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Association of loss of muscle mass with mortality
in liver cirrhosis without or before liver
transplantation

A systematic review and meta-analysis

Ke-Vin Chang, MD, PhD**°, Jin-De Chen, MD, PhD*“, Wei-Ting Wu, MD?, Kuo-Chin Huang, MD, PhD"®,
Der-Sheng Han, MD, PhD#2¢*

Abstract N
Background: Liver cirrhosis is a risk factor for the loss of muscle mass, which is associated with numerous adverse health |
outcomes. This meta-analysis aimed to examine whether loss of muscle mass was a predictor of increased mortality in cirrhotic
patients without or before liver transplantation.

Methods: Without language restriction, PubMed and Embase were searched for articles published from the earliest records to
December 2018 investigating the influence of loss of muscle mass on survival of cirrhotic patients. Those who had undergone liver
transplantation and had hepatocellular carcinoma were excluded. The main outcome was the hazard ratio (HR) for the association of
mortality with loss of muscle mass, and the secondary outcome was the association of loss of muscle mass with Child-Pugh class
and death caused by severe infection.

Results: The meta-analysis included 16 observational studies, comprising 4070 participants. The pooled crude and adjusted
HRs for the association of mortality with loss of muscle mass were 2.05 (95% confidence interval [Cl], 1.51-2.78) and 2.36
(95% Cl, 1.61-38.46). Using Child-Pugh Class A as reference, the odds ratios (ORs) for the association of loss of muscle mass with
Child-Pugh Class B and Class C were 1.68 (95% Cl, 0.96-2.92) and 1.94 (95% Cl, 0.66-5.65). Patients with loss of muscle mass
were likely to have infection-related mortality (OR=3.38, 95% CI, 0.61-18.88) but the association did not reach statistical
significance.

Conclusions: L0ss of muscle mass is associated with mortality in cirrhotic patients without or before liver transplantation. Future
studies should be conducted to explore whether exercise and nutritional supplementation can reverse muscle mass loss and
improve long-term survival.

Abbreviations: CT = computed tomography, HR = hazard ratio, MELD = Model of End-Stage Liver disease, OR = odds ratio.
Keywords: liver cirrhosis, liver transplantation, mortality, muscle mass, sarcopenia

1. Introduction portal hypertension, gastroesophageal varices, and hepatic
Liver cirrhosis is a diffuse parenchymal hepatic disease  encephalopathy. Alcoholism and hepatitis B and C are common
characterized by extensive fibrosis and formation of irreversible  causes of liver cirrhosis and also exert a substantial influence on
nodules. Cirrhosis results in derangement of the hepatic vascular ~ long-term outcomes. The conventional prognostic systems for
architecture and leads to life-threatening complications such as  predicting survival in cirrhotic patients are the Child-Pugh and
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the Model of End-Stage Liver disease (MELD) Scores.'"! The
main limitation of both tools is the lack of nutritional
assessment.'?) Malnutrition is prevalent in the cirrhotic popula-
tion and results from an altered metabolism and decreased
protein intake.”! A compromised nutritional status is associated
with a poor prognosis in patients with chronic liver disease and
can be reflected in changes in body composition, such as loss of
skeletal muscle mass'®! (Table 1).

Loss of skeletal muscle mass may be accompanied by decreased
muscle strength and impaired physical performance,* and is
linked to several adverse health outcomes, including cognitive
impairment,'®’ depression,'®! and mortality.”) Cirrhotic patients
are vulnerable to loss of muscle mass due to reduced nutritional
intake required for muscle generation, increase in myostatin,
which inhibits muscle growth, and abnormal consumption of
protein for energy production.”! Recently, a meta-analysis
explored the relationship between sarcopenia and mortality in
cirrhotic patients.®! The study was composed of a variety of
patient groups including those not eligible for liver transplanta-
tion, those on the transplantation waiting list, those who
underwent liver transplantation, and with hepatocellular carci-
noma. However, the heterogeneity in the severity of underlying
disease and subsequent treatments might cloud the association
between loss of muscle mass with long-term survival in cirrhotic
patients. Therefore, this meta-analysis focused on cirrhotic
patients without or before liver transplantation and examined
whether loss of muscle mass was a predictor of increased
mortality in the target population.

