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ABSTRACT

Background & Aims: Nonalcoholic fatty liver disease (NAFLD) and sarcopenic obesity share several
pathophysiologic backgrounds. No prior studies have determined a plausible association between sarcopenic
obesity and NAFLD and NAFLD-associated fibrosis. We aim to investigate the association between sarcopenic
obesity and NAFLD, and NAFLD-associated fibrosis detected by transient elastography.

Methods: In a cross-sectional study from the 2017-2018 National Health and Nutrition Examination Survey,
1,925 participants were identified. NAFLD was defined by controlled attenuation parameter (CAP) scores
and significant fibrosis (=F2)/cirrhosis by liver stiffness measurements on transient elastography. Sarcopenic
obesity was defined by appendicular lean mass and body fat.

Results: Individuals with sarcopenic obesity had a significantly higher odds of having NAFLD [CAP score
>263 dB/m, odds ratio (OR): 2.88, 95% confidence interval (CI): 1.82-4.57, and CAP score >285, OR: 3.71,
95%CI: 2.24-6.14] after adjusting for age, gender, and race/ethnicity. The association remained statistically
significant after adjustment for socioeconomic status, lifestyle and behavioral risk factors, and metabolic
conditions (CAP score =263, OR: 2.61, 95%CI: 1.51-4.50, and CAP score =285, OR: 3.31, 95%CI: 1.85-5.96).
Sarcopenic obesity was also associated with higher odds of having NAFLD-associated significant fibrosis
(OR 2.22, 95% CI: 1.03-4.80) in the multivariate model. While those with sarcopenic obesity had a higher
prevalence of NAFLD-associated cirrhosis, this association did not reach statistical significance.
Conclusions: Sarcopenic obesity was independently associated with an increased risk of NAFLD and NAFLD-
associated significant fibrosis independent of well-defined risk factors. Targeted interventions to improve
sarcopenic obesity may reduce the risk of NAFLD and NAFLD-associated siginificant fibrosis.

Key words: hepatic steatosis — sarcopenia — cirrhosis - NAFLD - NASH - NHANES.

Abbreviations: ALM: appendicular lean mass; AUROC: area under the receiver operating characteristic
curve; BMI: body mass index; CAP: controlled attenuation parameter; CI: confidence interval; DEXA: dual-
energy X-ray absorptiometry; NAFLD: nonalcoholic fatty liver disease; NAS: nonalcoholic fatty liver disease
activity score; NASH: nonalcoholic steatohepatitis; NHANES: National Health and Nutrition Examination
Survey; OR: odds ratio.

INTRODUCTION

Nonalcoholic fatty liver
disease (NAFLD) is currently
the most common cause of
chronic liver disease worldwide,
with a prevalence of 25% [1].
Nonalcoholic fatty liver disease
represents a wide range of
diseases, from simple hepatic
steatosis to inflammation
with hepatocyte degeneration
[nonalcoholic steatohepatitis

(NASH)], hepatic fibrosis, and more advanced disease, such
as cirrhosis and hepatocellular carcinoma [2]. It is generally
characterized by excess accumulation of fat in the liver without
significant alcohol consumption or other causes of liver
disease [2]. As the incidence of NAFLD rises, the estimated
healthcare and economic burden from NAFLD is expected to
rise in tandem. The annual direct medical cost in the United
States related to NAFLD is projected to be $103 billion, along
with $188 billion from societal costs [3]. Nonalcoholic fatty
liver disease has been associated with multiple metabolic
comorbidities, such as diabetes mellitus, insulin resistance,
metabolic syndrome, dyslipidemia, and sarcopenia [4, 5].
At present there are no approved pharmacologic treatments
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for NAFLD, thus efforts are needed to better understand
modifiable risk factors for NAFLD and NAFLD-associated
fibrosis.

