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Abstract

Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent causes of chronic liver disease worldwide which 
is often seen in patients with metabolic abnormalities such as those with obesity and insulin resistance. On the other 
hand, sarcopenia is a generalized and progressive skeletal muscle disorder characterized by low muscle strength, low 
muscle quality, low physical performance, or a combination of the three. Both disease entities share several underlying 
risk factors and pathophysiologic mechanisms. These include: (1) cardiometabolic overlaps such as insulin resistance, 
chronic systemic inflammation, decreased vitamin D levels, sex hormone modifications; (2) muscle-related factors such 
as those mitigated by myostatin signaling, and myokines (i.e., irisin); and (3) liver-dysfunction related factors such as 
those associated with growth hormone/insulin-like growth factor 1 Axis, hepatokines (i.e., selenoprotein P and leukocyte 
cell-derived chemotaxin-2), fibroblast growth factors 21 and 19 (FGF21 and FGF19), and hyperammonemia. This 
narrative review will examine the pathophysiologic overlaps that can explain the links between NAFLD and sarcopenia. 
Furthermore, this review will explore the emerging roles of nonpharmacologic (e.g., weight reduction, diet, alcohol, and 
smoking cessation, and physical activity) and pharmacologic management (e.g., roles of β-hydroxy-β-methylbutyrate, 
branched-chain amino acid supplements, and testosterone therapy) to improve care, intervention sustainability, and 
acceptability for patients with sarcopenia-associated NAFLD.
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is a chronic 
liver disease often seen in individuals with metabolic 
abnormalities (e.g., obesity and insulin resistance). 
Sarcopenia is a condition characterized by the loss of 
muscle mass and strength that typically occurs with 
aging and obesity. Together, sarcopenia and NAFLD 
share many underlying risk factors and pathophysiologic 
mechanisms, which are primarily addressed by lifestyle 
interventions such as alcohol cessation, physical activity, 
and a hypocaloric diet. Through this descriptive study, 
we aim to further discuss the clinical associations and 
pathophysiologic mechanisms that link sarcopenia and 
NAFLD, then focus on the role of nonpharmacologic 
management and emerging pharmacologic options in 
NAFLD-associated sarcopenia.

Non-alcoholic fatty liver disease (NAFLD)

Non-alcoholic fatty liver disease is one of the most 
important causes of liver diseases worldwide and is likely 
to emerge as the leading cause of end-stage liver disease 
in the future.1 In the United States of America (USA), an 
estimated 80-100 million individuals are affected by 
NAFLD, and with the spread of obesity worldwide, 
there has also been a concurrent rise in the prevalence of 
NAFLD in both developed and developing countries.1,2

According to the American Association for the Study of 
Liver Diseases (AASLD), NAFLD is defined by (1) evidence 
of hepatic steatosis [i.e., by imaging or histology], and (2) 
the lack of secondary causes of hepatic fat accumulation 
[e.g., significant alcohol consumption, the use of steato- 
genic medication, or monogenic hereditary disorders].3 
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syndrome, type 2 diabetes, dyslipidemia, and age.17,18 In a 
recent population study by Hong et al., low levels of serum 
vitamin D (i.e. serum 25(OH)D level of 4.85–15.26 ng/mL) 
were found to be associated with sarcopenia (OR 2.65; 
95% CI 1.64–4.27 in males and OR 1.80; 95% CI 1.29–2.51 
in females], NAFLD (OR 1.82; 95% CI 1.19–2.96 in males), 
and sarcopenia in NAFLD (OR 2.25; 95% CI 1.26–4.03 in 
males).19 Low muscle mass and low muscle strength are 
also positively associated with NAFLD, and concurrent 
sarcopenia and obesity are associated with a significantly 
higher risk of NAFLD.20,21 A prospective study of UK 
Biobank participants identifies low muscle mass and grip 
strength as risk factors associated with a higher risk of 
severe NAFLD.11 The prevalence of sarcopenia increases 
with age and is closely associated with obesity, especially for 
older adults.22 In American populations, the prevalence of 
sarcopenia varies across race and ethnicity, with Hispanics 
having the highest prevalence, followed by Asians, non-
Hispanic Whites, and lastly non-Hispanic Blacks.22,23

Moreover, multiple population studies have demonstrated 
the association between NAFLD and sarcopenia.24-27 Several 
of these recent studies are summarized in Table 2. It must 
be noted that most of these studies were conducted in Asian 
populations, and the methods of assessing and defining 
NAFLD and sarcopenia differ as well.

METHODOLOGY

This narrative review focused on the latest literature on 
the interrelationship between non-alcoholic fatty liver 
disease and sarcopenia, the majority dating from 2015-
2023. Studies included in this review were done using 
SCOPUS, MEDLINE, and CINAHL databases. Search 
strings included ‘Non-Alcoholic Fatty Liver Disease’ OR 
‘NAFLD and ‘Sarcopenia.’ Additionally, reference lists 
of primary articles identified through initial searches and 
manual searches for further pertinent journals were carried 
out by the researchers. 

