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Abstract: Background/Objectives: Metabolic dysfunction-associated steatotic liver disease (MASLD)
is diagnosed when hepatic steatosis is proven by imaging and one of the five cardiometabolic
criteria is present. The relationship between MASLD and body composition components has recently
received increased research attention. However, the five cardiometabolic criteria do not include
components of body composition. This study aimed to identify significant body composition factors
associated with MASLD in patients undergoing health checkups. Methods: This study included
a cohort of 6599 examinees who participated in a health check-up conducted between 2022 and
2023, and their data were prospectively analyzed. The inclusion criteria were undergoing abdominal
ultrasonography, alcohol consumption <30 g/day for males or <20 g/day for females, and one of the
five cardiometabolic criteria. Results: Finally, 3864 examinees were enrolled. In total, 1133 (51.8%)
males and 454 (27.1%) females had MASLD. Sarcopenia was present in only 0.62% of males and 0.66%
of females with MASLD. The MASLD group had significantly lower skeletal muscle mass/weight
(SMM/WT) values than the non-MASLD group. Multivariate analysis revealed that SMM/WT
was independently associated with MASLD. Conclusions: SMM/WT was significantly associated
with MASLD. Therefore, muscle mass assessment using SMM/WT may be a potential marker for
diagnosing MASLD.

Keywords: metabolic dysfunction-associated steatotic liver disease; bioimpedance analysis; body
composition components; skeletal muscle mass; sarcopenia
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is emerging as the most prevalent liver con-
dition globally [1]. In 2023, it was proposed that conventional NAFLD and non-alcoholic
steatohepatitis (NASH) should be diagnosed as metabolic dysfunction-associated steatotic
liver disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH), re-
spectively, when at least one of the five cardiometabolic criteria is met. MASLD is diagnosed
when hepatic steatosis is proven with imaging or biopsy, one of the cardiometabolic criteria
is present, and no other factors, such as alcohol consumption, are present [2]. One of the
main causes of MASLD is reduced physical activity levels. In 2007, obesity was reported
as the primary contributing factor in the development of NAFLD/NASH. A positive cor-
relation was shown between the amount of visceral and intrahepatic fat in patients with
NAFLD/NASH [3]. On the other hand, Lee et al. demonstrated that sarcopenia is linked
to an elevated risk of NAFLD, independent of obesity or metabolic control, in 2015 [4].
There is a close association between MASLD, lifestyle-related diseases, and sarcopenia.
About 20-40% of patients with MASLD have sarcopenia [5,6]. MASLD and components of
body composition, including muscle mass and fat mass, are closely and mutually involved
in their respective pathologies. However, there are no reports on the body composition
components that are most strongly associated with MASLD.

The Asian Working Group for Sarcopenia (AWGS) 2014 consensus defined sarcopenia
as “the age-related decline in muscle mass, reduced muscle strength and/or diminished
physical performance.” Additionally, they recommended using the skeletal muscle mass
index (SMI; appendicular skeletal muscle mass divided by height squared), determined
with bioelectrical impedance analysis (BIA), to assess muscle mass [7]. The AWGS 2019
guidelines also endorsed the use of SMI for assessing muscle mass through BIA [8]. In 2016,
liver disease-specific secondary sarcopenia criteria were presented at the Japan Society of
Hepatology (JSH). These criteria are used in many countries for a variety of diseases. The
presence of sarcopenia is evaluated based on grip strength and muscle mass [9]. According
to the JSH criteria (2nd edition), the threshold values for grip strength were set at 28
and 18 kg for males and females, respectively. The threshold values for muscle mass
measurement by BIA were 7.0 and 5.7 kg/m? for males and females, respectively [10].

Various skeletal muscle mass indices exist for assessing sarcopenia: appendicular
skeletal muscle mass adjusted for height squared or weight [11]. In practice, SMI adjusted
for height squared is often employed to assess muscle mass. On the other hand, skeletal
muscle mass/weight (SMM/WT) is the total amount of skeletal muscle mass in the body,
including the skeletal muscles of the trunk, divided by body weight and expressed as a ratio.
It is an index used to evaluate skeletal muscle mass as a proportion of total body weight.
One of the problems with the definition of sarcopenia is that the discordance between these
indices and the indices for skeletal muscle mass have not yet been unified [11].

The five cardiometabolic criteria for MASLD are overweight, glucose intolerance,
hypertension, hypertriglyceridemia, and hypo-high-density lipoprotein (HDL) choles-
terolemia [2]. These cardiometabolic criteria do not include the components of body
composition. Considering the components of body composition in MASLD is crucial, since
many lean individuals with a body mass index (BMI) < 23.0 kg/m? and low muscle mass
have MASLD in Japan. The identification of body composition components may also posi-
tively impact planning an individualized MASLD exercise treatment program considering
muscle mass and fat mass. In the present research, we examined the association between
MASLD and body composition components, as well as the factors most strongly associated
with MASLD among health checkup examinees at a single institution.

