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ABSTRACT

In Asian adults, the prevalence of nonalcoholic fatty liver disease (NAFLD)
can approach 30%., patients who are obese have a higher prevalence of
NAFLD. Although difficult to accomplish, weight loss is usually advised for
individuals with NAFLD or those at high risk. Our goal was to assess how
amobile app-based lifestyle intervention affected NAFLD patients' ability
to lose weight. All participants were provided with a standardized model
digital weighing scale (Omron HN-286, Japan) for self-monitoring of
weight. All outcomes were part of routine measurements taken by
trained nurses and blood tests conducted at the outpatient NAFLD clinic.
Assessors were not blinded to the groups allocated to the study
participants. Body weight was measured using a calibrated digital
weighing machine (Seca 767, Germany) to the nearest 0.1 kg. Height was
measured in meters to two decimal points using the stadiometer
attached to the Seca scale and the corresponding BMI was calculated.
There were a significantly greater number of participants who achieved
5% weight loss in the intervention as compared to the control group at
both 3 and 6 months (Table 2). After adjustment for age, gender and
ethnicity, the intention-to-treat and per-protocol analyses showed that
use of the mobile-enabled lifestyle intervention program was
independently associated with a higher likelihood of achieving a [15%
weight loss at 3 and 6 months when compared with standard care.
Patients with NAFLD may benefit from a lifestyle intervention that is
made possible by a mobile app, since it can improve their liver enzyme
levels and anthropometricindices. There is a chance that this therapeutic
approach will be used on a broader demographic.
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INTRODUCTION

NAFLD represents a clinicopathological spectrum that
consists of hepatic steatosis and nonalcoholic
steatohepatitis (NASH) and varying in degrees of
inflammation and fibrosis™?. Up-20% of patients with
NASH progress to cirrhosis and develop end-stage liver
disease and associated complications™*.

With the epidemic surge in obesity and type 2
diabetes, the prevalence of NAFLD is on the rise, which
is increasingly being recognized as a major cause of
morbidity and mortality®. From 2002-2012, the
number of patients undergoing liver transplantation
for NASH-related hepatocellular carcinoma increased
by 4-fold™®. NASH is now poised to become the leading
cause of hepatocellular carcinoma and indication for
liver transplantation in the United States™.

In Asia, an estimated 20%-30% of the adult population
have been diagnosed with NAFLD, with a higher
prevalence among patients with obesity”. The
increase in prevalence can be attributed to a shift in
dietary and lifestyle habits due to rapid globalization®®.
Notably, Asians are more susceptible to NAFLD at
equivalent levels of overnutrition as compared to their
Western counterparts, in part due to differences in the
adiposity-muscle composition™. In view of the
increased risk of morbidity in the Asian population, the
World Health.

Organization (WHO) recommends 23 kg/m’ as the
body mass index (BMI) cut-off point for clinical
action', while the International Diabetes Federation
recommends waist circumference cut-off points of 90
cm and 80 cm for Asian men and women,
respectively™.

It is closely linked with metabolic syndrome and its
component parts including obesity, type Il diabetes
mellitus, and dyslipidemia. Numerous pharmacological
interventions have been tested for the treatment of
NAFLD with varying success. Nonetheless, no current
pharmacological therapy is recommended for the
treatment of this condition. Much focus has been given
to the role of lifestyle intervention in NAFLD, including
the role of prescribed exercise regimes and diets. This
review aims to summarize the literature surrounding
this approach, highlighting the impact and role these
strategies have on NAFLD.

Weight reduction through caloric restriction is the
most evidence-based way to improve NAFLD across the
disease spectrum and therefore is the first-line
treatment recommended in multiple clinical practice
guidelines™ ™. Comprehensive lifestyle change should
involve simultaneous implementation of dietary
changes to reduce energy intake, lifestyle and
behavioral training and an increase in physical activity.
Changes should also include the avoidance of smoking,
which has been associated with NAFLD, fibrosis
progression and hepatocellular carcinoma (HCC)™.
Alongside a discussion about the benefits of lifestyle

change for reducing NAFLD severity and overall
cardiometabolic risk, patients should be advised that
there are currently no licensed medications for NAFLD
treatment. Of course, dietary changes and long-term
weight reduction may not be achievable or might not
work for patients with advanced fibrosis and
concomitant pharmacological treatment may be
needed once it becomes available.

