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Abstract

Background: In Lebanon, disadvantaged pregnant women show poor maternal outcomes due to limited access to antenatal care
(ANC) and astrained health care system, compounded by ongoing conflicts and asignificant refugee popul ation. Despite substantial
efforts to improve materna health, the provision of maternal health services in primary health care centers (PHCs) till faces
significant challenges. Mobile health (mHealth) interventions, particularly those using artificial intelligence (Al) and gamification,
are proving effective in addressing gaps in maternal health services by offering scalable and accessible care.

Objective: Thisstudy aimed to evaluate the effects of an Al-based gamified intervention, Gamification and Artificial Intelligence
and mHealth Network for Maternal Health Improvement (GAIN MHI), on maternal health outcomes and uptake of ANC services
among disadvantaged populations in Lebanon.

Methods: The study was a community interventional trial with historical controls, conducted across 19 randomly allocated
PHCsin 5 Lebanese governorates. Participants included pregnant women in their first trimester visiting PHCs. The intervention
used mHealth tools, including educational mobile-based messages, appointment reminders, and the GAIN MHI app, which
provided Al-driven and gamified learning for health care providers (HCPs). Data collected covered demographics, medical
history, and maternal and neonatal health outcomes. Key outcome measures included uptake of health care services (eg, ANC
visits, supplement intake, ultrasound completion, lab tests) and maternal and neonatal outcomes (eg, term delivery, normal
delivery, abortion rate, neonatal morbidity, maternal complications).

Results: This study included 3989 participants, divided between a control group (n=1993, 50%) and an intervention group
(n=1996, 50%). Regression models adjusting for demographics, health, and obstetric characteristics showed significantly higher
odds in the intervention group for completing 4 or more ANC visits (odds ratio [OR] 1.569, 95% Cl 1.329-1.852, P<.05),
completing lab tests (OR 1.821, 95% Cl 1.514-2.191, P<.05), 2 or more ultrasound screenings (OR 7.984, 95% Cl 6.687-9.523,
P<.05), urine analysis (OR 4.399, 95% CI 3.631-5.330, P<.05), and supplement intake (OR 3.508, 95% CI 2.982-4.128, P<.05).
Regarding outcomes, the intervention group had 29.5% increased odds of aterm delivery (OR 1.295, 95% CI 1.095-1.532, P=.002)
and 58% increased odds of avoiding neonatal morbidity (OR 1.580, 95% CI 1.185-2.108, P=.002). However, both groups showed
decreased odds of normal delivery (intervention: OR 0.774, 95% CIl 0.657-0.911; control: OR 0.823, 95% CI 0.701-0.964) and

https://mhealth.jmir.org/2025/1/e65599 JMIR Mhealth Uhealth 2025 | vol. 13 | e65599 | p. 1
(page number not for citation purposes)


mailto:malameddine@sharjah.ac.ae
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Saehet d

increased odds of maternal complications (intervention: OR 0.535, 95% CI 0.449-0.637; control: OR 0.586, 95% CI 0.474-0.723;
P<.05).

Conclusions: The GAIN MHI intervention effectively improves uptake of ANC and maternal and neonatal outcomes. Our
findings highlight the potential of mHealth interventions to enhance health care ddlivery. To sustain these improvements, future
research should focus on integrating mHealth with other interventions that address socioeconomic and contextual factors. This
approach will further optimize maternal and neonatal health outcomes among disadvantaged populations.

(IMIR Mhealth Uhealth 2025;13:€65599) doi: 10.2196/65599
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Introduction

Overview of Maternal Health in Lebanon

Women and girls, especially in conflict-affected and displaced
communities, are highly vulnerableto poor sexual, reproductive,
and maternal health (SRMH) [1-4]. Disadvantaged pregnant
women in Lebanon encounter various materna health
complications and adverse pregnancy outcomes, including
higher-than-usual cesarean section (C-section) deliveries due
to pregnancy complications, preterm births, and hemorrhages,
among others [5-7]. One key challengeis the limited access to
antenatal care (ANC) services [8-10]. Recent investigations
have underscored a remarkable decline in the use of ANC
services among disadvantaged pregnant women in Lebanon,
falling bel ow the recommended threshold of 4 visits[1,6,11,12].
Barriersto accessing ANC include transportation issues, distance
to primary health care centers (PHCs), shortage of skilled health
care providers (HCPs), lack of awareness about available
services, and the financial burden associated with seeking care
[6,11,13-15]. Addressing these challenges and ensuring equitable
access to maternal health care services are essential steps to
improving pregnancy outcomes and reducing maternal mortality
rates[16,17].

