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ABSTRACT

Introduction and aim of the study: Liver-related diseases are very common in our society,
and as a result, the number of people requiring liver transplantation is likewise increasing. In
our research, we intended to analyze the topic of increasing survival rates and improving
comfort along with the quality of life while waiting for a transplant, as well as in the
postoperative period. We determined that we would investigate the impact of physical activity
on risk factors that increase hospitalizations after surgery and decrease quality of life. We
summarized the effect and type of exercise on sarcopenia, frailty, and their direct relation to the
pre- and post-operative period of liver transplantation. In addition, we analyzed possible
obstacles and difficulties arising from the implementation of physical activity in liver transplant
recipients.

Materials and methods: The authors conducted an extensive review of articles available in
PubMed, Google Scholar, UpToDate, Science Direct, and Cochrane databases. The keywords
liver transplantation, physical activity, quality of life, sarcopenia, and frailty were the basis of
the review. Studies published between 2001 and 2024 were included in the review.

Results: The vast majority of the studies emphasized the positive effects of exercise,
particularly aerobic and resistance training, on improving the clinical conditions and well-being
of liver transplant patients. The papers with inconsistent results nevertheless underscored the
need to delve further into this topic. Thus, the overall evidence supports the inclusion of
physical exercise in post-transplant care as a key strategy for improving health and quality of
life.

Conclusion: Regular physical activity is beneficial for clinical outcomes and patients’ quality
of life after liver transplantation.

Keywords: Liver transplantation, physical activity, physical performance, quality of life,
sarcopenia, frailty.

INTRODUCTION

Liver transplantation (LT) is essential to prolong life and improve the quality of life for patients
with liver dysfunction. There is a wide spectrum of liver failure causes that include acute liver
failure and end-stage liver disease (ESLD), cirrhosis, liver cancer and acquired or genetic
metabolic liver disease, viral infections, such as Hepatitis C (HCV) and Hepatitis B (HBV) (1-
3). However, the most common liver-damaging factor that leads to liver failure is alcohol.
Surprisingly, it is women who are more vulnerable to the adverse effects of alcohol than men,
even in a small dose. Nevertheless, men represent the majority of this group (4).
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In recent times, unfortunately, metabolic dysfunction-associated fatty liver disease (MAFLD)
iIs becoming more common. The reason for this is the increasing prevalence of obesity in the
population (5-7).

Another factor that has a major impact on the deterioration of liver function is a sedentary
lifestyle. Inadequate lifestyle and physical inactivity increase the likelihood of conditions such
as non-alcoholic fatty liver disease (NAFLD), which, when associated with obesity, leads to
MAFLD, liver fibrosis, and progression of the disease to cirrhosis. A sedentary lifestyle is also
closely associated with oncological risk (8). Furthermore, it is important to emphasize the fact
that physical inactivity not only impairs physical function, as well as mental function, and thus
also reduces the quality of life (9). What is more, a link has been observed between a sedentary
lifestyle and more deaths among those on the liver transplant waiting list (10).

In the United States, the number of liver transplants has been steadily increasing over the years,
culminating in a historic peak in 2022 with 9,527 transplants performed. This represents a
significant 52% increase over the past decade (2012-2022), with 94.5% of the recipients
constituting the adult demographic and the remaining 5.5% representing the pediatric
population. Because the bottleneck in performing transplants is the limited availability of
organs for transplantation relative to the number of patients in need, a waiting list has been
established. Although the list has trended downward recently, there were still as many as 10,548
adult patients in the United States who are waiting for liver transplant surgery at the end of
2022. Therefore it is crucial to identify suitable recipients and make adequate qualifications for
liver transplant surgery (11). In comparison, 1743 liver transplants, both single and in
combination with transplantation of other organs, were performed in Europe in 2023, with 1442
people on the waiting list of recipients (12).

Due to the high demand for liver transplants in our society, which we are currently unable to
meet, we are exploring ways to better prepare patients for the surgery and enhance their quality
of life and post-surgery prognosis. Exercises are generally accessible and inexpensive to
implement. We acquire fundamental workout knowledge from an early age in school, providing
us with a wealth of exercise techniques.

