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Abstract

Background Metabolic (dysfunction)-associated fatty liver disease (MAFLD) emphasizes the metabolic dysfunction in
nonalcoholic fatty liver disease (NAFLD). Although the relationship between low muscle mass and NAFLD has been
suggested, the effect of MAFLD on low muscle mass is yet to be investigated. In this study, we examined the relationship
between MAFLD and low muscle mass in an asymptomatic Korean population.
Methods Examinees who underwent FibroScan® and bioelectrical impedance analyses on the same day during the
period of June 2017 to December 2019 were included. Hepatic steatosis was diagnosed using controlled attenuation
parameter (CAP) with two cut-off values of 248 and 294 dB/m. Low muscle mass was defined based on appendicular
skeletal muscle mass/body weight (wt) or body mass index (BMI) ratios of two standard deviations below the
sex-specific mean for healthy young adults. Subjects were divided into four subgroups: diabetic MAFLD (presence of
diabetes mellitus [DM]), metabolic dysfunction (MD) MAFLD (≥2 metabolic abnormalities without DM), overweight
MAFLD (overweight/obese without DM and <2 metabolic abnormalities) and no MAFLD.
Results Among all of the 6414 subjects (mean 53.9 years of age; 85.4% male), the prevalence of MAFLD was 49.9%
and 22.7% for CAP cut-off values of 248 and 294 dB/m, respectively. In the multivariate analysis, MAFLD was associ-
ated with an increased risk of both low muscle mass_wt (odds ratio [OR] 1.80, 95% confidence interval [CI] 1.38–2.35,
P < 0.001) and low muscle mass_BMI (OR 1.31, 95% CI 1.01–1.70, P = 0.042). The risk of low muscle mass_wt and
low muscle mass_BMI increased the most in the diabetic MAFLD subgroup compared with the no-MAFLD group (OR
2.11, 95% CI 1.51–2.96, P< 0.001 and OR 1.51, 95% CI 1.08–2.13, P= 0.017). There was an increased risk of low mus-
cle mass_wt in the MD MAFLD subgroup (OR 1.73, 95% CI 1.31–2.28, P < 0.001). Comparable results were observed
when the CAP cut-off value of 294 dB/m was applied.
Conclusions The presence of MAFLD is significantly associated with increased risk of low muscle mass with varying
risks according to the MAFLD subgroups. Clinicians should be aware of the differentiated risk of low muscle mass
across the subgroups of MAFLD.
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Introduction

‘Metabolic (dysfunction)-associated fatty liver disease
(MAFLD)’ has been introduced with an emphasis on the role
of metabolic abnormalities in clinical outcomes in individuals
with hepatic steatosis.1 Although there is substantial overlap
between nonalcoholic fatty liver disease (NAFLD) and MAFLD,
MAFLD is not a simple rename of NAFLD.2 By using the
MAFLD definition instead of NAFLD, more individuals with
liver damage can be identified.3,4 Although there is a debate
on consensus on a change in name,5 MAFLD may be a more
suitable criteria in terms of clinical practice for fatty liver in
the Asia-Pacific region.6

Sarcopenia, which is an age-related decline in skeletal mus-
cle mass and strength with or without a reduction in physical
performance, has been associated with increases in meta-
bolic dysfunction and cardiovascular diseases, disability and
mortality.7 Because skeletal muscle is the key determinant
of the whole-body insulin-mediated glucose metabolism
and impacts fatty liver oxidation and energy homeostasis,
there may be a link between sarcopenia and MAFLD, with
the same primary pathophysiology as insulin resistance.8 Al-
though an independent association between sarcopenia and
NAFLD has been suggested,9 there has been limited studies
regarding the risk of sarcopenia in terms of MAFLD. A recent
study reported that the risks of advanced liver disease and
cardiovascular disease differed significantly according to
sarcopenic status among subjects with MAFLD.10 However,
the characteristics of the relationship between sarcopenia
and MAFLD have not yet been fully elucidated.

