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Abstract 

Background Osteosarcopenia, defined as the coexistence of sarcopenia and osteoporosis, is associated with adverse 
clinical outcomes. The present study investigated the prognostic significance of osteosarcopenia in patients with 
cirrhosis.

Methods This retrospective study evaluated 126 patients with cirrhosis. Participants were classified into three groups 
based on the presence or absence of (1) sarcopenia and/or osteoporosis; and (2) Child–Pugh (CP) class B/C cirrhosis 
and/or osteosarcopenia, and the cumulative survival rates were compared between the groups.

Cox proportional hazards model was used to identify independent factors associated with mortality. Sarcopenia and 
osteoporosis were diagnosed according to the Japan Society of Hepatology and the World Health Organization crite-
ria, respectively.

Results Among the 126 patients, 24 (19.0%) had osteosarcopenia. Multivariate analysis identified osteosarcopenia 
as a significant and independent prognostic factor. The cumulative survival rates were significantly lower in patients 
with osteosarcopenia than in those without (1/3/5-year survival rates = 95.8%/73.7%/68.0% vs. 100%/93.6%/86.5%, 
respectively; p = 0.020). Patients with osteosarcopenia, but not sarcopenia or osteoporosis alone, had significantly 
lower cumulative survival rates than those without both conditions (p = 0.019). Furthermore, patients with both CP 
class B/C and osteosarcopenia had significantly lower cumulative survival rates than those without both (p < 0.001) 
and with either condition (p < 0.001).

Conclusions Osteosarcopenia was significantly associated with mortality in patients with cirrhosis. The cumulative 
survival rates were lower in patients with osteosarcopenia than in those without both conditions. Additionally, comor-
bid osteosarcopenia worsened the prognosis of patients with CP class B/C. Therefore, simultaneous evaluation of both 
sarcopenia and osteoporosis is crucial to better predict the prognosis.
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Background
Sarcopenia, characterized by progressive decreases in 
skeletal muscle mass and function, is recognized as a fre-
quent and serious complication in patients with cirrhosis 
[1]. In 2016, the Japan Society of Hepatology (JSH) pro-
posed practical criteria for sarcopenia in chronic liver 
disease (CLD) [2]. Protein-energy malnutrition, hyper-
ammonemia, decreased levels of anabolic hormones (e.g., 
insulin-like growth factor 1) and branched-chain amino 
acids, and elevated levels of inflammatory cytokines 
cause an imbalance between protein synthesis and pro-
teolysis, leading to sarcopenia [2, 3]. Recent studies have 
shown that sarcopenia increases the risk of cirrhosis-
related complications, such as ascites, infections, hepatic 
encephalopathy, and mortality [4–7]. A meta-analysis of 
22 studies confirmed that sarcopenia increases the mor-
tality risk by approximately 2-fold in patients with cirrho-
sis [8].

Osteoporosis, characterized by loss of bone mass and 
deterioration of bone microarchitecture, also is a com-
mon complication in patients with cirrhosis [9]. Similar 
to the pathogenesis of sarcopenia, malnutrition, dysregu-
lation of the receptor activator of nuclear factor kappa-B 
(NF-κB) ligand (RANKL)/RANK/osteoprotegerin sys-
tem due to chronic inflammation, and decreased levels 
of anabolic hormone and 25-hydroxyvitamin D cause an 
imbalance in the activities of osteoblasts and osteoclasts, 
leading to osteoporosis [10]. Osteoporosis and associated 
major osteoporotic fractures increase the mortality risk 
in the general population [11]. However, a meta-analysis 
of eight studies revealed that effective osteoporosis treat-
ments can reduce the mortality rate by approximately 
10% in older frail individuals who have a high risk of frac-
ture [12]. Therefore, early and appropriate assessment 
and therapeutic intervention are crucial from a prognos-
tic standpoint. Although the relationship between osteo-
porosis and mortality remains to be determined, patients 
with cirrhosis have a significantly higher risk of post-frac-
ture complications, such as sepsis, acute renal failure, and 
30-day in-hospital mortality [13]. Therefore, evaluating 
muscle and bone diseases together may be crucial to bet-
ter predict liver disease-related events and prognosis in 
patients with cirrhosis.