PATHOPHYSIOLOGIC MECHANISMS 
EXPLAINING THE LINK BETWEEN NAFLD 
AND SARCOPENIA

Cardiometabolic overlaps between NAFLD and 
sarcopenia

The pathophysiologic processes behind sarcopenia and 
NAFLD are multifactorial. Recent studies have shown 

Metabolic comorbidities such as type 2 diabetes mellitus 
(T2DM), dyslipidemia, and obesity are strongly linked 
with the development of NAFLD.4 Studies have shown 
that NAFLD is increasingly recognized as the hepatic 
manifestation of metabolic syndrome.1,2 Furthermore, 
NAFLD itself is a risk factor for cardiovascular disease 
(CVD), chronic kidney disease (CKD), and T2DM.4

Sarcopenia

Sarcopenia is defined by the European Working Group on 
Sarcopenia in Older People (EWGSOP) as a generalized and 
progressive skeletal muscle disorder characterized by low 
muscle strength, low muscle quality, low physical perfor-
mance, or a combination of the three.5 A wide variety of 
tests and tools are available to diagnose sarcopenia, which 
utilize the above-mentioned EWGSOP criteria to identify 
the condition. Muscle mass can be measured with magnetic 
resonance imaging (MRI) and CT scanning, dual x-ray 
absorptiometry (DXA), ultrasound, bioimpedance analysis, 
calf circumference measurement, and D3-creatine dilution.6 
Muscle strength is assessed with handgrip strength using a 
handheld hydraulic dynamometer or knee extensor force, 
while physical performance can be measured with gait 
speed, the Short Physical Performance Battery (SPPB) test, 
and the Timed Up and Go (TUG) test.7-9 Sarcopenia has 
varying definitions and consequently varying approaches 
to diagnosis, which inevitably affects its estimated 
prevalence.10 A recent meta-analysis by Petermann-Rocha 
et al. found that the prevalence of sarcopenia ranges from 
10% to 27% in individuals over 60 years old, noting that 
the values vary considerably according to the classification 
and cut-off point used.11 Other definitions for sarcopenia 
include those developed by the International Working 
Group on Sarcopenia (IWGS) and the Asian Working 
Group on Sarcopenia (AWGS).12,13 The EWGSOP2, IWGS, 
and AWGS 2019 adopt similar approaches in defining 
sarcopenia based on low muscle mass in combination with 
poor muscle function. Cut-off points for Asian populations 
were lower compared to non-Asian populations in the 
previous AWGS 2014 definition but have since been revised 
in the AWGS 2019 definition of sarcopenia (Table 1).13,14

Link between NAFLD and sarcopenia

Sarcopenia and NAFLD share many common underlying 
pathophysiologic mechanisms, such as insulin resistance, 
chronic inflammation, nutritional deficiencies, and physical 
inactivity.15,16 Both are associated with obesity, metabolic 

Table 1. Definition of Sarcopenia developed by the European, International, and Asian Working Groups on Sarcopenia
Low muscle mass Low muscle strength (grip strength) Low muscle performance (gait speed, short performance physical battery)

EWGSOP2 Males: <7.0 kg/m2

Females: <5.5 kg/m2
Males: <27 kg 

Females: <16 kg
Gait speed ≤0.8 m/s
SPPB ≤8-point score

IWGS Males: <7.23 kg/m2

Females: <5.67 kg/m2
– Gait speed ≤1.0 m/s

AWGS 2019 Males: <7.0 kg/m2

Females: <5.4 kg/m2
Males: <28 kg

Females: <18 kg
Gait speed ≤1.0 m/s
SPPB ≤9-point score

Adapted from Cruz-Jentoft et al., 2019; Fielding et al., 2011; Chen et al., 2020
Abbreviations: AWGS = Asian Working Group on Sarcopenia; EWGSOP = European Working Group on Sarcopenia in Older People; IWGS = International 
Working Group on Sarcopenia
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muscle-specific ubiquitin ligases: atrogin-1 and muscle 
ring finger 1 protein (Murf1), that promote skeletal muscle 
atrophy. Hence, insulin resistance (IR) is an established 
risk factor for both NAFLD and sarcopenia.29,30 

In a state of IR, the insulin-mediated degradation of FoxO 
transcription factors via the PI3K/Akt pathway is ineffective 
resulting in its accumulation in the nucleus and induction 
of the atrophy-related ligases causing skeletal muscle 
atrophy.29,30 Furthermore, cells fail to respond normally to 
insulin becoming less effective in taking up glucose from 
the blood, thereby worsening sarcopenia. Hence, insulin 
resistance can lead to 1) a reduction of protein synthesis; 
2) the promotion of proteolysis and muscle wasting, and 3) 
the promotion of lipolysis and increased circulating fatty 
acids (FA) that can be taken up by both muscle and liver. 
Excess FA stored within the muscle results in myosteatosis 
(i.e., further reducing muscle protein synthesis which 

that sarcopenia and NAFLD share several common 
pathophysiologic mechanisms. Figure 1 illustrates the key 
mechanisms linking sarcopenia and NAFLD. 

Insulin resistance 
Skeletal muscles account for nearly 50% of lean body mass. 
Glucose uptake in the skeletal muscle is essentially insulin-
dependent, occurring via glucose transporter 4. Thus, 
skeletal muscles play an integral role in glucose and energy 
homeostasis. 