Sarcopenia is characterized by the progressive loss of
skeletal muscle mass, strength, and function [6, 7]. Several
assessment tools have been developed to better diagnose
sarcopenia, such as dual-energy X-ray absorptiometry
(DEXA), which measures body fat, fat-free mass, and bone
mineral content, or cross-sectional computed tomography
scan, which assesses anatomic sarcopenia [8]. Previous studies
have shown an association between sarcopenia and NAFLD,
mainly in Asian cohorts [9-15]. Moreover, the only population-
based study that showed an association between sarcopenia
and NAFLD used the third National Health and Nutrition
Examination Survey (NHANES), which was performed 30
years ago [15]. Therefore, the reported prevalence of NAFLD,
sarcopenia, and obesity may underestimate the current state.
Baumgartner et al. [16] first described the impact of obesity
on skeletal muscle mass; sarcopenic obesity was independent
associated with disability in the elderly. A recent article
discussed the association between sarcopenic obesity and
insulin resistance and cardiometabolic diseases, including
cardiovascular disease and type 2 diabetes, which were closely
associated with NAFLD [17]. Further understanding of the
relationship between sarcopenic obesity and NAFLD may help
develop preventative strategies to mitigate cardiometabolic
diseases [17]. This population-based study aimed to investigate
the association between sarcopenic obesity and NAFLD
and NAFLD-associated liver fibrosis measured by transient
elastography in the United States.

METHODS

We analyzed data from the 2017-2018 NHANES database.
According to the NHANES DEXA protocol, participants
aged 8-59 years were eligible for DEXA examination for this
survey [18]. Pregnant females were excluded from undergoing
DEXA [18]. A total of 2,353 adults (=18 years) had eligible
DEXA examination and available body mass index (BMI).
Subjects with viral hepatitis (n=32), exposure to steatogenic
medications (n=22), significant alcohol consumption (n=224)
and incomplete transient elastography data (n=150) were
excluded. A total of 1,925 subjects were enrolled.

The Fibroscan model 502 V2 Touch (Echosens, Waltham,
MA) was equipped with medium or extra-large probes, which
were used to assess the controlled attenuation parameter
(CAP) score and liver stiffness [19, 20]. Elastography results
were considered as incomplete and excluded if any of the
following were present: <10 complete stiffness measurements,
liver stiffness interquartile range/median >30%, or <3 hours
of fasting prior to the exam [19, 20]. The quality control
procedures ensure the collection and documentation of
accurate and reliable CAP and liver stiffness measurement data
[19]. The NHANES health technician were trained by survey
staff and expert FibroScan technicians from Echosens with
didactic presentations and sufficient practical sessions with
several volunteer subjects. A retraining session was arranged
when significant protocol changes or lack of standardization
was observed among the technologists [19]. The interobserver
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reliability was 0.94 for CAP and 0.86 for liver stiffness [19, 20].
This model has an automatic built-in probe recommendation
tool based on the skin-to-capsule distance measurement by the
probe which detects ultrasound signals [21, 22]. As this tool
operates in real-time, the examiners can confirm the type of
probe according to the Fibroscan’s recommendation [21, 22].
According to the automatic recommendation, among 1,925
participants, 403 (20.9%) were evaluated using the XL probe.
A recent study has been validated the use of CAP score for
diagnosis of NAFLD with the area under the receiver operating
characteristic curve (AUROC) of 0.823 (0.809-0.837) [21]. In
addition, liver stiffness measurement has been validated in
patients with NAFLD with advanced fibrosis (AUROC: 0.83,
95%CI: 0.79-0.87) and cirrhosis (AUROC: 0.93 95%CI: 0.90-
0.97) [22]. This study showed that the diagnostic performance
of liver stiffness measurement for assessing advanced fibrosis
and CAP for assessing steatosis did not vary by BMI category
[22]. We defined suspected NAFLD (=S1) as CAP scores 2263
dB/m (cut-oft of sensitivity fixed at 90%) [20, 22]. For the
sensitivity analysis, CAP scores 2285 dB/m (cut-oft optimizing
sensitivity and specificity) were defined as suspected NAFLD
[20, 22]. Among individuals with NAFLD, liver stiffness of >8
kPa (=F2) [23-25] and >13.1 kPa (=F4) [22, 23] were used to
define significant fibrosis and cirrhosis, respectively.

Appendicular lean mass (ALM), the sum of the muscle
mass of both legs and arms, was used to assess for sarcopenia.
Sarcopenia was defined as ALM adjusted for BMI using the
ratio of ALM and BMI (men<0.789 and women<0.512) [8,
26, 27]. Sarcopenic obesity was defined if individuals met
the criteria for sarcopenia and obesity by having a significant
body fat using DEXA (225% and 235% for men and women,
respectively) [8, 26].

Because of the complex sample design employed by
NHANES, appropriate sample weights were used to reconstitute
United States representative population-level data. Baseline
characteristics were compared using the x*-test for categorical
variables or Student’s t-test or linear regression for continuous
variables. We used multivariate logistic regression models
to identify predictors of NAFLD and NAFLD-associated
significant fibrosis and cirrhosis after adjusting for multiple
confounders, including age, gender, race/ethnicity, high school
education attainment, marriage status, diabetes, smoking
status, hypertension, total cholesterol, physical activity, total
calorie intake (per day), and alcohol consumption. Analyses
were carried out using STATA 15.1 (StataCorp., College Station,
Texas, USA) using Taylor series linearization.

