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ABSTRACT

Purpose: Exercise capacity is a well known prognostic indicator in many clinical conditions. This study
evaluates the clinical and exercise variables most determinant for estimating exercise capacity in liver
transplant candidates.

Methods: This prospective cross-sectional study consisted of thirty patients who were scheduled for liver
transplantation. Respiratory and peripheral muscle strengths were measured using a mouth pressure
device and a hand-held dynamometer, respectively. Physical activity, fatigue, exercise capacity, physical
performance, and quality of life of participants were assessed using the International Physical Activity
Questionnaire, the Turkish version of the Checklist Individual Strength Questionnaire, the Six-minute
Walk Test (6MWT), the 30-sec Sit-to-Stand Test, and the Liver Disease Symptom Index 2.0, respectively.
Multivariate analysis was conducted to determine clinical factors predictive of exercise impairment.

Results: The participants achieved 62.9% of the predicted six-minute walk distance (6MWD). 6 MWD
was strongly correlated with age (r=-0.678, p<0.001), dyspnea before the 6MWT (r=—0.668, p<0.001),
and chair stands (r=0.745, p<0.001). A moderate correlation was observed between 6MWD and maximal
inspiratory pressure (r=0.532, p=0.002), maximal expiratory pressure (r=0.522, p=0.003), and shoulder
flexion (r=0.479, p=0.007). Age and maximal expiratory pressure were identified as independent
determinants of exercise capacity, accounting for 57.4% of the variance.

Conclusion: Assessing respiratory parameters may have a fundamental role in improving post-
transplant outcomes in especially older liver transplant candidates.
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INTRODUCTION

Chronic liver failure, one of the top 20 critical causes
of disability-adjusted life years, is a diffuse
parenchymal liver disease process characterized by
fibrosis and abnormal nodules, representing the final
histological change for end-stage liver diseases
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(ESLD) (1). The disorders caused by liver failure lead
to metabolic alterations and systemic manifestations,
including a gradual loss of muscle mass and strength,
reduced physical activity level and, consequently,
impaired functional status. Regarding respiratory
impairment related to chronic hepatopathy, chronic
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ascites has a pressure effect changing the curvature
and the length-tension relation of the diaphragm, thus
increasing the respiratory muscles' workload, leading
breathing difficulties (2, 3). All these consequences of
the disease negatively influence the daily living
activities (ADL) and health-related quality of life
(HRQoL) of the liver failure patient population and
increase the wait-list mortality both pre and post-
operatively, independent of the etiology (4, 5). Also,
additional complications may occur due to the long
waiting period, resulting in worsened functionality.
The present study aims 1) to determine whether there
is an association between liver disease severity,
physical activity level, respiratory and skeletal muscle
strength, fatigue perception, exercise capacity, and
HRQoL 2) to predict the determinants of exercise
capacity in patients awaiting liver transplantation (LT).

METHODS

Study Design/Participants

The study was based on cross-sectional analysis.
Thirty ambulatory patients scheduled for LT with a
clinical diagnosis of ESLD in XXX Hospital between
September 2018 through May 2019 were included.
The study included patients who agreed to
participate, aged=18 years, listed for a first LT, and
can read, write, and understand Turkish. The
exclusion criteria were having severe comorbidities
(e.g., cardiovascular instability), primary lung
diseases (e.g., interstitial lung disease), advanced
musculoskeletal and psychological limitations,
inability to understand verbal commands, and being a
multiorgan transplant recipient and diagnosis of acute
liver failure. The DEU Non-Interventional Research
Ethics Committee (No: 2017/21-61) approved the
study protocol, which was conducted following the
principles outlined in the Declaration of Helsinki. After
being informed about the research, individuals signed
written informed consent regarding participating in the
study and publishing their data.

Sample Size

The sample size was calculated applying data from
van Ginneken et al.'s study, in which they evaluated
the relationship between physical performance and
fatigue and quality of life within a group of liver
transplant recipients (6). They reported the difference
between the 6-min walk distance of subjects and
norm values. A total sample size of 30 participants
(15 cases in each group) was calculated using “Epi
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Info Statcalc Version 6” with a 95% confidence
interval and 80% power.

Data collection

The participants underwent a pre-liver transplant
evaluation by the medical team, including physical
examination, laboratory tests, radiological imaging,
surgery-specific consultations, and were categorized
in The American Society of Anesthesiologists (ASA)
physical status classification. All physiotherapeutic
evaluations were applied by a staff physiotherapist
who has a cardiopulmonary speciality. Subjects’
sociodemographic characteristics were recorded in a
detailed survey.