Although the concept of sarcopenia includes the assess-
ment of muscle function as well as muscle mass, we evalu-
ated low muscle mass, one of the major components of
sarcopenia in this study. Therefore, we investigated the rela-
tionship between MAFLD and low muscle mass in an asymp-
tomatic health check-up population without overt liver
disease.

Methods

Study population

We conducted a retrospective cohort study that included
subjects who underwent routine health check-ups including
a FibroScan at the Seoul National University Hospital Health-
care System Gangnam Center between June 2017 and
December 2019. We included subjects who underwent bio-
electrical analysis on the same day. Among them, 88 subjects
without skeletal muscle mass information were excluded,
and finally, a total of 6414 subjects were included in the anal-
ysis. Most subjects were asymptomatic and underwent vol-
untary general health check-up exams, whereas others were
sent by their employers.

The study protocol was approved by the Institutional Re-
view Board of Seoul National University Hospital (IRB No. H-
2106-014-1223) with a waiver for informed consent and also
conformed to the ethical guidelines of the World Medical As-
sociation Declaration of Helsinki.

Clinical and biochemical evaluations

The study data consisted of medical information based on a
self-administered questionnaire, and anthropometric and
laboratory measurements as previously described.11 Briefly,
subjects were categorized as current or non-current smoker.
Based on the amount of alcohol intake, significant alcohol con-
sumption was defined as >20 g/day for men and >10 g/day
for women. Viral hepatitis was defined as either hepatitis B
virus antigen positive or hepatitis C virus antibody positive.
Hypertension was defined as blood pressure ≥ 140/90 mmHg
or a history of receiving antihypertensive medications.
Diabetes was defined as fasting glucose levels ≥ 126 mg/dL,
a glycated haemoglobin (HbA1c) level ≥ 6.5% or a history of
receiving glucose-lowering agents.

All subjects fasted for at least 12 h prior to blood sampling;
total cholesterol, triglyceride, high-density lipoprotein
(HDL)-cholesterol, fasting glucose, HbA1c, fasting insulin and
high-sensitivity C-reactive protein (CRP) were measured. All
the tests were performed using standard laboratory
methods. The homeostasis model assessment of the insulin
resistance score (HOMA-IR) was assessed as previously
described.12

Anthropometric measurements

Weight and height were measured using a digital scale, and
body mass index (BMI) was calculated by dividing the weight
(kg) by the squared value of the height (m2). To measure the
waist circumference (WC), we used a tape at the midpoint
between the lower costal margin and anterior superior iliac
crest. Blood pressure was measured at least twice, and the
mean values of the measurements were recorded. To assess
body composition, bioelectrical impedance analysis (BIA) was
performed using an InBody 720 Body Composition Analyzer
(InBody Co., Ltd., Seoul, Korea), as described previously.13

The subjects were instructed to grasp the handles of the
analyser, to make contact with the electrodes on each limb.
They were in standing position for 5 min with their legs
slightly separated and the arms slightly abducted from the
trunk. When the measurements stabilized, it provided the
impedance for each segment including the trunk and the four
limbs by performing multi-frequency measurements to
estimate the appendicular skeletal muscle mass (ASM).
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Diagnosis of metabolic dysfunction-associated
fatty liver disease

To diagnose hepatic steatosis, a FibroScan (Echosens, Paris,
France) was performed by experienced investigators who
were unaware of the clinical information of the subjects as de-
scribed previously.11 Controlled attenuation parameter (CAP)
and liver stiffness measurement (LSM) were obtained using
an M (standard probe–transducer frequency of 3.5 MHz) or
XL probe (transducer frequency of 2.5 MHz). An XL probe
was used for all subjects with a BMI of ≥30.0 kg/m2. Briefly,
the subjects were placed in the dorsal decubitus position with
the right arm abduction and the procedure was performed on
the right lobe of the liver. The values of LSMwere expressed as
the median kilopascal (kPa) value, and the median CAP score
was expressed in dB/m values. The LSM values were consid-
ered reliable if 10 valid measurements were obtained and
the interquartile range/median of the measurements was
<0.3 or when the median liver stiffness value was <7.1 kPa.
All of the subjects with 10 valid measurements were included
in the analysis. Because no consensual cut-off values were
available for diagnosing steatosis,14 two CAP values of 248
and 294 dB/m were used to define hepatic steatosis in this
study.15,16

