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Physical activity decreases in patients on the liver transplant
waiting list and influences postoperative outcome —a prospective
cohort study
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Background: Physical deconditioning affects patients suffering from end-stage liver disease (ESLD). Liver
transplantation (LT) is the only curative option for ESLD. Growing evidence suggests that pre-habilitation
is beneficial in reducing post-surgical morbidity and mortality. We investigated physical activity (PA) in
patients awaiting I'T" in a country with long waiting times.

Methods: Prospective, single center, longitudinal study in Bern, Switzerland between June 2019 and
February 2020 (halted due to SARS-CoV-2 pandemic), with follow-up data up to six months post-transplant.
Patients were instructed to use a wrist tracker (FitBit) to monitor PA, which was assessed using mixed-effects
generalized linear models. The study was approved by the local ethics committee (BASEC ID 2019-00606).
Results: Thirty-five patients were included [71% male, median 59 years, body mass index (BMI) 28 kg/m’,
lab Model End-Stage Liver Disease (MELD) 11], 17 (49%) pre-frail and 5 (14%) frail according to the
Liver Frailty Index (LFI). Twenty-eight patients underwent transplantation with 0 ninety-day mortality and
15 (53.6%) composite adverse clinical outcome. Median daily steps were 4,661 [interquartile range (IQR),
1,685-8,609] and weekly moderate PA (MPA) was 41 min (IQR, 0-127 min). Longitudinal analysis showed
that female patients and patients on nutritional support had an increase in MPA between weeks 20 and 40.
A significant decrease was seen in MPA after week 40, whilst no significant association was seen with age,
Child-Pugh Score, LFI or quality of life at time of inclusion. MPA was significantly associated with the
occurrence of the composite clinical endpoint after week 30 of waiting time (odds ratio 0.882, P=0.026).
World Health Organization (WHO)-recommended MPA was significantly associated with less adverse
composite clinical outcomes (P<0.001).

Conclusions: In patients listed for LT, MPA decreased over time, showing a significant association with
adverse outcome, specifically after week 30 on the waiting list. Our data support the implementation of
routine pre-habilitation in patients awaiting L'T.
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Introduction
Background

Decreased physical performance or deconditioning [as
measured by e.g., skeletal muscle index (1-3), handgrip
strength (1), 6-minute walk distance (4)], associated
sarcopenia (2,5) and frailty occur in up to 78% of patients (3)
with end-stage liver disease (ESLD). They are considered
multifactorial and correlate with morbidity and mortality
(6-10). Specifically, sarcopenia and frailty have been shown
to be associated with increased mortality in patients with
ESLD listed for liver transplantation (LT) during the
waiting list period (8,11) as well as post-LT" (12). A sedentary
behavior [<1.5 metabolic equivalents of tasks (METs)
daily] is observed in 75.9%=+18.9% of patients awaiting
LT (8). Moreover, persistent deconditioning post-LT (13)
is associated with decreased quality of life (QoL) (14),
morbidity and mortality (15). A recent meta-analysis
assessing eight randomized control trials, evaluating
physical rehabilitation after LT, was able to show improved
cardiorespiratory fitness and QoL (16).

Rationale and knowledge gap

In the general population, growing evidence shows that

Highlight box

Key findings

* Opver time, there is a significant decrease of moderate physical
activity (MPA) after week 40 on wait list for liver transplantation
(LT). No association of MPA over time with age, Child-Pugh
Score, Liver Frailty Index or quality of life at time of inclusion to
study.

* Female patients and patients receiving nutritional support had an
increase in MPA (week 20 and 40).

* Reduced MPA is significantly associated with adverse outcome
post-LT.

What is known and what is new?

* Evidence in other surgical fields suggests that pre-habilitation is
beneficial in reducing post-surgical morbidity and mortality.

¢ First prospective study evaluating specifically pretransplant physical
activity using wearable device demonstrating an association with
adverse outcomes in this cohort with a significant sex-related

disparity.