2. Materials and Methods
2.1. Study Population
This prospective observational study, conducted at a single center from April 2022 to

March 2023, aimed to investigate the relationship between MASLD and body composition
components, as well as identify the key factors most strongly associated with MASLD. We
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considered 6599 examinees who underwent health checkups at KKR Takamatsu Hospital.
Examinees who fulfilled the following criteria were included: (1) undergoing abdom-
inal ultrasonography, (2) alcohol consumption <30 g/day for males or <20 g/day for
females, and (3) at least one cardiometabolic criterion. The cardiometabolic criteria were
as follows: (1) BMI > 23 kg/ m?; (2) waist circumference > 94 cm for males or >80 cm
for females; (3) fasting serum glucose > 100 mg/dL; (4) glycated hemoglobin (HbA1c)
of >5.7%; (5) treatment for type 2 diabetes; (6) systolic blood pressure of >130 mmHg;
(7) diastolic blood pressure of >85 mmHg; (8) specific antihypertensive drug treatment;
(9) plasma triglycerides > 150 mg/dL; (10) plasma HDL cholesterol < 40 mg/dL for males
or <50 mg/dL for females; and (11) lipid-lowering treatment.
We enrolled 3864 examinees who met the inclusion criteria.

2.2. Diagnosis of Hepatic Steatosis by Abdominal Ultrasonography

We scored the findings of hepatic steatosis obtained from the B-mode abdominal
ultrasound based on a report by Hamaguchi et al. [12]. A bright liver, a characteristic of
hepatic steatosis-like conditions in which fat accumulation alters the acoustic properties of
the liver, was defined on a scale from 0 to 2 points. Bright liver was diagnosed based on the
presence of abnormally intense, high-level echoes originating from the hepatic parenchyma.
The intensity was classified into three categories: none, mild, and severe. We defined a
hepatorenal echo contrast, the relative brightness of the liver compared to the dark renal
cortex (a significant contrast often signals liver abnormalities like steatosis), on a scale from
0 to 1 point. The diagnosis of hepatorenal echo contrast was determined by the apparent
ultrasonographic contrast between the hepatic and right renal parenchyma, observed on a
right intercostal sonogram at the mid-axillary line. Deep echo attenuation was defined on a
scale from O to 2 points. The diagnosis of deep echo attenuation was determined by the
noticeable reduction in echo penetration into the liver’s deeper regions and the impaired
visualization of the diaphragm. Vessel blurring was defined on a scale from 0 to 2 points.
Vessel blurring was diagnosed based on the inability to clearly visualize the borders of
intrahepatic vessels and the narrowing of their lumen. Blurring of the boundary between
the liver and the right kidney or gallbladder wall was defined on a scale from 0 to 2 points.
Ultimately, we diagnosed hepatic steatosis with a total of >2 points of these scores [12].
Abdominal ultrasonography was conducted using two devices: the Xario 200 with a 6-MHz
convex array transducer (Canon Medical Systems, Otawara, Japan) and the Aplio XG with
a 6-MHz convex array transducer (Canon Medical Systems, Otawara, Japan).

2.3. Measurement of Body Composition Components, Hand Grip Strength, and
Waist Circumference

We measured the body composition components of 6599 examinees who underwent
health checkups. Body composition was evaluated using direct segmental multifrequency
BIA (DSM-BIA) with the InBody770 device (InBody Co., Ltd., Seoul, Republic of Korea).
The InBody770 utilizes a multi-frequency segmental measurement technique and employs
an 8-point tactile electrode. Multi-frequency measurements were conducted using multiple
frequencies at 1, 5, 50, 250, 500, and 1000 kHz for each body segment (arms, trunk, and
legs). This analyzer demonstrated a strong correlation with the gold standard measure-
ment, which utilizes dual-energy X-ray absorptiometry [13]. The DSM-BIA does not rely
on statistical data from any particular population. As a result, body composition can be
accurately assessed for individuals of diverse body types, including those with obesity,
older adults, and others. The main research parameters using BIA are weight, BMI, total
body water, intracellular water, extracellular water, proteins, minerals, body fat mass, soft
lean mass, fat-free mass, skeletal muscle mass (SMM), percentage body fat, SMI, visceral
fat area, SMM /WT, fat-free mass index, and fat mass index. Handgrip strength was mea-
sured in all 6599 examinees in the standing position using a Smedley hand dynamometer
T.K.K.5401 (Takei, Niigata, Japan). Grip strength measurements were taken twice, alter-
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nating between the left and right sides, and higher values from each side were averaged.
Waist circumference was measured at navel height in the relaxed standing position.