The diagnosis of MAFLD was based on previous criteria as
follows: the presence of hepatic steatosis with one or more
of the following: (1) overweight or obese (BMI ≥ 23 kg/m2),
(2) diabetes mellitus (DM) and (3) at least two metabolic risk
abnormalities. Metabolic risk abnormalities consisted of (1)
WC ≥ 90 cm for men and ≥80 cm for women, (2) blood
pressure ≥ 130/85 mmHg or specific drug treatment, (3)
fasting plasma triglycerides ≥ 150 mg/dL or specific drug treat-
ment, (4) plasma HDL-cholesterol < 40 mg/dL for men and
<50 mg/dL for women or specific drug treatment, (5) predia-
betes (fasting glucose of 100–125 mg/dL or HbA1c of 5.7–
6.4%), (6) HOMA-IR ≥ 2.5 and (7) plasma high-sensitivity CRP
level > 2 mg/L.1

We classified the MAFLD subgroups as follows: First, we de-
termined the diabetic MAFLD group based on the presence of
DM. And then in subjects without DM, we classified the meta-
bolic dysfunction (MD) MAFLD group according to the pres-
ence of two ormoremetabolic risk abnormalities. Next, the re-
maining non-diabetic subjects who had <2 metabolic
abnormalities and met only the BMI ≥ 23 kg/m2 criteria of
MAFLD were categorized as the overweight MAFLD group. Fi-
nally, the study population was divided into four subgroups: no
MAFLD, MAFLD–diabetes, MAFLD–MD and MAFLD–
overweight.17

Definitions of low muscle mass

ASM (kg) was calculated as the sum of the lean muscle mass in
all four extremities, assuming that all nonfat and nonbone tis-

sue is skeletal muscle. ASM% was calculated as ASM/weight
(kg) * 100, as modified from Janssen et al.18 Low muscle
mass_wt was defined using ASM%, as below two standard de-
viations of the sex-specific mean for healthy young adults, ac-
cording to the nationwide health examinations of the Korean
population (ASM% < 29.1 in men and <23.0 in women).19

We adopted a different definition for low muscle mass_BMI,
which was defined as <0.789 in men and <0.512 in women
using ASM to BMI ratio, based on the recent
recommendations.20

Statistical analyses

The data are presented as the mean ± standard deviation for
normally distributed continuous variables and as proportions
for categorical variables. The Student’s t-test and analysis of
variance were used to analyse continuous variables, and the
differences between nominal variables were compared with
the chi-squared test. A logistic regression analysis was utilized
to analyse the association between MAFLD and low muscle
mass adjusting for potential confounders. Among variables
with a P value of <0.05 in the univariate analysis, those with
clinical importance were subjected to multivariate analyses.
Sensitivity analyses were conducted to exclude the effects of
significant alcohol consumption or viral hepatitis. All the statis-
tical analyses were performed using SPSS 22.0 (SPSS Inc., Chi-
cago, IL, USA), and P values < 0.05 were considered statisti-
cally significant.

Results

Baseline characteristics of the study population

The mean age was 53.9 years and the proportion of males
was 85.4%. Among all of the 6414 subjects, MAFLD was iden-
tified in 3198 (49.9%) with the lower CAP cut-off value of
248 dB/m. When we applied the higher CAP cut-off value of
294 dB/m, the prevalence of MAFLD was 22.7%. The baseline
characteristics of the study participants are shown in Tables 1
and S1. The prevalence rates of low muscle mass_wt and low
muscle mass_BMI were 9.5% and 6.1%, respectively. Individ-
uals with MAFLD were older, and it was more frequently ob-
served in males. The prevalence of hypertension and diabetes
was significantly higher in subjects with MAFLD (P < 0.001).
In addition, most of the anthropometric and laboratory vari-
ables (including BMI, WC, systolic or diastolic blood pressure,
triglyceride, HDL-cholesterol, fasting glucose and HOMA-IR)
were metabolically unfavourable in subjects with MAFLD
(P < 0.001). The prevalence of low muscle mass_wt and
low muscle mass_BMI was significantly higher in MAFLD
patients compared with those without MAFLD (P < 0.001).
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Table 1 Comparison of subject baseline characteristics according to MAFLD

