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Introduction
Sarcopenia, or loss of muscle mass, is a prevalent complication
of cirrhosis associated with increased pre- and post-transplant
morbidity and mortality.1,2 Substantial evidence, to date, has
demonstrated the prognostic value of computed tomography
(CT)-based measures of skeletal muscle loss in ambulatory
patients with cirrhosis.1,2 However, only sex-specific cutpoints
for sarcopenia, as measured by skeletal muscle index (SMI), exist
as prognostic markers for mortality in this population3,4 despite
potential differences in skeletal muscle mass across racial/ethnic
groups.5,6 Clearly, more information is required to evaluate the
applicability of these cutoffs among different racial/ethnic
groups. The aims of this brief report were to characterize sar-
copenia and the extent to which SMI varies by race/ethnicity and
whether these cutpoints accurately predict mortality risk in vari-
ous racial/ethnic groups.

Methods
We prospectively enrolled adult patients with cirrhosis awaiting
liver transplantation in the ambulatory setting at a single trans-
plant center between 2015 and 2018 as part of the Functional
Assessment in Liver Transplantation (FrAILT) study, who had
available abdominal CT scan within 6 months from enrollment.
Baseline was defined as the date of study enrollment. Patient out-
comes were obtained prospectively. The primary outcome was
waitlist mortality, defined as the combined outcome of death or
delisting for being too sick for liver transplantation. Total skeletal
muscle area at the L3 vertebrae level (psoas, erector spinae, mul-
tifidus, quadratus lumborum, rectus abdominis, transverse
abdominis, and internal/external oblique) was quantified using an
image analysis software (General Electric Advanced Workstation
4.6, Volume Viewer software, GE Healthcare, Waukesha, WI,
USA) and normalized by height to calculate SMI (cm2/m2). Sar-
copenia was defined by previously established cutpoints of SMI
<50 cm2/m2 for men and <39 cm2/m2 for women, which have

been shown to be associated with pre-transplant mortality
independent of age and MELD (Model for End-Stage Liver
Disease) score.3 Variables were compared between groups using
Wilcoxon rank-sum and Pearson’s chi-square tests, as appropri-
ate. A kernel smoother was used to visually display the distribu-
tion of SMI by race/ethnicity. Waitlist survival time was defined
as the time from study enrollment to death due to any causes or
delisting due to being too sick for transplant. Patients were cen-
sored at the date of transplant if they underwent a living or
deceased donor liver transplant, date of waitlist removal for rea-
sons other than being too sick (e.g., psychosocial reasons), or last
known date of clinical follow-up. The association between sar-
copenia and waitlist mortality was explored using univariable
and multivariable Cox regression, with the latter adjusted for a
limited number of variables because of the small number of pri-
mary outcomes among different racial/ethnic groups. All research
was conducted in accordance with both the Declarations of
Helsinki and Istanbul. Written consent was provided by all sub-
jects. This study was approved by the Institutional Review Board
at the University of California, San Francisco.

Results
Among 317 patients included, 174 (55%) identified themselves
as non-Hispanic White (NHW), 82 (26%) as Hispanic White
(HW), 42 (13%) as Asian, and 19 (6%) as Black. Baseline char-
acteristics are presented in Table SS1. The majority were male
(69%) with a median age of 61 years and median MELDNa of
13. The primary etiologies differed by race/ethnicity, with the
predominant etiology being chronic hepatitis C in NHW (55%),
HW (38%), and Black patients (79%) and chronic hepatitis B in
Asian patients (45%). Alcohol-associated and nonalcoholic fatty
liver disease was predominately seen in NHW (21% and 11%,
respectively) and HW (26% and 24%, respectively), with mini-
mal (≤5%) seen in Asian and Black patients. Prevalence of asci-
tes was higher in NHW (57%) and HW (61%) compared to

Figure 1 Kernel density plots of computed tomography-quantified skeletal muscle index (cm2/m2) by self-identified race/ethnicity among (a) men
and (b) women.
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Asian (34%) and Black (32%) patients. Hepatic encephalopathy
was present in 48% of patients, with the highest prevalence in
HW (63%).