The disease severity was assessed by the Model for
End-Stage Liver Disease (MELD) scoring system, to
predict three months of mortality and is considered a
valuable tool to predict the functional capacity and
respiratory muscle status in LT candidates (2). MELD
score objectively stratifies patients on a scale
between 6-40 points, with higher values indicating
severe disease, and it incorporates three laboratory
parameters [serum creatinine and total bilirubin, and
international normalized ratio (INR)].

Physical Activity (PA) level was assessed by the
Turkish version of the International Physical Activity
Questionnaire  Short Form (IPAQ-SF), and
permission to use the questionnaire was previously
obtained (7). It includes seven questions to determine
the frequency, intensity, and duration of self-reported
participation in PA. IPAQ-SF also questions the
length of sitting time (min/day). While scoring, first,
minutes per week spent in walking, moderate-
intensity activity, and vigorous-intensity activity are
calculated, then the results are multiplied by the
activity’s corresponding metabolic equivalent (MET)
to estimate the total score (MET-min/week). Subjects
are categorized as light (L: 3.3 METs), moderate (M:
4.0 METSs), and vigorous (V: 8.0 METS).

Muscle  Strength; (a) Respiratory = muscle
strength was evaluated by measuring mouth
pressures (Micro MPM; Micro Medical Ltd, England)
through maximal inspiratory pressure (MIP) during
maximal inspiration following a full expiration and
maximal expiratory pressure (MEP) during a maximal
expiration following a total inspiration. While testing,
subjects used a nose clip. They sealed their lips
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around the mouthpiece to prevent air leakage. The
participants were encouraged to repeat the test
maneuvers three times, and the highest measured
value was recorded as cmH20. All obtained values
were also expressed as a percentage of predicted
(pred) values using equations (8). (b) The peripheral
muscle strength (knee extension, shoulder flexion,
and abduction) was assessed using a hand-held
dynamometer (Power Track Commander Il, J-Tech
Medical Industries, Salt Lake City, USA). Subjects
performed three sustained maximal isometric
contractions under the previously defined testing
positions, with a 1-min rest period (9). The highest
measured value during the preserved maximum
tension for 5 s was recorded in kilograms (kg). The
predicted values were calculated individual’s
equations (9).

Fatigue was evaluated using the Checklist Individual
Strength-Turkish version (CIS-T) questionnaire (10)
after getting permission to use the material. The 20-
item self-report instrument evaluates fatigue
perception experienced in the preceding two weeks.
The questionnaire contains many aspects of fatigue,
as subjective fatigue (8-items), concentration (5-
items), motivation (4-items), PA (3-items) scored
using a seven-point

Likert-type scale (1[Yes] to 7[No]) in each subgroup.
A total score was calculated, where higher scores
indicated severe fatigue. The subjects were
distinguished using a cutoff score (a CIS total score
>76).

Exercise capacity was measured using the six-minute
walk test (6BMWT) according to guidelines (11). The
participants walked for as long as possible in an
enclosed 30 m-corridor after being instructed about
the procedure. The vitals, including heart rate and
oxygen saturation, were recorded before and after
testing. Patients were questioned every minute using
the Modified Borg Scale (MBS), previously used in
liver recipients, to assess the perceived difficulty in
breathing and perceived exertion during the test (12).
MBS starts at 0, where breathing is causing the
patient no difficulty and progresses through the score
of 10, where breathing difficulty is maximal. The
distance covered in 6-minutes was recorded as the
six-minute walk distance (6MWD) (13).

Physical performance was evaluated with 30-sec Sit-
to-Stand Test (STST). Subjects were asked to repeat
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the cycle of standing up fully and sitting back down
entirely at their own pace, starting seated in a 4547
cm height chair with arms across the chest (14). The
number of full stands done in 30 sec was recorded.
Two trials with a resting period of 5 min were
conducted; the best score was recorded.

Health-related Quality of Life was assessed using the
Turkish version of Liver Disease Symptom Index 2.0
(LDSI 2.0), a disease-specific questionnaire for
chronic liver failure, and permission to use the
questionnaire was obtained (15). The LDSI 2.0 is an
assessment tool that evaluates the symptom severity
and its effects on ADL. In the content of 24 items,
Appendix | offers 18. The nine are about itchiness,
regional abdominal pain, joint discomfort, insomnia,
family concern, poor appetite, depressive symptoms,
fear of developing complications, and jaundice; and
the other nine measure the impact of all those
symptoms on their daily life. The influence of itchiness
on both ADL and sleepiness is also measured.
Appendix 2 contains difficulies in memory,
personality changes, financial status, time use,
decreased libido, and sexual life. Here, patients’
previous week are questioned, and they are all
answered as “none” to “always” rated between 0-4.
Higher scores reveal a worsened HRQoL.