2.4. Statistical Analysis

The Wilcoxon signed-rank test was employed to analyze differences in characteristics
between the non-MASLD and MASLD groups. The threshold for statistical significance
was defined as p < 0.005. Multivariate analysis was conducted on the following eight key
variables to identify factors associated with MASLD: BMI, waist circumference, total body
water, proteins, percentage body fat, SMI, SMM/WT, and hand grip strength. We performed
multiple linear regression analyses as sensitivity analyses. Logistic regression analysis was
performed, with the threshold for statistical significance defined as p < 0.001. The analysis
of these data was performed using JMP 16.2.0 (SAS Institute Inc, Cary, NC, USA).

3. Results
3.1. Prevalence of MASLD Among Health Checkup Examinees
A total of 3864 examinees (2188 males and 1676 females) were enrolled between April

2022 and March 2023. Abdominal ultrasonography revealed hepatic steatosis in 1133 males
(51.8%) and 454 females (27.1%) (Figure 1).

Health check up examinees in males (April 2022~March 2023)
N=3781

Study population

Inclusion criteria

*Received abdominal ultrasonography

*Alcohol consumption (<30g/day)

At least one of the following criteria

*Body mass index 223kg/m? * Waist circumference >94cm
* Fasting serum glucose 2100mg/dL *HbA1c of 25.7%
*Treatment for type 2 diabetes

- Systolic blood pressure of 2130 mmHg

*Diastolic blood pressure of 285 mmHg

- Specific antihypertensive drug treatment

*Plasma triglycerides 2150 mg/dL

*Plasma HDL-cholesterol <40 mg/dL

*Lipid-lowering treatment

N=2188

Non-MASLD MASLD
N=1055 N=1133
(48.2%) (51.8%)

Figure 1. Cont.
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Health check up examinees in females (April 2022~March 2023)
N=2818

Study population

Inclusion criteria

* Received abdominal ultrasonography

* Alcohol consumption (<20g/day)

At least one of the following criteria

*Body mass index 223kg/m? * Waist circumference >80cm
* Fasting serum glucose 2100mg/dL *HbAlc of 25.7%
* Treatment for type 2 diabetes

*Systolic blood pressure of 2130 mmHg

* Diastolic blood pressure of 285 mmHg

*Specific antihypertensive drug treatment

*Plasma triglycerides 2150 mg/dL

*Plasma HDL-cholesterol <50 mg/dL

* Lipid-lowering treatment

N=1676

Non-MASLD MASLD
N=1222 N=454
(72.9%) (27.1%)

Figure 1. Diagram illustrating the study flow. We considered 6599 examinees. N, number; HbA1C,
glycated hemoglobin; HDL, high-density lipoprotein; MASLD, metabolic dysfunction-associated
steatotic liver disease.

3.2. Prevalence of Sarcopenia Among Health Checkup Examinees

Based on the JSH (2nd edition) criteria for sarcopenia, the prevalence of sarcopenia
among examinees with MASLD was 0.62% and 0.66% in males and females, respectively
(Figure 2).

MASLD in males

N=1133
Hand grip strength 228kg Hand grip strength<28kg Lack of data
N=1086 N=45 N=2
(95.9%) (3.97%)
SMI 2 7.0kg/m? SMI<7.0kg/m? Lack of data
N=37 N=7 N=1
(3.27%) (0.62%)

Figure 2. Cont.
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MASLD in females
N=454

Hand grip strength 218kg Hand grip strength <18kg Lack of data
N=435 N=18 N=1
(95.8%) (3.96%)

SMI 25.7kg/m? SMI <5.7kg/m?
N=15 N=3
(3.30%) (0.66%)

Figure 2. Prevalence of sarcopenia among health checkup examinees. Sarcopenia was identified in
0.62% of males and 0.66% of females with MASLD by the JSH (2nd edition) sarcopenia criteria. SMI,
skeletal muscle mass index.

3.3. Characteristics of the Non-MASLD Group and the MASLD Group

The characteristics of the non-MASLD and MASLD groups, along with their differ-
ences, are displayed in Table 1. Eighteen parameters (weight, BMI, waist circumference,
total body water, intracellular water, extracellular water, proteins, minerals, body fat mass,
soft lean mass, fat-free mass, SMM, percentage body fat, SMI, visceral fat area, fat-free mass
index, fat mass index, and handgrip strength) were significantly higher in the MASLD
group compared to the non-MASLD group in both males and females (p < 0.005). Contrast-
ingly, only SMM/WT was significantly lower in both males and females in the MASLD
group compared to the non-MASLD group (p < 0.0001). The SMM/WT distributions for
the non-MASLD group and the MASLD group are shown in Supplementary Figure S1.

