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ABSTRACT
Background: Exercise interventions improve muscle performance and functionality when applied more than 6 months after liver trans-
plantation, but no studies have reported on earlier exercise interventions. Hence, we assessed the effects of early resistance training on 
functional outcomes in adult liver recipients.
Methods: The study included 30 liver transplantation patients (53.2 ± 12.4 years) randomly assigned to a training group (n = 15) or a 
control group (n = 15). Data collected preoperatively and 4 and 8 weeks post-surgery were analyzed, including peripheral and respiratory 
muscle strength, exercise capacity, physical performance, and fatigue. An 8-week physiotherapy program was applied (training group: 
standard physiotherapy + resistance training; control group: standard physiotherapy) for 2 sessions/day, 5 days/week.
Results: Baseline data showed a homogeneous distribution in the between-group comparisons. In the within-group analysis; EG showed 
higher improvements in physical performance (TG: P = .001, CG: P = .048) and fatigue perception (TG: P = .001; CG: P = .006), than the CG. 
The TG showed eight-week improvements in exercise capacity, peripheral muscle strength, and maximal inspiratory pressure (P = .001), 
and maximal expiratory pressure (P = .047), while CG remained unchanged (P > .05). In the between-group analysis; the improvements 
indicated significant differences in deltoid strength and fatigue perception, in favor of the TG (P < .05). A change of 0.9 kg in peripheral 
muscle strength and >37.8 m in 6-min walk distance (6MWD) was determined, representing clinically significant improvement in liver 
recipients.
Conclusion: Early resistance training may improve muscle strength, exercise capacity, physical performance, and fatigue perception in 
liver recipients, when added to standard physiotherapy. The estimated minimal clinically important differences are meaningful to clini-
cians in setting liver transplanted patient-specific goals.
Keywords: Exercise capacity, fatigue, liver transplantation, muscle strength, resistance training

INTRODUCTION
Liver transplantation (LT) is a life-saving procedure per-
formed as a major intra-abdominal intervention for 
patients with end-stage liver disease (ESLD). There 
has been a dramatic increase in the number of trans-
plants because of the many causes of liver disease, 
with approximately 28 000 liver transplants performed 
worldwide in 2015.1 In Turkey, there were 13 432 ESLD 
cases that involved liver transplants in the 10 years from 
the start of 2012 to the end of October 2021(accessed 
29 October 2021).2,3 Although survival rates and qual-
ity of life among liver recipients have improved, LT still 
has a high risk of complications, including preopera-
tive losses of muscle mass and physical deconditioning, 

post-surgical complications (intra-abdominal/incisional), 
fatigue, and poor exercise capacity, all of which negatively 
affect functional recovery.4,5 The use of immunosuppres-
sant medication also contributes to the development of 
age-related declines in muscular strength and physical 
ability,6 which have been consistently associated with 
posttransplant functional deficits. The quality and quan-
tity of skeletal muscle mass have also been closely related 
to posttransplant mortality in liver recipients.7

The overall goal of posttransplant rehabilitation programs 
for solid-organ recipients is to help them regain func-
tion by increasing general mobility in the early posttrans-
plant period and improve functional exercise capacity, 
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muscle strength, and health-related outcomes in their 
daily lives.8 Various exercise-based interventions involving 
aerobic and resistance training or physical activity coun-
seling have been shown to improve physical performance 
in tasks, muscle strength, and the physical domain of life 
in adults who have received liver transplants.9,10 However, 
these studies have focused on the >6-month postopera-
tive period; furthermore, studies that examined exercise 
training effects in the early post-surgical period involved 
different patient populations, such as colorectal resection 
and hip replacement patients.11,12 Therefore, we under-
took a prospective randomized controlled pilot trial to 
investigate the effects of an early progressive resistance 
training program on exercise capacity, muscle strength, 
and fatigue in adult liver recipients and compare them to 
the effects of standard physiotherapy care.

