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Abstract
Background: Both sarcopenia and frailty are prevalent in patients with decompensated 
cirrhosis and associated with negative outcomes. However, few studies investigated the 
impact of their coexistence on mortality. We aimed to evaluate the role of sarcopenia and 
frailty on survival in a cohort of hospitalized cirrhotics.
Methods: This was an observational cohort study including 221 patients hospitalized for 
decompensated events. The cutoff for low skeletal muscle index (SMI) at the third lumbar 
vertebra level on computed tomography built by our previous work (male: SMI <46.96 cm2/m2;  
female: SMI <32.46 cm2/m2) was used for the diagnosis of sarcopenia. Individuals with 
a Frailty Index >0.38 were considered frail. The sample was divided into four groups: 
sarcopenia and frailty (SF); sarcopenia and non-frailty (SN); non-sarcopenia and frailty (NF); 
and non-sarcopenia and non-frailty (NN). Follow-up for survival lasted 2 years.
Results: Sarcopenia and frailty were present in 21.7% and 14.5% of the patients, respectively. The 
frequency of frailty in the group of sarcopenic patients was significantly higher than in the patients 
without sarcopenia (27.1% versus 11%, p = 0.009). In the survival analysis, the SF group showed a 
higher hazard ratio (2.604 in model 1; 4.294 in model 2) for mortality when compared with the NN 
group. In addition, the concurrence of those two conditions does give rise to incremental risk for 
mortality when compared with the group with each disturbance separately, namely, the SN/NF group.
Conclusion: In conclusion, cirrhotic patients with sarcopenia and frailty combined showed 
higher mortality risk.
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Introduction
Liver cirrhosis represents wide prevalence and is 
associated with high morbidity and mortality.1 It 
is estimated that approximately 2 million deaths 
worldwide annually are due to liver diseases, 
wherein 1 million are attributed to cirrhosis and 
1 million to viral hepatitis and hepatocellular carci-
noma (HCC).2 Globally, cirrhosis ranks the 11th 
most common cause of decease, the third leading 
cause of decease in subjects aged 45–64 years, and 
along with liver malignancies accounts for 3.5% of 
all deaths in the world.3

Cirrhosis is a terminal pathology resulting from 
chronic hepatic inflammation that is followed by 
diffuse liver fibrosis; subsequently, the regular 
hepatic architecture is replaced by regenerative 
nodules and ultimately gives rise to liver failure.4 
Given the relapsing progression and multifacto-
rial aspects of cirrhosis, a wide spectrum of com-
plications do occur at divergent disease stages. 
Within the clinical setting, sarcopenia and frailty 
have stood out, as these entities are potentially 
modifiable with early identification and effica-
cious treatment.5 Moreover, we and others have 
proved that sarcopenia or frailty in isolation is 
capable of predicting mortality in the ambulatory 
and hospitalized patients with cirrhosis.6–9 The 
underlying mechanism of sarcopenia and frailty 
is superimposed pathologically to some extent, 
including chronic inflammation, endotoxemia, 
gut dysbiosis, and endocrine disturbance. 
However, these two complications also exhibit 
conceptual discrepancy, and our previous find-
ings demonstrated that sarcopenia is associated 
with multi-dimensional frailty in male patients 
with cirrhosis.10 More recently, Alexopoulos 
et al.11 investigated the combined impact pertain-
ing to sarcopenia and frailty on 1-year mortality 
in a cohort of 115 consecutive patients with an 
average model for end-stage liver disease 
(MELD) score of 12 points. They reported that 
the concurrence of these complications is related 
to similar mortality rates compared with separate 
complication. However, it is not clear whether 
the authors used computed tomography (CT)-
based skeletal muscle index (SMI) with liver-
specific cutoffs to diagnose sarcopenia, whereas 
the Liver Frailty Index (LFI), which is specific to 
physical frailty, may be particularly useful for 
screening and follow-up in the ambulatory set-
ting.12 Although it is well-known that sarcopenia 
and frailty are associated with higher mortality 

risk, we herein explore the impact of two compli-
cations combined on long-term mortality by 
using our validated measurement and diagnostic 
criteria in a well-established cohort of hospital-
ized patients with cirrhosis.

