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a b s t r a c t

Liver transplantation is a treatment that significantly improves the patients’ quality of life.

However, we should be more ambitious and seek an improvement in their fitness through

training protocols allowing them to fully return to daily activities.

English and Spanish-language articles on PubMed and the Cochrane Library were

searched until 2014. Articles were reviewed by 2 of the authors to determine if they

were suitable for inclusion.

It is shown a compilation of studies that included patients who have participated in

aerobic, strength, or both combined training programmes, without implying a risk for the

graft function. There is a lack of studieswithhigh scientific evidence that establish aproper

exercise programme methodology, supervised by specialists in physical activity and

sports.
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r e s u m e n

El trasplante hepático es un tratamiento que ha permitidomejorar demanera significativa la

calidad de vida de los pacientes. Sin embargo, se debe ser más ambiciosos y buscar una

mejora de su condición fı́sica a través de protocolos de entrenamiento que permitan

una reincorporación total a las actividades de la vida diaria.

Se buscaron artı́culos en los idiomas español e inglés, en las bases de datos PubMed y

Cochrane, hasta el año 2014. Todos los artı́culos fueron revisados por 2 autores para

determinar si eran apropiados para su inclusión.
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Introduction

In recent years, society in general has shown growing

interest in health through physical activity and sport, while

greater attention has been given to physical and psycho-

logical wellbeing. This is due to both the health effects of

regular exercise as well as the relationship between lack

of exercise and the development, continuity and severity of

several chronic diseases.1 An active lifestyle has verifiable

social importance due to the benefits seen in individuals

and in society itself.2 Promoting physical exercise should be

fundamental, not only in the prevention and promotion of

wellbeing among the healthy population,3 but in groups

with some sort of special need, such as liver transplant

recipients.

Orthotopic liver transplantation (OLT) is considered

the only treatment possible for patients with terminal

liver disease.4 In spite of the immense surgical complexity,

this operation has become a common procedure in our

country. As reports indicate, survival is very high, with a

one-year survival rate of around 80%.5 Although providing

a cure for these patients is the essential achievement, we need

to bemore ambitious.While patients’ health-related quality of

life (HRQOL) is improved,6,7 it may be insufficient for patients

to completely recuperate their normal daily lives. To this end,

some research groups are already including physical exercise

programmes as a complementary therapy to standard

treatment after transplantation.8–14

The objective of this article is to determine the physical

condition of patients before transplantation, the changes that

are caused by the intervention itself and whether exercise

programmes adapted to their physical condition accelerate

the physical recovery process, without negatively affecting

liver function or the state of the graft.

Methodology

We conducted a search of the medical literature in Spanish

and English in the PubMed and Cochrane databases up to the

year 2014. Search terms (in different combinations) included:

liver cirrhosis, liver transplantation, physical exercise, physi-

cal activity, physical training programme, aerobic training,

strength training, and physical therapy. All the articles were

reviewed by at least 2 authors to determine whether they

were appropriate for inclusion.

