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The influence of muscle performance
and fatigue on prognosis in patients
with compensated liver disease
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Abstract

Background Poor muscle function is associated with a negative prognosis in advanced liver disease but the impact
in compensated chronic liver disease is unknown. Similar prognostic uncertainty applies to fatigue. We aimed to
assess the prognostic value of muscle performance and fatigue in a cohort of patients with compensated chronic
liver disease.

Methods We followed 241 patients with compensated chronic liver disease included in a study between 2010 and
2014. Subjects were 52+ 15 years (mean + SD; 134 females). All subjects performed four muscle function tests: “Timed
Up and Go"test, walking speed, handgrip strength, and standing heel-rises. Fatigue was evaluated by fatigue impact
scale. Follow up data was acquired through hospital records and registries.

Results During follow up of 6.75+ 1.4 years, 13 patients died (5.5%) and 11 (4.5%) patients underwent liver
transplantation. A timed up and go over 10 s was not significantly associated with a lower survival (Kaplan-Meier, log
rank test p=0.132), or with transplant free survival (p=0.543), Fig. 3. It was also not specifically associated with liver
related causes of death (p=0.597). The other physical functioning tests and fatigue were not significantly associated
with mortality or transplant-free survival (p > 0.05 for all) except for maximal walking speed (2.2 vs. 1.9 m/s, p=0.007).

Conclusions Our study suggests that muscle function and fatigue are not key prognostic factors in compensated
chronic liver disease. However, further confirmation in future studies is needed.
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Introduction

Poor muscle function is a frequent finding in patients
with advanced chronic liver disease (CLD). A common
cause of muscle dysfunction in this population is sarco-
penia, which has previously been shown to be a nega-
tive prognostic factor [1]. The prevalence of sarcopenia
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The suggested definitions of sarcopenia have moved to
focus on muscle function rather than solely on muscle
mass [6], which has not been studied to the same extent
in compensated CLD, but the etiology of sarcopenia
and poor muscle performance is likely multifactorial in
most patients with liver disease and possibly different
in some aspects in advanced versus non-advanced CLD
[7, 8]. Previous studies have also shown that sarcopenia
in patients with decompensated liver disease is related to
hepatic encephalopathy, mortality, worse outcome fol-
lowing liver transplantation, and other complications of
decompensated chronic liver disease [2, 7]. However, the
impact of muscle function on prognosis in compensated
CLD is unknown.

Another common and well-known symptom in patients
with CLD is fatigue which has also been linked to poor
muscle function [3]. Peripheral muscle dysfunction has
been suggested as a contributing factor to fatigue, at least
in Primary Biliary Cholangitis (PBC) [9-11]. However,
the impact of fatigue on prognosis in compensated CLD
is unknown.

Methods

Our primary aim was to assess the potential prognos-
tic value of muscle performance and fatigue in a cohort
of patients with a variety of common CLDs on mortal-
ity and transplant-free survival. Our secondary aim was
to assess the impact of muscle function, physical activity,
and fatigue on the incidence of liver decompensation.

818 patients invited
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We followed a prospectively consecutively recruited
cohort of patients with compensated CLD (Child-Pugh
B/C were excluded) that were enrolled in a study on mus-
cle function and CLD in our institution (Sahlgrenska Uni-
versity Hospital in Gothenburg, Sweden) between 2010
and 2014 [3]. All subjects with compensated CLD caused
by autoimmune hepatitis (AIH), PBC, primary sclerosing
cholangitis (PSC), chronic hepatitis B (HBV) and chronic
hepatitis C (HCV) were invited to participate in a study
on muscle function and fatigue. Subjects with any sign of
deteriorated liver function as evidenced by a Child-Pugh
(CP) score>6 were excluded, to minimize metabolic or
drug treatment confounders. Overt hepatic encepha-
lopathy was clinically excluded by an experienced hepa-
tologist. We also excluded all patients with other causes
of CLD than PBC, PSC, AIH, HBV or HCV, in particular
alcoholic liver disease, but also NAFLD and cryptogenic
liver cirrhosis [12]. Subjects with impaired mobility or
other severe medical conditions including, but not lim-
ited to, neurologic, cardiovascular, or malignant condi-
tions were also excluded which could be considered as a
major contributor to impaired muscle function tests and
fatigue (Fig. 1).