The Refugee Crisisin the Context of L ebanon

Addressing the identified barriers to accessing ANC services
becomes particularly challenging in a fragile context, such as
Lebanon, the country hosting the highest number of refugees
worldwide. Around 1.5 million Syrian refugees, 489,292
Palestinian refugees, and 11,645 refugees from various other
nationalities reside in Lebanon [18-20]. The continuous influx
of refugees has strained the Lebanese health care system,
resulting in medication shortages and high health care costs
[21-25]. The country also facesasignificant migration of health
care professional's due to the protracted economic crisis it has
witnessed over the past few years[22,26]. Asaresult, accessing
basic health and social services has become particularly
challenging for host communities, further exacerbating their
vulnerability [27]. Among refugees, women of childbearing age
face particular hedth care challenges, highlighting the
importance of addressing women'’s health issues in Lebanon
[28,29].

https://mhealth.jmir.org/2025/1/e65599

Primary Health Care Service Use Among Pregnant
Women in Lebanon

To access essential medical servicesin Lebanon, disadvantaged
Lebanese populations and Syrian refugees often resort to a
network of PHCs, affiliated with the Ministry of Public Health
(MOPH) [30,31]. The MOPH has established around 200 PHCs,
managed by nongovernmental organizations (NGOs),
municipalities, and governmental institutions and distributed
across the country [32,33]. These PHCs provide affordable
health care services for over 1 million disadvantaged L ebanese
populations and Syrian refugees annually, with Lebanese
patients benefiting from reduced out-of -pocket fees and Syrian
refugees being supported by subsidies from the United Nations
High Commissioner for Refugees (UNHCR) [31,34].
Alternatively, Palestinian refugees access health care services
viaa channel of 27 PHCs administered by the United Nations
Relief and Works Agency for Palestine Refugees in the Near
East (UNRWA) [30]. Both the MOPH and the UNRWA provide
services related to reproductive health, including family
planning, ANC, and postnatal care (PNC) services [35-37].
Recognizing the strains on Lebanon’s health care system due
to the influx of refugees and in alignment with its commitment
to ensure universal health coverage, the MOPH collaborates
with partners, such as the World Bank, the United Nations
Populations Funds (UNFPA), and the European Union (EU),
to implement projects aimed at strengthening primary health
care services, including reproductive hedth care
[23,31,32,38-41]. Theseinitiatives provide wellness and sexual
reproductive health (SRH) packages covering services such as
screening, consultation, prescription medications, ANC, and
PNC [39,40,42]. Similarly, to sustain its health care initiatives,
the UNRWA relies on funding from member states of the United
Nations, the EU, and various other states. Yet, despite the
availability of these subsidized maternal health care services,
compliance with standards continues to be a serious concern
among disadvantaged populations in Lebanon [1]. To address
the suboptimal maternal health services, mobile health
(mHealth) interventions emerge as a potential solution to
improve access to essential health care services [43].

Role of mHealth Interventionsin Enhancing M ater nal
Health Outcomes
The proliferated usage of mobile devices has catalyzed the

widespread adoption of mHealth initiatives, revolutionizing the
landscape of health care delivery and empowering individuals
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to actively engage in enhancing their well-being through
accessible and innovative digital platforms [43-47]. mHealth
emerges as a critical component for the worldwide effort to
decrease materna mortality and improve maternal health
outcomes, mainly within disadvantaged populations [48,49].
By leveraging mobile technology, mHealth interventions offer
scalable solutions to address maternal health challenges,
providing vital resources, education, and support to pregnant
women and new mothers, in remote or underserved areas [43].
mHealth interventions, such as Maobile Technology for
Community Health (MOTECH), MOM Connect, and Mabile
Alliance for Materna Action (MAMA), highlight the
effectiveness of strategies such as sending voice note messages
and appointment reminders to expectant mothers and their
spouses [50-52]. These interventions not only facilitate timely
access to essential maternal health services but also promote
greater engagement and support throughout the prenatal and
postnatal journey. The integration of mHealth interventions
extends beyond empowering the pregnant women and their
spouses, by targeting their HCPs aswell. Initiatives such asthe
Safe Delivery Application (SDA) show that such interventions
have positively impacted HCPs' knowledge and skills, resulting
in tangible improvements in maternal and neonatal outcomes.