Methods

Study protocol
This is an observational cohort study including 
221 patients with decompensated cirrhosis hospi-
talized in Department of Gastroenterology and 
Hepatology, Tianjin Medical University General 
Hospital (TJMUGH). A detailed description of 
the methodology can be retained elsewhere.13 
The clinical and laboratory data were collected 
from our institutional database and analyzed in a 
retrospective manner. Specially, age, gender, 
body mass index (BMI), complete blood cell 
counts, electrolytes, cirrhosis-associated compli-
cations, indications for hospitalization, albumin, 
liver functional tests, renal functional tests, and 
etiology of cirrhosis were retrieved from elec-
tronic medical records. The traditional scoring 
systems [Child–Turcotte–Pugh (CTP) class and 
MELD score] were calculated in terms of indica-
tive parameters. All participants were included 
from May 2017 to October 2019 and followed for 
mortality events up to 2 years.

Patients
Patients with signs of decompensation were eligi-
ble for inclusion if aged above 18 years along with 
confirmed diagnosis regarding cirrhosis based on 
liver biopsy, radiological evaluation, medical his-
tory, and laboratory information (platelet count/
albumin/bilirubin). The exclusion criteria included 
concomitant HCC or other extrahepatic tumors, 
acute-on-chronic liver failure, unavailable CT 
scan 3 months prior to recruitment, severe hepatic 
encephalopathy (HE) dampening the complete-
ness of questionnaire, liver transplantation, and 
refusal to scheduled follow-up (Supplemental 
Figure S1). The study was employed in accord-
ance with the Declaration of Helsinki and 
approved by Ethics Committee of TJMUGH 
(IRB2021-YX-136-01). A written informed con-
sent was obtained from all patients on admission. 
The present study was adherent to the STROBE 
(Strengthening the Reporting of Observational 
Studies in Epidemiology) statement.
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Sample size
The calculation of sample size was carried out 
using http://powerandsamplesize.com/ for testing 
time-to-event data, with an α error of 0.05, a 
power (1 − β error) of 0.95, hazard ratio of 4, 
overall probability of event of 0.6, and proportion 
of sample in indicative group of 0.06, confirming 
that a total of 200 individuals is required.

Methods
At baseline, all participants had the multi-
dimensional frail phenotype assessed by the 
Frailty Index which is revised from Carolina 
Frailty Index within 48 h of the first admission 
(Supplemental Table S1).8,14 Frailty Index is a 
self-reported questionnaire consisting of 36 items 
with regard to multiple aspects (see detail in our 
earlier publication). A valid questionnaire refers 
to each participant fulfilling at least 10 items. For 
example, a participant who obtains 11 points after 
completing all the 36 items has a Frailty Index of 
0.31 (11/36), while another subject who gets 
6 points after completing 12 items of questionnaire 
has a Frailty Index of 0.5 (6/12). The collection 
of questionnaire was performed by experienced 
physicians in our department. Accordingly, the 
frail phenotype of a patient was classified as frailty 
when the Frailty Index was more than 0.38 and as 
non-frailty when the Frailty Index was ⩽ 0.38. 
Transient alterations in physical and cognitive 
functions among hospitalized patients with cir-
rhosis, which may limit the utility of performance-
based frailty evaluation (e.g. LFI), account for 
the Frailty Index of choice.15

All CT imaging were obtained using a spectral 
CT scanner (Discovery 750 HD 64-row; General 
Electric Company, Boston, MA, USA). Skeletal 
muscles at the third lumbar level (L3) were evalu-
ated using a project on the basis of Matlab 
(Mathworks Inc., Natick, MA, USA).16 The area 
of skeletal muscles comprises the psoas, erector 
spinae, quadratus lumborum, transversus 
abdominis, external and internal obliques, and 
rectus abdominis muscles. Tissue-specific 
Hounsfield unit (HU) cutoff was adopted to 
identify divergent tissue types, namely, −29 to 
150 HU for quantifying skeletal muscles. The 
SMI was retrieved by dividing the entire muscle 
area at L3 by stature in square meters (cm2/m2). 
For sarcopenia, the thresholds of low SMI with 
best discriminative capability to stratify high-
mortality-risk patients were used: an SMI <46.96 