Table 1. Baseline characteristics of the non-MASLD and MASLD groups. The values are presented
as the median (interquartile range). The Wilcoxon signed-rank test regarded a p-value < 0.005 as
significant. MASLD, metabolic dysfunction-associated steatotic liver disease; BMI, body mass index;
WC, waist circumference; TBW, total body water; ICW, intracellular water; ECW, extracellular water;
BFM, body fat mass; SLM, soft lean mass; FFM, fat-free mass; SMM, skeletal muscle mass; PBF,
percentage body fat; SMI, skeletal muscle mass index; VFA, visceral fat area; SMM/WT, skeletal
muscle mass/weight; FFMI, fat-free mass index; FMI, fat mass index.

Males Females

Non-MASLD MASLD —Val non-MASLD MASLD —Val
(n = 1055) (n =1133) pyatae (n =1222) (n = 45) pyatae
Age (years) 53.0 (45.0-60.0) 54.0 (47.0-59.0) n.s Age (years) 52.0 (46.0-58.0) 54.0 (48.0-59.0) 0.0012

Height (cm)  170.5 (166.4-174.4)  170.4 (166.6-174.3) n.s Height (cm)  157.7 (154.1-161.3)  157.4 (153.6-160.8) ns
Weight (kg) 65.9 (60.4-71.7) 74.3 (67.9-82.8) <0.0001 Weight (kg) 53.3 (48.1-59.1) 65.6 (59.0-73.2) <0.0001
BMI (kg/m?) 229 (21.1-24.3) 25.7 (23.8-28.1) <0.0001  BMI (kg/m?) 215 (19.6-23.5) 26.3 (23.8-29.7) <0.0001
WC (cm) 81.5 (76.8-86.1) 89.8 (84.6-96.4) <0.0001 WC (cm) 77.6 (71.5-83.5) 89.0 (83.7-96.5) <0.0001
TBW (L) 37.8 (35.3-40.8) 40.0 (37.1-43.6) <0.0001 TBW (L) 27.3 (25.6-29.4) 29.7 (27.5-32.0) <0.0001
ICW (L) 23.5 (21.8-25.3) 24.9 (23.1-27.1) <0.0001 ICW (L) 16.8 (15.7-18.1) 18.3 (16.9-19.7) <0.0001
ECW (L) 14.4 (13.4-15.5) 15.1 (14.0-16.5) <0.0001 ECW (L) 10.6 (9.9-11.3) 11.4 (10.6-12.3) <0.0001
Protein (kg) 10.2 (9.4-10.9) 10.7 (10.0-11.7) <0.0001 Protein (kg) 7.3 (6.8-7.8) 7.9 (7.3-8.5) <0.0001
Minerals (kg) 3.42 (3.17-3.70) 3.64 (3.37-3.99) <0.0001  Minerals (kg) 2.56 (2.42-2.78) 2.79 (2.55-3.02) <0.0001
BFM (kg) 14.0 (11.0-17.4) 20.0 (16.2-25.0) <0.0001 BFM (kg) 16.2 (12.6-20.0) 24.8 (20.5-30.6) <0.0001
SLM (kg) 48.6 (45.3-52.5) 51.4 (47.7-56.0) <0.0001 SLM (kg) 35.0 (32.8-37.7) 38.0 (35.2-41.0) <0.0001
FFM (kg) 51.4 (47.9-55.5) 54.4 (50.5-59.2) <0.0001 FFM (kg) 37.2 (34.8-40.0) 40.4 (37.3-43.5) <0.0001
SMM (kg) 28.6 (26.4-31.0) 30.4 (28.1-33.4) <0.0001 SMM (kg) 19.9 (18.5-21.6) 21.8 (20.0-23.7) <0.0001
PBF (%) 21.3 (17.7-25.0) 27.0 (23.4-31.1) <0.0001 PBF (%) 30.4 (25.4-34.5) 38.0 (34.3-42.1) <0.0001
SMI (kg/m?) 7.6 (7.1-8.0) 7.9 (7.5-8.5) <0.0001  SMI (kg/m?) 5.9 (5.6-6.4) 6.6 (6.2-7.1) <0.0001
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Males Females
Non-MASLD MASLD —Val non-MASLD MASLD —Val
(1 = 1055) (n =1133) p-vatue (n =1222) (n = 454) p-value
VFA (cm?) 59.6 (46.6-75.5) 86.9 (69.1-110.9) <0.0001 VFA (cm?) 71.5 (54.7-98.1) 125.6 (97.4-160.9) <0.0001
SMM/WT (%) 43.8 (41.7-45.9) 40.8 (38.3-42.9) <0.0001 SMM/WT (%) 37.3 (34.9-39.8) 33.5(31.3-35.4) <0.0001
FFMI (kg/m?)  17.7 (16.8-18.8) 18.8 (17.8-19.9) <0.0001  FFMI (kg/m?)  15.0 (14.2-15.8) 16.3 (15.4-17.5) <0.0001
FMI (kg/m?) 4.8 (3.8-6.0) 6.9 (5.6-8.7) <0.0001 FMI (kg/m?) 6.5 (5.1-8.0) 9.9 (8.3-12.6) <0.0001
Hand grip Hand grip
strongth (kg) 36.8 (33.0-40.1) 37.2 (33.6-41.4) 0.0019 strength (kg) 23.6 (21.2-25.9) 24.1 (21.9-26.9) 0.0007

