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ABSTRACT

Introduction: This systematic review/meta-analysis evaluated the impact of sarcopenia in patients with cirrhosis before liver
transplantation (LT) on outcomes after LT.

Methods: A systematic search was conducted in six medical databases until February 2022. The primary outcome was overall
mortality after LT, while several secondary outcomes including liver graft survival and rejection, the need for transfusions, the
length of the intensive care unit (ICU) and hospital stay, and surgical complications were evaluated. Sub-group analyses and
meta-regression analyses were also performed.

Results: Fifty-three studies were evaluated in the systematic review, of which 30, including 5875 patients, were included in the
meta-analysis. All studies included were cohort studies of good/high quality on the Newcastle-Ottawa scale (NOS), while in
our analysis no publication bias was found, although there was substantial heterogeneity between the studies. Muscle mass was
assessed using skeletal muscle index (SMI) in 14 studies, psoas muscle area (PMA) in seven studies, and psoas muscle index (PMI)
in four studies. The prevalence of pre-LT sarcopenia ranged from 14.7% to 88.3%. Pre-LT sarcopenia was significantly associated
with post-LT mortality (Relative Risk [RR] = 1.84, 95% CI:1.41,2.39), as well as with a high risk of infections post-LT, surgical
complications, fresh frozen plasma (FFP) transfusions, and ICU length of stay (LOS).

Conclusions: Pre-LT sarcopenia in patients with cirrhosis is a strong risk factor for clinically meaningful adverse outcomes after
LT. Assessment may help identify patients at the highest risk for poor outcomes who may benefit from targeted interventions.

Abbreviations: ALMI, appendicular lean mass index; BMI, body mass index; CI, confidence interval; CT, computed tomography; DXA, dual-energy x-ray absorptiometry; FFP, fresh frozen plasma;
HCC, hepatocellular carcinoma; ICU, intensive care unit; LOS, length of stay; LT, liver transplantation; MELD, model for end-stage liver disease; NOS, Newcastle-Ottawa scale; PMA, psoas muscle area;
PMI, psoas muscle index; RBC, red blood cells; RR, relative risk; SMD, standardized mean difference; SMI, skeletal muscle index.
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1 | Introduction

Sarcopenia is a progressive and generalized skeletal muscle
disorder characterized by the accelerated loss of muscle mass
and function, associated with increased adverse outcomes [1].
In patients with cirrhosis, sarcopenia is multifactorial, including
malnutrition, malabsorption, altered metabolism, and physical
inactivity [2]. Diagnosis is based on a combination of muscle
mass imaging, muscle strength, and/or physical performance
measurements [1, 3].

Liver transplantation (LT) is a life-saving procedure for patients
with decompensated cirrhosis that has a significant impact on
survival, quality of life, and healthcare systems [4]. Most LT
centers, use Model for end-stage liver disease (MELD) score
for evaluating the prognosis of patients with cirrhosis, and
for prioritizing patients for LT.[5] However, these scores while
efficient in predicting waitlist mortality, serve as poor predictors
for post-LT outcomes [6, 7]. Several attempts have been made to
create such predictive tools, and in this context, pre-LT sarcopenia
has been suggested as an indicator of poor prognosis after LT
[8-10]. One previous meta-analysis exists, which focused on the
impact of sarcopenia assessed with computed tomography (CT)
before LT, only on survival after LT [11]. Therefore, we aimed
to perform a more comprehensive systematic review and meta-
analysis to evaluate the effect of sarcopenia on mortality as well
as on other LT outcomes, with a larger sample size and without
limitations to the methods of assessment.

2 | Materials and Methods

2.1 | Literature Search and Protocol Design

We performed an initial exploratory literature search, examin-
ing full-text reviews and abstracts of original publications that
included the terms “sarcopenia” and “liver transplantation” in
their title and/or abstract, through the PubMed database. Based
on the literature we collected and under the supervision of our
senior professors, we drafted the protocol of our systematic review
and meta-analysis, which was registered on PROSPERO (ID:
CRD42023339752).

2.2 | Data Sources and Searches

This systematic review and meta-analysis was performed
in accordance with the updated Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines for a meta-analysis of observational studies and the
Cochrane Handbook for Systematic Reviews [12, 13]. The Prisma
checklist is presented in Table S1. We conducted a literature
search via PubMed, Scopus, Web of Science, Embase, Cochrane,
and Google Scholar databases, from inception to August 2020,
and an additional search in PubMed to February 2022, to identify
all relevant studies examining the impact of sarcopenia in
patients with cirrhosis on post-LT outcomes. Additionally, we
searched for potential studies manually by going through the
reference lists of included studies and relevant reviews. The
search keywords included sarcopenia, malnutrition, muscle

Summary

* Sarcopenia, a disorder that plays a significant role in the
context of liver transplantation (LT), should be evaluated
and included in the selection process of liver transplant
candidates.

* The presence of sarcopenia in patients with cirrhosis
before LT, is associated with worse outcomes after LT,
including mortality, risk of infections, surgical compli-
cations, fresh frozen plasma (FFP) transfusions, and
Intensive Care Unit (ICU) length of stay (LOS).

* Further research is needed in the field of sarcopenia in
liver cirrhosis and transplantation as to the methods of
evaluation and the prognostic role of each one in different
outcomes.

mass or density, liver, hepatic, and transplantation. Table S2
exhibits the search strategies.