Muscles and bones are closely interrelated during 
growth and maintenance by common factors, such as 
genetic factors, myokines, and osteokines [3]. Conse-
quently, sarcopenia and osteoporosis often develop or 
progress simultaneously, and the term osteosarcopenia 
was coined in 2009 to define the coexistence of these 
comorbidities [14]. Osteosarcopenia is associated with 
malnutrition and aggravates the risk of falls, fractures, 
and impaired physical performance in older adults, lead-
ing to reduced quality of life and poor prognosis [15–21]. 

The prevalence of osteosarcopenia is reportedly 16.8% in 
patients with chronic liver disease (CLD) [22]. This con-
dition has a negative impact on the clinical outcomes of 
patients, such as an increased prevalence of vertebral 
fractures and frailty [22]. Despite the well-known rela-
tionship between osteosarcopenia and mortality in the 
general population, only one report has evaluated this 
relationship in patients with CLD [23]. However, it was 
limited to only patients who underwent hepatic resection 
for hepatocellular carcinoma (HCC) and did not assess 
handgrip strength, which is a fundamental component 
of the diagnosis criteria for sarcopenia. In the present 
study, we diagnosed sarcopenia following the JSH criteria 
(including the assessment of handgrip strength) [2] and 
aimed to investigate the impact of osteosarcopenia on the 
prognosis of patients with cirrhosis who had no HCC.

Methods
Participants
In this retrospective study, we analyzed 126 consecu-
tive patients with cirrhosis who visited Fuji City Gen-
eral Hospital between 2017 and 2020. This study cohort 
included 118 patients analyzed in our previous report [9]. 
The inclusion criteria were (1) presence of cirrhosis diag-
nosed on the basis of laboratory tests and endoscopic/
imaging findings, such as the presence of esophageal/
gastric varices, ascites, liver deformations, and surface 
irregularities; and (2) consent to undergo muscle and 
bone measurement tests. The exclusion criteria were (1) 
pre-existence of malignant diseases, including hepato-
cellular carcinoma (HCC);　and (2) presence of a pace-
maker, implants, or refractory ascites. Serum albumin, 
total bilirubin, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), Mac-2 binding protein glyco-
sylation isomer (M2BPGi, a hepatic fibrosis marker), 
platelet, and prothrombin time–international normalized 
ratio (PT–INR) were measured using standard labora-
tory methods. The fibrosis-4 (FIB-4) index was calculated 
using the following formula: FIB-4 = age (years) × AST 
(U/L)/(platelet count  [109 /L] ×  ALT1/2 [U/L]) [24]. Liver 
functional reserve was evaluated using the Child–Pugh 
(CP) classification and model for end-stage liver disease 
(MELD) score [25, 26]. HCC was diagnosed according 
to the HCC guidelines of the American Association for 
the Study of Liver Diseases [27]. Patients who underwent 
liver transplantation during the observation period were 
considered to be dead and censored cases.

Diagnosis of sarcopenia, osteoporosis, 
and osteosarcopenia
Sarcopenia was diagnosed according to the revised 
criteria proposed by the Japan Society of Hepatology 
(second edition) [28]. In brief, sarcopenia is defined as 
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skeletal muscle mass index (SMI) < 7.0  kg/m2 for men 
and < 5.7  kg/m2 for women, measured using bioimped-
ance analysis (InBody S10; InBody, Seoul, Korea), and 
handgrip strength < 28 kg for men and < 18 kg for women, 
measured using a dynamometer (T.K.K5401 GRIP-D; 
Takei Scientific Instruments, Niigata, Japan). Gait speed 
was measured over a distance of 6 m, and slow gait speed 
was defined as < 0.8  m/s [29]. Osteoporosis was diag-
nosed using the World Health Organization (WHO) 
criteria (T-score ≤  − 2.5) [30]. The bone mineral density 
(BMD) of the lumbar spine (L2–L4), femoral neck, and 
total hip was assessed using dual-energy X-ray absorpti-
ometry (PRODIGY; GE Healthcare Japan, Tokyo, Japan). 
At least one of these three measurements met the WHO 
criteria in the diagnosis of osteoporosis. Osteosarcopenia 
was defined as the coexistence of sarcopenia and osteo-
porosis [14].