cm2/m2 for male and <32.46 cm2/m2 for female, 
respectively.6 The final results were confirmed by 
a radiologist (H.H.W.) who has expertise in mus-
culoskeletal anatomy. Although handgrip strength 
(HGS) has been addressed as a diagnostic crite-
rion according to the European Working Group 
on Sarcopenia in Older People (EWGSOP2), its 
utility for evaluating sarcopenia remains ambigu-
ous among cirrhotics.17 Moreover, HGS was 
weakly correlated with muscle mass and quality 
according to cross-sectional imaging.18 In the 
field of hepatology, CT-based SMI has domi-
nated the literature and been linked to various 
inferior outcomes. On the other hand, both the 
European Association for the Study of the Liver 
(EASL) and the American Association for the 
Study of Liver Diseases (AASLD) recommend 
CT scans for assessing sarcopenia in patients with 
cirrhosis due to its routinely clinical applica-
tion.19,20 Taking into consideration relatively 
large proportion of patients with cirrhosis and 
ascites, we supposed it is justified to measure dry 
weight. The dry weight was measured by deduct-
ing 5% for mild ascites, 10% for moderate ascites, 
and 15% for massive ascites for patients with 
ascites along with edema, and 5% of body weight 
was deducted for patients with peripheral 
edema.21 The BMI was retrieved accordingly.

The patients were classified into four groups con-
sidering the presence of sarcopenia and frailty:

•• Group sarcopenia and frailty (SF, n = 13): 
Comprised of patients with positive criteria 
for sarcopenia and for frailty (Frailty Index 
>0.38).

•• Group sarcopenia and non-frailty (SN, 
n = 35): Comprised of patients with positive 
criteria for sarcopenia, but without criteria 
for frailty (Frailty Index ⩽0.38).

•• Group non-sarcopenia with frailty (NF, 
n = 19): Comprised of patients without 
criteria for sarcopenia, but with positive 
criteria for frailty (Frailty Index >0.38).

•• Group non-sarcopenia and non-frailty 
(NN, n = 154): Comprised of patients with-
out criteria for sarcopenia and for frailty 
(Frailty Index ⩽0.38).

Statistical analysis
Categorical variables were depicted as absolute 
number and percentage, while continuous varia-
bles as mean ± standard deviation (SD) or as 
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median [interquartile range (IQR)]. The compari-
sons of the variables among the groups of sarcope-
nia and frailty were performed using the Chi-square 
test or Fisher’s exact for categorical variables, 
while one-way analysis of variance (ANOVA) or 
Kruskal–Wallis tests with Dunn’s post hoc test for 
continuous variables as appropriate.

The comparisons between the survival and 
deceased groups were performed using univariate 
Cox regression analysis. The survival analysis was 
done by the Kaplan–Meier graphic using the log-
rank test to compare the survival curves among 
the sarcopenia and frailty groups. Two separate 
Cox’s proportional risk models were used to 
assess the hazard ratio (HR) for mortality, using 
the NN group as reference. The value of p < 0.05 
is used for statistical significance. All statistical 
analyses were carried out using SPSS 23.0 (IBM, 
New York, USA).

Results
Table 1 shows the main characteristics of the stud-
ied sample comprised of hospitalized patients with 
decompensated cirrhosis. Generally, the median 
age was around 63 years (IQR: 57–68), and the 
majority of sample was comprised of females 

(53.8%). The major etiology of cirrhosis was 
attributed to autoimmune/cholestatic liver dis-
eases, and 41 patients received a maintenance dose 
of corticosteroid therapy (e.g. 10 mg prednisolone 
daily). The cirrhosis-associated complications 
comprised gastroesophageal varices (GEV) in 155, 
ascites in 133, variceal bleeding in 75, infection in 
29, and HE in 14 subjects, respectively. The 
median MELD score was 9 points (IQR: 6–12) 
and the majority of the sample was stratified  
as CTP class B/C (70.1%). The indications for 
hospitalization included ascites in 120, variceal 
bleeding in 75, hyponatremia in 21, portal vein 
thrombosis in 17, and HE in 14 patients (subjects 
may have concomitant symptoms). The comor-
bidities included hypertension in 60, diabetes mel-
litus in 53, and cardiovascular disease in 32 
patients. When evaluating the presence of sarcope-
nia, 21.7% of the sample had low skeletal muscle 
mass, which is highly compatible to findings 
derived from a large-scale multicenter in China.22 
When assessing the presence of frail phenotype, 
14.5% of the entire cohort was classified as frail.

