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Abstract

Background: Chronic noncommunicable diseases (NCDs) account for major disability and premature mortality worldwide,
with low- and middle-income countries being disproportionately burdened. Given the negative impact of NCDs on employee
performance and work productivity, there is a rising need for stakeholders to identify effective workplace solutions that can
improve empl oyee health outcomes. Asthe workplace becomes more dispersed post pandemic, digital behavioral coaching offers
ascalable, personalized, and cost-effective method of managing chronic disease risk factors among employees.

Objective: This study aimed to retrospectively evaluate the impact of a digital behavioral coaching program on year-to-year
changes in employee health status in a cohort of Indonesian employees.

Methods: Thisretrospective real-world exploratory analysis of secondary health data followed 774 employees of an Indonesian
company who completed company-sponsored health screenings between 2021 and 2022 and were given accessto Naluri (Naluri
Hidup Sdn Bhd), ahalistic digital therapeutics platform offering digital behavioral health coaching and self-help tools. Participants
were retrospectively classified asthose who received active coaching (n=177), passive coaching (n=108), and no coaching (n=489).
Linear mixed-effects models were used to evaluate the year-to-year changes in health outcomes across the 3 employee groups,
with post hoc anal yses eval uating within-group differences between the 2 time points and between-group differences at follow-up.
Results: Significant timexgroup interaction effectswere detected for body weight, BMI, hemoglobin A, low-density lipoprotein,
total cholesterol, and systolic and diastolic blood pressure. Post hoc pairwise comparisons revealed significant improvementsin
hemoglobin A, (mean difference [M]=—0.14, P=.008), high-density lipoprotein (M y=+2.14, P<.001), and total cholesterol
(Mgis=—11.45, P<.001) for employeesin the Active Coaching group between 2021 and 2022, with the other 2 groups reporting
deteriorationsin multiple health outcomes throughout the 2 time points. At follow-up, those who received active coaching between
2021 and 2022 reported significantly lower body weight (P<.001), BMI (P=.001), low-density lipoprotein (P=.045), and total
cholesterol (P<.001) than the No Coaching group.

Conclusions: This study demonstrates real-world outcomes and implications supporting the use of workplace digital behavioral
coaching in improving employee health status. Given the rising burden of NCDs in the Southeast Asian region, our findings
underscore the role that workplace digital health interventions can play in preventing and managing chronic disease risk factors.

(IMIR Mhealth Uhealth 2024;12:€50356) doi: 10.2196/50356
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Introduction

Chronic noncommunicable diseases (NCDs) are responsible
for 74% of deathsworldwide[1], and approximately 38% (15.2
million) of these deaths occur prematurely, affecting people
aged 30to 70 years[2]. The World Health Organization (WHO)
estimates that 69% of all deaths in the Southeast Asian region
are due to NCDs [3], which roughly trandates to 9 million of
theregional population dying each year from NCDs, with 52%
of deaths occurring prematurely in those younger than 70 years
of age[3]. InIndonesia, NCDs are estimated to account for 76%
of al deaths in the country [1], with cardiovascular diseases
and diabetes accounting for an estimated 35% and 6% of
proportional mortality, respectively [4]. Indonesia’s rapid
urbanization over the past decade has not only led to higher
individual life expectancy but also higher rates of modifiable
NCD risk factors such as unhealthy diet choices and sedentary
lifestyles, ultimately contributing to the rise of an aging
population at risk of developing NCDs[5].

Largely dueto stretched and overburdened health care systems,
low- and middle-income countries are disproportionately
affected by the burden of NCDs[6]. The COVID-19 pandemic
has also disrupted essential health service provision for NCDs
intheregion, further burdening health care systemsand creating
long-term impacts on health and mortality in the region [7].
Similarly, although Indonesia has been shifting its health care
disease burden from communicable diseases to NCDs [5], the
COVID-19 pandemic has largely disrupted the nation’s NCDs
services in primary health care [8], highlighting the need for a
multi-stakehol der, multi-component, and preventative approach
to managing NCDs in the nation. As health care systems
worldwide continue to tackle the downstream impact of the
COVID-19 pandemic, a growing body of evidence sheds light
on the potential of digital health as aresource-efficient solution
for health care systems and health care payers [9,10], making
their real-world uptake more relevant for NCD prevention as
traditional health care systems in the region continue to be
overburdened.

Beyond health care, workplace-level interventions have a high
magnitude of impact in addressing and managing chronic disease
risk factors [11]. Working adults spend more than a third of
their livesin theworkplace[12], which makesthem increasingly
vulnerable to work-related risk factors such as sedentary work,
work stress, and easy access to unhealthy food [13]. For this
reason, the WHO recommends workplace health promotion
programs as an effective avenue to target physical inactivity
and unhealthy dietary habits—two important modifiable risk
factors for obesity, hypertension, diabetes, and
hypercholesterolemia [14]. Although workplace health
improvement initiatives have traditionally been physical and
face-to-facein nature, the COVID-19 pandemic has highlighted
the need for digital offerings that provide more accessible,
personalized, and diverse offerings, that are becoming
increasingly more relevant as offices become more dispersed
in a post—COVID-19 world. Given that unmanaged NCDs
adversely affect employersthrough increased health care costs,
rising premiums, and increased work absenteeism and
presenteeism [15,16], there is a rising need for employers to

https://mhealth.jmir.org/2024/1/€50356

Abdul Aziz & Ong

effectively use the workplace as an avenue for health promotion
and NCD prevention.

Major modifiable risk factorsfor NCDs are often behavioral in
nature, such as tobacco use, excessive alcohol use, unhealthy
diets, and physical inactivity [17]. For thisreason, interventions
that aim to prevent or self-manage chronic disease risk factors
oftenrely on behavioral change frameworksto create long-term
and sustainable behavioral changes[18-20]. Digital behavioral
health coaching isascalable and accessible method of delivering
patient-centered health coaching, which is defined by an
individual’s interpersonal relationship with a certified coach
that allows individuals to develop intrinsic motivation, create
sustainable change, and increase accountability through the use
of behavioral change theory, motivational strategies, and
communication techniques[21]. Concurrently, thereisgrowing
evidence to support the effectiveness of digital workplace
behavioral coaching interventionsinimproving various chronic
disease risk factors [22], such as weight and BMI [23-27],
waistline circumference[26,28], blood pressure (BP) [23,26,29],
cholesterol levels[26,28], and blood glucose levels [28].

A majority of studies evaluating digital workplace interventions
arebased in Western or high-income countries. Different health
system capacities, income levels, health literacy levels, and
health-seeking cultures necessitate more studies that are
localized within the region to more accurately evaluate the
impact of digital workplaceinterventionsin the Southeast Asian
population [29]. This study leverages a retrospective analysis
of secondary employee health data to fill in the current gap in
digital workplace hedlth interventionsin theregion, by exploring
year-to-year changes in employee physical health status
associated with different level s of coaching delivered by Naluri,
a Southeast Asian digital therapeutics platform, as part of a
workplace health improvement program implemented in an
Indonesian mining company. We focus on changes in BMI,
waistline circumference, lipoprotein and total cholesterol levels,
hemoglobin A;. (HbA,), BP—all of which are primary
indicators of obesity, hypercholesterolemia, diabetes, and
hypertension, respectively.

Methods

Study Design
This was a retrospective, observational, and exploratory study

using secondary, longitudinal data from a cohort of employees
at a prominent mining company in Indonesia.

Settings and Participants

Indonesian labor regulations stipulate that employers conduct
regular mandatory health examinations to assess the physical
health and ability of employees [30]. In 2021 and 2022,
employees of a mining company were invited to complete a
company-sponsored health screening that measured current
employee health profiles such as weight, BP, blood glucose,
and cholesterol levels. Participants of this study were those who
had completed the annual company-sponsored health screening
in 2021 and 2022, with the inclusion criteria set to employees
with valid and matching health data across the 2 heath
screenings. Exclusion criteria were set to (1) employees with
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missing health data, who did not complete either one or both
health screenings in 2021 and 2022, (2) employees reporting
an active pregnancy status during either or both health
screenings in 2021 and 2022, and (3) employees whose health
data were considered as unreasonable or improbable due to
extreme outliers beyond clinically realistic levels.

After completing their health screening in 2021, employees
were given accessto receive digital health services provided by
Naluri as part of their employer-provided employee wellness
benefits. Employees were given the autonomy and freedom to
voluntarily receive Naluri’s digital health services, with no
external coercion or pressure to join from their employers or
from Naluri personnel. Based on the employee health profile
from the 2021 health screening, 300 employeeswith the highest
risk factor indicatorsfor obesity, hypercholesterolemia, diabetes,
and hypertension were then identified and invited to join a
16-week structured, intensive digital chronic disease
management program (CDMP) delivered on the Naluri mobile
app (Naluri Hidup Sdn Bhd) at 2 points throughout the year,
that is, in April 2022, and later in June 2022. Employees were
invited to join Naluri’s CDMP if their 2021 health screening
outcomes met 2 or more of the following criteriaz (1)
HbA,=5.7%; (2) total cholesterol level=201.08 mg/dL; (3)

BMI1>23 kg/m?; or (4) systolic BP>120 mm Hg and diastolic
BP=80 mm Hg. At the end of 2022, all employees, regardless
of use or engagement with Naluri services, were again invited
by their employers to participate in an annual
company-sponsored health screening.

