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Study Highlights
•	 In addition to visceral fat obesity, both sarcopenia and/or myosteatosis were significantly associated with NAFLD in non-

obese individuals.

•	 These results suggest that improvement of body composition, including reducing visceral adipose tissue, increasing skel-
etal muscle mass, and improving myosteatosis, should be considered for managing NAFLD in non-obese individuals. 
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) has long been a 
leading cause of morbidity due to chronic liver disease in 
Western countries,1,2 and the prevalence of NAFLD is also in-
creasing in Asian countries.3 Although NAFLD is commonly 

observed in individuals with obesity, many epidemiologic 
data showed that NAFLD may also be present in non-obese 
individuals,4 suggesting that factors other than obesity con-
tribute to the development of NAFLD.  
Several studies have reported that the contribution of vis-

ceral fat or visceral fat obesity (VFO) to NAFLD is more impor-

Background/Aims: To investigate whether non-alcoholic fatty liver disease (NAFLD) in individuals without generalized 
obesity is associated with visceral fat obesity (VFO), sarcopenia, and/or myosteatosis.

Methods: This cross-sectional analysis included 14,400 individuals (7,470 men) who underwent abdominal computed 
tomography scans during routine health examinations. The total abdominal muscle area (TAMA) and skeletal muscle 
area (SMA) at the 3rd lumbar vertebral level were measured. The SMA was divided into the normal attenuation muscle 
area (NAMA) and low attenuation muscle area, and the NAMA/TAMA index was calculated. VFO was defined by visceral 
to subcutaneous fat ratio, sarcopenia by body mass index-adjusted SMA, and myosteatosis by the NAMA/TAMA index. 
NAFLD was diagnosed with ultrasonography. 

Results: Of the 14,400 individuals, 4,748 (33.0%) had NAFLD, and the prevalence of NAFLD among non-obese individuals 
was 21.4%. In regression analysis, both sarcopenia (men: odds ratio [OR] 1.41, 95% confidence interval [CI] 1.19–1.67, 
P<0.001; women: OR=1.59, 95% CI 1.40–1.90, P<0.001) and myosteatosis (men: OR=1.24, 95% CI 1.02–1.50, P=0,028; 
women: OR=1.23, 95% CI 1.04–1.46, P=0.017) were significantly associated with non-obese NAFLD after considering for 
VFO and other various risk factors, whereas VFO (men: OR=3.97, 95% CI 3.43–4.59 [adjusted for sarcopenia], OR 3.98, 95% 
CI 3.44–4.60 [adjusted for myosteatosis]; women: OR=5.42, 95% CI 4.53–6.42 [adjusted for sarcopenia], OR=5.33, 95% CI 
4.51–6.31 [adjusted for myosteatosis]; all P<0.001) was strongly associated with non-obese NAFLD after adjustment with 
various known risk factors. 

Conclusions: In addition to VFO, sarcopenia and/or myosteatosis were significantly associated with non-obese NAFLD. 
(Clin Mol Hepatol 2023;29:987-1001)
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tant than general measures of obesity represented by body 
mass index (BMI) or total body fat.5-7 Individuals with NAFLD 
have more visceral5,6 or visceral to subcutaneous fat ratio 
(VSR)8 than individuals without NAFLD. 
Sarcopenia has been shown to be associated with NAFLD 

and its complications such as non-alcoholic steatohepatitis 
(NASH) and liver fibrosis independent of obesity.9-11 However, 
there have been only few studies about the association be-
tween sarcopenia and NAFLD, which reported inconsistent 
results according to body size adjustment such as height,12,13 
weight,9,14 and BMI.10,15 
Myosteatosis refers to ectopic fat infiltration into skeletal 

muscles including intramyocellular lipid and intermuscular 
fat16 and is known to be associated with insulin resistance17 
and muscle dysfunction.18 We have previously observed that 
myosteatosis plays an important role in the association be-
tween skeletal muscle mass and cardiometabolic diseases19-21 
and studied various measurements of skeletal muscle mass 
and calculated the indices for myosteatosis obtained by com-
puted tomography (CT) scan at the 3rd lumbar vertebral lev-
el.22,23 
These previous studies led us to investigate which body 

compositional characteristics are associated with non-obese 
NAFLD. Therefore, the purposes of this study were (1) to con-
firm that non-obese individuals with NAFLD have more vis-
ceral adipose tissue (VAT) and/or higher VSR than non-obese 
individuals without NAFLD, (2) to investigate whether low 
skeletal muscle mass and/or degree of myosteatosis is inde-
pendently associated with non-obese NAFLD, and (3) to com-
pare the prevalence of VFO, sarcopenia, and/or myosteatosis 
between non-obese individuals with NAFLD and those with-
out.