Statistical Analysis

The data set analysis was conducted using SPSS
Statistics V22.0 Software (IBM Corp, New York,
USA). Descriptive statistics available for categorical
variables are frequencies/percentages. Continuous
variables were generated with a mean and a standard
deviation based on normal distribution; when the
shape of the distribution is not a normal distribution,
the data were presented as a median and
interquartile range. Visual (histograms/probability
plots) and analytical methods
(KolmogorovSimirnov/Shapiro-Wilk’s test) were used
to determine whether or not the variables are
normally distributed. The correlation coefficients and
their significance were determined using the
Pearson/Spearman test where appropriate. Variables
significantly associated with 6MWD in the univariate
analysis were included in multiple stepwise backward
regression modeling as potential factors predicting
exercise capacity. The model fit was assessed using
appropriate residual and goodness-of-fit statistics.
The correlation coefficient ranges were determined
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Table 1: Demographic and Clinical Characteristics of Liver Transplant Candidates.

Patients, n=30 MeantSD
Age (years) 53.20+12.40
BMI (kg/m?) 26.80+4.43
MELD Score 17.70+6.04
n Percent (%)
Gender
Female 10 33.3
Smoking Habit
Present Smoker 10 33.3
Non-smoker 16 53.3
Ex-smoker 4 13.3
Alcohol Use
Yes 8 26.7
No 19 63.3
Ex-user 3 10
Exercise Habit
Yes 11 36.7
Operational History
Yes 14 46.7
Etiology
HCV 1 3.3
HBV 4 13.3
Alpha-1 antitrypsin deficiency 1 33
Hepatosteatosis 1 3.3
HCC 2 6.7
HCC+HBV 3 10
Cryptogenic 9 30
Ethanol 7 23.3
Autoimmune Hepatitis 2 6.7
ASA Class
1] 18 40
\Y 12 60
Time Since the Diagnosis of CLF
One Year and Above 22 73.3
Ascites
Yes 16 53.3
Other Complications
Confusion+Encephalopathy 2 6.7
Esophageal Variceal Bleeding 5 16.7
Icterus 4 133
Itchy skin 1 33
Fatigue 17 56.7
Nausea 1 3.33

SD: standard deviation, BMI: Body Mass Index, HT: Hypertension, DM: Diabetes mellitus. MELD: Model for End-Stage Liver Disease, HCV:
Hepatitis C virus, HBV: Hepatitis B virus, HCC: Hepatocellular carcinoma, ASA: The American Society of Anesthesiologists, CLF: Chronic Liver
Failure.
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102 patients scheduled for livert 1 ion

between September 2018 through May 2019

> Pediatric cases n=15

Patients operated on an emergency basis

Acute liver failure n=7 (3 cadavers of 7)

Refusal n=22

—
Having language problems n=10

Volunteers n=48

Could not complete the
—>
whole assessments n=4

Having comorbidities n=10

Being a retransplant candidate n=4

A

30 volunteers participated in the study

Figure 1. Flowchart of study participants included in the present
analysis.

as very weak to very strong (16). A probability of type-
| error was set to 5% (p<0.05).

RESULTS

Data on 30 liver transplant candidates were analyzed.
The flowchart of the participants is given in Figure 1.
Participants (53.20+12.40 years; range: 21-71) were
tested at an average of 2.1+3.2 days pre-operatively.
The mean body mass index (BMI) value in our
population indicated a mild overweight. The
demographic and clinical characteristics of the study
sample are given in Table 1. According to the MELD
scoring system, 11 patients (36.7%) had a score
<15. The most common etiological causes of liver
failure among subjects were cirrhosis due to
cryptogenic (30%), ethanol (23.3%), viral hepatitis,
and hepatocellular carcinoma (HCC), or both (n=10;
33.3%).

Clinical evaluations are shown in Table 2. Measured
respiratory and peripheral muscle strength were
lower compared with the normative reference values.
When assessed by IPAQ categorical classification,
63.3% of patients were inactive. The fatigue
perception was seen with the higher rates (70%),
exceeding the cutoff score. The mean achieved
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6MWD was below the percentage of the predicted
normal values.