Statistical analysis
Continuous and categorical variables are presented as 
median (interquartile range) and number (percentage), 
respectively. Between-group differences were assessed 
using the Mann–Whitney U test for continuous variables 
and the chi-squared test for categorical variables. Cor-
relations between BMD and SMI or handgrip strength 
were analyzed using the Spearman’s rank correlation test. 
The cumulative survival rates were estimated using the 
Kaplan–Meier method and were compared between the 
groups using the log-rank test and the Bonferroni mul-
tiple comparisons method. Significant and independent 
factors associated with mortality were identified using 
univariate and multiple Cox proportional hazards mod-
els. SPSS Statistics version 27 (IBM Japan, Tokyo, Japan) 
was used for all statistical analyses. Values of p < 0.05 
were considered statistically significant.

Results
Study population and characteristics
A flow diagram of patients included in this study is 
shown in Figure S1. Of the 156 patients with cirrhosis 
evaluated for eligibility, 30 met the exclusion criteria and 
the remaining 126 patients were enrolled. Table  1 pre-
sents the baseline characteristics of the participants. This 
study cohort included 77 (61.1%) men, with a median 
age of 70. 5 (57.8–76.0) years. The median MELD score 
was 9.0 (7.0–12.0). The rate of CP class B or C (B/C) was 
34.9% (44/126).

Clinical characteristics of patients with and without 
osteosarcopenia
The prevalence of osteosarcopenia was 19.0% (24/126; 
Table  1). Men accounted for 41.7% and 65.7% of 

patients with and without osteosarcopenia, respectively, 
with osteosarcopenia being more frequent in women 
(p = 0.030). Patients with osteosarcopenia were signifi-
cantly older (p = 0.001) and had lower body mass index 
(BMI) (p < 0.001) and higher prevalence of slow gait 
speed (p < 0.001) than those without osteosarcopenia. 
Regarding laboratory data, patients with osteosarcopenia 
had lower PT–INR levels than those without (p = 0.030). 
The most frequent etiologies were hepatitis C virus in the 
osteosarcopenia group and alcohol in the non-osteosar-
copenia group.

Correlations between BMD and SMI or handgrip strength
The SMI and handgrip strength were significantly cor-
related with BMD at lumbar spine (r = 0.378 and 0.291; 
p < 0.001 and = 0.010, respectively), femoral neck 
(r = 0.547 and 0.458; p < 0.001 for both, respectively), and 
total hip (r = 0.519 and 0.402; p < 0.001 for both, respec-
tively) in men (Figure S2A–S2F). Similarly, these sarco-
penia-related factors were significantly correlated with 
BMD at lumbar spine (r = 0.427 and 0.413; p = 0.002 
and = 0.003, respectively), femoral neck (r = 0.442 and 
0.527; p = 0.001 and < 0.001, respectively), and total hip 
(r = 0.490 and 0.520; p < 0.001 for both, respectively) in 
women (Figure S3A–S3F).

Prognostic factors in patients with cirrhosis
The median observation period was 57.1 (44.2–61.6) 
months, during which 16.7% (21/126) of the patients died 
from liver disease-related events (liver failure, n = 12; 
liver transplantation, n = 1; HCC, n = 3; and rupture of 
esophageal varices, n = 5) (Figure S1). Univariate analysis 
revealed that BMI, CP class B/C, MELD score, sarcope-
nia, osteoporosis, and osteosarcopenia were significantly 
associated with mortality (Table S1). Cox proportional 
hazards regression analysis identified CP class B/C (haz-
ard ratio [HR], 7.045; 95% confidence interval [CI], 2.692–
18.441; p < 0.001) osteosarcopenia (HR, 4.798; 95%CI, 
1.885–12.212; p = 0.001) as significant and independent 
prognostic factors in patients with cirrhosis (Table 2).

Impact of sarcopenia, osteoporosis, and osteosarcopenia 
on survival
The 1-, 3-, and 5-year cumulative survival rates were 
97.4% vs. 100%, 78.6% vs. 94.9%, and 71.8% vs. 88.0% in 
the sarcopenia and non-sarcopenia groups, respectively, 
showing they were significantly lower in the sarcope-
nia group than in the non-sarcopenia group (p = 0.024, 
Fig. 1A).

The cumulative survival rates were significantly lower 
in the osteoporosis group than in the non-osteopo-
rosis group (p = 0.024, Fig.  1B). The 1-, 3-, and 5-year 
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cumulative survival rates were 97.6% vs. 100%, 82.7% vs. 
93.4%, and 74.0% vs. 87.5% in the osteoporosis group and 
non-osteoporosis group, respectively.