MATERIALS AND METHODS

Study population

We performed a cross-sectional study on 23,311 individuals 
aged 20 years or older who underwent abdominal CT scans 
during routine health examinations at the Health Screening 
and Promotion Center of Asan Medical Center (Seoul, Korea) 
between January 2012 and December 2013. Detailed infor-
mation about this study population, laboratory measure-
ments, anthropometric and body composition measure-

ments, and CT image acquisition, and statistical analysis are 
provided in Supplementary materials. 
The study protocol was approved by the Institutional Re-

view Board of Asan Medical Center (IRB No. 2018-0917), 
which provided an exemption of written informed consent 
because this is a retrospective analysis of pre-existing clinical 
data that were de-identified before the analysis and had 
therefore been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and 
its later amendments.

Definitions of NAFLD and liver fibrosis

NAFLD was diagnosed with hepatic ultrasonography (Ul-
trasound Systems IU22; Philips, Best, The Netherlands) by ex-
pert radiologists. Fatty liver was diagnosed according to 
characteristic ultrasonographic findings, such as parenchy-
mal brightness, liver-to-kidney contrast, blurring vessels, fo-
cal sparing, and narrowing of the lumen of the hepatic 
veins.24 Fatty liver severity was classified as non-fatty liver, 
mild, moderate, or severe fatty liver according to the findings 
of the bright liver, hepatorenal echo contrast, blurring of ves-
sels, and deep attenuation of the ultrasound signal. Hepatic 
steatosis was defined by the fatty liver index (FLI): FLI ≥30.25 
The fibrosis-4 index (FIB-4) was calculated only in individuals 
with NAFLD, and significant liver fibrosis was defined as FIB-4 
>2.67, which has shown good diagnostic performance for de-
tecting significant liver fibrosis.26 

Assessment of skeletal muscle area and quality

Body composition was evaluated with abdominal CT using 
an automated artificial intelligence software developed us-
ing a fully convolutional network segmentation technique. 
The software automatically selects axial CT slices at the L3 
vertebrae inferior endplate level. Then, the selected CT imag-
es are automatically segmented to generate boundaries of 
total abdominal muscle area (TAMA), visceral fat area (VFA), 
and subcutaneous fat area (SFA). For muscle quality evalua-
tion, the TAMA was divided into three areas according to the 
CT density as follows: (1) inter/intra-muscular adipose tissue 
(IMAT, −190 to −30 Hounsfield units; HU), reflecting the ap-
parent fat tissue between muscle groups and muscle fibers, 
(2) normal attenuation muscle area (NAMA, +30 to +150 HU), 
reflecting healthy muscle with little intramuscular fat, and (3) 
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low attenuation muscle area (LAMA, −29 to +29 HU), reflect-
ing unhealthy muscles with intramuscular lipid pool.27 The 
skeletal muscle area (SMA, −29 to +150 HU) referred to the 
combined area of the NAMA and LAMA. All measurements 
were adjusted by the square of the height (m2), weight (kg), 
or BMI. The NAMA/TAMA index was calculated by dividing 
the NAMA by TAMA and multiplying by 100. 