Therefore, our study intended to focus on the effect of physical activity on physical function
and quality of life in liver transplant patients.

MATERIALS AND METHODS

The authors conducted an extensive review of articles available in PubMed, Google Scholar,
UpToDate, Science Direct, and Cochrane databases. The keywords liver transplantation,
physical activity, quality of life, sarcopenia, and frailty were the basis of the review. Studies
published between 2001 and 2024 were included.

SARCOPENIA

Researchers have identified an alternative approach to assess patients before transplantation by
examining their muscular condition. In 2010, the European Working Group on Sarcopenia in
Older People (EWGSOP) defined sarcopenia as the combination of reduced muscle mass and
diminished muscle function (13). However, the latest 2018 EWGSOP2 recommendations
outline decreased muscle strength as the primary parameter of sarcopenia.



The other elements, i.e., muscle quantity and physical performance, which were previously part
of the main definition, are now used to determine the severity of sarcopenia (14). Various tools
for diagnosing sarcopenia have been provided, such as Computed Tomography (CT) or
Magnetic Resonance Imaging (MRI) and dual-energy x-ray absorptiometry (DEXA) (15-18).
Nevertheless, the various ways to measure sarcopenia are beyond the scope of this review.
Sarcopenia and liver cirrhosis are closely intertwined. Figure 1 illustrates the complexity of this
relationship. The predominant factors contributing to sarcopenia, as described in the 2021
practice guidelines of the American Association for the Study of Liver Disease (AASLD),
encompassed malnutrition, cirrhosis-related influences, physical inactivity, other systemic
factors, and environmental/organizational determinants. Nonetheless, an inactive lifestyle is
considered the most crucial factor (19, 20).

Pathological pathways
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Figure 1
Summary of pathways linking sarcopenia and myosteatosis to cirrhosis: A bi-directional
communication. (21)

Numerous studies have shown that sarcopenia is a significant factor affecting both patient and
graft survival after LT. Transplant recipients showed lower survival rates and extended stays in
the intensive care unit (22-24). Moreover, patients diagnosed with sarcopenia after the surgery
were characterized by impaired quality of life (25). It is important to address the concept of
sarcopenic obesity, which denotes a condition characterized by the replacement of muscle mass
with fat mass (19, 26). This medical condition represents a significant challenge due to its
combination of risk factors for obesity and reduced lean mass. Furthermore, it causes reduced
survival and quality of life in patients after LT (27, 28). Fortunately, there are ways to address
sarcopenia and manage it properly. The most fundamental and effective strategy is engaging in
physical activity. By leading an active lifestyle and exercising, individuals can increase their
muscle strength (26, 29, 30).



A meta-analysis conducted by Andrea Gonzalez et al., which covered 7 studies, revealed that
regular practice of resistance exercise can enhance strength and muscle mass in patients with
sarcopenia and NAFLD. Consequently, they recommend this type of training as a sarcopenia
treatment (31).

FRAILTY

In the context of pre- and post-liver transplantation patient evaluation, frailty serves as an
additional method for predictive assessment (32). Frailty represents a condition in which
patients, as a result of their health status, experience increased susceptibility to adverse health
outcomes when exposed to stressors (33). The dynamic nature of mental and physical
conditions is characterized by fluctuations over time. This dynamic status applies to both areas
and is subject to change. In the study, Mitnitski et al. noted that the rate of deficit accumulation
is about 3% per year (34). It is estimated that between 18% and 43% of patients with cirrhosis,
which we have previously mentioned as one of the leading causes of liver transplantation, are
expected to be classified as frail (35, 36).