Results

Correlation Between Physical Condition and the Patient Prior

to Transplantation

Before transplantation, patients experience a long period of

weakness due to a decline in their physical condition by

several variables. The level of disease in this phase seems to

correlate with the level of physical condition.15 Patients with

liver cirrhosis have affected proteostasis, resulting in problems

in aerobic and muscle response16 related with the decrease in

the quantity of adenosine triphosphate, phosphocreatine and

total magnesium in the skeletal muscles, causing deficient

strength in the extremities7–20 and in respiratory muscle

capacity.21 These factors limit the functional capacity for daily

activities, causing a decline in HRQOL and sociability.17

The parameter that has most often been associated with

HRQOL is cardiorespiratory condition or aerobic capacity,

represented bymaximumoxygen uptake (VO2max).
22To assess

the importance of this variable, it can be stated that a

reduction of 10% from reference variables compared with

healthy subjects of the same age is associated with an

increased risk formortality of 12% in the general population.23

In patients who are about to receive a transplant, VO2max is

reduced by between 60% and 78%24–26 compared to reference

values. This technique, in combination with others, defines

what state the patient is in before transplantation and

provides data that indicate his/her future after the proce-

dure,27–29 which makes it an excellent predictor of post-

transplantation disease and death. In fact, in a study about

mortality during the first 100 days, Epstein et al.18 found that

the patients with a lower aerobic capacity within the

15 months prior to the intervention had a higher risk for

death a posteriori. Another predictive test of waiting list and

post-transplantationmortality is the 6-minwalk test, which is

able to calculate the aerobic capacity of patients when it is not

possible to do so under laboratory conditions. Each 100 m

increment in the test is associated with a decrease in post-

transplant mortality by 52%.30 This test can be conducted in a

hospital corridor measuring 20 m in length.31

To diminish these negative effects on the physical

condition of patients, Ritland et al.32,33 defend the need for

physical exercise. To determine the effect of physical training

in patients with hepatitis, the same author34 carried out

a study with 9 participating patients in 3 test periods to

define their VO2max: one at the start of training, another after

Se muestra una recopilación de estudios donde se consiguen mejoras en el estado

fı́sico de pacientes que han participado en programas de entrenamiento aeróbico, de

fuerza, o en combinación de ambos, sin que esto suponga un riesgo para el injerto. No

obstante, existe una falta de trabajos de alta evidencia cientı́fica, que establezcan una

correcta programación del ejercicio, tutorizada por especialistas en la actividad fı́sica y el

deporte.
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4–5 weeks, and the last after 10–12 weeks. After 4 weeks, the

VO2max had significantly increased by 19%, and by 29% after

10–12 weeks. No complications arose related with the

programme, and most patients perceived improvement in

their functional capacity when performing daily activities.

Correlation Between Physical Condition and the Patient

Post-transplantation

After transplantation, patients are fatigued even one year after

surgery.35 Fatigue is defined as an excessive sensation of

tiredness, lack of energy and feeling of exhaustion that makes

normal life difficult to enjoy.

Aadahl et al.36 and van den Berg-Emons et al.37measured

the level of fatigue experienced by patients after transplanta-

tion. The nature of the fatigue was measured with the

Multidimensional Fatigue Inventory (MFI-20)38 and the level

of fatigue with the Fatigue Severity Scale (FSS).39 The first

group of authors carried out a cross-sectional study of

130 patients. These suggested that the occupational status

and survival time after transplantation are associated with

physical function and fatigue, and that this is above all

physical and not psychological, as stated by Talwakar.40 In

contrast, the second group argued that the fatigue was not

psychological or due to lack of motivation, but instead it was

due to poor physical condition as the fatigue was experienced

by those patients who did little daily physical exercise. Both

argued that the lack of physical exercise does not improve

fatigue over time.

As for the correlation between physical aerobic capacity and

patient dependence with hospitalisation, Dharancy et al.41

conducted a study with 135 patients where those that had a

serious decline in VO2max showed a tendency towards a longer

mean hospital stay and need for oxygen. Thus, it is confirmed

thatVO2maxmeasurement is anexcellent tool for the evaluation

of functional capacity, both before and after THO.42

Previous Exercise Programmes Applied in Liver Transplant

Recipients

Given the problem of weakness and fatigue experienced by

patients after transplantation, several authors have supported

the implementation of exercise programmes after transplan-

tation (Table 1). Various authors8–14 have applied a 6-month

exercise programme, all of whom have achieved substantial

improvements in parameters such as VO2max, strength and

quality of life. This latter measurement was assessed with

self-perceived health questionnaires like the SF-36.

The study by Beyer et al.8 used a staged exercise

programme in 38 patients. The first 3 weeks after transplan-

tation, all patients were included in a programme that

involved protective isolation in a semi-intensive care unit.

During this period, the patients were treated with early

postoperative mobilisation and performed daily exercise that

increased in intensity, which included aerobic exercise

(walking and bicycle ergometer) at a rhythm that was

individually prescribed. Once this initial programme conclu-

ded, patients were organised in small groups and followed a

programme of warm-up exercises, aerobic exercises on a

stationary bicycle and strength, balance and flexibility

training. The exercise load and intensity were individualised

in accordance with each patient’s functional capacity. It is not

specified at what intensity the exercises should be done,

which is a crucialmethodological bias that frequently affects a

relatively important number of research studies dealing with

this subject.

After hospital discharge, patients were offered to continue

one-hour training sessions twice a week for 6 months after

surgery. They were given a training programme, whose

content is not specified by the authors, which they were told

to do at home 2 or 3 times per week. Furthermore, they were

encouraged to participate in physical activities or non-contact

sports after leaving the hospital. After 6 months of physical

Table 1 – Levels of Evidence and Oxford Centre Grades of Recommendation43 of the Included Studies.