Definitions of generalized obesity, visceral fat 
obesity, sarcopenia, and myosteatosis

Obesity (BMI≥25 kg/m2) and non-obesity (BMI<25 kg/m2) 
were defined according to the Asia-Pacific criteria estab-
lished by the World Health Organization Western Pacific Re-
gion.28 VFO was defined by the visceral-to-subcutaneous ra-
tio (VSR) (VSR≥1.0 in men; VSR≥0.5 in women).29 VSR was 
calculated by dividing VFA by SFA. Sarcopenia was defined as 
BMI-adjusted SMA below one standard deviation (SD) from 
the sex-specific mean value for the healthy young population 
(20–44 years).22 Additional analysis with sarcopenia defined 
by height-adjusted SMA is shown in the Supplementary data. 
Myosteatosis was defined by a T-score less than –1.0 of the 
NAMA/TAMA index (<73 in men; <72 in women).23 

RESULTS

Clinical characteristics of study participants

A total of 14,400 individuals (7,470 men and 6,930 women) 
were included in the analysis. The mean age was 53.5±9.0 
years. Supplementary Table 1 shows the summary of the 
clinical characteristics of the study individuals according to 
sex. Men and women were significantly different in all vari-
ables including anthropometric measurements, body com-
position parameters, lifestyle factors, and prevalence of dia-
betes and hypertension; therefore, statistical analyses were 
performed separately in each sex. 

Prevalence of NAFLD according to the presence 
of obesity 

Of the 14,400 individuals, 4,748 (33.0%) had NAFLD (42.0% 
in men and 23.2% in women). Among 4,748 individuals with 
NAFLD, 2,161 (45.5%) were non-obese (40.7% in men and 
54.8% in women). The prevalence of NAFLD in non-obese 
and obese individuals was 21.4% (28.0% in men and 15.9% in 
women) and 60.4% (64.0% in men and 52.9% in women), re-
spectively. When NAFLD was categorized into three sub-
groups based on the severity by the sonographic findings, 
61.1% of cases in the individuals with NAFLD were catego-

Figure 1. Number of NAFLD cases according to the presence of obesity in men and women. Percentages show the prevalence of the different 
severities of NAFLD among individuals with NAFLD. NAFLD, non-alcoholic fatty liver disease.
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rized as mild, 31.7% as moderate, and 7.1% as severe. The 
number of individuals with NAFLD and the proportion of 
NAFLD severity according to the presence of obesity are 
shown in Figure 1.

Comparison of lifestyle factors and laboratory 
findings according to the presence of NAFLD 
and obesity

When individuals with NAFLD were compared with those 
without, those with NAFLD had less favorable lipid and in-
flammatory profiles, higher insulin resistance, and a higher 
prevalence of hypertension and diabetes regardless of sex 
(Supplementary Tables 2 and 3). 

Comparison of anthropometric and CT 
measurements according to the presence of 
NAFLD and obesity

When individuals with NAFLD were compared with those 
without, those with NAFLD had higher fat measurements 
than those without, regardless of the presence of obesity or 
sex. Among non-obese individuals, the weight- and BMI-ad-
justed muscle measurements, NAMA (only in women), and 
NAMA/TAMA index were lower in those with NAFLD than in 
those without (Tables 1 and 2). 

Comparison of hepatic steatosis among four 
groups and liver fibrosis between obese and 
non-obese individuals with NAFLD

The FLI was significantly higher in individuals with NAFLD 
than in those without, regardless of the presence of obesity 
or sex. Significant fibrosis (FIB-4>2.67) was higher in NAFLD 
with obesity than in those without obesity only in women, 
but median FIB-4 was not different between the two groups 
(Tables 1 and 2).  

Prevalence of VFO and sarcopenia or 
myosteatosis in individuals with NAFLD without 
obesity

When non-obese individuals with NAFLD were compared 
with those without NAFLD, the prevalence of VFO (69.9% vs. 
30.5% in total, P<0.001), sarcopenia (31.8 % vs. 21.3% in total, 
P<0.001), and myosteastosis (31.7% vs. 25.3% in total, 
P<0.001) were higher in those with NAFLD than in those 
without (Fig. 2). A prevalence analysis for each adverse body 
composition was performed and showed similar results in 
NAFLD defined by FLI≥30 (Supplementary Fig. 1). However, 
the prevalence of sarcopenia defined by height-adjusted 
SMA was lower in individuals with NAFLD than in those with-
out (Supplementary Fig. 2).