As mHealth continues to advance, artificial intelligence (Al)
innovations are being increasingly integrated into the health
care sector to enhance the quality of care and address various
health areas[53,54]. Al has been used in diagnostic support, as
well as to enhance access to virtual health services in remote
areas and address knowledge and skill gaps [55]. Building on
these advancements, Al has shown significant promise in
maternal health by predicting complications, such as
preeclampsia, postpartum depression, gestational diabetes and
anemia, stillbirths, and preterm deliveries [56]. Additionally,
Al shortens the training time required for health care
professionals in assessing preterm deliveries and improves
access to maternal health care [57,58].

Moreover, the concept of gamification has been incorporated
into mobile platforms to train HCPs and inform individuals
about health and illness management [59-62]. For instance, the
Maternal and Newborn Technology for Resilience in Rura
Areas (MANTRA) app applies gamification to increase
awarenessregarding maternal and child health risk factors[63].
Users expressed satisfaction with the gamification approach,
which led to improved maternal and child health knowledge
and more informed decision-making [63].

These findings underscore the profound efficacy of mHealth
interventionsin maternal health outcomes and the accessibility
of maternal health services [64,65].

mHealth I nterventionsfor Maternal Health in L ebanon

In Lebanon, mHealth technologies have been incorporated to
improve primary heath care services for disadvantaged
Lebanese and refugee populations [64,66]. These initiatives
focus on using mHealth tools to manage noncommunicable
diseases (NCDs) through interventions such as educational SMS
messages and appointment reminders [67,68]. Other studiesin
Lebanon have investigated mHealth for weight management
and the uptake of routine mammaography [69,70]. In the realm
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of maternal health, the UNRWA electronic mother and child
health (eeMCH) app represents a notable intervention. It
integrates a comprehensive database on maternal and infant
care and provides appointment reminders, thereby playing a
critical role in ensuring the continuity of essential health care
services[71].

Although certain countriesin the Middle East and North Africa
(MENA) region have effectively used mHealth solutions to
enhance maternal health literacy and ANC visits, the focus on
maternal health in Lebanon remains limited [72]. There is a
scarcity of Al-driven solutions or gamified elements,
highlighting a critical gap in leveraging technology to improve
maternal health outcomes[73].

Study Aim

This study aimed to assess the effects of an Al-based gamified
intervention, Gamification and Artificial Intelligence and
mHealth Network for Maternal Health Improvement (GAIN
MHI), on maternal health outcomes and uptake of ANC services
among disadvantaged populationsin Lebanon.

Methods

Study Design

This study was acommunity interventional trial with historical
controls at distinct PHCs. Pre- and postintervention data were
collected with the hel p of the assigned research assistant at each
center. Data collected included demographics, medical and
obstetric history, and maternal and neonatal health outcomes,
including neonatal morbidities and maternal complications. The
study comprised 3 distinct phases. preintervention data
collection, intervention, and subsequent postintervention data
collection. The preintervention phase spanned from July to
December 2021. The intervention phase took place from
September 2021 to December 2022. Finally, the postintervention
phase extended from March to June 2023.

Center Selection

In total, 20 PHCs across 5 governorates in Lebanon—Beirut,
Bekaa, North Lebanon, Mount Lebanon, and South
Lebanon—were selected for this study. These centers serve
disadvantaged Lebanese populations and refugees. Due to
logistical constraints, 1 PHC was excluded, resulting in 19 (95%)
centers. Of these, 10 (53%) were designated as control centers
and 9 (47%) asintervention centers. Among the selected PHCs,
9 (47%,; both control and intervention) are affiliated with the
MOPH and serve Syrian refugees and disadvantaged L ebanese
populations. The remaining 10 (53%) PHCs operate under the
UNRWA and serve Palestinian refugeesin Lebanon.

Study Population

Our target population in both pre- and postintervention phases
consisted of pregnant women who presented at the selected
PHCs during their first trimester and continued visiting the
health centersfor at least ayear. All age groups were included.
In the preintervention phase, pregnant women attended 1 of the
PHCsfor ANC during their first trimester between August 2018
and August 2020 and continued visiting the center until their
delivery or termination of the pregnancy. However, in the
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postintervention phase, pregnant women were already enrolled
in the intervention and visited the PHCs during the period of
the intervention. Controls were collected using the historical

medical records of the patients at both timepoints.

Saleh et a

The GAIN MHI Intervention

The GAIN MHI intervention (Figure 1) consisted of 2 different
modalities: mobile-based messages (text and voice) and amobile

app (GAIN MHI app) aimed at enhancing maternal health
outcomes (Figure 2).

