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Abstract

Background and Aims Lifestyle modification is the main treatment for nonalcoholic fatty liver disease (NAFLD), but remains
challenging to implement. The aim of this pilot was to assess the acceptability and feasibility of a mobile-technology based
lifestyle program for NAFLD patients.

Methods We enrolled adult patients with NAFLD in a 6-month mobile-technology based program where participants
received a FitBit with weekly tailored step count goals and nutritional assessments. Anthropometrics, hepatic and metabolic
parameters, Fibroscan, physical function and activity, and health-related quality of life measures were obtained at enrollment
and month 6. Semi-structured exit interviews were conducted to assess patient’s experience with the program.

Results 40 (63%) eligible patients were enrolled. Median age was 52.5 with 53% males, 93% whites, 43% with diabetes and
median BMI 33.9. On baseline Fibroscan, 59% had F0-2 fibrosis and 70% had moderate-severe steatosis. 33 patients com-
pleted the study. Median percentage of days with valid FitBit data collection was 91. 4 patients increased and maintained,
19 maintained, and 8 increased but subsequently returned to baseline weekly step count. 59% of patients reported Fitbit was
easy to use and 66% felt step count feedback motivated them to increase their activity. Roughly 50% of patients had reduc-
tion in weight, triglycerides and Fibroscan liver stiffness, and 75% had improvement in controlled attenuation parameter
and physical function.

Conclusions A 6-month mobile-technology based pilot lifestyle intervention was feasible and acceptable to NAFLD patients.
The program promoted physical activity and was associated with improvement in clinical parameters in some patients.
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Introduction Methods
The morbidity and mortality related to nonalcoholic fatty ~ Patient Population

liver disease (NAFLD) continues to rise in the setting of the
evolving obesity epidemic with global prevalence estimates
of 25-30% [1]. Among high risk groups, prevalence rates
are higher with estimates around 90% in patients undergo-
ing bariatric surgery and 69% in patients with type II dia-
betes undergoing ultrasound [2, 3]. Patients with NAFLD
can develop cirrhosis and hepatocellular carcinoma. Con-
sequently, the clinical and public health significance of
this burgeoning patient population cannot be understated.
Presently there are no pharmacologic therapies specifi-
cally approved for NAFLD, though research is ongoing.
The mainstay of therapy remains lifestyle interventions,
improved nutrition and exercise, targeted to weight loss as
this has been shown to improve histologic outcomes and
health-related quality of life (HRQOL) [4].

In clinical practice it has remained challenging to help
patients achieve and sustain weight loss. Structured lifestyle
programs have been shown to have higher rates of adher-
ence and success in achieving improvements in nutrition
and increased physical activity [5]. There are several notable
limitations to in-person structured lifestyle programs that
limit accessibility and sustainability. This includes cost,
distance to travel, and time constraints. Mobile technology-
based interventions can circumvent many of these barriers
and represent a promising mechanism to improve uptake
and sustainability of lifestyle interventions. Simple to use
electronic activity trackers can be used to provide patient
specific feedback to promote and maintain increased physi-
cal activity levels [6]. When paired with concise structured
nutritional assessments, these virtual programs represent
potentially promising avenues to promote first line therapy
for NAFLD.