What is the implication, and what should change now?
® This study provides evidence for warranted interventional studies
on physical activity combined with nutritional support in pre-LT.
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pre-habilitation can be beneficial, leading to improved
stress tolerance (17), and better surgical outcomes (18,19),
impacting on tissue regeneration (20) and metabolism (21) as
well as mental health (22). However, controversies regarding
studied populations exist, resulting in a debate concerning
the significance of pre-habilitation (19,23,24). Independent
of surgery, the World Health Organization (WHO)
recommends 150-300 min of moderate physical activity
(MPA) weekly (25). Whilst pre-habilitation before LT is
strongly recommended in the 2022 International Liver
‘Transplantation Society consensus guidelines, the quality of
evidence remains very low (26).

Objective

We hypothesized that (I) the majority (>50%) of patients
pre-LT do not meet the WHO recommendations of
MPA (25), (II) that Liver Frailty Index (LFI) (27) at LT
listing is significantly associated with a change of PA over
time, and (III) decreased pretransplant MPA is associated
with postoperative adverse clinical outcome. With this
prospective cohort study, we (I) describe the PA with regard
to WHO recommendations in patients wait-listed for
LT in a real-life setting, (II) assess factors influencing the
PA and its change over time and (III) test the association
of pretransplant MPA with postoperative morbidity and
mortality. We present this article in accordance with the
STROBE reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-23-399/rc).

Methods
Study design

We conducted a single center prospective observational
longitudinal study at the Department of Visceral Surgery
and Medicine, Inselspital, University Hospital Bern in
Switzerland. All patients included in the present study
signed a specific informed consent. The study was approved
by the local ethics committee (Kantonale Ethikkommission,
Kanton Bern, BASEC ID 2019-00606). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Selection of patients

The consecutive recruitment was initiated in June 2019
and was prematurely halted in February 2020 due to the
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SARS-CoV-2 pandemic. Initial planned sample-size was 40
patients. Follow-up ended at six months after I'I, whereas
patients who had not yet been transplanted, were followed
up regularly every six months. Eligible patients included
adults (=18 years) who had been accepted on the waiting
list for a liver only or combined liver/kidney transplant.
Exclusion criteria were failure to provide oral and
written informed consent. Participants could discontinue
their enrollment at any time point. Reporting of this
observational study was undertaken in accordance with the

STROBE guidelines and the flowchart is shown in Figure 1.

Activity tracker

For the PA assessment, the patients needed to have access
to a cell phone with Bluetooth connection and had to be
able to navigate the Fitbit-App. Patients were instructed
to continuously wear the activity tracker (Fitbit Charge 2,
Fitbit LLC, San Francisco, CA, USA, RRID: non-existant)
for the study period. The activity data was downloaded
three monthly during the outpatient visits. The automatic
stratification of the PA into low, moderate and vigorous
occurred according to the wearable trackers’ producers
coding. The wearable device was funded by the study center
from internal funds. A cumulative weekly (seven days)
PA was calculated in order to be in line with WHO
recommendations and adjust for daily fluctuations.

Clinical definitions

Frailty was assessed every three months using the LFI (27)
and QoL using the SF36 questionnaire every six months (28).
Nutritional support was defined as receiving regular
counseling by a board-certified dietician in an outpatient
setting either at our own hospital or in an institution closer
to the patient’s home and oral supplementation either
with branch-chained amino acids or other protein-rich
supplement prescriptions and/or placement of a nasojejunal
feeding tube. Placement of a nasojejunal feeding tube was
usually done as an inpatient procedure with enteral feeding
started in a hospital setting and once established a supported
by the patient, continued as an outpatient with support from
community nurses. Frequency of outpatient consultations
was carried out based on the individual needs of each patient.