RESULTS

Of 1,925 participants, 194 (weighted proportion: 7.8%,
95%CI: 5.6-10.7) individuals met the criteria for sarcopenic
obesity. The prevalence of NAFLD was 41.8% (95%CI: 38.7-
45.1) and 31% (95%CI: 27.4-34.9) based on CAP scores of >263
dB/m and >285 dB/m, respectively. Individuals with sarcopenic
obesity are significantly more likely to have NAFLD, using both
CAP score cut-offs (69.7% versus 39.5% in CAP >263 dB/m,
and 62.5% versus 28.4% in CAP >285 dB/m), compared to
those without (Table I). Individuals with sarcopenic obesity
tend to be older, male, Hispanic, and are more likely to have
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hypertension and diabetes (Table I). As expected, individuals
with sarcopenic obesity have a significantly higher BMI,
waist circumference, alanine aminotransferase, and glycated
hemoglobin compared to those without (Table I).
Individuals with sarcopenic obesity had significantly
higher odds of having NAFLD (CAP score 2263 dB/m, odds

Table I. Baseline characteristics of the study participants

Sarcopenic No sarcopenic p
obesity obesity
(n=194) (n=1,731)
Age (years) 42.2 +1.06 37.5+0.52 0.003
Male gender (%) 55.2+4.52 47.8 £ 1.09 0.127
Body mass index (kg/m?) 35.6+0.75 28.0£0.33 <0.001
Waist circumference (cm) 112.3+1.63 94.8 +0.88 <0.001
Race-ethnicity (%) <0.001
Non-Hispanic White 414+6.13 57.3+3.31 <0.001
Non-Hispanic Black 2.6+ 1.46 11.0 + 1.58 <0.001
Hispanic 43.1+£5.75 19.3 £2.79 <0.001
Non-Hispanic Asian 6.7 +1.36 7.9 +1.49 <0.001
Others 6.2+2.63 4.4+0.62 <0.001
Smoking (%) 0.630
Never smoker 65.1 +£2.70 65.4+2.16 0.630
Previous smoker 16.8 +2.87 18.7 £ 1.55 0.630
Current smoker 18.2 +2.68 15.9 + 1.56 0.630
High Education (%) 72.9 £3.73 85.0 + 1.24 <0.001
Married (%) 61.7 £5.24 60.9 +£1.92 0.894
Hypertension (%) 32.3+6.03 16.7 + 1.70 0.002
Diabetes (%) 14.9 +£2.80 5.6+0.97 0.003
Total cholesterol (mg/dL) 192.3+3.88 187.1+1.88 0.238
ALT (IU/L) 26.6 +1.31 22.7 +£0.34 0.034
AST (IU/L) 21.3+0.89 214+0.29 0.958
GGT (IU/L) 41.9 £2.67 26.0 £ 0.85 0.125
Glucose (mg/dL) 125.8 + 5.07 105.4 + 1.54 0.042
HbAlc (%) 5.89 +0.09 5.48 +0.03 0.007
ALM_BMI 0.62 £0.01 0.82 £0.01 <0.001
NAFLD (CAP >263 dB/m)  69.7 + 3.49 39.5+1.57 <0.001
NAFLD (CAP =285 dB/m) 62.5+4.51 28.4+1.84 <0.001

Data were presented as weighed mean + SE or weighted proportion +
SE. ALT: alanine aminotransferase. AST: aspartate aminotransferase;
ALM_BMI: the ratio of appendicular lean mass and body mass index;
CAP: controlled attenuation parameter; GGT: gamma-glutamyl transferase;
HbAlc: glycated hemoglobin; NAFLD: nonalcoholic fatty liver disease.

ratio (OR): 2.88, 95%CI: 1.82-4.57, and CAP score =285, OR:
3.71, 95%CI: 2.24-6.14) after adjusting for age, gender, and
race/ethnicity (Table II). Sarcopenic obesity was associated
with an increased risk of having NAFLD (CAP score >263
dB/m, OR:2.61, 95%CI: 1.51-4.50, and CAP score >285 dB/m,
OR: 3.31, 95%CI: 1.85-5.96), after additionally adjusting for
socioeconomic status, lifestyle factors (smoking, physical
activity, total calorie intake, and alcohol consumption), and
metabolic risk factors (hypertension, diabetes, and total
cholesterol).