Employees who fulfilled this study’s inclusion criteria were
retrospectively categorized into three groups, which were (1)
Active Coaching group, comprising employeeswho wereinvited
and voluntarily enrolled into a 16-week, active, coach-led
structured intensive digital CDMP during the interval between
the 2021 and 2022 hedlth screening; (2) Passive Coaching group,
comprising of employees who voluntarily accessed self-led,
unstructured, and passive digital behavioral coaching on the
Naluri app through their employee assistance program (EAP)
during theinterval between the 2021 and 2022 health screening;
and (3) No Coaching group, which are employeeswho reported
no use of Naluri digital health services during the interval
between the 2021 and 2022 health screening.

Intervention

Active Coaching: Naluri CDMP

The Naluri CDMP is a 16-week intensive disease prevention
program that uses a multidisciplinary team—based approach to
improve physical health outcomes and chronic disease risk
factors, primarily targeting indicators for obesity,
hypercholesterolemia, diabetes, and hypertension. Naluri adopts
the transtheoretical model of behavioral change [31] to help
individuals adopt and maintain lifestyle habits that can
sustainably improve health outcomes. The 16-week CDMP
comprises 5 stages. First, Getting Started, where individuals
get onboarded onto the program, build rapport with their
assigned coaches, and set baselines and expectations. Second,
Preparation, where individual s discover their current needs and
motivation, discuss habit formation and planning, and set
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behavioral goals. Third, Action, which involves skill building
across 3 domains—behavior, cognitive, and emotion
regulation—to help individuals build healthy habits, adjust
mindsets, and manage emotions. Fourth, Resilience, which
focuses on empowering individuals to overcome challenges,
with emphasis on resilience boosting modules such as dealing
with relapses, setbacks, and weight plateaus. Finaly,
Maintaining Success, which focuses on maintenance and
inspiring accountability to prepare individuals for long-term,
sustainable, and independent healthy living. Throughout each
stage of the program, participants had access to a
multidisciplinary team of health coaches, such as dietitian,
fitness coach, medical advisors, and more, led by amental health
coach (master's-level health or clinical psychologist or a
certified counsellor), who follow a comprehensive curriculum
rooted in cognitive behavioral therapy and motivational
interviewing to provide dedicated and continuous holistic
support to help goal setting and habit formation.

Each week of the CDMP starts with a weekly check-in with a
respective coach (eg, psychologist, dietitian, fitness coach, or
medical advisor), where each coach engages in individual
text-based coaching over the Naluri mobile app. Coaches were
provided a coaching framework to follow throughout the
program, with coaching objectives set for each week of the
CDMP. For example, in week 2, which falls under the
“Preparation” stage, mental health coaches were tasked to assess
for participants' current mindsets, behaviors, barriers, and health
goals, dietitians were tasked to assess for past dietary attempts
for weight management and current eating patterns, whilefitness
coaches were tasked to assess for participants’ current and past
exercise history. In addition, coaches were al so tasked to assign
participantsto complete educational modulesto supplement the
objectives and goal sfor each week of the program. Throughout
the 16 weeks, participants were also assigned to complete and
update their thought, food, weight, and exercise journals, at a
minimum of once per week. Although the CDMP involved a
structured curriculum and framework, the coaching received
by the participants were also personalized to tailor to their
current health needs and goals.

Passive Coaching: Naluri EAP

Naluri's EAP is a passive, self-led, and digitally-delivered
service for employees seeking mental or physica health support.
Although the Naluri EAP provides individuals with access to
holistic digital health coaching from a multidisciplinary team
of health care professionals, unlike the CDMP, the Naluri EAP
is an unstructured and low-intensive service that alows
individual sto personalize their own health improvement journey
in a nonlinear fashion. The Active Coaching group received
structured and proactive coaching by the CDMP whereas those
in the Passive Coaching group were free to use any of Naluri’'s
digital servicesasthey saw fit, following no particular guidance
or structure.

Naluri Mobile App

Both the Naluri CDMP and EAP aredelivered digitally through
the Naluri mobile app, a human-driven, artificia
intelligence—augmented digital therapeutics platform that
provides holistic digital care solutions aimed at predicting,
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preventing, and managing cardiometabolic and mental health
conditions (Figure 1). In addition to a team of on-demand
multidisciplinary coachesto provide accessible and on-demand
coaching, the Naluri app is also optimized with evidence-based
digital tools that facilitate behavioral change through features
that promote goal setting and self-monitoring. These include
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habit trackers and artificial intelligence—augmented health
journals that allow users to log and monitor their food intake,
thoughts and emotions, weight, and BP; educational modules
ontopicssuch asresilience, diet and nutrition, managing chronic
care, and exercise libraries; and the ability to set personalized
challenges, as well asjoin support groups.

Figure 1. Naluri mobileapp platform. (A) Chat home page with amultidisciplinary team of coaches. (B) Example of chat screen for text-based coaching
with dietitians. (C) Health journal showing food journal uploads and overview. (D) Self-paced lessons and educational modul es.
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Physical Outcomes

The physical health outcomes used in this study are sourced
from secondary hedlth data collected as part of an annual
company-sponsored health screening for employees, which
serves asthe basisfor this study’s outcome measures. In addition
to physical health outcomes, participants’ self-reported ages
and genders were also sourced from the data collected during
the health screening.

Weidentify primary physical outcomesaschangesin employee
health profile, namely BMI, low-density lipoprotein (LDL)
level, high-density lipoprotein (HDL) level, total cholesterol
level, blood glucose level measured as HbA ., systolic and
diastolic BPs, body weight, and waistline circumference from
2021 to 2022. All physical health outcomes were measured by
health practitioners specialy contracted to conduct employee
physical health screenings, which were then shared with Naluri
for further evaluation.

Statistical Analysis

All anadyseswere performed on RStudio version 2022.07.0+548,
using R (version 4.2.1; R Core Team). Statistical tests were
2-sided and evaluated at a P<.05 significance threshold. We
identify physical health outcomes at 2021 as “baseline” and
physical health outcomes at 2022 as “follow-up.” Descriptive
statistics were calculated for sociodemographic variables, such
as age and gender, and for all outcome variables, reporting
means and SDs for continuous data, and frequencies and
percentages for categorical data. We report standardized mean
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differencesto evaluate for incomparability across the 3 groups
on age, gender, and all outcome variables at baseline, where
standardized mean differences >0.1 would indicate evidence of
imbalance across the 3 groups [32].

Linear mixed-effects models (LMMs) were used to assess the
year-to-year changesin individual health outcomes, with time,
group, and time by group interaction as fixed effects, and
participants as random effects. LMMs, which allow for
comparisons between- and within-groups at multipletime points,
are considered to have more statistical power than traditional
methods of evaluating interventions such as mixed ANOVAs
or ordinary least sguares regressions [33]. As group
randomization was not possiblefor this study, participantswere
modelled as a random intercept to account for individual
differences across all group conditions [34]. In addition, all
models included gender, age, and baseline outcomes as
covariates. Baseline covariate adjustments are a reliable and
statistically efficient method of accounting for selection biasin
nonrandomized observational studies [35], more so since any
baseline differences across the 3 groups in this study are likely
an inherent property of group membership [36]. All models
were implemented through the Ime4 package [37] using
restricted maximum likelihood estimation, and the significance
of fixed effects was evaluated through P values derived using
Satterthwaite approximations from omnibus ANOVA tests on
the ImerTest package [38], which has been shown to produce
lower type | error rates [39]. Post hoc pairwise comparisons
were conducted to explore the direction of significant
i nteractions between group and time using the emmeans package
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using the Tukey method to adjust for multiple comparisons[40].
Effect sizes were assessed using Cohen d statistics, which
describes an effect size of 0.2 assmall, 0.5 asmedium, and 0.8
aslarge[41].

Ethical Consider ations

This study was not preregistered. This study was approved by
the Medical and Research Ethics Committee, Ministry of Health
Malaysia (NMRR [D-23-01212-PQH). Implied consent was
obtained from participants when they accepted the Naluri mobile
app privacy policy during the creation of their user accounts,
which includes a clause stating that anonymized user data may
be used for research purposes. The data used in this study was
transferred and stored in compliance with HIPAA (Health
Insurance Portability and Accountability Act) requirements. All
raw data were anonymized and deidentified by independent
parties before extraction for this study. No compensation was
offered to participants as part of this study.

Table 1. Participant characteristics and baseline variable (N=774).

