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ABSTRACT

This systematic review examined the effectiveness of digital health interventions (DHIs) for promoting
physical activity and a healthy diet for the prevention of NCDs in LMICs. The study examined recent
evidence to inform engagement, scalability, and sustainability of DHIs. The results demonstrated that
mobile apps, text-based coaching, wearables, and websites significantly supported increases in motion
and eating behaviours. Higher adherence rates were shown on interventions including personalised
feedback, gamification, and social support. There was the potential for digital health interventions (DHls)
to improve health outcomes. Still, they were confronted by challenges such as low digital literacy, limited
internet access, and waning long-term engagement. The hybrid model (digital coaching paired with
human support systems) seemed to offer a solution to these barriers. Theimportance of cost-effectiveness
assessments was also emphasised so that LMICs could sustainably implement these approaches. Also, the
review highlighted the importance of integrated policy frameworks to promote the widespread uptake
of high-quality DHIs. Digital health solutions were promoted for integration into national health systems
by governments and public health organisations, consistent with existing public health frameworks and/or
plans. Also, country-specific and culturally relevant interventions were shown to be more effective. In
conclusion, the results implied that DHIs would generate scalable and cost-effective approaches for NCD
prevention in LMICs. Overall, though, for long-term impact, future focus needs to be on improving
accessibility, engagement, and sustainability.
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INTRODUCTION

Noncommunicable Diseases (NCDs) constitute the largest cause of death globally, and LMICs experience
a disproportionate share of this burden. Noncommunicable Diseases (NCDs) represent the leading causes
of mortality globally, with an estimated 41 million deaths each year, including over 78% of these deaths
in Low- and Middle-Income Countries (LMICs)". The NCDs have undergone a steady rise in these regions
as they rapidly urbanise their economies, causing lifestyle shifts towards increasingly sedentary lives and
unsustainable diets. Given their major health and economic burden, preventing and managing NCDs
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remains difficult in LMIC due to inadequate healthcare infrastructure, limited financial resources, and
barriers to accessing preventive healthcare®. In view of these hurdles, digital health interventions (DHlIs)
have developed into potential strategies that can facilitate physical activity and healthy dietary practices,
addressing key risk factors for NCDs.

The widespread availability of mobile phones and internet access has allowed for the emergence of digital
health interventions-mHealth and wearable technology, social media-based interventions, and online
coaching-interventions which may be scalable and cost-effective for health promotion®. In particular,
interventions targeting health behaviour change and the consolidation of clinical services for improved
health outcomes have been effective due to their cost-effectiveness and feasibility in resource-limited
settings. For instance, a systematic review of social media interventions for exercise and diet behaviours
among people living with NCDs*. They showed a significant increase in dietary and physical activity
adherence in digital interventions among populations of LMICs. Along the same lines, Ménninghoff et al.
conducted a systematic review of the literature in this area, which concluded that mobile-based
interventions have a positive, measurable effect on moderate-to-vigorous physical activity and diet in
high-risk individuals, with those receiving the intervention showing, on average, 36 additional minutes of
physical activity per week over the control groups.

One of the reasons for the effectiveness of digital health interventions in augmenting healthy lifestyles
is their potential to deliver personalised applications, remote monitoring, and behaviour support. All these
elements were proven to significantly improve user retention and help users be involved in the process
of lifelong health improvement via interactive features like gamification, step-counting challenges, real-
time feedback, and social support networks. Tan et al.® explored the implementation of behavioural
nudges and personalised coaching in digital health programs. They showed a notable increase in user
engagement and self-efficacy when making healthier lifestyle choices. Moreover, SMS-based interventions
have proven highly effective across LMICs, with meta-analysis confirming that LMICs with limited access
to smartphones and low digital literacy could greatly benefit from cost-effective SMS-based interventions.
Coaches who delivered support through SMS were notably more effective in raising physical exercise and
dietary adherence for individuals with limited internet’.