2.3 | Study Selection

Studies were included if they met all of the following criteria: (1)
Participants: consecutive patients with cirrhosis who received LT
for the first time; (2) Exposure: they provided data on sarcopenia
before LT, or sarcopenia’s effect (odds ratio, relative risk [RR], or
hazard ratio [HR]) on LT outcomes, using any chosen diagnostic
method, including at least one radiological imaging method for
muscle mass evaluation; (3) Comparison: sarcopenic patients
were compared with non-sarcopenic patients; (4) Outcomes: they
provided data on survival and/or other clinical outcomes after LT
concerning pre-LT sarcopenia; (5) Study design: human obser-
vational studies (cohort or case-control). Studies were excluded
for the following reasons: (1) all patients were children; (2)
studies that included only urgent LT patients; (3) studies that
included only re-transplanted patients; (4) studies that included
only patients with hepatocellular carcinoma (HCC); (5) studies
with insufficient data and no response from authors during our
attempts to obtain additional relevant data and/or clarification of
data. For studies with overlapping cohorts, we included only the
one with the largest sample size and/or more data available per
variable. Studies that did not present their results separately, for
sarcopenic and non-sarcopenic patients or used the muscle mass
measurement as a continuous variable but mentioned a conclu-
sion on sarcopenia’s effect on LT outcomes, were excluded from
the meta-analysis but were included in the systematic review.

2.4 | Data Extraction and Quality Assessment

The results from all databases were imported into EndNote (2013),
Philadelphia, PA, Clarivate, v20.2. Deduplication was performed
using a semi-automated finder tool. The literature search was
conducted by two reviewers (G.E.M. and N.D.K.), who first
screened titles and abstracts and then reviewed the full text of
the selected articles. Discrepancies were resolved by consensus
or discussion with a senior reviewer (E.C.).

Data extraction from the finally selected papers was carried out
based on a predefined form, independently by two reviewers
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(G.E.M. and N.D.K.). Queries were arbitrated by discussion with
a senior author (E.C.). Microsoft Excel v.16.56 was used for data
extraction. A table was created for selected studies, including all
the characteristics predefined to be extracted, which consisted of
the first author’s name, country and center(s) of enrollment, year
of publication, enrollment period, study design, primary study
question, sample size, indication for LT, and underlying liver dis-
ease (viral hepatitis, alcoholic liver disease, non-viral non-alcohol
liver disease, HCC), follow-up after LT, patients’ demographics
including age, sex, race, body mass index (BMI), MELD and
Child-Turcotte-Pugh scores, method of sarcopenia evaluation,
mean muscle mass measurement in the total population, and
the number of patients with and without sarcopenia pre-LT.
Based on our exploratory literature search, the most relevant
outcomes of interest were chosen and extracted, including deaths
in the total population, patient, and/or graft survival after LT,
intensive care unit (ICU), and hospital length of stay (LOS),
total infections, bacterial, viral or fungal infections, rejection
episodes, perioperative transfusions (red blood cells [RBC], fresh
frozen plasma [FFP], platelets) and patients’ Clavien-Dindo
classification score of surgery-related complications [14] after LT
(as low or high, with a cut-off value of equal to or higher than 3
for high), for patients who were sarcopenic and non-sarcopenic
before LT. Regarding effect estimates, the maximally adjusted RR
for cohort studies was abstracted, together with their confidence
interval (CI). When RRs were unavailable, 2 X 2 tables with data
from the articles were used for calculating crude effect estimates
and 95% CI. When necessary, mean and standard deviation were
calculated using the transformations proposed by Hozo et al.
[15]. Letters were sent to the authors of studies that did not
report sufficient data. The corresponding authors were contacted
twice (a reminder e-mail was sent 1 week after the first e-mail).
We contacted the authors of 29 studies and received an answer
with additional data for 4 of them [16-19]. From the table finally
drafted, the authors (G.E.M. and T.S.) decided which studies
were eligible for inclusion in each synthesis. When multiple
methods of muscle measurement were reported, authors (G.E.M.
and E.C.) decided which one to use in the analysis, based on
clinical relevance and outcomes studied per method.

The quality of studies included in the meta-analysis was assessed
independently by two reviewers (G.E.M., N.D.K.) using the
Newcastle-Ottawa scale (NOS) [20]. Discrepancies were resolved
by consensus or discussion with a senior reviewer (E.C.). The cut-
off value for the desirable length of follow-up was set at 3 months,
considering the time that post-LT complications related to pre-LT
status occur [21]. The cut-off value for completeness of follow-up
was set at 85%.

2.5 | Data Synthesis and Analysis

Statistical analysis included pooling of studies, subgroup anal-
yses, and meta-regression analyses. Statistical synthesis was
performed for variables with two or more eligible studies, while
meta-regression analysis was performed for variables of 10 or
more pooled studies. Pooled effect estimates (RRs) for categorical
outcomes and standardized mean differences (SMDs) for contin-
uous outcomes, with 95% CI were estimated using random effect
estimates (DerSimonian-Laird). Heterogeneity across studies was
assessed by estimating Q-test and I* [22]. Preplanned subgroup

analyses were carried out according to the definition method
of sarcopenia, geographical region (continent), effect estimate
calculation (univariate or multivariate), and type of publication
(conference abstract/poster or full-text article). Meta-regression
analysis aimed to assess whether sample size, (expressed as 100
subjects increase), gender (expressed as percentage of males
in the individual studies), age (expressed as the mean age in
the individual studies), publication year, HCC (expressed as
percentage of patients with HCC in the individual studies), MELD
(expressed as the mean MELD in the individual studies), BMI
(expressed as the mean BMI in the individual studies), and
liver disease (expressed as percentage of patients with viral,
alcoholic or non-viral non-alcohol liver disease in the individual
studies) modified the association between sarcopenia pre-LT with
outcomes post-LT.

Statistical analysis, meta-regression analysis, and publication bias
analysis were performed using STATA/SE version 13 (Stata Corp,
College Station, TX, USA).