MATERIALS AND METHODS
Study Design and Participants
This pilot study used a prospective randomized con-
trolled design and included 30 patients who had under-
gone LT at the Organ Transplantation Centre of Memorial 
Ataşehir Hospital, Turkey, between September 2018 and 
June 2019. Ethical approval was granted by the Non-
Interventional Research Ethics Committee of Dokuz Eylül 
University (approval number: 2019/18-27). The trial pro-
tocol and statistical analysis plan were registered before 
conducting the research and accepted for publication 
before unblinding by the Health Sciences Institutional 
Registry System. The study adhered to the Declaration of 
Helsinki. Eligible patients who accepted to participate in 
the study voluntarily signed the informed consent form.

The participants were randomly assigned to either a 
training group (TG) (standard physiotherapy + resistance 

training) or a control group (CG) (standard phys-
iotherapy). A randomized design was used with a 
1 : 1 ratio. Randomization was performed by an inde-
pendent researcher, who was not otherwise involved in 
the study, via an automated, web-based random inte-
ger generator (random.org) based on true randomness. 
Participants, family members, and ward staff were not 
informed of group allocation; analysis was performed by 
a blinded statistician.

Patients were eligible for inclusion if they were 18 years 
of age or older, had completed all the preoperative phys-
iotherapeutic evaluation procedures, were hemodynami-
cally stable and spontaneously breathing postoperatively, 
and could read, write, and understand Turkish. Patients 
were excluded if they had comorbid conditions that would 
affect their exercise performance (e.g., a lung pathology 
requiring regular use of a bronchodilator or neuro-muscu-
loskeletal complications/limitations requiring an assistive 
device), difficulty following verbal instructions, a history 
of multi-organ transplantation, or if they were undergoing 
re-transplantation.

Sample Size
The sample size calculation was based on data obtained 
from the study, using a combined intervention of exercise 
and dietary counseling after LT, and outcomes of showing 
greater increases in VO2peak (P = .036) and self‐reported 
general health (P = .038) than for patients receiving the 
usual care.13 The sample size was calculated using the 
G*Power 3.1.9.6 software, with a 95% CI and 80% power. 
It was estimated that the study required 36 subjects 
(18 per group).

Data Collection
The same researcher performed all physiotherapy eval-
uations and exercise interventions. Outcomes were  
measured at baseline (preoperatively) and 4 and 
8 weeks after LT. All evaluations took about 40 minutes. 
Sociodemographic and clinical characteristics were col-
lected in face-to-face interviews. Model for End-Stage 
Liver Disease (MELD) scores were calculated according to 
the existing system used by the hospital’s clinical labora-
tory. The transplant team evaluated each subject’s medical 
and surgical factors for candidacy. The American Society 
of Anesthesiologists class data (a summary measure of the 
physical status of the patient) evaluated by the anesthesiol-
ogist preoperatively was obtained from the medical records.

The 6-minute walk test was used to determine exer-
cise capacity.14 The distance covered in 6 minutes was 

Main Points
• To the best of our knowledge, this is the first study demon-

strating that a resistance-training program implemented 
in the early phase of liver transplantation (LT) can have 
clinically relevant effects on exercise capacity, peripheral 
and respiratory muscle strength.

• The first evidence that integrating resistance training into 
standard physiotherapy approaches for liver recipients also 
contributes to the improvement of physical performance 
and decline in fatigue perception in the early posttrans-
plant period.

• The estimated minimal clinically important difference val-
ues of the functional parameters will be helpful in setting 
individualized goals for liver recipients.
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recorded as the 6-minute walk distance (6MWD) in 
meters. The predicted (pred) 6MWD was calculated for 
each participant using reference equations.14 Heart rate 
and oxygen saturation were measured before, during, and 
after each test. Dyspnea and perceived leg fatigue levels 
were determined using the Modified Borg Scale.15

Peripheral muscle strength, comprising knee exten-
sion (quadriceps) and shoulder flexion (anterior 
deltoid) and abduction (middle deltoid) measurements, 
was assessed using a hand-held dynamometer (Power 
Track Commander II). Three sustained maximal isometric 
contractions were performed in the previously described 
testing positions.16 A rest period of 30 seconds was given 
between each trial. The highest value during the pre-
served maximum tension over 1 second was recorded 
(kg), and pred values were interpreted.16