Regarding the difference in prognoses, the cumu-
lative survival rates were significantly lower in the 

osteosarcopenia group than in the non-osteosarcopenia 
group (p = 0.020, Fig. 1C). The 1-, 3-, and 5-year cumula-
tive survival rates were 95.8% vs. 100%, 73.7% vs. 93.6%, 
and 68.0% vs. 86.5% in the osteosarcopenia and non-
osteosarcopenia groups, respectively.

Table 1 Comparison of clinical characteristics between patients with and without osteosarcopenia

Continuous variables are shown as median (interquartile range). Statistical analysis was performed using the chi-squared test or the Mann–Whitney U test, as 
appropriate. BCAA  branched-chain amino acid, BMD bone mineral density, BMI body mass index, C.O.I cut-off index, FIB-4 fibrosis-4, HBV hepatitis B virus, HCV hepatitis 
C virus, INR international normalized ratio, M2BPGi Mac-2 binding protein glycosylation isomer, MELD model for end-stage liver disease, SMI skeletal muscle mass 
index

Variable All patients Osteosarcopenia Non-osteosarcopenia p-value

Patients, n (%) 126 24 (19.0) 102 (81.0)

Men, n (%) 77 (61.1) 10 (41.7) 67 (65.7) 0.030

Age (years) 70.5 (57.8–76.0) 76.0 (73.0–80.0) 68.0 (56.5–75.0) 0.001

BMI (kg/m2) 23.6 (21.2–25.8) 20.7 (18.7–22.2) 24.1 (22.2–26.2)  < 0.001

Etiology

 HBV/HCV/Alcohol/other, n 13/36/47/30 1/12/4/7 12/24/43/23 0.022

 Child–Pugh B/C, n (%) 44 (34.9) 6 (25.0) 38 (37.3) 0.257

 MELD score 9.0 (7.0–12.0) 8.0 (7.0–10.0) 9.0 (7.0–12.0) 0.603

 Total bilirubin (mg/dL) 0.9 (0.6–1.3) 0.8 (0.5–1.2) 0.9 (0.7–1.3) 0.212

 Albumin (g/dL) 3.9 (3.4–4.3) 4.0 (3.3–4.4) 3.8 (3.5–4.2) 0.791

 Prothrombin time INR 1.11 (1.04–1.22) 1.07 (1.01–1.13) 1.14 (1.04–1.27) 0.030

 FIB-4 4.16 (2.76–5.57) 4.75 (3.27–5.47) 3.87 (2.74–5.69) 0.441

 M2BPGi (C.O.I) 2.97 (1.47–5.60) 2.59 (1.98–3.54) 3.32 (1.39–6.13) 0.558

SMI (kg/m2)

 All patients 6.76 (5.87–7.52) 5.22 (4.58–5.64) 7.04 (6.33–7.82)  < 0.001

 Men 7.30 (6.65–8.09) 5.63 (5.25–6.20) 7.38 (6.96–8.16)  < 0.001

 Women 5.87 (5.07–6.45) 4.78 (4.49–5.23) 6.08 (5.81–6.58)  < 0.001

Handgrip strength (kg)

 All patients 24.5 (16.7–31.9) 14.5 (12.6–18.0) 28.3 (21.0–34.5)  < 0.001

 Men 30.7 (24.9–36.7) 20.5 (13.0–24.9) 31.6 (28.1–37.4)  < 0.001

 Women 16.5 (13.8–21.7) 14.3 (10.1–15.7) 19.1 (14.6–22.5)  < 0.001

Slow gait speed, n (%) 36 (28.6) 15 (62.5) 21 (20.6)  < 0.001

Lumbar spine BMD (kg/m2) 1.09 (0.90–1.23) 0.90 (0.83–0.99) 1.16 (0.95–1.26)  < 0.001

Femoral neck BMD (kg/m2) 0.79 (0.65–0.90) 0.60 (0.53–0.65) 0.83 (0.72–0.93)  < 0.001

Total hip BMD (kg/m2) 0.83 (0.71–0.96) 0.63 (0.55–0.71) 0.87 (0.77–0.98)  < 0.001

BCAA supplementation, n (%) 25 (19.8) 2 (8.3) 23 (22.5) 0.116

Table 2 Significant factors associated with mortality in patients with liver cirrhosis