The aim of this study was to develop and pilot test a low
cost, scalable mobile technology-based lifestyle intervention
program specifically designed for patients with NAFLD. We
tested the feasibility and acceptability of recruiting NAFLD
patients into a FitBit based intervention to encourage self-
monitoring and provide real-time feedback for physical
activity. We paired this with baseline and follow-up nutri-
tion evaluation to promote overall healthy lifestyle behav-
iors. We hypothesized that NAFLD patients would find this
intervention to be acceptable and that the design would be
feasible to implement and maintain. Though not powered to
assess impact on clinical outcomes, we explored its effects
on metabolic and liver-related parameters.
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We enrolled 40 adult patients with a diagnosis of NAFLD
from our general hepatology outpatient clinic. To meet diag-
nostic criteria for NAFLD, a participant was required to have
imaging (ultrasound, computed tomography, or Magnetic
Resonance Imaging) demonstrating steatosis within the prior
24 months or a liver biopsy noting hepatic steatosis within
the prior 36 months, with no or minimal weight loss since
those tests. Patients with any other cause of liver disease
(i.e., alcoholic, viral, autoimmune, genetic, cholestatic, etc.)
were excluded from participation. Alcohol assessment was
conducted based on chart review and participant self-report.
Patients who reported drinking > 14 servings per week for
males or > 7 servings per week in females were excluded.
All participants were required to be able to participate in a
walking program and nutritional interventions. Those with
severe medical co-morbidities (i.e., severe cardiopulmonary
disease, severe musculoskeletal disease, uncontrolled diabe-
tes), hepatic decompensation or hepatocellular carcinoma
were excluded. Individuals receiving medications that may
cause hepatic steatosis or weight reduction, and those who
had plans for bariatric procedures or enrollment in other
structured lifestyle programs were also excluded. All eli-
gible participants needed to have access to a computer or a
smartphone with internet access.

Data Collection

We enrolled individuals who met the eligibility criteria and
provided written informed consent. At enrollment partici-
pants’ demographics including age, sex, race and formal
education history were collected. The following data varia-
bles were obtained at time of enrollment: (1) medical comor-
bidities and use of medications to treat these comorbidities:
diabetes, dyslipidemia, hypertension (HTN), coronary artery
disease (CAD), history of cerebrovascular disease (CVA)
or transient ischemic attack (TIA), depression, and thyroid
disease; (2) vital signs and anthropometrics: blood pressure,
height and weight, body mass index (BMI), waist and hip
circumference; (3) laboratory studies (up to 6 months from
time of enrollment): hepatic panel, lipid panel, and hemo-
globin Alc; (4) Transient elastography (TE) (i.e., Fibroscan)
including liver stiffness (kPa) and controlled attenuation
parameter (CAP) measurements (abstracted from electronic
medical record if collected within the past 12 months and
participant did not have > 5% weight loss since time of that
TE-otherwise ordered at time of enrollment); (5) 6-min walk
test (6(MWT) to assess physical function [7]; (6) Patient-
Reported Outcomes Measurement Information System
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(PROMIS) survey instruments to assess HRQOL [8]; (7)
International Physical Activity Questionnaire (IPAQ) to
assess baseline physical activity [9]; and (8) 24-h diet recall
questionnaire.

The 6MWT is an inexpensive, efficient, easy to conduct
and well-tolerated method to assess functional exercise
capacity and thus was selected as an outcome measure in
this pilot feasibility study over more rigorous, but com-
paratively more expensive and time-consuming measures
of aerobic capacity like V02 peak fitness testing. PROMIS
measures are scored on a T-score metric with a mean of
50 and a standard deviation (SD) of 10 according to data
from the general US population. A higher PROMIS symp-
tom score indicates high symptom burden, whereas a higher
PROMIS function score indicates improved functioning. We
included PROMIS short form measures of fatigue (8 items),
physical function (6 items), ability to participate in social
roles (6 items), satisfaction with social roles (6 items), and
psychosocial illness impact (8 items). T-score meaningfully
important differences (MIDs) ranges were used to assess
PROMIS measures.

Lifestyle Intervention

The mobile technology-based lifestyle intervention was
6-months in duration (Fig. 1). The design was based on
a pre-existing study protocol that had been pilot-tested
among individuals with cardiovascular disease and shown
to be feasible and efficacious in that patient population.'®

Fig. 1 Mobile technology inter-
vention design characteristics

All participants received a Fitbit Zip at enrollment to track
step counts. Participants were to wear their FitBit every day
during waking hours for the entire study. To ensure accu-
racy of use and minimize potential barriers to navigating
the Fitbit, researchers assisted patients with downloading
the Fitbit software and creating a username for downloading
step count data. If at any time during the study participants
had questions regarding the use of the FitBit or problems
uploading step count data, a research study staff member was
readily available to assist via phone or email.