Table 3 presents the correlations between 6MWD
and clinical variables. 6MWD was negatively and
strongly correlated with age (r=-0.678, p<0.001) and
dyspnea rated at the beginning of the test (r=—0.668,
p<0.001) and had a strong positive correlation with
STST score (r=0.745, p<0.001) (Table 3). A moderate
and positive correlation was observed between
6MWD and MIP (r=0.532, p=0.002), MEP (r=0.522,
p=0.003), and shoulder flexion (r=0.479, p=0.007).
Knee extension strength (r=0.399, p=0.029),
shoulder abduction strength (r=0.369, p=0.045),
MELD score (r=-0.404, p=0.027) also showed a weak
correlation related to 6MWD. Furthermore,
participants’ physical status based on ASA
classification was negatively and moderately related
to 6MWD (r=-0.404, p=0.027).

A multivariate regression analysis was performed to
identify clinical parameters independently associated
with 6MWD; age, MELD, MIP, MEP, knee extension,
shoulder flexion, and shoulder abduction were
included as clinical factors known to influence
exercise capacity potentially. The obtained
independent significant predictors of the 6MWD were
age and maximal expiratory pressure; value
accounted for 57.4% of the variance (Table 4). The
MEP explains 14.3% of the variance as a relatively
small proportion compared with age, explaining 46%.
These findings indicate the following equation:
6MWD (m) = 540.05 — (5.32 x Age) + (1.38 x MEP)

DISCUSSION

The present study assessed the relationship between
liver disease severity, PA level, respiratory and
skeletal muscle strength, fatigue, exercise capacity,
physical performance, and HRQoL and determined
the exercise capacity predictors in LT candidates.
Based on the obtained results, we found that age and
maximal expiratory pressure were the independent
predictors of functional exercise capacity, and they
explained 57.4% of the variance. The variables
obtained from the univariate analysis significantly
related to 6MWD were age, disease severity, ASA
classification, respiratory and peripheral muscle
strength, dyspnea perception before the 6-min walk
test, and chair stands. However, no significant
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Table 2: Clinical Assessments of Liver Transplant Candidates.
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Variables

Mean1SD or Median (IQR)

Respiratory Muscle Strength

Knee Extension (D/ND)

Shoulder Flexion (D/ND)

Shoulder Abduction (D/ND)

IPAQ

CIS-T Score
6MWT

STST Score
LSDI 2.0 Score
PA Level (n / %)

MIP (cmH;0)
MIP pred (%)
MEP (cmH-0)
MEP pred (%)

Muscle strength (kg)
Pred (%)

Muscle strength (kg)
Pred (%)

Muscle strength (kg)
Pred (%)

Total Score (MET-min/week)
Sitting Score (min/day)

6MWD (m)
6MWD Pred (%)

HR (bpm)

Sp02 (%)

Dyspnea (MBS)
Quadriceps fatigue (MBS)

Inactive
Minimally active
Sufficiently active

66.70+£25.58
64.6+21.4

77.03£31.59
39.1+12.9

10.96+2.74 / 10.8743.10
28.746.3 / 28.8+7.5

11.4043.26 / 10.4742.99
50.1+10.1 / 48.74£11.2

10.5343.08 / 10.3043.13
54.2+15.7 / 49.0£13.8

264.00 (787.88)
810.00 (375.00)
88.66+22.36

363.13£111.78
62.9115.8
(before / after the test)
78.90+7.42 / 90.3748.16
97.10+0.80 / 96.73+1.64
3.33+1.95/5.17+£1.88
2.80+1.42 / 4.80+1.71
9.06%3.21
40.03+18.44

19/63.3
9/30
2/6.7

The variables are described as mean and standard deviation. SD: Standard Deviation, IQR: Interquartile Range, MIP: Maximal Inspiratory

Pressure, pred: predicted, MEP: Maximal Expiratory Pressure, D: Dominant, ND: Nondominant, IPAQ: International Physical Activity
Questionnaire, MET: Metabolic Equivalent, CIS-T: Turkish version of the Checklist Individual Strength, 6MWT: Six-Minute Walk Test, 6GMWD:
Six-Minute Walk Distance, SpO.: Pulse Oksimeter Oxygen Saturation, MBS: Modified Borg Scale, STST: Sit-to-Stand Test, LSDI 2.0: The Liver

Disease Symptom Disease Index 2.0, PA: Physical Activity.

correlation was observed between exercise capacity
and PA level, fatigue perception, and health-related
quality of life. Our results highlight individual clinical
characteristics' contribution in predicting those
candidates unlikely to exhibit improvements in
exercise capacity following LT surgery.