BMI body mass index, CI confidence interval, HR hazard ratio, MELD model for end-stage liver disease

Univariate Multivariate

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

BMI (kg/m2) 0.894 (0.795–1.005) 0.062

Child–Pugh B/C 4.821 (1.938–11.996) < 0.001 7.045 (2.692–18.441)  < 0.001

MELD score 1.187 (1.043–1.351) 0.009

Sarcopenia 2.595 (1.101–6.120) 0.029

Osteoporosis 2.616 (1.099–6.226) 0.030

Osteosarcopenia 2.752 (1.133–6.683) 0.025 4.798 (1.885–12.212) 0.001
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On the basis of the presence or absence of sarcopenia 
and/or osteoporosis, we classified the patients into three 
groups: (i) patients without both sarcopenia and osteo-
porosis (n = 69), (ii) patients with sarcopenia alone or 
osteoporosis alone (n = 33), and (iii) patients with osteo-
sarcopenia (n = 24). Patients with osteosarcopenia (but 
not either condition alone) had significantly lower cumu-
lative survival rates than those without both conditions 
(p = 0.019) (Fig. 2).

Impact of comorbidity of CP class B/C cirrhosis 
and osteosarcopenia on survival
We classified the patients into three groups based on 
the presence or absence of CP class B/C cirrhosis and/
or osteosarcopenia: (i) patients without both CP class 
B/C and osteosarcopenia (n = 64), (ii) patients with either 
condition alone (n = 56), and (iii) patients with both con-
ditions (n = 6). Patients with both conditions had sig-
nificantly lower cumulative survival rates than those 
without both (p < 0.001) and with either condition alone 
(p < 0.001) (Fig. 3).

Discussion
Sarcopenia and osteoporosis are closely interrelated with 
each other and often develop or progress simultaneously 
(i.e., osteosarcopenia) [9]. Indeed, bone mass was signifi-
cantly correlated with muscle mass or muscle strength 
in both men and women in this study. Osteosarcopenia 
increases the risk of falls, fractures, and mortality, leading 
to reduced quality of life and adverse outcomes [15–21]. 
As such, this condition has attracted a great deal of atten-
tion in recent years. This is the first study to focus on 
the relationship between osteosarcopenia and prognosis 
of cirrhotic patients without HCC. In this study, multi-
variate analysis identified osteosarcopenia as a significant 
and independent factor associated with mortality. Of 
note, patients with osteosarcopenia had lower survival 
rates than those without both conditions. Additionally, 
comorbid osteosarcopenia worsened the prognosis of 
patients with CP class B/C.

In one study of community-dwelling older adults, 
mortality was significantly higher in participants with 
osteosarcopenia (HR, 2.48) than in those without [17]. 
However, neither sarcopenia nor osteoporosis alone were 

Fig. 1 Cumulative survival rates in patients with and without sarcopenia (A), osteoporosis (B), and osteosarcopenia (C)
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significantly associated with increased mortality, simi-
lar to the results of the present study. In another study 
of patients with hip fracture, the 1-year mortality rate 
was higher (15.1%; HR, 1.84) for patients with osteosar-
copenia than for those without osteosarcopenia (without 
both sarcopenia and osteoporosis, 7.8%; with sarcopenia 
alone, 10.3%; and with osteoporosis alone, 5.1%) [16]. 

Furthermore, osteosarcopenia was reported to be one of 
the strongest prognostic factors for patients who under-
went hepatic resection for HCC, intrahepatic cholangio-
carcinoma, and colorectal liver metastases [23, 31, 32]. A 
pooled analysis of three cohort studies, including 2,601 
participants, revealed that osteosarcopenia significantly 
increased the mortality risk, with an odds ratio of 1.66 

Fig. 2 Prognostic impact of osteosarcopenia on patients with cirrhosis. Patients with osteosarcopenia had significantly lower survival rates than 
those without both sarcopenia and osteoporosis (p = 0.019)

Fig. 3 Prognostic impact of the coexistence of Child–Pugh class B/C cirrhosis and osteosarcopenia. The cumulative survival rates were significantly 
lower for patients with either or both conditions than for those without both conditions (p = 0.037 or < 0.001, respectively). There was a significant 
difference in the cumulative survival rates between patients with either and both conditions (p < 0.001)
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[18]. These findings indicate that osteosarcopenia is asso-
ciated with poor prognosis, irrespective of underlying 
diseases or conditions, and emphasize that osteosarcope-
nia is more critical in predicting patient prognosis than 
sarcopenia or osteoporosis alone. Therefore, it is critically 
important to evaluate both sarcopenia and osteoporosis 
together in patients with cirrhosis.