To assess frailty, physicians use a variety of scales, such as the Clinical Frailty Scale (CFS) and
the Karnofsky Performance Scale (KPS), which are used in the geriatric population (37).
However, these various methods of defining frailty have not yet been thoroughly studied in
relation to LT. Therefore, researchers have established an already widely used method for
determining frailty before liver transplantation, employing the three-component Liver Frailty
Index (LFI). In fact, it can be performed at the bedside and does not consume much effort. This
assessment can be easily performed at the bedside and doesn't require much effort. To execute
the assessment, it is necessary to measure the grip strength of the dominant hand, time five chair
squats, and observe the duration of balance in three distinct positions. Higher LFI scores
indicate greater frailty intensity (38-40). The LFI provides an objective categorization of
patients as robust, preliminary, or weak, a departure from the more subjective approach of the
Karnofsky scale (32). Additionally, in the study done by Jutras et al., the researchers
recommend that LFI should be not only for LT patients but also for other organ recipients in
the pre-transplant evaluation (40).

Physicians using LFI can assess the post-liver transplant prognosis. The presence of pre-
existing frailty in patients is associated with diminished health status approximately one year
following the procedure. Moreover, it is also linked to reduced quality of life and well-being of
recipients (41). However, a significant body of evidence indicates that increasing physical
activity may help reduce frailty in patients who have made lifestyle changes underscoring the
role of physical activity (10, 42)

PHYSICAL PERFORMANCE

A significant portion of liver transplant recipients declare their physical activity level as
inadequate or are entirely inactive. Among those who do engage in physical activity, only a
small minority practice high-quality activities (43). Physical function assessment is crucial in
post-LT patients, as after such extensive surgery, due to catabolism aggravation and
glucocorticosteroid therapy, at two years post-transplant muscle mass in many cases does not
recover and decline in muscle strength and function can be observed as measured by knee
extensor muscle strength impairment (25).



Moreover, not only is the muscle mass reduced, but also cardiorespiratory fitness is
compromised, which is reflected by VO, max reduction. All the aforementioned physical
performance deficiencies may limit engagement in daily activities and heavily affect patients’
lives (44).

Multiple studies analyze the impact of physical activity on physical performance in patients
with end-stage liver disease and after liver transplantation (LT). Tests used in the studies to
assess physical performance and associated physical frailty include a 6-minute walk test, gait
speed test, timed up and go test, maximal oxygen consumption (VO2 max), muscle strength
including quadriceps, hamstrings, shoulder, lumbar extensor, handgrip, hip, flexion and
extension of hip, elbow, shoulder, shoulder abduction, leg press, and chest press (21). What is
important is the fact that these above-mentioned parameters are not detached from the patient’s
perspective. When asked, LT recipients identify ‘functional physical fitness’ as the most
important primary outcome of the exercise training study (25).

In a large ambispective study involving 517 patients with end-stage liver disease, more than
half listed for LT, prehabilitation, including individualized exercise prescription, resulted in a
significant improvement in LFI. Nevertheless, the improvement was most substantial in full-
adherent patients. Full-adherent patients reached notable progress in the 6MWT performance
by the second and third follow-up visits, while all patients in general reached progress by the
fourth visit. On the other hand, no significant improvement has been associated with
prehabilitation in the gait speed test, however, null adherence resulted in a worsening of the
gate speed test results by the third follow-up visit (45). These results are consistent with other
studies on this topic. In a meta-analysis including nine studies with supervised aerobics, of
which six recruited patients with compensated cirrhosis and three involved liver transplant
recipients, the 6MWT results and VO2 max significantly improved after supervised exercise.
These findings suggest that functional and endurance capacity, as well as cardiorespiratory
fitness, are enhanced following the exercise regimen (44). Furthermore, to support findings
from the above-mentioned meta-analysis, another large meta-analysis of 21 studies with solid
organ transplant recipients, revealed not only the improvement in VO. max and 6MWT results
in the exercise group but also quadriceps and hamstrings muscle strength capacity, leg press
and chest press maximal strength (46).