Respiratory muscle strength, comprising maximal inspi-
ratory pressure (MIP) and maximal expiratory pressure 
(MEP) measurements, was assessed using a portable 
electronic mouth pressure device (Micro Mouth Pressure 
Measurement). Test maneuvers were performed 3 times; 
the highest value was recorded as cmH2O, which is also 
expressed as a percentage of pred values.17

The 30-second sit-to-stand test (STST) was used to 
measure physical performance and included sitting, 
mobility, rising, sit-to-stand, and standing components. 
Each test was performed twice, in a standardized order, 
with 5-minute rest periods. The number of times a par-
ticipant stood in 30 seconds was assessed (with arms 
folded across the chest); the highest score was recorded. 
Higher STST scores were associated with higher perfor-
mances based on the following equations for participants 
<50 and ≥50 years of age.18

Fatigue perception was assessed using the validated 
Turkish version of the Checklist Individual Strength (CIS-
T).19 This 20-item questionnaire is a self-reported multi-
dimensional instrument used to assess fatigue severity 
(subjective), concentration problems, reduced motiva-
tion, and activity level. Each item is scored on a 7-point 
Likert-type scale. Higher scores indicate a higher level of 
fatigue, ranging from 0 to 100; the 35-point cut-off score 
for severe fatigue was used.19

Procedure
The TG received 8 weeks of resistance training that tar-
geted deltoid and quadriceps as major limb muscles. 
Because the training was focusing on specific func-
tional muscle groups, handgrip strength, which is used 

as a global measure of strength, was not included in the 
assessment. The authors developed the training protocol 
(2-3 sets of 6-10 repetitions [rep], with 1-2 minute rest 
between sets), and two 20-min sessions/day were con-
ducted 5 days/week.

Resistance was generated by using a series of 150 cm-
long elastic bands that provided increasing intensity. 
Intensity was gradually increased based on individual abil-
ity. Exercise load was established at a light-to-moderate 
intensity using the Borg Scale.11 Exercises were applied 
in the chair-sitting position (recommended) or sitting on 
the edge of the bed. The training program also comprised 
functional exercises that started with a half squat (5 reps 
daily) and progressed to sit-to-stand chair exercises 
(5 reps twice a day) according to the physical fitness level. 
The training program was carried out under supervised 
conditions during the first 2 weeks (hospital stay): vital 
signs were monitored and subjective fatigue levels and 
exercise-related pain were documented before, during, 
and after each session. All patients were trained before 
discharge on how to perform their training regimen safely 
without supervision at home for the remaining 6 weeks, 
and they received a patient-specific schedule to continue 
their training program. Patients were phoned weekly to 
ensure adherence and that there were no adverse effects.

Both groups received the following standard supervised 
physiotherapy follow-up, which is part of the posttrans-
plant care at our center: preoperative education and 
postoperative respiratory physiotherapy, active/active 
assistive exercises, and early mobilization. Respiratory 
physiotherapy included positioning, lung expansion 
maneuvers, bronchial hygiene techniques, and incentive 
spirometer use. Graded early mobilization was initiated 
when participants were clinically stable.20 Participants 
were advised on coping with daily tasks and educated 
on a home-based discharge program, considering indi-
vidual rehabilitation needs and graded activity principles. 
Follow-up calls were provided weekly to maintain the 
8-week walking and to schedule appointments.

Standard general anesthesia and surgery protocols were 
used for all patients. The incision of choice was the 
Mercedes type, and the modified piggyback method was 
used. Antibiotic prophylaxis was routine, and all were on 
tacrolimus. Pain relief was provided according to the anal-
gesic requirement. Blood transfusion was considered at a 
hemoglobin concentration of ≤8 g/dL and with interna-
tional-normalized ratio monitoring. Posttransplant out-
patient follow-ups were conducted.
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Statistical Analysis
Categorical variables are presented as percentages. 
Continuous variables are shown as mean and standard 
deviations (SDs) when normal distribution is assumed. 
When not assumed, median and quartiles are shown. The 
Shapiro–Wilk test was used to assess normal distribution 
in each continuous variable. The demographic and clini-
cal characteristics of both groups were compared with 
chi-square in categorical variables with Yates continuity 
correction or Fisher’s exact test when needed. A t-test or 
Mann–Whitney U test was used to assess the difference 
in preoperative measurements between the TG and CG. 
The differences between preoperative and postopera-
tive 4- and 8-week measurements were tested with the 
Wilcoxon Signed Rank Test for each pair, and respective 
effect sizes were estimated. Statistical Package for the 
Social Sciences 22.0 (IBM Corp.; Armonk, NY, USA) was 
used for statistical tests. Alpha error levels lower than 
0.05 were accepted as significant. The effect sizes were 

