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Abstract

Purpose of Review Poor physical fitness is a common finding in patients with cirrhosis
and is associated with increased morbidity and mortality. This review aims to summarize
the existing literature on the impact of exercise interventions in cirrhosis and guiding
the healthcare providers in determining the optimal exercise program in this population.
Recent Findings Exercise interventions including aerobic and resistance training have ben-
efits on markers of sarcopenia, cardiorespiratory fitness and quality of life, and are safe,
even in the decompensated stage.

Summary Poor physical fitness in cirrhosis is multifactorial. The goal of exercise interven-
tions in cirrhosis is to improve outcomes by increasing muscle mass and function, pre-
venting further skeletal muscle breakdown, and improving cardiovascular fitness. Exercise
programs combining aerobic and resistance training at a moderate intensity and for at least
8 to 12 weeks, in both site-based and home-based settings, have benefits on sarcopenia
and aerobic capacity, as well as on quality of life. Efforts need to be made to improve the
adherence to exercise interventions, especially home-based programs, in order to maximize
their benefits.
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Introduction

Patients with cirrhosis have an overall lower level of
physical activity than patients with other chronic dis-
eases. Multiple factors contribute to this poor physi-
cal fitness, which particularly affects patients in the
decompensated stage: energy and protein malnutrition
with associated sarcopenia (low muscle mass, strength
and function), physical limitations from ascites and
lower limb edema, need for repeated hospitalizations
for decompensation events, hepatic encephalopathy
and depression, among others. This leads to frailty,
a state of decreased physiological reserve associated
with a low quality of life, poor clinical outcome and
mortality, including on the liver transplantation (LT)
waiting list, irrespective of the Model for End-stage
Liver Disease (MELD) score [1]. Exercise has well-
recognized beneficial effects on health. The goal of
exercise interventions in cirrhosis is to improve muscle
mass and function and to prevent further skeletal mus-
cle breakdown, as well as to improve cardiovascular

fitness, helping patients in maintaining their auton-
omy in the daily life. Additionally, exercise may have
benefits on clinical outcomes, although this has until
now never been specifically addressed. Despite these
anticipated benefits, current guidelines on the manage-
ment of chronic liver diseases do not offer specific rec-
ommendations on exercise, contrary to other chronic
diseases. In recent years, multiple groups have looked
at the feasibility and impact of exercise interventions
in cirrhosis, testing various types of training (resist-
ance and/or aerobic), frequency, duration, intensity,
and setting (supervised vs. home-based). It is clear that
patients with cirrhosis should exercise, but the optimal
exercise intervention remains unknown, and how to
maximize the adherence to such an intervention is a
challenging question. This review provides an update
on the existing literature evaluating exercise interven-
tions in cirrhosis. Table 1 summarizes prospective
studies published in this field.

Endpoints in exercise interventions in cirrhosis

Endpoints measuring changes in physical fitness can be classified into two
categories: those focusing on muscle mass, strength and function and those
evaluating cardiorespiratory fitness, with frailty indices reflecting both of
these components. A more detailed discussion of the validated tools for the
assessment of sarcopenia, frailty and cardiorespiratory fitness in cirrhosis and
their prognostic value is beyond the scope of this review and can be found
elsewhere [20]. Most studies evaluating exercise interventions in cirrhosis
included a combination of these endpoints, which vary in their complex-
ity, need for trained personnel, costs and inter-observer variability (Table 1).
Some studies also reported the hepatic venous pressure gradient (HVPG) and
quality of life through validated questionnaires, and one study reported liver
and spleen stiffness [11].

The current gold standard for the assessment of muscle mass, the skeletal
muscle index (SMI, in cm?/m?, calculated by dividing the skeletal muscle
area on computed tomography (CT) at a specific vertebra level, by the height
of the patient), was reported in only one of the presented study (together
with the psoas muscle index) [13]. The effect of exercise on muscle compo-
sition (myosteatosis), which can be assessed by CT, has never been specifi-
cally addressed. One study reported the cross-sectional area of the quadriceps
(from magnetic resonance imaging) [2]. Thigh muscle thickness measured by
ultrasound was also reported in a few studies. Other reported validated meth-
ods were the fat-free mass on whole-body dual-energy X-ray absorptiometry
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(DXA) and bioelectrical impedance analysis (BIA) with phase angle (PhA),
but were not the methods of choice in studies including patients with decom-
pensated cirrhosis since they are affected by fluid retention. Anthropometric
measurements such as the mid-arm muscle circumference (MAMC), mid-arm
muscular area (MAMA), and triceps skinfold (TSF) were reported in some
studies. The handgrip strength and the quadriceps strength were the most
frequent tools used to measure muscle strength and function.