Another meta-analysis, including eight full-text articles and two conference abstracts
originating from eight independent studies, showed a trend for a positive impact of exercise
training on cardiorespiratory fitness as measured by the 6MWT and VO, max in LT patients.
Moreover, one of the studies assessed lower back and hamstring flexibility, as well as postural
stability and overall motor fitness by the Timed Up and Go test and revealed significant
improvement in the exercise group. Other physical performance tests used in the studies
included knee extensor muscle strength and a 30-s sit-to-stand test. Three studies in the meta-
analysis showed significant improvement in the 30-s sit-to-stand test and two studies showed
improvement in the knee extensor muscle strength in the exercise group. Two studies revealed
no difference between the control group and the exercise group in knee extensor muscle strength
(25). Furthermore, some studies highlight the fact that exercise needs to be performed regularly
to maintain its beneficial effects (31, 47).



CLINICAL OUTCOMES

The studies mentioned indicate that exercise improves muscle mass, and helps to tackle
sarcopenia, improving LFI and physical performance assessed by various physical assessment
instruments. However, these are not just isolated parameters but are closely linked to better
clinical outcomes. A variety of methods are used to evaluate patients prior to receiving a liver
transplant (48). One of them is The Model for End-Stage Liver Disease (MELD) scale, which
includes only 3 objective variables, including total bilirubin, creatinine, and INR. The more
points a patient scores on this scale, the more advanced their liver disease is. This is a valuable
predictor for outcomes in patients waiting to undergo liver transplants. However, this scale is
of limited value in predicting a patient's condition after surgery (49, 50).

Sarcopenia has been identified as a risk factor for pre- and post-LT mortality, longer
hospitalization, waiting list dropout, and incidence of complications such as infections
following LT and has been linked to higher overall healthcare costs (28, 51). Reduction in
muscle mass, the core of sarcopenia, measured by the mid-arm muscle circumference is
considered as a promising independent prognostic factor for mortality and post-LT outcomes
in patients with decompensated cirrhosis (52). Such muscle mass reduction may also be
assessed by psoas muscle mass index (PMI), which was proved at the third-month post-LT to
be a predictor for 5-year survival, with higher PMI values associated with a better chance of
survival (53). Moreover, when combining MELD and transversal psoas muscle thickness
(MELD-psoas score), the mortality discrimination and waiting list dropout are superior to the
MELD score, with sarcopenia’s strong correlation to mortality after LT, negatively affecting
survival after deceased-donor as well as living donor LT (23, 51).

The third lumbar skeletal muscle index (L3-SMI) and upper thigh skeletal muscle index (UT-
SMI) have been validated to be other parameters used to assess sarcopenia and have been linked
not only to patient survival but also to graft survival. Importantly, overall graft survival was
significantly lower in the L3-SMI and UT-SMI sarcopenia groups (22). A meta-analysis of 19
studies involving 3,803 LT candidates assessing sarcopenia with CT scans, revealed an 84%
higher risk of mortality on the waitlist and a 72% higher risk of post-LT mortality (37).
Moreover, complications associated with liver cirrhosis, such as hepatic encephalopathy,
ascites, and hepatorenal syndrome, were more frequent in patients affected with sarcopenia (19,
23).

Addressing obesity in the LT population is another important issue that needs attention.
Following LT many patients experience significant weight gain, leading to overweight or
obesity, with up to 85% of LT recipients gaining more than 10% of their body weight, with an
average increase of 9.5 to 11.6 kg within three years, surpassing their pre-morbid weight levels
(54). However, this weight gain is primarily fat rather than muscle or lean body mass (55).
Obesity itself is a risk factor for longer hospital stays, venous thrombosis, and wound
dehiscence after LT (56). When accompanied by sarcopenia, sarcopenic obesity poses a vital
issue in LT patients creating a junction of two major comorbidities resulting in a higher risk of
poor clinical outcomes than sarcopenia and obesity as separate comorbidities. Both resistance
and aerobic endurance training demonstrated notable benefits in LT patients. Resistance
training was proven to carry the potential to increase skeletal muscle mass, endurance training
may enhance muscle function (51).