Abdul Aziz & Ong

Results

Participant Characteristics

A total of 774 employees fulfilled the inclusion criteria and
were included as participants in this study. Of the 300 invited
to recelve active coaching, 177 employees voluntarily
participated in the CDMP. Of the remaining employees, 108
reported the use of the Naluri mobile app and received passive
coaching, whereas 489 employees reported no use of Naluri’'s
digital services and thus received no coaching. The unequal
sample sizes seen among the 3 groups reflect the real-world
nature and voluntary enrollment of the employees into the
offered digital health interventions.

The mean age of the overall sample was 38.51 (SD 8.32, range
21-81) years, and the magjority of the participants identified as
men (583/770, 75.71%). Table 1 presents the sample
characteristics and baseline variables by group. Due to the
nonrandomized nature of the study’'s design, significant
imbalances were evident for al baseline demographic and
outcome variables between the 3 participant groups.

Variable Active coaching Passive coaching No coaching Activevspassive  Activevsno Passive vs no
(n=177) (n=108) (n=489) coaching, SMD? coaching, SMD coaching, SMD
Age® (years), mean (SD,  41.14(7.78,25-  3580(801,22- 38.16(833,21- 0.68 0.37 -0.29
range) 58) 52) 68)
Gender®, n (%) 0.75 0.13 0.61
Women 29 (16.5) 53 (49.5) 105 (21.6)
Men 147 (83.5) 54 (50.5) 382 (78.4)
Body weight (kg), mean  77.58 (10.63) 69.37 (11.40) 67.41 (11.20) 0.75 0.93 0.17
(SD)
BMI (kg/m?), mean (SD)  28.87 (3.58) 26.84 (3.67) 25.20 (3.65) 0.56 1.02 0.45
HbA 1" (%), mean (SD) 6.18 (1.56) 5.39 (0.61) 5.52 (0.88) 0.67 0.53 -017
LDLY (mg/dL), mean (SD)  148.34 (38.84)  117.39(29.64)  12559(32.37)  0.90 0.64 -0.26
HDL® (mg/dL), mean (SD)  41.45 (8.74) 46.98 (12.17) 41.79 (9.90) -052 -0.04 0.47
Total cholesterol (mg/dL), ~ 230.05(38.53)  190.69 (34.05)  199.66 (36.56)  1.09 0.81 -0.25
mean (SD)
Systolic BP, mean (SD)  123.22(12.67)  112.32(13.72)  11541(1149) 083 0.65 -0.25
Diastolic BP, mean (SD)  80.43 (6.60) 74.69 (6.87) 75.90 (6.93) 0.86 0.67 -0.18
Waist circumference (cm),  96.32 (8.91) 89.59 (11.06) 87.57 (10.13) 0.67 0.92 0.19

mean (SD)

83V D: standardized mean difference.

bFor gender and age, total n=770 due to missing demographic values at baseline.

®HbA 1 hemoglobin A or glycated hemaglobin.
dpL: low-density lipoprotein.

®HDL: high-density lipoprotein.

"BP: blood pressure.
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Primary Health Outcomes

Table 2 presents descriptive statistics for al measured health
outcomes at baseline and follow-up and omnibus results for
fixed effects from the LMM analyses. As expected, the
participantswho wereinvited to receive active coaching reported
poorer health outcomes in comparison to the other groups at
baseline. Participants who received active coaching within the
year reported improvements in their health outcomes at
follow-up, with the most noticeable improvements being total
cholesterol levels (mean difference [M;]=—11.34 mg/dL).
Those who engaged in passive coaching reported unchanging
or slight deterioration in their health outcomes at follow-up,
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where dlight improvementswere only seenin HDL (M 4#=+1.89
mg/dL) and total cholesterol (My#=—0.78 mg/dL) levels. In
comparison, participants who engaged in no coaching
throughout the year recorded deteriorations in a majority of
their health outcomes at follow-up, with the exception of
improvements in HbA,. (M#=—0.03%) and HDL levels
(Mgif=+3.15mg/dL). Resultsfrom LMMs showed asignificant
interaction effect of groupxtime for almost all health outcomes
(P<.05) except for HDL (P=.09) and waist circumference
(P=.06), indicating the presence of significant differences in
the year-to-year change of health outcomes acrossthe 3 groups.
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Table 2. Means and SDs of health outcomes at baseline and follow-up by group with corresponding results of fixed effects from linear mixed models.

Variable and group Baseline Follow-up Time Group Timexgroup
Mean (SD) Mean (SD) F test Pvaue Ftest Pvaue Ftest P value
(df=1,1531) (df=2,1531) (df=2,1531)
Body weight (kg) 3.83 052 9.02 <001 11.78 <.001@
Active Coaching 77.58 (10.63) 77.01 (11.21)
Passive Coaching 69.37 (11.40) 70.09 (11.79)
No Coaching 67.41 (11.20) 67.96 (11.48)
BMI (kg/m?) 051 A7 3.36 04 4.86 .0082
Active Coaching 28.87 (3.58) 28.67 (3.74)
Passive Coaching 26.84 (3.67) 27.00 (3.82)
No Coaching 25.20 (3.65) 25.38 (4)
HbA1¢°(%) 4.87 03% o7 49 3.68 032
Active Coaching 6.18 (1.56) 6.04 (1.30)
Passive Coaching 5.39 (0.61) 5.39 (0.66)
No Coaching 5.52 (0.88) 5.49 (0.80)
LDL® (mg/dL) 36.51 <001® 0.8 84 6.86 .0012
Active Coaching 148.34 (38.84) 149.52 (39.38)
Passive Coaching 117.39 (29.64) 126.61 (33.35)
No Coaching 125.59 (32.37) 133.97 (32.23)
HDLY (mg/dL) 64.07 <001® 1.28 .28 2.32 018
Active Coaching 41.45 (8.74) 43.60 (8.06)
Passive Coaching 46.98 (12.17) 48.87 (12.24)
No Coaching 41.79 (9.90) 44.94 (10.46)
Total cholesterol (mg/dL) 12.39 <.001® 0.84 43 11.97 <.0012
Active Coaching 230.05 (38.53) 218.71 (41.94)
Passive Coaching 190.69 (34.05) 189.81 (35.89)
No Coaching 199.66 (36.56) 199.72 (35.48)
Systolic BP® 13.28 <.001* 1.06 35 5.57 .0042
Active Coaching 123.22 (12.67) 122.73 (10.79)
Passive Coaching 112.32 (13.72) 116.00 (13.63)
No Coaching 115.41 (11.49) 117.34 (11.93)
Diagtolic BP 0.13 72 171 18 5.18 .006 2
Active Coaching 80.43 (6.60) 79.12 (5.16)
Passive Coaching 74.69 (6.87) 75.81 (6.95)
No Coaching 75.90 (6.93) 76.32 (6.85)
Waist circumference (cm) 1.62 .20 0.14 .87 2.76 .06
Active Coaching 96.32 (8.91) 96.01 (8.52)
Passive Coaching 89.59 (11.06) 89.92 (10.55)
No Coaching 87.57 (10.13) 88.47 (10.49)

3 ndicate statistical significance.

PHbA 1¢: hemoglobin A4 or glycated hemoglobin.
°LDL: low-density lipoprotein.
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9HDL: high-density lipoprotein.
®BP: blood pressure.

Tables 3 and 4 present results from post hoc pairwise
comparison of estimated margina means from the LMMs,
reporting contrasts for within-group differences in health
outcomes over time, and contrastsfor between-group differences
at follow-up measurement. Those who received active coaching
reported significant improvements in HbA ;% (My;=—0.14,
P=.008), HDL (Mg#=+2.14, P<.001), and total cholesterol
levels (Mg=11.45, P<.001) between the years of 2021 and
2022. While the Active Coaching group did record improving
trends in body weight, BMI, systolic and diastolic BPs, and
waist circumference, these improvements were not substantial
enough to be considered statistically significant. |n comparison,
participants who engaged in passive coaching only reported a
significant improvement in HDL levels (My=+1.95, P=.04)
between the 2 time points, with the group recording
deteriorations in a majority of their remaining outcomes,
specifically in LDL levels (M=+9.10, P=.001) and systolic
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BP (Mi#=*3.71, P=.005). Separately, empl oyeeswho received
no coaching at all between 2021 and 2022 also recorded larger
deteriorationsin year-to-year changes of health outcomes, with
the No Coaching group recording significant deterioration in
body weight (M 4+=+0.56), P<.001), LDL levels (My+=+8.47,
P<.001), systolic BP (Mg;=+1.93, P=.001), and waist
circumference (M gi=+3.41, P=.009).

Pairwise contrasts of health outcomes at follow-up revealed
significant between-group differences for body weight, BMI,
LDL, and total cholesterol levelsthat arein favor of the Active
Coaching group. Compared with the No Coaching group, those
who received active coaching between 2021 and 2022 reported
significantly lower body weight (P<.001), BMI (P=.001), LDL
(P=.045), and total cholesterol (P<.001) at the follow-up
screening. Similarly, the Active Coaching group also reported
lower body weight than the Passive Coaching group (P<.001)
at follow-up.
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Table 3. Results of pairwise comparisons reporting estimated marginal means, mean differences, and SEs for within-group contrasts®.