No MAFLD (N = 3216) MAFLD (N = 3198) P value

Age (years) 53.7 ± 10.1 54.2 ± 9.6 0.044
Male, n (%) 2604 (81.0) 2873 (89.8) <0.001
Current smoker, n (%) 575 (17.9) 603 (18.9) 0.313
Significant alcohol consumption, n (%) 665 (20.7) 759 (23.7) 0.003
Viral hepatitis, n (%) 201 (6.3) 141 (4.4) 0.001
Hypertension, n (%) 859 (26.7) 1284 (40.2) <0.001
Diabetes, n (%) 293 (9.1) 642 (20.1) <0.001
BMI (kg/m2) 23.1 ± 2.6 26.2 ± 2.9 <0.001
Waist circumference (cm) 84.6 ± 7.4 93.2 ± 7.7 <0.001
SBP (mmHg) 117.8 ± 13.8 123.2 ± 13.7 <0.001
DBP (mmHg) 77.4 ± 10.2 81.6 ± 9.7 <0.001
Total cholesterol (mg/dL) 194.9 ± 34.0 200.8 ± 39.5 0.095
Triglyceride (mg/dL) 89 (63 127) 130 (92 183) <0.001
HDL-cholesterol (mg/dL) 55.2 ± 13.2 48.8 ± 10.6 <0.001
Fasting glucose (mg/dL) 99.9 ± 17.9 108.8 ± 22.7 <0.001
HbA1c (%) 5.6 ± 0.6 5.9 ± 0.8 <0.001
hsCRP (mg/dL) 0.1 ± 0.5 0.2 ± 0.5 0.112
HOMA-IR 2.0 ± 1.1 3.3 ± 2.3 <0.001
LSM (kPa) 3.6 ± 2.1 4.2 ± 2.0 <0.001
LSM ≥ 6 kPa, n (%) 74 (2.3) 232 (7.3) <0.001
LSM ≥ 7 kPa, n (%) 25 (0.8) 70 (2.2) <0.001
ASM% 32.4 ± 3.1 30.7 ± 2.7 <0.001
ASM/BMI, m2 0.94 ± 0.1 0.90 ± 0.1 <0.001
Low muscle mass_wt, n (%) 94 (2.9) 517 (16.2) <0.001
Low muscle mass_BMI, n (%) 117 (3.6) 277 (8.7) <0.001

Note: Data are shown as the mean ± SD or median (interquartile range). Abbreviations: ASM, appendicular skeletal muscle mass; BMI,
body mass index; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment of insulin resistance; hsCRP, high sensitivity C-reactive protein; LSM, liver stiffness measurement; MAFLD, metabolic
dysfunction-associated fatty liver disease; SBP, systolic blood pressure; wt, weight.