Insulin plays an important role in protein synthesis, 
proteolysis inhibition, amino acid transport in skeletal 
muscle, and muscle proliferation and hypertrophy.28 Insulin 
normally increases the activity of phosphatidylinositol 
3-kinase (PI3K)/Akt signaling which phosphorylates 
Forkhead box O (FoxO) transcription factors inhibiting its 
activation and preventing the induction of atrophy-related 

Figure 1. Pathophysiologic mechanisms involved in the relationship between NAFLD and sarcopenia. 
Adapted from “Non-alcoholic fatty liver disease-related fibrosis and sarcopenia: An altered liver-muscle crosstalk leading to increased mortality risk,” by Kuchay, 
M. et al., 2022, Ageing Research Reviews, 80. Copyright [2022] by Elsevier B.V.

Table 2. Population studies that link sarcopenia and NAFLD
Study Population (N) Key Findings

Roh et al. (2022) Korea (1595) Those with NAFLD have 1.6x risk of developing low muscle mass (LMM) and 2.29x risk of 
developing low muscle strength (LMS)

Wang et al. (2021) China (578) LMM independently associated with NAFLD in both males and females; LMS independently 
associated with NAFLD in males only

Wijarnpreecha et al. (2021) United States (1925) Individuals with sarcopenic obesity have significantly increased odds of having NAFLD
Song et al. (2022) Korea (2191) Prevalence of NAFLD and fibrosis increased significantly according to sarcopenic status
Chung et al. (2019) Korea (5989) The prevalence of NAFLD was significantly higher in subjects with sarcopenia than in those without
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muscle hypertrophy and hyperplasia as well as suppresses 
protein synthesis. Elevated levels of myostatin have been 
reported in patients with liver fibrosis and cirrhosis.28,30 
Myostatin worsens liver fibrosis through the activation 
of ActRIIB on hepatic stellate cells reducing stellate cell 
proliferation, inducing cell migration, and increasing 
procollagen type 1, a biomarker associated with liver 
injury, inflammation, and fibrosis.30 

Irisin
Decreased skeletal muscle as in sarcopenia reduces the 
secretion of various beneficial myokines such as irisin, 
which is another myokine that acts on the skeletal muscle, 
influences glucose homeostasis, increases adipocyte energy 
expenditure, and improves insulin sensitivity and lipid 
metabolism. Sarcopenia has also been associated with a 
reduction of pro-inflammatory cytokines and an elevation 
of anti-inflammatory cytokines in adipose tissue. Irisin’s 
ability to regulate lipid metabolism which may help 
prevent lipid accumulation in liver cells is another potential 
mechanism that may explain the link between sarcopenia 
in NAFLD.28,33 Irisin secretion is induced by exercise which 
may support the link between physical inactivity and 
NAFLD.34

Liver dysfunction-related factors that promote 
sarcopenia

Growth hormone/insulin-like growth factor 1 axis
Growth hormone (GH) acts on insulin-sensitive organs 
(e.g. liver, adipose tissue, and skeletal muscle). Its effects 
are mediated by insulin-like growth factor-1 (IGF-1) 
synthesized in the liver. Together, they are key regulators 
of metabolic homeostasis. It has been demonstrated 
that patients with NAFLD have reduced IGF-1 gene 
expression.35 With suppression of the GH/IGF-1 axis 
activity, Akt is dephosphorylated resulting in the loss of 
inhibition of FoxO transcription factors and subsequent 
increased expression of muscle-specific ubiquitin ligases, 
atrogin-1, and Murf, thus, promoting skeletal muscle 
atrophy.30 Decreased levels of GH and IGF-1 have also been 
observed in obesity and in aging which may explain their 
relationship with NAFLD and sarcopenia. 

Hepatokines (Selenoprotein P and leukocyte cell-
derived chemotaxin-2)
Non-alcoholic fatty liver disease induces the production 
of oxygen free radicals which results in lipid peroxidation 
and the production of proinflammatory cytokines, such 
as TNF-α and TGF-β. Several hepatokines act in an auto-, 
para-, and endocrine manner to regulate a broad range of 
metabolic processes. Selenoprotein P (SeP), a hepatokine 
that works as a selenium transport protein, is increased in 
NAFLD as well as in type 2 diabetes and pre-diabetes.29,31 
SeP inhibits 5’AMP-activated protein kinase (AMPK) in 
the liver promoting the synthesis of leukocyte cell-derived 
chemotaxin-2 (LECT2), which induces IR in skeletal 
muscle. Both SeP and LECT2 provide a direct association 
between NAFLD and muscle dysfunction.29 

contributes to sarcopenia), while increased delivery of free 
fatty acids to the liver promotes lipotoxicity that can worsen 
NAFLD.30,31 Sarcopenia, on the other hand, can enhance 
IR by reducing cellular targets for insulin action. 