Outcome

The primary endpoint was to describe the weekly moderate
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PA in patients wait-listed for LT in accordance with
the WHO recommendations (25). Secondary outcome
measures (factors influencing PA and its change over time
and association with composite adverse clinical outcome)
were assessed in a longitudinal temporo-spatial analysis. The
composite adverse clinical outcome endpoint was defined as
the need for re-transplantation, emergency hospitalization or
occurrence of in-hospital complications during I’T" as defined
per the Dindo-Clavien classification > IIla (29,30) occurring
within the first six months post-L’T.

Statistical analysis

Categorical variables were reported as numbers and
percentages, continuous variables as medians and interquartile
ranges (IQRs). Categorical variables were compared using
Fisher’s exact test. Continuous variables were assessed
using Mann-Whitney U-test. A P of 0.05 or less was
considered statistically significant. Temporo-spatial data
visualization was done using non-parametric LOESS
regression and heatmap displaying medians in boxes of
5 weeks and MPA 20 min/week.

Complex statistical analyses were carried out with the
help of a biostatistician. Due to the skewed distribution of
the weekly moderate PA data, mixed-effects generalized
linear models with a gamma distribution and a log link
were used. Splines and time periods were used to have more
flexibility modelling the data with two knots, one at week 20
and a second at week 40. The estimation of the association
was done for these three time periods (0 to 20, 20 to 40 and
after 40 weeks onward). Random slope and intercept were
included in the model. Robust estimation of the variance
was used. Weekly MPA values of zero were excluded from
further analysis. First, a mixed-effects generalized linear
model with a Gamma distribution and a log link was used to
analyze weekly MPA (time included through three splines
as dependent variable). Second, the same model was used to
analyze the univariate impact of factors (a priori per-protocol
analysis with variables at time of inclusion: categorical: sex,
nutritional support and continuous variables: age, Child-
Pugh Score, LFI, SF36 total score) on the spatial weekly
moderate PA. Finally, a logistic regression was used to
estimate the odds ratio of the occurrence of the composite
clinical outcomes in dependence of the weekly moderate
PA. Cluster estimation of the variance was performed for
each patient.

Statistical analyses were performed using R software
(R Foundation for Statistical Computing, Vienna, Austria,
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Patients listed for liver transplantation
01.06.2019-01.02.2020
n=37

2 (5.4%) excluded due to:
¢ Refusal to participate

\4

Y

Patients included in per protocol
analysis
n=35

n=28 LT

¢ n=1(3.6%) technical problems with device
n=4 delisted
n=3 deceased prior to LT

Figure 1 Study flowchart in accordance with STROBE guidelines.
LT, liver transplant.

RRID: SCR_001905) with R Studio software (R Studio,
Inc, Boston, MA, USA; RRID: SCR_000432) and Stata
17 (Stata Corporation, College Station, TX, USA; RRID:
SCR_012763).

Results
Patient population

A total of 37 patients were listed for I'T" during the study
period and after evaluation 35 patients were included
(Figure 1). Twenty-five (71%) were male with a median age
59 years (IQR, 51.0-63.0 years) (Table I). Most common
primary indication for LT was 14 (40%) hepatocellular
carcinoma (HCC). At time of inclusion into the study 21
(60%) of patients’ liver function was classified as Child-
Pugh-Score B, median LFI was 3.4 (IQR, 3.0-3.8; 11
robust, 17 pre-frail and 5 frail). The median handgrip was
32.8 kg (IQR, 22.6-38.6 kg). During the study period 28
(80%) patients underwent LT, three died before LT and
four were delisted (two considered too sick for LT and two
improved significantly not requiring I'T’) (Figure I). Ninety-
day mortality after T was 0% and composite adverse
clinical outcomes occurred in 15 patients (overall 43%, of
transplanted 54%) (Table 2).