The Fitbit wirelessly syncs data from the tracker to the
Fitbit software or app. Users’ step count data was retrieved
weekly for analysis. Study staff provided each of the par-
ticipants with personalized feedback on physical activity
with tailored step count goals (10% increase per week with
maximum increase of 800 steps per week to a maximum of
10,000 steps per week) and motivational messages via email.
This physical activity prescription was based on the United
States Preventive Services Task Force recommendations
and protocols used in the general obesity and cardiovascu-
lar disease literature [10, 11]. Patients with consecutive days
without data recorded or with other signs of low Fitbit usage
(days with minimal step counts) were contacted via email or
phone to encourage increased use. This follow-up occurred
no more frequently than once weekly. Weekly personal-
ized feedback was provided to each participant for the first
3 months and transitioned to biweekly for the last 3 months
of the study. A valid FitBit step count day was defined as
any day with >300 steps recorded based on definitions and

Tailored Step
Count Goals

Mobile Technology Intervention

Tailored Step
Count Goals

Physical Activity Physical Activity
Mealsures Measures
Nutrition Nutrition
Assessment Assessment
Metabolic and Metabolic and
Liver-Related Liver-Related
Parameters Parameters
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physical activity patterns used in prior behavioral health
interventions using fitness activity trackers [12, 13].

Nutritional assessment included a 24-h diet recall at
baseline and at month 3 by research study staff. Study staff
were educated on how to perform accurate 24-h diet recall
questionnaires and on evidence- based nutritional recom-
mendations for patients with NAFLD based on tenets of
the Mediterranean diet or carbohydrate-controlled diet for
individuals with diabetes. During the phone assessment
at month 3, results of baseline studies were reviewed and
study staft provided overall feedback on physical activity
and nutrition over the first 3-months of the study.

At month 6, participants had a second study visit. Anthro-
pometrics, laboratory studies, TE, 6B MWT and surveys were
repeated. In addition, participants completed a concise
qualitative exit interview by trained study staff to assess
the patient’s experience with the program. Responses to
interview questions were recorded by study staff and then
transcribed. Transcripts were coded for thematic trends.
Upon completion of the 6 month follow-up visit participants
received a US $25 gift card as compensation for their time.
Procedures of the study were approved by the University of
Michigan Institutional Review Board.

Outcomes of Interest

The primary outcome of interest was feasibility and accept-
ability of the mobile technology based structured lifestyle
intervention for patients with NAFLD. Feasibility and
acceptability were defined using standardized parameters
from the literature assessing exercise or physical activity
interventions [14]. Feasibility was assessed based on drop-
out rates and completion rates for data collection (number
of days with valid FitBit data, percentage of follow-up data
elements completed). A feasible intervention required drop-
out rates <25% and completion rates for data collection of
>80% [15]. Acceptability of the program was assessed
based on number of eligible participants enrolled and quali-
tative exit interview feedback. An acceptable intervention
required enrollment of >50% of eligible subjects and sub-
ject feedback that overall reported participants were satisfied
or very satisfied with the intervention and program design
[16]. The secondary aim was to examine trends in changes
in metabolic and liver-related clinical parameters, HRQOL,
and physical activity patterns.

Statistical Analysis

To assess baseline characteristics and impact of the inter-
vention on outcomes of interest we performed descriptive
and bivariate analyses. Chi-square tests and Fisher exact
tests were used for categorical variables and t-tests were
used for continuous variables. Variables with distributions
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that deviated from normality were reported by median and
interquartile range (Q1, Q3) and were compared using the
Kruskal-Wallis test. P values <0.05 were considered statis-
tically significant. All analyses were performed in STATA
14 (StataCorp, College Station, TX).

Results
Enrollment and Participant Baseline Characteristics

A total of 64 eligible patients were approached to success-
fully enroll the targeted total of 40 participants in the study,
equaling to an enrollment rate of 62.5%. Among individu-
als who declined enrollment, the primary reason was time
constraint to complete data collection that day (38%). The
demographics of individuals who did compared to those who
did not enroll in the study were similar (Table 1).

