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Regular physical activity beneficially impacts the risk of onset and progression of several chronic diseases. However, research

regarding the effects of exercising on chronic liver diseases is relatively recent. Most researchers focused on nonalcoholic fatty

liver disease (NAFLD), in which increasing clinical and experimental data indicate that skeletal muscle crosstalking to the

adipose tissue and the liver regulates intrahepatic fat storage. In this setting, physical activity is considered to be required in

combination with calories restriction to allow an effective decrease of intrahepatic lipid component, and despite that evidence

is not conclusive, some studies suggest that vigorous activity might be more beneficial than moderate activity to improve

NAFLD/nonalcoholic steatohepatitis. Evidence regarding the effects of exercise on the risk of hepatocellular carcinoma is

scarce; some epidemiological studies indicate a lower risk in patients regularly and vigorously exercising. In compensated cir-

rhosis, exercise acutely increases portal pressure, but in the longer term it has been proved safe and probably beneficial.

Decreased aerobic capacity (VO2) correlates with mortality in patients with decompensated cirrhosis, who are almost invaria-

bly sarcopenic. In these patients, VO2 is improved by physical activity, which might also reduce the risk of hepatic encephal-

opathy through an increase in skeletal muscle mass. In solid organ transplantation recipients, exercise is able to improve lean

mass, muscle strength, and, as a consequence, aerobic capacity. Few data exist in liver transplant recipients, in whom exercise

should be an object of future studies given its high potential of providing long-term beneficial effects. Conclusions: Despite

that evidence is far from complete, physical activity should be seen as an important part of the management of patients with

liver disease in order to improve their clinical outcome. (HEPATOLOGY 2016;63:1026-1040)

S
trong and growing epidemiological evidence
indicates that lifestyle factors modulate the risk
of developing several chronic diseases. Inde-

pendent of dietary habits, the risk of developing
chronic diseases is increased by sedentariness and is
decreased in individuals performing regular physical
activity. This clinical association is clear for obesity,
diabetes mellitus (DM), arterial hypertension, coronary
heart disease, osteoarthritis, and some solid neoplasias
(breast and colon) and has been initially attributed to
improved glucose uptake and insulin sensitivity. Subse-

quently, it became clear that the beneficial effects of
physical activity exceeded those explained by the
above-mentioned mechanisms. Skeletal muscle is now
recognized as an endocrine organ that secretes cyto-
kines and other peptides, defined as “myokines,” with
autocrine, paracrine and endocrine actions(1) (Fig. 1).
Interestingly, myokines are involved in inflamma-

tory response, and physical activity plays a key role in
the maintenance of an anti-inflammatory phenotype
homeostasis. On the contrary, a sedentary lifestyle pro-
motes a proinflammatory shift in myokines, and
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inflammation, in turn, decreases muscle strength and
mass.
Despite that chronic liver disease (CLD) is a major

cause of morbidity and mortality worldwide, research
regarding the effects of physical activity in this popula-
tion is recent. A pandemic of nonalcoholic fatty liver
disease (NAFLD), an obesity-related disorder, fos-
tered studies in this clinical scenario. In addition, the
effects of physical activity have been the object of
investigation in patients with cirrhosis, those with
hepatocellular carcinoma (HCC), and those under-
going liver transplantation (LT).

Physical Activity on Liver
Steatosis, Inflammation, and
Fibrosis

NAFLD/NONALCOHOLIC
STEATOHEPATITIS

NAFLD is the most prevalent cause of liver disease
in many parts of the world, and its incidence continues
to rise as a consequence of obesity epidemics and sed-
entary lifestyle. The pathogenesis of NAFLD, and
particularly the causes that lead to the aggressive form
of presentation, nonalcoholic steatohepatitis (NASH)
characterized by inflammation and fibrosis accompany-
ing steatosis, have not been fully elucidated as yet. A
multiple-hit hypothesis has been formulated.(2)

The available evidence regarding the initial develop-
ment of fatty liver in subjects with positive energy bal-
ance (excess of intake vs. consumption) depicts a
complex interplay among three major actors: adipose
tissue, the liver, and skeletal muscle. Insulin resistance
in the three organs is a central pathogenic event pre-
ceding most of the remaining mechanisms.
Concisely, the accumulation of triacylglycerols

(TAGs) in hepatocytes (steatosis) is owing to different

factors, including: (1) increased circulating nonesteri-
fied fatty acids (NEFAs), exceeding the individual fat-
oxidation capacity. This is thought to be the trigger in
the majority of patients with NAFLD/NASH who are
overweight or obese, as a result of the modern diet. An
additional factor for increased circulating NEFAs in
this population is increased lipolysis in an insulin-
resistant adipose (mainly visceral adipose) tissue.
NEFAs are delivered to the liver, the taken up and
accumulated as diacylglycerol and TAGs. (2) Increased
de novo lipogenesis; (3) insufficient elimination of
TAGs in excess owing to insufficient mitochondrial
lipid oxidation; and (4) inhibition/dysregulation of
very-low-density lipoprotein (VLDL) assembly and
secretion.
As a result of lipid accumulation, hepatic insulin

resistance (through phosphorylation of insulin receptor
substrate [IRS] 2 mediated by protein kinase C), insu-
lin signaling defects, and leptin resistance arise.
Energy balance is further regulated within the liver