The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki (6th revision, 2008)
and was approved by the Regional Ethical Review Board
in Gothenburg (Dnr 401-10, 2010-10-15). All subjects
included gave written consent to participate in the study.

294 No response |

144 Did not want to participate |

A\
380 Included
>i 11 Excluded due to other disease! |
>i 20 Other reasons? ‘
>i 51 Excluded — Other liver diseases® |
>i 57 Excluded — Advanced liver disease’ |
\4

241 Included in final study cohort

Fig. 1 Subjects included in the study cohort. (1) Malignancy, stroke, severe hypertension, severe hypothyroidism, mobility impairment. (2) Patient par-
ticipated in another drug study, 1 started interferon treatment, 6 dropouts, 12 excluded due to language difficulties. (3) 9 with cryptogenic cirrhosis, 21
alcoholic cirrhosis, 21 Non alcoholic fatty liver disease. (4) Subjects with previous decompensated liver disease
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Follow-up

Patients were followed from inclusion in the original
study [3], until death, liver transplantation or last day of
available follow-up data. Three strategies were used: (1)
Date and cause of death were obtained from the National
Cause of Death Register; (2) Scrutinization of local,
regional, and national medical records (digital archive
available in Sweden) for information on any liver related
complications such as decompensation (ascites, encepha-
lopathy, bleeding esophageal varices) or development of
cirrhosis such as radiologic or clinical signs; (3) Informa-
tion if the patient underwent liver transplantation dur-
ing follow up was registered at the transplantation unit.
Linkage to the registries was possible through the unique
personal number assigned to all Swedish residents.

Decompensation

Decompensated liver disease during follow up was
defined as new onset ascites, overt hepatic encephalopa-
thy, or bleeding esophageal varices [13].

Measurement of muscle strength

Four standardized tests on muscle function were per-
formed by all subjects. A healthy reference population
was used to adjust the results for age and sex [14, 15].

Walking test

The time it takes for subjects to walk 30 m at their nor-
mal walking speed on a flat ground is measured and then
again when the same distance is passed at their maxi-
mum speed [14].

Hand grip strength

By using Grippit®, an electronic grip force instrument,
(AB Detector, Goteborg, Sweden) [16] we registered the
peak maximum grip force and the mean grip force value
of a 10-second period with sustained grip (the right hand
only) in seated position and measured in Newtons.

The standing heel-rise test (SHT)

Patients performed a maximal heel rise test on a
10-degree tilted wedge (right foot only) in a predeter-
mined pace every other second using a metronome. Sub-
jects were allowed to touch the wall for balance. Failure
to keep the pace or when the subjects were too exhausted
to complete a maximal heel rise. The number of heel-
rises was counted [17].

Timed “Up & Go” test

The time (seconds) it takes to stand up from a standard
arm chair, walk a distance of 3 m, turn back and walk
back (total 6 m) to the chair and sit down again is mea-
sured [18]. Previous studies have used different cut offs to
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define normal performance of the test. We tested a 10 s
cut off as previously suggested [4, 5].

Questionnaires
All patients completed two validated questionnaires to
assess the level of physical activity and the level of fatigue:

Saltin-Grimby Physical Activity Level Scale

The participation in recreational and work-related activi-
ties are graded according to a seven-grade scale from 0
(no regular physical activity) to 6 (regular strenuous
physical activity several times/week), and subjects were
grouped into high (level 5-6) vs. low physical activity
(0-4) [19].

Fatigue impact scale (FIS)

This questionnaire uses questions on cognitive, physical,
and psychosocial fatigue. A higher score corresponds to
higher fatigue (0-160) and a cut off level of 40 for high-
degree fatigue has previously been used [20-24].

Statistics

Data are presented as mean and standard deviation (SD)
or as median and range and as number (n) and percent-
ages, as appropriate. Two groups were compared by using
the chi square test for categorical variables. Correla-
tions between continuous variables were analyzed by the
Spearman rank order correlation test (rho), whereas the
Mann-Whitney U test or the Student T-test were used
for comparisons of continuous variables between two
groups, respectively depending on normal distribution or
not. We used Kaplan Meier analyses to test the outcome
variables mortality and transplant free survival. We also
corrected survival analyses for variables associated with
a lower survival in Kaplan-Meier analyses using a Cox
regression model by entering variables chosen a priori,
age and sex. Multicollinearity was assessed with VIF’s
(variance inflation factors), which were low (< 3).