However, not only these particular types of training showed promising effects on LT patients.
A study including 116 patients with liver cirrhosis on the LT waiting list revealed that every
additional 500 steps taken per day results in the reduction of hospitalization risk by 5% and risk
of death by 12% (57).

Concepts of sarcopenia, liver frailty, and physical performance are closely interrelated, one
affecting the other. Frailty in LT patients is primarily presented as physical frailty, also linked
to muscle mass reduction and decline in muscle function. As a result, frailty in patients with
ESLD is strongly related to sarcopenia (10). Frailty in LT patients, as assessed with LFI, is
strongly associated with pre- and post-LT outcomes. It enhances the prediction of 3-month
waitlist mortality for LT candidates compared to relying solely on MELD. Additionally, it
predicts post-LT functional status and longitudinal assessment of LFI offers valuable insight
into mortality risk (32). Frail patients achieve worse results in physical performance tests,
including less walking distance in the 6MWT and gait speed test, less sit and stand up, and
lower isometric knee extension strength and grip strength (10, 37). Furthermore, LFI values are
the lowest in physically active LT patients, while the highest values, meaning higher frailty
intensity, are exhibited by individuals with a sedentary lifestyle (10).

As mentioned, frailty is associated with sarcopenia, and these two intertwine, resulting in worse
physical performance and, therefore, worse clinical outcomes. In ESLD patients, physical
frailty was proven to be associated with higher mortality risk. LFI values greater than 4.5 were
related to an 82% increase in the risk of waitlist mortality among LT outpatient candidates,
independent of the MELD-NA score, ascites, and hepatic encephalopathy. It was estimated that
around 50% of LT candidates may experience a worsening in LFI and an increase of 0.1 after
3 months is associated with a twofold increase in waitlist mortality risk, whereas improvement
in the LFI between 0.2 and 0.4 provided a survival advantage, especially in frail patients (28,
45). Moreover, frailty has been associated with a higher risk of decompensation mortality post-
LT, overall post-LT mortality, greater healthcare resource utilization, longer ICU and hospital
stays, and a higher likelihood of non-home discharge. These can be also observed when
assessing frailty with Karnofsky Performance Status (KPS). KPS values below 40% pre-LT
were linked to a 38% increased risk of graft failure, 43% higher risk of mortality and longer
hospital stay after LT surgery, and higher healthcare costs in the first year post-LT.
Additionally, higher KPS values, meaning higher performance status and lower frailty intensity,
were associated with shorter intubation time after LT surgery (37). However, it is worth
mentioning that in a large ambispective cohort study, while LFI, 6MWT, and GST individually
predicted survival, improvements in the 6MWT did not lead to better survival outcomes, and
only LFI remained significant when all three instruments were included in the same model. The
variable that was related to improved survival after adjusting for baseline frailty and other liver-
adjusted parameters was adherence to the prehabilitation program including exercise training
(45). In a cohort of 214 LT patients, only 40% of patients were considered physically robust
one year post-LT. Initially, after LT, frailty scores worsened at 3 months post-LT, returned to
pretransplant baseline transplantation at 6 months, and later on showed modest improvement
by 12 months. The most significant predictor of being robust post-LT was high physical activity
pre-L T, once again highlighting the importance of prehabilitation (37, 42).



A recent study including 98 post-LT patients showed negative effects of sarcopenia on
cardiopulmonary performance, such as decreased VO2 max and elevated levels of a prognostic
marker in cardiovascular diseases - NT-proBNP pre-LT (24, 58). It is vital to highlight the fact
that 19% of post-LT deaths are caused by cardiovascular diseases (CVD) and most NAFLD
patients will die from either a CVD event or extrahepatic cancers rather than from a major
adverse liver outcome, CVD being the leading cause of death in NAFLD patients (8, 54).
Therefore, it is of utmost priority to reduce cardiovascular risk in LT patients. Recent studies
underscore the role of exercise training and physical activity in cardiovascular risk reduction in
LT patients. Given that many LT recipients exhibit risk factors like obesity, hypertension,
diabetes, and dyslipidemia, lifestyle modifications, including dietary changes and increased
physical activity, are essential (54, 59). The high prevalence of metabolic syndrome and
cardiovascular complications among LT recipients further emphasizes the need for increased
physical activity and improved physical function as primary modifiable risk factors (37, 42).
Furthermore, reduced exercise capacity in solid organ transplant recipients was linked to
diabetes, cardiovascular complications, and higher mortality, while impairing their quality of
life.