by two main transcription factors: factor sterol regula-
tory element-binding protein 1 (SREBP-1), induced
by insulin and high-fat diet, and carbohydrate response
element-binding protein (ChREBP), which is induced
by hyperglycemia linked to skeletal muscle insulin
resistance. Activation of these factors results in de novo
lipogenesis and decreased free fatty acid beta-
oxidation.
Proinflammatory adipokines (leptin, resistin, inter-

leukin [IL]-6; tumor necrosis factor alpha) lipid perox-
idation (LPO), mitochondrial dysfunction, and
oxidative damage induced by reactive oxygen species
(ROS) seem necessary to develop NASH; in this step,
lipid accumulation and altered composition of phos-
pholipids within endoplasmic reticulum (ER) mem-
branes further promote ER stress and insulin
resistance.(3) These events are associated with activa-
tion of different proinflammatory pathways, including
Toll-like receptors, which, in turn, activates two main
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intracellular signaling pathways: nuclear factor kappa B
and c-Jun N-terminal kinase (JNK). The first leads to
an increased transcription of several proinflammatory
genes, whereas JNK induces insulin resistance through
phosphorylation and degradation of IRS1, eventually
reducing intracellular signaling downstream of the
insulin receptor. LPO can also directly induce activa-
tion of hepatic stellate cells, the major effectors in
fibrogenesis. These mechanisms finally lead to hepato-
cyte damage and development of liver fibrosis.(2)

EFFECTS OF EXERCISE IN
PATIENTS WITH NAFLD/NASH

A large amount of evidence in patients and in
murine models of NAFLD/NASH shows that weight
loss is crucial to improve the histological features of the
disease(4) and to avoid progression of fibrosis. Weight
loss is able to improve lipid and glucose metabolism

through increase in insulin sensitivity,(5) improve
endothelial function, reduce blood pressure, and
decrease proinflammatory markers.
Currently, to improve intrahepatic fat content, a

minimum 3%-5% weight loss (and ideally �7%) is rec-
ommended(6); this should be achieved not only
through calorie restriction, but also with regular exer-
cise.(4) This recommendation arises from a pilot obser-
vation showing that adding regular unstructured
exercise to caloric restriction led to normalization of
alanine aminotransferase (ALT) in patients with
NAFLD.(7) Hence, the strict interaction between
nutrition and physical activity in this scenario should
be emphasized.
Many studies have reported that elevated physical

activity or cardiorespiratory fitness are inversely associ-
ated with the onset of NAFLD and NASH.
Exercise influences hepatic metabolism. In sedentary

subjects, adoption of either aerobic- and resistance-

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Skeletal muscle as an endocrine organ and main acute cardiovascular and metabolic consequences of exercise. The figure
shows the main myokines known to date (in red those considered true “exercise factors,” namely, factors produced by skeletal muscle
in response to exercise and secreted into the circulation). Exercise also leads to a 3- to 10-fold increase in whole-body oxygen con-
sumption; energy required to distribute oxygen to the muscle is obtained by rapid oxidation of glucose (circulating glucose availability
is regulated through the liver) and fatty acids first from the skeletal muscle, and then from hepatic and adipose depots. In parallel, oxy-
gen needs to be distributed by the cardiovascular system, which adapts through increase in cardiac output and peripheral vasoconstric-
tion. Abbreviations: ANGPTL4, angiopoietin-like 4; BDNF, brain derived neerotropic factor; CCL2, chemokine (C-C motif) ligand
2; CX3CL1, chemokine (C-X3-C motif) ligand 1; CO, cardiac output; FGF21, fibroblast growth factor 21; GLUT4, glucose trans-
porter type 4; LIF, leukemia inhibitory factor; SPARC, secreted protein acidic and rich in cysteine.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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based exercise regimes result in significant reduction of
hepatic and visceral fat accumulation, increased fat oxi-
dation, and increased insulin sensitivity.(8,9) Studies in
monozygotic twins suggest that the effects of exercise
are independent of genetic background.(10) Exercise
also improves adipocytic insulin sensitivity, reducing
the flow of fatty acids to the liver irrespective of body
mass index (BMI).(11)

A systematic review and meta-analysis assessed the
effects of exercise in patients with NAFLD/NASH(12)

with the hypothesis that when compared with non-
exercise control conditions, interventions involving
exercise would lead to reduction in liver fat and ALT.
Twelve studies, mostly performed in a small number of
subjects, were included in the final pooled analysis.
Regarding studies employing exercise alone versus con-
trol (without concurrent diet intervention in both
groups), exercise was shown to be effective in improv-
ing liver fat (effect size 5 0.37; 95% confidence inter-
val [CI]: 0.06-0.69; P 5 0.020), despite a minimal or
absent weight loss. Importantly, increased cardiorespir-
atory fitness directly correlated to reductions in intra-
hepatic TAGs and liver enzymes in two studies. This
was not observed in interventions comparing combined
exercise and diet versus diet alone; furthermore, no
overall effect of exercise versus control on ALT was
observed.(12) Table 1 summarizes the interventional
studies included in the published meta-analysis(12) as
well as three more-recent randomized, controlled trials
(RCTs).(13-15) In one of them, exercise was able to
reverse endothelial dysfunction, evaluated by flow-
mediated dilatation (FMD) of the brachial artery, in
patients with NAFLD.(13) This confirms that exercise
is able to improve microvascular endothelial function
through nitric oxide (NO) also in patients with
NAFLD. Given that intrahepatic circulation shows
features of sinusoidal endothelial dysfunction early in
the development of experimental NAFLD, studies
evaluating whether exercise is able to revert not only
systemic, but also intrahepatic endothelial dysfunction
are needed.
The optimal type, duration, and intensity of exercise