Considering that the presence of two inter-related 
conditions, sarcopenia and frailty, was investi-
gated, we evaluated whether the frequency of 
frailty differs between the sarcopenia groups. 

Table 1.  Main demographic and clinical characteristics of patients with decompensated cirrhosis.

Variables SF (n = 13) SN (n = 35) NF (n = 19) NN (n = 154) Total (n = 221) p value

Age (years) 63 (55.5–65.5) 59 (57–69) 66 (57–74) 63 (57–68) 63 (57–68) 0.1052

Gender (%) <0.0001

  Male 11 (84.6) 30 (85.7) 7 (36.8) 54 (35.1) 102 (46.2)  

  Female 2 (15.4) 5 (14.3) 12 (63.2) 100 (64.9) 119 (53.8)  

Hemoglobin (g/l) 70 (61–107) 86 (66–99) 86 (65–119) 88.5 (74–113) 88 (71–110) 0.1887

Outcome (%) <0.0001

  Dead 11 (84.6) 8 (22.9) 5 (26.3) 21 (13.6) 45 (20.4)  

  Alive 2 (15.4) 27 (77.1) 14 (73.7) 133 (86.4) 176 (79.6)  

BMI (kg/m2) 19.5 (18.7–21.8) 21.4 (19.5–24.7) 22.9 (20.2–27.1) 25.4 (22.5–28.3) 24.4 (20.9–27.3) <0.0001

Bilirubin (μmol/l) 32.7 (22.4–51.4) 23.9 (16.2–49.5) 23.1 (19.6–53.2) 19.5 (13.95–36.4) 21.7 (14.6–38.5) 0.0684

WBC (×109/l) 4.11 (3.38–4.63) 3.47 (1.96–6.19) 3.84 (2.20–5.41) 3.40 (2.37–4.78) 3.45 (2.37–4.88) 0.8100

Sodium (mmol/l) 133 (126–139) 141 (138–143) 140 (136–142) 140 (138–142) 140 (138–142) 0.0019

 (Continued)
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Variables SF (n = 13) SN (n = 35) NF (n = 19) NN (n = 154) Total (n = 221) p value

Potassium (mmol/l) 3.5 (2.7–3.85) 3.7 (3.4–4.0) 3.7 (3.3–4.1) 3.9 (3.5–4.1) 3.8 (3.5–4.1) 0.1094

Platelets (×109/l) 94 (44–126) 83 (50–144) 76 (42–134) 81(51–112) 81 (49–115.5) 0.9244

Albumin (g/l) 22 (19.5–28) 27 (24–32) 27 (21–31) 28.5 (25–33) 28 (24.5–32) 0.0032

Urea (mmol/l) 6.6 (4.05–11.5) 4.9 (3.2–8) 5.9 (3.1–9.3) 5.0 (3.7–5.9) 5.0 (3.7–6.6) 0.1076

Creatinine (mmol/l) 61 (57–90.5) 58 (54–74) 64 (58–82) 56.5 (46.5–67.5) 58 (49–72) 0.0174

NLR 7.46 (3.5–9.38) 3.52 (1.98–6.21) 4.91 (2.62–6.06) 2.68 (1.66–3.81) 3.05 (1.93–4.80) <0.0001

MELD score 12 (9.5–16) 8 (5.75–11) 11 (8–13) 9 (6–11) 9 (6–12) 0.0124

MELD score (%) 0.6108

  >15 3 (23.1) 5 (14.3) 2 (10.5) 17 (11) 27 (12.2)  