estimated using an online tool where the data could 
be uploaded.21 Minimal clinically important difference 
(MCID) is the SD of the baseline measure (preoperative); 
by convention, a 20% change in the SD was defined as 
a small effect, 50% as a moderate effect, and 80% as a 
large effect using the distribution-based methods.22

RESULTS
Demographic and Clinical Characteristics
A total of 86 patients scheduled to undergo LT were 
considered to participate (Figure 1). Of these patients, 
36 were randomly assigned to either the TG or CG. 
After their surgery, 6 patients withdrew from the study 
(3 voluntarily withdrew, 1 was unwilling to participate, and 
2 died). The patients who died were assigned to the TG. 
The causes of death were hepatic artery thrombosis and 
sepsis, which were diagnosed in the presence of multior-
gan failure in the first posttransplant week as a surgical 
complication. They did not experience any adverse acute 

Figure 1. Study flow diagram.
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effects during or after the exercise sessions. Therefore, 
30 liver recipients (53.2 ± 12.4 years) were enrolled for 
the final analysis.

Participants were tested preoperatively at an average of 
2.1 ± 3.2 days before surgery. Their exercise behavior was 
assessed, and they were deemed physically active if they 
were active at least 3 days per week for 40 minutes or more. 
There were no statistical differences between the groups’ 
demographic and clinical characteristics (P > .05; Table 1). 
The mean waiting time for LT was 37.6 ± 51.46 months. 
The most common etiological causes of liver failure in the 
TG were cryptogenic cirrhosis (20%), alcoholic cirrhosis 
(13.3%), and viral hepatitis, hepatocellular carcinoma, 
or both (53.33%); the most common causes in the CG 
were cryptogenic cirrhosis (40%) and alcoholic cirrhosis 

(33.3%) (P = .375). All recipients included in the study 
had living liver donors as a result of providing time to per-
form their preoperative assessments.

The recipients were immediately extubated when 
hemodynamically stable within 15.3 ± 6.1 hours (range: 
11-44 hours). The most frequent complication was pleural 
effusion, occurring in the first posttransplant days, which 
was not related to the resistance training. The postopera-
tive 30-day mortality was 6.6%, with sepsis as the main 
leading cause. Patient compliance was high, and there 
were no adverse events associated with the resistance-
training program. Physiotherapy sessions had 96.8% 
adherence (14/450 were not completed) during hospi-
talization; non-adherence was mainly associated with 
abdominal drain leaks and loss of vitality. Corridor walks 

Table 1. Baseline Demographic and Clinical Characteristics of the Participants

Variables TG (n = 15) CG (n = 15) P

Age, years (mean ± SD) 51.5 ± 15.4 54.8 ± 8.7 .482b

BMI, kg/m2 (mean ± SD) 26.0 ± 5.0 27.6 ± 3.8 .328b

Gender (F, %) 40 26.7 .439a

Educational level 
(≤secondary school, %)

53.3 40 .710a

Smoking habit (current 
user, %)

26.7 33.3 .755a

Alcohol use (current user, 
%)

20 33.3 .520a

Ascites (%) 60.0 46.7 .464a

Esophageal varices (%) 13.3 60 .008a

ASA status (%)

 III 66.7 53.3 .456a

 IV 33.3 46.7

Exercise habit (%)

 Yes 40 33.3 .716a

Comorbidities (%)

 HT 13.3 26.7 .651†

 DM 40 40 1.000a

 Dyslipidemia 40 66.7 .143a

 Coronary stent - 13.3 .483†

 Crohn - 6.7 .50†

Operation duration, 
minutes (mean ± SD)