training for patients with NAFLD has not been estab-
lished.(16) Both aerobic and anaerobic resistance train-
ing for 4 months are able to decrease hepatic fat
content on magnetic resonance spectroscopy (MRS),
as well as BMI, adipose tissue, and insulin resistance,
to a similar extent.(17) No data regarding a potential
differential effect of aerobic versus anaerobic training
on other histological aspects (inflammation and fibro-
sis) are available so far. As for the intensity of exercise,

the odds of developing advanced NASH-related fibro-
sis is reduced in patients that perform more-intense
exercise.(16) However, in an RCT performed in 48 sed-
entary obese subjects, Keating et al. showed no signifi-
cant differences on liver fat reduction by three
regimens of aerobic exercise with different dose and/or
intensity.(18) All reduced liver fat by a small amount
without clinically significant weight loss as compared
to placebo.
Hybrid training, a training that involves both volun-

tary and electrical muscle contractions, has been object
of a small study in patients resistant to lifestyle coun-
seling with encouraging results.(15)

Text Box 1 summarizes the beneficial effects of
exercise on liver disease in NAFLD/NASH.
Compliance to exercise is an issue; dropout rate was

high in the published trials regarding physical activity
in NAFLD/NASH, and in the only large cross-
sectional analysis of subjective concerns related to exer-
cise published so far, patients with NAFLD (and
patients with other CLDs) showed a low confidence to
perform physical activity.(19)

EFFECTS OF EXERCISE IN
EXPERIMENTAL MODELS OF
NAFLD AND MOLECULAR
PATHWAYS INVOLVED

Experimental data shed light on some of the mecha-
nisms by which exercise exerts a beneficial effect on
liver disease in NAFLD/NASH(20) (Fig. 2). In animal
models, exercise programs improved adipose mass, ste-
atosis, insulin resistance, and inflammation. These
beneficial effects are also observed when exercise is
introduced midway through a high-fat diet regimen
(e.g., a previous work(21)). Physical activity improved
insulin sensitivity by reducing ER stress.(22) When
comparing exercise with calorie restriction, Rector
et al.(23) noted elevated mitochondrial b-oxidation,
oxidative enzyme function, improved glucose toler-
ance, and suppression of hepatic de novo lipogenesis in
the exercise-only group, providing support to the claim
that exercise has effects superior to those of dietary
modification. Halting exercise for short periods (7
days) does not appear to hamper its benefits, although
longer interruptions (4 weeks) caused deterioration of
overall metabolic health and liver phenotype in hyper-
phagic rats.(24)

A central role in exercise-mediated metabolic
changes is played by adenosine monophosphate
(AMP)-activated protein kinase (AMPK), a protein

HEPATOLOGY, Vol. 63, No. 3, 2016 BERZIGOTTI ET AL.
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that acts as the energy gauge in the body sensing AMP
levels. Exercise mediates a drop in adenosine triphos-
phate (ATP) and a consequent increased AMP cyto-
solic concentration, which is an indicator of reduced
intracellular energy level.
Activation of AMPK tends to restore energy by

reducing expenditure on one side and by activating the
transcription of genes improving the efficiency of ATP
synthesis and utilization on the other (Fig. 3).
In the liver, AMPK inhibits lipid synthesis through

suppression of SREBPF, a key transcription factor that
activates lipogenic genes, including acetyl-CoA (coen-
zyme A) carboxylase (ACC1) and fatty acid synthase
(FAS).(23,25) AMPK activation results in the reduction
of malonyl CoA, an allosteric inhibitor of carnitine
palmitoyltransferase 1 (CPT1), the enzyme that con-
trols the transfer of cytosolic long-chain fatty-acyl-
CoA into the mitochondria.(26) Exercise decreases
hepatic stearoyl-Coa desaturase 1 (SCD-1) activity, a
rate-limiting enzyme in the biosynthesis of saturated-
derived monounsaturated fat that are the major con-
stituents of VLDL-TG (triglyceride).(23) Reduced
SCD-1 activity decreases lipogenesis while enhancing
hepatic fatty acid oxidation. Glucagon has also a regu-
latory role in the liver by increasing b-oxidation by up-
regulation of peroxisome proliferator-activated receptor
(PPAR)a, an inducer of genes required for fatty acid
catabolism, including CPT1, in either an AMPK- or a
p38-dependent manner.(23,27,28) Specific myokines are
released as exercise effectors and increase energy con-
sumption by different mechanisms. Irisin is released as
a consequence of the activation of peroxisome
proliferator-activated receptor-gamma coactivator 1
alpha (PGC-1a), which promotes the expression of its
membrane precursor, FNCD5. Irisin holds the ability
of inducing a brown-adipocyte phenotype in white fat
adipocytes, thereby increasing energy expenditure (heat
loss) independent of food intake.(29)

Exercise might act also through other pathways; it
seems to influence gut microbiota diversity, with
potentially relevant effects on immune interaction
between microbiota and host.(30) Whether exercise
might beneficially modulate gut microbiome-derived
inflammation and NASH progression is open to future
research.