Exercise training has been shown to improve maximal exercise capacity and diastolic blood
pressure in solid organ transplant recipients. Although there is limited evidence that exercise
training affects other cardiovascular risk factors, improvements in VO2 peak, a key predictor
of cardiovascular disease risk and mortality, have been observed. In the meta-analysis involving
solid organ transplant recipients, it was proven that exercise training enhances VO2 max and
reduces diastolic blood pressure compared to controls, irrespective of the duration, frequency,
or timing of exercise, thus reducing cardiovascular risk (46). Exercise training has also been
shown to improve other cardiovascular biomarkers, reverse endothelial dysfunction, and
enhance body composition by reducing adipose tissue and possibly increasing lean body mass.
All the above-mentioned arguments for cardiovascular risk reduction resonate in the
Roundtable Statement from the American College of Sports Medicine that highlights the role
of regular physical activity in NAFLD prevention and recommends that all NAFLD patients
should be screened for physical activity and counseled on the benefits of it (8).

QUALITY OF LIFE

Quiality of Life (QoL) in LT recipients includes physical, psychological, and social dimensions.
Its assessment typically involves Short Form 36 (SF-36), which covers physical function,
emotional well-being, social functioning, and general health perceptions. Other validated
instruments include health-related quality of life (HRQoL) encompassing mobility, self-care,
and daily functioning and patient-reported outcomes (PROs) that provide patients’ insights on
their daily functioning, routine activities, and overall mental health (60, 61).

QoL in LT recipients generally improves significantly after the procedure, but it varies across
different domains and is influenced by several factors. Immediately post-LT, the majority of
patients experience a notable increase in their overall QoL, which is attributed to improvements
in physical, psychological, and social functioning dimensions. In the covered studies, a
reduction in pain and discomfort, along with improved self-care abilities, have been noted.
Moreover, many patients report improvement in the mental health aspect of QoL with anxiety
and depression reduction (60).
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However, despite a visible increase in these aspects, LT recipients often report an overall lower
QoL than the general population. Although the aspects mentioned above improve after LT,
other comorbidities and persistent fatigue and sleep disturbances still negatively affect overall
QoL. Conditions that often coincide in LT patients, such as diabetes, obesity, and
cardiovascular disease, as well as challenges, including immunosuppressive therapy
management and its side effects, were proven to be significant factors influencing both physical
and mental health. As a result, LT recipients exhibit a complex profile of QoL, which requires
careful and individualized management (9, 25, 62). It's important to note that the quality of life
for LT recipients is influenced not only by psychological and health factors but also by social
aspects such as the ability to return to work and participate in social activities. Even though
many patients regain their roles in family and social settings, some of them, especially the ones
with surgical complications and prolonged recovery periods, still struggle with social isolation
and role limitations (42, 61).

Physical activity plays a critical role in determining the quality of life for transplant recipients.
Numerous studies have demonstrated that engaging in physical activity after a liver transplant
significantly enhances the quality of life in various aspects, such as physical functioning,
mobility, and mental health. Interventions involving exercise, including resistance and aerobic
training, as well as participation in group sports, have been shown to improve muscle strength,
cardiorespiratory fitness, and overall physical function. The lack of physical activity and
sedentary behavior are consistently associated with a decreased quality of life. This underscores
the importance of targeted efforts to promote regular physical activity among transplant
recipients. The positive association between physical activity and quality of life is observed
across different types of transplant populations, underscoring the therapeutic value of exercise
(42, 63, 64).