  ⩽15 10 (76.9) 30 (85.7) 17 (89.5) 137 (89) 194 (87.8)  

CTP score 9 (8–10.5) 8 (7–9) 9 (7–10) 7 (6–9) 9 (8–13) <0.0001

CTP class (%) 0.0072

  A 0 (0) 7 (20) 3 (15.8) 56 (36.4) 66 (29.9)  

  B/C 13 (100) 28 (80) 16 (84.2) 98 (63.6) 155 (70.1)  

Comorbidity (%)  

  Hypertension 2 (15.4) 10 (28.6) 5 (26.3) 43 (27.9) 60 (27.1) 0.1274

  Diabetes mellitus 3 (23.1) 10 (28.6) 6 (31.6) 34 (22.1) 53 (24.0) 0.2201

  Cardiovascular disease 3 (23.1) 3 (8.6) 7 (36.8) 19 (12.3) 32 (14.5) 0.4082

Complication (%)  

  GEV 8 (61.5) 25 (71.4) 11 (57.8) 111 (72.1) 155 (70.1) 0.5472

  Variceal bleeding 5 (38.5) 14 (40.0) 4 (21.1) 52 (33.8) 75 (33.9) 0.0499

  HE 3 (23.1) 2 (5.7) 2 (10.5) 7 (4.5) 14 (6.3) 0.0561

  Infection 6 (46.2) 4 (11.4) 6 (31.6) 13 (8.4) 29 (13.1) <0.0001

  Ascites 13 (100) 26 (74.3) 17 (89.5) 77 (50) 133 (60.1) <0.0001

Etiology (%) 0.0030

  Alcohol 6 (46.1) 17 (48.6) 6 (31.5) 29 (18.8) 58 (26.2)  

  Viral 4 (30.8) 10 (28.6) 1 (5.3) 42 (27.3) 57 (25.8)  

  Autoimmune/cholestasis 2 (15.4) 4 (11.4) 6 (31.6) 52 (33.8) 64 (29)  

  Others 1 (7.7) 4 (11.4) 6 (31.6) 31 (20.1) 42 (19)  

BMI, body mass index; CTP, Child–Turcotte–Pugh; GEV, gastroesophageal varices; HE, hepatic encephalopathy; MELD, model for end-stage liver 
disease; NF, non-sarcopenia and frailty; NLR, neutrophil-to-lymphocyte ratio; NN, non-sarcopenia and non-frailty; SF, sarcopenia and frailty; SN, 
sarcopenia and non-frailty; WBC, white blood cell count.

Table 1.  (Continued)
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Figure 1 demonstrates the frequency of patients 
with frailty (assessed as Frailty Index >0.38) in 
the groups stratified as sarcopenia and non-
sarcopenia. As can be observed, the prevalence of 
patients with frailty significantly differed among 
the sarcopenia groups, indicating that frailty was 
more common in the group of sarcopenia (27.1% 
versus 11%, p = 0.009). Notably, 11% of the 
patients in the group of non-sarcopenia had 
frailty. We then expanded our analyses by investi-
gating the role that these two conditions com-
bined (sarcopenia and frailty) have on other 
laboratory exams and clinical features.

Comparisons of demographics, clinical character-
istics, and laboratory data among the groups clas-
sified by the presence of sarcopenia and frailty are 
shown in Table 1. BMI and the percentage of 
males differed significantly among the groups, with 
BMI lower in the SF group and male gender more 
prevalent in the SN group. Regarding laboratory 
data, most of them varied significantly among the 
groups, as evidenced by lower sodium, lower 
albumin, higher neutrophil-to-lymphocyte ratio 
(NLR), higher MELD score, and higher preva-
lence of CTP class B/C in the SF group. Cirrhosis-
associated complications including variceal 
bleeding, HE, infection, and ascites differed mark-
edly among the groups, which indicated worse dis-
ease severity in the SF group compared with other 
groups. After 2 years of follow-up, there were 

45 deaths. The causes of death were due to liver 
failure in 18, severe infection in 14, HE in 7, and 
variceal bleeding in 6 subjects. The group of 
deceased patients was with higher MELD score 
and prevalence of CTP class B/C and prevalence 
of infection/HE compared with the patients who 
survived (Supplemental Table S2).