Variable and group Baseline Follow-up Within-group contrasts

EMME (SE) EMM (SE) M (SE)  ttest (df=767) P value® Cohen d (95% Cl)

Body weight (kg)

Active Coaching 70.05(0.16)  69.47(0.16) 058(0.21) 270 08 0.29 (0.08 to 0.50)
Passive Coaching 69.93(0.20)  70.67(0.19) -0.74(0.27) -2.67 08 -0.37 (-0.64 0 -0.10)
No Coaching 70.04(0.10)  70.60(0.10) —0.56(0.13) -4.38 <001 -0.28 (-0.41t0-0.16)
BMI (kg/m?)
Active Coaching 26.31(0.08)  26.10(0.08) 021(0.11) 1.90 40 0.21 (-0.01 to 0.41)
Passive Coaching 2625(0.10)  2641(0.10) -0.16(0.14) -1.14 87 -0.16 (-0.42 10 0.11)
No Coaching 2629 (0.05)  2647(0.05) -0.18(0.07) -2.80 06 -0.18 (-0.31t0-0.05)
HbA;% (%)
Active Coaching 5.72 (0.03) 557(0.03)  0.14(0.04) 345 o008’ 0.37 (0.16 to 0.58)
Passive Coaching 5.61 (0.04) 562(0.04)  -001(0.05) -0.12 >.99 -0.02 (-0.29 t0 0.25)
No Coaching 5.63 (0.02) 561(002) 002(0.03) 0.89 95 0.06 (—0.07 t0 0.18)

LDLM (mg/dL)

Active Coaching 131 (1.32) 132(132)  -1.09(178) -061 .99 -0.07 (-0.27t0 0.14)
Passive Coaching 128 (1.63) 137(163)  -9.10(229) -3.98 oot -0.54 (-0.81t0 -0.28)
No Coaching 128 (0.83) 137(0.83)  -847(107) -7.91 <001 ~0.51 (-0.63t0 -0.39)

HDL' (mg/dL)

Active Coaching 42.80(0.38)  44.90(0.38) -214(052) -4.12 <001 -0.44 (-0.6510-0.23)
Passive Coaching 43.0 (0.48) 4490 (048) -1.95(0.67) —-2.93 oaf -0.40 (-0.67 t0-0.13)
No Coaching 427 (0.24) 459(0.24)  -3.17(0.31) -10.16 <001 ~0.65 (-0.78 t0 -0.53)

Total cholesterol (mg/dL)

Active Coaching 208 (1.53) 197 (1.53) 11.45(2.04) 561 <.001f 0.60 (0.39t0 0.81)

Passive Coaching 203 (1.87) 202 (1.87) 110(2.62) 042 >.99 0.06 (—0.21t0 0.33)

No Coaching 204 (0.95) 204 (0.95) -0.09 (1.23) -0.078 >.99 —-0.005 (-0.13t0 0.12)
Systolic BP!

Active Coaching 118 (0.60) 117 (0.60) 0.49(0.81) 061 .99 0.06 (-0.14 10 0.27)

Passive Coaching 116 (0.75) 120 (0.75) -371(1.04) -355 005" -0.49 (-0.75 10 -0.22)

No Coaching 116 (0.38) 118 (0.38) -1.93(0.49) -3.94 o01f -0.25 (-0.38t0 -0.13)
Diastolic BP

Active Coaching 77.9(0.37) 76.6(0.37)  1.24(051) 242 15 0.26 (0.05 to 0.47)

Passive Coaching 76.2 (0.47) 77.3(047)  -1.13(0.66) -1.72 52 -0.24 (-0.50t0 0.03)

No Coaching 76.5 (0.22) 769(0.22)  -042(0.31) -1.37 74 -0.09 (-0.21t0 0.04)
Waist circumference (cm)

Active Coaching 90.34 (0.33) 90.05(0.33) 0.29(0.45) 0.66 .99 0.07 (-0.14t0 0.28)

Passive Coaching 89.83(0.41)  90.19(0.41) -0.36(0.58) -0.63 .99 -0.09 (-0.36 10 0.18)

No Coaching 89.61(0.21) 90.53(0.21) -0.92(0.27) -341 o009f -0.22 (-0.34t0 -0.09)

8Results are averaged over the 2 levels of gender.
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bContrast: baseline — follow-up.

CEMM: estimated marginal means.

am giff: mean difference.

P values are adjusted using the Tukey method for comparing a family of 6 estimates.
fIndicate statistical significance.

9HbA 1.: hemoglobin A4 or glycated hemoglobin.

PLDL: low-density lipoprotein.

'HDL: high-density lipoprotein.

IBP: blood pressure.
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Table 4. Results of pairwise comparisons reporting estimated margina mean differences and SEs for between-group contrasts at follow-up.

Groups Variables and between-group contrasts at follow-up?

M (SE) t test (dff) P value® Cohen d (95% Cl)

Body weight (kg)

No Coaching — Active Coaching 1.13(0.18) 6.16 (1522) <.0019 0.56 (0.39t0 0.74)

No Coaching — Passive Coaching -0.07 (0.22) —0.32 (1529) >.99 —0.04 (-0.25100.18)

Passive Coaching — Active Coaching 1.99 (0.25) 4.77 (1528) <.0019 0.60 (0.35t0 0.84)
BMI (kg/m?)

No Coaching — Active Coaching 0.38 (0.09) 3.99 (1519) o0o1d 0.37 (0.19t0 0.55)

No Coaching — Passive Coaching 0.07 (0.11) 0.62 (1529) 99 0.07 (-0.15t0 0.28)

Passive Coaching — Active Coaching 0.31(0.13) 2.39 (1527) .16 0.30 (0.05t0 0.55)
HbA (%)

No Coaching — Active Coaching 0.03 (0.04) 0.89 (1529) .95 0.08 (-0.10 to 0.26)

No Coaching — Passive Coaching —0.01 (0.04) —0.35 (1530) >.99 —0.04 (-0.25100.17)

Passive Coaching — Active coaching 0.05 (0.05) 0.94 (1527) .94 0.12 (-0.13t0 0.36)
LDL! (mg/dL)

No Coaching — Active Coaching 4.34 (1.50) 2.89 (1528) o454 0.26 (0.08 t0 0.44)

No Coaching — Passive Coaching -0.09 (1.81) —0.05 (1530) >.99 —0.01 (-0.22t0 0.44)

Passive Coaching — Active Coaching 443 (2.11) 2.10 (1525) .29 0.27 (0.02t0 0.51)
HDLY (mg/dL)

No Coaching — Active Coaching 0.98 (0.43) 2.27 (1531) 21 0.20 (0.03t0 0.37)

No Coaching — Passive Coaching 0.93 (0.53) 1.77 (1530) 49 0.19 (-0.02 to 0.40)

Passive Coaching — Active Coaching 0.05 (0.61) 0.07 (1529) >.99 0.01 (-0.26 t0 0.25)
Total cholesterol (mg/dL)

No Coaching — Active Coaching 7.24 (1.74) 4.17 (1525) <.0019 0.38 (0.20 t0 0.56)

No Coaching — Passive Coaching 1.73(2.07) 0.84 (1530) .96 0.09 (-0.12t0 0.30)

Passive Coaching — Active Coaching 5.51 (2.43) 2.26 (1523) 21 0.29 (0.04 to 0.54)
Systolic BP"

No Coaching — Active Coaching 0.67 (0.69) 0.98 (1528) .93 0.09 (-0.09 to 0.26)

No Coaching — Passive Coaching -1.57(0.83) —1.90 (1530) 41 —0.21 (-0.42 10 0.007)

Passive Coaching — Active Coaching 2.24(0.96) 2.33(1527) .18 0.29 (0.05t0 0.54)
Diastolic BP

No Coaching — Active Coaching 0.26 (0.43) 0.60 (1529) .99 0.05(-0.12t0 0.23)

No Coaching — Passive Coaching -0.43 (0.52) -0.83 (1532) .96 —0.09 (-0.30t0 0.12)

Passive Coaching — Active Coaching 0.68 (0.60) 1.14 (1529) .87 0.14 (-0.10 t0 0.39)
Waist circumference (cm)

No Coaching — Active Coaching 0.49 (0.38) 1.27 (1522) .80 0.12 (-0.06 t0 0.29)

No Coaching — Passive Coaching 0.34 (0.46) 0.75 (1527) .98 0.08 (-0.06 to 0.29)

Passive Coaching — Active Coaching 0.15(0.53) 0.28 (1526) >.99 0.03 (-0.21t0 0.28)

8Results are averaged over the 2 levels of gender.
bM diff- mean difference.

P values are adjusted using the Tukey method for comparing a family of 6 estimates.
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Yindicate statistical significance.

€HbA 1 hemoglobin A or glycated hemoglobin.
fLDL: low-density lipoprotein.

9HDL: high-density lipoprotein.