Table 2 Univariate and multivariate analyses of the risk for low muscle mass

Unadjusted model Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Low muscle mass_wt
Age 1.01 (1.00–1.02) 0.152 1.03 (1.02–1.04) <0.001 1.03 (1.02–1.04) <0.001
Male 2.85 (2.03–4.00) <0.001 1.18 (0.79–1.76) 0.426 1.12 (0.74–1.68) 0.592
Current smoker 1.31 (1.07–1.60) 0.009 1.09 (0.84–1.40) 0.516 1.07 (0.82–1.39) 0.626
Significant alcohol consumption 1.01 (0.90–1.34) 0.339
Waist circumference (cm) 1.23 (1.21–1.25) <0.001 1.22 (1.20–1.24) <0.001 1.22 (1.20–1.24) <0.001
Triglyceride (mg/dL)a 2.50 (2.15–2.92) <0.001 1.09 (0.89–1.35) 0.410
Fasting glucose (mg/dL) 1.01 (1.01–1.02) <0.001 1.00 (1.00–1.01) 0.166
SBP (mmHg) 1.03 (1.03–1.04) <0.001 1.01 (1.00–1.02) 0.007
MAFLD 6.41 (5.11–8.03) <0.001 1.81 (1.40–2.34) <0.001 1.80 (1.38–2.35) <0.001
Low muscle mass_BMI
Age 1.06 (1.05–1.07) <0.001 1.07 (1.06–1.08) <0.001 1.07 (1.06–1.08) <0.001
Male 3.19 (2.04–4.96) <0.001 2.25 (1.42–3.57) 0.001 2.13 (1.34–3.39) 0.001
Current smoker 1.06 (0.81–1.39) 0.652
Significant alcohol consumption 0.79 (0.61–1.02) 0.071
Waist circumference (cm) 1.08 (1.07–1.10) <0.001 1.09 (1.07–1.10) <0.001 1.08 (1.06–1.09) <0.001
Triglyceride (mg/dL)a 1.79 (1.49–2.15) <0.001 1.25 (1.00–1.57) 0.047
Fasting glucose (mg/dL) 1.01 (1.01–1.02) <0.001 1.00 (1.00–1.01) 0.138
SBP (mmHg) 1.03 (1.02–1.03) <0.001 1.01 (1.00–1.02) 0.038
MAFLD 2.51 (2.01–3.14) <0.001 1.37 (1.07–1.75) 0.014 1.31 (1.01–1.70) 0.042

Note: Low muscle mass_wt, Model 1: Adjusted for age, sex, smoking, waist circumference and MAFLD. Model 2: Model 1 plus glucose,
triglyceride and SBP adjusted. Low muscle mass_BMI, Model 1: Adjusted for age, sex, waist circumference and MAFLD. Model 2: Model
1 plus glucose, triglyceride and SBP adjusted. Abbreviations: BMI, body mass index; CI, confidence interval; MAFLD, metabolic
dysfunction-associated fatty liver disease; OR, odds ratio; SBP, systolic blood pressure; wt, weight.
aLog transformed.
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Relationship between metabolic
dysfunction-associated fatty liver disease and low
muscle mass

We investigated the association between low muscle mass
and MAFLD. In the univariate model, the presence of MAFLD
showed a significant association with low muscle mass_wt
and low muscle mass_BMI (odds ratio [OR] 6.41, 95% confi-
dence interval [CI] 5.11–8.03 and OR 2.51, 95% CI 2.01–
3.14, respectively). In the multivariate analysis, MAFLD was
associated with an increased risk of both low muscle
mass_wt (OR 1.80, 95% CI 1.38–2.35) and low muscle
mass_BMI (OR 1.31, 95% CI 1.01–1.70; Table 2). When fur-
ther adjusted for BMI, these associations remained significant
in low muscle mass_wt (OR 1.60, 95% CI 1.22–2.10; Table S2).
When we applied the CAP cut-off value of 294 dB/m, the sig-
nificant association between MAFLD and low muscle mass re-
mained only in low muscle mass_wt (Table S3).

In the sensitivity analysis among individuals without alcohol
consumption or viral hepatitis, the association between
MAFLD and low muscle mass_wt remained significant
(Table S4).

The risk of low muscle mass according to metabolic
dysfunction-associated fatty liver disease
subgroups

We examined which component of MAFLD was most respon-
sible for an increased risk of low muscle mass by stratification
of the participants who were identified to have MAFLD into
three groups as described previously. First, we determined
the MAFLD–diabetes group based on the presence of DM re-
gardless of BMI. Next, we classified the MAFLD–MD group ac-
cording to the presence of two or more metabolic abnormal-
ities, and the MAFLD–overweight group. The clinical
characteristics according to MAFLD subgroup are shown in