Digital health interventions, despite their promise, face a number of challenges that may hinder their
effectiveness in LMICs. Some key barriers consist of differences in internet connectivity, disparities in
digital literacy, and data privacy and security issues. The cultural and socio-economic context informs how
impactful these interventions will be as well. For example, Mobile health interventions had positive health
outcomes within urban LMIC settings, whilst there were barriers for rural populations, such as limited
access to smart devices and lower levels of digital literacy, leading to lower levels of engagement with
digital health®.

The scenarios of this review were derived from empirical studies conducted in the same location” .
Moreover, the long-term sustainability of digital therapies is a potential problem, as studies have found
a drop-off in engagement over time. The importance of integrating these solutions into the healthcare
ecosystem to achieve continuity and scalability"’.

With global attention now increasingly on NCD prevention, there is also growing recognition of digital
health interventions as practical, viable strategies that governments and health organizations are
considering how national health programs might be integrated with these technologies'®. The WHO
Global Action Plan on Physical Activity 2018-2030 identifies digital solutions bolstering efforts to achieve
a global 15% reduction in physical inactivity. However, to optimize the impact of digital interventions in
LMICs, such an approach needs context-specific adaptations regarding cultural preferences, affordability,
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and accessibility. Labrique et al.” emphasize participatory approaches when developing digital health
programs to promote tailored interventions to target populations, helping close existing gaps in health
inequities.

With the increasing NCD burden in LMICs, digital health interventions can be a viable option for improving
physical activity and healthy dietary behaviours. Recent studies provide evidence that mHealth
applications, SMS-based coaching, wearable technology, and online behavioural support significantly
enhance health behaviours and reduce the causes of NCDs. However, barriers to accessibility, user
engagement, and sustainability need to be overcome to improve the effectiveness and scalability of these
interventions. This paper presents a systematic review and meta-analysis of studies evaluating digital
health interventions for CRD in LMICs to summarize and derive effective practices and barriers that can
be used to guide digital health interventions in the differing scales to which these interventions are
applied and developed in LMICs. While previous studies evaluated the impact of these interventions on
physical activity and dietary behaviours, this study contributes to the growing evidence base supporting
the application of digital health technologies for the prevention of NCDs in resource-constrained settings.

This systematic review and meta-analysis assess the efficacy, engagement, scalability, and sustainability
of digital health interventions (DHlIs) in promoting physical activity and healthy diets for NCD prevention
in LMICs. It explores key frameworks supporting behavior change, identifies the most effective digital
strategies (e.g., mobile apps, SMS coaching, wearables), examines barriers and facilitators to DHI
implementation, and compares digital interventions with traditional approaches in terms of effectiveness
and accessibility.

Methods

Study location/selection criteria: The study was conducted in Yenagoa, the capital of Bayelsa State.
Bayelsa State is a state in the South-South of Nigeria®'®. The Latitude of Bayelsa, Nigeria, is 4.77190710,
and the Longitude is 6.06985260, with the GPS coordinates of 4°46'18.866"N and 6°4'11.469"E"""?. The
study utilized primarily secondary data, and the discriminatory criteria followed the empirical protocol of

other research studies'°.

Overview: This study used a systematic literature review approach to review the DHIs to determine their
effectiveness for the promotion of physical activity and healthy diets in the prevention of NCDs in LMICs.
They aim to use systematic and transparent methods to identify, select, and critically appraise research
on a specific research question. This includes systematic identification, selection, and critical appraisal of
relevant studies, data extraction, and data analysis. The study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines for the systematic review and used
the online Rayyan platform for cooperative screening and data handling. Moreover, we used the Scale for
the Assessment of Narrative Review Articles (SANRA) to rate the quality of included studies. Given this,
our approach was inspired by a systematic review framework developed by Wendler, which underlines a
systematic and replicable search process.

Strategy: A search strategy was developed using a combination of Medical Subject Headings (MeSH)
terms, relevant keywords from the articles, and self-defined search terms. To encompass the diversity of
digital health interventions and their effects on physical activity and dietary behaviours.