6MWT has been shown to be a reliable, functional
measure used to evaluate pre-liver transplant
exercise capacity (17) and predict morbidity and
mortality (11, 18, 19). Cirrhotic patients' survival
analysis showed that individuals whose 6MWD are
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<410 m had a survival rate of 55% compared with
97% for individuals whose >410 m (20). In our study,
the maximum distance walked in 6-minutes
(363.13+111.78 m) was found to be lower than
healthy references (570.47+86.68 m), which is similar
to the results reported by Carey et al. in patients with
ESLD (369 m) (18). They also suggested that a
decreased 6MWD might be considered another risk
factor in conjunction with the MELD scoring, where
patients have a high pre-transplant risk of death. In
agreement with these studies, the 6MWD obtained in
the present study corresponds to a high mortality risk;
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Table 3: Correlations Between 6MWD and Assessed Clinical Variables.

Variables sMWD
r p-Value
Age (years) -0.678 r, <0.001**
MELD -0.398 r,, 0.029*
ASA Class -0.404 r, 0.027*
Dyspnea — MBS (At the beginning of the 6MWT) -0.668 r, <0.001**
Respiratory Muscle Strength (cmH,0) MIP 0.532r, 0.002*
MEP 0.522 r, 0.003*
Knee Extension (kg) D 0.399 r, 0.029*
ND 0.251rp 0.181
Shoulder Flexion (kg) D 0.479 r, 0.007*
ND 0.430rp 0.018*
Shoulder Abduction (kg) D 0.286 1, 0.125
ND 0.369 rp 0.045*
IPAQ-SF Total Score (MET-min/week) 0.359r; 0.051
Sitting (min/day) -0.108 r 0.571
Fatigue (CIS-T) 0.012 rp 0.949
STST Score 0.745 rp <0.001**
HRQolL (LDSI 2.0) -0.018 0.923°

rp Pearson correlation coefficient, rsSpearman correlation coefficient
*p<0.05, **p<0.001

6MWD: Six-Minute Walk Distance, MELD: Model for End-Stage Liver Disease, ASA: The American Society of Anesthesiologists, MBS: Modified
Borg Scale, BMWT: Six-Minute Walk Test, MIP: Maximal Inspiratory Pressure, MEP: Maximal Expiratory Pressure, D: Dominant, ND:
Nondominant, STST: Sit-to-Stand Test, IPAQ-SF: International Physical Activity Questionnaire-Short Form, CIS-T: Checklist Individual Strength,

STST: Sit-to-Stand Test, LDSI 2.0: The Liver Disease Symptom Index 2.0.

it is also negatively impacted by liver disease severity.
Previous studies supported this finding, reporting
wait-list patient with impaired walking distances to
have significantly higher MELD scores than those
who preserved 6MWD (19). In another study, MELD
severity scores were shown to have an inverse
correlation with respiratory musculature (21). It is of
interest to note that the relationship between MELD
scores and functional outcomes (obtained by physical
performance test and 6MWT) was found to be weak
in the present study. Here, the possible explanation
could be that 37% of the patients had relatively low
MELD scores (£15). Furthermore, Galant et al. found
that having ascites in LT candidates contributed to the
inverse correlation between MELD scores and 6MWD
(2). Consistent with this finding, 46.7% of the
participants had no ascites in the present study; it
could also clarify the weak relation between the
disease severity and exercise capacity. Additionally,
subjects classified in higher ASA physical status had
weaker shoulder abduction strength, MIP, MEP, and
poor functional level obtained by 6MWD and
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STSTwith a moderate correlation - independent of
liver disease severity.

Older age is a challenging factor that impacts disease
progression and advanced fibrosis and is
independently associated with a higher mortality risk
in the wait-list. It was revealed that age, calculated
MELD score, and 6MWD were associated with
survival in liver transplant candidates (19). Haugen et
al. reported that older candidates were more likely to
be frail, less likely to be robust, and had worse
performance scores for all liver frailty index
parameters; however, the impact of frailty did not vary
by candidate age (22). One primary finding of the
present study was older age, which identified as an
independent predictor of low exercise capacity,
causes lower walk distances and poor physical
performance. Also, BMI was moderately and
positively correlated with individuals' age.

Liver disease negatively impacts the musculature,
including respiratory effects, evidenced by the high
mortality rates with the lowest respiratory muscle
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Table 4: Multiple Linear Regression Analysis of Variables Independently Associated with 6MWD.