PA

Daily values were tracked and a weekly activity was
composed. Daily activity included steps 4,661 (IQR,
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1,685-8,609) (Table S1) whereas weekday stratified analysis
revealed significant differences of PA measures (P<0.001)
with Sunday being the weekday with the least amount of
activity (Table S2). A total of 1,053 patient-weeks in 35
patients were recorded (7able 3). The overall median weekly
MPA was 41.0 min (IQR, 0.0-127.2 min) with 131 (12%)
patient-weeks within the 150-300 min/week category
(1able 3). A preliminary mixed linear model analysis found a
median decrease of MPA of 0.6 min per week on the waiting
list (intercept 111.5 min, correlation -0.800). Longitudinal
change is displayed in Figure 2 as a dynamic LOESS
regression of all data up until the time of L'T. The # priori
per-protocol analysis (Table 4) assessing the impact of factors
on the longitudinal association with MPA was performed.
Temporo-spatial graphical representation of a MPA over
time with regard to these # priori factors and stratification
per occurrence of the composite adverse clinical endpoint
(below) is shown in Figure 3. The visual presentation of
the median distribution of continuous factors (age, Child-
Pugh Score, LFI and QoL) with regard to MPA and
temporal changes are shown using heatmaps in Figure S1.
In male patients, a significant decrease of MPA over time
was detected only after week 40 after inclusion [regression
coefficient (RC) 0.952; 95% confidence interval (CI): 0.926—
0.979; P<0.001]. In female patients, a significant increase
over time between week 20 and 40 was found (RC 1.025;
95% CI: 1.011-1.039; P<0.001) (Table 4). Sex-associated
interaction was identified after week 40 (P<0.001). Patients
receiving nutritional support significantly increased MPA
between week 20 and 40 (RC 1.011; 95% CI: 1.000-1.022;
P=0.045); this decreased again after week 40 (RC 0.962; 95%
CI: 0.950-0.974; P<0.001). No significant association was
found between age, Child-Pugh Score, LFI or SF36 at time
of inclusion and change of MPA over time. A non-significant
tendency was observed for SF36 between week 0 to 20 after
inclusion (RC 0.998; 95% CI: 0.997-1.000; P=0.095).

Post-transplant outcome

Events included in the composite clinical endpoint
(including Re-LT, post-LT emergency re-hospitalisation
or in-hospital complication during LT) were detected in
15 (42.9%) of patients. Figure 34,3B display the temporal
changes of MPA for the « priori chosen categorical factors
sex and nutritional support for stratified outcome. Figure 4
depicts a univariate logistic regression with subsequent
presentation in a Forest Plot to assess for significance.
Significant risk of occurrence with regard to MPA (in
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Table 1 Patient characteristics

Characteristics

Value (n=35)

Age (years)
Sex

Male
Weight (kg)
BMI (kg/m?)
Bilirubin (mcmol/L)
Creatinine (mcmol/L)
Albumin (g/L)
CPS

CPS A

CPS B

CPS C

Lab MELD at time point study inclusion
Allocation MELD at time point LT

Use of selective beta blocker
History of decompensation
Ascites
Variceal bleeding
Hepatic encephalopathy
Co-morbidities
T2DM
CKD
Hypertension
Heart disease
Pulmonary disease
Metabolic syndrome
Malnutrition
Others
Nutritional support prior to LT
Primary/major indication for LT
Complications of cirrhosis
HCC
Other

Primary liver tumor other than HCC

59.0 (51.0, 63.0)

25 [71]
86.0 (71.7, 94.8)
28.0 (25.3, 30.0)
24.0 (14.5, 47.5)
78.0 (61.5, 107.5)
34.0 (26.0, 36.5)

10 [29]
21 [60]
4[11]
11.0 (8.0, 19.0)
32.0 (25.5, 37.5)
21 [60]

23 [66]
11 [31]
14 [40]

12 [34]
9 [26]
7 [20]
6[17]
6[17]
7 [20]
8 [23]
13 [37]
10 [29]

14 [40]

14 [40]
5[14]
2 [6]

Table 1 (continued)
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Table 1 (continued)

Characteristics Value (n=35)