CHRONIC VIRAL HEPATITIS

There is published evidence only for chronic hepati-
tis C (CHC). This is likely owing to the fact that hep-
atitis C virus (HCV) has metabolic effects. Insulin

T
A
B
L
E

1.
C
on
ti
n
ue
d

Au
th

or
N

C
on

tro
ls

N
Ex

er
ci

se
K
in

d
of

Ex
er

ci
se

D
ur

at
io

n
En

dp
oi

nt
an

d
M

ai
n

R
es

ul
ts

N
L

Ex
3
0

(i
ni

tia
lly

)
to

6
0

m
in

,
5

tim
es

pe
r

w
ee

k
(1

/w
k

su
pe

r-
vi

se
d)

at
4
5
%

-5
5
%

of
th

ei
r

VO
2

pe
ak

.

IH
TG

co
nt

en
t
by

M
R
S;

VL
D

L
ki

ne
tic

s.
Ex

de
cr

ea
se

d
IH

TG
by

1
0
%

w
ith

ou
t
m

od
ify

in
g

bo
dy

w
ei

gh
t.

N
o

ch
an

ge
in

he
pa

tic
VL

D
L-

TG
an

d
VL

D
L

ap
oB

- .
1
0
0

se
cr

et
io

n
ra

te
.

K
aw

ag
uc

hi
et

al
.(1

5
)

1
2

D
C

2
3 Ex

H
yb

rid
ex

er
ci

se
tra

in
in

g
(1

9
m

in
ut

es
tw

ic
e

a
w

ee
k)

.
1
2

w
ee

ks
AL

T,
he

pa
tic

st
ea

to
si

s,
H

O
M

A-
IR

,
an

d
IL

-6
de

cr
ea

se
d

in
hy

br
id

-
tra

in
in

g
gr

ou
p

an
d

di
d

no
t
ch

an
ge

in
co

nt
ro

l
gr

ou
p.

Yo
sh

im
ur

a
et

al
.(1

4
)

1
8

C
R

al
on

e
1
5

C
R
1

Ex
Ae

ro
bi

c
ex

er
ci

se
:s

up
er

vi
se

d
bi

cy
cl

e
er

go
m

et
ry

,
an

d
w

al
ki

ng
or

ru
nn

in
g

(6
0

m
in

/s
es

si
on

),
3

tim
es

/w
ee

k1
1
2
0

m
in

/w
k

(n
on

su
pe

rv
is

ed
).

1
2

w
ee

ks
IH

L
by

C
T

de
cr

ea
se

d
si

gn
ifi

ca
nt

ly
an

d
si

m
ila

rly
in

bo
th

gr
ou

ps
.

O
nl

y
th

e
ex

er
ci

se
gr

ou
p

sh
ow

ed
im

pr
ov

em
en

t
in

VO
2

pe
ak

.
P
ug

h
et

al
.(1

3
)

8 C
R

1
3 Ex

Ae
ro

bi
c

ex
er

ci
se

:
su

pe
rv

is
ed

3
0

m
in

/3
tim

es
/w

k
at

3
0
%

of
H

R
R

fo
r

th
e

in
iti

al
4

w
k;

th
en

in
te

ns
ity

in
cr

ea
se

d
to

4
5
%

H
R
R

fo
r

4
w

k,
th

en
du

ra
tio

n
in

cr
ea

se
d

to
4
5

m
in

fo
r

4
w

k.
Fr

om
w

ee
k

1
2
,

pa
rti

ci
pa

nt
s

w
er

e
ex

er
ci

si
ng

5
tim

es
/w

k
fo

r
4
5

m
in

at
6
0
%

of
th

ei
r

in
di

vi
du

al
H

R
R
.

1
6

w
ee

ks
IH

L
by

1
H

-M
R
S

de
cr

ea
se

d
si

m
ila

rly
in

th
e

tw
o

gr
ou

ps
.

O
nl

y
th

e
ex

er
ci

se
gr

ou
p

sh
ow

ed
im

pr
ov

em
en

t
in

VO
2

pe
ak

an
d

FM
D

.

1
R
M

5
on

e
re
p
et
it
io
n
m
ax
im

u
m
;
th
is
in
d
ic
at
es

th
e
la
rg
es
t
lo
ad

th
at

an
in
d
iv
id
u
al
ca
n
li
ft
/m

ov
e
in

a
si
n
gl
e
m
ax
im

al
ef
fo
rt
.