PBP: blood pressure.

Discussion

Principal Findings

In this observational study analyzing retrospective data of 774
employees, receiving active coaching by the Naluri digital
CDMPwas associated with statistically significant improvement
inyear-to-year changesin health outcomes. We found significant
groupxtime interaction effects for body weight, BMI, HbA,,
LDL, total cholesterol, and systolic and diastolic BPs. Post hoc
pairwise comparisons revealed that, of the 3 naturally occurring
groups observed in this real-world study, those who engaged
in passive coaching or no coaching at all recorded deteriorating
trends in body weight, LDL, systolic BP, and waist
circumference from 2021 to 202. Between-group contrastsalso
reveal ed that, at follow-up, employees who had received active
coaching reported significant improvements in body weight,
BMI, and total cholesterol compared with those who did not
receive any form of coaching. Overall, our findings suggest that
structured, intensive, and active digital health coaching was
associated with an improvement in overall employee health
status and minimizing chronic disease risk factors in an
Indonesian workforce sample.

Our study adds to the growing evidence supporting the use of
digital behaviora health coaching in improving health-related
outcomes in the workplace. A systematic review of 22
randomized controlled trials found that digital health
interventions in the workplace create a positive impact on
health-rel ated workplace outcomes such as diet, exercise, mental
health, and job satisfaction [22]. Similarly, a systematic review
of 22 studies found that digital health coaching was effective
in managing and improving HbA ., weight loss, and BMI [42].
Although the effect sizes observed in this study were primarily
small to medium in magnitude, our findings are similar to that
of Nkhoma et a [43], which similarly found a small effect
(Hedges g=0.29) in a meta-analysis of digital interventions on
HbA,.. Among studies looking into the Asian population,
mobile-based digital workplace wellness interventions have
been successful in reducing overall cardiovascular disease risk
among hospital management workers in China [44], reducing
theincidence of type 2 diabetes among male employeesin India
[45], and improving body weight, blood triglyceride, and systalic
BP among university employees in Malaysia [46]. Although
previous studies have demonstrated the effectiveness of
workplace health promotion programs in improving employee
metabolic health outcomesin Indonesia[47], to our knowledge,
this study is the first to have looked into the real-world effects
of workplace digital behavioral coaching among Indonesian
employees.

Of the 3 groups of employees observed in our study, those who
did not engage with or receive any form of digital coaching
reported significantly poorer year-to-year health status compared
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with the other groups. Observationa studies using
propensity-matched controls have also demonstrated similar
results, with Wilson et al [25] reporting year-to-year weight
gain and an increase in fasting blood glucose in their
propensity-matched control group. Thetrend in health outcomes
among the participants in the No Coaching group offers a
real-world glimpse of the year-to-year deterioration in health
that can occur naturally and highlights the importance of
preventative workplace health programs even for employees
who are considered physically healthy. In alongitudinal study
following acohort of Singaporean employees, Sathish et al [48]
observed a natural increase in physical inactivity, an increase
in the prevalence of overweight or obesity, and significantly
worsening dietary habitswithin 12 months. Similarly, large-scale
studies have projected a 35.4% increase in diabetes prevalence
by 2050 across the Southeast Asian region [49]. Given the
intrinsic NCD health risks associated with traditional workplace
environments [13], and the increasing stressors modern
employees continue to face [50,51], our results reinforce the
importance of workplace hedth interventions in reversing
natural downward health trends and call attention to the health
burdens that employers in the region will need to carry if no
proactive action is taken.

Interestingly, despite having access to similar Naluri digital
services as the Active Coaching group, we observed no change
and even deterioration in a number of health outcomes among
the group of employeeswho engaged in passive coaching. This
may be attributed to the unstructured nature of the coaching
received by thisgroup of employees. Although limited evidence
does suggest that unstructured and self-directed digital
interventions can be effective in improving health outcomes
[52,53], our findings are more aligned with the previous studies
in this area that highlight the effectiveness of structured over
unstructured digital interventions [54,55]. To this effect, our
results highlight the strength of using Nauri’s digital tools
within the context of astructured and theory-driven intervention
framework as compared with passive, unstructured, and
self-driven use. Separately, participant-related characteristics
such as motivation and self-determination have been shown to
beimportant drivers of behavioral changein digita interventions
[56]. The mere knowledge that employees in this group were
not at high risk during the basdline screening may have
precluded them from developing the motivation and
self-determination needed to improve their health [57], similar
towhat isseeninindividuals at the precontemplation stage[31].

Currently, there is limited evidence that supports the use of
digital health programs for improving physical outcomesin a
Southeast Asian population [58]. To our knowledge, our findings
are the first in the region to use real-world data, thus building
the body of evidence supporting the use of digital health for
real-world NCD prevention. Despite the relative infancy of
digital health in Southeast Asia, theregionisa so known asone
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of the fastest adopters of mobile health technologiesin the past
decade[59], with Indonesiansreporting one of the highest rates
of smartphone health information-seeking behavior intheregion
[6Q]. To this effect, our findings highlight and reinforce the
potential of digital health interventions as a cost-effective,
resource-efficient, and scalable avenue for the prevention and
management of NCDs in the region.

Limitations

The findings of this study should be interpreted within the
context of severa limitations. All employees included in the
study were given accessto their company’s corporate-sponsored
wellness initiatives within the period of 2021 to 2022, which
were not limited to Naluri's digital health coaching. The
potential use of additional health improvement initiatives outside
of those described in this study may haveinflated or concealed
within- or between-group differences in health outcomes at
follow-up. In addition, given that the sample groups were
retrospectively determined based on health screening data,
self-selection, and natural usage patterns, outcomes of the study
are likely susceptible to selection bias, despite our best efforts
to control for this statistically. Admittedly, the nonrandomized
and noncontrolled design of this study limits proper inferences
of causality as well as limits the representativeness of our
findings.

Furthermore, the retrospective and observational nature of this
study precludes usfrom controlling for measured or unmeasured
confounding variables such as mental hedlth status or the
existence of comorbid physical health conditions [61]. The
omission of these potential confounding variables, though
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unavoidable in retrospective, observational studies[61], canin
fact lead to an overestimation or an underestimation of the
observed associations we see between coaching status and
employee hedth outcome at follow-up. However, the
observational nature of our study does offer areflection on the
real-world outcomes and implications of offering digital
coaching and health improvement initiatives in the workplace.
Separately, we did not look into participant engagement and
adherence to the interventions, and this hinders any inferences
on the dose-response rel ationship between the intervention and
our study outcomes [62]. Despite these limitations, the
real-world setting of our study provides ecological validity to
our findings, prompting the need for more real-world studies
of digital health use in the region, more so given the low
adoption of digital interventions outside of randomized
controlled trials[63]. To further contextualize the effectiveness
of digital health interventions in the workplace, thereis a need
for future studies to look into the long-term outcomes and
real-world cost-effectiveness of these programs.

Conclusion

Thisstudy retrospectively investigated the year-to-year changes
in employee health outcomes associated with aworkplace digital
behavioral coaching intervention. We found that an active
coaching CDMP led to significant year-to-year improvements
in multiple measures of employee health outcomes compared
with those receiving passive coaching or no coaching at all.
Despite methodological limitations, our study provides
real-world evidence to support the use of digital workplace
interventionsin NCD prevention in the region.

The study authors wish to thank the cofounders of Naluri, Azran Osman-Rani, and Dr Jeremy Ting, for their support in driving
thisproject. Wefurther wish to thank the team at Naluri who wereinvolved in theintervention delivery for this cohort of employees.

Data Availability

The data used and analyzed for this study are available from the corresponding author on reasonable request.

Authors Contributions

AFAA and TO conceptualized the study. AFAA acquired and analyzed the data and wrote the original draft of the paper. TO
reviewed and edited the manuscript. All authors approved the final version of the paper.

Conflicts of Interest

AFAA and TO areemployed by Naluri Hidup Sdn Bhd, which created the mobile app and digital behavioral coaching intervention
used in the study. The authors declare that this study received funding from Naluri Hidup Sdn Bhd.