2. Methods

This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta
Analyses and the Meta-analysis of Observational Studies in
Epidemiology statements and was based on a predefined but
unpublished protocol.!”! As the work is a review article, no ethics
committee or institutional review board approval is needed.

2.1. Data sources and literature search strategy

Two investigators independently searched electronic databases
(PubMed and Embase) without language restriction for articles
published from the earliest records to December 2018. Clinical
studies investigating the association between loss of muscle mass
and survival of patients with liver cirrhosis were included. The
following strategy was used for literature searches: (sarcopenia,
OR frailty, OR skeletal muscle) AND (liver cirrhosis OR liver
fibrosis) (Appendix 1, http:/links.lww.com/MD/C798). Refer-
ence lists of the retrieved studies were also manually searched to
identify relevant articles.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were use of a case-
control or a cohort study design, recruitment of patients with
liver cirrhosis, evaluation of skeletal muscle mass, with or
without physical performance, and reporting of data on all-cause
mortality. Studies were excluded if they were case series or case
reports that included patients with hepatocellular carcinoma on
the initial enrollment following liver transplantation, if they
lacked a clear definition of loss of muscle mass based on the
measurement of skeletal muscle mass and/or physical perfor-
mance, or if a hazard ratio (HR) or an odds ratio (OR) analyzing
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the association between loss of muscle mass and mortality could
not be computed from the available data.

2.3. Assessment of study quality

Two investigators independently investigated the quality of
included studies using the Newcastle-Ottawa Scale.'”! The
following aspects were evaluated: participant selection (repre-
sentativeness of patients and controls, validated measurements of
exposure, and assurance of outcome of interest not present at the
start of the research), study comparability, and outcome
assessment (appropriateness of outcome measurement, adequate
follow-up period, and adequate number of participants being
followed up). Discrepancy of opinion between reviewers was
resolved through discussion or was settled by the corresponding
author.

2.4. Data synthesis and statistical analysis

The following details were extracted from the included studies:
author name, year of publication, patient characteristics, enrolled
numbers, sex ratio, methods of muscle mass measurement,
definition of loss of muscle mass, outcome variables, and adjusted
confounders. The main outcomes were the crude and adjusted
HRs investigating the association between loss of muscle mass
and mortality. The summary adjusted HR was derived from
pooling each adjusted HR reported in the included studies.

Since the mortality rate differs in patients according to the
severity of liver cirrhosis and is unlikely to be a fixed number, a
random-effects model was applied to pool the effect sizes.''l A
stratified analysis was conducted based on patient characteristics.
Heterogeneity across studies was assessed using Cochran’s Q test
and I? statistics and was considered significant with I? > 50%.!"?!
Publication bias was determined by visually inspecting the
symmetry of the effect size distribution on funnel plots and using
Egger’s test.!'*! We also employed the Duval and Tweedie trim
and fill procedure to observe the change in summary effects
following imputation of potential unpublished literature.l! All
calculations were performed using Comprehensive Meta-analysis
Software version 3 (Biostat, Englewood, NJ), with a P<.05
considered statistically significant.

3. Results

3.1. Search results

The literature search initially yielded 989 non-duplicated articles.
After the titles and abstracts were reviewed, 27 articles were
retrieved for full text review. Among these, 11 were excluded: 5
used the same patient group as the included trials, '8! 2
evaluated skeletal muscle mass loss in cirrhotic patients but
lacked survival analysis,"'*?" only 1 included cirrhotic patients
with different rates of muscle mass loss,?" and 3 explored the
association between loss of muscle mass and hepatic encepha-
lopathy but not all-cause mortality.??>~>* The final meta-analysis
included 16 studies (Fig. 1).[2°~*

3.2. Study and patrticipant characteristics

The meta-analysis consisted of 4070 participants, 29.8% (n=
1215) of whom were females. The age range in the selected
citations was between 49.7 and 74 years. The 16 retrieved studies
included 7 that enrolled patients on the waiting list for liver
transplantation,?%-2%:3%:3%38-401 5 that enrolled patients with
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Records identified through Additional records identified
database searching through other sources
(n=1021) (n=0)

Records identified (n=1021)
Duplicated records excluded (n=32)
Records after duplicates

removed (n=989)
Excluded by title and abstract (n=962)

= Full-text articles assessed .
3 for eligibility (n=27) i
1= 5 using a repeated patient group
w 2 lacking survival analysis
Studies included in 3 exploring the association between
qualitative synthesis (n=16) loss of muscle mass and hepatic
encephalopathy
Studies included in 1 exploring the population with muscle
meta-analysis (n=16) mass loss only

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the study selection process.