Table S5. In the multivariate analysis, the risk of low muscle
mass_wt and low muscle mass_BMI increased the most in
the MAFLD–diabetes group compared with the no-MAFLD
group (OR 2.11, 95% CI 1.51–2.96 and OR 1.51, 95% CI
1.08–2.13, respectively). The increased risk of low muscle
mass_wt was also observed in the MAFLD–MD group (OR
1.73, 95% CI 1.31–2.28; Table 3). When BMI and fasting glu-
cose level were further adjusted as covariates, these associa-
tions between the MAFLD subgroup and low muscle mass_wt
remained similar (Table S6). When we applied the CAP cut-off
value of 294 dB/m, the significant association between
MAFLD–diabetes group and low muscle mass remained only
in low muscle mass_wt (Table S7).

Subgroup analysis of subjects with metabolic
dysfunction-associated fatty liver disease

We evaluated the association between LSM and low muscle
mass in individuals with MAFLD. When the participants with
MAFLD were grouped according to an LSM cut-off value of
6.0 kPa, those with a higher LSM (≥6 kPa) showed an inde-
pendently increased risk for low muscle mass than those with
a lower LSM (<6 kPa) (low muscle mass_wt: OR 1.52, 95% CI
1.05–2.19, and low muscle mass_BMI: OR 1.66, 95% CI 1.11–
2.48, respectively; Table 4). Although not statistically signifi-
cant, comparable results were observed when the CAP cut-
off value of 294 dB/m was applied (Table S8). Among the
MAFLD subgroups, the association between low muscle mass
and higher LSM in the MAFLD–diabetes group was observed
(Table S9).

Discussion

In the present study, the presence of MAFLD was significantly
associated with low muscle mass even after adjusting for

Table 3 The risk of low muscle mass according to MAFLD subgroups

Model 1 Model 2

N (%)a OR (95% CI) P value OR (95% CI) P value

Low muscle mass_wt
No MAFLD 94 (2.9) 1 (ref) 1 (ref)
MAFLD–overweight 20 (5.5) 1.46 (0.86–2.48) 0.161 1.65 (0.95–2.85) 0.073
MAFLD–MD 354 (16.1) 1.75 (1.34–2.29) <0.001 1.73 (1.31–2.28) <0.001
MAFLD–diabetes 143 (22.3) 2.13 (1.54–2.95) <0.001 2.11 (1.51–2.96) <0.001
Low muscle mass_BMI
No MAFLD 117 (3.6) 1 (ref) 1 (ref)
MAFLD–overweight 18 (5.0) 1.27 (0.76–2.14) 0.365 1.23 (0.93–1.62) 0.145
MAFLD–MD 177 (8.1) 1.30 (0.99–1.70) 0.056 1.43 (0.84–2.45) 0.192
MAFLD–diabetes 82 (12.8) 1.62 (1.16–2.24) 0.004 1.51 (1.08–2.13) 0.017

Note: Low muscle mass_wt, Model 1: Adjusted for age, sex, smoking and waist circumference. Model 2: Model 1 plus triglyceride and
systolic blood pressure adjusted. Low muscle mass_BMI, Model 1: Adjusted for age, sex and waist circumference. Model 2: Model 1 plus
triglyceride and systolic blood pressure adjusted. Abbreviations: BMI, body mass index; CI, confidence interval; MAFLD, metabolic
dysfunction-associated fatty liver disease; MD, metabolic dysfunction; OR, odds ratio; wt, weight.
aNumber of low muscle mass/total population.
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confounding factors. The increased risk of low muscle mass
was the most in the MAFLD–diabetes group, followed by
the MAFLD–MD group, suggesting the importance of meta-
bolic abnormalities for the risk of sarcopenia in MAFLD.
Higher LSM was significantly associated with low muscle
mass in MAFLD.

