the status of non-alcoholic fatty liver disease/
sarcopenia

Of the study population, 2344 (28.0%) had NAFLD, which was
lower than the prevalence of subjects with MAFLD (n = 3116,
37.3%). The proportion of subjects who met both MAFLD and
NAFLD criteria was 27.4% (n = 2292). Using the MAFLD defi-
nition, 824 (9.9%) subjects who were previously not defined
as NAFLD were classified into the population with MAFLD.
Conversely, 52 (0.6%) subjects who had been previously
defined as NAFLD were not classified into the population with
MAFLD (Figure S4).

Figure 4 Prevalence and relative risk of high probability of atherosclerotic cardiovascular disease (ASCVD) risk according to the status of metabolic
dysfunction-associated fatty liver disease (MAFLD)/sarcopenia. The prevalence and relative risk of high probability of ASCVD significantly increased
from non-sarcopenic subjects with MAFLD to sarcopenic subjects with MAFLD, compared with those without MAFLD (P < 0.001). CI, confidence in-
terval; OR, odds ratio.
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The risk of significant liver fibrosis significantly increased
from non-sarcopenic subjects with NAFLD (aOR = 1.41 by
FIB-4; aOR = 1.51 by NFS) to sarcopenic subjects with NAFLD
(aOR = 3.03 by FIB-4; aOR = 3.71 by NFS) (all P ≤ 0.001).
Among subjects with NAFLD, sarcopenic subjects showed sig-
nificantly increased risk of significant liver fibrosis (aOR = 2.48
by FIB-4; aOR = 3.01 by NFS), compared with non-sarcopenic
subjects (Table S8) (all P ≤ 0.05).

The risk for high probability of ASCVD significantly
increased from non-sarcopenic subjects with NAFLD
(aOR = 1.47) to sarcopenic subjects with NAFLD (aOR = 3.92)
(all P ≤ 0.001). Among subjects with NAFLD, sarcopenic sub-
jects showed significantly increased risk for high probability
of ASCVD (aOR = 2.60), compared with non-sarcopenic sub-
jects (P ≤ 0.001) (Table S9).

Discussion

In this large, population-based cohort study, subjects
without MAFLD showed more favourable characteristics than
those with MAFLD. In addition, when stratified according to
sarcopenia status, non-sarcopenic subjects with MAFLD had
more favourable characteristics than sarcopenic subjects with
MAFLD. The degree of fibrotic burden and the risk of ASCVD
significantly increased from subjects without MAFLD to
non-sarcopenic subjects with MAFLD and sarcopenic subjects
with MAFLD (all P for trend <0.001). When compared with
subjects without MAFLD, non-sarcopenic subjects with
MAFLD had a 1.8-fold (by FIB-4) and 2.2-fold (by NFS) in-
creased risk of significant liver fibrosis, respectively, whereas
sarcopenic subjects with MAFLD had a 3.7-fold (by FIB-4)
and 5.6-fold (by NFS) increased risk, respectively. Similarly,
when compared with subjects without MAFLD,
non-sarcopenic subjects with MAFLD had a 2.1-fold increased
high probability of ASCVD risk, whereas sarcopenic subjects
with MAFLD had a 7.9-fold increased probability. This trend
persisted despite comprehensive adjustments for confound-
ing factors.

Our study has several clinical implications. First, we
used a representative population-based database, which
strengthens the results. The selected cohort was large
(n > 8000) to ensure statistical reliability and to investigate
the fibrotic burden and ASCVD risk in subjects with MAFLD
stratified according to sarcopenia status. This large cohort en-
abled us to validate our main findings with several sensitivity
analyses. Furthermore, the proportion of patients with
MAFLD (37.3%) was similar to that of other studies,5,6 sug-
gesting the validity of our results and appropriate selection
of our study population.

Second, our study first demonstrated that the assessment
of sarcopenia status might be helpful in identifying high-risk
populations among subjects with MAFLD, who might have
unfavourable long-term prognoses because of higher fibrotic
burden and higher risk of ASCVD. To date, a few studies have
reported worse metabolic profiles among subjects with
MAFLD, when compared with those with NAFLD.4,5 All these
findings imply that the MAFLD definition can identify subjects
with higher risk of disease progression, compared with the
NAFLD definition.30 However, heterogeneous disease severity
and prognosis might exist even among subjects with the
same disease category of MAFLD, which is strongly supported
by our results of risk stratification according to sarcopenia
status. In addition, the risk of sarcopenia increased as the
number of MAFLD diagnostic criteria that patients met
increased. These results suggest that the increasing burden
of metabolic risk factors was associated with higher risk of
sarcopenia.