In Table 1, the search strategy keywords are grouped into Digital Health Terms, Behavioural Terms, and
Outcome Terms. These studies precisely and systematically describe the literature search on interventions
that aim to increase physical activity and improve dietetics.
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Fig. 1: Article selection process (PRISMA 2009)
Table 1: Structure of search string
Search component Keywords
Digital health terms eHealth, mHealth, digital health, mobile health, smartphone, app, digital intervention
Behavioral terms Physical activity, exercise, sedentary behavior, nutrition, diet, healthy eating
QOutcome terms Effectiveness, engagement, behavior change, prevention, obesity, overweight, NCDs

The search was performed through five electronic databases, including PubMed, Elsevier, SpringerLink,
Nature, and IEEE Xplore. These databases were chosen for their broad coverage of the health and
technology literature. To include recent and relevant studies, the search was restricted to peer-reviewed
articles published in English between January 1, 2020, and January, 2025.

Study selection and screening: The study selection comprised four stages (identification, screening,
eligibility, and inclusion) as per the PRISMA flowchart (Fig. 1).

The selection criteria for the studies used were based on the comprehensive approach with which they
were included. A total of 1,250 articles were initially identified from five electronic databases: PubMed,
Elsevier, SpringerLink, Nature, and IEEE Xplore. These databases were selected because of their breadth
of coverage in health and technology literature.
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Table 2: Inclusion and exclusion criteria

Items Inclusion Exclusion

Population Studies involving individuals in Low- and Middle- Studies that do not focus on LMICs or populations
Income Countries (LMICs) focusing on physical relevant to physical activity, diet, or NCD prevention
activity, healthy diets, or NCD prevention

Exposure Studies exploring digital health interventions Studies unrelated to digital health interventions or
(e.g., mHealth, wearable technology, SMS-based those focusing on non-digital approaches
coaching) targeting physical activity or healthy diets

Outcomes Studies assessing outcomes such as improved Studies without relevant outcomes like behavior
physical activity levels, dietary habits, weight loss, change, engagement or health improvements
or NCD risk reduction

Study design Observational studies (cohort, case-control) and Studies not employing observational or intervention

intervention studies (randomized/

study designs

non-randomized trials)

Publication type  Peer-reviewed full-text research articles and reports Conference abstracts, dissertations, and
non-peer-reviewed studies
Non-English publications

Studies published before 2020 or after 2025

Language
Period

Articles published in English
Studies published between 2020 and 2025

During the screening process, the titles, abstracts, and keywords of the identified articles were scrutinized
for relevance. The study excluded articles that do not focus on digital health interventions for the
promotion of physical activity or dietary behaviours in Low- and Middle-Income Countries (LMICs). Of
these, 1212 articles were identified as potentially relevant and assessed in full text.

The verification stage included the in-depth evaluation of the full-text articles in a predefined inclusion
and exclusion framework. This process ensured that only those studies that fit the review's criteria were
selected. After applying the inclusion and exclusion criteria, 12 articles were finally selected for inclusion
in the review. These papers, as systematic evidence on the effectiveness of digital health interventions,
offered valuable insights for NCD prevention through promoting active lifestyles and healthy diets in
LMICs.

Along with the peer-reviewed articles, 10 reports written by experts in the fields of digital health and NCD
prevention were assessed. In parallel, theoretical frameworks, applications, and case studies found in these
books provided further deep insights reflecting results from the articles in findings and discussion sections,
and thus, a wealth of knowledge on the topic area. The inclusion of both peer-reviewed articles and books
led to a comprehensive overview of digital health interventions that were evaluated in LMICs.

Data inclusion and exclusion criteria: To this end, both the inclusion and exclusion criteria were
established to help identify the most relevant and high-quality studies to include in the review.

In Table 2, the inclusion/exclusion criteria, which are based on study population, intervention type,
outcomes, study design, and publication details, have been organised to describe the study selection
process systematically.