Among individuals with NAFLD, the prevalence of
significant fibrosis (=F2) and cirrhosis (>F4) was 10.8%
(95%CI: 8.1-14.4) and 3.2% (95%CI: 1.6-6.4), respectively.
Individuals with sarcopenic obesity had a higher prevalence
of significant fibrosis (20.9%, 95%CI: 12.8-32.1) than those
without (9.4%, 95%CI: 6.4-13.5). Individuals with sarcopenic
obesity had significantly higher odds of having NAFLD-
associated significant fibrosis in the age, gender, and race/
ethnicity-adjusted model (OR: 2.60, 95%CI: 1.24-5.46). After
adjusting for socioeconomic status, lifestyle factors, and
metabolic risk factors, this association remained significant
(OR:2.22,95%CI: 1.03-4.80) (Table III). In terms of NAFLD-
associated cirrhosis, individuals with sarcopenic obesity had
a higher prevalence of cirrhosis (7.5%, 95%CI: 2.6-20.2)
than those without (2.6%, 95%CI: 1.0-6.7). Individuals with
sarcopenic obesity have approximately 3 times higher odds of
having NAFLD-associated cirrhosis, but this association did
not reach statistical significance (Table III).

DISCUSSION

This is the first population-based study to investigate the
association between sarcopenic obesity measured by DEXA
and NAFLD and NAFLD-associated significant fibrosis
measured by transient elastography. The current study
demonstrates that individuals with sarcopenic obesity had a
two-fold higher prevalence of NAFLD and NAFLD-associated
significant fibrosis than those without sarcopenic obesity.
We found that sarcopenic obesity was associated with an
increased risk of NAFLD and NAFLD-associated significant
fibrosis independent of demographic factors, socioeconomic
status as well as behavioral and metabolic risk factors. Fibrosis
stage (not NASH) has been shown to predict mortality and
the time to develop advanced liver disease in NAFLD [28]. A
randomized study showed that physical activity with exercise
program enhances muscle mass, functional capacity, and
health-related quality of life in patients with cirrhosis [29].

Table II. Univariate and multivariate odds ratio of risk factors for NAFLD based on the prevalence of sarcopenic obesity

Sarcopenic obesity
OR (95% CI)

Sarcopenic obesity
p OR (95% CI) p

NAFLD (CAP >263 dB/m)

NAFLD (CAP >285 dB/m)

Age, sex, ethnicity-adjusted 2.88 (1.82-4.57)
2.69 (1.57-4.60)

2.61 (1.51-4.50)

Multivariate model 1

Multivariate model 2

<0.001 3.71 (2.24-6.14) <0.001
0.001 3.37 (1.88-6.01) <0.001
0.002 3.31 (1.85-5.96) 0.001

The multivariate model 1 included age, gender, race/ethnicity, education status, marriage status, diabetes, smoking status,
hypertension, and total cholesterol. The multivariate model 2 included physical activity, total calorie intake, and alcohol
consumption in addition to the variables addressed in model 1. CAP: controlled attenuation parameter; CI: confidence
interval; OR: odds ratio; NAFLD: nonalcoholic fatty liver disease.
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Table III. Univariate and multivariate odds ratio of risk factors for NAFLD-associated Fibrosis and cirrhosis
according to the prevalence of sarcopenic obesity

Sarcopenic obesity Sarcopenic obesity

OR (95% CI) p OR (95% CI) p
Significant fibrosis (=F2) Cirrhosis (>F4)
Age, gender, ethnicity-adjusted 2.60 (1.24-5.46) <0.001 3.15(0.56-17.75) 0.178
Multivariate model 1 2.28 (1.09-4.75) 0.030 3.31(0.63-17.28) 0.144
Multivariate model 2 2.22(1.03-4.80) 0.043 3.89 (0.69-21.94) 0.115

The multivariate model 1 included age, gender, race/ethnicity, education status, marriage status, diabetes, smoking
status, hypertension, and total cholesterol. The multivariate model 2 included physical activity, total calorie intake,
and alcohol consumption in addition to the variables addressed in model 1. CAP: controlled attenuation parameter;

CI: confidence interval; OR: odds ratio; NAFLD: nonalcoholic fatty liver disease.

Thus, physical activity may be beneficial in both sarcopenic
obesity and NAFLD and/or advanced fibrosis.

