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BACKGROUND & AIMS:
 Daily step count measures cardiorespiratory fitness and has been associated with clinical out-
comes. However, its utility in patients with cirrhosis remains largely unexplored. We aimed to
investigate the association between step count, frailtymetrics, and clinical outcomes in cirrhosis.
METHODS:
 All participants underwent frailty evaluation with the liver frailty index, 6-minute walk test,
and gait speed test. To monitor step count, participants were given a personal activity tracker
(PAT). A subset also was invited to use Exercise and Liver FITness (EL-FIT). Daily step counts
from the first week of PAT use and frailty metrics were investigated as predictors of hospital
admission and mortality.
RESULTS:
 There were 116 patients included (age, 56 – 11 y; male, 55%; body mass index, 31 – 7; model
for end-stage liver disease-sodium, 15 – 7). The main etiologies of cirrhosis were alcohol-
related (33%) and nonalcoholic steatohepatitis (30%). Monitoring for the week was
accomplished in 80% of participants given both PATDEL-FIT vs 62% in those with PAT only
(P [ .04). During follow-up evaluation, hospital admission was observed in 55% and death in
15%. Kaplan–Meir curves showed increased readmission and deaths among patients per-
forming in the lowest quartile (ie, <1200 steps/d). When adjusted by model for end-stage
liver disease-sodium and EL-FIT use, the lowest quartile was associated with hospital
admission and death (hazard ratio, HR [95% confidence interval], 1.90 [1.09–3.30] and 3.46
[1.23–9.68], respectively), along with the 6-minute walk test (HR, 0.63 [0.47–0.83] and 0.66
[0.44–0.99] per 100 m, respectively) and gait speed test (HR, 0.29 [0.11–0.72] and 0.21 [0.05–
0.84], respectively).
CONCLUSIONS:
 Daily step count predicted hospital admission and mortality rates in patients with cirrhosis,
similar to the current standard frailty metrics. Incorporation of a physical training–dedicated
smartphone application was associated with increased PAT use and step reporting.
Keywords: Frailty; Personal Activity Tracker; Wearables; End-Stage Liver Disease.
Abbreviations used in this paper: EL-FIT, Exercise and Liver FITness;
ESLD, end-stage liver disease; GST, gait speed test; HR, heart rate; LFI,
liver frailty index; LT, liver transplant; MELD-Na, model for end-stage liver
disease-sodium; PAT, personal activity tracker; PT, physical therapist;
6MWT, 6-minute walk test.
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Physical frailty is prevalent in patients with end-
stage liver disease (ESLD) and strongly predicts

liver transplant (LT) waitlist morbidity and mortality.1,2

Today, nearly a quarter of patients with ESLD meet the
criteria for frailty based on the current validated frailty
metrics.2 The high prevalence of frailty in patients with
cirrhosis largely has to do with their lifestyle, with up
to 95% of total daytime spent in a sedentary state.3,4

Cirrhosis-related and other system-related factors such
as malnutrition and medical comorbidities further exac-
erbate physical inactivity.5
Increased physical activity has been shown to
improve muscle function, muscle mass, and functional
capacity.6–10 However, there is a lag in exercise
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What You Need to Know

Background
Daily step count is a metric of physical activity and
cardiorespiratory fitness that can be measured with
a personal activity tracker. It has been associated
with clinical outcomes, but its utility remains largely
unexplored in patients with cirrhosis.

Findings
In patients with cirrhosis, a lower daily step count
was associated with higher risks of hospital admis-
sion and mortality, similar to other well-established
physical frailty metrics. Incorporation of a physical
training–dedicated smartphone-based application
was associated with increased personal activity
tracker use and step reporting.

Implications for patient care
Daily step count is a targetable and modifiable risk
factor that can be used to remotely identify physical
frailty and guide pre–liver transplant care. Exercise
interventions focused on improving step counts may
be an effective strategy to promote physical activity
and improve peritransplant outcomes in community-
dwelling patients with cirrhosis.
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interventions in patients with cirrhosis owing to a lack of
accessibility, safety concerns, and limited expertise
among exercise professionals in treating patients with
ESLD.3,5,11 Our center recently showed the feasibility of a
home-based prehabilitation program in improving
physical function and waitlist survival in LT candi-
dates.12 Nonetheless, with the coronavirus disease-2019
pandemic forcing us to change our practices and to rely
more heavily on technology, it is of high priority to
develop a strategy to monitor and promote physical ac-
tivity remotely.