Data extraction and quality assessment: Data extraction was performed using a standardized Excel
spreadsheet, which included the following fields:

« Title, authors, publication year, and journal

»  Study design, sample size, and target population

« Type of digital health intervention (e.g., mHealth, wearable technology, SMS-based coaching)
* Key outcomes (e.g., changes in physical activity, dietary habits, weight loss)

+ Challenges and limitations reported in the study

https://doi.org/10.17311/sciintl.2025.58.69 | Page 62



Sci. Int,, 13 (1): 58-69, 2025

sauo Ayyeay
Joj uey suonejndod oIs pue su
-1€ 10} 9AI}D9449 2JOW 9J9M SUOIJUSAISIU|

'sdn-moj|o} wial-buo| ul Buiseasdsp sisAleue
sjuswainseaw dn-moj|oy Wia} INQ pauleUleW S}O944 YUM 'SaInseaw (syueddiued -e}aw pue Ayaie [edisAyd uo
-Buoj Bunpiodai saipnis jo Jaquinu  dW01IN0 ssoude AjAnoe [edisAyd pasealdoul 8LL'L2) LEINEY SUOIIUBAIBIUI Y}EIHW JO S}0944 Wd)
pajywi] ‘saipnis buowe AysusbolsloH Ajpuediyiubis suonuaAIalul YyeaHw salpnis /11 JewslsAs leqojo  -Buoj pue a1eipawiwi ayy 81ebnsaAUI O] D 13 JJOYBUIUUQIN
sjpuueyd AIsAlep pasn
sa1unod buidojansp  AjuowWOD 3SOW By} SI9M 1DUISIUI 8y} pue sauunod buidojansp
ul d|ge|IeA. S3IpN3s JO Jaquinu sabessaw 1xa] ‘s1aIp Ayyeay pajowoud ut sya1p Ayyjeay pue Auanoe |ediskyd
paywi| (pa||14|N} BLIBIID JO %/°GS) KjoAoaye %0, pue ‘Alaide [edisAyd  saunod g1 ul MaIADI S911JUNOd ajowo.d 0} sUOIUBAIBIUI Y} ESHW
S9IPN}S SSOJJE Seiq JO ysU 91elapol\  pajowoid A[9AI3DaD SUOIUSAISIUI JO %05 SaIpNIs G| onewslsAs  Buidojpasg  pue-a JO SSaUBAIRBYS Y} 93ebiisanul o] 1D 12 13NN
saakojdwa buowe awiy
abueyd Kieyuapas bupnpal pue ‘Auande jesisAyd seakojdwa
Joineyaq pue Juswabebua wisy-buo) ‘bunes Ayyjeay bunowoud Joy asiwold Apnis Ayjigesn Kieyuapas Joy welboid uonowold
JO JUBWISSSSE PAYWI| [SSOUDAIIIDYD pamoys ‘sanbiuysay abueypd Joineyaq aafkojdwa pue yuswdojanap yjeay palojie} paseq-AGojouyday
uey} Jayed Ajjigesn uo sndo4 Huneiodiodui ‘dde gam ,yyesH sjdwis, Kieyuapas spoylaw paxip uemie] ajiqow e a3enjensd pue dojaasp o] NRERV
SADN Inoyim
uoneindod ayy  spjoyasnoy 0} pasedwod sso| Ayaidnpoud pue ainypuadxa 18y20d-jo-3no
ul sgdN 4o buipodauispun a|qissod pue ‘yuawysuarodwi ‘@inypuadxe (61-8102) ybnouyy euabiN ul spjoyasnoy
‘9duaJajul |esned sywi| ubisap yjjeay diydouiseled jo saiel Jaybiy Asaing piepuels siskjeue UO S3SEaSIP 9|edIUNWWOI-UoU
|euodas-ssoud 'seiq Hurodai-jjas pasuauiadxa spjoyasnoy paraye-gdN  buiar] eusbiN [BUOID3S-SS04) euabIN JO UBpPJNQ JIWOUOI3 8y} SUIWEXd O] /1D 12 1wakunpo
plo sieak +G/ asoy 0} pasedwod i abe
Japun suone|ndod Huowe Jamo| sem
DNd J0 S@DON buibiawa wouy bulkp jo ysiy
suolbal ||e ssoide ssauanljeIuasaldal 'sasned buipes| se sajagelp pue eauing mapN ended
paywi| 'smainul Asdoine jeqlan ‘|0J3S 'S9SEISIP JeIPIEd YUM ‘Ssyjesap ejep Asdoine [equean eauing mMaN Ul si03oey) diydelbowapoldos pajernosse
Ul Selq UOI1edIISSe[dSIW [e13ua}0d [B10} JO %/} 10} PRIUNOIDE SOON  SMBIAISIUI 9Z6 Duisn [BUOINDSS-SSOID) ended pue AljeHow panqguite-goON dulWexs o JID 12 weyd
suoneywI] sbuipuly Aoy azis 9|dwes ubisap Apmis uol}ed07 Apnis Jo wiy (s)Jloyiny