Figure 1. Visual representation of the different components of the GAIN MHI intervention. ANC: antenatal care; GAIN MHI: Gamification, Artificial
Intelligence and mHealth Network for Maternal Health Improvement; MOPH: Ministry of Public Health; PHC: primary health care center; UNRWA:
United Nations Relief and Works Agency for Palestine Refugeesin the Near East.

GAIN MHI - Intervention

Intervention Component A

UNRWA

Intervention Sites

* 56 UNRWA PHCs
serving Palestinian
refugees

* 5 non-UNRWA PHCs
serving
disadvantaged
Lebanese and
refugees of all
nationalities

Spouses of enrolled pregnant women were targeted by the following on a weekly basis:
» General knowledge on psychosocial and emotional paternal support during pregnancy.
* Main ANC visits and tests that pregnant women should do based on gestational age.

Intervention Component B

Intervention Component C

Physicians and midwives providing obstetrics services at these intervention PHC sites used the GAIN MHI app, which

included:

Gamification strategies to enhance user participation, including a trivia-like structure; monthly recognitions, such as
"most improved player (MIP)" and "most valuable player (MVP)"; and monetary incentives.

Artificial intelligence algorithms to identify patterns of knowledge gaps from incorrect answers, enabling the delivery of
perscnalized learning content across 5 areas of maternal health: prevention, diagnostics, management, miscellaneous
topics, and COVID-19-related information.

Figure 2. GAIN MHI theory of change. ANC: antenatal care; GAIN MHI: Gamification, Artificial Intelligence and mHealth Network for Maternal
Health Improvement; HCP: health care provider; mHealth: mobile health; MOPH: Ministry of Public Health; OBGY N: obstetricians and gynecologists;
UNRWA: United Nations Relief and Works Agency for Palestine Refugees in the Near East.

GAIN MHI - Theory of Change

BT T T TN TR

Rationale

P High maternal health risks in
conflict-affected and
displaced communities

P Limited access to ANC due to
financial, logistical, and
systemic barriers

Strained health care system
P from refugee influx and
economic crisis

Underuse of available
P maternal health services

Limited use of advanced
P mHealth solutions in Lebanon

Resources

P Multidisciplinary team of
MOPH and UNRWA staff,
0BGYNs and midwives, health
professionals from around the
world, and tech developers
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For Pregnant Women

b Development of mobile-based
messages targeting pregnant
women in their first trimester,
providing weekly gestational
age-specific educational content
in Arabic

For Spouses

P Development of mobile-based
weekly messages targeting the
spouses of enrolled women on
knowledge, focusing on
psychosocial and emotional
paternal support during
pregnancy

For HCPs

P Development of the GAIN MHI
app, targeting HCPs (OBGYN and
midwives), using gamification
and artificial Intelligence, and
providing professional
development opportunities

For Pregnant Women

P 3989 women were enrolled in
the intervention, where 1996
women received mobile-based
weekly messages

For Spouses

» 1000 spouses of enrolled
women participated in the
intervention and received
mobile-based weekly messages

For HCPs
> 12 HCPS (8 midwives and 4
OBGYN) used the GAIN MHI app

Maternal Health Services

P Increase in the number of ANC
visits

» Reduction in maternal
morbidity and mortality rates

P Sufficient supplement intake

» Completion of requested
ultrasound images

» Completion of requested lab
tests and urine analysis

Maternal and Neonatal

Outcomes

P Improvement in the timeliness
and onset of delivery

» Reduction in neonatal
morbidities

» Reduction in maternal
complications
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The mobile-based messages targeted pregnant women in their
first trimester, including disadvantaged L ebanese populations
and Syrian and Palestinian refugees, providing weekly
gestational age-specific educational content in Arabic. The
content covered pregnancy  education,  nutritional
recommendati ons and supplementation, pregnancy danger signs,
and postpartum care for 6 months after delivery, encouraging
postpartum visits, breastfeeding, contraception, maternal mental
health, and infant vaccinations. Reminder messages were also
sent for upcoming ANC visits, vaccinations, tests, and medical
examinations. Additionally, weekly messages were sent to the
spouses of enrolled women on knowledge, focusing on
psychosocial and emotional paternal support during pregnancy.