Third, over the past few years, the association of
sarcopenia with fatty liver has been widely studied, based
on the common pathophysiology of insulin resistance,
chronic inflammation, myokine changes, vitamin D deficiency,
and physical inactivity.7,31 Epidemiological studies have
demonstrated the positive association of sarcopenia with
NAFLD severity.8–10,32 A recent meta-analysis involving 19
studies found that sarcopenic subjects had higher risks of
non-alcoholic steatohepatitis (OR = 2.42) and significant liver
fibrosis (OR = 1.56), compared with non-sarcopenic subjects,
among patients with NAFLD.32 Our findings were consistent

Table 3 The risk for high probability of ASCVD risk according to the status of MAFLD/sarcopenia

Groups

Model 1 Model 2 Model 3

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Entire study population
Non-MAFLD 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD without sarcopenia 1.44 1.26–1.65 <0.001 1.46 1.27–1.67 <0.001 1.47 1.28–1.68 <0.001
MAFLD with sarcopenia 3.98 3.04–5.22 <0.001 4.06 3.09–5.33 <0.001 4.08 3.11–5.36 <0.001

Subgroup with MAFLD
MAFLD without sarcopenia 1.00 (reference) 1.00 (reference) 1.00 (reference)
MAFLD with sarcopenia 2.71 2.06–3.56 <0.001 2.77 2.10–3.66 <0.001 2.78 2.10–3.67 <0.001

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CKD, chronic kidney disease; MAFLD, metabolic
dysfunction-associated fatty liver disease; OR, odds ratio.
Model 1 = age (applied as a categorical variable with a median cut-off value of 47) and gender. Model 2 = Model 1 + alcohol, smoking,
and exercise. Model 3 = Model 2 + CKD and malignancy.
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with those of previous studies. The risk of significant liver fi-
brosis and high probability of ASCVD significantly increased
from non-sarcopenic subjects with NAFLD to sarcopenic sub-
jects with NAFLD (all P ≤ 0.001). Therefore, we hypothesized
that sarcopenia could also be used to distinguish subgroups
with different liver fibrotic burdens among subjects with
MAFLD, and demonstrated the clinical implications of the as-
sessment of skeletal muscle mass in subjects with MAFLD, as
in previous studies concerning NAFLD.8–10

Fourth, in addition to fibrotic burden, our study used the
risk of ASCVD to validate the rationale of using sarcopenia
status for the risk stratification of subjects with MAFLD,
because it has been well established that ASCVD is the lead-
ing cause of morbidity and mortality in patients with
NAFLD.11,13,15 For MAFLD, recent two studies using large na-
tionwide cohorts from the UK and South Korea reported
that subjects with MAFLD also have a significantly increased
risk of ASCVD.6,33 Furthermore, subjects with NAFLD, but
not MAFLD indicating no metabolic derangements, were at
lower risk of ASCVD than those with MAFLD, implying the
superiority of MAFLD criteria in identifying subjects with
metabolically complicated fatty liver with higher ASCVD
risk.6

However, we are also aware of several limitations that
remain unresolved. First, we used non-invasive calculation-
based diagnostic surrogates to define liver steatosis and
fibrosis. In addition, as the KNHANES data lack serum albu-
min levels, the highest quartile of NFS was used to define
significant liver fibrosis as in previous studies,8,24 instead of
using the well-known cut-off of 0.676.34 Further studies
using imaging surrogates or histological data might be
required for validation. However, because non-invasive sur-
rogates used in our study for liver steatosis21 and fibrosis35

have been widely validated and shown acceptable diagnostic
accuracy, the use of these non-invasive surrogates might be
sufficient in our large-scale cohort study. The independent
associations between these surrogates and the long-term
outcomes in patients with NAFLD36 also support the ratio-
nale of our study.

Second, the cross-sectional nature of the study design
could not explain causal relationships between sarcopenia
and the risks of significant liver fibrosis and ASCVD. Further
prospective studies focusing on determining the prognostic
implications of sarcopenia are warranted to determine
whether a change in sarcopenia through therapeutic inter-
vention can change the long-term outcomes in patients with
MAFLD. Third, we only included subjects of East Asian
ethnicity, which compromises the generalizability of our
conclusions to subjects of other ethnicities. Fourth, a pooled
cohort risk equation was used to assess ASCVD risk, so we
could not examine the risk of real cardiovascular events dur-
ing follow-up. However, the risk equation was validated in
several cohorts from the USA comprising Caucasians and Af-
rican Americans.37,38 In addition, the predicted risk score

was clearly associated with the risk of ASCVD events in a
Korean cohort.39 Finally, a substantial number of subjects
(n = 19 710) were excluded because of lack of sufficient
clinical information (Table S10). Accordingly, our study may
not be completely free of selection bias. Indeed, several
variables were significantly different between enrolled and
excluded subjects, including age, obesity, co-morbidities,
and laboratory values (all P ≤ 0.05). However, the skeletal
muscle mass and SI, which are the main exposures of our
study, were statistically similar (both P ≥ 0.05). Thus,
exclusion of subjects for whom data were lacking may not
significantly affect our main results.

In conclusion, our study showed that the degree of liver fi-
brosis and the risk of ASCVD differed significantly according
to sarcopenia status in subjects with MAFLD, which strongly
suggests that the amount of skeletal muscle mass needs to
be assessed for long-term risk stratification in subjects with
MAFLD.
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