Baseline characteristics of participants are shown in
Table 2. The median age of the cohort was 52.5 years with
53% males and 93% whites. Overall, 43% had diabetes, 38%
had dyslipidemia and 55% were obese (median BMI 33.9).
The majority of participants, 65%, had undergraduate or
higher level of formal education. A total of 12 participants
had a diagnosis of cirrhosis based on chart review of prior
imaging results, ICD9-10 codes and outpatient hepatology
provider assessments. On baseline Fibroscan, 59% had liver
stiffness measurement scores < 10 kPa suggesting fibrosis
stage 0-2 and 11 had scores > 14 suggesting cirrhosis, and
70% had CAP score >260 dB/m suggesting moderate-severe
steatosis. The median alanine aminotransferase (ALT) was
52 (IQR 38-68) U/L, Triglycerides (TG) 172.5 mg/dL (IQR
122-227) and HgAlc 5.8 (IQR 5.3-6.8).

For physical activity, the median days per week of mod-
erate or vigorous intensity physical activity reported on the
IPAQ was 0 (IQR 0-2). For baseline physical function, the
median distance walked in the 6MWT was 1515 feet (IQR
1311.5-1799.5; general population average is 1312-2296
feet) [17]. The associated Borg dyspnea scale was 2 (0-3),
with higher numbers indicating more intense dyspnea.
Regarding HRQOL, the baseline T-scores for physical
function and satisfaction with social roles were similar to
the general population means (49.9 and 50.2, respectively),
whereas the ability to participate in social roles was slightly
higher than population average (56.2) though fatigue symp-
tom burden was also slightly higher (54.1).

Intervention Uptake
Overall, 36 participants were still in the program at month 3

and 33 participants (83%) completed the entire 6-month pro-
gram. Baseline characteristics of participants who did versus
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Table 1 FitBit study enrollment

62.5%

Enrolled/approached: 40/64

=24

Reason for not enrolling: N

9 (38%)

Time constraint

12 (50%)

3(12%)
24) Enrolled (N

Not interested in study

No data
Variable

P value

=40)

Not enrolled (N

0.82
0.17
1.0

52.5 (43-61)
21 (52.5%)
35 (87.5%)

53 (43-60)
14 (70%)

Age (median, IQR)
Sex (male N %)

21 (87.5%)

Race (white N %)

those who did not complete the study were similar aside
from higher baseline weight, BMI, waist circumference and
TG and lower HDL in the non-completers (Table 2). Among
individuals who did not complete the study, 3 were lost to
follow-up and 4 reported that they were either no longer
interested in participating or did not have the time to partici-
pate any longer. Median percentage of days with valid FitBit
data collection was 91% for the cohort. The median weekly
step count was 6088 (IQR 4848-7966) at the initiation of
the study. At the end of the program, the median weekly
step count was 5336 (IQR 3757-8156). When analyzed as
means with standard deviation (SD), at baseline the mean
daily step count was 6499 (SD 2848), at month 3 was 6269
(SD 3064) and at month 6 6282 (SD 2910) (Fig. 2). F. Of
the 33 participants who completed the study, 4 increased and
maintained, 19 maintained, and 8 increased but subsequently
returned to baseline weekly step count, while step count data
were missing for 2 participants.

Secondary Outcomes

The pre- and post-intervention changes in clinical variables
for the 33 participants who completed the intervention
are shown in Table 3. There were statistically significant
improvements in HDL, LDL, TG and HgA1c. Among com-
pleters there was also a statistically significant improvement
in physical function as assessed by the 6MWT distance.
Overall neither the change in step count nor changes in
HRQOL measures were statistically different between base-
line and end of the intervention. Roughly 50% patients had
reduction in weight, and ALT. Approximately 2/3 of partici-
pants who completed the study had a reduction in TG and
an increase in 6MWT. Lastly, 42.4% of participants showed
reduction in both Fibroscan liver stiffness and CAP scores
(Table 4). The relationship between patterns in change in
step count and improvement in clinical parameters is also
demonstrated in Table 4.