Growing evidence has shown that low skeletal muscle
mass may play a role in the risk of NAFLD as well as its ad-
vanced stages.21 Potential pathogenic connections between
NAFLD and muscle mass may be complex, bidirectional and
synergistic; however, a cause–effect relation remains to be
determined.22 Until present, there have been few data re-
garding the converse relationship between hepatic steatosis
and muscle mass, as an outcome variable. Chung et al.
showed that hepatic steatosis assessed using a CAP was inde-
pendently associated with low muscle mass in a
dose-dependent manner.11 Recently, Roh et al. reported that
NAFLD may predict a future risk of low muscle mass and mus-
cle strength.23

MAFLD has been reported to be associated with hepatic
fibrosis24,25 and atherosclerotic cardiovascular disease.26–28

In addition, a previous study identified different risks of ad-
vanced liver disease and cardiovascular disease according to
sarcopenic status in subjects with MAFLD, suggesting the im-
portance of assessing sarcopenia in MAFLD patients.10 Thus,
sarcopenia may be one of the mechanisms by which MAFLD
may be associated with hepatic fibrosis and cardiovascular
disease. In this study, we determined that MAFLD was signif-
icantly associated with low muscle mass even after adjusting
for confounding factors, indicating the important role of
assessing MAFLD status in the risk of low muscle mass.

Because muscle mass is correlated with body size, ASM has
been used as the index of skeletal muscle mass after
adjusting for body size in different ways. Previous studies
have used various standards regarding the definition of low
muscle mass including BMI, height2 or weight adjustments,
and the prevalence of sarcopenia varies depending on the
operational method used to define low muscle mass.29 In this
study, we used both ASM/weight and ASM/BMI as the mus-
cle index and demonstrated significant associations between
MAFLD and low muscle mass using both criteria. Recent pa-
pers have shown that neither muscle mass/weight nor mus-
cle mass/BMI provides accurate adjustment of muscle quan-
tity for differences in body size in the presence of

overweight/obesity in NAFLD, suggesting the importance of
muscle composition.30,31 Further studies evaluating muscle
composition are needed.

There is a concern that because MAFLD includes a hetero-
geneous group of subjects, it does not distinguish non-obese
from obese, alcoholic from nonalcoholic and subjects with
hepatic steatosis alone from those with underlying liver
diseases.32 A previous study has reported that those with
MAFLD were heterogeneous in terms of mortality and cardio-
vascular risk according to the accompanying metabolic
dysfunctions.33 Our study showed that an assessment of
MAFLD subgroups might be helpful in risk stratification for
low muscle mass. The risk of low muscle mass was the
highest in the MAFLD–diabetes group in both low muscle
mass_wt and low muscle mass_BMI, followed by the
MAFLD–MD group, indicating the importance of metabolic
abnormalities for the risk of sarcopenia.

A previous meta-analysis has reported that patients with
sarcopenia have a higher risk of NAFLD and advanced stages
including nonalcoholic steatohepatitis (NASH) or
NAFLD-related significant fibrosis.21 Consistently, MAFLD with
a higher LSM (≥6 kPa) showed an association with low muscle
mass in this study. While most studies assign a cut-off value
of LSM > 7.1 kPa to define significant liver fibrosis, a prior
study suggested the LSM cut-off values ranging from 6.2 to
11 kPa for fibrosis stage ≥ 2.34 Because the subjects of this
study consisted of health check-up participants and most of
them were asymptomatic, only small numbers of subjects
(95 of 6414, 1.48%) showed significant fibrosis
(LSM ≥ 7 kPa), which limited statistical power. Therefore,
we used a lower LSM cut-off value of 6 kPa in this study.

The interplay between muscle mass and hepatic steatosis
is influenced by several factors such as insulin resistance,
obesity, low-grade inflammation and hepatokines. With ag-
ing, the impaired balance between protein synthesis and pro-
teolysis in skeletal muscle results in a progressive decline in
muscle mass. Sarcopenic muscles become infiltrated with ad-
ipose tissue and fibrotic tissue at later stages. Lipids and their
derivatives accumulate between muscle cells, leading to
lipotoxicity and insulin resistance, as well as enhanced secre-
tion of pro-inflammatory cytokine. In addition, because skel-
etal muscle is the primary site responsible for
insulin-mediated glucose uptake, the reduction in skeletal
muscle mass can decrease the insulin sensitivity, which plays