Both obesity and sarcopenia have been shown to be
associated with increased risk of cardiometabolic diseases,
morbidity, and mortality [30, 31]. It has been proposed
that sarcopenic obesity may have a higher impact on
cardiometabolic disease associated with morbidity and
mortality than obesity or sarcopenia alone [32-34]. There are
several plausible mechanisms that may explain the increased
risk of NAFLD and NAFLD-associated liver fibrosis in
individuals with sarcopenic obesity. First, sarcopenic obesity
and NAFLD share several pathophysiological processes,
including decreased physical activity, increased insulin
resistance, chronic inflammation, and reduced protein intake
[35]. Second, a reduction of specific adiponectin, a protein
hormone and adipokine, in obesity leads to insulin resistance
and glucose intolerance, which are associated with NAFLD
[36]. An increased leptin level in obesity can also induce insulin
resistance, glucose intolerance, and activate the hepatic stellate
cells and transforming growth factor B in Kupffer cells, which
contributes to the progression of liver fibrosis [37]. In addition,
low adiponectin levels in obesity can lead to fatty liver and
liver fibrosis [36, 38]. Third, loss of skeletal muscle mass in
sarcopenia leads to the reduction of insulin signaling, insulin
resistance, increased adipose tissue lipolysis, and increased
in hepatic steatosis [39]. In summary, the mechanism that
is involved in the sarcopenia-NAFLD relationship is mainly
from insulin resistance, chronic inflammation, oxidative
stress, and interlink between organs by secretion of cytokines
(hepatokines, myokines, and adipokines) [40].

The current study has several strengths. First, we used
CAP score, which is a parameter with high accuracy for
mild hepatic steatosis (>5% of hepatocytes) and has a higher
sensitivity to identify NAFLD compared to ultrasonography
[21]. Ultrasonography has a relatively lower sensitivity in
identifying hepatic steatosis below 30% [41]. Thus, we believe
a higher prevalence of NAFLD, measured by CAP score, versus
the previous study based on ultrasonographic diagnosis [1] was
mainly derived from the CAP score's accuracy. In addition,
we defined significant fibrosis/cirrhosis using transient
elastography, not non-invasive serum panels. To date, there is
no data on the prevalence of NAFLD and significant fibrosis/
cirrhosis based on sarcopenic obesity measured by DEXA,
which is an accurate method compared to bioimpedance
analysis in the general population. Second, this is the first
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population-based study representative of the general United
States population.

The current study also has several limitations. First, the
cross-sectional nature of this study could not allow us to draw a
causal relationship. Second, we could not assess skeletal muscle
function, such as handgrip strength, and we lack liver histology
data due to study design. Third, we were unable to adjust for
inflammation and insulin resistance due to the unavailability
of these factors in the current NHANES dataset. Although we
tried to adjust known risk factors between two conditions, we
also could not eliminate the possibility of unadjusted residual
confounders in this study, such as the presence of chronic
obstructive pulmonary disease that may affect the risk of
two conditions [42]. Fourth, there are known tendencies of
difference between liver stiffness or CAP measurement and
probe types of transient elastography, and it is possible that the
NAFLD and significant fibrosis may have been misclassified.
In addition, the NHANES database does not have liver biopsy
data available. Thus, there is a possibility of misclassification
in significant fibrosis. Liver biopsy data is crucial in future
studies to minimize the risk of misclassification. Fifth, the
current study focused on the association between sarcopenic
obesity and NAFLD and fibrosis compared with those without
sarcopenic obesity. Thus, further studies are warranted to
investigate whether there are any different prevalence of
NAFLD and fibrosis between individuals with sarcopenic
obesity and nonobese individuals with sarcopenia. Finally,
there is no universal cut-off to determine NAFLD using the
CAP score or determine significant fibrosis or cirrhosis in
individuals with NAFLD using liver stiffness. However, we
used various validated cut-off points for CAP score and liver
stiffness from previous studies [23-25].

CONCLUSIONS

Sarcopenic obesity was associated with an increased
risk of NAFLD and NAFLD-associated significant fibrosis
independent of known risk factors. Given the significant
association between sarcopenic obesity and NAFLD-associated
significant fibrosis, increasing muscle mass and controlling
body fat might be a target for the prevention and management
of NAFLD-associated significant fibrosis. This study suggests
the need for future prospective longitudinal studies to assess
the impact of sarcopenic obesity on NAFLD and NAFLD-
associated significant fibrosis and to assess the efficacy of
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interventions for sarcopenic obesity on NAFLD associated
outcomes.
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