The main endpoint in studies using cardiopulmonary exercise testing
(CPET) was the peak VO,, which is the gold standard for the assessment of
aerobic capacity and represents the maximum oxygen uptake during peak
aerobic exercise. Several studies reported the 6-min walk test (6MWT), a sim-
ple test reflecting the aerobic endurance.

Frailty was an endpoint in two studies and was measured through the
Liver Frailty Index (LFI, https://liverfrailtyindex.ucsf.edu/) [12], or the timed
Up&Go [6].

Type, intensity and schedule of exercises

Each type of exercise has an effect on the two major components of physical
fitness: aerobic exercises improve the aerobic capacity and cardiorespiratory
fitness, while resistance exercises improve muscle mass, strength and function.
In site-based studies, aerobic exercises were performed periodically with the
use of a treadmill or cycle ergometer. One home-based study also used a cycle
ergometer, which was delivered and set up at the patient’s home [15]. Other
home-based programs aimed for a more continuous aerobic exercise using a
wearable activity tracker with daily target steps and weekly increments, usu-
ally by 500 steps per day. Resistance training exercises were performed in most
studies with the use of elastic bands or weights, but also without equipment
and only against gravity. Some studies included stretching, coordination and
balance exercises as well [6, 7].

Most studies targeted a moderate activity, i.e. 60-80% of HR,, or of
baseline peak VO,, or 12-14/20 points (or 5-6/10) on the Borg Rating of Per-
ceived Exertion Scale. Interestingly, Chen et al. used cadence, or per-minute
step count using wearable activity tracker, to monitor and define the inten-
sity of exercise, with moderate and vigorous intensity defined as 80-130
and > 130 steps/minute, respectively [21]. Most studies also recommended
patients to stay active during the daily routine to increase the non-exercise
activity thermogenesis.

All studies agree that, to be able to see beneficial effects from exercise,
the minimal program duration should be 8-12 weeks, with longer programs
having a more durable effect. The frequency of exercise sessions was variable,
from daily to once weekly, with an average of thrice weekly.

As most studies published in the last 5 years evaluating exercise inter-
ventions in cirrhosis have included both categories of exercise (Table 1), it
is challenging to isolate the effects of each type of exercise on each clinical
endpoint. Moreover, pure aerobic or resistance training does not exist,
and while some measured endpoints reflect more aerobic capacity (CPET,
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6MWT) or muscle mass, strength and function (SMI, fat-free mass through
BIA or DXA, handgrip strength), both types of exercise probably have
mixed effects on overall physical fitness. For instance, a recent study in LT
candidates showed an improvement in handgrip strength after an exclu-
sively aerobic training program using a static bike, showing that handgrip
strength does not only depend on upper extremity muscle strength but also
on systemic factors [3].

Overall, aerobic and resistance training seem to have beneficial effects
in cirrhosis (Table 1). Resistance training improved endpoints reflecting
muscle mass (through cross-sectional or ultrasound evaluation, or estima-
tion through BIA or DXA) and strength/function (handgrip and quadriceps
strength) in most studies, in comparison to baseline and in some cases
compared with the control group. Chen et al. did not observe an improve-
ment in the SMI in the exercise group compared to baseline and to the con-
trol group; however, the sample size was small (N =20) and not calculated
to detect statistically significant changes. Moreover, the main intervention
was walking and the adherence to the resistance exercises might have been
insufficient to improve the SMI (the psoas muscle index did improve in the
exercise group). Sirisunhirun et al. observed a non-significant improvement
in the thigh muscle mass in the exercise group, while it decreased in the
control group [11].