Daily step count is a metric of cardiorespiratory
fitness that can be obtained with a personal activity
tracker (PAT).13 It provides more accurate and objec-
tive data than self-reported activity.3 A higher step
count has been shown previously to correlate with
lower all-cause mortality among the general US adult
population and in patients with debilitating chronic
conditions, such as chronic obstructive pulmonary dis-
ease and heart failure.14–16 However, the association
between step counts, frailty, and clinical outcomes in
patients with cirrhosis remains largely unexplored. The
primary aim of this study was to assess the utility of
daily step count in predicting hospital admission and
mortality rates. As a secondary aim, we investigated the
association between daily step count and frailty in LT
candidates. Finally, we explored whether there was a
difference in PAT use with the incorporation of a
smartphone-based application (Exercise and Liver
FITness [EL-FIT]).17

Methods

Study Design and Participants

After a standard baseline frailty evaluation at our
center, consecutive adult patients aged 40 to 70 years
with cirrhosis and a model for end-stage liver disease-
sodium (MELD-Na) score of 10 or higher, assessed by a
dedicated LT physical therapist (PT) between January
2017 and April 2021, were invited to participate. Those
who had received LT or were not eligible for LT at the
baseline visit were excluded from the study. Patients
who lacked access to a smartphone device, wireless
internet or an unlimited data plan, and those with overt
hepatic encephalopathy during the baseline evaluation
also were excluded. Clinical outcomes up until
September 2021 were collected prospectively from chart
records.

Personal Activity Tracker and Personal Activity
Tracker–Derived Metrics

A PAT is a sensor-based wearable device that tracks
and monitors the user’s steps, movements, heart rate
(HR), and other biometric data. It synchronizes the data
to an online application and cloud database, where data
then can be accessed remotely. EL-FIT is a smartphone-
based application designed for patients with ESLD to
help monitor physical activity and promote exercise
training. All participants were instructed to wear a PAT
(FitBit, San Francisco, CA) on their nondominant wrist all
day and to only remove it when taking a shower or
charging the device. A subset of patients was invited to
use EL-FIT along with their PAT. PAT-derived fitness
metrics were collected from web-based, security-
compliant, and privacy-protected Fitabase (San Diego,
CA) and EL-FIT servers (www.el-fit.pitt.edu), which
report identical fitness data as previously shown.17 The
metrics of interest consisted of steps per minute and HR
per minute, which were collected prospectively and used
to derive daily raw step counts and HR-adjusted step
counts.17 To ensure the completeness of tracking, a
separate analysis was performed for days registering at
least 15, 17.5, or 20 hours of tracking (ie, HR-adjusted
step counts) to account for the percentage of daily PAT
use time. In contrast to the daily raw step count, which
considers all minutes in a day (and the defaulted 0 steps/
min when a person is not wearing the PAT), the HR-
adjusted step count only accounts for the minutes of
PAT output showing either a heart signal (irrespective of
HR) or a step count that is different from 0. As such, our
HR-adjusted step count corresponded to 63% (15 h),
73% (17.5 h), and 83% (20 h) of maximum daily PAT
use.

http://www.el-fit.pitt.edu
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Standard Frailty Metrics

Frailty was assessed with 3 metrics: liver frailty index
(LFI), 6-minute walk test (6MWT), and gait speed test
(GST) all performed by the same PT (P.M.B.) per our LT
program protocol. LFI was composed of 3 performance-
based tests: grip strength, chair stands, and balance
(calculated at https://liverfrailtyindex.ucsf.edu). The
6MWT assessed the maximum distance a patient could
walk in 6 minutes on a straight flat surface at a self-
determined pace. The GST measured usual gait speed
over a 4-m marked distance, recorded by a stopwatch.
Participants were allowed to use assistive devices, such
as walkers or canes. Using these 3 metrics, patients were
considered frail if LFI was 4.5 or greater, 6MWT was less
than 250 m, or GST was less than 0.8 m/s. LFI further
subclassified nonfrail patients into physically robust
when the score was 3.2 or less or as prefrail when it was
between 3.21 and 4.49.