The survival analysis showed that there was a sig-
nificant difference in the survival curves among 
the groups, with the group combining both con-
ditions (sarcopenia and frailty) being the one with 
lower survival rate (Figure 2 and Figure S2). To 
further confirm this finding, we set out to build 
two multivariate Cox regression models on the 
basis of univariate analysis (Tables 2 and 3). In 
model 1 adjusted for ascites, albumin, MELD 
score, sodium, WBC, NLR, alcoholism, and 
BMI, the SF group had an HR of 2.604 [95% 
confidence interval (CI): 1.023–6.630]. In model 
2 adjusted for CTP score, creatinine, sodium, 
infection, NLR, alcoholism, and BMI, the SF 
group had an HR of 4.294 (95% CI: 1.766–
10.439). Intriguingly, the HRs for the integral 
SN/NF group were lower than those for the SF 
group in both models (0.922 versus 2.604 in 
model 1 and 1.038 versus 4.294 in model 2).

Discussion
In this study, we aimed to evaluate the role of sar-
copenia and frailty on survival in a cohort of hos-
pitalized cirrhotics. Frailty (diagnosed by Frailty 
Index) was present in 14.5%, which was similar 
to a report by Deng et  al.23 that 19% of 233 
patients undergoing outpatient liver transplanta-
tion evaluation exhibited frail assessed by LFI. 
Furthermore, in a comprehensive review to pro-
mote recognition of both conditions, namely, 
frailty and sarcopenia, it was shown that the prev-
alence of frailty ranges from 18% to 43% in the 
context of cirrhosis.5 Therefore, our findings on 
the presence of frailty are somehow lower than 
those from previous studies, most likely due to 
the application of varying measured metrics as 
well as discrete conceptual construct pertaining 
to global frailty versus physical frailty.

Markers of abnormal skeletal muscle quantity, 
such as low SMI, designated as sarcopenia in the 
current study were present in 21.7% of the 
patients, a percentage closely similar to the find-
ings by Zeng et al. in a multicenter study on the 
basis of 911 cirrhotic Chinese patients (22.5% of 

Figure 1.  Prevalence of frailty (assessed by Frailty Index) 
in groups classified as sarcopenia and non-sarcopenia.
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Figure 2.  Survival curves according to the groups with sarcopenia and frailty in patients with decompensated 
cirrhosis.
NF, non-sarcopenia and frailty; NN, non-sarcopenia and non-frailty; SF, sarcopenia and frailty; SN, sarcopenia and non-frailty.

the patients diagnosed with sarcopenia). In that 
paper, the L3-SMI cutoff value for sarcopenia 
was 44.77 cm2/m2 in male patients and 32.50 cm2/
m2 in female patients, which is in line with our 
thresholds. Moreover, we acknowledge that the 
currently estimated prevalence of sarcopenia is 
lower to those from previous studies in the con-
text of cirrhosis (30–70%).19 This discrepancy is 
most likely due to the cutoffs for application, ana-
tomical landmark for measurement, study design, 
and outcome of interest.24 Actually, Tandon 
et al.5 have addressed that it is unlikely to use a 
universal prognostic cutoff or single optimal site 
of measurement for all populations due to a 
higher incidence of sarcopenia in Asian popula-
tions if Western cutoffs were arbitrarily used.

In addition, we identified that among the groups 
stratified by sarcopenia status, 27.1% of the sar-
copenic patients also had frailty. In another study 
recruiting adult patients with cirrhosis who were 
actively listed for transplantation, 25% of the 
patients with sarcopenia using L3-SMI on CT 
were also diagnosed with frailty.25 The similar fre-
quency of sarcopenia and frailty combined in our 
study and in the aforesaid one indicates that these 
pathological disturbances can coexist, and a 

careful evaluation of both conditions should be 
carried out in patients with cirrhosis. Of note, a 
fraction of patients (11%) without sarcopenia 
also exhibited frail. In other words, the absence of 
sarcopenia dose not exclude the existence of 
frailty. This finding highlights a fact that sarcope-
nia and frailty share some common drivers; how-
ever, these are different abnormalities and the 
investigation of both is crucial.