3 | Results

3.1 | Eligible Studies

A total of 5049 records were identified (PubMed:1264,
EMBASE:1270, SCOPUS:1286, COCHRANE:72, WEB OF
SCIENCE:957, Google Scholar:200), but 1943 duplicates and
2899 ineligible by title/abstract records were excluded. Finally,
207 records underwent full-text review, of which 53 [16-19, 21,
23-70] with a total of 9840 patients met the inclusion criteria
for a systematic review, while 30 cohort studies [16-19, 21,
46-70] with a total of 5875 patients were included in the meta-
analysis. All details about the successive steps for the selection
of eligible studies and studies excluded with reason after full-text
review are provided in Figures S1 and S2 and Tables S3 and S4.
Tables 1 summarizes the characteristics of the studies included
in the systematic review as well as those included only in the
meta-analysis.

3.2 | Systematic Review

Overall, out of the 53 studies included in the systematic review, 19
studies originated from Europe (17, 18, 21, 23, 24, 27, 30s, 31, 35, 36,
39, 42,49, 51, 53,54, 63, 65, 66],18 from Asia [16, 19, 34, 37, 38, 43, 45,
47, 52, 55, 59-62, 64, 69, 70], 14 from North America [25, 26, 28, 29,
32,33, 40,41, 46,48, 58, 67,68],2 from Australia [44, 56], and 1 from
Africa [57]. Thirty-four studies were published as full-text records
[17, 21, 23, 25-28, 32-35, 38, 43, 45, 46, 48-55, 57-62, 64-67, 70], while
19 studies were retrieved as conference abstracts [16, 18, 19, 24,
29-31, 36, 37, 39-42, 44, 47, 56, 63, 68, 69]. The sample size of the
included studies ranged from 10 to 596 patients, the percentage
of males from 41.8% to 91.5%, the mean age from 46 to 60, the
mean BMI from 20.9 to 30.1 kg/m?, the percentage of patients with
HCC from 0% to 58.5%, patients with viral hepatitis from 0% to
86.1% and patients with alcoholic liver disease from 0% to 53%.
Methods used to evaluate muscle mass were appendicular lean
mass by dual-energy x-ray absorptiometry (DXA) normalized for
height (appendicular lean mass index [ALMI]) in one study [56],
dorsal muscle group area in 1 study [33], fat free BMI in 1 study
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[35], lean body mass by DXA in 1 study [28], muscle volume of the
abdomen in 1 study [63], psoas muscle area (PMA) in 12 studies
[26, 29,30, 32, 36, 46, 47, 54, 64, 65, 68, 69], psoas muscle density in
1 study [24], psoas muscle index (PMI) in 8 studies [16, 17, 23, 38,
43, 45, 49, 59], psoas muscle thickness in 1 study [52], paraspinal
muscle index in 1 study [53], skeletal muscle area in 1 study [55],
skeletal muscle index (SMI) in 21 studies [18, 19, 21, 25, 27, 31, 34,
39, 40, 42, 48, 50, 51, 57, 58, 60-62, 66, 67, 70], DXA SMI in 1 study
[44], and whole-body lean muscle mass in 1 study [37], while 1
study did not report the method utilized [41].

The prevalence of sarcopenia was available in 38 of the 53 studies
and ranged from 14.8% to 98.6%. Forty-seven of the 53 studies
reported on mortality of patients after LT in regard to their
sarcopenic status before LT (45 unique-2 pairs of studies were
overlapping [21, 51, 55, 64] and were included only for secondary
outcomes). Twenty-one of the 45 studies [16-18, 24, 30-33, 39, 42,
48, 52-55, 59, 60, 63, 68, 69] including 4435 patients, reported an
association between pre-LT sarcopenia and increased mortality
post-LT, 23 studies [19, 23, 27-29, 34, 37, 40, 41, 43, 46, 47, 49-
51, 56-58, 62, 65-67, 70] including 3366 patients, did not find an
association, while one study [25] with 338 patients found an
association between sarcopenia and increased mortality in male
but not in female patients. Table 2 summarizes the outcomes after
LT that each study evaluated, based on pre-LT sarcopenia.

The association of pre-LT sarcopenia and liver graft failure was
evaluated in 18 of the 53 studies (17 unique as two studies [51, 71]
overlapped): 16 studies [23, 27-29, 37, 42, 51-58, 62, 65] including
3245 patients did not find any association, while 1 study [70]
with 100 patients found an association between sarcopenia and
reduced incidence of graft rejection.

Whether sarcopenia was associated with ICU and LOS after LT,
was evaluated by 23 and 27 studies, respectively. Eleven studies
[18, 19, 25, 28, 31, 45, 53, 54, 62, 66, 69] including 2190 patients,
and 9 studies [16-18, 25, 29, 48, 58, 67, 69] including 2415 patients
found an association of pre-LT sarcopenia with increased ICU
and hospital LOS after LT, respectively, while 11 studies [17, 29,
31, 35, 36, 42, 51, 52, 57, 65, 68] including 1782 patients and 16
studies [19, 27, 28, 31, 35, 36, 46, 51, 52, 54, 56, 57, 62, 65, 68,
70] including 2412 patients did not find any association with
ICU and hospital LOS, respectively. One study [41] including
257 patients found an association between increased ICU and
hospital LOS only for sarcopenic women, while one study [55]
with 366 patients, concluded that hospital LOS was associated
with pre-LT sarcopenia only when functional parameters were
included in sarcopenia definition.

Twenty-four studies [17-19, 24, 28, 29, 32, 35, 37, 38, 44, 52, 54-56,
58, 61, 62, 64, 65, 67, 69, 70] (23 unique studies as 2 studies [55,
64] overlapped) evaluated infections after LT regarding pre-LT
sarcopenia status. An increased incidence of post-LT infections
in pre-LT sarcopenic patients was found in 14 studies including
3323 patients (with 4 studies examining overall infections [24,
29, 35, 54), 8 bacterial infections [38, 44, 55, 58, 61, 62, 69,
70], 1 study bacterial, viral and fungal [18], and 1 study all
type of infections examining overall, bacterial, viral, and fungal
[32]]. One study [67] including 248 patients found an increased
incidence of bacterial infections after LT in pre-LT sarcopenic
patients but no difference in overall, viral, or fungal infections.