Table 4 Subgroup analysis for the risk of low muscle mass in subjects with MAFLD according to liver stiffness measurement

Low muscle mass_wt Low muscle mass_BMI

OR (95% CI) P value OR (95% CI) P value

MAFLD with LSM < 6 kPa 1 (ref) 1 (ref)
MAFLD with LSM ≥ 6 kPa 1.52 (1.05–2.19) 0.027 1.66 (1.11–2.48) 0.013

Note: Low muscle mass_wt: Adjusted for age, sex, smoking, waist circumference, fasting glucose, triglyceride and systolic blood pressure.
Lowmuscle mass_BMI: Adjusted for age, sex, waist circumference, fasting glucose, triglyceride and systolic blood pressure. Abbreviations:
BMI, body mass index; CI, confidence interval; LSM, liver stiffness measurement; MAFLD, metabolic dysfunction-associated fatty liver dis-
ease; OR, odds ratio; wt, weight.

2958 J.Y. Seo et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2953–2960
DOI: 10.1002/jcsm.13099



a main pathogenic role in the development of hepatic steato-
sis. Fatty liver disease is a chronic low-grade inflammatory
state, and some of the inflammatory mediators from the liver
and other pro-inflammatory cytokines might be associated
with low muscle mass.35 Hepatokines, secreted by hepato-
cytes that can mediate metabolic disorders, may exacerbate
adipose tissue atrophy, support chronic low-grade inflamma-
tion and establish a vicious cycle of insulin resistance and
inflammation.36

To the best of our knowledge, this is the first study to ex-
amine the relationship between MAFLD and low muscle
mass. In addition, we evaluated multiple metabolic con-
founding factors including significant fibrosis. However, this
study has several limitations. First, due to its cross-sectional
study design, a causal relationship is difficult to establish. Sec-
ond, although liver biopsy is considered to be a gold standard
for the diagnosis of hepatic steatosis, it is not typically used in
asymptomatic individuals in clinical practice. Ultrasonography
is mostly used for the diagnosis of hepatic steatosis; however,
it has limitations such as interpersonal variability and inaccu-
racy in subjects with low liver fat contents.37 The variation in
the optimal CAP value is most likely due to disease preva-
lence in the examined population. Employing a low threshold
CAP value may lead to an overestimation of the prevalence of
MAFLD, which is 49.9% in this study. This prevalence is higher
than that reported in a recent meta-analysis of the global
prevalence of MAFLD (38.8%).38 Therefore, we applied an-
other CAP value of 294 dB/m to establish the robust finding
of a relationship between MAFLD and low muscle mass and
obtained comparable results. Third, BIA is not the gold stan-
dard method by which to evaluate muscle mass; however, it
provides simple, inexpensive and reliable estimates of skele-
tal muscle mass especially at health screening centres and
primary clinics and is appropriate for measuring muscle mass
in large cohorts and has been previously validated for
predicting whole-body muscle mass using BIA.39 In addition,
although muscle composition, such as myosteatosis, is con-
sidered as a major determinant for muscle function and

strength, we could not assess this. Fourth, this study was
composed of health check-up participants who are likely to
be highly motivated to improve their health for any reason,
they might not be representative of the general population
and not all people who undergo health check-ups at our insti-
tution receive a FibroScan exam. In this context, most of the
study subjects were men and asymptomatic and most of
them had non-significant liver disease as indicated by
LSM < 7.1 kPa, and this might result in a selection bias.
Therefore, the results of our study should be interpreted
carefully, and further studies are required to validate our re-
sults. Lastly, because we could not obtain information regard-
ing muscle strength or physical performance, we could not
evaluate the functional aspects of sarcopenia.

In conclusion, we demonstrated that MAFLD was signifi-
cantly associated with low muscle mass. The risk of low
muscle mass varies according to the subgroup of MAFLD.
Therefore, clinicians should be aware of the differentiated
risk of low muscle mass across the subgroups of MAFLD.
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