In the current study, frailty was diagnosed by 
Frailty Index, which evaluates several domains of 
frail components [instrumental activities of daily 
living (IADL) score, physical function score, 
falls, exhausted, depressed, medications, comor-
bidities, visual/hearing impairment, loss of weight, 
and low levels social activity]. Therefore, it pro-
vides a global and multi-dimensional assessment 
of frail status, including facets not reflected by sar-
copenia or physical frailty. This likely interprets 
the reason why individuals in the group of non-
sarcopenia had frailty when diagnosed by Frailty 
Index. Adding to these findings, we also showed, 
as expected, that when sarcopenia and frailty 
occur concomitantly (SF group), most parameters 
regarding liver function were worse in comparison 
with the NN group (discussed below).
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Table 2.  Factors associated with mortality by univariate Cox analysis in cirrhosis.

Variables HR 95% CI p value

Ages (years) 0.992 0.964–1.022 0.617

Gender (%)  

  Male 1.503 0.835–2.706 0.174

  Female  

Hemoglobin (g/l) 0.989 0.978–1.001 0.065

BMI (kg/m2) 0.913 0.846–0.986 0.021

Bilirubin (μmol/l) 1.005 1.003–1.008 <0.001

WBC (×109/l) 1.082 1.023–1.144 0.006

Sodium (mmol/l) 0.904 0.872–0.937 <0.001

Potassium (mmol/l) 1.144 0.753–1.738 0.529

Platelets (×109/l) 1.003 0.999–1.007 0.183

Albumin (g/l) 0.862 0.815–0.911 0.001

Urea (mmol/l) 1.007 0.994–1.021 0.281

Creatinine (mmol/l) 1.009 1.005–1.013 <0.001

NLR 1.019 1.004–1.035 0.016

MELD score 1.142 1.061–1.230 <0.001

CTP score 1.662 1.293–2.134 <0.001

CTP class (%)  

  A  

  B/C 7.113 2.202–22.977 0.001

Complication (%)  

  GEV 0.560 0.307–1.021 0.058

  Variceal bleeding 1.503 0.832–2.717 0.177

  HE 1.624 0.706–3.736 0.254

  Infection 2.262 1.102–4.643 0.026

  Ascites 3.145 1.461–6.767 0.003

Etiology (%)  

  Alcohol 1.985 1.093–3.606 0.024

SF (versus NN group) 10.216 4.885–21.365 <0.001

SN (versus NN group) 1.774 0 .786–4.004 0.168

NF (versus NN group) 1.998 0.754–5.300 0.164

SN/NF (versus NN group) 1.854 0.928–3.703 0.080

BMI, body mass index; CI, confidence interval; CTP, Child–Turcotte–Pugh; GEV, gastroesophageal varices; HE, hepatic 
encephalopathy; HR, hazard ratio; MELD, model for end-stage liver disease; NF, non-sarcopenia and frailty; NLR, 
neutrophil-to-lymphocyte ratio; NN, non-sarcopenia and non-frailty; SF, sarcopenia and frailty; SN, sarcopenia and non-
frailty; WBC, white blood cell count.
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It is interesting to note that various laboratory 
data and clinical features, such as BMI, sodium, 
albumin, creatinine, and NLR, differed among 
the groups stratified by frailty and sarcopenia sta-
tus, this difference being more remarkable 
between the SF group and the NN group. Among 
those, we also observed that patients in the SF 
group have lower BMI, lower sodium, lower 
albumin, and higher NLR relative to subjects in 
the SN or NF group. Furthermore, the MELD 
score and CTP class were more advanced in the 
coexistence of sarcopenia and frailty relative to 
sarcopenia or frailty in isolation (Table 1). Similar 
results can be found in relation to complications, 
namely, HE, infection, and ascites, which is par-
tially expected since the group combining both 
conditions (sarcopenia and frailty) exhibits the 
severest grading of liver disease compared with 
either condition separately. Taken together, we 

suppose the collective information underlies the 
reason why either condition separately dropped 
out the Cox regression model, and a therapeutic 
strategy should be developed for the SF group 
patients (Table 3).