Following our standard LT protocol, all patients
received a personalized exercise prescription tailored to
their baseline physical assessment and received a follow-
up telephone call from the dedicated PT 4 weeks after
the initial evaluation. Although some of the patients us-
ing both PATþEL-FIT were included in a pilot clinical
trial (n ¼ 19) that tested the effect of weekly coaching on
exercise, coaching was delayed for at least 1 week to
capture baseline physical activity. Some of the PAT data
from the remainder of the participants using both
FitBitþEL-FIT (n ¼ 26) have been reported previously.17

In the FitBitþEL-FIT subcohort (n ¼ 45), PAT use was
limited to 6 to 12 weeks, whereas for the PAT-only
subcohort, there was no limitation to the number of
weeks for which they could be monitored. Given inherent
differences in PAT use across participants, we limited the
analysis for our primary and secondary aims to the first
week of PAT-collected data.
Clinical Outcomes

The primary outcome was incidental hospital admis-
sion and mortality after the initial outpatient PT evalu-
ation and the first week of PAT use. As part of the
standard of care, all patients followed up at the Center
for Liver Diseases are encouraged to have all hospitali-
zations within or be transferred to the University of
Pittsburgh Medical Center integrated care delivery
network, which comprises 40 hospitals that share a
common electronic medical record. Hospital admission
was defined as any stay that was more than 24 hours in
any hospital facility (in- or out-of-network) as docu-
mented in the electronic medical record or by our nurse
coordinators. Hospital admissions for LT were not
included. The study was conducted within University of
Pittsburgh Medical Center’s secure electronic record
domain under the provisions of the University of Pitts-
burgh Institutional Review Board.
Statistical Analysis

Data were summarized as proportions for categoric
outcomes, means � SD for normally distributed contin-
uous outcomes, or as medians (25th and 75th percen-
tiles) for non-normally distributed continuous outcomes.
Comparisons between groups were performed with the
chi-square, analysis of variance, Pearson correlation co-
efficient, Kruskal–Wallis, Friedman, Mann–Whitney, or
Wilcoxon rank-sum test depending on the type and dis-
tribution of data. For our survival analysis, we investi-
gated the association between daily step count from PAT
with hospitalization and death separately through Cox
proportional hazard models following the transformation
of daily step count into quartiles. Patients who under-
went LT were censored at the time of transplant. As a
sensitivity analysis, we built Fine and Gray competing-risk
models including LT as the competing outcome for mor-
tality. Results from survival analyses were expressed as
hazard ratio (HR) or subhazard ratio (sHR), as appro-
priate, along with correspoding 95% confidence interval
(95% CI). For our secondary aim, we compared daily step
count between patients with and without frailty, as
defined by any of the metrics described earlier. All models
were adjusted by MELD-Na and EL-FIT use to account for
potential effect modification. Statistical analyses were
performed using Stata v16 (StataCorp, College Station, TX).

Results

Patient Characteristics

Of a total of 146 subjects who consented and received
a PAT for remote monitoring, 116 were included in the
study. The main reasons for exclusion were post-LT
status (n ¼ 16), denied for LT or lost to follow-up eval-
uation after initial visit (n ¼ 6), missing steps and HR
data on Fitabase/EL-FIT dashboards (n ¼ 5), and tech-
nical difficulties precluding PAT-to-smartphone syn-
chronization (n ¼ 3). Seventy-one subjects (61%) were
given a PAT only, and 45 subjects (39%) were given both
a PAT plus the EL-FIT app. Baseline characteristics of the
116 subjects are shown in Table 1. The majority of pa-
tients were male (55%), age 56 � 11 years, with a mean
body mass index of 31 � 7 kg/m2 and a mean MELD-Na
of 15 � 7. The most common etiologies of cirrhosis were
alcohol-related (33%) and nonalcoholic steatohepatitis
(30%). There were some important differences between
patients given a PAT only and those tracked through
both PATþEL-FIT. The latter were older, had a higher
body mass index, were less likely to be listed for LT, had
a higher prevalence of nonalcoholic steatohepatitis, and
presented with more features of severe decompensation
with a trend toward higher MELD-Na and more impaired
physical function (based on 6MWT/GST). When stratified
by age �60 or <60 years old (n ¼ 57 vs 59, respec-
tively), younger patients had a higher prevalence of

https://liverfrailtyindex.ucsf.edu


Table 1. Baseline Characteristics for 116 Patients According to the Devices Used: PAT Only Vs PATþEL-FIT

All patients (N ¼ 116) PAT (FitBit) (n ¼ 71) PATþEL-FIT (n ¼ 45) P value

Baseline demographics
Age, y 56 � 11 54 � 12 60 � 8 .006
Male sex 64 (55%) 44 (62%) 20 (44%) .064
BMI, kg/m2 31 � 7 29 � 6 32 � 7 .023
Listed for LT 66 (57%) 57 (80%) 9 (20%) <.001