Underlying liver pathology
ALD/ASH 8 [23]
NASH 7 [20]
NASH/MASH 7 [20]
HCV 309
AIH/PBC/PSC 31[9]
Other 7 [20]

Handgrip total (kg) at inclusion 32.8 (22.6, 38.6)

Standing (s) at inclusion 8.5(7.8,12.1)
Balancing total (s) at inclusion 30 (30, 30)
Liver Frailty Index at inclusion 3.4 (3.0, 3.8)
Liver class of frailty at inclusion
Robust 11 [31]
Pre-frail 17 [49]
Frail 5[14]

Values are given in numbers [%] for categorical or medians
(interquartile ranges) for continuous variables. BMI, body
mass index; CPS, Child-Pugh Score; MELD, Model End-Stage
Liver Disease; LT, liver transplantation; T2DM, type 2 diabetes
mellitus; CKD, chronic kidney disease; HCC, hepatocellular
carcinoma; ALD, alcoholic liver disease; ASH, alcoholic
steatohepatitis; NASH, non-alcoholic steatohepatitis; MASH,
metabolic dysfunction associated fatty liver disease; HCV,
hepatitis C virus; AIH, autoimmune hepatitis; PBC, primary
biliary cholangitis; PSC, primary sclerosing cholangitis.

steps of +10 min) occurred after week 30 [odds ratio (OR)
0.882, 95% CI: 0.790-0.985, P=0.026] and OR sequentially
increased to 0.367 (95% CI: 0.213-0.634, P<0.001) at week
70 of listing (Figure 4). Dynamic longitudinal temporal
stratification is displayed using LOESS regression in
Figure 3 and Figures S1,52. On crude univariate logistic
regression analysis, nutritional support did not significantly
reduce the occurrence of adverse clinical endpoints (OR
0.848, 95% CI: 0.179-3.740, P=0.829). Patients achieving
WHO-recommended weekly MPA targets showed a lower
risk of adverse composite clinical outcomes [endpoint:
<150 min/week 350 (84.4%), 150-300 min/week 26
(6.3%), >300 min/week 39 (9.4%) vs. no endpoint: <150
min/week 450 (70.5%), 150-300 min/week 105 (16.5%),
>300 min/week 83 (13.0%); P<0.001].
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Table 2 Clinical outcomes of patients

Magyar et al. PA in LT associated to adverse outcome

Table 2 (continued)

Characteristics Value (n=35)
LT 28 (80.0)
Time from listing to study inclusion (days) 88 (11-264)

Time from listing to LT (days)
Time from study inclusion to LT (days)
Pre-transplant period

All hospitalizations (elective and
emergency)

Emergency hospitalizations

De-listing for LT

Mortality prior to LT
Transplant period

Length of stay (days)

ICU length of stay (days)

In-hospital complication

Surgical

Non-surgical

370 (239-513)
195 (109-350)

23 (65.7)

18 (51.4)
4 (11.4)
3(8.6)

8.5 (6.0-14.3)
2.0 (1.0-3.0)

13 (37.1)
1(2.9)

Severity of complication according to Dindo-Clavien-

Classification
llla
llb
IVa
Description of complication
Bleeding
Biliary complication
Arterial complication
PV thrombosis
Graft dysfunction
Portocaval-shunt-stenosis
Post-transplant period
Emergency re-hospitalization
Mortality 90 days after LT
Relisting for re-LT
Re-LT
Indication for re-LT
PV thrombosis

Primary non function

2 (5.7)
5 (14.3)
4 (11.4)

4(11.4)
3(8.6)
2(5.7)
2(5.7)
2 (5.7)
1(2.9)

8 (22.9)
0
4(11.4)
4 (11.4)

1(2.9)
1(2.9)

Characteristics Value (n=35)
Biliary complication 1(2.9)
Other 1.9

Composite postoperative adverse 15 (42.9)

outcomes (re-LT or post-LT emergency
hospitalization or in-hospital
complication during LT)

Values are given in numbers (%) for categorical or medians
(interquartile ranges) for continuous variables accordingly. LT,
liver transplant; ICU, intensive care unit; PV, portal vein.