3.5. Loss of muscle mass and infection all-cause mortality, and the association remained statistically
significant after adjusting for common confounders. Loss of
muscle mass could not be predicted by the severity of chronic liver
disease, categorized by Child-Pugh class. Severe infection might

The number of deaths related to infection or sepsis was reported
in 3 of the included studies.**?”3%! Mortality in patients with

loss of muscle mass was likely to be associated with infection ) - oS JEVRTE 8 h
(OR=3.38, 95% CI, 0.61-18.88; I>’=0, P=.542) but the play a role in the increased mortality in cirrhotic patients
’ ) ’ ) associated with loss of muscle mass.

Recently, loss of muscle mass has been recognized in several
systematic reviews and meta-analyses to have a negative effect on

association did not reach statistical significance (Fig. 5).

4. Discussion health-related outcomes. Chang et al identified 10 studies that
The present meta-analysis explored the association between loss ~ investigated the association of sarcopenia Wi[t% mortality in a
of muscle mass and overall survival in liver cirrhotic patients. ~ group mainly consisting of geriatric patients.'”! Beaudart et al

Loss of skeletal muscle mass was associated with an increase in  included 17 studies that defined sarcopenia by using the protocol

Quality assessment by using the Newcastle-Ottawa Scale for the included studies.

Representative Ascertain Outcome of Enough
of sarcopenia  Selection  of sarcopenia interest not Comparability  Assessment  follow-up Adequacy Total
patients of control measurement  present at start of cohorts of outcome period of follow up  point
Tandon et al 2012 * * * * ** * * * 9
Kim et al 2014 * * * * * % * * * 9
Hanai et al 2015 * * * * ** * * * 9
Hara et al 2016 * * * * * % * * * 9
Sinclair et al 2016 * - * * * * * * 7
Ischizu et al 2017 * * * * * - * 6
Nishikawa et al 2017 * - * * * * * * 7
Aby et al 2018 * * * * * * * * 8
Bhanji et al 2018 * * * * ** * * * 9
Ebadi et al 2018 * * * * * * * * * 9
Gu et al 2018 * * * * ** * * * 9
Kalafateli et al 2018 * * * * * * * * 8
Kang et al 2018 * * * * * * * * 8
Lucidi et al 2018 * * * * * % * * * 9
Praktiknjo et al 2018 * * * * *k * * * 9
van Vugt et al 2018 * * * * * * * * 8

[3;]
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Crude Hazard Ratio between Muscle Mass Loss and Mortality

Hazard ratio and 95% CI

Study name
Hazard Lower Upper
ratio  limit i
Tandon et al (2012) 205 1.03
Kim et al (2014) 540 211 1
Hanai et al (2015) 234 117
Hara et al (2016) 167 0.81
Sinclair et al (2016) 1.05 1.00
Ishizu et al (2017) 206 090
Aby et al (2018) 0.88 052
Bhanji et al(2018) 202 158
Ebadi et al (2018) 215 1.44
Gu et al (2018) 271 162
Kalafateli et al (2018) 1.87 1.01
Kang et al (2018) 232 152
Lucidi et al (2018) 1.79 0.96
Praktiknjo et al (2018) Lot 287 1
205 151

mit
4.08 _
3.80 3
466 _—
3.44 — =
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3.20 —_—
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Association  Association

Adjusted Hazard Ratio between Muscle Mass Loss and Mortality

Hazard ratio and 95% Cl

limit
4.53
6.70

1.09 ]

17.89
8.06

3.056
3.59
3.16
3.37
15.31
2.86

A
Study name
Hazard Lower Upper
ratio limit

Tandon et al (2012) 236 1.23
Hanai et al (2015) 3.03 137
Sinclair et al (2016) 1.04 0.99
Ishizu et al (2017) 469 1.23
Nishikawa et al (2017) 437 236
Bhaniji et al(2018) 215 1.52
Ebadi et al (2018) 229 1.46
Gu et al (2018) 1.84 1.07
Kang et al (2018) 217  1.40
Praktiknjo et al (2018) 562 2.07
van Vugt et al (2018) 188 1.24