Standardized

Independent Adjusted Regression .
. 5 . Regression t P-Value
Variables R Coefficient (B) e
Coefficient (Beta)
(Constant) 0.777 0.574 540.054 7.101 <0.001
Age -5.321 —-0.591 —4.750 <0.001
MEP 1.376 0.389 3.126 0.004

6MWD: Six-Minute Walk Distance; MEP: Maximal Expiratory Pressure

strength values; thus, breathing difficulties are the
predominant presenting symptom in advanced liver
diseases (20). Silva et al. reported that LT candidates
had respiratory muscle weakness because of
adynamia and the liver disease itself, and the pre-
operative muscle strength assessment could predict
post-transplant pulmonary complications among this
sample (23). The obtained results in the current study
showed that respiratory muscle strength had a
positively strong and/or moderate correlation with
peripheral muscle strength and a moderate
correlation with functional measure outcomes (chair
stands and 6MWD). Our participants reported a
moderate to severe dyspnea perception at the
beginning of the 6MWT. On the other hand,
concerning ascites contributing to respiratory
difficulties, Kaltsakas et al. suggested that non-
ascites patients had better lung functions and
significantly better MELD scores than ascites (3).
Galant et al. also reported that higher MELD scores
were associated with reduced inspiratory muscle
strength (21). In the present study, ascites'
prevalence was 53.3%, with no correlation with any
respiratory parameter.

Muscle wasting is well-recognized among cirrhosis
related complications. It is suggested that myostatin
might have a role in muscle wasting in ESLD, where
these impairments appear to be independent of
cirrhosis etiology (24). Wang et al. hypothesized that
muscle function could serve as a comprehensive
assessment of the musculoskeletal system and
overall physical condition, global health status,
consequently, most importantly, the patient’s mobility
and independence (25). These data confirm that our
participants with higher muscle strength (shoulder
flexion and knee extension) were more likely to show
better STST scores, and the greater the distance
walked the better the shoulder flexion strength. These
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findings suggest that although there is inadequate
data on the relationship between liver cirrhosis and
muscle strength, the identified reduction in exercise
performance and muscle function requires measuring
and improving wait-list individuals' muscle and
exercise performance could potentially improve
outcomes.

The age-related loss in muscle function is strongly
related to poor physical performance tends to
improve slowly; furthermore, it may decrease further
in the post-liver transplant period (26). Lai et al. found
that the average physical function of LT candidates
worsened every 3-months by -0.38 kg in grip
strength, —0.05 m s in gait, 0.03 sec in chair testing,
and -0.16 points in physical performance (4). This
study revealed that the patients who had higher
shoulder flexion, abduction, and knee extension
strength showed better physical performances with a
strong positive correlation. Participants with low
physical performance scores had lower respiratory
and peripheral muscle strength. Also, physical
performance was inversely correlated with age, the
presence of ascites, and MELD scores. In conjunction
with these, it is emphasized that objective physical
performance tests allow us to systematically identify
cirrhotics for pre-rehabilitation interventions -
particularly where the timing is elective. It is believed
that an attempt to increase physical fitness before
orthotopic LT by target-specific training seems to be
reasonable (27). Patients with cirrhosis waiting for
transplantation are highly sedentary, and the self-
reported PA levels in advanced liver disease subjects
were reported as low, with all negative consequences
in QoL aspects (28). Consistent with this, our sample
with a high sedentary rate of 63.3% had poorer
physical performances; interestingly, the correlation
was determined as weak. However, self-assessment
and provider-assessment could differ in indicating the
actual performance of PA. (27). Individualized and
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standardized PA programs might be necessary to
increase daily activity participation in patients
awaiting LT (29).

This study has strengths and limitations. First, the
present study is valuable in investigating the
determinants of exercise capacity in liver transplant
candidates, considering previous studies showed
functional capacity as a predictor of morbidity and
mortality in advanced liver patients. Otherwise, the
study might have been limited using some subjective
assessment methods and a relatively small sample
size. Also, muscle status could not be evaluated
using a muscle mass or volume measure.

In conclusion, assessing respiratory parameters
might be critical in predicting exercise capacity,
especially in older LT candidates. The prediction of
individual functional risk parameters pre-operatively
can be a guide in determining strategies to influence
post-operative outcomes positively. Further studies
on larger samples are needed to support our findings.
The study also continues as an ongoing research to
obtain liver recipients' post-transplant functional
outcomes.
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