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Abbreviations
NAFLD Nonalcoholic fatty liver disease

NASH Nonalcoholic steatohepatitis

CI Confidence interval

OR Odds ratio

EWGSOP European Working Group on Sarcopenia in
Older People

Nonalcoholic fatty liver disease (NAFLD) has gradually
become one of the most common chronic liver diseases
worldwide. A recent US study reported that the increased
liver-related mortality in that country was associated with
the increased prevalence of NAFLD [1]. This is now being
seen in other parts of the world, including Asia, due to the
adoption of a westernized lifestyle, along with effective vac-
cination and potent therapeutic agents for chronic hepatitis
B and C virus infection.

NAFLD encompasses many disease states, ranging from
nonalcoholic fatty liver with no evidence of inflammation
or hepatocellular injury, which is considered a benign con-
dition, to nonalcoholic steatohepatitis (NASH), which can
progress to liver cirrhosis, liver failure, and hepatocellular
carcinoma [2]. Therefore, early identification of and inter-
vention for NAFLD in patients who are at high risk for dis-
ease progression is required, both for medical and economic
reasons.
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Various risk factors for NAFLD have been identified, such
as a sedentary lifestyle, poor diet, certain genetic profiles,
older age, male gender, and metabolic risk factors, includ-
ing diabetes and obesity [2]. Recently, many investigators
have also shown that skeletal muscle mass has a significant
association with NAFLD. Sarcopenia is significantly associ-
ated with an increased risk of NAFLD among the general
population, and of significant liver fibrosis among subjects
with NAFLD [3]. In the current issue of Hepatology Inter-
national, Cai et al. performed a meta-analysis of 19 studies
[4] and found that the skeletal muscle index (SMI) in sub-
jects with NAFLD was 1.77 times [95% confidence interval
(CI) 1.15-2.39] lower than that in normal controls. They
also reported significantly increased risks of NAFLD [odds
ratio (OR) 1.33; 95% CI 1.20-1.48], NASH (OR 2.42; 95%
CI 1.27-3.57), and NAFLD-related significant fibrosis (OR
1.56; 95% CI 1.34—1.78) in sarcopenic individuals compared
with non-sarcopenic subjects. This meta-analysis extensively
included cross-sectional and longitudinal studies with fur-
ther investigation of trim-and-fill test to evaluate the effect
of publication bias, and also conducted subgroup analyses
according to the methodology of SMI assessment and sever-
ity of NAFLD. Although this meta-analysis confirmed the
significant association between sarcopenia and NAFLD,
several issues should be considered when interpreting the
results.

First, although the authors reproduced their results in var-
ious subgroups, the tools used to assess skeletal muscle mass
(dual-energy X-ray absorptiometry, bioimpedance analysis,
or computed tomography), fibrotic burden (liver biopsy or
noninvasive surrogates including the fibrosis-4 index and
NAFLD fibrosis score), and steatotic burden (liver biopsy
or noninvasive surrogates including ultrasound, the hepatic
steatosis index, and the fatty liver index) differed among
the included studies, which might lead to marked discord-
ance in definitions of sarcopenia, significant fibrosis, and
NAFLD [5].

Second, the definition of sarcopenia is being changed
to focus more on the functional status of skeletal muscle,
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rather than just the absolute amount. The recent consensus
statement of the European Working Group on Sarcope-
nia in Older People (EWGSOP) recommends consider-
ing ‘low muscle strength’ and ‘low muscle quality’ in the
definition of sarcopenia. Although most studies that used
skeletal muscle mass alone to define sarcopenia reported
poor prognostic value of low skeletal muscle mass, future
studies should include the strength and quality of skeletal
muscle in the diagnostic criteria for sarcopenia, to enable
more accurate prognostication within the group with low
skeletal muscle mass.