Author Sample size Study type Level of
evidence

Grade of
recommendation

Didsbury et al.44 15 articles, 643 subjects Meta-analysis 1a A

Beyer et al.8 38 subjects (25 men, 13 women) Descriptive 2c B

Tomás et al.9 1 subject Case report 3b B

Tomás et al.10 48 subjects. 3 groups: in-hospital

training (9), home training (16),

control group (23)

Prospective and

randomised

2c B

Pirenne et al.11 Intervention group: 6 subjects

(3 men, 3 women). Control group:

15 healthy subjects

(12 men and 3 women),

with similar profiles,

classified by age and

body mass index (BMI)

Descriptive 2c B

Van Guinneken et al.12 18 patients; no control group Descriptive 2c B

Krasnoff et al.13 119 subjects (49 intervention

and 70 control)

Prospective and

randomised

2a B

Van den Berg-Emmons

et al.14
18 subjects, 18–65 years

(no control group),

1 years after OLT

Descriptive 2c B
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training, the patients had improved their VO2max by 43%,

quadriceps strength by 60%–100%and functional performance

by [6_TD$DIFF]22%–27%. One year after transplantation, patient quality of

life, interpreted as self-perceived general health and measu-

red with the SF-36 questionnaire, had improved and was

qualified as good or excellent. All patients were independent

for activities of daily living, and their levels of physical activity

had increased.

The study by Tomás et al.9 applied a training programme

with a patient who received a transplant due to familial

amyloid polyneuropathy, from 6 to 12 months after the

intervention. The programme consisted of moderate intensity

aerobic exercise, that were not specified in the text, with a

frequency of 3 one-hour weekly sessions. After 6 months,

fatigue had dropped 31%, VO2max had increased by 21.6%,

quadriceps strength had improved by 28.3%, and the patient

walked 21.3% more in the 6-minute walk test.

In another article, Tomás et al.10 studied 48 patients,

divided into 3 groups: the in-hospital training group (9

subjects), home training group (16 subjects) and the control

group (23 subjects). Training involved 60-minsessions, 3 days

a week, for 24 weeks. The in-hospital group started with a

10-min warm-up and finished with a 10-min cool-down.

The main part combined aerobic and strength training. The

aerobic training was done on the treadmill, bicycle or rowing

machine, with an effort of 15 over 20 (moderate). The initial

treadmill speed was set at 50% of the speed reached during

the 6-minute walk test. Strength training used elastic

resistance bands, free weights, dumbbells and the patients’

own body weight, done in 1–2 series of 8–12 repetitions, for

each of the 8–10 exercises. In addition, they completed

balance training with unstable platforms in order to improve

proprioception.

The home training group did exercises with resistance

bands andmaterials to improve grasping, such as rubber balls

and bars. The organisation of the sessions was similar to the

hospital training group. These patients were taught the

exercises before the programme started and had a follow-

up visit once a month.

The in-hospital training group achieved better results in

weight, body mass index (BMI), lean mass and walking

capacity than the group that trained at home, and this group

in turn showed greater improvement over the control

group. No significant differences were obtained (P>.05) for

maximum strength of the quadriceps, upper extremities and

dominant lower extremity. Nevertheless, by calculating the

percentages that they show in their publication, it can be

observed that the quadriceps strength increased by 35% in

the in-hospital training group and 30% in the home group,

while it decreased by 1% in the control group. Nonetheless,

in upper extremity strength, the control group recovered the

most strength. In lower extremity strength, the 2 training

groups achieved an increase of 21%, while the control group

only improved 8.5%. Also, 10 patientsweremeasured 24weeks

after the end of the programme to determine whether the

adaptations had been maintained, and the data corroborated

the hypothesis.

In the study by Pirenne et al.,11 a group of 6 patients

(3 men and 3 women), who had undergone surgery 2 years

before, participated in a 6-month training programme. Once

completed, they climbed Mt. Kilimanjaro to an altitude of

5895 m in a total of 7 days. The physical capacity and level

of susceptibility to acute mountain sickness was compared

with another group of 15 healthy subjects (12 men and

3women),with a similar profile and classified by age andBMI.

The level of effort perceived and resting pulmonary parame-

ters were compared prospectively with another group of

6 patients with similar VO2max and gender. The results found

no significant differences for the following parameters

(oxygen saturation, arterial tension, heart rate, acute

mountain sickness and other medical problems) during

the different stages of the ascent. This suggests that these

patients, if they follow an appropriate training programme,

can perform intense physical activity and tolerate altitude

in similar conditions to healthy individuals.