Table 3 Weekly total median physical activity measured by the
FitBit”

Characteristics Value
(1,053 datapoints for n=35)
Steps 35,604.0 (17,835.0-59,310.0)

Distance travelled (m) 25,095.0 (11,635.0-42,002.5)

Floors climbed 36.5 (6.0-72.2)
Time spent sitting (min) 6,523.0 (5,190.8-8,532.2)
Energy expenditure total (kcal) 15,370.0 (12,979.8-17,904.2)

Energy expenditure during

activiies (kcal) 5,451.0 (1,871.5-8,543.8)

Low physical activity (min) 1,220.5 (463.8-1,686.2)

Moderate physical activity (min) 41.0 (0.0-127.2)
Moderate physical activity (min) grouped per WHO recommendation
<150 min/week 800/1,053 [76]
150-300 min/week 131/1,053 [12]
>300 min/week 122/1,053 [12]
Vigorous physical activity (min) 41.0 (0.0-127.2)
Vigorous physical activity (min) grouped per WHO recommendation
<75 min/week 636/1,024 [62]
75-150 min/week 164/1,024 [16]

>150 min/week 224/1,024 [22]

Table 2 (continued)
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Values are given in numbers [%] for categorical or medians
(interquartile ranges) for continuous variables accordingly. WHO,
World Health Organization.
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Discussion
Key findings, explanation and comparison

In our prospective study, we are able to show a clear
association between pre-transplant decreased weekly
moderate PA, as measured by a wristband activity tracker,
and the increased rate of morbidity after LT. This was
particularly apparent after a long time (30 weeks) on the
waiting list. Importantly, patients achieving the WHO-
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Figure 2 Weekly moderate physical activity. Analysis was
performed using LOESS regression analysis and 95% confidence
interval is shown. Bandwidth of per World Health Organization
recommended weekly moderate physical activity using dashed

lines.

235

recommended weekly MPA targets showed a lower risk of
adverse composite clinical outcomes after L'I. Our findings
underline the importance of pre-transplant interventions
aimed at improving the physical performance in an often
frail and fragile patient population. This becomes even
more important as the average age of the organ recipients
is increasing and with it, the number of comorbidities
the patients have. Achieving the aim of improving pre-
transplant fitness within a structured pre-habilitation
program, tailored to this patient population as is already
recommended by several societies, will be essential to
maintain high post-transplant success rates (26,31). Crespo
et al. identified 4 assessment tools to detect patients
suitable for Enhanced Recovery After Surgery (ERAS)
protocols in the pre-transplantation period [Karnofsky
performance status (KPS), LFI, abdominal muscle mass,
cardiopulmonary exercise testing] (32). A recent systematic
review on prehabilitation in patients awaiting I'T" did not
detect an impact on adverse clinical outcomes including
mortality due to sparse data (33). This lack of findings
might also be confounded by not having identified the
beneficial exercise intervention or prehabilitation program
so far in these patients (34).

Our findings show that a decline in PA is in line with
other identified decreasing PA measures (e.g., 6-minute
walk, chair stands, hand grip) (4,35,36). De Smet er al. (16)
and Berben ez a/. (37) have recently performed two separate

Table 4 Factors associated with weekly moderate physical activity in patients listed for liver transplantation

From week 0 to 20 From week 20 to 40 After week 40
Variable
Effect P value Effect P value Effect P value
Sex'
Male 1.014 (1.000-1.027) 0.054 1.018 (0.998-1.038) 0.074 0.952 (0.926-0.979) <0.001
Female 1.001 (0.977-1.027) 0.908 1.025 (1.011-1.039) <0.001 1.009 (0.995-1.023) 0.202

Relative MR (interaction term)

Nutritional support before liver transplant”