Aerobic training was associated in most studies with an improvement in
CPET parameters such as the peak VO, and 6MWT compared to baseline and
in some studies compared with the control group. A recent RCT did not show
a significant improvement in the 6MWT after a 12-week home-based training
program consisting of both resistance and aerobic exercises [11]. This absence
of significant change might be explained by the fact that patients were already
quite fit at baseline (all with compensated cirrhosis, CTP score A) and that
the 6MWT may not be sensitive enough to detect aerobic capacity improve-
ments in this context. In this study, liver and spleen stiffness were chosen as
surrogates of portal hypertension and no significant changes were observed
between groups. Although exercise has been associated with improvement in
HVPG [5, 7], liver and spleen stiffness are not able to accurately reflect small
changes in portal pressure. Some studies showed a worsening of the peak
VO, or the 6MWT in the control group, showing how an exercise intervention
may prevent the inevitable deterioration observed with disease progression.

Exercise may improve frailty. Roman et al. showed an improvement in
the timed Up&Go test compared to baseline [6]. The intervention proposed
by Lai et al. was not feasible due to lack of adherence, which prevents
conclusions on its effect on frailty [12]. This underlines how one must be
careful when interpreting data from studies on exercise interventions in cir-
rhosis. Most studies were small, had poor adherence, and some were pilot
trials where the sample size was determined empirically and not calculated
to detect statistically significant differences in the main endpoints. Moreo-
ver, when comparing each patient’s performance to baseline, the absence of
an improvement of an endpoint may in fact indicate that the intervention
prevented a deterioration, and concluding to an absence of benefit of the
intervention would be misleading. Larger, properly sized studies are an
unmet need in hepatology.
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Setting of the exercise training program and impact
on adherence

Both site-based exercise interventions and home-based programs have been
evaluated and have demonstrated benefits on sarcopenia and aerobic capacity
(Table 1). The earlier studies involved mostly well-structured on-site training
in a training facility usually involving gym machines with direct supervision
from an exercise specialist. The advantage of this setting is the degree of
supervision that can be offered, which might allow reaching higher degrees of
intensity of the training, as well as access to specialized equipment. However,
it is not clear if this would be maintained with longer duration programs or
in the “real-life” setting. Additionally, site-based programs require significant
financial and personnel resources, and the need for patients to travel to the
hospital or exercise facility, which can be unpractical, costly, and limit adher-
ence on the long term.

In recent years, several studies have evaluated home-based programs to
overcome the barriers associated with site-based training programs. These
programs usually involved an initial evaluation with an exercise specialist
to explain the program in details and to tailor it to individual patients. The
resistance training exercises were performed at home with the support of
exercise worksheets or videos (online or DVD). The aerobic component was
usually performed using a wearable activity tracker and daily target steps.

One of the main difference between site-based exercise interventions and
home-based programs, beyond the setting where the exercises are performed,
was the supervision and the frequency and type of follow-up, which has a
major influence on adherence. The definition of adherence varied among
studies, varying from full compliance to the exercise intervention vs. any time
participation. Although the adherence to the exercise intervention was good
to excellent in all studies, it was overall superior in site-based programs in
comparison to home-based programs. The presence of an exercise-specific
infrastructure with direct supervision and continuous, personalized counsel-
ling are some of the factors explaining this finding.

In both site-based and home-based studies, most programs included edu-
cational sessions (Fig. 1). Some also included a health coach or motivational
interviews by the research personnel, which we believe are key interventions
in order to elicit behavioral change in patients and identify potential barri-
ers to exercise. The involvement of a psychologist may also be considered.
Health engagement questions, together with financial incentives, had a posi-
tive impact on physical activity after kidney and liver transplantation in a
recent pilot study. Approaches using behavioral economics may provide new
tools to improve adherence to lifestyle interventions [22].

To maintain adherence, most programs involved regular phone calls (usu-
ally weekly to biweekly, but as frequent as daily if needed). However, the
efficacy of an intensive remote follow-up in home-based studies has not been
so far convincing. For instance, in the STRIVE trial, the largest trial so far pub-
lished evaluating a home-based program, despite the involvement of a health
coach and regular phone calls, adherence was extremely poor (13%) [12].
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Site-based exercise programs
Pros Cons

- Direct supervision - Low accessibility

- Possibility to reach higher - Costs
degrees of intensity - Requires patients to
- Access to specialized travel
equipment - Unclear adherence on
- Higher adherence the long term
- Group effect
Home-based exercise programs
Pros Cons
- Accessibility T 3 - Lack of direct supervision
- Convenience and @ - Risk of suboptimal
flexibility " ) infensity
- Requires less resources - Lower adherence
- More “real-life" - Use of wearable activity
trackers may be
challenging

Fig. 1 Pros and cons of site-based vs. home-based exercise programs in cirrhosis.