To our knowledge, there is a paucity of research
investigating the effects of integrating mobile appsinto
specialized weight loss programs for patients with
NAFLD, with no full-sized randomized controlled trials
published to date. Furthermore, a systematic review
identified that none of the commercially available
weight management mobile apps available included all
major aspects of evidence-based strategies of
self-monitoring, goal-setting, motivational strategies,
healthy eating and physical activity support, social
support, health or weight assessmentand personalized
feedback, along with the involvement of health care
professionals and formal scientific evaluation™.
Accordingly, the objectives of the present study were
to evaluate the effect of a lifestyle intervention
consisting of diet and physical activity enabled by a
mobile app that integrates a spectrum of
evidence-based strategies along with health care
professional involvementin facilitating weight loss and
improving relevant health indicators in patients with
NAFLD.

MATERIALS AND METHODS

Following screening, clinicians referred patients from
a NAFLD clinic at NUH for recruitment. The American
Association for the Study of Liver Diseases guidelines™
defined nonalcoholic fatty liver disease (NAFLD) as the
presence of hepatic steatosis, as assessed by imaging
or histology, without secondary causes of hepatic fat
accumulation, such as heavy alcohol consumption,
long-term steatogenic medication use, or monogenic
hereditary disorders. The study included adults over 21
years old who had a BMI of less than 23 kg/m?, were
abletoread and write in English and had a smartphone
with a data plan in addition to being diagnosed with
nonalcoholic fatty liver disease (NAFLD) after excluding
out secondary causes of liver fat buildup. The exclusion
criteria included having an infection with the hepatitis
B or C virus and consuming alcohol at a rate greater
than 1.5 times the daily recommended limit (15 g for
women and 30 g for males). The study excluded
patients with concomitant liver disease, stage 4 and
above kidney disease, depression, untreated
hypothyroidism, heart failure, cirrhosis, poorly
controlled diabetes mellitus (HbA1c>10%), diabetes
requiring insulin, diabetes requiring treatment and
clinically or biochemically recognised systemic
diseases. Prior to enrolment, each patient provided
written informed permission. A standardised model
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digital weighing scale (Omron HN-286, Japan) was
given to each participant so they could keep track of
their own weight.

Every result was a result of standard blood tests and
measures made by certified nurses at the outpatient
NAFLD clinic. There was no blinding of the assessors
with respect to the study participants' groups. A
calibrated digital weighing machine (Seca 767,
Germany) was used to measure body weight, with a
precision of 0.1 kg. Using the stadiometer that was
fastened to the Seca scale, height was measured in
metres to two decimal places and the appropriate BMI
was computed. As advised by the WHO, the waist
circumference was measured with a tape measure at
the halfway point between the top of the iliac crest
and the bottom edge of the last perceptible rib. An
automated kinetic approach was used to measure the
levels of ALT and aspartate aminotransferase (AST). A
blood pressure monitor (Carescape Dinamap V100., GE
Healthcare, Chicago, IL, USA) was used to assess blood
pressure (for individuals with hypertension). At
baseline, information about the participants' age,
gender, ethnicity and any relevant comorbidities that
they may have had were also gathered. Data on how
often apps were used was gathered by the app
developer.

Statistical Analysis: Studies that provided nutrition
therapy interventions targeted at weight loss in
patients with NAFLD were referenced for sample size
calculation. The primary unit of interest was weight
loss of at least a 5% by 6 months. It was postulated
that 10% of the control subjects will achieve this
successful outcome and the intervention would
increase this rate by 4-fold. With 90% power at a 5%
significance level and allowing for a 10% dropout rate,
a sample size of 100 (50 per group) would be required.
Data analyses were performed using SPSS for Windows
version 21.0 (SPSS Inc, Chicago, IL, USA). Results are
expressed as mean and SD for normally distributed
variables and as the median and interquartile range for
variables that did not satisfy normality criteria.

RESULTS AND DISCUSSIONS

A total of 174 referred subjects were screened for
participation. Forty-six did not meet the eligibility
criteria, primarily due to refusal to participate and a
lack of English literacy. The remaining 118 subjects
were enrolled and randomized (60 to the intervention
group and 58 to the control group).

There was a significantly greater number of
participants who achieved 5% weight loss in the
intervention as compared to the control group at both
3 and 6 months (Table 2). After adjustment for age,
gender and ethnicity, the intention-to-treat and
per-protocol analyses showed that use of the
mobile-enabled lifestyle intervention program was

independently associated with a higher likelihood of
achieving a [15% weight loss at 3 and 6 months when
compared with standard care.