Qualitative Outcomes

Participant responses to the semi-structured exit interviews
focused on feasibility and acceptability of the program
as well as facilitators and barriers to behavior change are
shown in Table 5. Overall, the majority of participants (59%)
reported the Fitbit was easy to use and 66% felt step count
feedback motivated them to increase their activity. Bad
weather was the predominant reported barrier to increased
physical activity, whereas objective step count data was the
main facilitator.
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Table 2 Baseline characteristics of enrolled patients

Variable Overall cohort N=40 Study completers N=33 Non-completers N=7 P value

Demographics

Age (years) (median, IQR) 52.5(39.5-61) 53 (43-61) 44 (30-57) 0.02

Sex (% male) 21 (52.5%) 17 (51.5%) 4 (57%) 1.0

Race (% white) 37 (92.5%) 30 (90.9%) 7 (100%) 1.0

Clinical characteristics

Cirrhosis 12 (30%) 9 (27.2%) 3 (42%) 0.41

Diabetes 17 (42.5%) 14 (42.4%) 3 (42%) 0.41

Hyperlipidemia or Hypertriglyceridemia 15(37.5%) 12(36.6%) 3 (42%) 0.41

Hypertension 17 (42.5%) 14 (42.4%) 3 (42%) 0.41

Depression 9 (22.5%) 6 (18.2%) 3 (42%) 0.41

Education

Elementary/junior high 1(2.5%) 1(3%) 0 0.53

High school 13 (32.5%) 9 (27%) 4 (57%)

Undergraduate 17 (42.5%) 15 (46%) 2 (29%)

Graduate or higher 9 (22.5%) 8 (24%) 1 (14%)

Physical exam (median, IQR)

Waist circumference (inches) 44 (40.8-48.8) 42.5 (40.7-46) 49.6 (41.5-51.5) 0.001

Truncal obesity 33 (83%) 26 (84%) 7 (100%) 0.56

Weight (Ib) 209.5 (189.5-250) 200 (186-236) 270 (240-301) 0.006

BMI (kg/m?) 33.9 (30.4-36.5) 33.6 (29.6-35.3) 37.7 (35.542.4) 0.009

Labs

ALT (IU/L) 52 (38-68) 55 (40.5-70.5) 40 (32-68) 0.34

LDL (mg/dL) 120 (85-154) 120 (80-134) 120 (97-137) 0.74

HDL (mg/dL) 43 (32.5-51.5) 44 (39-55) 34 (33-40) 0.01

TG (mg/dL) 172.5 (122-227) 148 (112-222) 231 (180-462) 0.03

HgAlc 5.8 (5.3-6.8) 5.9 (5.3-6.7) 5.7 (5.4-9) 0.30

Fibroscan

Liver stiffness (kPa) 7.15 (4.9-11.8) 7 (4.8-10.3) 9.6 (6.3-26.7) 0.12

Fibrosis stage 0.54

FO-2 22 (59%) 19 (63%) 4(57%)

F3 4 (11%) 3 (10%) 1 (14%)

F4 11 (30%) 8 (27%) 2 (28%)

CAP score 329 (288-370) 327.5 (278-356) 362 (312-379) 0.21

Physical activity and function

Moderate/vigorous intAensity physical activity 0 (0-2) 0(0-2) 0(0-2) 1.0
(median days/week)

6MWT distance (feet) 1515 (1312-1800) 1585 (1295-1822) 1420 (1328-1536) 0.30

Post-test dyspnea (Borg scale: 0-10) 2 (0-3) 2(0-3) 1(0.54) 0.95

HRQOL: T-score* (SD)

Physical function

Ability to participate in social roles
Satisfaction with social roles
Psychosocial illness impact

Fatigue

49.9 (9.8)
56.2 (10.0)
50.2 (9.2)

48.9 (11.9)
54.1(10.2)

Bolded values indicate result was significant with P value of 0.05 or less

BMI Body mass index, AST aspartate aminotransferase, ALT alanine aminotransferase, LDL low density lipoprotein, HDL high density lipopro-
tein, 7G triglycerides, HgA 1c hemoglobin Alc, 6MWT 6-min walk test, /QR interquartile range, SD standard deviation

“T-scores (mean =50; SD = 10) are presented for each PROMIS domain. Higher scores for symptom domains (fatigue, psychosocial illness) indi-
cate a higher symptom burden. Higher scores for functioning domains (physical function, ability to participate in social roles, satisfaction with

social roles) indicate good functioning
AMeasured using [PAQ
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Fig.2 Mean daily step count with standard deviation across the study period