Values are expressed as the median (interquartile range). n.s.: no significance.

3.4. Identification of Factors Strongly Associated with MASLD

We performed a multivariate analysis with eight major items: BMI, waist circum-
ference, total body water, proteins, percentage body fat, SMI, SMM/WT, and hand grip
strength. Waist circumference, percentage body fat, and SMM/WT showed significant
differences in the multivariate analysis (p < 0.001). SMM/WT was the independent factor
most strongly linked to MASLD, with an odds ratio of 5.11 (95% CI: 2.99-8.73) for males
and 3.41 (95% CI: 1.68-6.93) for females (Table 2).

Table 2. Multivariate analysis of the risk factors associated with MASLD.

Males Females
Multivariate Analysis Multivariate Analysis
OR 95%CI p—Value OR 95%CI p—Value
BMI 1.05 0.89-1.24 0.5367 1.00 0.84-1.20 0.9875
WC 1.09 1.05-1.13 <0.0001 1.05 1.02-1.08 0.0004
TBW 1.54 0.99-2.38 0.0529 0.70 0.38-1.26 0.2307
Protein 0.15 0.03-0.78 0.0242 1.97 0.19-20.35 0.5683
PBF 2.78 2.03-3.79 <0.0001 2.24 1.51-3.33 <0.0001
SMI 0.77 0.40-1.48 0.4382 2.34 0.97-5.65 0.0589
SMM/WT 5.11 2.99-8.73 <0.0001 3.41 1.68-6.93 0.0006
Hand grip strength 1.01 0.99-1.03 0.3458 1.00 0.96-1.05 0.8293

OR, odds ratio; 95%CI, 95% confidence interval.

4. Discussion

This is the first report of a strong association between SMM/WT, among the body
composition components, and MASLD. The AWGS and JSH recommend SMI for muscle
mass assessment using BIA. SMM/WT is defined as skeletal muscle mass, including
the skeletal muscles of the trunk, divided by weight. Contrastingly, SMI is defined as
appendicular skeletal muscle mass divided by height squared. A correlation exists between
muscle mass and body size, with larger individuals generally having more muscle mass [14].
Thus, skeletal muscle mass indices have been used to assess muscle mass, which is adjusted
with various parameters, including height squared, weight, and BMI [11].

The appendicular skeletal muscle mass/height-squared ratio was suggested by Baum-
gartner et al. [15]. Since then, a significant number of studies have utilized this index to
define sarcopenia. SMI is often used in actual practice to assess muscle mass. However,
this indicator has some limitations. This index, adjusted for height squared, demonstrated
a positive correlation with BMI. Consequently, individuals with higher fat mass and BMI
are less likely to be diagnosed with sarcopenia [16].

The concept of the weight-adjusted muscle mass index was put forward by Janssen
et al. According to this index, sarcopenia is strongly associated with functional impairment
and disability [17]. This weight-adjusted muscle mass index is commonly used along-
side the height-squared-adjusted index. Previous large-scale studies on NAFLD/NASH
and sarcopenia have reported skeletal muscle mass adjusted for weight [18,19]. The
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weight-adjusted skeletal muscle mass index is an assessment of skeletal muscle mass as a
percentage of body weight, which also considers body fat mass. Individuals with MASLD
have larger fat areas and higher BMI. Therefore, SMM/WT is a more effective index than
SMI for evaluating muscle mass in individuals with MASLD.

The meta-analysis in 2019 reported that the relative skeletal muscle mass in NAFLD
patients was lower than that in healthy controls. However, the definition of relative skeletal
muscle mass varies from study to study. The majority of studies defined relative skeletal
muscle mass by dividing SMM by body weight; however, some chose to divide it by height
or BMI [20]. Unifying the definition of relative skeletal muscle mass in future MASLD
studies is crucial.