SUOIIUBAIDIUI U}|eaY |e}IBIP JO MBIASI D13BWS)SAS € 3|qe ]

https://doi.org/10.17311/sciintl.2025.58.69 | Page 63



Sci. Int,, 13 (1): 58-69, 2025

S9W02IN0 Yjjeay uo

Koeiay| |enbip
pue ‘A}]IqIsSadoe ‘DindonJiselsul
Buinebiey saibarells [aA3|1 W salinbal

sasessIp

apIAIp |eubip jo pedwi buunseaw ul deb siy3 buibpug ‘painquisip Ajuansun (suoneoidwi 9]ge2IUNWWOD-UOU JO [043U0D pue
sabua||eyd 'SSaUSAIIDYS UOUSAIRIUI  Ble SJDN JO} suoinjos yijeay [eybip usym [eqo|b yum) uonuaaaid ul sanLedsip a1eqiadexa
Uo 9dUapIAS [edUIdWS pajWI Aunbaul yyeay abuejua ued apialp [eubig saipnis ajdiyniA MIINDY eulyd Kew apIAIp [e3BIp 8y} moy sulwexa o] g, 1D 12 Buoo
SI9P|OYa%E1S Y}IM SHIOMIBU SAI}eIOqe||0d
pue ‘JuswHwWwod [euonniisul ‘Hoddns S9LIUNOD S911JUNOD BWOodUI
salpnis papnpul ul Alsuaboislay uswuianob papnpul siojeyl|ided ‘sebusjjeyd awodul -3|pPpPIW pUE MO| Ul SUOIFUSAISIUI
[ed1BojopoyIaW SIxaU0d DINT  AMdLIRDBI9/18UILIUl pue ‘sanss| Juswdinba ILEIEY -3|ppiw yyeay |enbip jo Aujigeureisns ay}
9SIBAIP Ssoude Ajjiqezijesauab paywil  ‘suoelWI| 81N}dNJSelul papnpul sidlileg saipnis ajdiyniAl JewslsAs pue moT o4 s103e)|I2€) pue siaLueq Ajpuspl o)
,,1D 12 910ge)RIEP UONEN[EAD B3R PAAISSIapUN Ul AUaAljap aied Budueyus (sbumes
SlWou0d8 paywl| ‘'spoylaw  ‘suonedijdde yijeay sjigow pue ‘buLioyuow |eins uo seaJe |ednJ uj
UOI1BN|eAS PaZIPIepUR)S JO XDE| 9}0Wal 'suol}e}Nsuoda|a} ybnolyy ssedde M3IABI  SNDOJ YHM) sdeb aieoyyjeay buibpliq uo suonn|os
‘saipnis papndul jo Ayijenb ajqeniep aledyyjeay anoidwi sjooy yyeay [eubig saipnis adinip Buidoos [eqo[D  y3jeay [eubip jo peduwi sy} sulwexs o] 41D 12 eleN
SSDUDAIIDDYS UOIUSAISIUI
uonedijgnd !saipnis ssoide
Buipueyus ‘@dualiadxe Jasn pue Ausaqo pue ‘Ayaioe [edisAyd ‘uoriinu
sainseaw juswabebus jo  abesn uonuanalul yieay [eubip paroidwi Hunabiel suonuaalul yyeay [eubip
Anauabousiay ‘uswabebus Ajpuedyiubis sainjeay ubissp pue sanbiuyday sisAjeue-eaw pue ysm juswabebus Jasn anosdwi 0}
wLg}-buo| uo eyep papwI] abueypd Joineyaq buipnpui saibarens saipnis ajdiny MB3IABI D11eWa)SAS [eqo|D  sa1ba1e}s JO SSOUDAIFIYD U} SSasse O] ,1p 12 Apeio
aoueydanoe abpnu ylim pajerosse alom
sloineyaq 9|A1sayl| |euossad pue Aydiuylg Apnis
'S9|NJ }neyap Aj1se| pue ‘uoijewllojul  Sadipeld pue
sainseaw payodal pajepuew Aq pamoj|oy} ‘pardadde ysow SapnNInY sabpnu 9|A1sa41| Jo ddueldadde
-J|9S pUE S}X23U0D [BIN}ND JBYIO0 0} subledwed JusWwulanob UoBWLIOMUI YHM ‘abpaimouy Kanins d1ignd yum pajerosse sio}oey
Ayjigezijesauab paywi| ‘seiq asuodsay ‘sabpnu aaisnijul ssa| patiajaid dljgnd apimuoieN |euonoas-ssot)  alodebuis pue sabpnu JusIayIp dY} dUIWEXD O] 41D 12 ue|
suoneywI] sbuipuly Aoy azis 9|dwes ubisap Apmis uol}ed07 Apnis Jo wiy (s)Jloyiny