Etiology of liver disease
NASH 35 (30%) 19 (27%) 16 (36%) .001
Alcohol-related cirrhosis 38 (33%) 27 (38%) 11 (24%)
Viral hepatitis (HCV, HBV) 16 (14%) 13 (18%) 3 (7%)
Autoimmune liver disease (AIH, PSC, PBC) 9 (8%) 7 (10%) 2 (4%)
Other (HFE, A1AT, Wilson, cryptogenic) 18 (15%) 5 (6%) 23 (28%)

Laboratory
Hemoglobin 11.6 � 2 11.8 � 2.1 11.3 � 1.8 .21
INR 1.6 � 1.3 1.5 � 0.4 1.8 � 2.0 .23
Creatinine 1.1 � 0.7 1.0 � 0.8 1.1 � 0.5 .81
Albumin 3.3 � 0.7 3.3 � 0.6 3.3 � 0.7 .88
Total bilirubin 2.6 � 2.6 2.7 � 3.0 2.4 � 1.9 .59
MELD 14.3 � 5.9 13.7 � 6.0 15.3 � 5.5 .16
MELD-Na score 15.2 � 6.9 14.3 � 7.0 16.6 � 6.7 .08
Child–Turcotte–Pugh score 8 (5–10) 7 (6–10) 9 (5–10) .76

Liver-related complications
Presence of varices 89 (77%) 51 (72%) 38 (84%) .15
History of GI bleed 25 (22%) 16 (23%) 9 (20%) .72
Presence of ascites 86 (74%) 44 (62%) 42 (93%) <.001
Refractory ascites 52 (45%) 15 (21%) 37 (82%) <.001
Hydrothorax 11 (9%) 6 (8%) 5 (11%) .63
Prior overt hepatic encephalopathy 81 (70%) 45 (63%) 36 (80%) .06

Medical comorbidities
Heart disease 14 (12%) 10 (14%) 4 (9%) .40
Type 2 DM 52 (45%) 30 (42%) 22 (49%) .48
CKD 12 (10%) 7 (10%) 5 (11%) .83
COPD 10 (9%) 7 (10%) 3 (7%) .55
All b-blockers 60 (52%) 40 (56%) 20 (44%) .21

Frailty metrics
LFI 3.8 (3.2–4.4) 3.8 (3.2–4.4) 3.8 (3.2–4.5) .94
6MWT, m 323 (265–396) 329 (287–411) 310 (228–381) .07
GST, m/s 1 (1–1) 1 (1–1) 1 (1–1) .09
Daily step count, steps/d 2718 (1163–6149) 1937 (908–3833) 3544 (1753–6240) .02

A1AT, alpha-1 antitrypsin deficiency; AIH, autoimmune hepatitis; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; DM, diabetes mellitus; EL-FIT, Exercise and Liver FITness; GI, gastrointestinal; GST, gait speed test; HBV, hepatitis B virus; HCV, hepatitis C virus; HFE,
hemochromatosis; INR, international normalized ratio; LFI, liver frailty index; LT, liver transplant; MELD-Na, model for end-stage liver disease-sodium; NASH,
nonalcoholic steatohepatitis; PAT, personal activity tracker; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; 6MWT, 6-minute walk test.
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alcohol-related liver disease, lower creatinine level,
higher bilirubin level, and scored better in frailty metrics
(LFI, 6MWT, and GST) as shown in Supplementary
Table 1.
Patterns of Personal Activity Tracker Use,
Baseline Daily Step Count, and Frailty
Assessment

There was a trend for longer total monitoring time for
the PAT-only subcohort (63 days [14–166]) when
compared with the PATþEL-FIT subcohort (41 days
[23–66]; P ¼ .13). However, when HR-adjusted steps
were considered (ie, activity or HR detected for that day)
for the total monitored days, the percentage of PAT use
was significantly higher for the PATþEL-FIT subcohort
than the PAT-only group (97% [81–100] vs 54%
[18–88]; P < .001). PAT use during the first week also
was more frequent among the PATþEL-FIT patients
compared with the PAT-only group, for whom activity
monitoring during the first 7 days was accomplished in
80% in the former vs 62% in the latter (P ¼ .040).