236 1.61

B

3.46

Ll

0.5 1
Negative
Association

Positive
Association

Figure 2. Forest plot of the crude (A) and adjusted (B) hazard ratios for the association between loss of muscle mass and all-cause mortality in patients with liver

cirrhosis.

from the European Working Group on Sarcopenia in Older
People and found a higher rate of mortality, functional decline,
falls, and hospitalization among sarcopenic adults.*" Shachar
et al summarized 38 studies enrolling patients with solid tumors
and demonstrated that the loss of skeletal muscle mass
determined by CT cross-sectional imaging was detrimental to
overall survival.**! In 2015 and 2016, Kim et al and Sinclair et al
published 2 review articles, summarizing available evidence on
the definition, etiology, prevalence, mechanism, and clinical

impact of loss of muscle mass in patients with liver cirrhosis or
following liver transplantation./>**!

Regarding the impact of sarcopenia in a population with
chronic liver disease, Kim et al found that cirrhotic patients with
sarcopenia tended to have higher mortality rates, regardless of the
status of liver transplantation.’®! Yu et al found that sarcopenia
was associated with steatohepatitis or advanced liver fibrosis in
patients with nonalcoholic fatty liver disease.**! Chang et al
demonstrated that sarcopenia increased the mortality rate in
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Crude Hazard Ratio between Muscle Mass Loss and Mortality
Funnel Plot of Standard Error by Log hazard ratio
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Figure 3. Funnel plot of the crude (A) and adjusted (B) hazard ratios for the association between loss of muscle mass and all-cause mortality in patients with liver

cirrhosis.

hepatocellular carcinoma,**! as well as the incidence of hepatic

encephalopathy in cirrhotic patients.'**! However, a detailed
pooled quantitative analysis exploring the association of loss of
muscle mass with survival in patients with cirrhosis before or
without liver transplantation has been lacking, increasing the
importance of our meta-analysis. The comparison of the present
and previous meta-analyses related to sarcopenia in patients with
chronic liver disease is summarized in Table 3.

Our study showed that loss of muscle mass was associated with
all-cause mortality in patients with cirrhosis. Previous studies
revealed that loss of muscle mass is prevalent in the population
with liver cirrhosis, and the mechanism is multidimensional,
comprising malnutrition, abnormal use of protein as an energy
resource, increased production of proinflammatory cytokines to
accelerate muscle breakdown, and inhibition of muscle growth

through elevated myostatin and decreased testosterone.! The
literature has shown that loss of muscle mass was independently
associated with severe hepatic fibrosis, a predictor of mortality in
patients with non-alcoholic liver disease.[*”! Therefore, with a
growing amount of evidence referring to loss of muscle mass as a
byproduct of liver cirrhosis, it is anticipated that the loss of
muscle mass varies according to severity of cirrhosis and is
subsequently related to mortality.

The Child-Pugh and MELD scores are commonly used for
predicting prognosis in chronic liver disease.'** The former
assesses total bilirubin, serum albumin, prothrombin time,
ascites, and hepatic encephalopathy while the latter evaluates
serum bilirubin, serum creatinine, and the international normal-
ized ratio for prothrombin time. However, neither measurement
tool includes a detailed evaluation of physical performance, body
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Association between Muscle Mass Loss with Child-Pugh Class

Group by Study name QOdds ratio and 95% Cl
Child-Pugh Class
Odds Lower Upper
ratio lirmit imit
B Tandon et al (2012) 460 055 3844
B Hanai et al (2014) 135 056 3.23 i)
B Hara et al (2015) 1.74 081 3.74 -
B 168 096 292 t
G Tandon et a (2012) 1060 126 89.04
(& Hanai et al (2014) 102 033 3.1 F
c Hara et al (2015) 168 053 531
o 194 066 565 —*-"
01 02 05 1 2 5 10
Negative Positive
Association Association

Figure 4. Forest plot of the association between loss of muscle mass and Child-Pugh Class in patients with liver cirrhosis.