Seven studies including 1155 patients did not find any difference
in sarcopenic patients concerning post-LT infections (6 studies
examining overall [17, 19, 28, 37, 52, 65] and 1 study bacterial
infections [56]).

Blood product transfusion perioperatively and/or during the first
postoperative period was examined in five studies. Increased
transfusions in sarcopenic patients were observed for RBC in 3
studies including 796 patients [52, 53, 62], and FFP in 2 studies
including 681 patients [52, 53]. One study including 225 patients
did not find any difference for either RBC or FFP transfusions
[51], while another study with 257 LT recipients, found increased
transfusions of blood products (in general) in sarcopenic men
but not in women [41]. The only study examining platelet
transfusions in 368 LT recipients did not find any difference
between sarcopenic and non-sarcopenic patients [53].

Finally, 13 studies evaluated the difference in complication rates
after LT according to the presence of pre-LT sarcopenia. The
Clavien-Dindo classification score of surgery-related complica-
tions was used in all but two studies [33, 65] which did not use
any scoring index. Five studies including 1030 patients [24, 33,
54, 59, 62] reported increased incidence of postoperative surgical
complications in pre-LT sarcopenic patients, while one study
[45] with 271 patients confirmed this finding only for pre-LT
sarcopenic women. Finally, seven studies including 1282 patients
[31,49, 51, 52, 55, 57, 65] did not find any effect of pre-LT sarcopenia
on postoperative surgical complications.

3.3 | Meta-Analysis

Thirty studies including 5875 patients were included in the meta-
analysis (Table 1), Twenty-two were published as full-text [17, 21,
46, 48-55, 57-62, 64-67, 70] and eight as conference abstracts [16,
18, 19, 47, 56, 63, 68, 69]. Ten studies were conducted in Europe
[17,18, 21, 49, 51, 53, 54, 63, 65, 66], 6 in North America [46, 48, 50,
58, 67, 68],12 in Asia [16, 19, 47, 52, 55, 59-62, 64, 69, 70], 1in Africa
[57], and 1 in Australia [56]. The sample size ranged from 43 to
428 and the mean age from 46 to 58 years. The methods used for
sarcopenia evaluation were ALMI in 1 study [56], muscle volume
of the abdomen in 1 study [63], PMA in 7 studies [46, 47, 54, 64, 65,
68, 69], PMI in 4 studies [16, 17, 49, 59], psoas muscle thickness in 1
study [52], paraspinal muscle index in 1 study [53], skeletal muscle
area in 1 study [55], and SMI in 14 studies [18, 19, 21, 48, 50, 51,
57, 58, 60-62, 66, 67, 70] with sarcopenia prevalence ranging from
14.7% to 88.3%. All included cohorts were of good/high quality
with an NOS rate >6 as illustrated in Table S5. Additionally,
in the analysis of our primary endpoint, overall mortality, we
did not detect a publication bias via Egger’s test (p = 0.224),
also reflected in the symmetric appearance of the Funnel Plot
(Figure S3).

3.4 | Association Between Pre-LT Sarcopenia and
Mortality After LT

Based on the available data from 25 studies [16-19, 21, 46-48, 50, 52-
54,56, 57, 59, 60, 62-70] including 4767 patients, pre-LT sarcopenia
was associated with increased mortality post-LT by 1.84 times
(RR = 1.84, 95% CI:1.41,2.39) irrespectively of publication type
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TABLE 3 | Results of the meta-analysis examining the association between sarcopenia and mortality after LT; subgroup analyses.

n* RR (95% CI) Heterogeneity (I, p)
Mortality 25 1.84 (1.41-2.39) 67.3%, <0.001
Subgroups by method of measurement
ALMI 1 0.80 (0.23-2.81) NC
Muscle volume of the abdomen 1 7 (2.28-21.45) NC
PMA 7 1.98 (1.31-3.00) 39.4%, 0.13
PMI 3 5.27 (0.86-32.19) 85.8%, 0.001
PMTH 1 5.98 (2.23-16.04) NC
PSMI 1 1.28 (0.96-1.73) NC
SMI 11 1.41 (1.02-1.95) 57.6%, <0.05
Subgroups by geographical region
Africa 1 2.64 (0.99-7.02) NC
Asia 8 2.04 (1.21-3.45) 54.5%, 0.03
Australia 1 0.80 (0.23-2.81) NC
Europe/North America 10 1.80 (1.29-2.50) 74.2%, <0.001
Subgroups by adjusted analysis
Univariate 22 1.88 (1.40-2.53) 69.4%, <0.001
Multivariate 3 1.69 (0.96-.97) 55.7%, 0.11
Subgroups by type of publications
Article 17 1.49 (1.18-1.87) 51.8%, <0.05
Abstract 8 3.26 (1.68-6.34) 65%, <0.05

Note: Bold cells denote statistically significant associations.

Abbreviations: ALMI, appendicular lean mass index; LT, liver transplantation; NC, noncalculable; PMA, psoas muscle area; PMI, psoas muscle index; PMTH,
psoas muscle thickness per height; PSMI, paraspinal muscle index; RR, relative risk; SMI, skeletal muscle index.

aNumber of studies.