The most complete studies in this field have been done by

van Ginneken et al.,12 Krasnoff et al.13 and van den Berg-

Emmons et al.14 The study by van Ginneken et al.12 analysed

the effects of a training programme on the reduction of

fatigue, daily function, participation in activities, HRQOL,

anxiety and depression. The sample included 18 patients

and there was no control group. These were included in a

12-week programme with supervised exercise, 2 times/week

in one-hour sessions (aerobic and strength) and 4 sessions of

activity at home following training instructions, in weeks 1,

4, 8 and 12, to stimulate physical activity. Sessions were

organised in groups of 2–4 patients, and the daily sessions

were done individually. The methodology for the strength

activities were not detailed in the text. Parameters that were

evaluated by questionnaires included pre- and post-pro-

gramme functional level, level of participation, quality of

life, anxiety and depression. The conclusion the authors

reached was that a daily physical exercise and advice

programme significantly influences health-related daily

functionality (P=.007). The variable that improved was

autonomy (P= [9_TD$DIFF].001), and the HRQOL variables that improved

were physical functionality (P= [8_TD$DIFF].007) and vitality (P= [10_TD$DIFF].019) in

patients who had received transplants. In spite of the

improvements, there were no changes in the level of daily

activity, physical limitations, social relationships, anxiety or

depression. Furthermore, the programme showed no bene-

fits in long-term fatigue. In any event, the authors argued

that a 12-week programme is insufficient to change the

sensation of patients about their improved general state of

health.

Krasnoff et al.13 [8_TD$DIFF] studied 119 patients and the combined

effects of a physical exercise programme and dietary advice

after OLT. The variables analysed were: VO2max, maximum

quadriceps strength, body composition, nutritional intake

and quality of life. These were examined 2, 6 and 12 months

after the intervention and divided into 2 groups. Both groups

did the following tests: (1) exertion test on a bicycle

ergometer with a gas analyser to determine VO2max, muscle

strength of the quadriceps by isokinetic dynamometre

(Biodex 3), body composition with densitometry, SF-36

questionnaire (HRQOL), and Block 95 questionnaire (nutri-

tional intake). Each patient received individualised instruc-

tions about training and the diet that they should follow at

home. As for exercise, only cardiovascular exercise was to

be done (walking, biking) at least 3 days a week, 30 min per

c i r e s p . 2 0 1 6 ; 9 4 ( 1 ) : 4 – 1 0 7



session, at an intensity that began at [5_TD$DIFF]60%–65% and increased

to [11_TD$DIFF]75%–80% or between 13 and 15 out of 20 on the Borg scale

of perceived exertion. This is a scale that goes from 6 to 20,

where 6 is very light and 20 is maximum exertion. Strength

exercises were not included. In this study, the group that did

exercise showed an improvement of 24% in VO2max (P<[9_TD$DIFF].001),

while that of the control group was not significant. Both

groups obtained improved body composition, muscle

strength, and quality of life, although they were not

significant in the interaction between groups. These results

demonstrate the beneficial changes of following an exercise

programme and controlled diet. According to the authors,

this new lifestyle should be initiated within 6 months after

the transplantation.

Van den Berg-Emmons et al.14 conducted a study of 18 liver

transplant recipients, who completed an exercise programme

with 2 one-hour sessions per week for 12 weeks. The exercise

programme included aerobic exertion and strength training.

The former involved ergometer cycling for 30 min, starting at

an intensity of 40%–50% of the heart rate reserve, using the

Karvonen method.45[12_TD$DIFF] After 12 weeks, patients were to pedal at

60% of the heart rate reserve. The strength training lasted

30 min per session and focused on the large muscle groups.

The intensity and number of repetitions increased over the

12-week period from a series of 10–15 repetitions at 30%

maximum repetition (1 MR), to 3 series of 20 repetitions at 60%

of 1 MR. In order to determine the changes between the start

and end of the programme, aerobic capacity wasmeasured by

means of a maximum exertion test on a cycloergometer and

the 6-minute walk test. Maximum strength was measured

in the quadriceps and hamstring muscles with an isokinetic

dynamometre (Biodex). The test was done 5 times at 608 per

second. Body composition and fatigue were also evaluated.

The results of this study were satisfactory. The VO2max

increased by 10% (P<[7_TD$DIFF].05) and strength only increased in the

hamstrings by 10% (P= [13_TD$DIFF].04). There were no changes in BMI,

although the percentage of body fat decreased significantly

(P= [14_TD$DIFF].49).

The key to this study was the percentage of compliance

with the programme. As it was in-hospital, there was 93%

assistance to the training sessions. The limitation of this study

was the lack of a control group.