anunuo) :€ a|qel

https://doi.org/10.17311/sciintl.2025.58.69 | Page 64



Sci. Int,, 13 (1): 58-69, 2025

Quality assessment of the included studies was conducted using the SANRA scale, which has six
parameters: Justification of the article’s importance, statement of aims, referencing, scientific reasoning,
appropriate presentation of data, and relevance to the research question. After scoring parameters on a
0-2 scale, studies with a mean score >1.90 were included in the final analysis.

Table 3 displays the included studies with their authors, aims, locations, methodologies, and key findings,
which allows for comparison of health intervention studies from different LMICs.

Along with peer-reviewed articles, the study reviewed 10 books written by experts in digital health and
NCD prevention. Exposure to these books gave me a lot of insight into the theoretical underpinnings,
practices, and challenges that come together to form Digital Health Interventions in LMICs. If only general
designs with case studies or empirical data from LMIC were included. Here is a summary of the current
books reviewed.

Data synthesis: The findings from the included studies and books were synthesized to identify common
themes, best practices, and challenges associated with digital health interventions in LMICs. Key themes
included:

Effectiveness of DHIs: Studies consistently reported that digital health interventions, particularly
SMS-based coaching and mobile apps, significantly improved physical activity levels and dietary habits.

Engagement and adherence: Interactive features such as gamification, personalized feedback, and social
support networks were found to enhance user engagement and long-term adherence.

Challenges: Barriers to implementation included limited internet connectivity, low digital literacy, and
concerns about data privacy.

RESULTS

RQ1

Key frameworks supporting digital health interventions: Several conceptual models underpin
digital health interventions for behavior change in LMICs. The Digital Behavior Change Model®® establishes
10 phases of an intervention’s development, from user animation and theory of behavior integration to
evaluation. To reinforce health behaviors, the Digital Triggering Framework®' highlights the use of
personalised digital triggers, including SMS, push notifications, and emails. The TUDER Framework?
organizes digital interventions according to a taxonomy of behaviors relevant to NCD prevention. On the
other hand, the Adaptive Digital Interventions Model® is based on state-space modeling to personalize
the delivery of interventions depending on data collected in the digital context in real time.

RQ2

Use of digital strategies to influence changes in physical activity and dietary behaviour: Two general
types of intervention approaches were prevalent in the literature, namely mobile app and web page
interventions. Mobile applications use real-time tracking, gamification, and Al-fueled coaching to drive
behavior changes. Prominent examples encompass Quit Genius, focused on smoking cessation, and
FitCoach, aimed at weight management. Also, one can capture walking activities anytime using
wearables-integrated apps like Fitbit/Google Fit.