Association between Muscle Mass Loss and Infection-associated Mortality

Study name Qdds ratio
0,
Odds Lower Upper B Se l
ratio limit  limit
Kim et al (2014) 12.30 0.56268.66
Hanai et al (2014) 3.29 0.16 65.91 :
Ishizu et al (2017) 1.14 0.07 20.02 \ .
3.38 0.61 18.88
0.5 1 2
Negative Positive
Association Association

Figure 5. Forest plot of the association between loss of muscle mass and infection-associated mortality in patients with liver cirrhosis.

composition, and nutritional status. Thus, these prognostic tools
present some limitations, with decreased predictive power in
patients with lower MELD scores and inclusion of subjective
assessment (hepatic encephalopathy and ascites) in the Child-
Pugh score.l"*® This meta-analysis explored the association
between loss of muscle mass and the severity of disease as
categorized by the Child-Pugh class (not the MELD score due to
data availability). Our results revealed that loss of muscle mass
was not associated with Child-Pugh class B and C. Therefore, loss
of muscle mass should be treated as an adjuvant prognostic factor
along with these commonly employed scores to predict the
survival of patients with liver cirrhosis.

Our pooled analysis also revealed a likely higher rate of
infection-related death in patients with loss of muscle mass. It is
well-known that immune responses such as phagocytosis and
migration of neutrophils, natural Kkiller cell activity, and
activation of the complement system are impaired in cirrhotic
patients.*”! The skeletal muscles are considered to be an
endocrine organ secreting and mediating various kinds of

cytokines. Several studies reported that patients with sarcopenia
had an increase in interleukin-6 and tumor necrosis factor-a and
a decrease in interleukin 10, and were more vulnerable to
significant systemic inflammatory reactions, which might be
elicited by infection.*®*!! Another possible mechanism is that
muscle mass loss reflects the status of malnutrition, a well-known
factor in immunodeficiency.’?! Although the exact association
between muscle volume loss and severe infection is still unknown,
this connection might partially explain why patients with
cirrhosis might have a shorter survival period in association
with loss of muscle mass.

Most of the included studies used CT images obtained at the L3
or L4 vertebral level to define skeletal muscle mass loss, while 1
study employed BIA and 1 employed mid-arm muscle circumfer-
ence and handgrip strength. The BIA evaluates body composition
by applying a low amplitude electrical current on the skin to
estimate intra- and intercellular fluid. This estimation may be
biased in patients with local or generalized edema, which is a
common finding in patients with cirrhosis.!**! In contrast, the use
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of CT imaging at a fixed vertebral level to compute the skeletal
muscle area allows the measurements to be more comparable
among studies and is also less influenced by edema and ascites.
Nevertheless, sensitivity analysis performed by excluding
studies not using CT yielded no significant change in the
association between loss of muscle mass and mortality. In recent
years, various imaging tools have been used in evaluation of
sarcopenia in patients waiting for liver transplantation,
including CT, magnetic resonance imaging, dual-energy X-ray
absorptiometry and ultrasonography. Although different meth-
ods have been used across studies, sarcopenia remains an
independent factor predicting the prognosis waiting for or
receiving liver transplantation.®* Until now, there is lack of
studies comparing the prognostic accuracy among various
imaging tools. Therefore, when interpreting sarcopenia in the
population with liver cirrhosis, we need to be cautious that
different methods for measuring muscle mass loss might lead to
different conclusions.

Another point worth noting is that there was an insignificant
higher association between loss of muscle mass and mortality in
patients who were not specific or qualified candidates for liver
transplantation compared to those on the transplantation waiting
list. Since there are strict enrollment criteria for liver transplan-
tation,*>! we speculated that a discrepancy existed between both
groups in terms of cirrhotic severity, which leads to a difference in
the magnitude of association. In addition, the association
between liver transplant contraindications and malnutrition
(i.e., active excessive alcohol intake and noncompliance with
therapy) and more intensive management of malnutrition before
liver transplantation are possible factors that may modify the
relationship between sarcopenia and mortality in patients with
liver cirrhosis.