We tested the variables described in the methods sec-
tion on physical function and fatigue and the potential
relationship to the outcome variables. In order to con-
sider a muscle function test as abnormal, a comparison
with a healthy reference population from a previous
study at our center was performed, stratified in age by
decades and by sex [14, 15], and tests that were lower
than the normal values, i.e. below 100% were classified as
abnormal. All tests were two-tailed and significance was
accepted at the 5% level. Statistics were calculated with
SPSS v 21.0.

Results
Subjects
In all, 270 CLD outpatients were included in the origi-
nal study cohort, however we excluded 29 subjects with
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Table 1 Characteristics of subjects included in the study cohort

at baseline and at last follow up

Baseline Last Follow up
Sex 134 female 126 female
(55%), 107 male ~ (55%), 101
male
Age 51.5(145) years 585 (14) years

Body Mass Index

25 (4.5) kg/m?

26.5 (6) kg/m?

Creatinine 75 (17) umol/L 78 (28) umol/L
Hemoglobin 140 (14) g/L 137 (17) g/L
Bilirubin 9.5 (5.5) umol/L 13 (36) umol/L
Albumin 40 (4) g/L 40 (5) g/L
International normalized ratio 1.0(0.1) 1.0(0)
Thrombocyte count 257 (80) *10° 233 (78) *10°
Tobacco smoker 50 (20%)

Data presented as mean (standard deviation) and n (%) as appropriate

Table 2 Results from Fatigue impact scale and proportion of
subjects with a muscle function test value below 100% of healthy
subjects along side with mean and standard deviation.

Physical function tests

Standing heel rise, below reference

13 (SD 6.5),
218/241 (90.5%)

331N (SD 129),
187/241 (77.5%)

1.5 m/s (SD 0.25),
73/241 (30%)

2.1 m/s (SD 04),
113/241 (47%)

8.75(SD 1.5),
417241 (17%)

3.3(1.3),36/241

Maximal hand grip strength, below reference
Walking speed (self chosen), below reference
Walking speed (maximal), below reference
Timed up and go, above 10 seconds

Physical activity level (0-6), high level (5-6)

(15%)
Fatigue impact scale score
Total 38.5(36.5)
Physical 10 (10)
Cognitive 10 (9)
Psycho-social 185(17.5)

Data presented as mean (standard deviation) and n (%) as appropriate

a history of hepatic decompensation. Diagnoses in the
remaining 241 subjects (134 females) were PBC; n=41,
PSC; n=42, AIH; n=48, and viral hepatitis HBV, n=51;
HCV, n=59, mean age at inclusion was 51.5 (SD 14.5)
years, Table 1 for details.

Follow up

The subjects were followed for a mean of 6.75 (SD 1.4)
years, mean age at follow up was 58.5 years (SD 14).
During this time, 13 patients died (5.5%) and 11 (4.5%)
patients underwent liver transplantation. Lab tests and
body composition at inclusion and at last follow up were
similar (Table 1).

Muscle function and fatigue
The mean standing heel rises was 13 (SD 6.5), mean
self-chosen walking speed was 1.5 m/s (SD 0.25), mean
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maximal walking speed was 2.1 m/s (SD 0.4), maximal
grip strength 331 N (SD 129), and mean time to com-
plete the timed up and go test was 8.7 s (SD 1.5). A total
of 41 subjects had a timed up and go of 10 s or more. At
baseline muscle function was impaired in several tests
compared with a healthy control population (Table 2).
The distribution of muscle function tests compared with
a normal population is shown in Fig. 2. The results from
the FIS are presented in Table 2. Ninety-five subjects
(39.5%) had a FIS score above 40.

We also analysed the potential association between all
muscle function tests and Child Pugh score, MELD score,
PK (INR), Bilirubin, and albumin. However, no muscle
test was significantly correlated with liver function tests
(p>0.05 for all).

Outcome

Mortality and liver transplantation

During the follow up period, 13 patients died (5.5%) and
11 (4.5%) patients underwent liver transplantation. Four
deaths were liver related, 2 cardiovascular, 2 malignan-
cies that were not liver related, 3 due to severe infection,
and 2 because of other causes. A timed up and go over
10 s was not significantly associated with a lower survival
(Kaplan-Meier, log rank test p=0.132), or with transplant
free survival (p=0.543), Fig. 3. It was also not specifically
associated with liver related causes of death (p=0.597).