*T
h
es
e
p
ap
er
s
ar
e
th
e
ob
je
ct

of
a
sy
st
em

at
ic
re
vi
ew

an
d
m
et
a-
an
al
ys
is
.(1

2
)

A
b
b
re
vi
at
io
n
s:
ap
oB

,
ap
ol
ip
op
ro
te
in

B
;
C
R
,
ca
lo
ri
es

re
st
ri
ct
io
n
;
C
T
,
co
m
p
u
te
d
to
m
og
ra
p
h
y;

E
x,

ex
er
ci
se

tr
ai
n
in
g;

D
C
,
d
ie
ta
ry

co
u
n
se
li
n
g;

G
G
T
,
ga
m
m
a-
gl
u
ta
m
yl

tr
an
sp
ep
ti
d
as
e;

H
R
R
,
h
ea
rt
ra
te

re
se
rv
e;

IH
L
,
in
tr
ah
ep
at
ic

li
p
id

co
n
te
n
t;
m
et
.,
m
et
ab
ol
ic
;
m
in
,
m
in
u
te
s;
N
L
,
n
or
m
al

li
fe
;
N
R
,
n
ot

re
p
or
te
d
;
w
k,

w
ee
k.

HEPATOLOGY, Vol. 63, No. 3, 2016 BERZIGOTTI ET AL.

1031

 15273350, 2016, 3, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.28132 by C

ochrane M
exico, W

iley O
nline L

ibrary on [31/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



resistance in CHC is partially virus-mediated. Two
studies so far reported the effect of exercise training in
patients with CHC. In the first study,(31) 15 patients
with genotype 1 HCV infection, most of whom had
normal weight (mean BMI: 25.6 kg/m2), completed a
6-month lifestyle intervention program consisting of
adequate nutritional intake and increase in light-
moderate physical activity (walking, with the objective
of achieving 8,000 steps per day). This exercise thresh-
old was achieved by 47% of patients, who showed a
significant improvement in several parameters: body
weight; fat mass; ALT; homeostatic model assessment
of insulin resistance (HOMA-IR); and leptin. Adipo-
nectin increased only in patients who significantly
decreased body weight, and other liver function tests
did not change.
The second study(32) prospectively included 16

patients with CHC and obesity (10 patients without
cirrhosis and 6 with cirrhosis). Patients underwent a 6-
month lifestyle modification program, including indi-
vidualized dietary restriction and pedometer monitor
increase in physical activity up to 10,000 steps per day.
Patients showed a significant decrease in BMI and
HOMA-IR, and 50% of patients no longer showed
insulin resistance at the end of the study. Fatigue,
assessed by a specific scoring system, also improved.
Adiponectin increased, whereas leptin and resistin
decreased. The major drawback of these studies is that
they do not allow dissecting whether these beneficial
effects are mainly related to a decrease in body weight
or to a direct effect of exercise training.

CLD FROM OTHER CAUSES

We lack specific evidence on the effect of physical
activity on the natural history of CLD owing to nonvi-
ral, non-NAFLD causes. Only one study, conducted

in mice, assessed the effect of endurance training (60
minutes on treadmill 5 times per week for 4 weeks) on
acute alcohol exposure. Trained mice displayed a sig-
nificantly smaller increase in transaminases. The
researchers attributed this protective effect to the
induction of heat shock protein 70.(33)

Osteodystrophy is a common complication of all
CLDs and, in particular, of cholestatic liver diseases.
In the general and elderly population, exercising is crit-
ical to prevent loss of bone mass and to increase it in
depleted conditions.(34) Physical activity could be
highly beneficial on bone metabolism in cholestatic
liver diseases. However, excessive fatigue can limit the
ability to exercising of patients with primary biliary
cholangiopathy (PBC). Ninety-five percent of PBC
patients have autoantibody responses against the mito-
chondrial antigen pyruvate dehydrogenase complex
mediating mitochondrial dysfunction with consequent
excess muscle acidosis; in addition, PBC patients (but
not patients with primary sclerosing cholangitis)
showed significant prolongation of muscle pH recovery
time after exercise, which correlated with clinical
fatigue.(35)

Physical Activity and
Cirrhosis
Patients with cirrhosis show a reduced tolerance to

exercise and usually stop exercise testing because of
symptoms before reaching their predicted maximal car-
diac frequency.(36) Maximal oxygen consumption at
peak exercise (VO2 peak) assesses the aerobic capacity
of individuals and is directly related with tolerance to
exercise, physical fitness, and physiological reserve.
The decrease in aerobic capacity, which shows an

inverse correlation with liver function assessed by

Box 1 Summary of the major beneficial effects of exercise on liver disease in NAFLD/NASH.

� Improvement of peripheral and hepatic insulin sensitivity: obtained even by moderate exercise, inde-
pendent of its kind (aerobic and resistance training)

� Reduction in oxidative stress in the liver and in the vascular endothelium, mainly through increase of
antioxidant enzymes

� Decrease in hepatic lipid content: Owing to several different mechanisms, most of them are, at least in
part, mediated by AMPK activation.