Patients with cirrhosis frequently have malnutrition 
due to reduced energy and protein intake, malabsorption, 
altered nutrient metabolism, hormonal imbalance, hyper-
metabolism, and inflammation, leading to secondary sar-
copenia and osteoporosis [33, 34]. Reportedly, nutritional 
status, as assessed by the mini nutritional assessment- 
short form, was worse in patients with osteosarcopenia 
than in those with sarcopenia or osteoporosis alone [20]. 
Malnourished patients had a significantly higher risk of 
cirrhosis-related complications requiring hospitaliza-
tion (such as ascites, infections, and hepatic encepha-
lopathy), sarcopenia, and mortality than well-nourished 
patients [35]. The coexistence of sarcopenia and osteopo-
rosis aggravates physical performance, increasing the risk 
of falls, fractures, and frailty [15, 17–21]. Patients with 
lower physical performance and frailty were reported 
to be at higher risk for cirrhosis-related complications, 
hospital readmission, and mortality [36]. Collectively, 
patients with osteosarcopenia are more likely to develop 
liver disease-related events and worsen prognosis due to 
malnutrition and impaired physical performance.

The CP classification is widely used to evaluate liver 
functional reserve. This scoring system is a good predic-
tor of prognosis in patients with cirrhosis; i.e., survival 
rates are lower for patients with CP class B/C than for 
those with CP class A [37]. In this study, patients with CP 
class B/C complicated by osteosarcopenia had the low-
est survival rates among the three stratified groups. A 
previous study showed that the presence of sarcopenia 
reduced the cumulative survival rates in patients with CP 
class A/B [38]. Additionally, comorbid sarcopenia wors-
ened the 2-year survival rates in patients with CP class C 
or MELD score > 14 [39]. Therefore, it is conceivable that 
combining osteosarcopenia with CP class B/C will iden-
tify patients with the most serious prognosis.

Given that osteosarcopenia is associated with poor 
prognosis, early and comprehensive therapeutic inter-
vention is crucial for longevity. Reportedly, long-term 
branched-chain amino acid (BCAA) administration sig-
nificantly improved muscle mass, muscle strength, and 
muscle function, and mortality in sarcopenic patients 
with cirrhosis [40, 41]. In this study, the rate of BCAA 
supplementation in the osteosarcopenia group was 
extremely low, suggesting the need for earlier nutritional 
intervention. In one study of CLD patients with osteopo-
rosis, administration of denosumab, a human monoclonal 

antibody for RANKL, significantly improved BMD 
and bone quality marker (i.e., plasma pentosidine) [42]. 
Intriguingly, the 5-year denosumab treatment improved 
sarcopenia-related parameters (such as muscle strength 
and physical performance) as well as BMD in older adults 
[43]. In another study of older men with osteosarcope-
nia, high-intensity resistance training with vitamin D, 
calcium, and protein supplementation increased the SMI 
and maintained BMD [44]. Despite the importance of 
these treatments, early and appropriate assessment and 
intervention for osteosarcopenia remain undetermined 
in real-world clinical settings. In the future, treatment 
strategies for sarcopenia, osteoporosis, and osteosarco-
penia should be established in patients with CLD from a 
prognostic perspective.

This study had some limitations. First, we did not inves-
tigate the patients’ nutritional intake or daily activities, 
which might have influenced the muscle and bone mass 
measurements. Second, patients with refractory ascites, 
who might be more susceptible to osteosarcopenia, were 
excluded due to the unreliability of the bioimpedance 
analysis.

Finally, the sample size was not large enough to evaluate 
the impact of osteosarcopenia on the patient prognosis.

Conclusions
In conclusion, this study demonstrated that osteosarco-
penia increases the mortality risk in patients with cir-
rhosis. Therefore, early and appropriate assessment and 
intervention for both sarcopenia and osteoporosis are 
crucial to improve the patient prognosis.
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The handgrip strength was significantly correlated with the BMD of the 
lumbar spine, femoral neck, and total hip.

Additional file 4: Table S1. Univariate analysis of factors associated with 
mortality.
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