463.2 ± 53.4 498.6 ± 81.5 .172b

Intubation duration, 
minutes [M (IR)]

800.0 (200.0) 810.0 (235.0) .787c

MELD score (mean ± SD) 18.9 ± 6.9 16.5 ± 5.0 .272b

Variables TG (n = 15) CG (n = 15) P

Shoulder flexion, kg (mean 
± SD)

11.2 ± 2.8 11.6 ± 3.8 .744b

Shoulder flexion pred 
(mean ± SD)

51.7 ± 9.9 48.3 ± 10.4 .375b

Shoulder abduction, kg [M 
(IR)]

11.0 (3.0) 10.0 (6.0) .644c

Shoulder abduction pred 
[M (IR)]

50.0 (17.0) 51.0 (19.0) .547c

Knee extension, kg (mean 
± SD)

10.3 ± 2.2 11.7 ± 3.1 .168b

Knee extension pred 
(mean ± SD)

28.3 ± 6.9 29.1 ± 5.9 .698b

MIP, cmH2O (mean ± SD) 64.0 ± 31.9 69.4 ± 18.0 .573b

MIP pred (mean ± SD) 63.5 ± 28.4 65.6 ± 11.8 .790b

MEP, cmH2O (mean ± SD) 76.1 ± 39.9 77.9 ± 21.7 .879b

MEP pred (mean ± SD) 38.8 ± 15.5 39.3 ± 10.3 .914b

6MWD, m (mean ± SD) 362.2 ± 135.5 364.1 ± 86.7 .964b

6MWD pred, % (mean ± 
SD)

61.8 ± 19.5 64.0 ± 11.5 .711b

STST score (mean ± SD) 8.1 ± 3.5 10.0 ± 2.8 .113b

Fatigue (mean ± SD) 83.5 ± 25.1 93.9 ± 18.7 .209b

TG, training group; CG, control group; SD, standard deviation; M (IR), median 
(interquartile range); BMI, body mass index; F, female; ASA, American Society 
of Anesthesiologists; HT, hypertension; DM, diabetes mellitus; MELD, model 
for end-stage liver disease; Pred, predicted; MIP, maximal inspiratory pres-
sure; MEP, maximal expiratory pressure; 6MWD, 6-minute walk distance; 
STST, sit-to-stand test.
The peripheral muscle strength values given in the table represent the domi-
nant side.
aChi-square; bt-tests; cMann–Whitney U test; †Fisher’s exact test; *Significant 
differences between groups P < .05.
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were initiated mostly on postoperative day 2 (83.3% of 
patients) and progressed from 60 m with a daily increase 
based on patient ability. There were no statistically signif-
icant differences between groups in intensive care length 
of stay (TG: 1.9 ± 0.9 days, CG: 1.7 ± 1.0 days; P = .700), 
hospital stay (TG: 19.8 ± 6.9 days, CG: 19.3 ± 10.3 days; 
P = .868), and 30-day readmission (TG: 3.1 ± 4.1 days, CG: 
4.7 ± 4.2 days; P = .299).

Resistance Training Effects on Clinical Outcomes
In the TG, the 6MWD had increased from the preopera-
tive baseline by 60.33 m at week 4 and 109.87 m at week 
8 (reaching 72.9%, P = .017 and 82.4%, P = .001, of pred, 
respectively). Although the 6MWD improved in the CG, 
the difference was not statistically significant. Also, when 
the groups were compared, there was no significant dif-
ference in the 6MWD (P > .05, Table 2). An improvement 

Table 2. The Comparison of the 4- and 8-Week Changes in the Outcome Measure Variables Between and Within Groups

Variables G Preop Fourth Week Eighth Week

Preop—Fourth  
Week

Preop—Ēighth  
wk

Fourth to Eighth 
Week

P ES P ES P ES

Shoulder flexion, kg TG 11.2 ± 2.8 11.4 ± 2.5 13.5 ± 2.5 .720 0.06 .001* 0.59 .001* 0.59