Figure 2. Prevalence of visceral fat obesity (VFO), sarcopenia, and myosteatosis in controls and non-alcoholic fatty liver disease (NAFLD) with-
out obesity in men and women. Asterisk (*) denotes the comparison between controls and NAFLD without obesity (*P<0.001 by chi-squared 
test).
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Regression analysis according to the presence 
of NAFLD and obesity 

To assess the roles of sarcopenia or myosteatosis and VFO 
on the risk of NAFLD, we performed a logistic regression 
analysis (Table 3). The effect of sarcopenia or myosteatosis 

was separately analyzed to elucidate the clinical significance 
of each variable. Sarcopenia or myosteatosis adjusted with 
age, regular exercise, VFO, diabetes, high C-reactive protein 
(CRP) level, and menopause (only in women) was significant-
ly associated with NAFLD only in non-obese individuals (Ta-
ble 3). However, after additional adjustment with triglyceride 

Table 3. Odds ratios (OR) with 95% confidence intervals (CIs) for NAFLD according to the presence of obesity 

Model
Without obesity With obesity

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

For sarcopenia

Men Sarcopenia 1.41 1.19–1.67 <0.001 1.16 0.97–1.38 0.100

VFO 3.97 3.43–4.59 <0.001 2.00 1.69–2.37 <0.001

Diabetes 2.14 1.74–2.64 <0.001 2.75 2.14–3.54 <0.001

High CRP 1.18 0.95–1.46 0.13 1.63 1.28–2.06 <0.001

Women Sarcopenia 1.59 1.40–1.90 <0.001 1.07 0.82–1.39 0.620

VFO 5.43 4.53–6.42 <0.001 3.33 2.58–4.30 <0.001

Diabetes 3.93 3.01–5.14 <0.001 3.51 2.39–5.15 <0.001

High CRP 1.04 0.79–1.39 0.770 2.11 1.55–2.88 <0.001

Menopause 1.73 1.28–2.33 <0.001 1.61 1.04–2.49 0.031

For myosteatosis

Men Myosteatosis 1.24 1.02–1.50 0.028 1.06 0.89–1.26 0.500

VFO 3.98 3.44–4.60 <0.001 1.99 1.68–2.35 <0.001

Diabetes 2.18 1.77–2.68 <0.001 2.75 2.14–3.54 <0.001

High CRP 1.18 0.95–1.46 0.130 1.64 1.29–2.08 <0.001

Women Myosteatosis 1.23 1.04–1.46 0.017 0.92 0.70–1.20 0.540

VFO 5.33 4.51–6.31 <0.001 3.30 2.56–4.26 <0.001

Diabetes 3.97 3.04–5.18 <0.001 3.48 2.37–5.10 <0.001

High CRP 1.06 0.80–1.41 0.690 2.13 1.57–2.91 <0.001

Menopause 1.70 1.26–2.29 <0.001 1.63 1.05–2.91 0.028

For sarcopenia with myosteatosis

Men Sarcopenia with myosteatosis 1.35 0.94–1.94 0.106 1.16 0.86–1.56 0.338

VFO 3.98 3.44–4.60 <0.001 1.99 1.68–2.36 <0.001

Diabetes 2.14 1.76–2.68 <0.001 2.75 2.13–3.54 <0.001

High CRP 1.18 0.95–1.46 0.129 1.63 1.29–2.07 <0.001

Women Sarcopenia with myosteatosis 1.44 1.05–1.90 0.028 1.02 0.72–1.44 0.926

VFO 5.36 4.52–6.34 <0.001 3.44 2.59–4.31 <0.001

Diabetes 3.99 3.05–5.21 <0.001 3.50 2.38–5.14 <0.001

High CRP 1.06 0.80–1.41 0.696 2.10 1.54–2.87 <0.001

Menopause 1.66 1.30–2.11 <0.001 1.70 1.18–2.46 0.005

NAFLD, non-alcoholic fatty liver disease; VFO, visceral fat obesity; hsCRP, high sensitive C-reactive protein. 
Adjusted for age, regular aerobic exercise, regular resistance exercise, VFO, diabetes, high CRP, menopausal status (only in women), and 
sarcopenia or myosteatosis.
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(TG) level, high-density lipoprotein (HDL)-cholesterol, and 
hypertension, these associations remained significant only in 
non-obese women (Supplementary Table 4). In all subgroups 
divided according to sex and the presence of obesity, VFO 
was significantly associated with NAFLD with the highest 
odds ratios (Table 3). In addition, we found that sarcopenia 
with myosteatosis was significantly associated with an in-
creased risk for NAFLD, especially in non-obese women (Ta-
ble 3). A regression analysis of NAFLD defined by FLI is also 
shown in Supplementary Table 5. 