In the study by Williams et al., adherence decreased dramatically as soon as
weekly phone calls were stopped (after week 6) [14]. In a study combining a
12-month home-based exercise program with BCAA supplementation (not
shown in Table 1), scheduling monthly group sessions might have allowed
the persistence of benefits observed at the end of the intervention [16].

A barrier to adherence to exercise programs is their complexity. In our
experience, the sicker the patients are, the simpler the intervention should
be. Use of technology such as wearable activity trackers is promising, but
might represent an additional challenge in patients with encephalopathy or
very severe liver disease and the help of a caregiver may be necessary in this
population to assist patients in using them.
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Severity of liver disease and safety
- 0]

Most studies evaluating exercise interventions in cirrhosis included patients
in the compensated stage. One of the reasons is the concern for safety in
patients with decompensated cirrhosis and the potential risk of an exercise-
induced rise in the portal pressure. Indeed, an early study published in 1996
observed a rise in portal pressure in eight patients with cirrhosis and portal
hypertension (not on beta-blockers) performing cycle ergometry (at 50% of
peak workload), quickly returning to baseline after stopping exercise, con-
cluding to a possible increased risk of variceal bleeding during exercise [23].
Nevertheless, out of the two site-based [3, 4] and three home-based exercise
program studies [12-14] focusing on patients with decompensated cirrhosis
referred for or awaiting LT (in the study by Lai et al. inclusion criteria was
MELD >12; 53% were Child-Pugh B/C), none reported episodes of variceal
bleeding during exercise. We do recommend that patients receive appropriate
beta-blockade before entering an exercise program and that those with severe
portal hypertension avoid abdominal crunch since this acutely increases
abdominal pressure.

Exercise training may in fact have long-term benefits on portal hyperten-
sion, as demonstrated by an open-label pilot RCT showing a reduction of
2.5 mm Hg in the portal pressure after a 14-week program of combined
aerobic training and kinesiotherapy [7]. In this study, the authors observed an
increase in the HVPG in the control group. A study in patients with compen-
sated cirrhosis with overweight or obesity also showed a benefit of a 16-week
exercise program and a hypocaloric diet on portal pressure. Although the
weight loss was probably the major driving factor on the improvement of
portal pressure in patients losing more than 5% weight, a higher amount of
exercise was still associated with a more significant decrease in portal pres-
sure in patients with minimal weight loss (< 5%), suggesting an independent
benefit of exercise on portal hypertension [5]. The effects of exercise on portal
pressure may be explained by a decrease in systemic inflammation and an
improvement in endothelial function and intra-hepatic resistance. This may
translate into benefits on clinical outcomes, since portal hypertension drives
most cirrhosis-related complications, but none of the studies published so
far have assessed this specifically.

Regarding other safety parameters, all studies reported that the exercise
interventions were not associated with excess decompensation events or falls.
In the case of home-based interventions, this may be however explained by
the lower degree of intensity of the training. Individual tailoring of the exer-
cise training by an exercise specialist and when possible, supervision by a
caregiver, is key to ensure safety of the intervention, especially in the presence
of ascites and hepatic encephalopathy.
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Association of exercise with a nutritional intervention

Malnutrition is very frequent in cirrhosis, particularly in the decompensated
stage, and nutritional interventions with specific calorie and protein intake
targets have the potential of improving muscle mass and sarcopenia in cirrho-
sis. Most of the studies evaluating exercise interventions in cirrhosis included
a nutritional intervention, which varied from standard nutritional advice to a
more structured approach aiming for the recommended energy and protein
targets in chronic liver diseases [1]. Importantly, the nutritional intervention
was offered in the control group as well, to isolate the effect of the exercise
from the effect of the nutritional intervention, although nutrition and exer-
cise may have a synergistic effect on muscle mass. Several studies however
did not comment on the adherence to these nutritional recommendations or
reported the patients’ actual calorie and protein intake, which may influence
the magnitude of the response to exercise.