CG 11.6 ± 3.8 10.5 ± 4.0 10.3 ± 4.0 .102 0.30 .092 0.31 .589 0.10

P .744 .445 .019*

Shoulder 
abduction, kg

TG 11.0 (3.0) 11.3 ± 3.1 13.2 ± 2.9 .067 0.34 .001* 0.61 .002* 0.56

CG 10.0 (6.0) 10.2 ± 4.3 10.0 ± 4.1 .283 0.20 .216 0.23 .726 0.06

P .644 .417 .021*

Knee extension, kg TG 10.3 ± 2.2 11.8 ± 2.6 13.3 ± 2.5 .025 0.40 .001* 0.60 .001* 0.60

CG 11.7 ± 3.1 12.1 ± 3.5 11.4 ± 3.1 .568 0.10 .751 0.06 .098 0.30

P .168 .772 .080

MIP, cmH2O TG 64.0 ± 31.9 68.2 ± 20.9 76.4 ± 21.7 .460 0.14 .016* 0.44 .001* 0.62

CG 69.4 ± 18.0 62.7 ± 18.8 66.3 ± 16.3 .078 0.32 .670 0.08 .078 0.32

P .573 .458 .160

MEP, cmH2O TG 76.1 ± 39.9 62.0 (36.0) 89.0 (50.0) .733 0.06 .047* 0.34 .001* 0.59

CG 77.9 ± 21.7 66.0 (21.0) 69.0 (20.0) .125 0.28 .336 0.17 .221 0.22

P .879 .852 .059

6MWD, m TG 362.2 ± 
135.5

422.5 ± 
116.7

472.1 ± 98.1 .017* 0.43 .001* 0.59 .002* 0.57

CG 364.1 ± 
86.7

390.9 ± 
116.4

407.1 ± 111.0 .244 0.21 .155 0.26 .233 0.22

P .965 .463 .101

STST TG 8.1 ± 3.5 10.5 ± 2.7 14.0 (2.0) .006* 0.50 .001* 0.62 .001* 0.58

CG 10.0 ± 2.8 10.1 ± 3.4 10.0 (5.0) .915 0.02 .048* 0.36 .018* 0.43

P .114 .725 .082

Fatigue TG 83.5 ± 25.1 60.0 ± 19.9 41.0 (32.0) .004* 0.52 .001* 0.62 .002* 0.57

CG 93.9 ± 18.7 71.5 ± 27.3 81.0 (36.0) .020* 0.43 .006* 0.50 .93 0.02

P .209 .200 .009*
Preop, preoperatively; ES, effect size; G, group; TG, training group; CG, control group; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; 
6MWD, 6-minute walk distance; STST, sit-to-stand test.
The peripheral muscle strength values given in the table represent the dominant side.
*Significant differences in changes between and within groups P < .05.
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of >37.8 m was determined to be the first evidence 
of MCID in 6MWD among liver recipients (Table 3). 
According to the obtained data, 86.7% of cases in the 
TG (13 patients) achieved MCID in 6MWD, representing 
a moderate clinically important improvement (with an 
effect size of 0.5).

The TG had improved major limb muscle strengths at 
week 8 posttransplant compared to the baseline and 

week 4 values (P = .001). The TG also showed increased 
MIP at week 8 posttransplant compared to the baseline 
and week 4 values (P = .016 and P = .001, respectively). 
An important difference was also found in MEP val-
ues in the TG at week 8, while CG remained unchanged 
(P = .047). However, in the CG, the major limb and respi-
ratory muscle strengths recorded during the 8-week 
period were not significantly different from the baseline 
(P > .05). Between-group significant differences were 

Table 3. Effect of Early Resistance Training on 6MWD and Muscle Strength Pretransplant, and 4 Weeks and 8 Weeks Posttransplant for 
Subjects in the TG (n = 15) and CG (n = 15). 