Table 3 show that participants in the intervention
group lost significantly more weight than those in the
control group at 3 and 6 months based on the
intention-to-treat and  per-protocol analysis,
respectively. The significantly greaterimprovementsin
both absolute and percentage weight loss in the
intervention group were more pronounced at 6
months as compared to 3 months, with large
between-group effect sizes in percentage weight loss
at both 3 and 6 months (Cohen d>0.8 for all).
Patients enrolled in the 6-month nBuddy mobile app
intervention program had a 5-fold higher likelihood of
achieving 35% weight loss as compared to those
receiving standard care. In addition, the
mobile-enabled lifestyle intervention appeared to have
a positive influence on components of surrogate
markers of NAFLD such as waist circumference and
BMI, along with improvements in liver enzymes (AST,
ALT) and blood pressure. These positive results
remained significant after an intention-to-treat
approach, suggesting a notable effect among NAFLD
patients. Our findings support the consensus that a
modest weight loss of about 5% of baseline body
weight within a 6-month period is associated with
clinically meaningful reductions in liver enzymes™*?.
Weight loss, along with control of metabolic risk
factors, isthe cornerstone of management of NAFLD in
the absence of effective medical therapy. Current
practice guidelines advocate a target weight loss of
7%-10% to achieve improvement in steatosis and
inflammation??. In a Cuban study, a weight loss of
35% led to a resolution of steatohepatitis and reduction
in the NAFLD activity score of at least 2 points, without
worsening of fibrosis., however, regression of fibrosis
occurred in those with [110% weight loss®?". Hence, the
greaterthe extent of weight loss with lifestyle changes,
the more significant the improvement in NASH and
fibrosis.

The use of mobile apps and online platforms as part of
weight management in patients  with
noncommunicable diseases is increasingly growing in
popularity. This stems partly from its ability to
overcome issues faced by conventional weight
management programs that require physical
attendance. Health care providers observed a high
nonattendance rate for patients with NAFLD requiring
dietetics intervention and follow up®?". Jiandani®"
reported a high attrition rate for in-house weight
management programs whereby 34% of the
participants discontinued after a single visit. The
reasons cited included limited ability to pay for
program services, limited time and transportation
challenges in attending appointments with health care
professionals. Other barriers included the lack of
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Table 1: Baseline Characteristics of Study Participants.

Variable Intention-to-treat Per-protocol

Control (n=58) Intervention (n=60) P-value Control (n=56) Intervention (n=55) P-value
Gender, n (%) .32 38
Male 39 (67.2) 35(58.3) 38 (67.8) 33 (60)
Female 19 (32.7) 25 (41.6) 18 (32.1) 22 (40)
Ethnicity, n (%) .22 16
Chinese 43(74.1) 44 (73.3) 42 (75) 41 (74.5)
Malay 11 (18.9) 7 (11.6) 10 (17.8) 6(10.9)
Indian 0(0) 5(8.3) 0(0) 5(9.0)
Others 4(6.8) 4 (6.6) 4(7.1) 3(5.4)
Diabetes, n (%) 21 (36.2) 12 (20) .67 19 (33.9) 11 (20) 08
Hyperlipidemia, n (%) 41 (70.6) 40 (66.6) .60 41(73.2) 38 (69.0) 61
Hypertension, n (%) 38 (65.5) 39 (65) 95 38 (67.8) 37(67.2) 9%
Age (years), mean (SD) 47.3(11.2) 47.6 (12.3) 77 47.2 (11.2) 47.1(12.3) 97
Weight (kg) 87.2 (20.3) 82.4 (16.3) 18 87.3(20.5) 83.2 (16.8) 21
Table 2. Proportion of Patients with [15% weight Loss in the Control and Intervention Groups.
Analysis Controla, n (%) Interventionb, n (%) Unadjusted P value Adjustedd

RRc (95% CI) RR (95% CI) P-value

Intention-to-treat
3 months 6(10) 19 (26.2) 4.6(1.1-11.3) .04 4.6(1.1-11.8) .03
6 months 6(10) 27 (41.3) 6.2 (1.9-16.4) .003 6.1(1.9-16.5) .003
Per-protocol
3 months 6 (10) 19 (29.4) 4.8 (1.3-11.9) .04 4.9 (1.4-12.5) .02
6 months 6(10) 27 (45.6) 6.7 (1.8-17.4) .003 6.9 (3.0-17.8) .001

Table 3: Mean (SD) Changes in Anthropometric, Biochemical, and Clinical Outcomes in Patients with Nonalcoholic Fatty Liver Disease from Baseline at 3 and

6 months after Enrolment Based on Intention-to-Treat Analysis.