References

1.  World Health Organization. Noncommunicable Diseases Progress Monitor 2022. 2022. URL : https.//www.who.int/
publications-detail-redirect/9789240047761 [accessed 2023-03-23]

2. NCD Countdown 2030 collaborators. NCD countdown 2030: worldwide trends in non-communicabl e disease mortality
and progress towards sustai nable devel opment goal target 3.4. Lancet. 2018;392(10152):1072-1088. [ FREE Full text] [doi:

10.1016/S0140-6736(18)31992-5] [Medline: 30264707]

3. World Health Organization. Noncommunicable Diseases in the South-East Asia. 2023. URL.: https.//www.who.int/

southeastasi a/heal th-topi cs/noncommuni cabl e-di seases [accessed 2023-03-23]
4.  World Health Organization. Noncommunicable Diseases Indonesia 2018 Country Profile. 2018. URL: https.//cdn.who.int/

media/docs/defaul t-source/country-profiles/ncds/idn_en.pdf ?sfvrsn=fbb0cdfb_33& downl oad=true [accessed 2023-03-23]

https://mhealth.jmir.org/2024/1/€50356

JMIR Mhealth Uhealth 2024 | vol. 12 | €50356 | p. 13
(page number not for citation purposes)


https://www.who.int/publications-detail-redirect/9789240047761
https://www.who.int/publications-detail-redirect/9789240047761
http://hdl.handle.net/10044/1/63328
http://dx.doi.org/10.1016/S0140-6736(18)31992-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264707&dopt=Abstract
https://www.who.int/southeastasia/health-topics/noncommunicable-diseases
https://www.who.int/southeastasia/health-topics/noncommunicable-diseases
https://cdn.who.int/media/docs/default-source/country-profiles/ncds/idn_en.pdf?sfvrsn=fbb0cdfb_33&download=true
https://cdn.who.int/media/docs/default-source/country-profiles/ncds/idn_en.pdf?sfvrsn=fbb0cdfb_33&download=true
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Abdul Aziz & Ong

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Bloom DE, Chen S, McGovern M, Prettner K, CandeiasV, Bernaert A, et a. The economics of non-communicable diseases
in Indonesia. World Economic Forum. 2015. URL: https.//www3.weforum.org/docs/

WEF_The Economics of non_Disease Indonesia 2015.pdf [accessed 2015-04-20]

Allotey P, Davey T, Reidpath DD. NCDs in low and middle-income countries - assessing the capacity of health systems
to respond to population needs. BMC Public Health. 2014;14 Suppl 2(Suppl 2):S1. [FREE Full text] [doi:
10.1186/1471-2458-14-S2-S1] [Medline: 25082328]

Gadsden T, Downey LE, Vilas VDR, Peiris D, Jan S. The impact of COVID-19 on essential health service provision for
noncommunicable diseases in the South-East Asiaregion: a systematic review. Lancet Reg Health Southeast Asia.
2022;1:100010. [FREE Full text] [doi: 10.1016/j.lansea.2022.04.006] [Medline: 35769108]

Taher A, Gondhowiardjo SA. Comprehensive efforts to accel erate non-communicable disease services in the era of
COVID-19 in Indonesia's suburban area. ASEAN Journal of Community Engagement. 2022;6(1):152-168. [FREE Full
text] [doi: 10.7454/ajce.v6i1.1167]

Gentili A, FaillaG, Melnyk A, Puleo V, TannaGLD, Ricciardi W, et a. The cost-effectiveness of digital health interventions:
asystematic review of theliterature. Front Public Health. 2022;10:787135. [FREE Full text] [doi: 10.3389/fpubh.2022.787135]
[Medline: 36033812]

Sweet CC, Jasik CB, Diebold A, DuPuis A, Jendretzke B. Cost savings and reduced health care utilization associated with
participation in adigital diabetes prevention program in an adult workforce population. J Health Econ Outcomes Res.
2020;7(2):139-147. [FREE Full text] [doi: 10.36469/jheor.2020.14529] [Medline: 32884964]

Tackling obesity in ASEAN: prevalence, impact, and guidance on interventions. The Economist Intelligence Unit. 2017.
URL: https://www.evolveasia.org/wp-content/upl 0ads/2019/11/EIU_Tackling-Obesity-in-ASEAN_Final -Report.pdf
[accessed 2023-03-23]

Responding to the challenge of non-communicable diseases. International Labour Organization. 2021. URL : https://www.
who.int/docs/default-source/ncds/uni atf-ilo-trifol d-print-070920.pdf ?sfvrsn=b4720cdb_2 [accessed 2023-03-23]

Pg Ismail PK, Koh D. Role of occupational health in managing non-communicable diseases in Brunei Darussalam. Glob
Health Action. 2014;7:25594. [FREE Full text] [doi: 10.3402/gha.v7.25594] [Medline: 25382684]

Preventing noncommunicable diseases in the workplace through diet and physical activity: WHO/World economic forum
report of ajoint event. World Health Organization, World Economic Forum. 2008. URL : https://www.who.int/publications/
i/item/9789241596329 [accessed 2008-06-10]

Leonardi M, Scaratti C. Employment and people with non communicable chronic diseases: PATHWAY S recommendations
and suggested actions for implementing an inclusive labour market for al and health in all sectors. Int JEnviron Res Public
Health. 2018;15(8):1674. [FREE Full text] [doi: 10.3390/ijerph15081674] [Medline: 30087249]

World Health Organization. Noncommunicable Diseases. What Ministries of Labour and Employment Need to Know.
2016. URL: https://www.who.int/publications-detail-redirect/WHO-NMH-NMA-16.90 [accessed 2023-03-24]

Aveyard P, Hardeman W, Horne R. Promoting health behaviours at the individual level for NCD prevention and control.
In: Banatvala N, Bovet P, editors. Noncommunicable Diseases. London. Routledge; 2023:355-361.

Dineen-Griffin S, Garcia-Cardenas V, Williams K, Benrimoj SI. Helping patients help themselves: a systematic review of
self-management support strategies in primary health care practice. PLoS One. 2019;14(8):€0220116. [FREE Full text]
[doi: 10.1371/journal.pone.0220116] [Medline: 31369582]

Ehde DM, Dillworth TM, Turner JA. Cognitive-behavioral therapy for individuals with chronic pain: efficacy, innovations,
and directions for research. Am Psychol. 2014;69(2):153-166. [doi: 10.1037/a0035747] [Medline: 24547801]

White CA. Cognitive behavioral principlesin managing chronic disease. West JMed. 2001;175(5):338-342. [EREE Full
text] [doi: 10.1136/ewjm.175.5.338] [Medline: 11694487]

Wolever RQ, Simmons LA, Sforzo GA, Dill D, Kaye M, Bechard EM, et al. A systematic review of the literature on health
and wellness coaching: defining akey behavioral interventionin healthcare. Glob Adv Health Med. 2013;2(4):38-57. [FREE
Full text] [doi: 10.7453/gahm].2013.042] [Medline: 24416684]

Howarth A, Quesada J, SilvaJ, Judycki S, Mills PR. Theimpact of digital health interventions on health-related outcomes
in the workplace: a systematic review. Digit Health. 2018;4:2055207618770861. [ FREE Full text] [doi:
10.1177/2055207618770861] [Medline: 29942631]

Kempf K, Réhling M, Martin S, Schneider M. Telemedical coaching for weight lossin overweight employees: athree-armed
randomised controlled trial. BMJ Open. 2019;9(4):€022242. [FREE Full text] [doi: 10.1136/bmjopen-2018-022242]
[Medline: 30975666]

Silberman JM, Kaur M, Sletteland J, Venkatesan A. Outcomesin adigital weight management intervention with one-on-one
health coaching. PLoS One. 2020;15(4):0232221. [FREE Full text] [doi: 10.1371/journal .pone.0232221] [Medline:
32353035]

Wilson MG, Castro Sweet CM, Edge MD, Madero EN, McGuire M, Pilsmaker M, et a. Evaluation of adigital behavioral
counseling program for reducing risk factorsfor chronic diseasein aworkforce. JOccup Environ Med. 2017;59(8):e150-e155.
[FREE Full text] [doi: 10.1097/JOM.0000000000001091] [Medline: 28650899]

https://mhealth.jmir.org/2024/1/€50356 JMIR Mhealth Uhealth 2024 | vol. 12 | €50356 | p. 14

(page number not for citation purposes)


https://www3.weforum.org/docs/WEF_The_Economics_of_non_Disease_Indonesia_2015.pdf
https://www3.weforum.org/docs/WEF_The_Economics_of_non_Disease_Indonesia_2015.pdf
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-S2-S1
http://dx.doi.org/10.1186/1471-2458-14-S2-S1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25082328&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2772-3682(22)00010-5
http://dx.doi.org/10.1016/j.lansea.2022.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35769108&dopt=Abstract
https://doi.org/10.7454/ajce.v6i1.1167
https://doi.org/10.7454/ajce.v6i1.1167
http://dx.doi.org/10.7454/ajce.v6i1.1167
https://europepmc.org/abstract/MED/36033812
http://dx.doi.org/10.3389/fpubh.2022.787135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36033812&dopt=Abstract
https://europepmc.org/abstract/MED/32884964
http://dx.doi.org/10.36469/jheor.2020.14529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32884964&dopt=Abstract
https://www.evolveasia.org/wp-content/uploads/2019/11/EIU_Tackling-Obesity-in-ASEAN_Final-Report.pdf
https://www.who.int/docs/default-source/ncds/uniatf-ilo-trifold-print-070920.pdf?sfvrsn=b4720cdb_2
https://www.who.int/docs/default-source/ncds/uniatf-ilo-trifold-print-070920.pdf?sfvrsn=b4720cdb_2
https://europepmc.org/abstract/MED/25382684
http://dx.doi.org/10.3402/gha.v7.25594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25382684&dopt=Abstract
https://www.who.int/publications/i/item/9789241596329
https://www.who.int/publications/i/item/9789241596329
https://www.mdpi.com/resolver?pii=ijerph15081674
http://dx.doi.org/10.3390/ijerph15081674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30087249&dopt=Abstract
https://www.who.int/publications-detail-redirect/WHO-NMH-NMA-16.90
https://dx.plos.org/10.1371/journal.pone.0220116
http://dx.doi.org/10.1371/journal.pone.0220116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31369582&dopt=Abstract
http://dx.doi.org/10.1037/a0035747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24547801&dopt=Abstract
https://europepmc.org/abstract/MED/11694487
https://europepmc.org/abstract/MED/11694487
http://dx.doi.org/10.1136/ewjm.175.5.338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11694487&dopt=Abstract
https://europepmc.org/abstract/MED/24416684
https://europepmc.org/abstract/MED/24416684
http://dx.doi.org/10.7453/gahmj.2013.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24416684&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2055207618770861?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207618770861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942631&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30975666
http://dx.doi.org/10.1136/bmjopen-2018-022242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30975666&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0232221
http://dx.doi.org/10.1371/journal.pone.0232221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32353035&dopt=Abstract
https://europepmc.org/abstract/MED/28650899
http://dx.doi.org/10.1097/JOM.0000000000001091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28650899&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Abdul Aziz & Ong