� Decrease in inflammation and fibrosis progression: Data are still scarce; exercise of higher intensity and
longer duration seem to exert a positive effect

� Improvement in oxygen consumption (aerobic fitness), mainly through AMPK activation
� Improvement in systemic endothelial function, mainly through AMPK activation
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FIG. 2. Beneficial effects of exercise in NAFLD. Exercise effects occur through different mechanisms that involve three major actors,
namely, skeletal muscle, adipose tissue, and the liver; the major metabolic changes induced by exercise are summarized in the figure.
Abbreviation: LXR, liver X receptor.
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FIG. 3. Main effects of AMPK activation. AMPK activation triggers many different pathways, eventually leading to fatty acid oxida-
tion in the liver and skeletal muscle, inhibition of cholesterol synthesis and lipogenesis in the liver, and increase in energy expenditure.
ADP, adenosine diphosphate; FOX, forkhead box; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A; NAD/NADH, nicotina-
mide adenine dinucleotide/nicotinamide adenine dinucleotide plus hydrogen; PFK2, phosphofructokinase 2; SIRT1, sirtuin 1.
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Model for End-Stage Liver Disease (MELD) or
Child-Pugh score,(36) and the impairment in VO2 is
particularly severe in decompensated, Child C patients.
In a series of 135 patients with cirrhosis awaiting
LT,(36) 88% showed decreased VO2. The cause of aer-
obic capacity reduction in cirrhosis is probably multi-
factorial, including fatigue, deconditioning,
disturbances of carbohydrate metabolism (insulin
resistance) secondary to portal hypertension, and
reduced hepatocellular function and protein-energy
malnutrition.(37) The latter contributes to reduced
muscle mass and strength in this population, particu-
larly in the decompensated phase of the disease. In this
context, it has been shown in alcoholic cirrhosis that
fasting is oversensed and boosts a phenomenon of
“accelerated starvation” further precipitating sarcope-
nia. Furthermore, patients showing pulmonary compli-
cations of portal hypertension (portopulmonary
hypertension and hepatopulmonary syndrome), as well
as patients with alcoholic cirrhosis and alcoholic car-
diomyopathy, may have added factors decreasing their
cardiopulmonary reserve.

COMPENSATED CIRRHOSIS:
EFFECTS OF EXERCISE ON
PORTAL HYPERTENSION

Garcia-Pag�an et al.(38) studied 8 patients with pre-
served hepatic function (Child score: 6.960.7 points)
and clinically significant portal hypertension before
and after an acute workload consisting in 8-10 minutes
of cycling up to 30% and 50% of the peak workload. It
was observed that at 30% of maximal workload, portal
pressure significantly increased by 16% and that
hepatic blood flow (HBF) decreased by 18%; as
expected, arterial blood pressure also significantly
increased. These changes were further, even if not sig-
nificantly, accentuated at the 50% workload (hepatic
venous pressure gradient [HVPG] increase: 21% vs.
baseline; HBF decrease: 29% vs. baseline). Given that,
according to Ohm’s law, portal pressure gradient is the
product of intrahepatic resistance and portal inflow;
these data suggest that a marked increase in intrahe-
patic resistance takes place during acute exercising in
cirrhosis. These changes can be explained by the
increase in endogenous neurohumoral vasoconstrictive
factors, such as norepinephrine, angiotensin II, and
vasopressin, which can further exaggerate the intrahe-
patic vasoconstriction occurring in the cirrhotic liver.
The same researchers showed that pretreatment with
propranolol (the most commonly used nonselective

beta-blocker for portal hypertension treatment) blunts
the aggravating effects of acute exercise on portal pres-
sure.(39) In this regard, it should be noted that despite
their negative chronotropic and inotropic effect, initia-
tion of beta-blocker therapy is not associated with a
worsening in aerobic capacity,(40) except when porto-
pulmonary hypertension is present,(41) and in cirrhosis
nonselective beta-blocker discontinuation post-LT did
not lead to improvement in aerobic capacity.
In patients with portal hypertension not undergoing

beta-blockers, therapy exercise could lead to an
increased risk of variceal bleeding through an increase
in portal pressure.
Data in patients undergoing exercise for a longer

period of time did not confirm this hypothesis. In the
78 patients with compensated cirrhosis (Child A or B)
included in the four prospective studies available so
far(42-45) (Table 2), no episodes of variceal bleeding or
other decompensation of cirrhosis were observed dur-
ing 8-16 weeks of moderate exercise. Exercise
improved VO2 in all the studies and improved quality
of life.
Two studies published in abstract form addressed

the changes in HVPG after chronic exercise(42,45); one
was performed in 50 patients with cirrhosis, portal
hypertension, and overweight/obesity, and intervention
consisted in a combination of diet and exercise.(42) A
�10% decrease in HVPG was observed in 42% of
patients, and a weight reduction �5% was observed in
52% of cases. No changes in HBF were observed, and
the intervention led to a significant (over 30%)
decrease in serum insulin, HOMA index, and leptin.
The observed decrease in portal pressure might be
explained, in part, by a decrease in the dynamic com-
ponent of hepatic resistance mediated by the decrease
in these adypokines. It remains to be investigated
whether the beneficial effect on portal pressure is
related to body-weight decrease rather than exercise,
and whether it is only observed in overweight/obese
patients.
The second study evaluated 23 patients, of whom 11

underwent the exercise program(45); a 2.5 mm Hg
decrease in HVPG was observed in the exercise group;
however, in the control arm an unexpected increase of
4 mm Hg was observed.
Regarding the practical recommendations to be

given to patients with compensated cirrhosis, a recent
survey performed in a Japanese population(46) sug-
gested that walking 5,000 or more steps per day and
maintaining a total energy intake of 30 kcal/kg of ideal
body weight would be sufficient to prevent sarcopenia
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in patients with compensated cirrhosis. These data
require confirmation in prospective studies, but
strongly suggest that both a correct nutrition and phys-
ical activity are needed to improve outcomes in
advanced CLD.