Weeks Change Score
Difference in Change Score

(95% CI) P

MCID
0.5 (Moderate) Substantial Meaningful 

Change

6MWD, m 37.8

4-week change (0-4) −33.5 (−106.0 to 38.9) .350

TG 60.3 ± 77.7

CG 26.8 ± 111.9

8-week change (0-8) −66.8 (−132.8 to −0.8) .047*

TG 109.9 ± 75.6

CG 43.1 ± 98.7

Knee extension, kg 0.9

4-week change (0-4) −1.1 (−2.9 to 0.8) .240

TG 1.5 ± 2.3

CG 0.5 ± 2.6

8-week change (0-8) −3.3 (−5.0 to −1.5) .001*

TG 3.0 ± 1.8

CG −0.27 ± 2.7

Shoulder flexion, kg 0.9

4-week change (0-4) −1.3 (−3.1 to 0.5) .136

TG 0.2 ± 2.1

CG −1.13 ± 2.6

8-week change (0-8) −3.5 (−5.5 to −1.6) .001*

TG 2.3 ± 1.8

CG −1.3 ± 3.1

Shoulder abduction, kg 0.9

4-week change (0-4) −1.7 (−3.4 to 0.5) .056

TG 1.1 ± 2.1

CG −0.6 ± 2.4

8-week change (0-8) −3.7 (−5.5 to −2.0) <.001*

TG 2.9 ± 1.8

CG −0.8 ± 2.8
TG, training group; CG, control group; 6MWD, 6-minute walk distance; MCID, minimal clinically important difference.
*Significant differences in change scores between groups P < .05.
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found in shoulder flexion and shoulder abduction in favor 
of the TG after the 8-week training period (P = .019 and 
P = .021, respectively) (Table 2). The estimated MCID was 
0.9 kg for shoulder flexion, shoulder abduction, and knee 
extension. Distribution-based meaningful differences 
are shown in Table 3. In the TG, 93.3% of the partici-
pants (14 patients) reached the MCID in muscle strength 
(effect size = 0.5).

Regarding the STST, in the TG, the score was higher at 
week 4 and week 8 posttransplant than at baseline. 
However, in the CG, an important difference was observed 
in the STST score at week 8 compared to the baseline and 
week 4 values (P < .05). When the TG and CG STST scores 
were compared, there was no statistically significant dif-
ference (P = .082).

The CIS-T score was lower in the TG than in the CG at 
week 8 (P < .05). The difference between the 2 groups 
was also significant and in favor of the TG (P = .009) 
(Table 2).

DISCUSSION
To the best of our knowledge, this is the first study dem-
onstrating that a resistance-training program imple-
mented in the early phase of LT can have clinically relevant 
effects on exercise capacity, peripheral and respiratory 
muscle strength, physical performance, and fatigue. The 
study showed that resistance training, in addition to 
standard physiotherapy, significantly improved functional 
outcomes of liver recipients. The between-group differ-
ences for deltoid strength and fatigue perception were 
statistically significant. Increases of 37.8 m in 6MWD and 
0.9 kg in the major limb strength were determined to be 
the MCIDs for liver recipients.

Degenerative skeletal muscle loss is associated with 
increased mortality, morbidity, physical disability, and 
inferior quality of life before and after LT.7 Reversing 
muscle loss is challenging, and for this reason, the post-
LT prognosis is generally poor.23 Resistance training is 
an effective countermeasure to muscle loss aimed at 
achieving progressive, positive adaptations.24 Van den 
Berg-Emons et al9 included liver recipients in a 12-week 
combined exercise program ≥1 year after transplant, 
which resulted in higher knee flexion strength. A 24-week 
post-LT exercise intervention using a similar training 
method improved hip extension, elbow flexion, overall 
maximal strength, and physical functioning.10 One cohort 
also reported 6-month posttransplant knee strength 

increasing from 60% to 100% through LT-combined 
supervised exercise.25 Although exercise interventions 
combining aerobic and resistance training are reason-
able, there is a lack of early posttransplant evidence of 
their success.10,26 The present study shows that integrat-
ing resistance training into standard physiotherapy in the 
early postoperative period improves both peripheral and 
respiratory muscle strength. Also, the between-group 
improvements in deltoid muscle strength were statisti-
cally significant. In our opinion, patients were more toler-
ant of upper extremity exercises because of post-surgery 
abdominal drains and incisional pain. Additionally, an 
increase of at least 0.9 kg in muscle strength may indi-
cate a clinically meaningful improvement among post-LT 
patients. Therefore, this study might serve as a helpful 
resource for future studies.