Chronic systemic inflammation 
NAFLD has been recognized as a subclinical inflammatory 
state, characterized by the activation of Kupffer cells and 
subsequent production of tumor necrosis factor-alpha 
(TNF-α) as well as other pro-inflammatory cytokines that 
influence disease progression. In an advanced disease state, 
TNF-α produced by a fibrotic liver can be transported to 
the skeletal muscle and induce muscle atrophy through 
the activation of nuclear factor kappa B (NF-kB) resulting 
in the upregulation of Muscle ring finger 1 (Murf1) 
protein which mediates sarcomeric protein degradation 
causing skeletal muscle atrophy.30 Thus, targeting TNF-α 
inhibition in skeletal muscles may be a potential preventive 
strategy for liver-fibrosis-induced muscle atrophy. Other 
proinflammatory cytokines (e.g., Interleukin (IL)-6 and 
IL-β) can also promote apoptosis in skeletal muscles. This 
is seen in chronic inflammatory states such as in NAFLD 
wherein IL-6 inhibits IGF-1 activity, reducing myogenesis.28

Decreased vitamin D levels
Vitamin D is integral in myoblast proliferation and 
differentiation, skeletal muscle growth, and reduction 
of muscle inflammation. Furthermore, it regulates the 
expression of insulin receptors in pancreatic β-cells and 
peripheral target tissues. Receptors of vitamin D are 
expressed in cells including the liver and skeletal muscles. 
Hence, patients with NAFLD have been found to have lower 
levels of vitamin D leading to worsening inflammation 
and the promotion of liver fibrosis.28 

Sex hormones
Testosterone is an anabolic hormone that promotes muscle 
protein synthesis, and insulin sensitivity, and decreases fat 
mass. In men, testosterone deficiency has been associated 
with an increased accumulation of visceral adipose tissue, 
insulin resistance, and subsequently increased transport of 
free fatty acids to the liver, all of which contribute to the 
development and progression of NAFLD.32 Age-related 
decrease in sex hormone levels (i.e., testosterone and 
estrogen deficiency in males and females, respectively) 
has been associated with sarcopenia, sarcopenic obesity, 
and its related complications, such as NAFLD. These may 
explain the higher rates of sarcopenia and NAFLD in 
elderly patients.30 

Muscle-related factors that influence NAFLD 
progression

Myostatin signaling
Myostatin is a myokine synthesized and secreted in skeletal 
muscle which plays an integral role in the inhibition of 
skeletal muscle growth and mass. It works by binding 
to the activin receptor type IIB (ActRIIB) resulting in the 
formation and activation of the Smad complex that inhibits 
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in skeletal muscles by inducing muscle hypertrophy and 
increasing muscle strength. Dysregulation of endocrine 
FGF signaling, particularly FGF21, and FGF19, has been 
observed in NAFLD and may help explain its association 
with sarcopenia.29,37 

Hyperammonemia
The liver is primarily involved in physiologic ammonia 
disposal. However, ureagenesis becomes ineffective in 
diseases that impair liver function. NAFLD is characterized 
by urea-cycle dysregulation resulting in hyperammonemia. 
Two mechanisms have been proposed to explain how 
hyperammonemia promotes sarcopenia. The first one is due 
to the increased expression of NF-kB and myostatin. The 
second mechanism is due to the shift into non-hepatocyte 
ammonia disposal in skeletal muscles in patients with 
impaired liver function. Ammonia disposal in skeletal 
muscles results in the loss of α-keto- glutarate (α-KG), a 
critical tricarboxylic acid (TCA) cycle intermediate, that 
promotes skeletal muscle protein synthesis and muscle 
hypertrophy, as well as inhibits protein degradation.30,38 
Hyperammonemia can also promote disease progression 
by promoting liver fibrosis mainly through the activation 
of hepatic stellate cells. 

DIAGNOSIS

The pioneer in community screening for sarcopenia is the 
SARC-F questionnaire (Table 3), which is composed of the 
following domains: Strength, Assistance with walking, 
Rising from a chair, Climbing stairs, and Falls. Out of 10, a 
score ≥4 is predictive of sarcopenia. This tool was validated 
against 3 international consensus panel sarcopenia criteria: 
European Working Group on Sarcopenia in Older People 
(EWGSOP), International Working Group on Sarcopenia 

Fibroblast growth factors 21 and 19 (FGF21 and 
FGF19)
FGF21 is synthesized in the liver, pancreas, adipose tissue, 
and muscle and plays a role in several mechanisms. In the 
liver, it plays a protective role by inhibiting liver lipogenesis, 
stimulating hepatic fatty acid oxidation, and reducing 
lipid transport into the liver by increasing peripheral 
lipoprotein catabolism and reducing adipocyte lipolysis.36 
FGF21 enhances insulin sensitivity in both adipose tissue 
and skeletal muscle which further enhances glucose 
utilization. Elevated levels of FGF21 have been observed 
in patients with NAFLD and other disease processes such 
as non-alcoholic steatohepatitis, obesity, type 2 diabetes, 
and chronic kidney disease, among others. However, 
despite this elevation, FGF21 resistance is hypothesized to 
occur in these disease states.37 FGF19 also exerts its action 

Table 3. Screening for Sarcopenia: SARC-F Scoring, 5- and 7-item MSRA
SARC-F MRSA 7 5

Strength: 
How much difficulty do you have 
in lifting and carrying 10 lb?

None = 0
Some = 1
A lot or unable = 2

1. How old are you?
• ≥70 years
• <70 years

0
5

0
5

Assitance in walking: 
How much difficulty do you have 
walking across a room?

None = 0
Some = 1
A lot, use aids, or unable = 2

2. Were you hospitalized in the last year?
• Yes, ≥1
• Yes, 1
• No

0
5

10

0
10
15

Rise from a chair: 
How much difficulty do you have 
transferring from a chair or bed?