(i.e. full-text articles [17 studies, RR = 1.49, 95% CI:1.18,1.87]
or abstracts [8 studies, RR = 3.26, 95% CI:1.68,6.34]), although
there was substantial heterogeneity between the studies (I?:67.3%,
D <0.001). Results of the meta-analyses examining the association
between pre-LT sarcopenia and mortality after LT as well as
subgroup analyses can be found in Table 3 and the forest plots
in Figures 1, 2, S4, and S5. Based on the available data, when
subgroup analysis was performed per evaluation method, pre-LT
sarcopenia remained a significant risk factor of mortality post-LT,
in studies where the diagnosis of sarcopenia was based on PMA
(7 studies, RR = 1.98, 95% CI:1.31,3.00) and SMI (11 studies, RR
= 1.41, 95% CI:1.02,1.95), but not on PMI (3 studies, RR = 5.27,
95% CI1:0.86,32.19) (Figure 1). Sarcopenia remained a predictor
of post-LT mortality in studies from Asia (8 studies, RR = 2.04,
95% CI:1.21,3.45) and Europe/North America (15 studies, RR =
1.80, 95% CI: 1.29,2.50) (there was only one study from Africa and
Australia) (Figure 2).

3.5 | Association Between Pre-LT Sarcopenia and
Other Outcomes Post-LT
3.6 | Liver Graft Function

Four studies [21, 53, 55, 65] including 1002 patients, evaluated graft
survival, and 8 studies [19, 51, 52, 54, 57, 58, 62, 70] with a total

of 1392 patients, examined graft rejections. No association was
found between pre-LT sarcopenia and graft survival (RR = 0.95,
95% CI:0.86,1.05) or rejection rates (RR = 0.83, 95% CI:0.55,1.26)
(Table S6).

3.7 | Infections

Studies were pooled for overall infections (6 studies [17-19, 52,
65, 67], 1295 patients), bacterial (9 studies [18, 56, 58, 61, 62,
64, 67, 69, 70], 1842 patients), and viral and fungal infections
(2 studies [18, 67], 647 patients) (Table 4). Pre-LT sarcopenic
patients had a significantly higher risk for overall infections (RR
=1.35, 95% CI:1.13,1.62), and bacterial infections (RR = 1.97, 95%
CI:1.55,2.50) after LT. These findings were confirmed in all sub-
analyses except for overall infections in studies from Asia (2
studies, RR = 1.17, 95% CI:0.87,1.57). Finally, pre-LT sarcopenic
patients had a significantly higher risk for fungal infections post-
LT (RR =4.99, 95% CI:1.60,15.5) and a tendency for increased risk
for viral infections (RR = 1.91, 95% CI:0.41,8.91).

3.8 | Transfusions

Based on the available data, pre-LT sarcopenia was associated
with a greater need for FFP transfusions (2 studies [51, 53], SMD
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ALMI :
Hey (2019) mortality - T 0.80 (0.23,2.81) 273
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1
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Marrone (2019) mortality | —— 7.00 (2.28,21.45) 3.13
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. 1
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Ascar (2018) mortality > 0.97 (0.24,3.93) 237
Golse (2016) mortality - 227(1.53,337) 6.21
Masuda (2014) mortality —— 2.06(1.01,4.20) 473
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1
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Melissa (2020) mortality + T 0.74 (0.04, 14.07) 0.72
Miarka (2021) mortality —_—— 0.82 (0.26,2.57) 3.06
Montano-Loza (2014) mortality ——t 123 (0.77,197) 5.87
Wakabayashi (2018) mortality —_— ! 0.64 (0.30,1.40) 444
Subtotal (l-squared = 57.6%, p = 0.009) <';+ 141 (1.02,195) 48.20
. 1
Overall (l-squared = 67.3%, p = 0.000) > 1.84 (1.41,2.39) 100.00
NOTE: Weights are from randlom effects analysis : l
1

.0158

63.2

FIGURE 1 | Mortality, by method. Results of the meta-analyses examining the association between pre-LT sarcopenia and mortality after LT as well

as subgroup analyses per evaluation method. ALMI indicates appendicular lean mass index; HR, hazard ratio; PMA, psoas muscle area; PMI, psoas

muscle index; PMTH, psoas muscle thickness; PSMI, paraspinal muscle index; RR, relative risk; SMI, skeletal muscle index.

=0.20, 95% CI:0.04,0.37). No difference was observed in the need
for RBC transfusions (4 studies [51-53, 62], SMD = 0.26, 95% CI:-
0.16,0.98), except in studies where SMI was used (3 studies, SMD
= 0.31, 95% CI:0.10,0.53) (Table S7).

39 | LOS

Sarcopenic patients showed a significantly increased LOS in
the ICU after LT (13 studies [17-19, 51-54, 57, 62, 65, 67, 68,

70], SMD = 0.41, 95% CI:0.17,0.66). These findings were con-
firmed in studies from European/North American countries
(8 studies, SMD = 0.36, 95% CI:0.20,0.53) but not in those
conducted in Asia (4 studies, SMD = 0.53, 95% CI: —0.29,1.36)
(Table 5).

Finally, no significant impact of pre-LT sarcopenia on hospital
LOS after LT was found overall (14 studies [16-19, 46, 51, 52, 54,
55,57, 62, 65, 67, 68], SMD = 0.15, 95% CI1:—0.04,0.33), as well as in
sub-analyses.
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1
Overall (I-squared = 67.3%, p = 0.000) <> 1.84(1.41,239) 100.00
NOTE: Weights are from random effects analysis :

I |
.0158 1 63.2
FIGURE 2 | Mortality, by continent. Results of the meta-analyses examining the association between pre-LT sarcopenia and mortality after LT as

well as subgroup analyses per continent. HR indicates hazard ratio; RR, relative risk.

3.10 | Surgical Complications

Sarcopenia before LT was associated with a higher risk for post-
LT surgical complications, as defined by the Clavien-Dindo score
(7 studies [49, 51, 52, 54, 55, 59, 62], RR = 1.54, 95% CI:1.26,1.90)
irrespective of effect estimate calculation. This finding was
confirmed in studies where the evaluation of sarcopenia was
based on PMI (2 studies, RR = 1.91, 95% CI:1.43,2.55), as well as
in Asian studies (4 studies, RR =1.71, 95% CI:1.42,2.05) (Table S8).