Finally, when evaluating survival, we demonstrated 
that the mortality risk of the SF group is around 
three to four times (HR: 2.604 in model 1 and HR: 
4.294 in model 2) higher than the group without any 
of these abnormalities. As far as we are concerned, 
this is the first study reporting synergistically inferior 
impact of sarcopenia and frailty combined on mor-
tality in the context of cirrhosis. In contrast, a pre-
liminary investigation implemented by Alexopoulos 
et  al.11 addressed no incremental mortality risk of 
concurrence of these two conditions compared with 
the respective condition. Therefore, further studies 
are warranted to validate our findings.

Table 3.  Factors associated with mortality by multivariate Cox analysis in cirrhosis.

Variables Multivariate analysis: model 1 Multivariate analysis: model 2

HR (95% CI) p value HR (95% CI) p value

BMI (kg/m2) 0.917 (0.842–0.998) 0.044  

Bilirubin (μmol/l)  

WBC (×109/l)  

Sodium (mmol/L)  

Albumin (g/L) 0.908 (0.843–0.977) 0.010  

Creatinine (mmol/l) 1.008 (1.004–1.013) <0.001

NLR  

MELD score 1.081 (1.028–1.138) 0.003  

CTP score 1.438 (1.216–1.700) <0.001

Infection  

Ascites  

Alcohol 2.291 (1.156–4.539) 0.017  

SF (versus NN group) 2.604 (1.023–6.630) 0.045 4.294 (1.766–10.439) 0.001

SN/NF (versus NN group) 0.922 (0.413–2.055) 0.842 1.038 (0.471–2.286) 0.927

BMI, body mass index; CI, confidence interval; CTP, Child–Turcotte–Pugh; HR, hazard ratio; MELD, model for end-stage 
liver disease; NF, non-sarcopenia and frailty; NLR, neutrophil-to-lymphocyte ratio; NN, non-sarcopenia and non-frailty; 
SF, sarcopenia and frailty; SN, sarcopenia and non-frailty; WBC, white blood cell count.
Multivariate regression analysis model 1: ascites, albumin, MELD, MF, sodium, WBC, NLR, alcohol, and BMI.
Multivariate regression analysis model 2: CTP score, creatinine, MF, sodium, infection, NLR, alcohol, and BMI.
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Several limitations and strengths of the current 
study can be listed. As a limitation, the design of 
observational study can impair the establishment 
of a causality–effect association. Second, the rel-
atively small sample size may underpower the 
comparison among the sarcopenia and frailty 
groups, although statistical significance was already 
observed with this sample size. Third, the lack of 
measuring muscle strength, namely, HGS, is in 
contrast to the sarcopenia definition recently pro-
posed by EWGSOP2, although the vast majority 
of literature on cirrhosis has operationalized sarco-
penia as loss of muscle mass.26 As positive issues, 
we consider the originality of assessing the con-
comitance of sarcopenia and frailty in cirrhosis, 
and the relationship of these conditions with sur-
vival. In addition, the performance-based metrics 
used to identify frail phenotype in the ambulatory 
patients necessitate active participation of subjects, 
which can limit their use in severely decompen-
sated or acutely ill populations. Thus, we have 
adopted a self-reported questionnaire to diagnose 
frailty. Furthermore, we selected cross-sectional 
imaging by CT to accurately and objectively evalu-
ate skeletal muscle mass, whose utility is not 
affected by fluid retention. Although CT carries 
potential for radiation exposure, renal injury, and 
high cost, this modality has been regarded as a rou-
tine examination for screening HCC risk and dis-
ease progression among cirrhotics.

Conclusion
In conclusion, hospitalized patients with decom-
pensated cirrhosis who have sarcopenia and frailty 
showed higher mortality risk. In addition, the con-
currence of those two conditions does give rise to 
incremental mortality when compared with the 
group with each disturbance separately. Moreover, 
we reported that frailty can occur in patients with-
out sarcopenia. Altogether, these findings high-
light the importance of developing therapeutic 
strategy and palliative management for these spe-
cific subset in the context of cirrhosis.
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