None = 0
Some = 1
A lot or unable without help = 2

3. What is your activity level?
• Able to walk <1000 m
• Able to walk >1000 m

0
5

0
15

Climb stairs: 
How much difficulty do you have 
climbing a flight of 10 stairs?

None = 0
Some = 1
A lot or unable = 2

4. Do you eat 3 meals per day regularly? 
• No, up to twice per week I skip a meal (for example, I skip 

breakfast or I have only milky coffee or soup for dinner)
• Yes

0

5

0

15
Falls: 
How many times have you fallen 
in the past year?

None = 0
1–3 falls = 1
≥ 4 falls = 2

5. Do you consume any of the following? Milk or dairy products 
(yogurt, cheese)
• Not every day
• At least once per day

0
5

-
-

6. Do you consume any of the following? Poultry, meat, fish, 
eggs, legumes, ragout, or ham
• Not every day
• At least once per day

0
5

-
-

7. Did you lose weight in the past year?
• >2 kg
• ≤2 kg

0
5

0
10

Abbreviations: SARC-F: Strength, Assistance with walking, Rise from a chair, Climb stairs and Falls; score ≥4 is predictive of sarcopenia.
MSRA: Mini Sarcopenia Risk Assessment; 5-item ≤45 and 7-item ≤30 are indicative of risk of sarcopenia.

Table 4. Summary of key findings
Non-alcoholic fatty liver disease increases the risk of developing low 
muscle mass and low muscle strength, commonly manifesting as 
sarcopenic obesity.

Overlaps in pathophysiology between NAFLD and sarcopenia are related 
to insulin resistance, chronic systemic inflammation, decreased vitamin D 
levels, and sex hormones.

Screening for sarcopenia in NAFLD patients using the SARC-F Scoring 
and 7-item MSRA are crucial to prevent the progression of sarcopenia.

Weight reduction through an individualized hypocaloric Mediterranean 
Diet targeting 1200–1500 kcal/d or a reduction of 500–1000 kcal/d from 
baseline and a target protein intake of 1.2–1.5 g/kg/day is recommended. 

In NAFLD alone, vigorous-intensity aerobic exercise is recommended. 
However, in NAFLD-associated sarcopenia, supervised resistance and 
hypertrophic training are recommended to revert muscular mass loss.

Emergent treatment options includes Beta-hydroxy-beta-methyl butyrate, 
branched-chain amino acid supplements, and testosterone therapy.

Abbreviations: NAFLD = Non-alcoholic fatty liver disease; SARC-F = 
Strength, Assistance with walking, Rise from a chair, Climb stairs and Falls; 
MSRA = Mini Sarcopenia Risk Assessment
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interventions and to encourage referral to the hospital for 
confirmatory diagnosis.13 In this narrative review, we will 
focus on non-pharmacologic management and prevention, 
which remains the cornerstone of sarcopenia-associated 
NAFLD treatment. 

Non-pharmacological management

Weight Reduction
Sarcopenic obesity, defined as low muscle mass with high 
levels of adiposity, is associated with poor clinical outcomes 
(i.e., increased mortality). There is strong evidence that 
weight reduction has a dose-dependent relationship with 
the improvement and resolution of NAFLD, remarkably 
with a weight loss of >10%.47-50 For every 1 kg of weight 
loss, a review of 43 studies reports a 0.83 U/L reduction 
in alanine aminotransferase (AST), a 0.56 U/L reduction 
in aspartate transaminase (AST), and a 0.77% reduction 
in steatosis assessed by radiology or histology.51 Normal-
weight NAFLD is defined as BMI ≤25 kg/m2 and ≤23 kg/m2 
in non-Asian and Asian patients, respectively. 

The American Gastroenterological Association (AGA) 
recommends a lower target weight-loss threshold for 
normal-weight NAFLD as it shows the following similar 
histologic benefits to NASH: fibrosis regression, steatosis 
improvement, decreased waist circumference, and 
decreased LDL levels. Non-alcoholic fatty liver disease 
resolution of 50% and 70% were observed with total body 
weight loss of 3%–5% and 7%–10%, respectively.47 

Moreover, the concept of “hidden obesity” in sarcopenic 
patients is introduced as BMI ≤25 kg/m2 with the addition 
of body fat percentage >25% in males and >30% in females. 
Hence, monitoring is emphasized in normal-weight NAFLD 
patients. Although presenting with less severe disease, they 
are susceptible to low skeletal muscle index attributed to 
decreased IGF-1 production; whereas in females, poor 
bone mass density, vitamin D3 deficiency, and a decrease 
in estrogen production.52 

Diet
Patients with advanced liver diseases, including cirrhosis 
(i.e., a complication of NAFLD), are in an accelerated 
state of starvation and catabolism owed to increased 
gluconeogenesis, fat oxidation, ketogenesis, and impaired 
protein turnover.53 To meet a patient’s caloric and 
nutritional requirements, a consultation with a specialized 
nutritionist is preferred. The AGA 2019 recommends: 1) 
an individualized hypocaloric diet targeting 1200–1500 
kcal/d or a reduction of 500–1000 kcal/d from baseline; 2) a 
minimum protein intake of 1.2–1.5 g/kg, favorably chicken, 
fish, eggs, nuts, lentils, and/or soy; 3) small frequent meals, 
<4–6 hours in between meals; 4) bedtime snack containing 
protein and ≥50 g of complex carbohydrates.47 Similarly, the 
European Society for Clinical Nutrition and Metabolism 
(ESPEN) guideline recommends reducing periods of 
starvation by taking 3–5 meals/day and a late evening snack 
regardless of composition, to improve the total body protein 