To improve the development of these programmes, more

should be known about the state of the capacities and the

effects of physical exercise in this patient population, but

the documentation is limited. There are only a few studies that

use rehabilitation and physical preparation as part of pre- and

post-transplant treatment. The aforementioned studies only

contemplate the effects of the programme on different

physical variables, and they are limited in terms of number

of patients, methodology and observance of long-term

cardiovascular improvement.44

Noneof the studies has analysedhowexercise affects other

clinical parameters in these patients, such as renal function.

Conclusions

Whilemany surgical teams have focused on the success of the

surgery itself, adjustments to immunosuppressant therapy

and normalisation of patients’ lives, few have developed

physical re-adaptation programmes to improve the quality of

life of patients for the rest of their lives.

It seems that the patients who most benefit from exercise

are those who have a poor physical condition, meaning

those who go from a sedentary to an active lifestyle. Thus, it

could be interesting to begin with the programme as soon as

possible (performance status grade 0–1), since improved

physical condition even before the transplantation can

result in a lower risk for post-transplant disease and death.

To date, it has been observed that the aerobic exercise of

walking at a mild to moderate intensity is beneficial.

Nonetheless, there are few studies with quality methodo-

logies that have developed capacities such as strength or

functional aptitude. Therefore, according to related publis-

hed articles, it has been proposed that the key to scheduling

and properly executing a physical training plan entails

applying the necessary dose for each patient, with an

aerobic training content (walking, cycling, swimming,

aquaerobics), strength training (resistance bands, machines,

aquagym) and functional aptitudes (balance, agility, flexi-

bility). A proper plan could include 2–3 one-hour training

sessions per week with aerobic, strength and functional

aptitude exercises, organised in combination at moderate

intensity. As demonstrated, moderate intensity exercise

does not negatively affect the function of the new graft.

Therefore, when we consider that higher intensities produce

greater improvements in the different capacities, a future

study of interest should analyse a specific training pro-

gramme with these characteristics.

Conflict of Interests

This paper has received no financial support and the authors

have no conflicts of interests.

r e f e r e n c e s

1. Varo Cenarruzabeitia JJ, Martı́nez A, Martı́nez-González MA.
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2000.

5. Organización Nacional de Trasplantes. Memoria de la
actividad, donación y trasplante. España: Instituto Nacional
de Gestión Sanitaria. Ministerio de Sanidad y Consumo; 2010.

6. Rodes J, Navasa M. Liver transplantation and quality of life.
Can J Gastroenterol. 2000;14:693–9.

7. Tome S, Wells JT, Said A, Lucey MR. Quality of life after
liver transplantation. A systematic review. J Hepatol.
2008;48:567–77.

c i r e s p . 2 0 1 6 ; 9 4 ( 1 ) : 4 – 1 08

http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0230
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0230
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0230
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0235
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0235
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0235
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0235
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0235
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0240
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0240
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0240
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0245
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0245
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0250
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0250
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0250
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0250
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0255
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0255
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0260
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0260
http://refhub.elsevier.com/S2173-5077(15)00353-1/sbref0260


8. Beyer N, Aadahl M, Strange B, Kirkegaard P, Adel Hansen B,
Mohr T, et al. Improved physical performance after
orthotopic liver transplantation. Liver Transpl Surg.
1999;5:301–9.

9. Tomás MT, Santa-Clara H, Monteiro E, Barroso E, Sardinha
LB. Effects of an exercise training program in physical
condition after liver transplantation in familial amyloidotic
polyneuropathy: a case report. Transplant Proc.
2011;43:257–8.

10. Tomás MT, Santa-Clara, Bruno PM, Monteiro E, Carrolo M,
Barroso E, et al. The impact of exercise training
on liver transplanted familial amyloidotic
polyneuropathy (FAP) patients. Transplantation.
2013;95:372–7.

11. Pirenne J, van Gelder F, Kharkevitch T, Nevens F, Verslype
CF, Peetermans W, et al. Tolerance of liver transplant
patients to strenuous physical activity in high altitude. Am J
Transplant. 2004;4:554–60.

12. Van Ginneken BT, van den Berg-Emons RJ, Kazemier G,
Metselaar HJ, Tilanus HW, Stam HJ. Physical fitness, fatigue,
and quality of life after liver transplantation. Eur J Appl
Physiol. 2007;100:345–53.

13. Krasnoff JB, Vintro AQ, Ascher NL, Bass NM, Paul SM, Dodd
MJ, et al. A randomized trial of exercise and dietary
counseling after liver transplantation. Am J Transplant.
2006;6:1896–905.