3 months 118 0.9 (3.2) -4.1(4.2) 4.1 (1.5-5.5) <.001 <.001 0.92
6 months

Weight, % 118 0.6 (3.8) -4.1(5.3) 3.7 (1.4-5.0) <.001 <.001 0.77
3 months 118 -0.8(3.4) 4.6 (4.8) 4.0(1.9-5.1) <.001 <.001 0.96
6 months 118 -0.7 (4.7) -5.1(6.7) 4.7 (3.0-6.4) <.001 <.001 0.82
BMIb, kg/m2

3 months 118 -0.5(0.9) -2.1(23) 0.8 (0.6-1.3) <.001 <.001 0.67
6 months 118 0.4 (2.3) -2.4(23) 1.0 (0.6-1.7) <.001 <.001 0.80
Waist circumference, cm

3 months 115 0.5(5.6) -4.6 (6.2) 4.7 (1.8-6.6) <.001 <.001 0.78
6 months

ALTc, 1U/L 115 0.8(5.3) -3.8(6.1) 4.7 (1.9-6.4) <.001 <.001 0.77
3 months 85 -21.5(33.1) -38.1(38.5) 17.4 (0.5-33.8) .046 .04 0.48
6 months

ASTd, IU/L 113 -12.4(36.1) -34.4 (41.5) 23.0(8.3-37.9) .004 .007 0.59
3 months 36 -12.3(20.2) -21.3(27.8) 10.2 (-1.8-20.8) 12 .07 0.40
6 months 114 -8.3(18.5) -18.3 (28.4) 11.0(2.0-20.0) .04 .03 0.44
Systolic blood pressure (mmHg)

3 months 73 2.3(12.6) -14.6 (15.6) 15.7 (8.6-22.7) <.001 <.001 1.08
6 months 82 -3.5(13.3) -13.5 (15.7) 11.2 (4.8-17.4) .003 .009 0.75
Diastolic blood pressure (mmHg)

3 months 73 3.1(8.6) -7.2(8.7) 9.5 (5.1-15.1) <.001 <.001 0.99
6 months 82 0.8 (11.0) -7.5(9.8) 8.2 (4.1-13.2) .001 004 0.82

motivation and both patient and physician time
constraints. In this study, the attrition rate of the
intervention group using the mobile app (5%) was
markedly lower than that of conventional face-to-face
dietetics intervention cited in the literature®. This
novel approach is also effective in addressing health
behavior changes, thus leading to weight loss and
beneficial outcomes®. The use of mobile apps
similarly benefits health care practitioners through
facilitating relationships with patients by enhancing the
speed and ease of communication?”. Use of a mobile
app further provides practitioners with additional
information in a timely manner that can improve
patient care™.

Included studies were compared to their published
protocols when available to identify omissions of
outcome data. Alternatively, the methods section of

each report was compared to the results section to
assess reporting bias. The International Clinical Trials
Registry, EU Clinical Trial Register and meta Register of
Controlled Trials were searched using the key words
fatty liver and steatohepatitis to identify trials
described as completed. Studies registered prior to
2009 with records not updated in the past 12 months
were assumed to be completed. A literature search
using the relevant principle investigator was conducted
to identify publications resulting from relevant
registered trials. Histological examination of biopsy
samples can assess the presence of
necro-inflammation and fibrosis and can differentiate
between macro-and micro-vesicular steatosis., it
remains the reference standard for the grading and
staging of NAFLD®. However, it is subject to sampling
error due to histological heterogeneity®**®, scoring is

| ISSN: 1993-6095 | Volume 18 | Number 10 |

548

| 2024 |



Res. J. Med. Sci., 18 (10): 545-550, 2024

semi-quantitative limiting its ability to detect modest
changes and scoring systems vary between reports
precluding direct comparisons.

Second, the intervention continued to require the
expertise of dietitians in coaching participants via the
dashboard. However, the enablement of one dietitian
in supporting multiple patients remotely may render
the intervention more cost-effective as compared to
face-to-face consultations. There is potential to scale
up the solution considering the automated features
such as provision of alternative healthier food options
in the app, which can facilitate behavior change
without the costs associated with intensive
face-to-face counseling. Moreover, the delivery of
advice by different health care practitioners in both
groups also limits the ability to attribute the results
solely to the mobile app. Nevertheless, this trial offers
insight into the feasibility of introducing a combined
dietitian and mobile app model in outpatient care
settings where dietitians may not yet have a clear role.
Finally, it would have been preferable for all patients
enrolled in the study to have biopsy-proven NASH and
an end-of-treatment biopsy. However, this was limited
by funding and time constraints.

CONCLUSIONS

Patients with NAFLD may benefit from a lifestyle
intervention that is made possible by a mobile app in
terms of weight loss, anthropometric improvements,
and clinical indices. This study offers fresh perspectives
on the viability and efficiency of mobile apps in
supporting lifestyle modifications in nonalcoholic fatty
liver disease (NAFLD) as well as additional
recommendations for the use of this therapeutic
approachintreating other chronicillnesses. Healthcare
providers that are interested in offering weight loss
interventions to patients with non-alcoholic fatty liver
disease (NAFLD) may now think about utilising a
mobile application to facilitate behavioural
modifications, such as self-monitoring. Subsequent
research endeavours may delve into the efficacy of this
therapeutic approach across a broader demographic
and assess significant histology consequences such
hepatic fibrosis.
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