(IWGS), and AWGS, resulting in a specificity of 94–99% but 
poor sensitivity of 4–10%.39 Similarly, in a meta-analysis 
composed of 12,800 eligible subjects, the pooled results 
of SARC-F specificity and sensitivity were 90% and 21%, 
respectively using the EWGSOP criteria.40 However, in a 
recent study on the geriatric population, the ideal SARC-F 
cut-off was adjusted to 3 when the Youden index was 
applied, resulting in a specificity of 77% and a sensitivity 
of 52%.41 In addition, the prognostic utility of SARC-F 
was studied in primary six racial/ethnic groups (African 
Americans, Latinos, Japanese, Native Hawaiians, Whites, 
and other Asian Americans including Filipinos, Chinese, 
and Koreans), showing statistically significant association 
with risk of all-cause mortality in males and females, 
with adjusted HR for overall mortality of 3.73 and 3.10, 
respectively.40 Due to the low sensitivity demonstrated 
by SARC-F, Rossi et al. developed the Mini Sarcopenia 
Risk Assessment (MSRA) questionnaire in two forms, the 
5- and 7-items (shown in Table 3), wherein scores of ≤45 
and ≤30 are indicative of sarcopenia risk, respectively.42 
Against the AWGS criteria, the specificity and sensitivity 
of MSRA-7 and MRSA-5 were 40%, 87%, 71%, and 90%, 
respectively.43 Meanwhile, the combination of SARC-F 
and 7-item MSRA resulted in a specificity of 100% and 
sensitivity of 63%; hence, this is recommended as a first-
line tool for high-risk patients (Table 3).41 In a multicenter, 
retrospective study involving 23,889 NAFLD patients, 
a high-risk sarcopenic obesity (SO) screening model was 
developed to identify high-risk SO subjects. Based on the 
model showing older age, male, sarcopenia index, and 
metabolic syndrome as significant risk factors, high-risk 
SO subjects had significantly higher odds of significant 
liver fibrosis (fibrosis-4 index >2.67) or atherosclerotic CVD 
risk score >20% compared to subjects without SO.44 Early 
identification of sarcopenia before the onset of physical 
disability is crucial to prevent the progression of sarcopenia. 

In patients with chronic liver disease, a cross-sectional study 
with 661 patients reported the usefulness of arm and calf 
circumferences, which are correlated with skeletal muscle 
index and grip strength, as simple surrogate markers for 
detecting sarcopenia. The optimal cut-off values of arm and 
calf circumferences were respectively determined to be 25.0 
and 32.6 cm for males, and 22.7 and 32.1 cm for females.45 
Recently, the lowest quintile of serum 25(OH)D level (4.85–
15.26 ng/mL) was associated with increased occurrence 
of sarcopenia for both males and females, NAFLD in 
males, and sarcopenia-associated NAFLD in males but not 
in females. Hence, Vitamin D levels can also be a useful 
marker for sarcopenia and NAFLD, especially in males.46

MANAGEMENT

Specifically, for use in primary health care and community 
health promotion, the Asian Working Group for Sarcopenia 
(AWGS) 2019 introduced the concept of “possible 
sarcopenia,” defined as low muscle strength regardless 
of reduced physical performance. This aims to increase 
awareness of sarcopenia prevention through timely lifestyle 



Vol. 39 No. 1 May 2024

90

www.asean-endocrinejournal.org

Frederick Rivera, et al Non-Pharmacologic and Emerging Pharmacologic Management of NAFLD and Sarcopenia

Specifically, activity management in sarcopenia-related 
NAFLD must be individualized, planned, and supervised.59 
For patients with poor cardiovascular fitness or any 
mobility-limiting comorbidity that may cause intolerance 
to aerobic training, resistance training is performed.60 A 
systematic review of aerobic versus resistance training 
of equal duration, frequency, and period both showed 
improved hepatic steatosis, with no significant differences 
in BMI, ALT levels, and intrahepatic lipids. Total energy 
consumption (kcal/total period), percentage of maximum 
oxygen consumption, and metabolic equivalents were 
significantly lower in the resistance training group. On the 
other hand, energy consumption was lower in the aerobic 
exercise group (kcal/exercise).58 Nonetheless, both types of 
training downregulate circulating inflammatory markers 
such as IL-6, CRP, and TNF-α.61 

In a meta-analysis on the impact of endurance and combined 
training (i.e., endurance and resistance) on the sarcopenia 
criteria in NAFLD, both improved physical performance 
but not lean body mass. Considering most studies were 
endurance training protocols, this type of training may not 
positively impact muscle mass as compared to resistance 
training, which improves the power-producing capacity 
and sensitizes muscles to other anabolic stimuli needed in 
the setting of sarcopenia. 