3.11 | Meta-Regression Analysis

Meta-regression analysis was only possible for overall mortality,
ICU, and hospital LOS due to the small number of pooled studies

available for the rest of the variables. Ten studies represent a
minimum requirement for satisfactory power according to the
Cochrane Handbook 32. Table S9 presents the results of meta-
regression analyses. None of the sets of meta-regression analyses
yielded a significant association.

4 | Discussion

The present systematic review/meta-analysis is the first study
addressing several methods of sarcopenia measurement and
assessing their association with post-LT mortality and other
clinical outcomes through a separate meta-analysis for each one.

More specifically, in our meta-analysis, we found that pre-LT
sarcopenia is associated with a nearly 2-fold increased risk of
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TABLE 4 | Results of the meta-analyses examining the association between sarcopenia and infections after LT; subgroup analyses.

n* RR (95% CI) Heterogeneity (I, p)
Overall infections 6 1.35 (1.13,1.62) 0%, 0.53
Subgroups by method of measurement
PMI 1 1.17 (0.78, 1.76) NC
PMTH 1 1.18 (0.87, 1.61) NC
SMI 3 1.58 (1.19, 2.12) 0%, 0.45
PMA 1 1.63 (0.80, 3.31) NC
Subgroups by geographical region
Asia 1.17 (0.87,1.57) 0%, 0.82
Europe/North America 4 1.48 (1.17,1.86) 0%, 0.46
Subgroups by adjusted analysis
Univariate 6 1.35 (1.13,1.62) 0%, 0.53
Subgroups by type of publications
Article 1.63 (1.00, 2.65) 21.8%, 0.26
Abstract 1.26 (1.03, 1.62) 0%, 0.77
Bacterial infections 1.97 (1.55, 2.50) 47.5%, 0.06
Subgroups by method of measurement
PMA 4.10 (2.57, 6.55) 0%, 0.82
SMI 6 1.63 (1.38,1.91) 0%, 0.92
Subgroups by geographical region
Asia 2.03 (1.44, 2.87) 52.5%, 0.08
Europe/North America 4 1.96 (1.30, 2.94) 55.2%, 0.08
Subgroups by adjusted analysis
Univariate 6 1.98 (1.48, 2.66) 54.7%, 0.05
Multivariate 2.19 (1.15, 4.15) 52.2%, 0.12
Subgroups by type of publications
Article 7 1.89 (1.44,2.48) 47.7%, 0.08
Abstract 2 2.36 (1.22, 4.60) 62.4%, 0.10
Viral infections 2 1.91 (0.41, 8.91) 65.3%, 0.09
Subgroups by method of measurement
SMI 2 1.91 (0.41, 8.91) 65.3%, 0.09
Subgroups by geographical region
Europe/North America 2 1.91 (0.41, 8.91) 65.3%, 0.09
Subgroups by adjusted analysis
Univariate 2 1.91 (0.41, 8.91) 65.3%, 0.09
Subgroups by type of publications
Article 1 0.82(0.20, 3.35) NC
Abstract 1 3.99 (1.25, 12.69) NC
Fungal infections 2 4.99 (1.60, 15.5) 0%, 0.56
Subgroups by method of measurement
SMI 2 4.99 (1.60,15.5) 0%, 0.56
Subgroups by geographical region
Europe/North America 2 4.99 (1.60, 15.5) 0%, 0.56

(Continues)
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TABLE 4 | (Continued)
n* RR (95% CI) Heterogeneity (I, p)
Subgroups by adjusted analysis
Univariate 2 4.99 (1.60, 15.5) 0%, 0.56
Subgroups by type of publications
Article 1 2.68 (0.25, 29.09) NC
Abstract 1 5.98 (1.65, 21.69) NC

Note: Bold cells denote statistically significant associations.

Abbreviations: ALMI, appendicular lean mass index; LT, liver transplantation; NC, noncalculable; PMA, psoas muscle area; PMI, psoas muscle index; PMTH,

psoas muscle thickness per height; PSMI, paraspinal muscle index; RR, relative risk; SMI, skeletal muscle index.

aNumber of studies.

post-LT mortality and this was confirmed with the two most
commonly used methods for sarcopenia evaluation, namely PMA
and SMI. In addition, pooled studies utilizing PMI demonstrated
a tendency toward increased post-LT mortality, which could be
attributed to the small number of the included studies and the
significant heterogeneity among them (I* = 85.8%). In addition,
pre-LT sarcopenia was significantly associated with post-LT
mortality, irrespective of the region, and increased 1.8 times in
studies from Europe/North America and over two times in studies
from Asia.

To date, there has been only one relevant systematic review/meta-
analysis published in 2016 regarding the impact of pre-LT
sarcopenia on LT outcomes [11]. This study, including 19 partly
overlapping cohorts with 3803 patients, evaluated only studies
with assessment of sarcopenia based on CT, meta-analysis was
performed only on mortality, while other LT outcomes (such as
infections, graft rejection, and overall complications) were dis-
cussed as part of a systematic review. Nevertheless, it was found
[11] that pre-LT muscle mass was independently associated with
post-LT mortality (HR = 1.84, 95% CI:1.11,3.05). In the literature,
there are two additional relevant articles, both correlating pre-LT
sarcopenia with worse LT outcomes [72, 73], but they evaluated
either only the effect of sarcopenic obesity on post-LT mortality
[72] or the impact of pre-LT sarcopenia on post-LT outcomes only
as a systematic review without meta-analysis [73]