Since the benefits of exercise training depend on adequate substrate
reserves, some authors have suggested optimizing the nutritional status
of patients prior to starting an exercise program. Moreover, a few studies
included additional energy intake on exercise days (250-300 kcal or 30%
kcal) to compensate for exercise-induced losses [7, 9, 11, 15]. This additional
caloric intake should be taken into account in patients with overweight or
obesity, in whom an overall reduction in caloric intake is recommended,
for example by using body mass index (BMI)-specific daily caloric intake.
One study, where a BMI>25 kg/m? was an inclusion criteria, included a
500-1000 kcal calorie restriction [5]. More studies are needed to better define
the appropriate energy and protein intake in patients with overweight or
obesity undergoing an exercise training program, given the obesity pandemic
and the high prevalence of sarcopenic obesity.

An adequate protein intake seems to allow maximum benefits from exer-
cise training. Three RCT specifically included protein [11] or aminoacid [10,
13] supplementation in both groups in combination with exercise training,
while Aamann et al. recommended the use of oral nutritional supplementa-
tion if protein intake was< 1.2 g/kg/d [2]. A pilot RCT showed that combin-
ing BCAA supplementation with a home-based exercise program improved
6MWT and psoas muscle index more than BCAA supplementation alone
(both groups also had a daily protein target intake of 1.2-1.5 g/kg) [13].

Benefits of exercise interventions on quality of life

Beyond physical fitness, exercise intervention have been repetitively shown
to have a positive effect on fatigue, depression, anxiety and on quality of life
overall. Part of this effect is through the improvement in the physical fitness,
which contributes in preserving the autonomy of patients and allow them
to be able to perform activities of the daily living. Direct benefits of exercise
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on the brain may also be possible, through various mediators released in
response to acute and/or chronic exercise (“exerkines”) [24].

Best strategies to implement exercise interventions
in cirrhosis

Before starting an exercise program, patients should be screened for car-
diopulmonary, orthopedic and other medical conditions that may require
adjustments in the type and/or intensity of training. We also recommend
systematically screening patients for malnutrition and frailty, and optimizing
the nutritional status before or in parallel to the exercise intervention. Addi-
tional supplementation on exercise days should be considered. In patients
with decompensated cirrhosis with ascites and hepatic encephalopathy, we
strongly recommend to involve an exercise specialist to provide closer super-
vision and a safe, individualized intervention. A short motivational interview
should be conducted in all patients prior to starting the intervention to elicit
behavioral change and identify barriers to adherence. A baseline physical fit-
ness assessment should be performed through validated tools and repeated
during the exercise intervention to evaluate progress. The exercise intervention
should include a combination of aerobic and resistance training, as well as
balance and stretching exercises. Exercise should be prescribed with a specific
frequency (at least four times per week and aiming for every day exercising),
duration (starting with a few minutes in very deconditioned patients and
increasing progressively to 40 min sessions, 150 min/week) and intensity
(at least moderate). At least two sessions per week should include resistance
training. Setting (site-based or home-based) should be defined depending
on available resources and patient’s preference. In all cases, efforts should be
made to maximize adherence during the intervention period, through regu-
lar contacts and potentially with the help of technologies such as wearable
devices. Safety of the intervention should be reassessed regularly.

Conclusion

Exercise should be considered as a medical therapy for cirrhosis as it improves
sarcopenia, aerobic capacity and quality of life, and potentially liver-related
outcomes. We encourage healthcare providers to prescribe exercise including
a combination of resistance and aerobic training with a specified frequency,
duration and intensity [25]. Supervised exercise programs are effective but
require many resources, while home-based exercise programs are feasible but
adherence may be challenging. Some form of continuous support to guaranty
long-term adherence would be ideal and further studies evaluating technolo-
gies, such as wearable devices and SMS- or applications including automated
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reinforcement strategies, are required. Moreover, trials assessing the effect of
exercise interventions (combined with nutritional optimization) on strong
clinical endpoints are needed.
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