The present study has several limitations. First, all the
enrolled studies used retrospective analyses, which were more
subject to selection bias. Second, not all the outcomes were
reported in each retrieved article, which could lead to potential
publication bias. Third, the causes of death were limited in the
selected studies and infection was the only item universally
recorded. Therefore, the mortality in patients with cirrhosis are
associated with loss of muscle mass may be mediated by other
pathologic processes, such as hepatic encephalopathy, but these
could not be identified through this meta-analysis. Fourth, the
cut-off values for lower muscle mass varied among the included
articles and all diagnostic protocols lacked assessment of
muscle strength and physical performance. Future prospective
studies using the criteria proposed by the European Working
Group on Sarcopenia in Older People!*®! or the Asian Working
Group for Sarcopenia®”! should be conducted to determine
whether the predictive power is improved after employing a
more comprehensive algorithm to diagnose loss of muscle mass.
Fifth, our meta-analysis did not separately report mortality
according to the duration of follow-up. As the majority of the
included studies used retrospective analysis and lacked uniform
follow-up periods, we were unable to specify whether the
mortality data were based on short-term or long-term follow-
up. Sixth, the etiology of liver cirrhosis is an important factor
influencing mortality. However, we could not analyze the
impact of etiology of liver cirrhosis on our results because the
HR in each study was not reported separately according to
etiology.

In conclusion, loss of muscle mass was associated with all-
cause mortality in patients with liver cirrhosis without or before
liver transplantation. Loss of muscle mass in this population
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could not be predicted by the severity of cirrhosis categorized by
the Child-Pugh class. The increased mortality rate in patients with
loss of muscle mass might be related to severe infection. Future
prospective studies should be conducted to explore whether
exercise and nutritional supplementation can reverse muscle mass
loss and improve long-term survival in patients with liver
cirrhosis.

Author contributions

Conceptualization: Ke-Vin Chang.

Data curation: Ke-Vin Chang.

Formal analysis: Ke-Vin Chang.

Investigation: Ke-Vin Chang, Jin-De Chen.

Methodology: Ke-Vin Chang, Der-Sheng Han.

Writing — original draft: Ke-Vin Chang, Wei-Ting Wu, Der-Sheng
Han.

Writing — review & editing: Ke-Vin Chang, Kuo-Chin Huang,
Der-Sheng Han.

References

[1] Peng Y, Qi X, Guo X. Child-Pugh versus MELD score for the assessment
of prognosis in liver cirrhosis: a systematic review and meta-analysis of
observational studies. Medicine 2016;95:¢2877.

[2] Sinclair M, et al. Review article: sarcopenia in cirrhosis-aetiology,
implications and potential therapeutic interventions. Aliment Pharmacol
Ther 2016;43:765-77.

[3] Kalafateli M, et al. Impact of muscle wasting on survival in patients with
liver cirrhosis. World J Gastroenterol 2015;21:7357-61.

[4] Han DS, et al. Skeletal muscle mass adjusted by height correlated better
with muscular functions than that adjusted by body weight in defining
sarcopenia. Sci Rep 2016;6:19457.

[5] Chang KV, et al. Association between sarcopenia and cognitive
impairment: a systematic review and meta-analysis. ] Am Med Dir
Assoc 2016;17:1164e7-15.

[6] Chang KV, et al. Is sarcopenia associated with depression? A systematic
review and meta-analysis of observational studies. Age Ageing 2017;
46:738-46.

[7] Chang SF, Lin PL. Systematic literature review and meta-analysis of the
association of sarcopenia with mortality. Worldviews Evid Based Nurs
2016;13:153-62.

[8] Kim G, et al. Prognostic value of sarcopenia in patients with liver
cirrhosis: a systematic review and meta-analysis. PLoS One 2017;12:
€0186990.

[9] Liberati A, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. J Clin Epidemiol 2009;62:
el-34.

[10] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur
] Epidemiol 2010;25:603-35.

[11] Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects meta-
analyses. BMJ 2011;342:d549.

[12] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med 2002;21:1539-58.

[13] Sedgwick P. What is publication bias in a meta-analysis? BMJ 2015;351:
h4419.

[14] Montano-Loza A]J, et al. Inclusion of sarcopenia within MELD (MELD-
Sarcopenia) and the prediction of mortality in patients with cirrhosis.
Clin Transl Gastroenterol 2015;6:¢102.