DECOMPENSATED CIRRHOSIS:
EFFECTS OF EXERCISE ON
SARCOPENIA AND
ENCEPHALOPATHY

Sarcopenia is extremely frequent in patients with
decompensated cirrhosis and is associated with a
poorer prognosis in this population.(47) In patients
listed for LT, maximal exercise capacity identifies
patients at high risk of 90 days post-transplant mortal-
ity(36,48) as well as 1-year mortality and/or periopera-
tive complications and early in-hospital mortality(49);
this is relevant, given that preoperative MELD score is
not appropriate to predict postoperative outcomes in
this population.
Skeletal muscle mass is crucial for the removal of

plasma ammonia, and, in turn, hyperammoniemia
impairs skeletal muscle synthesis, contributing to wor-
sening of sarcopenia. It is well known that further loss
of muscle mass can play a role in precipitating/worsen-
ing hepatic encephalopathy. Therefore, some research-
ers postulated that exercise and supplementation of the
branched-chain amino acid, leucine, could attenuate
muscle mass loss and prevent hepatic encephalopathy.
In a recent study,(50) the effects of leucine (1.35 mg/
kg/day) alone or in combination with 15 minutes of
exercise (10 cm/s) every other day for 5 weeks were
tested in a rat model of cirrhosis (bile duct ligation;
BDL). Leucine-treated BDL showed an improvement
in brain edema, muscle mass, and metabolic activity,
further ameliorated by exercise. In addition, BDL rats
treated by leucine and exercise showed an improved
cognitive and psychomotor function.
From a practical point of view, it should be under-

lined that exercising under insufficient nutrients and
proteins intake could be dangerous in patients with
decompensated cirrhosis, given that it could promote
further protein catabolism and loss of muscle mass.
Therefore, a proper nutritional assessment and supple-
mentation are indicated before initiating physical activ-
ity in this population. In addition, caution should be
paid in patients with ascites and marked stimulation of
vasoconstrictor systems (renin-aldosterone and sympa-
thetic nervous systems), given that impairment in renal
function can take place after exercise in this popula-

tion.(51) Finally, the best method to assess aerobic
capacity in this setting, as well as the optimal exercise
regimen to be applied, has not been yet defined. The
6-minute walk test (6MWT) is simple and applicable
in most patients with cirrhosis, even in the decompen-
sated phase, and correlates well with the results of
more-complex tests.
A personalized, adapted physical activity program

(cycloergometry 1 muscle strengthening according to
ventilatory threshold) for 12 weeks seems feasible and
sufficiently safe in patients awaiting LT and improves
peak VO2, maximum power, ventilator threshold
power, 6 minutes walking distance (6MWD), and
strength of knee extensor muscles.(52)

Given that exercise has been shown to modulate gut
microbioma,(30) it might also reduce bacterial translo-
cation in cirrhosis(53); however, no data are available in
this regard so far.

Physical Activity and HCC
Exercise is protective against some solid tumors,

such as breast cancer and prostate cancer. Limited data
are available so far regarding HCC; overall, in the pub-
lished cohort studies, a higher degree of physical activ-
ity was associated with a progressive reduction in
HCC risk. In particular, in one of the cohorts (n 5

415) vigorous physical activity (�5 days/week) was
associated with a relative risk of 0.56 (95% CI: 0.41-
0.78).(54)

As for the mechanisms mediating the beneficial
effects of exercise on HCC risk, we recently demon-
strated that regular exercise has a positive effect on
HCC in a mouse model of NASH.(55) Exercise stimu-
lated AMPK activity and decreases activity of mamma-
lian target of rapamycin complex 1 (mTORC1), which
function as key metabolic growth promoters. AMPK
activation in HCC seems to induce apoptosis and
decreased AMPK activity, which has been associated
with poor outcome, suggesting that exercise could
counteract HCC risk/progression, in part, by activat-
ing AMPK and impairing mTORC1 activity.
Exercise-induced changes in AMPK/protein kinase B/
mTORC1 do not require the presence of obesity/DM,
indicating an independent effect of exercise to HCC
inhibition. Furthermore, exercise may strengthen
tumor perfusion, thus counteracting tumor hypoxia
and hence avoiding an aggressive cancer phenotype.
Despite promising evidence in animal models of

HCC, and despite that in patients diagnosed with
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HCC, preoperative exercise capacity was an independ-
ent prognostic indicator of event-free (recurrence of
HCC and complications of cirrhosis including liver
failure) survival posthepatectomy in one study, no data
are available on the effects of exercise on long-term
HCC-related outcomes.