We also did a Cox regression to correct for age and sex
with the timed up and go test, but it was not significant
for survival or transplant free survival, when correct-
ing for age and sex. The other physical functioning tests
were not significantly related with survival; standing heel
rises (survivors 13.5 vs. non survivors 11, p=0.251), aver-
age handgrip strength (298 vs. 250 N, p=0.153), maximal
hand grip strength (335 vs. 280 N, p=0.129), self-chosen
walking speed (1.50 vs. 1.37 m/s, p=0.065), except for
maximal walking speed (2.2 vs. 1.9 m/s, p=0.007). When
dichotomizing the cohort according to the normal val-
ues of the control population, no physical function test
besides timed up and go was significantly associated with
mortality or transplant free survival (Kaplan-Meier, log
rank test p>0.05 for all).

Fatigue was not a significant predictor of outcome.
Using the FIS score of 40 as the cut-off for fatigue, we
could not demonstrate any association between survival
or transplant-free survival and FIS score (Kaplan-Meier,
log rank test p=0.096 for survival and p=0.071 for trans-
plant-free survival respectively). We also analysed the
subdomains of the FIS score, however none were signifi-
cantly related to mortality, FIS physical (survivors 10.0 vs.
non-survivors 7.2, p=0.336), FIS cognitive (10.3 vs. 5.1,
p=0.057), and FIS psychosocial (19.0 vs. 9.9, p=0.073),
or transplant-free survival, FIS physical (9.9 vs. 8.7,
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Fig. 2 The distribution of muscle function tests. Standing heel rise test, self chosen walking speed, and maximum grip strength is shown as compared
with a normal population. The results from the timed up and go test is shown in seconds
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Fig. 3 Kaplan-Meier test; subjects with a Timed up and go of 10 s or more, p value represents Log rank test

p=0.561), FIS cognitive (10.3 vs. 7.5, p=0.170), and FIS
psychosocial (19.1 vs. 13.4, p=0.139).

Decompensation

Decompensated liver disease during follow-up occurred
in 33/241 subjects (13.5%). It was related to self-chosen
walking speed below reference (12/73 (16.5%) vs. 11/168
(6.5%), p=0.016). However, it was not related to age, sex,
fatigue, physical activity, or other physical functioning
tests.

Discussion

In this study we followed a cohort of subjects with com-
pensated chronic liver disease for several years and
assessed the potential prognostic implication of physical

function and fatigue. The key findings were that muscle
function tests at baseline were essentially not correlated
with prognosis at follow up.

Physical function in our cohort was generally lower
compared with a control population, which suggest that
several subjects in our cohort suffer from or are at risk
of developing sarcopenia. This is a finding that has been
shown in studies in advanced CLD or cirrhosis [7]. We
did not use advanced body composition metrics such as
Dual-energy X-ray absorptiometry, which would have
added information to our assessment of sarcopenia [6].
However we did use several well validated muscle func-
tion tests to detect poor muscle function, which is now
considered more important than muscle mass per se
as it displays a stronger link with outcome in other
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populations [6]. Several previous studies have also shown
that sarcopenia is an important predictor of survival in
subjects with cirrhosis [2]. This is in contrast with our
results, where we could not demonstrate a clear corre-
lation between most muscle function tests and survival.
This is likely explained by the fact that all subjects in our
cohort were compensated at inclusion. Thus, the effects
of sarcopenia in a decompensated liver disease popula-
tion is likely not generalizable to our cohort of compen-
sated liver disease. However, muscle function and muscle
mass does play an important role in liver disease, but the
exact timing for when it starts to impact survival is still
yet to be determined. The difference in survival between
subjects with poor muscle function and normal muscle
function in our cohort was not statistically significant
except for walking speed. However, we cannot make any
conclusions of cause and effect from our data, but other
studies have shown that frail individuals without liver
disease where timed up and go has been shown to predict
premature mortality [5, 25]. Previous studies have also
shown that a long timed up and go is a risk factor for falls
in subjects with liver cirrhosis [25, 26]. The time to com-
plete timed up and go has also been shown to decrease if
the subject engages in an exercise program, which sug-
gests that physical training, even in subjects with com-
pensated CLD could potentially be beneficial [26].