[15] Montano-Loza AJ, et al. Severe muscle depletion predicts postoperative
length of stay but is not associated with survival after liver transplanta-
tion. Liver Transpl 2014;20:640-8.

[16] Montano-Loza AJ, et al. Muscle wasting is associated with mortality in
patients with cirrhosis. Clin Gastroenterol Hepatol 2012;10:166-73.
173 el.

[17] Hanai T, et al. Rapid skeletal muscle wasting predicts worse survival in
patients with liver cirrhosis. Hepatol Res 2016;46:743-51.

[18] Montano-Loza A]J, et al. Sarcopenic obesity and myosteatosis are
associated with higher mortality in patients with cirrhosis. ] Cachexia
Sarcopenia Muscle 201657:126-35.



Chang et al. Medicine (2019) 98:9

[19] Belarmino G, et al. Diagnosing sarcopenia in male patients with cirrhosis
by dual-energy X-ray absorptiometry estimates of appendicular skeletal
muscle mass. JPEN J Parenter Enteral Nutr 2017;148607117701400.

[20] Benjamin J, et al. Characterization of body composition and definition of
sarcopenia in patients with alcoholic liver cirrhosis: a computed
tomography based study. Liver Int 2017.

[21] Ju S, et al. Rapid muscle loss negatively impacts survival in critically Ill
patients with cirrhosis. ] Intensive Care Med 2018;885066618775706.

[22] Merli M, et al. Muscle depletion increases the risk of overt and minimal
hepatic encephalopathy: results of a prospective study. Metab Brain Dis
2013;28:281-4.

[23] Hanai T, et al. Sarcopenia predicts minimal hepatic encephalopathy in
patients with liver cirrhosis. Hepatol Res 2017;47:1359-67.

[24] Nardelli S, et al. Sarcopenia is risk factor for development of hepatic
encephalopathy after transjugular intrahepatic portosystemic shunt
placement. Clin Gastroenterol Hepatol 2017;15:934-6.

[25] Tandon P, et al. Severe muscle depletion in patients on the liver transplant
wait list: its prevalence and independent prognostic value. Liver Transpl
2012;18:1209-16.

[26] Kim TY, et al. Sarcopenia as a useful predictor for long-term mortality in
cirrhotic patients with ascites. ] Korean Med Sci 2014;29:1253-9.

[27] Hanai T, et al. Sarcopenia impairs prognosis of patients with liver
cirrhosis. Nutrition 2015;31:193-9.

[28] Hara N, et al. Sarcopenia and sarcopenic obesity are prognostic
factors for overall survival in patients with cirrhosis. Intern Med
2016;55:863-70.

[29] Sinclair M, et al. Low testosterone as a better predictor of mortality than
sarcopenia in men with advanced liver disease. ] Gastroenterol Hepatol
2016;31:661-7.

[30] Ishizu Y, et al. Low skeletal muscle mass predicts early mortality in
cirrhotic patients with acute variceal bleeding. Nutrition 2017;42:87-91.

[31] Nishikawa H, et al. Elevated serum myostatin level is associated with
worse survival in patients with liver cirrhosis. ] Cachexia Sarcopenia
Muscle 2017.

[32] van Vugt JLA, et al. A model including sarcopenia surpasses the MELD
score in predicting waiting list mortality in cirrhotic liver transplant
candidates. ] Hepatol 2018;68:707-14.

[33] Praktiknjo M, et al. Fat-free muscle mass in magnetic resonance imaging
predicts acute-on-chronic liver failure and survival in decompensated
cirrhosis. Hepatology 2018;67:1014-26.

[34] Lucidi C, et al. A low muscle mass increases mortality in compensated
cirrhotic patients with sepsis. Liver Int 2018;38:851-7.

[35] Kang SH, et al. Impact of sarcopenia on prognostic value of cirrhosis:
going beyond the hepatic venous pressure gradient and MELD score. |
Cachexia Sarcopenia Muscle 2018;9:860-70.

[36] Kalafateli M, et al. Muscle fat infiltration assessed by total psoas density
on computed tomography predicts mortality in cirrhosis. Ann Gastro-
enterol 2018;31:491-8.