There was significant variation in SMI by race/ethnicity
(Fig. 1). Median SMI was highest in Black men (56 cm2/m2) and
women (45 cm2/m2) and lowest in Asian men (46 cm2/m2)
and women (36 cm2/m2), with similar SMI observed in NHW
and HW men (50–52 cm2/m2) and women (41–42 cm2/m2).
When using established SMI cutoffs to define sarcopenia,3 there
was a significant difference in the proportion with sarcopenia by
race/ethnicity: 48% in NHW, 33% in HW, 67% in Asian, and
37% in Black patients (P = 0.003). After a median (first to third
quartile, Q1–Q3) follow-up of 10 (5–17) months, 78 (25%)
patients died or were delisted for being too sick for transplanta-
tion. In univariable Cox regression, sarcopenia was significantly
associated with waitlist mortality only in NHW patients
(HR 2.30, 95% CI: 1.23–4.68, P = 0.02) but not in HW, Asian,
or Black patients (P > 0.05 for each). After adjustments for age
and MELDNa, sarcopenia remained a strong predictor of waitlist
mortality (HR 2.58, 95% CI: 1.23–5.40) in NHW but did not
reach statistical significance in HW, Black, and Asian subgroups
(Table S2). As expected, older age (per year, HR 1.07, 95% CI:
1.01–1.14) and MELDNa (per 1 point, HR 1.14, 95% CI: 1.07–
1.12) were also associated with increased mortality. Interaction
terms for sarcopenia and age (P = 0.85) and sarcopenia and
MELDNa (P = 0.22) were not statistically significant in NHW
patients.

Discussion
In this diverse cohort of cirrhosis patients awaiting liver trans-
plantation, we observed significant variation in SMI by self-
identified race/ethnicity, leading to a wide range in the proportion
of patients meeting the previously established sex-specific SMI
cutoffs for sarcopenia (range 33–67%). Although data on the
prevalence of sarcopenia in different racial/ethnic groups is lim-
ited, our results were similar to those reported in prior U.S. stud-
ies involving non-cirrhosis cohorts in which a higher proportion
of Asian patients and a lower proportion of HW and Black
patients were categorized as sarcopenic, compared to NHW.6,7

Our findings expand on prior data on the variation in SMI among
a more limited cohort of Asian and Native Hawaiian/Pacific
Islander (NHOPI) patients in comparison to NHW, which dem-
onstrates lower rates of sarcopenia in NHOPI compared to Asian
patients (17% vs 60%); however, this cohort did not include HW
and Black patients.8

Observed variation in SMI among different racial/ethnic
groups likely extends beyond the level of activity/energy expen-
diture and/or nutrition/diet, as Black patients still had higher
measured skeletal muscle mass when these factors were con-
trolled.9 As such, potential biological explanations include differ-
ences in muscle quality, genetic variability, and/or hormone
environment between racial/ethnic groups. Additionally, socio-
economic factors, such as limited access to healthcare resources
or lower rates of leisure time physical activity, can further con-
tribute to poorly controlled chronic diseases among minority
racial/ethnic groups resulting in late-stage diagnosis, increased
hospitalizations, and disability due to loss of muscle mass.10,11

This was observed among HW and Black patients in our study

with higher prevalence of diabetes and hypertension, and in HW
patients with a higher proportion of severe/refractory ascites,
hepatic encephalopathy, and higher median MELDNa. Lastly,
when using the previously established sex-specific cutpoints,
SMI was significantly associated with waitlist mortality only in
NHW but not in the other racial/ethnic groups, highlighting the
heterogeneity of skeletal muscle measurements and its clinical
impact across racial/ethnic groups. Sex-specific SMI cutoffs for
sarcopenia in Asian patients were proposed by the Japanese Soci-
ety of Hepatology as <42 cm2/m2 in men and <38 cm2/m2 in
women, in comparison to the cutoffs of <50 cm2/m2 in men
and <39 cm2/m2 in women in North America. When we applied
these cutoffs to our present cohort, there was still a significant
variation of sarcopenia by race/ethnicity: 24% in NHW, 0%
in HW, 33% in Asian, and 16% in Black patients (P = 0.01).
Moreover, SMI remained associated with waitlist mortality,
though only in NHW patients.12 Further research to identify dif-
ferent SMI cutoffs is needed to define sarcopenia based on
continental norms.

As the aging population of racial/ethnic groups continues
to grow in the United States, it is increasingly important to
understand diverse clinical-, demographic- (e.g., age, sex, race/
ethnicity, socioeconomic), and disease-related (e.g., compen-
sated, decompensated) factors impacting body composition, in
particular skeletal muscle mass, to promote healthy aging. One
limitation of our study pertains to the relatively smaller represen-
tation of Asian and Black patients in comparison to NHW and
HW participants; however, it still remains one of the more size-
able cohort studies to include a diverse range of racial/ethnic
patients for direct comparison of SMI. Our data further supports
the need to increase efforts to enhance diversity in cirrhosis
cohorts to better understand racial/ethnic variation in the devel-
opment and presentation of sarcopenia, along with optimal clini-
cal metrics for earlier detection of sarcopenia and intervention(s)
to improve functional and health outcomes in older adults with
cirrhosis.
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