The median raw step count during the first week of
monitoring was 2604 steps/day (25th–75th percentile,
1150–6149 steps/d), and it was lower than the HR-
adjusted step counts considering the percentage of
daily PAT use (�15 h ¼ 3160 [1150–5864]; �17.5 h ¼
3281 [1150–5863]; and �20 h ¼ 3282 [1150–5863];
P < .001) in the 71 patients with all available



Figure 1. Association between daily step count and frailty by
liver frailty index (LFI), 6-minute walk test (6MWT), and gait
speed test (GST). Step count is shown as the median (dia-
mond) and 25th–75th percentiles (line) for (A) raw step count
and (B) 20-hour or longer heart rate (HR)-adjusted step count.
Frail subjects walked fewer than 1100 steps/d. Nonfrail sub-
jects achieved more than 3000 steps/d.
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measurements. Of note, even though the HR-adjusted
step count methods yielded higher median daily steps,
the sample size was reduced by 39%. In fact, more
stringent tracking criteria in terms of minimum daily
PAT use correlated with a progressive decrease in the
number of patients included in the analysis (for �15 h,
n ¼ 88; �17.5 h, n ¼ 79; and �20 h, n ¼ 71). Thus, we
continued our analysis with raw step counts and daily
performance divided by quartiles for the 7-day period.
The median raw step count stratified into quartiles were
as follows: 747 steps/day (25th–75th percentile,
437–1049 steps/d) for the first and lowest performance
quartile, 1970 steps/day (25th–75th percentile,
1710–2456 steps/d) for the second, 3705 steps/day
(25th–75th percentile, 3283–4467 steps/d) for the third,
and 7847 steps/day (25th–75th percentile, 6520–10,391
steps/d) for the fourth quartile (P < .001).

Table 1 shows the median for LFI, 6MWT, and GST.
Using these parameters, we found 25% (n ¼ 26), 18%
(n ¼ 19), and 17% (n ¼ 19) of subjects to be frail,
respectively. Based on LFI, 50% (n ¼ 52) of patients
were found to be prefrail. Supplementary Table 1 shows
the same frailty metrics as stratified by age. Subjects
aged 60 and older (2000 steps/day; 25th–75th percen-
tile, 1038–3681 steps/d) walked significantly less on a
daily basis than those younger than age 60 (3688 steps/
day; 25th–75th percentile, 1792–7240 steps/d; P ¼
.001), and younger patients (age, <60 y) had signifi-
cantly better baseline frailty parameters by all 3 frailty
metrics (Supplementary Table 1). Although there was no
significant difference in the proportion of frail patients
between subjects age 60 and older or younger than 60
years (data not shown), there were fewer robust subjects
among the former group (14% vs 37%, respectively; P ¼
.02). There was a fair correlation between daily step
count and LFI (-0.40; P < .001), 6MWT (0.54; P < .001),
and GST (0.45; P < .001), with no differences between
subjects age 60 and older or younger than 60 years (data
not shown). The association between median daily step
count and frailty by the 3 tested metrics is shown in
Figure 1. As observed, frail subjects averaged fewer than
1100 steps/day, whereas nonfrail subjects walked more
than 3000 steps/day.
Clinical Outcomes: Hospital Admission and
Mortality Rates

During a follow-up period of 223 days (85–484 d),
hospital admission occurred in 64 subjects (55%) and
death occurred in 17 subjects (15%). Kaplan–Meir
curves showed increased hospital admission and
increased mortality rates among patients performing in
the lowest quartile of daily step count (upper bound
corresponding to 1163 steps/d), as shown in Figure 2.
On univariate analysis, hospital admission and mortality
were associated with daily steps (lowest quartile), LFI,
6MWT, and GST, as well as with demographic and liver
disease staging variables (Table 2). When adjusted by
MELD-Na and EL-FIT use, both hospital admission and
death were associated significantly with daily steps,
6MWT, and GST, and there was a trend for LFI (Table 3).
Importantly, there was a 5% reduction in risk for
admission and a 12% in risk for death for every addi-
tional 500 steps taken per day, independently of the
MELD-Na score and EL-FIT use. On competing-risk
analysis adjusted by MELD-Na and EL-FIT use, the
lowest quartile of daily steps remained associated with
mortality (HR, 3.02 [1.07–8.49]), along with GST (HR,
0.24 [0.06–0.92]) (Supplementary Table 2).
Discussion

In this study, we used an institution-based cohort of
adult patients with cirrhosis to investigate the associa-
tion between daily step counts and the prevalence of
frailty as defined by the 3 validated frailty assessment
tools (LFI, 6MWT, and GST). We found that the preva-
lence of frailty was the highest in the lowest quartile of
the daily step count distribution (approximately <1200
steps/d). This study showed the relationship between
step counts and the prevalence of frailty in patients with
ESLD. We also showed that daily step count as assessed
by PAT predicted hospital admission and mortality rates
in this patient population. We found that higher daily
step counts were associated with lower risks of hospital
admission and death. These findings remained indepen-
dently significant after adjusting for the traditional risk
predictor of MELD-Na score. Remarkably, every addi-
tional 500 steps taken per day was associated with a 5%
decrease in risk for hospital admission and a 12%
decrease in risk for death. Lastly, we found an increase in
PAT use in patients who were given both a PAT plus the



Figure 2. Kaplan–Meier
curves for (A) hospital
admission and (B) overall
survival comparing pa-
tients performing above
and below the lowest
quartile of daily step count
(upper bound of 1163
steps/d).
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EL-FIT app when compared with patients who were
given only a PAT.