[37] Gu DH, et al. Clinical usefulness of psoas muscle thickness for the
diagnosis of sarcopenia in patients with liver cirrhosis. Clin Mol Hepatol
2018;24:319-30.

11

www.md-journal.com

[38] Ebadi M, et al. Poor performance of psoas muscle index for identification
of patients with higher waitlist mortality risk in cirrhosis. ] Cachexia
Sarcopenia Muscle 2018;9:1053-62.

[39] Bhanji RA, etal. Myosteatosis and sarcopenia are associated with hepatic
encephalopathy in patients with cirrhosis. Hepatol Int 2018.

[40] Aby ES, et al. Pretransplant sarcopenia in patients with NASH cirrhosis
does not impact rehospitalization or mortality. J Clin Gastroenterol
2018.

[41] Beaudart C, et al. Health outcomes of sarcopenia: a systematic review
and meta-analysis. PLoS One 2017;12:¢0169548.

[42] Shachar SS, et al. Prognostic value of sarcopenia in adults with solid tumours:
a meta-analysis and systematic review. Eur ] Cancer 2016;57:58-67.

[43] Kim HY, Jang JW. Sarcopenia in the prognosis of cirrhosis: going beyond
the MELD score. World J Gastroenterol 2015;21:7637-47.

[44] YuR, etal. Relationship of sarcopenia with steatohepatitis and advanced
liver fibrosis in non-alcoholic fatty liver disease: a meta-analysis. BMC
Gastroenterol 2018;18:51.

[45] Chang KV, et al. Association between loss of skeletal muscle mass and
mortality and tumor recurrence in hepatocellular carcinoma: a
systematic review and meta-analysis. Liver Cancer 2018;7:90-103.

[46] Chang KV, etal. Is sarcopenia associated with hepatic encephalopathy in
liver cirrhosis? A systematic review and meta-analysis. ] Formos Med
Assoc 2018.

[47] Lee YH, et al. Sarcopenia is associated with significant liver fibrosis
independently of obesity and insulin resistance in nonalcoholic fatty liver
disease: nationwide surveys (KNHANES 2008-2011). Hepatology
2016;63:776-86.

[48] Huo TI, Lee SD, Lin HC. Selecting an optimal prognostic system for liver
cirrhosis: the model for end-stage liver disease and beyond. Liver Int
2008;28:606-13.

[49] Alexopoulou A, et al. Bacterial translocation markers in liver cirrhosis.
Ann Gastroenterol 2017;30:486-97.

[50] Sipeki N, et al. Immune dysfunction in cirrhosis. World ] Gastroenterol
2014;20:2564-77.

[51] Dirchwolf M, et al. Immune dysfunction in cirrhosis: distinct cytokines
phenotypes according to cirrhosis severity. Cytokine 2016;77:14-25.

[52] Lutz CT, Quinn LS. Sarcopenia, obesity, and natural killer cell immune
senescence in aging: altered cytokine levels as a common mechanism.
Aging 2012;4:535-46.

[53] Thibault R, Genton L. Accuracy of bioelectrical impedance analysis to
measure skeletal muscle mass. Clin Nutr 2014;33:1157.

[54] Wang R, et al. The optimal imaging diagnostic method of sarcopenia in
liver transplantation: an unresolved issue. AME Med ] 2018;3(1.):

[55] Farkas S, Hackl C, Schlitt HJ. Overview of the indications and
contraindications for liver transplantation. Cold Spring Harb Perspect
Med 2014;4(5.):

[56] Cruz-Jentoft AJ, et al. Sarcopenia: European consensus on definition and
diagnosis: report of the European Working Group on Sarcopenia in
Older People. Age Ageing 2010;39:412-23.

[57] Chen LK, et al. Sarcopenia in Asia: consensus report of the Asian
Working Group for Sarcopenia. ] Am Med Dir Assoc 2014;15:95-101.


http://www.md-journal.com

	Association of loss of muscle mass with mortality in liver cirrhosis without or before liver transplantation
	Outline placeholder
	1 Introduction
	3 Results
	3.2 Study and participant characteristics
	3.4 Loss of muscle mass and Child-Pugh class
	3.5 Loss of muscle mass and infection

	4 Discussion
	Author contributions

	References