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.
42.

43.

45,

46.

47.

Widmer RJ, Allison TG, Keane B, Dallas A, Lerman LO, Lerman A. Using an online, personalized program reduces
cardiovascular risk factor profilesin a motivated, adherent population of participants. Am Heart J. 2014;167(1):93-100.
[doi: 10.1016/j.8hj.2013.09.019] [Medline: 24332147]

LeeY, LeeNY, LimHJ, Sung S. Weight reduction interventions using digital health for employeeswith obesity: asystematic
review. Diabetes Metab Syndr Obes. 2022;15:3121-3131. [FREE Full text] [doi: 10.2147/DM S0.S384450] [Medline:
36246516]

Widmer RJ, Allison TG, Keane B, Dallas A, Bailey KR, Lerman LO, et al. Workplace digital health is associated with
improved cardiovascular risk factors in a frequency-dependent fashion: alarge prospective observational cohort study.
PL0S One. 2016;11(4):e0152657. [FREE Full text] [doi: 10.1371/journal.pone.0152657] [Medline: 27092940]

Fritz M, Fromell H. How to dampen the surge of non-communicabl e diseasesin Southeast Asia: insights from a systematic
review and meta-analysis. Health Policy Plan. 2022;37(1):152-167. [FREE Full text] [doi: 10.1093/heapol/czab138]
[Medline: 34791261]

AdiratnaY, Astono S, Fertiaz M, Subhan, Sugistria CAO, Prayitno H, et a. The Indonesian national occupational safety
and health profile 2022. Republic of Indonesia: Ministry of Manpower. 2022. URL: https://satudata.kemnaker.go.id/
satudata-public/2022/10/files/publikasi/

1675661836215_The%25201 ndonesi an%25200SH%2520Profi1€%625202022 Compiled%252020230124 compressed.pdf
[accessed 2024-04-08]

Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am JHealth Promot. 1997;12(1):38-48.
[doi: 10.4278/0890-1171-12.1.38] [Medline: 10170434]

Nguyen T-L, Xie L. Incomparability of treatment groups is often blindly ignored in randomised controlled trials - a post
hoc analysis of baseline characteristic tables. J Clin Epidemiol. 2021;130:161-168. [doi: 10.1016/j.jclinepi.2020.10.012]
[Medline: 33080343]

Hilbert S, Stadler M, Lindl A, Naumann F, Biihner M. Analyzing longitudinal intervention studieswith linear mixed models.
TPM-Testing, Psychometrics, Methodology in Applied Psychology. 2019;26(1):101-119. [doi: 10.4473/TPM26.1.6]
Oberauer K. The importance of random slopes in mixed models for Bayesian hypothesis testing. Psychol Sci.
2022;33(4):648-665. [FREE Full text] [doi: 10.1177/09567976211046884] [Medline: 35357978]

Elze MC, Gregson J, Baber U, Williamson E, Sartori S, Mehran R, et al. Comparison of propensity score methods and
covariate adjustment: evaluation in 4 cardiovascular studies. JAm Coll Cardiol. 2017;69(3):345-357. [FREE Full text]
[doi: 10.1016/j.jacc.2016.10.060] [Medline: 28104076]

Barnicot K, Crawford M. Conclusions and questions from a non-randomised comparison of routine clinical services
implementing different treatment models for borderline personality disorder. Psychol Med. 2019;49(16):2812-2814. [doi:
10.1017/S0033291719002447] [Medline: 31551098]

BatesD, Mé&chler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J. Stat. Softw. 2015;67(1):1-48.
[doi: 10.18637/jss.v067.i01]

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest package: tests in linear mixed effects models. J. Stat. Soft.
2017;82(13):1-26. [doi: 10.18637/jss.v082.i13]

Luke SG. Evaluating significance in linear mixed-effects modelsin R. Behav Res Methods. 2017;49(4):1494-1502. [doi:
10.3758/s13428-016-0809-y] [Medline: 27620283]

Lenth RV, Bolker B, Buerkner P, Giné-Vazquez |, Herve M, Jung M, et a. emmeans:. estimated marginal means, aka
least-squares means. 2023. URL : https://cran.r-project.org/web/packages/emmeans/index.html [accessed 2023-06-27]
Cohen J. Statistical Power Analysisfor the Behavioral Sciences. Second Edition. New York. Routledge; 1988.
Gershkowitz BD, Hillert CJ, Crotty BH. Digital coaching strategiesto facilitate behavioral changein type 2 diabetes: a
systematic review. JClin Endocrinol Metab. 2021;106(4):€1513-e1520. [doi: 10.1210/clinem/dgaa850] [Medline: 33206975]
Nkhoma DE, Soko CJ, Bowrin P, Manga Y B, Greenfield D, Househ M, et al. Digital interventions self-management
education for type 1 and 2 diabetes: a systematic review and meta-analysis. Comput Methods Programs Biomed.
2021;210:106370. [doi: 10.1016/j.cmpb.2021.106370] [Medline: 34492544]

LiuZ, Chen S, Zhang G, Lin A. Mobile phone-based lifestyle intervention for reducing overall cardiovascular disease risk
in Guangzhou, China: a pilot study. Int J Environ Res Public Health. 2015;12(12):15993-16004. [FREE Full text] [doi:
10.3390/ijerph121215037] [Medline: 26694436]

Ramachandran A, Snehalatha C, Ram J, Selvam S, Simon M, Nanditha A, et al. Effectiveness of mobile phone messaging
in prevention of type 2 diabetes by lifestyle modification in menin India: aprospective, parallel-group, randomised controlled
trial. Lancet Diabetes Endocrinol. 2013;1(3):191-198. [doi: 10.1016/S2213-8587(13)70067-6] [Medline: 24622367]
LeeCL, Kaur H, Swee WCS. A structured lifestyle intervention combined with mobile health application to reduce chronic
disease risk among employees at a university workplace. 1eJSME. 2022;16(1):3-15. [doi: 10.56026/imu.16.1.3]

Zahtamal Z, Rochmah W, Prabandari Y'S, Setyawati LK. Effects of multilevel intervention in workplace health promotion
on workers’ metabolic syndrome components. Kesmas: National Public Health Journal. 2017;11(4):198-204. [doi:
10.21109/kesmas.v11i4.1279]

https://mhealthjmir.org/2024/1/e50356 JMIR Mhealth Uhealth 2024 | vol. 12 | €50356 | p. 15

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ahj.2013.09.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24332147&dopt=Abstract
https://europepmc.org/abstract/MED/36246516
http://dx.doi.org/10.2147/DMSO.S384450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36246516&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0152657
http://dx.doi.org/10.1371/journal.pone.0152657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27092940&dopt=Abstract
https://europepmc.org/abstract/MED/34791261
http://dx.doi.org/10.1093/heapol/czab138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34791261&dopt=Abstract
https://satudata.kemnaker.go.id/satudata-public/2022/10/files/publikasi/1675661836215_The%2520Indonesian%2520OSH%2520Profile%25202022_Compiled%252020230124_compressed.pdf
https://satudata.kemnaker.go.id/satudata-public/2022/10/files/publikasi/1675661836215_The%2520Indonesian%2520OSH%2520Profile%25202022_Compiled%252020230124_compressed.pdf
https://satudata.kemnaker.go.id/satudata-public/2022/10/files/publikasi/1675661836215_The%2520Indonesian%2520OSH%2520Profile%25202022_Compiled%252020230124_compressed.pdf
http://dx.doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10170434&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2020.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33080343&dopt=Abstract
http://dx.doi.org/10.4473/TPM26.1.6
https://journals.sagepub.com/doi/abs/10.1177/09567976211046884?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/09567976211046884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35357978&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(16)37036-X
http://dx.doi.org/10.1016/j.jacc.2016.10.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104076&dopt=Abstract
http://dx.doi.org/10.1017/S0033291719002447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31551098&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.18637/jss.v082.i13
http://dx.doi.org/10.3758/s13428-016-0809-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27620283&dopt=Abstract
https://cran.r-project.org/web/packages/emmeans/index.html
http://dx.doi.org/10.1210/clinem/dgaa850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33206975&dopt=Abstract
http://dx.doi.org/10.1016/j.cmpb.2021.106370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34492544&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph121215037
http://dx.doi.org/10.3390/ijerph121215037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26694436&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(13)70067-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24622367&dopt=Abstract
http://dx.doi.org/10.56026/imu.16.1.3
http://dx.doi.org/10.21109/kesmas.v11i4.1279
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Abdul Aziz & Ong