Frailty in LT candidates is associated with increased
mortality irrespective of the severity of liver dis-
ease.12,18,19 Although a number of validated frailty tools
exist, most tools require an in-person evaluation by a
trained professional. Daily step count, on the other hand,
can be easily measured remotely with a PAT, and is
highly affordable and scalable. As previously shown by
our center’s prehabilitation program, self-reported
adherence to exercise prescription was 38% and was
not sufficient to predict survival.12 One possible expla-
nation is that patients tend to overestimate their training
efforts.3 Remote monitoring with PAT would be able to
provide more accurate and objective data than self-
report alone. Our findings suggest daily step count
Table 2. Univariable Analysis for Hospital Admission and Morta

Hospitalization

Admitted (n ¼ 64) Nonadmitted (n ¼ 5

Age, y 56 � 12 57 � 10

Male sex 34 (53%) 30 (58%)

BMI, kg/m2 31 � 7 30 � 7

Listed for LT 27 (42%) 23 (44%)

Hemoglobin 11.1 � 1.7 12.2 � 2.2

Albumin 3.2 � 0.6 3.5 � 0.7

MELD-Na score 16.8 � 7.7 13.0 � 5.7

Presence of ascites 51 (80%) 35 (67%)

Prior overt HE 47 (73%) 34 (65%)

Child–Turcotte–Pugh 9 (6–10) 7 (5–8)

LFI 4 (3.2–4.7) 3.6 (3.1–4.3)

6MWT, m 320 (263–377) 334 (290–420)

GST, m/s 1 (1–1) 1 (1–1)

Daily step count 2074 (1070–4792) 3129 (1724–6520)

BMI, body mass index; GST, gait speed test; HE, hepatic encephalopathy; LFI, live
sodium; 6MWT, 6-minute walk test.
potentially can substitute or supplement the current
recommended frailty metrics when assessing and iden-
tifying physical frailty in community-dwelling adults
with ESLD.

Lower functional independence, costs, and lack of
caregiver support have been reported previously as
some common factors contributing to worsening
frailty.3,11,20 To further increase and promote physical
activity among patients with ESLD, it is important to
motivate and engage both the patients and their pro-
viders. As shown by the percentage daily PAT use be-
tween the PAT-only subcohort and the PATþEL-FIT
subcohort, providing patients with a PAT alone is not
sufficient. For the first week of use, there was an 18%
difference in PAT use time between the PATþEL-FIT and
the PAT-only subcohorts. The difference was more
lity

Mortality

2) P value Died (n ¼ 17) Alive (n ¼ 99) P value

.76 56 � 11 56 � 11 1

.62 8 (47%) 56 (57%) .47

.77 30 � 7 31 � 7 .90

.83 9 (53%) 57 (58%) .72

.09 11.1 � 2.4 11.7 � 1.9 .33

.03 3.2 � 0.8 3.3 � 0.6 .48

.004 15.2 � 6.6 15 � 7.2 .94

.17 13 (76%) 73 (74%) .86

.35 12 (71%) 69 (70%) .94

.01 9 (7–10) 7 (5–10) .29

.05 4.0 (3.5–5.0) 3.8 (3.1–4.4) .12

.03 270 (231–347) 330 (279–401) .06

.01 1.1 (1.1–1.1) 1.1 (1.1–1.1) .06

.07 1862 (580–3868) 3026 (1458–6264) .06

r frailty index; LT, liver transplant; MELD-Na, model for end-stage liver disease-



Table 3.MELD-Na-Adjusted Association Between Daily Steps, LFI, 6MWT, and GST With Hospital Admission and Mortality

Tools Hospital admission Mortality

Daily steps (lowest quartile) 1.90 (1.09–3.30); P ¼ .022 3.46 (1.23–9.68); P ¼ .018