No 1.009 (0.995-1.023) 0.202

Yes 1.022 (0.995-1.050) 0.106

Relative MR (interaction term)
Age (years)
Child-Pugh Score inclusion*
Liver frailty Index at inclusion®

SF36 total score at inclusion*

0.988 (0.961-1.016) 0.405

1.013 (0.983-1.044)  0.399
1.000 (1.000-1.001)  0.454
1.001 (0.992-1.009)  0.872
0.998 (0.972-1.025)  0.869
0.998 (0.997-1.000)  0.095

1.007 (0.983-1.031) 0.580 1.060 (1.027-1.094) <0.001

1.023 (1.003-1.042) 0.024 0.970 (0.916-1.027) 0.302

1.011 (1.000-1.022) 0.045 0.962 (0.950-0.974) <0.001

0.989 (0.967-1.011) 0.320 0.991 (0.935-1.052) 0.775
1.000 (0.998-1.001) 0.546 0.997 (0.992-1.002) 0.266
1.011 (0.994-1.029) 0.195 0.983 (0.948-1.019) 0.355
1.001 (0.985-1.017) 0.899 1.021 (0.992-1.052) 0.156

1.004 (0.999-1.009) 0.105 1.013 (0.994-1.031) 0.180

Analyses were done using a mixed-effects generalized linear model with a Gamma distribution and a log link. , regression coefficient (95% Cl); *, multiplicative

change regression coefficient (95% Cl). MR, mean ratio; Cl, confidence interval.
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Figure 3 A priori factors at inclusion and their respective association
with weekly moderate physical activity faceted by occurrence
of composite adverse clinical outcome. (A) Sex; (B) nutritional
support. Displayed using LOESS regression analysis is shown along
with bandwidth of per World Health Organization recommended

weekly moderate physical activity using dashed lines.

meta-analyses on PA in the post-transplantation period,
showing improved cardiorespiratory fitness measures and
QoL. Subsequent limitations were discussed in detail
by Thuluvath ez /. (38). In a Korean study, declined
physical performance (per the KPS) during the early post-
transplantation period (one vs. six months post-transplant)
was associated with increased mortality up to 5 years post-
LT (15). Assessing the KPS or Rosow-Breslau Score are
quite complex and time-consuming, while downloading
data from a wrist-tracking device is not only quick but also
objective, combing many different variables.

In our study, we were able to show a significant
association between outcomes and decreased PA. Our
data show that nutritional supplementation was associated
with improved MPA between week 20 and 40 in patients

© HepatoBiliary Surgery and Nutrition. All rights reserved.
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Combined outcome

Per marginal increase

OR (95% ClI) of 10 MPA per week P value
At week 1 0.964 (0.917 to 1.014) - 0.157
At week 5 0.976 (0.930 to 1.024) - 0.314
At week 10 0.990 (0.944 to 1.038) -+ 0.675
At week 15 1.004 (0.955 to 1.056) + 0.867
At week 20  1.019 (0.965 to 1.076) - 0.501
At week 25  0.948 (0.882 to 1.019) = 0.148
At week 30  0.882 (0.790 to 0.985) —— 0.026
At week 35 0.821 (0.703 to 0.958) —_ 0.012
At week 40  0.764 (0.625 to 0.934) —_— 0.009
At week 45 0.676 (0.564 to 0.810) —_ <0.001
At week 50  0.598 (0.483 to 0.740) —_ <0.001
At week 55  0.530 (0.400 to 0.701) —_ <0.001
At week 60 0.469 (0.326 to 0.674) —— <0.001
At week 65 0.415(0.264 to 0.652) ——o <0.001
At week 70 0.367 (0.213 t0 0.634) ——— <0.001

—r T T T 1
020406081 1.2
OR (95%Cl)