On the other hand, endurance exercise increases the 
oxidative capacity of skeletal muscle and supports faster 
protein turnover during resistance training.61 Although 
the effect on muscle strength of the mentioned training 
cannot be determined due to a lack of studies, lower muscle 
strength, ideally evaluated through handgrip strength, is 
associated with a higher hepatic steatosis index.59 To revert 
muscular mass loss, hypertrophic training is recommended: 
intensity of 40–80% of the individual in one maximum 
repetition, with loads >60% to increase maximal force and 
muscular mass.62 

Meanwhile, an emphasis on lifestyle intervention in 
addition to MD was adopted for 6 months in an RCT, 
resulting in significant improvements in ALT levels and 
liver stiffness, whereas only liver stiffness improved with 
MD alone. The physical activity program included at least 
30 min/d of moderate-vigorous activity (i.e., fast or very 
fast walking, slow or fast running, dancing, tennis), 10000 
steps/d measured via pedometer given, and assessed via 
the validated Athens Physical Activity Questionnaire.63 
A similar study on the combination of aerobic physical 
activity and MD reduced the severity of liver steatosis 
and improved gut microbiota in a cohort of patients with 
NAFLD.64

Pharmacologic management

In patients who are unable to adhere to lifestyle interven-
tions, pharmacological therapy is necessary. However, it 
should be emphasized that pharmacotherapy is not first-
line and that there are no currently approved drugs for the 

status and nitrogen balance, reverse anabolic resistance, and 
manage sarcopenia of cirrhosis.53,54 A target protein intake 
of 1.2–1.5 g/kg/day is recommended for the upregulation of 
protein anabolism and improvement of total body protein 
in patients with cirrhosis and sarcopenia.53 

In a Korean national survey with 4179 elderly participants 
with sarcopenia, the low protein intake group (<0.8 g/kg/
day) had a significantly higher risk of sarcopenia (OR 
= 1.707). On the other hand, the high protein intake group 
(>1.2 g/kg/day) had lower prevalence of sarcopenia and 
sarcopenia-related factors such as insulin and total body 
fat.46 However, a nationally representative data-based 
study demonstrated that participants with a higher sodium 
intake, as assessed by urinary sodium excretion, had 
significantly higher risks of both NAFLD (OR, 1.46, 95% CI, 
1.27 to 1.66; p<0.001) and sarcopenia (OR, 1.49; 95% CI, 1.28 
to 1.73; p<0.001). In addition, the study reported an average 
daily sodium consumption of 3.3 g in the general Korean 
population, which is higher than the WHO-recommended 
2 g/day. This emphasizes the importance of optimal sodium 
intake for the general population, especially those at risk 
for both NAFLD and sarcopenia.55 

Alcohol and smoking cessation
Although there is contradicting data on the effect of various 
amounts of alcohol consumption on NAFLD, the AGA 2019 
guidelines recommend the best practice of complete alcohol 
restriction on adult patients with NAFLD.47 A national 
prospective study reports a 22–40% reduction of incident 
cardiovascular disease with alcohol intake up to 49 g/day, 
but only in patients who were never smokers. Even low (0-9 
g/day) alcohol intake produced elevated HRs for incident 
liver disease and cancer. Significantly elevated risks were 
shown for alcohol intakes of 10-19 g/day and >30 g/day.56 
The American Heart Association's Life's Simple 7 (LS7) 
metrics as surrogates of healthy living were investigated 
on subjects with NAFLD. Ideal glycemic control of 
hemoglobin A1c <5.7%, smoking status corresponding to 
a current nonsmoker and having smoked <100 cigarettes 
total, and BP level<120/80 mmHg offered significant 
protection against premature all-cause deaths. Moreover, 
smoking was the only ideal LS7 metric that had a higher 
prevalence among the group with sarcopenia compared to 
non-sarcopenia.57 

Physical activity 
The Expert Review of AGA 2019 recommends 1) 150–300 
minutes of moderate-intensity or 75–150 minutes of 
vigorous-intensity aerobic exercise (i.e., walking, stationary 
biking) per week and 2) resistance training (i.e., weight 
lifting) as complementary, but not an alternative for 
adults with NAFLD.47 In a systematic review by Hashida 
and colleagues, the median effective protocol for aerobic 
exercise was 4.8 metabolic equivalents (METs) for 40 min/
session, 3 times/week for 12 weeks; whereas for resistance 
exercise, the median effective protocol was 3.5 METs for 
45min/session, 3 times/week for 12 weeks.58 
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Testosterone therapy
Low serum testosterone levels are seen in patients with 
decreased liver function, and liver cirrhosis, and even lower 
levels are seen in patients with sarcopenia and cirrhosis.53 
A clinical trial on the efficacy and safety of testosterone 
therapy in improving sarcopenia in men with cirrhosis 
(NCT03995251) is ongoing. In a 12-month, double-blinded, 
placebo-controlled trial in men with cirrhosis and total 
testosterone <12 nmol/L or free testosterone <230 pmol/L, 
serial administration of 1000 mg intramuscular testosterone 
undecanoate resulted in a significant increase in 
appendicular lean mass, a substantial increase in total lean 
mass, total bone mass, bone mineral density, hemoglobin, 
with reduced fat mass and HbA1c.68 