Discussion

Successful implementation of first line therapy for
NAFLD—lifestyle changes, remains a significant challenge
for patients and providers. Mobile technology-based struc-
tured lifestyle interventions have been tested in the overall
obesity population and among patients with diabetes and
cardiovascular diseases, but they have not been exten-
sively trialed among patients with NAFLD. In this study,
we tested a 6-month mobile technology-based structured
lifestyle intervention for patients with NAFLD. Our find-
ings demonstrate that this type of program is acceptable to
NAFLD patients, with two-thirds of patients approached
about the study electing to enroll. Furthermore, this inter-
vention was feasible to implement and maintain with high
levels of adherence with wearing the FitBit over a 6-month
period and overall positive experiences as demonstrated by
exit interview feedback.

A major gap in our current knowledge relates to the rea-
sons for low uptake and factors impacting response to life-
style changes in NAFLD patients. We hypothesize that a sig-
nificant contributing factor stems from the lack of evidenced
based guidance for designing and implementing lifestyle
programs in real-world settings for patients with NAFLD.
This gap is a result of a lack of data on effectiveness of life-
style programs in the real-world and patient preference to

guide the development of programs tailored to the individual
patient to ensure maximum effectiveness. Data from the obe-
sity literature indicates that programs that remove logistical
barriers (time constraints, cost) and increase the interactions/
follow-up with real-time feedback have a higher likelihood
for real-world effectiveness [18]. Mobile technology-based
lifestyle programs encompass many of these features and
have been proven to be effective for weight loss among
cohorts with similar phenotypes such as diabetes [19]. In
our study, lack of interest and time constraint to complete
data collection for enrollment were the primary reasons for
not participating. The reasons for lack of interest were not
further evaluated in this study, but are the subject of our
separate dedicated qualitative studies focused on evaluat-
ing motivation to change health behaviors among patients
with NAFLD. The limitations in terms of time constraint to
complete data collection are a reflection of our study design
in this pilot where patients were approached during their
routinely scheduled clinic visit. As a result, potential par-
ticipants were not alerted ahead of time about the study and
had not planned to stay in clinic for longer duration. We
have revised our subsequent study protocols to alert poten-
tial participants about the opportunity to enroll in studies so
they can adjust their anticipated visit times accordingly. In
response to the COVID-19 pandemic, we have also modified

@ Springer



488

Digestive Diseases and Sciences (2022) 67:481-491

Table 3 Pre—post intervention data for 33 program completers

Variable Baseline 6-Month Median (IQR) A Pre—Post P-value
Waist circumference (in) 42.5 (40.7-46) 43.7 (41-47) 0.5(-0.75,1.9) 0.04
Weight (1b) 200 (186-236) 207 (185.1-229.4) 0.5(=5,7) 0.56
BMI 33.6 (29.6-35.3) 32.3(29.7-35.9) —-0.3(-0.78, 1.0) 1.0
SBP mmHg 132(126-142) 131 (120-136) 3(=3,10) 0.16
ALT (U/L) 55 (40.5-70.5) 44 (29-75.5) —-2.5(-14,5) 0.31
HDL (mg/dL) 44 (39-55) 49.5 (39-56) 4(-1,6) <0.01
LDL (mg/dL) 120 (80-134) 100.5 (69-116.5) —-7(-18,1) <0.01
TG (mg/dL) 148 (122-227) 137.5 (96.5-193.5) —22(=53,11) 0.03
HgAlc 5.9 (5.3-6.7) 5.8 (5.4-6.6) 0.1(=0.1,0.2) <0.01
Fibroscan kPA 7 (4.8-10.3) 7.6 (5.7-9.5) 0(=2.3, 1.1) 1.00
Fibroscan F Score —1(-1,1) 0.67
FO-2 19 (63%) 21 (63.6%)

F3 3 (10%) 7 (21.2%)

F4 8 (27%) 5(15.2%)