The optimal cut-off to use for the timed up and go test
in our population is not known. We used the 10 s cut off
for the timed up and go test. But there are also studies
suggesting a long cut off, for example a 14 s cut-off, but
this population only comprised very few individuals, so
the results would have been difficult to interpret and was
not included in the study. There are also studies suggest-
ing an even longer time as cut-off for the timed up and go
test [27]. However, we did not perform further analyses
on longer cut-off times as our cohort did not contain any
subjects with an even slower timed up and go test. Based
on the results in this study, we cannot exclude that timed
up could have an association with with prognosis. Even
though the other muscle functions tests did not display a
statistically significant association with outcome, all tests
showed the same pattern, i.e. that survivors compared
with the others tended to have a better muscle function
across all tests. Thus, a type 2 error cannot be excluded.

Fatigue was not associated with a lower overall sur-
vival or transplant free survival in our cohort. A previ-
ous study has suggested that fatigue in primary biliary
cholangitis was associated with a lower rate of survival
at a 4 year follow up [23]. The reason for this finding is
unknown, but we could not confirm this in our study. The
cohorts are not entirely comparable regarding liver dis-
ease severity and in our cohort a broader range of liver
diseases were also included, which could explain that we
could not demonstrate the same findings. However, the
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association between fatigue and severity of liver disease
is low [28, 29].

Our study has several strengths. We had a relatively
long follow-up period. However, ideally this should have
been even longer to record a larger number of outcome
events, especially when studying a group with patients
with compensated liver disease. Previous studies suggest
that significant mortality and decompensation in chronic
liver disease and compensated cirrhosis generally occurs
at periods of longer follow-up than the period used in
our cohort [30]. This would support the hypothesis that a
longer follow-up period would have been required in our
study. Furthermore, we had a relatively large cohort in
which muscle function was characterized in a structured
manner. We also used validated registries, which have a
high degree of reliability, and we also had access to the
Swedish electronic national medical records, which were
scrutinized [31]. During the year 2020, only 0.9% of sub-
jects who died in Sweden did not receive a certificate of
cause of death [32]. Another strength in our study is the
variety of muscle function tests that all subjects under-
went at inclusion done by a single investigator, ensur-
ing a standardized procedure. By using validated tests
for both upper and lower body strength, and functional
test such as the timed up and go, we achieved a compre-
hensive assessment of the muscle function. We also used
validated questionnaires for both fatigue and the level of
physical activity. The FIS has also been used in liver pop-
ulations in previous studies [33, 34].

Our study also has some limitations. We did not have
any formal follow-up appointment to record deterio-
ration of liver disease, muscle function, or assessment
using questionnaires. Thus, we cannot accurately deter-
mine in which way the liver function deteriorated and
the change in muscle function or fatigue during the fol-
low-up period. As we had a long follow up period, there
are also some limitations with this, as many confound-
ing events may occur during this follow up time, and
we could not account for all which could have impacted
our results. It is also possible that the muscle function
and mass changed during follow up, which could influ-
ence the results at follow up. Furthermore, even though
we had a solid strategy for follow-up, certain data may
be missing. For example, subjects moving abroad are not
registered in same way as subjects remaining within Swe-
den. Liver transplantations in Sweden are only done at
two specialized centres, with one being our centre. So, we
do not expect any missing data for liver transplantation,
provided that the subjects did not move abroad. Another
limitation is that only a few subjects underwent liver
transplantation or died, which could have impacted our
results and type 2 errors cannot be ruled out. Addition-
ally, we included a selected population of liver diseases;
autoimmune, cholestatic, and viral liver disorders, thus
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we cannot generalize our findings to other liver disorders.
Finally, our follow-up period stopped a few months prior
to the start of the SARS-CoV-2 pandemic, so we cannot
assess the impact this would have had on our population.

In conclusion, assessment of muscle function could
potentially serve as a prognostic indicator in patients
with compensated chronic liver disease. The prognostic
value of muscle function in patients with compensated
liver disease should be evaluated further in future trials.
It would also be of value to assess the potential impact of
physical training to improve the clinical outcome among
subjects with compensated chronic liver disease.
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