MELD-Na 1.07 (1.03–1.11); P < .001 1.01 (0.94–1.09); P ¼ .613

LFI 1.35 (0.99–1.82); P ¼ .051 1.83 (0.94–3.56); P ¼ .071

MELD-Na 1.07 (1.04–1.11); P < .001 1.02 (0.95–1.10); P ¼ .530

6MWT, 100 m 0.63 (0.47–0.83); P ¼ .001 0.66 (0.44–0.99); P ¼ .049

MELD-Na 1.06 (1.03–1.10); P < .001 1.04 (0.98–1.11); P ¼ .174

GST 0.29 (0.11–0.72); P ¼ .008 0.21 (0.05–0.84); P ¼ .028

MELD-Na 1.06 (1.03–1.10); P < .001 1.02 (0.96–1.08); P ¼ .438

NOTE. All proportional hazards ratio survival models were adjusted by group (ie, personal activity tracker only vs personal activity trackerþExercise and Liver
FITness).
GST, gait speed test; LFI, liver frailty index; MELD-Na, model for end-stage liver disease-sodium; 6MWT, 6-minute walk test.
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striking when we assessed use across the total moni-
tored time. Participants in the PATþEL-FIT subcohort
wore their PAT 97% of monitored days vs 54% for the
PAT-only subcohort. Based on our prior experiences,
both patients and their caregivers have expressed
approval of the EL-FIT smartphone app, which has hel-
ped them focus on physical performance through its
various features, including a social platform and a lead-
erboard that engage other peers with ESLD.17 As such,
incorporation of an interactive smartphone-based app
designed for patients with cirrhosis, in addition to the
support from their caregivers, may help facilitate PAT-
driven remote monitoring and increase physical activity
in this patient population.

To adjust for daily step count based on the per-
centage of PAT use, we performed a separate analysis
for HR-adjusted step count as described earlier.
Although the median daily step count increased after HR
adjustments, a more stringent tracking criteria in terms
of minimum daily PAT use actually resulted in a pro-
gressive decrease in sample size. A larger validation
cohort is needed to further establish whether HR-
adjusted step count is indeed a better metric than raw
step count, both as a frailty tool and as a tool to assess
changes in cardiorespiratory fitness in subjects enrolled
in prehabilitation programs. Limitations to using daily
step count as a marker for frailty include technological
barriers, such as poor digital literacy or lack of smart-
phone and internet access, as well as potential
perceived barriers from patients including insufficient
exercise resources from care providers, physical
discomfort during exercise, and time constraints.21 All
of this could cause an unequal distribution of use
among patients. Furthermore, a PAT may not work for
patients with gait disturbances, such as those who
shuffle walk or those who rely on assisted devices.
Lastly, complete transition to telehealth and remote
monitoring remain challenging for this patient popula-
tion given the complexity of ESLD, in which there is
often a need for physical examination, rapport building
between providers and patients, as well as support
network determination.22

It is important to note there were some differences
between our 2 subcohorts (EL-FITþPAT vs PAT-only).
We minimized confounders by only analyzing the first
week of PAT use for our primary and secondary aims, a
period when EL-FITþPAT subjects were asked to phys-
ically perform at their baseline level and before engaging
with our training coaches. All subjects underwent PT
assessment, received an exercise prescription, and were
accompanied by their caregiver during evaluation and
study consent. Furthermore, the fact that subjects in the
EL-FITþPAT group performed worse in terms of steps/
day and had a trend for lower frailty metrics showed that
PAT use is not limited to subjects who are more physi-
cally fit, especially when an aid is used to help with
engagement. Predictors of PAT use, however, need to be
explored further in studies with more diverse de-
mographics and socioeconomic backgrounds. Similarly,
the changes in daily steps (eg, improvements after
baseline assessment) on subsequent risks for hospitali-
zation and mortality need to be evaluated in a clinical
trial setting.

In conclusion, we found low daily step counts to be
associated with an increased risk for hospital admission
and mortality among a cohort of community-dwelling
patients with ESLD. Daily step count was correlated
moderately with frailty metrics, and frail patients by any
metric walked less than their less frail counterparts.
Given that PATs are highly scalable, we propose daily
step count as a targetable and modifiable risk factor that
can be used to remotely identify physical frailty and
guide pre-LT care. Lack of motivation and engagement
could be mitigated with the incorporation of an interac-
tive smartphone-based application (ie, EL-FIT). Exercise
interventions focused on improving step counts may be
an effective strategy to promote physical activity and
peritransplant outcomes.
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Supplementary Table 1. Baseline Characteristics for 116 Patients According to Age Older Than 60 Vs Younger Than 60