Onthe other hand, Web-based interventions are centered around self-monitoring tools, digital education,
and virtual coaching. For example, personalised health portals for nutrition and telehealth services for
tele-nutrition coaching. Mobile apps provide personalised and real-time access to a great extent, but at
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a higher level, at the cost of digital literacy (which one must possess). Web-based interventions are
actually more accessible to populations, as they do not require participants to be provided with historical
settings, and they need consistent connectivity to maintain engagement.

RQ3

Barriers and facilitators to DHI implementation in LMICs: Digital health interventions have proven
useful but face several barriers in LMICs. Another challenge is limited digital literacy, which is especially
problematic in rural areas with lower technology adoption. Infrastructure barriers, including weak internet
and unstable power supply, restrict accessibility to digital health solutions. An inherent difficulty of all
behavior change is drop-off: Over time, users become less likely to engage. Moreover, these digital
platforms face the problem of data privacy while affecting user trust and credibility.

Different facilitators have been identified to improve the success of DHIs. Gamification and behavioral
nudges (e.g., reward systems, real-time feedback) have been shown to increase engagement. Text-based
coaching as part of multidisciplinary approaches or combined with mobile phone interventions (e.g.,
mobile phone apps) also seems to be more inclusive for users with different levels of digital literacy. Also,
experience-based, community-grounded digital support, integrated with programs, has been shown to
significantly improve motivation for change and long-term adherence.

RQ4

Comparison with traditional approaches: Digital solutions have been shown to outperform classical
health programs in several different ways. They are also more scalable, serving populations larger than
those served by in-person counseling. They are also relatively inexpensive, with SMS-based and app-based
interventions reducing healthcare costs by ensuring that patients are less likely to need frequent visits to
a clinic. Interactive digital tools are not only improving user engagement and adherence to health advice
long term but also building upon user feedback over time.

Nonetheless, research indicates that blended approaches, integrating digital tools and human coaching,
are the most effective means of reaching LMICs. By providing both digital assistance and human support,
hybrid models try to solve problems and ensure long-term adherence that other standalone models face,
such as a lack of digital literacy.

These findings from the systematic review of DHIs for physical activity and nutrition behaviors in LMICs
respond to important questions about the effective implementation of DHIs. The RQ1 emphasizes the
significance of well-organized behavioral determinants, mechanisms for digital engagement, and
assessment methods to create successful interventions. The models identified, such as the Digital
Behaviour Change Model', Digital Triggering Framework, and TUDER Framework®, stress the importance
of personalised engagement, reinforcement for the behavior, and adaptive digital strategies. Future
research should explore the utility of combining behavioral science with digital tools to enhance long-term
adherence®.

The RQ2 lists the digital strategies that yield higher success rates, including mobile applications, coaching
through SMS, and web-based interventions. Mobile health interventions utilise gamification, real-time
tracking, and Al-based coaching, while web-based platforms provide structured programs and telehealth®.
Research suggests that, especially in LMIC contexts with varying levels of internet and digital literacy, a
combination of digital approaches with multi-channel outreach worked better to reach potential
participants®. Additional studies should explore which combination of intervention strategies leads to
optimal adherence and health outcomes®.
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The RQ3 assesses the barriers and facilitators affecting DHI implementation. The common barriers are a
lack of digital literacy, connectivity problems, and decreasing long-term participation’. Data privacy is
another major challenge to the uptake of digital health®. Field-performance-based facilitators incorporate
gamification techniques easily, integration of social support, and multi-platform accessibility®. The
development (design implementation) of future interventions should be more user-centered and integrate
the principles of cultural relevance, personalisation, and local community engagement to maximise
sustainability'’.

The RQ4 (comparing digital health interventions with traditional, non-digital approaches) found a higher
level of scalability, cost-effectiveness and sustained engagement with many digital versus traditional
approaches'. On the other hand, the results indicate that blended approaches-integrating digital tools
with in-person coaching or engagement with local community members-appear to achieve the most
significant impact in Low- and Middle-Income Countries (LMICs), where healthcare structures and access
to the internet remain''. Looking ahead, the potential for DHIs will lie in hybrid models that combine
digital solutions with existing local health systems, thus improving their acceptance and potential for
long-term impact.