In this health check-up cohort, the prevalence of sarcopenia by the JSH criteria in
MASLD was very low. According to a previous report, the prevalence of sarcopenia was
17.9-43.6% in a biopsy-proven NAFLD cohort [18,19]. In these studies, sarcopenia was
defined as an appendicular skeletal muscle mass/weight value that falls more than one or
two standard deviations below the average value for healthy young adults. These criteria
vary considerably from the liver disease-specific secondary sarcopenia criteria by the JSH.
In addition, the prevalence of sarcopenia may differ between the biopsy-proven and health
checkup cohorts. The definition of sarcopenia in MASLD should be unified and the use of
SMM/WT for this definition would be useful.

MASLD, sarcopenia, and obesity are closely interconnected, and each plays a role in the
pathology of the others. Recent studies have highlighted sarcopenia as a novel risk factor for
NAFLD [21]. Sarcopenia rates are notably higher in individuals with NAFLD/NASH than
in healthy controls. Sarcopenia is linked to significant fibrosis and steatosis, independent of
hepatic and metabolic risk factors [18,19]. Wang et al. found that a reduction in both muscle
mass and strength is related to an elevated risk of developing NAFLD [22]. A meta-analysis
showed that patients with sarcopenia have a significantly higher risk of developing NAFLD,
NASH, and NAFLD-related fibrosis [20]. A large cohort study involving 333,295 individuals
in the United Kingdom found that lower muscle mass was linked to an increased risk
of severe NAFLD [23]. Although the five cardiometabolic criteria for MASLD do not
include an assessment of body composition components, we strongly recommend muscle
mass assessment in individuals with MASLD, and SMM/WT should be used to assess
muscle mass.

This study has several limitations. A cohort from a single health checkup center was
used for this study. Differences in age, gender, and ethnic background may affect the body
composition components. Therefore, further analysis should include various cohorts in a
multicenter setting. Second, the analysis did not include biochemical data (blood glucose,
HbAlc, blood pressure, triglycerides, and HDL). The reason for excluding biochemical data
is that the medications could normalize them. Biochemical data play such an important
role in the diagnosis of disease and the evaluation of predictive factors. Their absence may
limit the interpretation of results.

5. Conclusions

We found that SMM/WT was significantly associated with MASLD. Therefore, SMM/
WT may serve as a potential marker for the diagnosis of MASLD. Unifying the definition
of relative skeletal muscle mass and sarcopenia in MASLD is needed in the future; we
strongly recommend the use of SMM/WT for these assessments.
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non-MASLD group and the MASLD group.

Author Contributions: Conceptualization, M.T. and T.M. (Tsutomu Masaki); methodology, M.T.,
T.M. (Tsutomu Masaki) and S.M.; validation, T.M. (Tsutomu Masaki), LI. and Y.N.; formal analysis,
M.T. and T.M. (Tsutomu Masaki); investigation, M.N., T.T., ].T., AM., TH. and M.T,; data curation,
SK.,YS, AT, KT, KO, KE, TM. (Tsuyoshi Maeta) and M.T.; writing—original draft preparation,


https://www.mdpi.com/article/10.3390/nu16244422/s1
https://www.mdpi.com/article/10.3390/nu16244422/s1

Nutrients 2024, 16, 4422 90f 10

M.T. and T.M. (Tsutomu Masaki); writing—review and editing, M.T. and T.M. (Tsutomu Masaki);
supervision, T.M. (Tsuyoshi Maeta), Y.M., EK. and H.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This study received funding for medical research from the Okinaka Memorial Institute for
Medical Research (Tokyo, Japan) under Grant Number O22-6. The funding source was not involved
in the study design, execution, data analysis, manuscript writing, or submission.

Institutional Review Board Statement: This study was carried out following the ethical guidelines
of the Declaration of Helsinki and received approval from the Ethics Committee of KKR Takamatsu
Hospital (Registration No. E224; approval date: 21 February 2022).

Informed Consent Statement: Informed consent from the examinees was obtained using an opt-out
approach. The information document on clinical research approved by the review committee was
posted on the website to guarantee information disclosure and the opportunity for refusal.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

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

References

1.

10.

11.

12.

13.

14.

15.