Concurrent resistance and aerobic exercises have been 
shown to improve aerobic capacity in LT patients.9,10 A 
similar exercise program applied in a liver transplant case 
resulted in increased skeletal muscle mass, walking capac-
ity, and muscle strength, contributing to independent 
performance of daily living activities.27 However, these 
studies were late-term trials conducted at least 6 months 
post-LT. Beyer et al25 reported that supervised exercise 
led to improvements in physical fitness and functional 
performance 1 month post-LT. Given that early progress 
in exercise capacity enhances short-term rapid post-
transplant recovery,28 this first report of resistance train-
ing plus standard physiotherapy improving functional 
exercise capacity after LT demonstrates the potential of 
this approach. The patient demographics, including MELD 
scores, were similar in this cohort. Although 6MWD plays 
a crucial role in the assessment of exercise capacity in 
LT subjects,25 it is unclear if the positive changes in mus-
cle performance impact the functional level. This paper 
reveals that a >37.8 m change in 6MWD is clinically sig-
nificant in liver recipients.

Transplant candidates experience accelerated functional 
decline, and changes in physical performance status 
should be considered predictors of functional capacity. 
Thus, this creates an opportunity to manage the post-
transplant process through the trajectory of changes in 
physical function. Even though large randomized con-
trolled trials are required, on the basis of existing reports, 
a combination of aerobic (3 days/week) and resistance 
exercises (2 days/week) at a moderate-high intensity is 
recommended to enhance physical performance while 
waiting for LT.29 The current findings show that training 
improves physical performance status. The significant, 
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albeit much lower, improvements observed without train-
ing were concluded to be a result of the transplant, which 
enabled a rapid recovery of liver synthesis and metabolic 
functions.

In recent years, given the operative morbidity, surgi-
cal complications, and long‐term immunosuppression 
required, exercise training and physical activity counsel-
ing are promising approaches for reducing fatigue among 
liver recipients.9 Chascsa et al30 reported that the major 
patient-perceived limiting factor to exercise was fatigue, 
reported by 70%, followed by ascites and medications 
in LT candidates. While there is no easy solution (e.g., an 
effective medication) to overcoming fatigue for patients 
with liver diseases, exercise interventions, including 
structured training programs and being physically active, 
could positively influence fatigue perception by promot-
ing muscle performance, activity participation, and daily 
functioning. In this study, while all participants experi-
enced lower fatigue postoperatively, the TG’s fatigue per-
ception improved by 28.1% at week 4 and 43.1% at week 
8 post-surgery. Hence, the resistance training signifi-
cantly improved fatigue perception. This may be due to 
a general lower fatigue perception among TG members; 
however, there was no statistically significant difference 
in preoperative fatigue perception between the groups. 
It is also worth mentioning that a transplantation patient 
population-specific tool was not used because no such 
questionnaire exists.

There are strengths and limitations in this study. In 
terms of strengths, this is the first study to prospec-
tively confirm that early posttransplant resistance train-
ing positively affects exercise capacity, muscle strength, 
physical performance, and perceived fatigue among liver 
recipients. The estimated MCID values of the functional 
parameters will be helpful in setting individualized goals 
for liver recipients.

The 2 major limitations of this study are that part of the 
8-week program was unsupervised and the small sample 
size. Another limitation is that this study included a very 
specific patient set; participants had relatively low MELD 
scores (<20) and received living donor liver transplants; 
thus, they tended to be physically better than those who 
had longer waits for cadaveric donors. Also, the reliability 
of the exercise program was not evaluated; however, the 
lack of significant adverse events experienced during the 
training program implies that it can improve functional 
outcomes under supervision and be easily applied at an 
affordable cost. This was a pilot study intended to guide 

further phase-II blinded research. Longer follow-up (e.g., 
6-12 months) will allow analysis of the long-term effects 
of the intervention on cumulative outcomes, such as 
activities of daily life, functional level, and health-related 
quality of life.

In conclusion, this randomized controlled trial provides 
the first evidence that integrating resistance training 
into standard physiotherapy approaches for liver recipi-
ents provides therapeutic benefits and improves early 
posttransplant functional outcomes. The findings of this 
pilot study must be complemented by future studies that 
examine the long-term effects of integrating resistance 
training and that include larger cohorts.
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