Third, there is no operational definition of absolute
skeletal muscle mass. Historically, the appendicular skele-
tal muscle mass was adjusted by height squared to evaluate
low muscle mass, and this approach was recently endorsed
by the EWGSOP. However, the US-based Foundation for
the National Institutes of Health Sarcopenia Project rec-
ommended adjusting the appendicular lean mass using the
body mass index to obtain the low lean mass [6]. Several
studies, including those in this meta-analysis, have adopted
appendicular skeletal muscle mass adjusted using body
weight as an index of low muscle mass. Depending on the
definition of sarcopenia, an inverse association may be
observed between NAFLD and sarcopenia, which should
be investigated in studies including detailed methodolo-
gies and representative study populations. When sarcope-
nia is defined based on body weight or body mass index,
healthy obese individuals are likely to be categorized as
sarcopenic, resulting in biased results. As obesity is the
single greatest risk factor for NAFLD, stringent statistical
analysis is needed to exclude any influence of obesity from
the association between sarcopenia and NAFLD, such as
stratified analysis, although the meta-analysis by Cai et al.
could not conduct this subgroup analysis due to insuffi-
cient data. Supporting this point, two recent retrospective
cohort studies showed that the incidence of NAFLD was
significantly higher among individuals with sarcopenia,
and among those losing lean mass, while this association
disappeared in the obese population [7, 8].

Fourth, to understand the cross-sectional, epidemiologi-
cal association between sarcopenia and NAFLD, we should
seek to determine the underlying mechanism. Besides obe-
sity, insulin resistance, chronic inflammation, and lipotox-
icity promote the development of both disorders. Skeletal
muscle is both a metabolic and an endocrine organ and
secretes various substances such as myokines that can medi-
ate crosstalk with the liver [9]. Of these, interleukin-6 and
inhibition of myostatin played protective roles against the
development of hepatic steatosis in mice, while irisin, an
exercise-induced myokine, was negatively associated with
the severity of fatty liver in obese humans. This evidence
supports the hypothesis that muscle plays a causative role
in NAFLD, but more direct evidence is required from future
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human studies. It has also been proposed that NAFLD plays
arole in reducing skeletal muscle mass [10].

Fifth, this meta-analysis did not touch the up-to-date
issue of myosteatosis and sarcopenic obesity, due to insuf-
ficient information in the included respective studies.
Because recent studies have shown that sarcopenic obesity
and myosteatosis which is related to the quality or func-
tion of skeletal muscle, are associated with the prognosis of
patients with chronic liver diseases, further investigations
are needed to clarify complex links among skeletal muscle,
fat, and liver.

Finally, in addition to this meta-analysis showing a cross-
sectional association between sarcopenia and NAFLD,
further longitudinal studies are required to determine the
prognostic implications of sarcopenia in the general popu-
lation, especially for patients with NAFLD. Recently, sar-
copenia and NAFLD have been recognized as risk factors
for cardiovascular disease, cerebrovascular disease, type
2 diabetes, and chronic kidney disease [11]. Based on the
strong relationship between sarcopenia and NAFLD, studies
should investigate whether sarcopenia and NAFLD have an
additive or synergistic effect on cardiometabolic and renal
diseases. Particularly, a recent study showed that the most
important prognostic factor in patients with NAFLD is the
fibrotic burden, not inflammatory activity or simple steatotic
burden [12], and most patients with NAFLD have simple
steatosis without progressive fibrosis or necroinflammation
and present favorable long-term prognosis. Therefore, the
findings from studies on patients with NAFLD, which can be
significantly influenced by the diverse proportion of enrolled
patients with NASH, should be interpreted with caution.

In conclusion, the paper by Cai et al. in this issue of
Hepatology International makes an important contribution
to the literature of NAFLD. Their data provide more evi-
dence that sarcopenia is a predictor or cause of hepatic stea-
tosis and fibrosis. Further prospective studies should focus
on the pressing medical issue of whether a change in skeletal
muscle function effected through therapeutic intervention
can change the course of NAFLD.
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