Fibroscan CAP (dB/m) 327.5 (278-356) 305 (254-354) —10.5 (—54, 35) 0.19
6MWT distance (feet) 1585 (1295-1822) 1725 (1495-1870) 59.2 (=19, 175) <0.01
Post-test dyspnea (Borg scale: 0-10) 2 (0-3) 1(0.5-2) —1(=2,1) 0.10
Step count” 6088 (4848-7966) 5336.90 (3757-8156) —203 (—2038, 789) 0.52
HRQOL T-score (SD)

Physical function 50.6(8.2) 50.9 (8.2) 0.3

Ability to participate in social roles 55.9(9.5) 56.5 (8.7) 0.6

Satisfaction with social roles 51.5(11.8) 53.4 (10.1) 1.9

Psychosocial illness impact 48.1 (9.1) 47.9 (8.5) -0.2

Fatigue 52.2(9.4) 50.7 (8.9) -1.5

Bolded values indicate result was significant with P value of 0.05 or less

~General population median daily step count=5117

#Negative change in symptoms (fatigue, satisfaction, psychosocial illness impact) indicate reduced symptom burden from baseline to end of
intervention. Positive change in health and functioning indicate improved health/functioning from baseline to end of intervention. Results pre-
sented as T-scores (mean=50; SD=10); higher PROMIS T-scores reflect a greater level of the construct measured. To interpret changes in
PROMIS scores, minimally important differences (MID) are used. MID for physical function 1.9-2; MID social roles and psychosocial impact

2.3-3.4; MID fatigue 3-5

many of our studies to allow remote consent and to adapt
some study procedures so they can be done remotely.
Importantly, overall retention of participants in this
6-month program was excellent, with 33 of 40 enrolled par-
ticipants completing the entire program and 36 remaining in
the program at 3 months. Of note, those who did not com-
plete the study did have worse baseline metabolic profiles,
indicating that perhaps these patients needed most help to
keep them engaged in the program. Among the 33 partici-
pants who completed the program, the median percentage of
days with valid FitBit data collection was 91%. Our rates of
adherence using the fitness activity tracker are higher than
those reported in other physical activity intervention trials
including the recent STRIVE trial of a home-based exer-
cise program among individuals with cirrhosis [20]. This
is likely related to variations in definition for adherence,
study design features for follow-up among participants with
patterns indicating low adherence, and patient population
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enrolled. We applied standardized definitions for valid Fit-
Bit data days and modeled our intervention protocol after
similar studies among patients with metabolic disease. Prior
studies have shown that mobile technology devices can help
enhance the intervention’s acceptability and perceived value
of the program through real-time feedback and goal setting
[21]. This was supported by the findings from our qualita-
tive exit interviews whereby the majority (64%) of partici-
pants reported seeing their daily step count was motivating.
While the overall average step count over the duration of
the intervention did not improve for all participants, 69%
of completers were able to maintain or increase their step
counts over the duration of the study. In future studies we
will need to investigate mechanisms to maintain participant’s
engagement in the program over time.

We did not have sufficient power to analyze the impact
of the intervention on clinical and HRQOL outcomes in this
pilot study. There were however overall positive trends in
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Table 4 Sub analysis of patients
with clinical improvements

Sub-analysis of those with improvements*

Median change (IQR) Change in step count

Decreased Maintained Increased

Weight loss (Ib)

>5% weight loss
Reduction in ALT (U/L)
Reduction to <35
Reduction in TG (mg/dL)
Reduction to < 150
Reduction in liver stiffness (kPa)
>10% Reduction in kPa
Reduction in CAP (dB/m)
>10% Reduction in CAP
Increase in 6BMWT (feet)
6MWT > population mean

15" (45.5%) —7(-12.9,-2) 2 9 2
6 (18.2%)

17" (51.5%) —30(—78,—11) 2 12 2
10 (33.3%)

21(63.6%) —2.5(—6.5,-03) 4 14 3
9 (31%)

14" (42.4%) —12(—26,—6) 2 10 1
7 (30.4%)

14" (42.4%) —46 (—85,—20) 3 13 2
7 (50%)

23" (69.6%) 140 (35-255) 4 14 3
5 (17.9%)