Physical Activity Post-LT
Impairment of aerobic capacity is common and

severe in liver transplanted patients(56) and is often
reported as fatigue after small-load physical activity
(e.g., walking). This is explained by multiple factors,
including, in the early post-transplantation phase,
deconditioning associated to bed rest owing to
extended hospital and intensive care stay, which has
itself an extremely negative effect, immunosuppressant
drugs-associated myopathy (particularly steroids), and
episodes of organ rejection.
In later phases, calcineurin inhibitors induced effects

(e.g., reduction in mitochondrial respiration and mus-

cle regeneration/remodeling) and metabolic syndrome
and overweight-related problems are common post-
LT and contribute to further worsening of aerobic
capacity. Hence, liver transplanted recipients should
benefit of exercise; however, only approximately 50%
of patients perform regular physical activity within 2
years of LT, one of the potential reasons for this being
failure to reverse muscle loss post-transplantationg.
In the post-transplantation phase, exercise is aimed

at restoring a normal physical function allowing a nor-
mal life in all aspects (work, family, and leisure). As
such, post-transplant physical activity should be seen
as a long-term commitment.
The existing evidence in solid organ transplanted

populations suggests that exercise is able to improve
lean mass, muscle strength, and, as a consequence, aer-
obic capacity.(57,58) In the only RCT published so far,
regular exercise training increased exercise capacity by
27% post-transplant.(57) However, adherence to the
proposed program was only 37% over 10 months, and
exercise did not restore completely peak VO2, which
remained lower as compared to the predicted values for

Box 2 Recommendations on physical activity for adults ages 50-64 with clinically significant chronic con-
ditions or functional limitations that affect movement ability, fitness, or physical activity by the American
College of Sports Medicine,(62) American Heart Association, and World Health Organization.

� To promote and maintain health, moderate-intensity aerobic physical activity for a minimum of 30
minutes 5 days each week or vigorous-intensity aerobic activity for a minimum of 20 minutes 3 days
each week. Evidence grade IA.

� Combinations of moderate- and vigorous-intensity activity can be performed to meet this recommen-
dation. Evidence grade IIB.

� On 2 or more nonconsecutive days per week, further physical activity should be performed to: (1)
improve muscle strength and endurance: minimum of 8-10 exercises should be performed using the
major muscle groups; (2) resistance (weight): 10-15 repetitions for each exercise. The level of effort
should be moderate (5-6 on a scale of 10) to high (7-8 on a scale of 10). Evidence grade IIA.

� Flexibility exercises should be performed for at least 10 minutes each day. Evidence grade IIB.
� Participation in aerobic and muscle-strengthening activities above the minimum recommended

amounts provides additional health benefits andresults in higher levels of physical fitness. Evidence
grade IA.

Definitions:

� Moderate-intensity aerobic activity: moderate level of effort relative to an individual’s aerobic fitness. On
a 10-point scale, where sitting is 0 andall-out effort is 10, moderate-intensity activity is a 5 or 6 and
produces noticeable increases in heart rate and breathing.

� Vigorous-intensity activity is a 7 or 8 on the same scale and produces large increases in heart rate and
breathing. This recommended amount of aerobic activity is in addition to routine activities of daily liv-
ing of light intensity (e.g., self-care, cooking, casual walking, or shopping) or moderate-intensity activ-
ities lasting less than 10 minutes in duration (e.g., walking around home or office).
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sedentary nontransplanted subjects. In other non-
randomized studies, an early training program
increased up to 40% the VO2 peak.

(59)

As for the effects of exercising on post-
transplantation metabolic syndrome, a major source of
morbidity and mortality post-LT, a study performed
in 204 patients, of whom 59% had metabolic syn-
drome,(60) showed that in patients with a time from
transplantation over 1 year, metabolic syndrome was
associated with a lower exercise intensity independent
of age and pretransplantation diabetes. However, only
24% of patients were compliant to the recommenda-
tions regarding the amount of exercise-related physical
activity to be undertaken (namely, at least 150 minutes
per week; Text Box 2), and approximately 50% of
them reported no physical activity at all.
These data underline the importance of a multidisci-

plinary approach aiming at promoting and maintaining
physical activity in transplanted patients. There are no
data regarding the effects of exercise on cardiovascular
risk in patients undergoing LT. A recent meta-analysis
of the data available in solid organ transplanted
patients failed to prove beneficial effects on surrogate
outcome,s such as new-onset diabetes.(58) Failure of
the meta-analysis was mainly owing to the small num-
ber of patients included in the different trials, and to
the availability of only one RCT in liver transplanted
patients.(57) New studies in this field are needed, fol-
lowing the research areas pointed out by recent con-
sensus recommendations.(61)

Conclusions
The evidence discussed in this review shows that

physical activity is important in addition to calorie
restriction for NAFLD/NASH patients, is safe in
patients with compensated cirrhosis, might reduce the
risk of HCC (particularly in NAFLD/NASH), and
probably improves outcomes post-LT. Even though
the scientific evidence is still limited, this topic is going
to be increasingly important in the future, and a sound
clinical approach to liver diseases should already
involve physical activity; patient-centered care in this
field should take advantage of multidisciplinary team
work (Supporting Fig. 1).
The research agenda in this field remains crowded

with open questions, which include addressing the
molecular effects of physical activity in the diseased
liver, as well as clinical studies focusing on the dura-
tion, intensity, and frequency of physical activity in all

the above mentioned scenarios. Finally, a better under-
standing of the interactions of physical activity and
nutrition and strategies aimed at achieving and main-
taining an adequate compliance to lifestyle changes are
urgently needed in order to improve outcomes in
hepatology.

Acknowledgment: The authors thank Mrs. Laurence
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