Considering the current allocation system in LT, our findings
are of significant clinical importance, highlighting sarcopenia
as an independent prognostic factor through a series of sub-
group and meta-regression analyses. MELD, the urgency-based
allocation system score used globally to triage patients based on
waitlist mortality, has not been proven to be a robust predictor of
post-LT survival [74]. However, variables with a clear correlation
to post-LT outcomes may make the selection process more
efficient and beneficial to patients and healthcare systems. Up
until today, there were no predictors for outcomes after LT
[75]. Our results are coming to fill this scientific and practical
gap, highlighting sarcopenia as the first validated predictor of
post-LT outcomes, possibly placing it at the center of future
triaging processes. Sarcopenia has been thoroughly studied and
validated as an independent predictor of increased mortality in
patients with cirrhosis [76]. On that basis, sarcopenia indices have
been combined with the MELD score to improve the prediction
of mortality in LT candidates [77]. Since pre-LT sarcopenia,
increases the risk of death and complications, both before and

after LT, it raises a reasonable question: should it weight triaging
toward prioritizing or excluding patients on the waitlist? Only
future research can offer an answer by seeking the optimal
cutoff value, where patients will have the greatest survival benefit
and the least complications, both before and after LT. In this
context sarcopenia could be proven to be the missing link in
creating a universal score, weighting both waitlist and post-LT
outcomes.

Moreover, our results highlight the significance of pre-LT sar-
copenia on secondary clinical post-LT outcomes. Sarcopenic
patients with cirrhosis demonstrated increased overall, bacterial,
and fungal, as well as a tendency of increased viral infections
after LT. Although the literature has not established causality
between sarcopenia and infections, our results can be explained
through the emerging role of skeletal muscle as a potent reg-
ulator of the immune system function [78]. Muscle immune
signaling pathways function through soluble myokines with
autocrine, paracrine, and endocrine activity on numerous tissues,
expression of immune modulatory cell-surface molecules, and
muscle-immune cell interactions, which regulate muscle regen-
eration through inflammatory processes [78]. Consequently, the
reduction of muscle mass could lead to impaired immunological
processes (NK cells and T-cells regulation, neutrophil migration
and phagocytosis, T- and B- lymphocytes development), the
establishment of a malfunctioning pro-inflammatory environ-
ment, and be the main driver of immune senescence in sarcopenic
patients [78] leading to an impaired ability toward infections.
Interestingly, previous studies have demonstrated a glutamine
deficiency in sarcopenic patients and have proposed a concept of
higher susceptibility to infections in sarcopenic recipients due to
increased intestinal wall permeability [79].

Based on our findings, patients with cirrhosis and sarcopenia
experienced a greater number of days in the ICU but no signif-
icant difference in the overall hospital LOS after the operation
for LT. The need for prolonged mechanical ventilation post-LT
in patients with pre-LT sarcopenia in previous studies [17] could
explain our results. Additionally, we could not establish an effect
of pre-LT sarcopenia on liver graft survival and rejection rates.
Interestingly, although no difference was observed in the need
for RBC transfusions, sarcopenic patients had a small but sig-
nificantly increased need for FFP transfusions during operation
for LT. In vitro studies have demonstrated the importance of
myosin, a skeletal muscle protein, in hemostasis [80]. This could
justify the increased need for pro-thrombotic factors during LT in
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TABLE 5 | Results of the meta-analyses examining the association between sarcopenia and LOS in the ICU and the Hospital, after LT; subgroup

analyses.
n* SMD (95% CI) Heterogeneity (I, p)

ICU stay 13 0.41 (0.17, 0.66) 86.1%, <0.001
Subgroups by method of measurement
PMA 3 0.56 (0.17, 0.95) 58.4%, 0.09
PMI 1 0.38 (0.07, 0.68) NC
PMTH 1 1.27 (0.98, 1.56) NC
PSMI 1 0.47 (0.26, 0.67) NC
SMI 7 0.22 (—0.11, 0.54) 83.6%, <0.001
Subgroups by geographical region
Africa 1 0.00 (—0.40, 0.40) NC
Asia 0.53 (—0.29, 1.36) 93.6%, <0.001
Europe/North America 0.36 (0.20, 0.53) 58.6%, <0.05
Subgroups by adjusted analysis
Univariate 13 0.41 (0.17, 0.66) 86.1%, <0.001
Subgroups by type of publications
Article 10 0.52 (0.24, 0.80) 87.3%, <0.001
Abstract 3 0.07 (—0.15, 0.30) 6.2%, 0.35
Hospital stay 14 0.15(-0.04, 0.33) 77.1%, <0.001
Subgroups by method of measurement
PMA 4 —0.05(—0.24, 0.13) 0%, 0.64
PMI 2 0.56 (—0.03, 1.15) 86.4%, <0.05
PMTH 1 —0.18 (—0.44, 0.08) NC
SMA 1 0.17 (—0.07, 0.40) NC
SMI 6 0.17 (—0.13, 1.47) 78.2%, <0.001
Subgroups by geographical region
Africa 1 0.74 (0.33,1.15) NC
Asia —0.17(-0.47, 0.14) 67.7%, 0.03
Europe/North America 0.23 (0.03, 0.42) 71.2%, <0.05
Subgroups by adjusted analysis
Univariate 14 0.15(—0.04, 0.33) 77.1%, 0.00
Subgroups by type of publications
Article 10 0.11 (—0.08, 0.30) 72.7%, 0.00
Abstract 4 0.23 (—0.24, 0.70) 83.4%, 0.00

Note: Bold cells denote statistically significant associations.

Abbreviations: ALMI, appendicular lean mass index; LOS, length of stay; LT, liver transplantation; NC, noncalculable; PMA, psoas muscle area; PMI, psoas muscle
index; PMTH, psoas muscle thickness per height; PSMI, paraspinal muscle index; RR, relative risk; SMD, standardized mean difference; SMI, skeletal muscle index.

aNumber of studies

sarcopenic patients. Finally, Clavien-Dindo, a score developed to
reflect short-term postoperative complications, was significantly
increased in sarcopenic patients, reflecting the higher overall risk
for complications perioperatively of sarcopenic patients.