OBSTACLES IN EXERCISE PROGRAMS

Conducting exercise programs for LT patients presents several challenges, ranging from safety
concerns to logistical and financial barriers. Historically, the primary obstacle has been the
concern over the safety of exercise, particularly in patients with portal hypertension, a common
complication in those with end-stage liver disease. Exercising was believed to potentially
exacerbate portal pressure, leading to serious complications such as variceal bleeding.
Therefore, all exercises in LT patients were approached with skepticism and caution. However,
recent studies have challenged this notion, demonstrating that with appropriate variceal
prophylaxis, exercise is not only safe but also beneficial in reducing portal pressure in patients
who are overweight or obese and have portal hypertension. Another consideration is the
comorbidities of LT recipients. Patients with uncontrolled hypertension or severe
cardiopulmonary diseases may require additional precautions or may be deemed unsuitable for
exercise programs. Ensuring that these patients are properly screened and monitored is essential
to minimize risks and enhance the benefits of physical activity in this population This highlights
the importance of a tailored approach to exercise, considering the patient’s general health and
physical abilities (10, 37, 44).

The financial burden associated with structured exercise programs is another issue that needs
to be faced when designing an exercise program for LT recipients.
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Supervised training programs often require careful monitoring and supervision, which can be
resource-intensive and costly (37). Moreover, the vast majority of supervised exercise sessions
require frequent visits to rehabilitation centers, posing a logistical challenge, especially for
patients living in remote areas. To address these issues, there has been a growing interest in
remote monitoring and telehealth interventions. Emerging evidence suggests that these
approaches can be just as safe and effective as traditional in-person exercise programs, offering
a more flexible and accessible option for LT patients. Wearable technology can play a role in
monitoring physical activity, ensuring that patients engage in safe levels of exercise, while
providing real-time feedback to both patients and healthcare providers (8, 65).

CONCLUSIONS

Physical activity plays a crucial role in improving physical function, quality of life, and clinical
outcomes in liver transplant recipients. While liver transplant surgery is essential for treating
end-stage liver disease and improving survival, recipients often face challenges such as
sarcopenia, frailty, and reduced quality of life due to chronic liver disease, comorbidities, and
prolonged inactivity. Regular exercise, including aerobic and resistance training, has been
shown to enhance muscle strength, cardiorespiratory fitness, and physical performance, helping
to counteract conditions like sarcopenia and frailty that can negatively impact clinical
outcomes. Additionally, regular exercise can lead to improved physical and mental health,
reduced fatigue, and enhanced social well-being for liver transplant recipients. However, it's
important to note that some studies have shown limited or inconsistent effects of exercise on
clinical outcomes and quality of life, indicating a need for further research to fully understand
the impact of physical activity on this population. Despite these discrepancies, the overall
evidence supports the integration of physical activity into post-transplant care as a key strategy
for optimizing health and well-being.

ABBREVIATIONS

LT Liver transplantation

ESLD End-stage liver disease

HCV Hepatitis C

HBV Hepatitis B

MAFLD Metabolic dysfunction-associated fatty liver disease
NAFLD Non-alcoholic fatty liver disease

EWGSOP European Working Group on Sarcopenia in Older People
CT Computed Tomography

MRI Magnetic Resonance Imaging

DEXA Dual-energy x-ray absorptiometry

AASLD American Association for the Study of Liver Disease
CFS Clinical Frailty Scale

KPS Karnofsky Performance Scale

LFI Liver Frailty Index

VO2 max Maximal oxygen consumption

6MWT 6-minute walk test

MELD Model for End-Stage Liver Disease
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INR International normalized ratio

PMI Psoas muscle mass index

MELD-psoas score  MELD and transversal psoas muscle thickness
L3-SMI Third lumbar skeletal muscle index

UT-SMI Upper thigh skeletal muscle index

ICU Intensive-care unit

GST Gait Speed Test

NT-proBNP N-terminal prohormone of brain natriuretic peptide
CvD Cardiovascular diseases

VO, peak Peak oxygen consumption

QoL Quality of Life

SF-36 Short Form 36

HRQoL Health-related quality of life

PROs Patient-reported outcomes
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