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Sathish T, Dunleavy G, Soljak M, Visvalingam N, NazehaN, Divakar U, et al. Risk factors for non-communicable diseases
at baseline and their short-term changes in aworkplace cohort in Singapore. Int J Environ Res Public Health.
2019;16(22):4551. [FREE Full text] [doi: 10.3390/ijerph16224551] [Medline: 31752089]

GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections
of prevalenceto 2050: a systematic analysisfor the Global Burden of Disease Study 2021. Lancet. 2023;402(10397):203-234.
[FREE Full text] [doi: 10.1016/S0140-6736(23)01301-6] [Medline: 37356446]

Chodavadia P, Teo I, Poremski D, Fung DSS, Finkelstein EA. Prevalence and economic burden of depression and anxiety
symptoms among Singaporean adults: results from a 2022 web panel. BMC Psychiatry. 2023;23(1):104. [doi:
10.1186/s12888-023-04581-7] [Medline: 36782116]

Ratanasiripong P, Kaewboonchoo O, Bell E, Susilowati |, Isahak M, Harncharoen K, et a. Depression , anxiety and stress
among small and medium enterprise workersin Indonesia, Malaysia, Thailand , and Vietnam. International Journal of
Occupational Health and Public Health Nursing. 2016;3(2):13-29. [EREE Full text]

Murray E, Sweeting M, Dack C, Pal K, Modrow K, Hudda M, et a. Web-based self-management support for people with
type 2 diabetes (HeL P-Diabetes): randomised controlled trial in English primary care. BMJ Open. 2017;7(9):e016009.
[FREE Full text] [doi: 10.1136/bmjopen-2017-016009] [Medline: 28954789]

Tang JCH, Abraham C, Greaves CJ, Nikolaou V. Self-directed interventions to promote weight loss: a systematic review
and meta-analysis. Health Psychol Rev. 2016;10(3):358-372. [doi: 10.1080/17437199.2016.1172979] [Medline: 27091296]
Tate DF, Lutes LD, Bryant M, Truesdale KP, Hatley KE, Griffiths Z, et a. Efficacy of a commercial weight management
program compared with a do-it-yourself approach: arandomized clinical trial. JAMA Netw Open. 2022;5(8):€2226561.
[EREE Full text] [doi: 10.1001/jamanetworkopen.2022.26561] [Medline: 35972742]

Heshka S, Anderson JW, Atkinson RL, Greenway FL, Hill JO, Phinney SD, et a. Weight loss with self-help compared
with astructured commercial program: arandomized trial. JAMA.. 2003;289(14):1792-1798. [doi: 10.1001/jama.289.14.1792]
[Medline: 12684357]

Chatterjee A, Prinz A, Gerdes M, Martinez S. Digital interventions on healthy lifestyle management: systematic review. J
Med Internet Res. 2021;23(11):e26931. [FREE Full text] [doi: 10.2196/26931] [Medline: 34787575]

O'Connor S, Hanlon P, O'Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak. 2016;16(1):120. [FREE Full text] [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

El Benny M, Kabakian-Khasholian T, El-Jardali F, Bardus M. Application of the eHealth literacy model in digital health
interventions: scoping review. J Med Internet Res. 2021;23(6):€23473. [FREE Full text] [doi: 10.2196/23473] [Medline:
34081023]

WHO Global Observatory for eHealth. mHealth: New Horizons for Health Through Mobile Technologies: Second Global
Survey on eHealth. 2011. URL: https://apps.who.int/iris’handle/10665/44607 [accessed 2023-06-27]

Wang X, Shi J, Lee KM. The digital divide and seeking health information on smartphonesin Asia: survey study of ten
countries. JMed Internet Res. 2022;24(1):e24086. [FREE Full text] [doi: 10.2196/24086] [Medline: 35023845]

Gardner AL, Charlesworth M. How to write a retrospective observational study. Anaesthesia. 2023;78(4):521-525. [FREE
Full text] [doi: 10.1111/anae.15831] [Medline: 35918805]

McVay MA, Bennett GG, Steinberg D, Voils Cl. Dose-response research in digital health interventions: concepts,
considerations, and challenges. Health Psychol. 2019;38(12):1168-1174. [FREE Full text] [doi: 10.1037/hea0000805]
[Medline: 31580127]

Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond thetrial: systematic review of real-world uptake
and engagement with digital self-help interventions for depression, low mood, or anxiety. J Med Internet Res.
2018;20(6):€199. [FREE Full text] [doi: 10.2196/jmir.9275] [Medline: 29875089]

Abbreviations

BP: blood pressure

CDMP: chronic disease management program
EAP: employee assistance program

HbA1c: hemoglobin Alc

HDL: high-density lipoprotein

HIPAA: Health Insurance Portability and Accountability Act
LDL: low-density lipoprotein

LMM: linear mixed-effects model

Mdiff: mean difference

NCD: noncommunicable disease

WHO: World Health Organization

https://mhealthjmir.org/2024/1/e50356 JMIR Mhealth Uhealth 2024 | vol. 12 | €50356 | p. 16

(page number not for citation purposes)


https://www.mdpi.com/resolver?pii=ijerph16224551
http://dx.doi.org/10.3390/ijerph16224551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31752089&dopt=Abstract
https://air.unimi.it/handle/2434/980231
http://dx.doi.org/10.1016/S0140-6736(23)01301-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37356446&dopt=Abstract
http://dx.doi.org/10.1186/s12888-023-04581-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36782116&dopt=Abstract
https://www.researchgate.net/publication/314115279_Depression_Anxiety_and_Stress_among_Small_and_Medium_Enterprise_Workers_in_Indonesia_Malaysia_Thailand_and_Vietnam
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28954789
http://dx.doi.org/10.1136/bmjopen-2017-016009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28954789&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2016.1172979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27091296&dopt=Abstract
https://europepmc.org/abstract/MED/35972742
http://dx.doi.org/10.1001/jamanetworkopen.2022.26561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35972742&dopt=Abstract
http://dx.doi.org/10.1001/jama.289.14.1792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12684357&dopt=Abstract
https://www.jmir.org/2021/11/e26931/
http://dx.doi.org/10.2196/26931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34787575&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0359-3
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
https://www.jmir.org/2021/6/e23473/
http://dx.doi.org/10.2196/23473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34081023&dopt=Abstract
https://apps.who.int/iris/handle/10665/44607
https://www.jmir.org/2022/1/e24086/
http://dx.doi.org/10.2196/24086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35023845&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/anae.15831
https://onlinelibrary.wiley.com/doi/10.1111/anae.15831
http://dx.doi.org/10.1111/anae.15831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35918805&dopt=Abstract
https://europepmc.org/abstract/MED/31580127
http://dx.doi.org/10.1037/hea0000805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31580127&dopt=Abstract
https://www.jmir.org/2018/6/e199/
http://dx.doi.org/10.2196/jmir.9275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29875089&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Abdul Aziz & Ong

Edited by L Buis, submitted 03.07.23; peer-reviewed by H Malini, C Curatoli, J Thielecke; comments to author 29.03.24; revised
version received 09.04.24; accepted 07.06.24; published 10.09.24

Please cite as.

Abdul AzizAF, Ong T

Real-World Outcomes of a Digital Behavioral Coaching Intervention to Improve Employee Health Status: Retrospective Observational
Sudy

JMIR Mhealth Uhealth 2024;12: 50356

URL: https://mhealth.jmir.org/2024/1/€50356

doi: 10.2196/50356

PMID: 39255013

©Amani Fadzlina Abdul Aziz, Tiffanie Ong. Originaly published in IMIR mHealth and uHealth (https:.//mhealth.jmir.org),
10.09.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR mHealth and uHealth, is properly cited. The complete bibliographicinformation,
alink to the original publication on https://mhealth.jmir.org/, aswell as this copyright and license information must be included.

https://mhealth.jmir.org/2024/1/€50356 JMIR Mhealth Uhealth 2024 | vol. 12 | 50356 | p. 17
(page number not for citation purposes)

RenderX


https://mhealth.jmir.org/2024/1/e50356
http://dx.doi.org/10.2196/50356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39255013&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