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]

Rinella, M.E.; Lazarus, ].V.; Ratziu, V.; Francque, S.M.; Sanyal, A.].; Kanwal, F.; Romero, D.; Abdelmalek, M.F,; Anstee, Q.M.; Arab,
J.P; et al. A multisociety Delphi consensus statement on new fatty liver disease nomenclature. Hepatology 2023, 78, 1966-1986.
[CrossRef] [PubMed]

Koda, M.; Kawakami, M.; Murawaki, Y.; Senda, M. The impact of visceral fat in nonalcoholic fatty liver disease: Cross-sectional
and longitudinal studies. J. Gastroenterol. 2007, 42, 897-903. [CrossRef] [PubMed]

Lee, Y.H.; Jung, K.S.; Kim, S.U.; Yoon, H.J.; Yun, Y.J.; Lee, BW.,; Kang, E.S.; Han, K.H.; Lee, H.C.; Cha, B.S. Sarcopaenia is associated
with NAFLD independently of obesity and insulin resistance: Nationwide surveys (KNHANES 2008-2011). ]. Hepatol. 2015, 63,
486-493. [CrossRef]

Tokushige, K.; Ikejima, K.; Ono, M.; Eguchi, Y.; Kamada, Y.; Itoh, Y.; Akuta, N.; Yoneda, M.; Iwasa, M.; Yoneda, M.; et al.
Evidence-based clinical practice guidelines for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis 2020. Hepatol. Res.
2021, 51, 1013-1025. [CrossRef]

Kawaguchi, T.; Takahashi, H.; Gerber, L.H. Clinics in liver disease: Update on nonalcoholic steatohepatitis: Sarcopenia and
nonalcoholic fatty liver disease. Clin. Liver Dis. 2023, 27, 275-286. [CrossRef]

Chen, LK,; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y,; Chen, L.Y.; Hsu, P.S,; Krairit, O.; et al.
Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. |. Am. Med. Dir. Assoc. 2014, 15, 95-101.
[CrossRef]

Chen, L.K.; Woo, ].; Assantachai, P.; Auyeung, T.W.; Chou, M.Y;; Ilijima, K,; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus update on sarcopenia diagnosis and treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300-307.e2. [CrossRef]

Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Moriya, K.; Hino, K.; Nishiguchi, S. Japan Society of Hepatology guidelines for
sarcopenia in liver disease (1st edition): Recommendation from the working group for creation of sarcopenia assessment criteria.
Hepatol. Res. 2016, 46, 951-963. [CrossRef]

Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Hara, N.; Moriya, K.; Hino, K.; Koike, K. Reduced handgrip strength predicts poorer
survival in chronic liver diseases: A large multicenter study in Japan. Hepatol. Res. 2021, 51, 957-967. [CrossRef]

Kim, KM,; Jang, H.C.; Lim, S. Differences among skeletal muscle mass indices derived from height-, weight-, and body mass
index-adjusted models in assessing sarcopenia. Korean |. Intern. Med. 2016, 31, 643—-650. [CrossRef] [PubMed]

Hamaguchi, M.; Kojima, T.; Itoh, Y.; Harano, Y.; Fujii, K.; Nakajima, T.; Kato, T.; Takeda, N.; Okuda, J.; Ida, K,; et al. The severity
of ultrasonographic findings in nonalcoholic fatty liver disease reflects the metabolic syndrome and visceral fat accumulation.
Am. ]. Gastroenterol. 2007, 102, 2708-2715. [CrossRef] [PubMed]

Kim, M.; Shinkai, S.; Murayama, H.; Mori, S. Comparison of segmental multifrequency bioelectrical impedance analysis with
dual-energy x-ray absorptiometry for the assessment of body composition in a community-dwelling older population. Geriatr.
Gerontol. Int. 2015, 15, 1013-1022. [CrossRef] [PubMed]

Gallagher, D.; Visser, M.; De Meersman, R.E.; Septlveda, D.; Baumgartner, R.N.; Pierson, R.N.; Harris, T.; Heymsfield, S.B.
Appendicular skeletal muscle mass: Effects of age, gender, and ethnicity. J. Appl. Physiol. 1997, 83, 229-239. [CrossRef] [PubMed]
Baumgartner, R.N.; Koehler, K.M.; Gallagher, D.; Romero, L.; Heymsfield, S.B.; Ross, R.R.; Garry, PJ.; Lindeman, R.D. Epidemiol-
ogy of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 1998, 147, 755-763. [CrossRef]


https://doi.org/10.1111/apt.17158
https://www.ncbi.nlm.nih.gov/pubmed/35880713
https://doi.org/10.1097/HEP.0000000000000520
https://www.ncbi.nlm.nih.gov/pubmed/37363821
https://doi.org/10.1007/s00535-007-2107-z
https://www.ncbi.nlm.nih.gov/pubmed/18008034
https://doi.org/10.1016/j.jhep.2015.02.051
https://doi.org/10.1111/hepr.13688
https://doi.org/10.1016/j.cld.2023.01.005
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1111/hepr.12774
https://doi.org/10.1111/hepr.13679
https://doi.org/10.3904/kjim.2016.015
https://www.ncbi.nlm.nih.gov/pubmed/27334763
https://doi.org/10.1111/j.1572-0241.2007.01526.x
https://www.ncbi.nlm.nih.gov/pubmed/17894848
https://doi.org/10.1111/ggi.12384
https://www.ncbi.nlm.nih.gov/pubmed/25345548
https://doi.org/10.1152/jappl.1997.83.1.229
https://www.ncbi.nlm.nih.gov/pubmed/9216968
https://doi.org/10.1093/oxfordjournals.aje.a009520