Figure 4 Forest plot of post-transplant morbidity and mortality
association with weekly moderate physical activity in patients
waitlisted for liver transplantation at different time points.
Composite clinical adverse outcomes (re-LT or post-LT" emergency
hospitalization or in hospital complication during L'T) assessed per
marginal increase of 10 min weekly MPA in a logistic regression
analysis model. OR, odds ratio; 95% CI, 95% confidence interval;
MPA, moderate physical activity; LT, liver transplantation.

awaiting LT, suggesting a benefit of this intervention. The
clinical interpretation is challenging, as there is likely to be
a selection bias in as much as that severe sarcopenic patients
are typically those receiving nutritional support. Nutritional
support may thus be considered a surrogate marker for the
extent of the disease severity in waitlisted patients. The
interpretation in this sense is comparable to the restrictions
of the interpretation of the Model End-Stage Liver Disease
in these frail patients.

Our cohort showed a difference in MPA over time,
stratified according to the recipient sex, with an increase in
MPA at inclusion (P=0.054 and P=0.074) in males (n=25)
and a significant decrease (P<0.001) only after week 40
onwards. In females (n=10) on the other hand, there was a
significant increase found solely between week 20 and 40
(P<0.001) of inclusion. A significant difference between
sexes was identified after week 40 (P<0.001).

Interestingly, both patients with and without nutritional
support showed a significant increase of MPA over time
between week 20 and 40 after inclusion. After week 40, a
significant decrease (P<0.001) of MPA over time in the group
receiving nutritional support was noted possibly suggesting
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a “point of no return” of malnutrition in this very advanced
phase of ESLD as was discussed by Dasarathy (39).

Strengtbs and limitations

While the majority of the available literature focuses on the
post-transplantation period, we present data to support the
use of health-prevention measures and implementation of
an active pre-habilitation program in patients awaiting LT.
This is of particular relevance in countries like Switzerland
where patients spend long average times on the waiting
list (40-44). The sex discrepancy of MPA over time in
our cohort might be due to power, ascertainment bias or
insufficient adherence regarding wearing of the tracking
device or sex-related differences in underlying pathology
and/or co-morbidities. Limitations include the inability to
assess who was actually wearing the device and the small
patient sample size. Resulting limitations are encountered
in subgroup analyses. As such, which type of nutritional
support might result in the most benefit for the patient
in this setting, could not be assessed. In-depth analysis of
adverse outcome endpoints (such as infections) was not
feasible due to inadequate power due to the small sample
size. The non-significance within the nutritional vs. no
nutritional support group may be due to under-powering
regarding this factor.

Moreover, a Hawthorne effect (45) or corresponding
ascertainment bias cannot be ruled out, as no measurements
were carried out prior to the study inclusion.

Implications and actions needed

The wristband activity tracking device or other wearable
devices allow for a personalized approach, adapted to an
individual’s possibilities and needs, serving as a telemedicine
device to intervene in between the outpatient consultations.
The latter aspects are particularly interesting for patients
living far away from their transplant center, who are not
seen on a regular basis. Home-based exercise has been
shown to effectively improve sarcopenia (measured using
the skeletal muscle index) and QoL (46) while increasing
cardiopulmonary and aerobic capacity (47,48) in ESLD
patients, with a wristband tracking device would allow for a
closer follow-up (and intervention) in these patients.

The results of our study underline that intervention
studies in the field of PA possibly combined with nutritional
support are urgently needed to reduce morbidity and
mortality before and after LT. Ultmately, pre-habilitation
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in combination with nutritional support might help stabilize
or even reduce sarcopenia and frailty (49). Furthermore,
involving patients in such a program will help to positively
influence their sedentary life style as well as improving
cardiorespiratory fitness (50) while decreasing postoperative
morbidity and mortality. Influencing frailty and sarcopenia
are essential, as they impact delisting and post-transplant
outcomes (51).

Conclusions

Our findings show a significant association between
decreased PA and adverse clinical outcome, especially
after week 30 on the waiting list. Collectively, our findings
support the implementation of a structured pre-habilitation
program for patients awaiting LT.
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