Bolded values indicate result was significant with P value of 0.05 or less

*Top row for each variable represents number of participants with any improvement for that variable. Sec-
ond row for each variable represents number of participants with more marked improvement

A2 patients missing 6-month step count data for weight loss and 6MWT; 1 patient had missing 6-month
step count data for reduction in ALT, kPa and CAP

metabolic, liver-related and physical function outcomes. At
month 6, there were improvements in lipid panels (HDL,
LDL, TG) as well as HgAlc. Among completers there was
also a statistically significant improvement in the 6MWT
distance. Interestingly, despite the positive qualitative pro-
gram feedback, we did not see significant improvements in
HRQOL measures. Notably, roughly half of participants had

areduction in weight and ALT, two-thirds had improvement
in TG and 6MWT and 42% and reduction in liver stiffness
and CAP measurements. Among those with these improve-
ments, the majority maintained their step count over the
duration of the study. This confirms findings of prior stud-
ies that demonstrated improvements in hepatic steatosis and
fibrosis can occur with improved nutrition and increased

Table 5 Semi-structured program exit interviews to assess program feasibility, acceptability and facilitators and barriers to behavior change

What did you hope you would gain from the program?

Feedback about mobile technology application and study design

Thoughts about step count feedback

What things supported physical activity?

What barriers did you have to physical activity?

Other comments

Receive objective activity goals (21)

Be more active/healthier lifestyle (20)

Help with research (8)

FitBit and app easy to use and liked using (19)
Had difficulty syncing FitBit (12)

Prefer wrist based FitBit (5)

Forgot to wear FitBit (8)

Helped motivate physical activity (21)
Motivation waned over time (5)

Did not change activity based on feedback (4)
Objective step count numbers (14)

Physical activity of household members (6)
Weather (12)

Work (7)

Musculoskeletal pain/limitations (6)

Family needs (5)

Motivation to change (4)

Tllness (3)

Vacation/social events (3)

Desired more assistance with improving diet (3)

Parentheses indicate number of participants with that response
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physical activity even if the targeted 5 or 10% reduction in
body weight is not achieved [22].

There are several limitations to note for this study. First,
as a pilot study we only aimed to enroll a total of 40 patients
from a single tertiary center, which limited our ability to
speak to scalability to a larger and more diverse popula-
tion, particularly since our participants were predominantly
white. Second, inherent to pilot studies, we did not have
power to assess impact of the program on clinical outcomes
of interest. As a pilot feasibility study, due to cost limitations
and time constraint, we chose less rigorous outcome meas-
ures such as the 6BMWT over V02peak fitness testing and
transient elastography over MR elastography with proton
density fat fraction. We plan to incorporate these more rigor-
ous measures in the next phase of our lifestyle intervention
where the focus is on impact on clinical outcomes rather
than feasibility and acceptability of the program design [23].
Third, participants in the program may be more motivated
to change their behavior than other patients and our results
may represent best case scenario. Finally, our interven-
tion program was basic and better results might have been
obtained by incorporating structured nutritional counseling,
and motivational behavioral interventions. For this pilot fea-
sibility trial, due to cost limitations and time constraints,
the nutritional assessment and feedback were performed by
trained research study staff. In our subsequent larger scale
study that was designed based on results gleaned from this
study, with the support of grant funding we were able to
have a registered dietician perform the nutritional assess-
ments and counseling which may enhance the impact of our
intervention.

In conclusion, in this pilot study of a 6-month mobile
technology-based lifestyle intervention specifically designed
for patients with NAFLD, we demonstrated feasibility and
acceptability of the program with an overall positive pro-
gram participation experience. Adherence with wearing
the FitBit was good and roughly half of the participants
increased and maintained higher step counts till the end of
the program. In future work we will incorporate a stronger
focus on nutrition assessment and interventions as 80-90%
of weight loss is associated with dietary changes [24, 25].
We will also incorporate participant-identified preferences
to enhance motivation to change health behaviors. Though
pharmacological therapies are likely necessary for many
patients with NAFLD, particularly those who have advanced
fibrosis, effective, scalable lifestyle programs are essential to
decrease morbidity and mortality of NAFLD due to its high
global prevalence.
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