Our analysis has some limitations. Increased heterogeneity
between the studies could be attributed to differences such as
geographical region, population size, definition, method, and cut-
off used for sarcopenia. In an attempt to trace its origins, we

conducted a series of subgroup and meta-regression analyses.
Additionally, although modern sarcopenia definitions encompass
functional factors, in hepatology, most studies have operational-
ized sarcopenia as a loss of muscle mass [81]. The main reason
is that functional measurements remain widely undefined and
thus difficult to group. Consequently, they were excluded from
our analysis in an effort to perform a comprehensive systematic
review and meta-analysis. Accordingly, myosteatosis, a promising
index of muscle quality, correlated with clinically significant
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events in cirrhosis [82], was not evaluated in our analysis
regarding post-LT outcomes.

Sarcopenia, although an independent disorder, is also a compo-
nent of the broader entity of patient fitness [83]. Physical fitness
is a theoretical construct hard to evaluate but includes a set of
attributes, either health-related (cardiorespiratory and muscular
endurance, muscular strength, body composition, flexibility) or
skill-related (agility, balance, coordination, speed, power, reaction
time) that can be operationalized and measured [84]. The five
health-related components are considered to play a significantly
larger role in public health than the skill-related. Thus, clinical
practice and research have focused on them. Nevertheless, in
patients with cirrhosis, physical fitness has been addressed
mainly through sarcopenia, frailty, and malnutrition [83, 84],
which, although independent, are interconnected and often
recognized simultaneously in clinical practice [85]. Malnutrition
is the state that results from a pathological intake or uptake
of nutrients followed by altered body composition, leading to
diminished physical and mental function, and impaired clinical
outcomes [86]. In the general population, easy-to-use food diaries
and body composition assessments with anthropometric and
laboratory indices are used to evaluate nutrition status, such
as weight, BMI, body circumferences, skin folds, and serum
albumin. However, in patients with cirrhosis, these measure-
ments offer low accuracy and precision [87, 88]. Nevertheless,
nutrition should be evaluated in all patients with cirrhosis
[89] and two easy-to-use liver disease-specific tools for initial
screening, are the Royal Free Hospital-nutritional prioritizing
tool and the liver disease undernutrition screening tool [89]. In
patients with cirrhosis at high risk for malnutrition, detailed
nutritional assessment should be performed, as well as muscle
mass and strength evaluation [89], while adverse physical effects
of malnutrition are most commonly manifested phenotypically as
frailty or sarcopenia [85].

Current liver research, to evaluate patient status and muscle
health has indeed focused on sarcopenia, as well as on frailty
[90], both powerful predictors of clinical outcomes [91]. Frailty,
although not evaluated in our analysis, is contemporarily studied
with sarcopenia in the literature since the question of whether
one of the two or a combination of both offers a better predic-
tive value in the LT setting. The European and the American
associations of liver diseases have operationalized the definitions
of frailty and sarcopenia in the context of hepatology [85, 86].
Frailty, as a global construct with its roots in geriatrics, was
defined as the clinical state of decreased physiologic reserve
and increased vulnerability to health stressors. In the context of
cirrhosis, it has been replaced by “physical frailty,” the clinical
manifestations of impaired muscle contractile function [85]. Tools
commonly used to asses frailty are the Fried Frailty Index and
the Clinical Frail Scale which have been studied in cirrhotic
patients, but the Liver Frailty Index is the only one developed
specifically for patients with cirrhosis [92]. Other metrics used
are the Karnofsky Performance Status scale, the Activities of
Daily Living scale, the Short Physical Performance Battery test,
the 6-minute walk test (6MWT), and short gait speed or grip
strength [81]. Most of these tools are performance-based metrics.
They necessitate active patient participation, limiting their use
in severely ill LT candidates, or early after LT [81]. The loss
of muscle mass is operationally represented in hepatology by

sarcopenia. Primarily measured through cross-sectional imaging
indexes (CT, MRI), it can serve as a more objective parameter [85].
Other metrics used for sarcopenia, have questionable reliability.
DXA and bioelectrical impedance analysis are influenced by fluid
retention, and anthropometrics lack precision and accuracy [85].
Thus, cross-sectional measures of sarcopenia, although costly and
not readily available in everyday practice, are the most reliable
and objective tools for muscle mass, while many frailty tools are
quick, simple, and easily repeatable in the ambulatory setting.
Therefore, the choice of measuring sarcopenia, frailty, or both
should be individualized in each clinical scenario [85].

Despite the limitations, this meta-analysis has important
strengths. Our updated search was performed in six online
databases that cover almost entirely the biomedical literature,
and it was not subject to any restriction. A broad search
algorithm combined with a rigorous data collection process
was implemented. The aforementioned was empowered by
the inclusion of all eligible conference abstracts, eliminating
significant publication bias, and at the same time maintaining
data of high quality, with all studies included being of good/high
quality. A satisfactory number of studies were included from
Europe/North America, and Asia, providing our findings
with external generalizability. Additionally, our meta-regression
analysis demonstrated that confounding factors did not influence
our results, while our sub analyses explored potential pathways
of sarcopenia’s effect on LT, which were lacking in previous
relevant studies [11].

5 | Conclusion

In conclusion, our systematic review/meta-analysis including the
largest number of patients and different methods for sarcopenia
evaluation highlights the impact of pre-LT sarcopenia on peri-
and post-LT outcomes. Sarcopenia should contribute to pre-LT
risk assessment and gain a significant role as a unique modifiable
factor in advanced liver diseases. Additional prospective studies
are needed to clarify better the exact impact of sarcopenia and its
changes in LT candidates on post-LT outcomes.
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