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Abbreviations
ASM	� Appendicular skeletal muscle
BMI	� Body mass index
HGS	� Handgrip strength
LMM	� Low muscle mass
LMS	� Low muscle strength
NAFLD	� Nonalcoholic fatty liver disease

The global epidemic of obesity and metabolic syndrome 
in an aging population have led to an increased preva-
lence of many chronic conditions including nonalcoholic 
fatty liver disease (NAFLD), the hepatic manifestation of 
metabolic syndrome, and sarcopenia, defined as general-
ized loss of skeletal muscle mass and/or function. While 
these conditions may seem, at first, to be independent of 
each other, there is a growing body of literature examining 
the role of sarcopenia on the development and progression 
of NAFLD. Prior studies have shown a five-fold increased 
risk of NAFLD in patients with sarcopenia [1] with subse-
quent studies demonstrating a two to three-fold increased 
risk of nonalcoholic steatohepatitis and advanced fibrosis 
in patients with sarcopenia independent of obesity, insulin 
resistance, inflammation, and metabolic syndrome [2–4]. 
Limited data from longitudinal studies have supported 
these cross-sectional observations, which demonstrated a 
decreased incidence and resolution of existing NAFLD in 
patients with increased skeletal muscle mass after adjusting 
for several known risk factors [5]. Although these studies 
demonstrated a relationship between NAFLD and sarcope-
nia, there has been insufficient evidence to support a direct 

causal relationship between these two entities beyond their 
shared association with the metabolic syndrome. Thus, it is 
challenging to determine whether sarcopenia is a risk fac-
tor for disease progression of NAFLD, or a complication of 
NAFLD due to worsening liver disease.

In this issue of Hepatology International, Roh and col-
leagues leveraged data from a large nationwide multicenter 
longitudinal database, the Korean Frailty and Aging Cohort, 
to begin to address this gap [6]. They investigated the impact 
of NAFLD on the longitudinal risk of sarcopenia in a large 
cohort of elderly community-dwelling participants in Korea 
with at least 2 years of follow-up. NAFLD was defined as 
the presence of hepatic steatosis using several non-invasive 
scores including hepatic steatosis index, fatty liver index, 
and NAFLD liver fat score. Handgrip strength (HGS) was 
measured using digital hand grip dynamometer of the dom-
inant arm, and appendicular skeletal muscle (ASM) was 
measured using dual-energy x-ray absorptiometry scan; 
both metrics were adjusted by body mass index (BMI). Low 
muscle mass (LMM) and low muscle strength (LMS) were 
categorized using sex-specific lowest quintiles of ASM/
BMI and HGS/BMI, respectively. The key finding of this 
study was the strong association between hepatic steatosis 
and the subsequent development of LMM and LMS in older 
adults at 2 years of follow-up. This association was observed 
even after adjustment for age, sex, lifestyle factors including 
physical activity, comorbidities, and other risk factors such 
as insulin resistance and systemic inflammation. Notably, 
there was no observed association between advanced fibrosis 
(defined as BARD score > 2) and development of LMM or 
LMS after 2 years, despite prior studies [2, 4] demonstrating 
a significant association between sarcopenia and advanced 
fibrosis [based on other non-invasive scores (NAFLD fibro-
sis score, FIB-4, and Forns index) [4] or histology [2]]. 
Lastly, it is worth noting that cutoffs for both LMM and 
LMS were based on BMI. BMI does not account for dif-
ferential body composition, which is particularly important 
for older adults as aging is characterized by both an increase 
in total body fat mass and decrease in skeletal muscle mass. 
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Thus, both LMM and LMS may be lower than indicated and 
may be overestimated in this study. As sarcopenia is consid-
ered an age-related process, it would have been interesting 
to include older adults without NAFLD as a comparison 
group. Nonetheless, the rigorous analyses of this unique and 
large population dataset with longitudinal follow-up further 
demonstrates the interconnected bidirectional relationship 
between NAFLD and sarcopenia.

Although these data do not allow us to explore the mecha-
nism of this relationship, we offer a possible explanation. 
NAFLD and sarcopenia share a pathophysiological pathway 
along the muscle-liver-adipose axis. This crosstalk between 
muscle, liver, and adipose tissue is influenced by several fac-
tors including obesity, different adipose tissue depots, insu-
lin resistance, and chronic low-grade inflammation, along 
with mediators such as aging, physical inactivity, unhealthy 
diet, vitamin D deficiency and hormonal imbalance (i.e., 
growth hormone, insulin-growth factor 1, testosterone) 
[7, 8]. Loss of skeletal muscle is associated with insulin-
resistance resulting in decreased glycogenesis and increased 
adipose tissue lipolysis, further accelerating proteolysis. 
Furthermore, the accumulation of visceral adipose tissue is 
associated with chronic low-grade inflammation mediated 
by adipokines and proinflammatory cytokines, leading to 
increased liver inflammation and fibrosis [9]. Additionally, 
altered level of myokines from decreased skeletal muscle 
mass can lead to hepatic fat accumulation. These dysregula-
tions potentiate further hepatocytes injury through increased 
inflammation, lipotoxicity, mitochondrial dysfunction, oxi-
dative/endoplasmic reticulum stress, and anabolic resistance, 
further contributing to disease progression [8]. Thus, inter-
ventions that can impact muscle composition while simul-
taneously involving multiple pathways within the muscle-
liver-adipose axis are needed to address the multifactorial 
pathogenesis of NAFLD and sarcopenia.

This work by Roh and colleagues is all the more impor-
tant in the context of increasing recognition of sarcopenic 
obesity as a distinct phenotype, defined as the state of 
decreased muscle mass in the setting of increased fat mass 
[10], among patients with NAFLD, not to mention cirrhosis 
in general. Sarcopenia is a clear determinant of non-liver 
and liver-related morbidity and mortality including hepatic 
decompensation, prolonged hospitalization, and reduced 
quality of life [10]. Thus, awareness of different clinical 
phenotypes of NAFLD (e.g., sarcopenic obesity) would 
allow for better stratification of individuals at higher risk 
for disease progression for more individualized management 
strategies with weight loss while preserving skeletal mus-
cle mass and/or function. The preservation of muscle mass 
would in turn promote release of favorable myokines and 
subsequently decrease hepatic fat accumulation/inflamma-
tion and improve negative long-term NAFLD-related out-
comes. An emerging non-invasive method for characterizing 

body composition (e.g., visceral adipose tissue, subcutane-
ous adipose tissue, and skeletal muscle) is cross-sectional 
imaging with computed tomography, as it would allow for 
more objective evaluation of nutritional and metabolic sta-
tus, in addition to identifying different clinical phenotypes 
of NAFLD for a targeted therapy approach. Clearly, further 
studies are needed to determine the benefit of sarcopenic 
management on improvement of NAFLD-related outcomes, 
and vice versa.

Overall, the present study adds valuable information to 
the existing literature on NAFLD and sarcopenia, in par-
ticularly the impact of hepatic steatosis on the risk of sar-
copenia via loss of skeletal muscle mass and reduced func-
tion. Although the exact mechanism linking NAFLD with 
sarcopenia and sarcopenic obesity is not fully understood, 
the shared pathophysiologic pathways offer a possible thera-
peutic strategy targeting NAFLD while simultaneously pre-
serving muscle mass.
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