KNOWLEDGE GAPS AND FUTURE DIRECTIONS 

Non-pharmacologic management has been established as 
the first-line treatment for sarcopenia-associated NAFLD. 
Although uncertainties remain on the most effective diet 
and type, duration, and frequency of physical activity due 
to limited inter-trial comparisons, RCTs, and heterogeneity 
of the reviewed studies, optimal management is still 
individualized and supervised.69 Socioeconomic factors 
that restrict patient’s adherence to diet and exercise such as 
culture, younger age, lower income, and lower educational 
level should be investigated in community-based and 
large nationwide trials using consistent outcomes 
measures.70,71 Key recommendations for future studies 
include local cuisine-based MD modifications, quality of 
life and need for palliative care referrals, complementary 
and alternative medicine, and pharmacologic options, 
especially for patients unable to adhere to lifestyle changes. 
This information is hoped to improve care, intervention 
sustainability, and acceptability for patients with 
sarcopenia-associated NAFLD.

Limitations

There are limitations to this narrative review that could 
affect how far its conclusions can be generalized. Aside 
from the aforementioned limitations (i.e., limited inter-
trial comparisons, RCTs, and heterogeneity of the reviewed 
studies), there are no existing guidelines for sarcopenia and 
its interrelationship with non-alcoholic fatty liver disease. 
The relative variability and lack of uniformity (i.e., definition, 
diagnostic criteria, and monitoring) among the existing 
papers such as those seen in the European, International, 
and Asian Working groups may affect the generalizability 
of the study. Furthermore, possible confounders of the 
study are race and age distribution. 

CONCLUSION

In this narrative review, we discussed the overlapping 
pathophysiologic mechanisms between NAFLD and 
sarcopenia, muscle-related factors influencing NAFLD 
progression, and liver dysfunction-related factors that 
promote sarcopenia. Nonpharmacologic management 

treatment of sarcopenia-associated NAFLD. Instead, we 
will discuss emerging treatment options for sarcopenia in 
chronic liver diseases. 

β-Hydroxy-β-methylbutyrate
Beta-hydroxy-beta-methyl butyrate (HMB) has been 
evaluated to increase muscle mass and performance by 
promoting protein synthesis and counteracting muscle 
catabolism. In a single-blind RCT, 12 weeks of HMB 
supplementation (3 g/day) resulted in a statistically 
significant increase in muscle function assessed through 
a chair stand test and six-minute walk test, an increase in 
quadriceps muscle mass measured by ultrasound, and 
a decrease in liver function index compared to placebo 
(sorbitol powder).65 

In malnourished cirrhotic patients, commercially available 
oral nutritional supplementations both provided by Abbott 
Laboratories (Madrid, Spain) were compared in a double-
blind RCT: Ensure® Plus Advance (HMB group; 1.5 kcal/
mL, 24.3% protein, 28.8% fat, and 1.5 g of calcium HMB 
per service) and 220 mL of Ensure® Plus High Protein 
(HP group; 1.25 kcal/mL, 25.3% protein, 23.8% fat). 
Improvement in liver function scores and BMI, with a 
reduction of LDL cholesterol, was observed in both groups. 
Although the HMB group had improved muscle strength 
and reduced minimal hepatic encephalopathy, larger 
trials are recommended before using HMB supplements.66 
In both RCTs, HMB supplementation was well tolerated 
by patients albeit with minimal gastrointestinal effects 
causing dropouts. 

Branched-chain amino acid supplements 
As a result of liver dysfunction and impaired ureagenesis, 
hyperammonemia occurs. The response of the body is to 
remove the excess extrahepatic ammonia occurring in 
the skeletal muscles through the synthesis of glutamine, 
in exchange for branched-chain amino acids (BCAAs). 
Moreover, there is an accelerated state of starvation 
causing increased gluconeogenesis and catabolism. 
Hence, there is decreased plasma BCAAs in patients 
with cirrhosis due to increased utilization as an energy 
source. Hyperammonemia-induced upregulation of 
myostatin, a negative regulator of muscle growth, is the 
key contributor to sarcopenia in patients with chronic liver 
disease.53 There are ongoing clinical trials on the effect of 
BCAA supplementation on muscle mass, quality, and 
molecular markers of muscle regeneration in patients with 
chronic liver disease (NCT04246918) and liver cirrhosis 
(NCT03633279). The BCAA 10-gram-packet consists of 952 
mg L-Isoleucine, 1904 mg L-Leucine, and 1144 mg L-Valine. 
In a single-center, prospective study of adult patients with 
cirrhosis, 24 weeks of oral BCAA supplement twice a day 
resulted in a significant increase in strength assessed via 
hand grip, but not in muscle mass.67 Nonetheless, long-term 
BCAA supplementation (0.20–0.25 g/kg/day) has shown 
beneficial effects on protein metabolism (i.e., improved 
muscle mass) in patients with cirrhosis.53 
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remains the mainstay of treatment for NAFLD-associated 
sarcopenia: 1) screening and early diagnosis; 2) weight 
reduction; 3) diet; 4) alcohol and smoking cessation; and 5) 
resistance and hypertrophic training. For patients unable 
to perform the mentioned lifestyle interventions, clinical 
trials on pharmacologic options are ongoing to explore 
their utility.
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