Nutrients 2024, 16, 4422 10 of 10

16.

17.

18.

19.

20.

21.

22.

23.

Newman, A.B.; Kupelian, V.; Visser, M.; Simonsick, E.; Goodpaster, B.; Nevitt, M.; Kritchevsky, S.B.; Tylavsky, F.A.; Rubin, S.M,;
Harris, T.B.; et al. Sarcopenia: Alternative definitions and associations with lower extremity function. J. Am. Geriatr. Soc. 2003, 51,
1602-1609. [CrossRef]

Janssen, I.; Heymsfield, S.B.; Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons is associated with functional
impairment and physical disability. J. Am. Geriatr. Soc. 2002, 50, 889-896. [CrossRef]

Koo, B.K.; Kim, D.; Joo, S.K; Kim, J.H.; Chang, M.S; Kim, B.G.; Lee, K.L.; Kim, W. Sarcopenia is an independent risk factor for
non-alcoholic steatohepatitis and significant fibrosis. |. Hepatol. 2017, 66, 123-131. [CrossRef]

Petta, S.; Ciminnisi, S.; Di Marco, V.; Cabibi, D.; Camma, C.; Licata, A.; Marchesini, G.; Craxi, A. Sarcopenia is associated with
severe liver fibrosis in patients with non-alcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2017, 45, 510-518. [CrossRef]
Cai, C.; Song, X.; Chen, Y.; Chen, X,; Yu, C. Relationship between relative skeletal muscle mass and nonalcoholic fatty liver
disease: A systematic review and meta-analysis. Hepatol. Int. 2020, 14, 115-126. [CrossRef]

Bhanji, R.A.; Narayanan, P; Allen, A.M.; Malhi, H.; Watt, K.D. Sarcopenia in hiding: The risk and consequence of underestimating
muscle dysfunction in nonalcoholic steatohepatitis. Hepatology 2017, 66, 2055-2065. [CrossRef] [PubMed]

Wang, YM.; Zhu, K.F; Zhou, W].; Zhang, Q.; Deng, D.F; Yang, Y.C.; Lu, WW.,; Xu, J.; Yang, Y.M. Sarcopenia is associated with the
presence of nonalcoholic fatty liver disease in Zhejiang Province, China: A cross-sectional observational study. BMC Geriatr. 2021,
21, 55. [CrossRef] [PubMed]

Petermann-Rocha, F; Gray, S.R; Forrest, E.; Welsh, P,; Sattar, N.; Celis-Morales, C.; Ho, FK; Pell, ].P. Associations of muscle mass
and grip strength with severe NAFLD: A prospective study of 333,295 UK Biobank participants. J. Hepatol. 2022, 76, 1021-1029.
[CrossRef] [PubMed]

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/10.1046/j.1532-5415.2003.51534.x
https://doi.org/10.1046/j.1532-5415.2002.50216.x
https://doi.org/10.1016/j.jhep.2016.08.019
https://doi.org/10.1111/apt.13889
https://doi.org/10.1007/s12072-019-09964-1
https://doi.org/10.1002/hep.29420
https://www.ncbi.nlm.nih.gov/pubmed/28777879
https://doi.org/10.1186/s12877-020-01910-3
https://www.ncbi.nlm.nih.gov/pubmed/33446095
https://doi.org/10.1016/j.jhep.2022.01.010
https://www.ncbi.nlm.nih.gov/pubmed/35085594

	Introduction 
	Materials and Methods 
	Study Population 
	Diagnosis of Hepatic Steatosis by Abdominal Ultrasonography 
	Measurement of Body Composition Components, Hand Grip Strength, and Waist Circumference 
	Statistical Analysis 

	Results 
	Prevalence of MASLD Among Health Checkup Examinees 
	Prevalence of Sarcopenia Among Health Checkup Examinees 
	Characteristics of the Non-MASLD Group and the MASLD Group 
	Identification of Factors Strongly Associated with MASLD 

	Discussion 
	Conclusions 
	References