To prevent NCDs, a healthy lifestyle, which involves maintaining a high level of exercise, a good diet and
less inactivity, should be practiced. Digital health interventions have the potential to provide effective,
cost-effective, and scalable solutions for physical inactivity and unhealthy dietary behaviours in LMICs.
Check the mHealth apps, SMS-based coaching, and web-based behavioral support that have a proven
impact on health behaviors, particularly in vulnerable populations*®. Long-term adherence, however, is
a prominent challenge that requires the development of behavioral reinforcement strategies and
user-centered intervention designs®.

Mobile apps and web-based platforms have been shown to effectively motivate individuals, facilitate
self-monitoring and offer tailored recommendations®. The best interventions integrate goal setting,
feedback mechanisms, and gamification features'. Nevertheless, digital interventions should be culturally
adapted and contextually relevant for optimum engagement in LMIC settings'. Further research should
determine which digital behavior change techniques are most effective and develop new ones and
reparative policies that integrate them into socioeconomic and healthcare policies'.

Although digital interventions are powerful, the digital divide is salient for some demographic groups,
including older adults, rural populations, and individuals with poor digital literacy’. Evidence shows that
these blended intervention models, which integrate digital tools with human coaching and peer support
networks, achieve better adherence and health outcomes®. Infrastructure investments, digital education
programs, and community-based implementation strategies should be considered by policymakers to
optimise the impact of digital health interventions in low- and middle-income countries®.

The findings further emphasise that innovation in digital health interventions is still urgently warranted,
especially in Low- and Middle-Income Countries (LMICs) that are still dealing with limited healthcare
resources”. Further research needs to focus on ensuring the sustainability of these digital health programs
in the long term and scaling how interventions can be used for engagement and retention. Novel
technologies, like Al-driven adaptive coaching, the integration of wearable technologies, and hybrid
models of intervention, may represent viable pathways to improve user engagement and longer-term
health outcomes®.

Future studies should focus on scaling up digital health interventions while maintaining personalisation
to address existing challenges to boost the adoption of such interventions across diverse populations®.
Moreover, the cost-effectiveness and feasibility assessments are also important to evaluate the economic
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viability of these interventions within different LMIC settings'’. Investigating hybrid models that combine
digitally delivered interventions with human support systems is a strategy that could improve the
effectiveness of this type of intervention, which is known to increase adherence to and changes in
behavior sustained over time'. Furthermore, it is crucial to improve the existing digital literacy programs
to make virtual care more widespread and inclusive, especially among those with little access to digital
health technologies.

Additionally, policy integration is critical for the continued implementation and funding of digital health
interventions®. Policy Recommendations Governments and public health organisations need to proactively
integrate digital health solutions into national healthcare infrastructures, ensuring that these interventions
are included in supplementary approaches rather than representing an isolated solution®. Policymakers
can support personalised approaches in NCD prevention and health promotion in LMICs by fostering a
scalable, affordable, and accessible digital health ecosystem.

CONCLUSION

Digital health interventions offer a cost-effective, scalable solution to prevent non-communicable diseases
in low- and middle-income countries by promoting physical activity and healthier diets. Integrated
approaches that combine digital tools with human support show the highest effectiveness. Personalised,
user-friendly designs with social features enhance adoption and sustain behavior change. However, digital
divides among older adults and rural populations remain a challenge. Ensuring cultural relevance and
contextual adaptation is crucial for success. Embedding these interventions into national health systems
requires coordinated efforts from policymakers, public health bodies, and technology developers. With
appropriate policy support, DHIs can transform healthcare delivery and improve outcomes in underserved
regions.

SIGNIFICANCE STATEMENT

This study identified effective digital health interventions-including mobile applications, SMS coaching,
and wearables-that could be beneficial for enhancing physical activity and improving dietary habits to
prevent non-communicable diseases in low- and middle-income countries. This study will assist
researchers in uncovering critical areas of digital health implementation barriers, facilitators, and policy
gaps that have remained unexplored by many. Consequently, a new theory on sustainable integration of
digital health interventions in resource-constrained settings may be developed.
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