DISCUSSION

In this study involving 14,400 individuals who underwent 
abdominal CT scans during routine health examinations, we 
found that the prevalence of NAFLD was 21.4% in non-obese 
individuals. This prevalence is similar to the global prevalence 
of NAFLD in the non-obese population (20%) but higher than 
those reported in previous Korean studies (7.3–18.3%).30 In-
deed, this prevalence is much lower than the 60.4% NAFLD 
prevalence in individuals with obesity; however, 45.5% of 
NAFLD cases were found in non-obese individuals because 
the proportion of non-obese individuals was 70.3% of the to-
tal study population.
When we analyzed the body composition such as different 

fat and muscle areas by abdominal CT scan, various fat mea-
surements such as SFA, VFA, and its adjusted indices, VSR, 
and IMAT were higher in both obese and non-obese individ-
uals with NAFLD than in those without NAFLD. The NAMA 
(only in women) and NAMA/TAMA index, which reflect good 
quality muscle without myosteatosis, were lower in non-
obese individuals with NAFLD than in those without. Regres-
sion analysis showed that sarcopenia and/or myosteatosis 
was associated with NAFLD; however, VFO was associated 
with a much higher risk of NAFLD in non-obese individuals. 
We also found that VFO, sarcopenia, and/or myosteatosis 
were more prevalent in non-obese individuals with NAFLD 
than in those without NAFLD. 
Although VAT accounts for only 7% to 15% of the total 

body fat, it plays a more important role than other adipose 
depots in the pathogenesis of insulin resistance.31 Portal ve-
nous blood contains high levels of free fatty acids and cyto-
kines secreted by VAT, which is thought to drive the develop-
ment of NAFLD.32 Therefore, many studies showed that VAT is 

closely related to NAFLD,5,33,34 even in non-obese individuals 
with NAFLD.5,6,33,35 When the subcutaneous adipose tissue 
(SAT), which may act as a reservoir for metabolically neutral 
surplus lipid storage, becomes saturated, fat deposits occur 
in other areas such as VAT and hepatocytes.31,32 Therefore, we 
used VSR in defining VFO in order to consider the different 
effects of VAT and SAT on NAFLD. This is consistent with a 
previous Korean study in which higher VSR was associated 
with an increased risk of NAFLD in both obese and non-
obese individuals.8

Sarcopenia has been shown to be associated with NAFLD 
and its complications such as NASH and liver fibrosis, inde-
pendent of obesity.9,10,36 Insulin resistance can be a major 
pathophysiologic link between sarcopenia and NAFLD be-
cause the muscle is the primary organ responsible for insulin-
mediated glucose disposal; hence, a decreased muscle mass 
may cause impaired glucose metabolism.17,37 Our current 
study also showed that the presence of sarcopenia was sig-
nificantly associated with a higher risk for NAFLD.14 This result 
is similar to previous studies in which sarcopenia defined by 
BMI-adjusted abdominal muscle area was significantly asso-
ciated with the risk of NAFLD.15,38 However, a recent study re-
ported that there was no significant association between 
sarcopenia defined by height-adjusted abdominal muscle 
area and NASH.13,39 This is similar to the longstanding dis-
agreements about whether higher skeletal muscle mass is 
associated with metabolic healthy or unhealthy phenotype, 
and we suggested that this inconsistency was due to differ-
ences in the adjustments for muscle mass.19 Determining the 
ideal method of adjustment for muscle mass among height, 
weight, and BMI has long been a matter of debate in the dis-
cussion about sarcopenia, especially in Asian populations, 
because adjustment with height could lead to an underesti-
mation of sarcopenia, especially in women.40 Previous studies 
on age-related changes in muscle mass22 or quality of lumbar 
skeletal muscle area23 compared the prevalence of sarcope-
nia or myosteatosis with height-, weight-, or BMI-adjusted in-
dices and showed that BMI-adjusted index may be a more 
reasonable index for diagnosing sarcopenia and myosteato-
sis. Furthermore, the Foundation for the National Institutes of 
Health Sarcopenia Project recommended using appendicular 
skeletal muscle (ASM)/BMI for the diagnosis of sarcopenia 
considering that BMI adjustment is most strongly and direct-
ly correlated with weakness and slowness based on large 
population-based studies.41 
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We observed that myosteatosis, represented by a lower 
NAMA/TAMA index, was significantly associated with non-
obese NAFLD; however, its contribution was relatively smaller 
than that of VFO. In our previous study, a higher NAMA/
TAMA index, which is an index for good quality muscle, was 
negatively associated with NAFLD and fibrosis indices.42 This 
finding is consistent with a previous study, which showed 
that among non-obese women, myosteatosis was more 
common in those with NAFLD than in those without NAFLD.12 
Other studies reported similar results in which muscle fat 
content, as measured by muscle attenuation, was associated 
with biopsy-proven NASH13,39 and fibrosis43 or its progres-
sion.39 While height-adjusted muscle mass measured by CT 
scan was associated with fibrosis in one study,43 other studies 
did not find such an association.13,39 
While insulin resistance may be a major pathophysiologic 