All patients (n ¼ 116) Age �60 y (n ¼ 57) Age <60 y (n ¼ 59) P value

Baseline demographics
Age, y 56 � 11 65 � 4 48 � 8 <.001
Male sex 64 (55%) 30 (53%) 34 (58%) .59
BMI, kg/m2 31 � 7 31 � 6 30 � 8 .56
Listed for LT 66 (57%) 30 (53%) 36 (61%) .36

Etiology of liver disease
NASH 35 (30%) 24 (42%) 11 (19%) .007
Alcohol-related cirrhosis 38 (33%) 10 (18%) 28 (47%)
Viral hepatitis (HCVþHBV) 16 (14%) 12 (21%) 4 (7%)
Autoimmune liver disease (AIH, PSC, PBC) 9 (8%) 4 (8%) 5 (8%)
Other (HFE, A1AT, Wilson, cryptogenic) 17 (14%) 7 (13%) 11 (19%)

Laboratory
Hemoglobin 11.6 � 2 11.6 � 2 11.5 � 2.0 .74
INR 1.6 � 1.3 1.4 � 0.4 1.8 � 1.8 .17
Creatinine 1.1 � 0.7 1.2 � 0.7 1.0 � 0.7 .046
Albumin 3.3 � 0.7 3.3 � 0.7 3.3 � 0.7 .71
Total bilirubin 2.6 � 2.6 1.8 � 1.5 3.4 � 3.2 <.001
MELD 14.3 � 5.9 13.3 � 4.9 15.3 � 6.5 .067
MELD-Na score 15.2 � 6.9 14.1 � 6.2 16.2 � 7.5 .100

Liver-related complications
Presence of varices 89 (77%) 45 (79%) 44 (75%) .69
History of GI bleed 25 (22%) 15 (26%) 10 (17%) .24
Presence of ascites 86 (74%) 43 (75%) 43 (73%) .87
Refractory ascites 52 (45%) 27 (47%) 25 (42%) .59
Hydrothorax 11 (9%) 5 (9%) 6 (8%) .80
Prior overt HE 81 (70%) 37 (65%) 44 (75%) .26

Medical comorbidities
Heart disease 14 (12%) 9 (16%) 5 (8%) .23
Type 2 DM 52 (45%) 35 (61%) 17 (29%) <.001
CKD 12 (10%) 7 (12%) 5 (8%) .50
COPD 10 (9%) 7 (12%) 3 (5%) .17
All b-blockers 60 (52%) 30 (53%) 30 (51%) .85

Frailty metrics
LFI 3.8 (3.2–4.4) 4.1 (3.4–4.6) 3.6 (2.8–4.3) .019
6MWT, m 323 (265–396) 302 (262–376) 348 (280–420) .018
GST, m/s 1 (1–1) 1 (1–1) 1 (1–1) .001
Daily step count, steps/d 2718 (1163–6149) 2000 (1038–3681) 3688 (1792–7240) .001

A1AT, alpha-1 antitrypsin; AIH, autoimmune hepatitis; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM,
diabetes mellitus; GI, gastrointestinal; GST, gait speed test; HBV, hepatitis B virus; HCV, hepatitis C virus; HFE, hemochromatosis; INR, international normalized
ratio; LFI, liver frailty index; LT, liver transplant; MELD-Na, model for end-stage liver disease-sodium; NASH, nonalcoholic steatohepatitis; PBC, primary biliary
cholangitis; PSC, primary sclerosing cholangitis; 6MWT, 6-minute walk test.
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Supplementary Table 2.MELD-Na-Adjusted Competing
Risk Survival Analysis for Daily
Steps, LFI, 6MWT, and GST

Tools Mortality

Daily steps, lowest quartile 3.02 (1.07–8.49); P ¼ .036

MELD-Na 0.99 (0.92–1.07); P ¼ .899

LFI 1.72 (0.95–3.10); P ¼ .072

MELD-Na 1.00 (0.93–1.07); P ¼ .886

6MWT, 100 m 0.66 (0.42–1.03); P ¼ .068

MELD-Na 1.02 (0.96–1.08); P ¼ .400

GST 0.24 (0.06–0.92); P ¼ .038

MELD-Na 1.00 (0.94–1.07); P ¼ .924

NOTE. All competing risks survival models were adjusted by group (ie, PAT
only vs PATþEL-FIT).
GST, gait speed test; LFI, liver frailty index; MELD-Na, model for end-stage liver
disease-sodium; 6MWT, 6-minute walk test.
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