14. Van den Berg-Emmons R, van Guinneken TJ, Nooijen C,
Metselaar H, Tilanus W, Kazemier G, et al. Fatigue after liver
transplantation: effects of a rehabilitation program
including exercise training and physical activity counseling.
Phys Ther. 2014;94:857–65.

15. Jones JC, Coombes JS, Macdonald GA. Exercise capacity and
muscle strength in patients with cirrhosis. Liver Transpl.
2012;18:146–51.

16. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood
JE. Exercise capacity and mortality among men
referred for exercise testing. N Engl J Med. 2002;346:
793–801.

17. Prentis JM, Manas DM, Trenell M, Hudson M, Jones DJ,
Snowden CP. Submaximal cardiopulmonary exercise testing
predicts 90-day survival after liver transplantation. Liver
Transpl. 2012;18:152–9.

18. Epstein SK, Freeman RB, Khayat A, Unterborn JN, Pratt DS,
Kaplan MM. Aerobic capacity is associated with 100-day
outcome after hepatic transplantation. Liver Transpl.
2004;10:418–24.

19. Dharancy S, Lemyze M, Boleslawsky E, Neviere R, Declerck N,
Canva V, et al. Impact of impaired aerobic capacity on
liver transplant candidates. Transplantation. 2008;86:
1077–83.

20. Carey EJ, Steidley DE, Aqel BA, Byrne TJ, Mekeel KL, Rakela J,
et al. Six-minute walk distance predicts mortality in
liver transplant candidates. Liver Transpl. 2010;16:
1373–8.

21. Veloso-Guedes CA, Rosalen ST, Thobias CM, Andreotti RM,
Galhardo FD, Oliveira da Silva AM, et al. Validation of 20-
meter corridor for the 6-minute walk test in men on
liver transplantation waiting list. Transplant Proc.
2011;43:1322–4.

22. Imayama I, Alfano CM, Mason CE, Wang C, Xiao L, Duggan C,
et al. Exercise adherence, cardiopulmonary fitness and
anthropometric changes improve exercise self-efficacy
and health related quality of life. J Phys Act Health.
2013;10:676–89.

23. DeLissio M, Goodyear LJ, Fuller S, Krawitt EL, Devlin JT.
Effects of treadmill exercise on fuel metabolism in hepatic
cirrhosis. J Appl Physiol. 1991;70:210–5.

24. Campillo B, Chapelain C, Bonnet JC, Frisdal E, Devanlay M,
Bouissou. et al. Hormonal and metabolic changes

during exercise in cirrhotic patients. Metabolism.
1990;39:18–24.

25. Terziyski K, Andonov V, Marinov B, Kostianev S. Exercise
performance and ventilatory efficiency in patients with mild
and moderate liver cirrhosis. Clin Exp Pharmacol Physiol.
2008;35:135–40.

26. Jacobsen EB, Hamberg O, Quistorff B, Ott P. Reduced
mitochondrial adenosine triphosphate synthesis in skeletal
muscle in patients with Child-Pugh class B and C cirrhosis.
Hepatology. 2001;34:7–12.

27. Pieber K, Crevenna RJ, Nuhr M, QuittanM, Peck-Radosavljevic
M, Fialka-Moser VF, et al. Aerobic capacity, muscle
strength and health-related quality of life before and after
orthotopic liver transplantation: preliminary data of an
Austrian transplantation centre. J Rehabil Med. 2006;38:
322–8.

28. Wiesinger GF, Quittan M, Zimmermann K, Nuhr M, Wichlas
M, Bodingbauer M, et al. Physical performance and
health-related quality of life in men on a liver
transplantation waiting list. J Rehabil Med. 2001;33:
260–5.

29. Andersen H, Borre M, Jakobsen J, Andersen PH, Vilstrup H.
Decreased muscle strength in patients with alcoholic liver
cirrhosis in relation to nutritional status, alcohol
abstinence, liver function, and neuropathy. Hepatology.
1998;27:1200–6.

30. Tarter RE, Panzak G, Switala J, Lu S, Simkevitz H, Van Thiel
D. Isokinetic muscle strength and its association with
neuropsychological capacity in cirrhotic alcoholics. Alcohol
Clin Exp Res. 1997;21:191–6.

31. Galant LH, Forgiarini LA Jr, Dias AS. The aerobic
capacity and muscle strength are correlated in
candidates for liver transplantation. Arq Gastroenterol.
2011;48:86–8.
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