link for the association between VFO, sarcopenia, or myoste-
atosis and NAFLD without obesity, oxidative stress occurring 
as the result of chronic low-grade inflammation could be an-
other important factor.17 We found that hsCRP was higher in 
non-obese individuals with NAFLD than in those without 
NAFLD regardless of sex, although hsCRP was not indepen-
dently associated with NAFLD without obesity in regression 
analysis. 
For the management of non-obese individuals with NAFLD, 

many clinical observations suggest that weight reduction or 
increased physical activity may lead to improvement of he-
patic steatosis and fibrosis because weight gain, even within 
a non-obese range, was associated with the development of 
NAFLD.44-46 However, our study suggests that improvement 
of body composition (e.g., reduction of VAT, increase of skele-
tal muscle mass, and improvement of myosteatosis) may be 
more important than simple weight reduction in managing 
NAFLD in non-obese individuals. Therefore, proper resistance 
exercise in addition to aerobic exercise or physical activity 
could be recommended as lifestyle modifications for non-
obese individuals with NAFLD. To develop a standardized 
recommendation, prospective controlled studies for proper 
exercise protocol are needed.
Our study is limited in that the study population was com-

posed of those who visited one health screening center for 
regular health examinations, which is prone to selection bias 
and limited generalizability. Nevertheless, a previous study47 
from this population showed that the patterns of body com-
position according to age and sex were similar to the nation-

ally representative data from the Fourth Korean National 
Health and Nutrition Examination Surveys.48 Second, the 
cross-sectional nature of this study did not allow us to inves-
tigate the causal relationships between these measurements 
and NAFLD. Third, we could only assess whether anti-diabetic 
medications were being taken through a questionnaire sur-
vey. In most cases, it is not possible to determine the type of 
medication being used. However, the proportion of patients 
using TZD is very low among those who can be identified. 
Therefore, the impact on the overall result is considered in-
significant. Lastly, we diagnosed NAFLD with ultrasono-
graphic examination instead of liver biopsy, which is the gold 
standard method. Therefore, we performed an additional 
analysis with the generally accepted surrogate markers of 
hepatic steatosis and fibrosis.
Nevertheless, our study has several strengths including 

large sample size, thorough measurements, and rigorously 
controlled data after the exclusion of health conditions that 
may affect body composition such as cancer or hyperthyroid-
ism. In addition to measurements of VAT and SAT, measure-
ments of skeletal muscle mass and myosteatosis could con-
tribute to improving our understanding of the association 
between NAFLD and body compositional characteristics.   
In conclusion, this study showed that VFO, sarcopenia, and/

or myosteatosis were significantly associated with non-obese 
NAFLD. We also found that although VFO is the most impor-
tant risk factor, both sarcopenia and myosteatosis may also 
be meaningful risk factors for non-obese NAFLD. These re-
sults suggest that improvement of body composition, includ-
ing reducing VAT, increasing skeletal muscle mass, and im-
proving myosteatosis, should be considered for managing 
NAFLD in non-obese individuals.  
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