Although the focus was primarily on supporting pregnant
women and their spouses, targeting HCPs was crucial. HCPs
face various challenges, such as insufficient continuing
education programs and career advancement, which hinder their
work, notably in Lebanon [74,75]. To address these gaps, the
GAIN MHI app, developed by the Globa Health Institute at
the American University of Beirut (AUB GHI), integrated
gamification and Al conceptsfor the professional devel opment
of HCPs, particularly obstetricians and gynecol ogists (OBGY N)
and midwives, working at the selected PHCs. This app features
game principles such as a trivialike concept, monthly
recognition (most improved player [MIP] and most valuable
player [MVP]), and monetary incentives to enhance learning
engagement. These elements foster a sense of competition,
motivation, and continuous improvement among HCPs.
Additionally, the Al algorithms used in the app identify
knowledge gaps based on the HCPS' incorrect answers, tailoring
subsequent questions to individualize learning across 5
categories related to maternal health: prevention, diagnostic,
management, miscellaneous, and COVID-19-related questions.
For this purpose, adatabase of information on prenatal carewas
created. Topic modeling was used on this database to categorize
the different topics of the stored content. Likewise, topic
modeling was applied to the question bank, enabling the
identification of topics linked to the incorrectly answered
guestions. Relevant information related to the identified topics
was then retrieved and provided to the user. By leveraging Al,
the GAINMHI app transforms traditional professiona
development into individualized efficient processes, minimizing
the burden of standardized training programs that may not
account for individual variability. In addition to this personalized
learning approach, arandomized spin wheel isused for category
selection, with each spin providing a question followed by
explanations after the user answered. The app also includes a
Knowledge Resource Center (KRC), and it communicateswith
users via automated WhatsApp messages, providing feedback
0n scores, answers, remaining attempts, monthly performance,
and rewards. Available in both English and Arabic, the GAIN
MHI app represents an innovative approach to advancing HCP
education and maternal care.

Although the professional development of HCPswasan integral
part of the intervention, it was not the primary focus of this
research and is discussed in more detail in a separate paper.

https://mhealth.jmir.org/2025/1/e65599
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Data Collection

In both pre- and postintervention phases, secondary data were
collected from the medical charts of pregnant women who
presented at the selected PHCs during their first trimester and
continued visiting the centersfor at least ayear. In caseawoman
got pregnant more than once during the selected study period,
her latest pregnancy charts were collected if they met the
inclusion criteria of the project, while data on previous
pregnancieswere excluded. The data extracted from the medical
charts of eligible pregnant women covered the following aspects:
demographics, medical and surgical history, pregnancy history
(supplements and ANC vaccinations taken, the first lab tests
and ultrasound scans undergone, and any maternal complications
encountered), neonatal complications, and breastfeeding history.
Primary data on the knowledge, attitude, and practices (KAP)
of women were collected before the intervention through
guantitative surveys. The results of the KAP surveys will be
discussed in adifferent paper. Primary datawere also collected
from pregnant women and their spouses participating in the
intervention concerning their satisfaction with the mobile-based
messagesthey werereceiving. These datawere collected through
guantitative surveys at the end of the intervention; the results
of these surveys are discussed in another paper. Satisfaction of
HCPs with the GAIN MHI app was studied and captured
through mixed methods surveys administered at the end of the
intervention; the results of these surveys are discussed in a

separate paper.
Ethical Considerations

Ethical approval was obtained from the Institutional Review
Board (IRB) of the American University of Beirut (protocol
number SBS-2020-0317) and the respective Ethical Committees
at the MOPH and the UNRWA.. Informed consent was obtained
from al individual s participating in the intervention. Participants
wereinformed of their right to opt out of theintervention at any
point in time. The IRB approval covers secondary analysis
without additional consent. All data were anonymized and
deidentified. No compensation was received by participants.

Study Parameters

Study parameters were extracted and recorded for all pregnant
women in the pre- and postintervention phasesin all the centers.
Table 1 showsthe set of indicatorsthat were selected to monitor
the effectiveness of theintervention, aong with their definitions.
The selected parameters were categorized into 2 domains: uptake
to health care and maternal and neonatal outcomes. Uptake of
health care services included completing more than 4 ANC
visits, having at least 2 ultrasound screeningstaken, undergoing
the available blood tests at the PHCs, undergoing the urine
analysis test, and taking supplements during pregnancy. Onset
of delivery on term, normal delivery, reduction in abortion, and
reduction in any neonatal morbidity and any maternal
complication wereindicators constituting the domain of maternal
and neonatal outcomes.
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Table 1. Selected indicators to monitor the effectiveness of the interventions on uptake to health care and materna and neonatal outcomes.

Domain and parameters

Definition

Uptake of health care services

ANC?3visits

Supplement intake

Ultrasound screenings

Blood tests

Urine analysis
Maternal and neonatal outcomes

Onset of delivery

Method of delivery
Abortion

Neonatal morbidities

Maternal complications

Percentage of pregnant women who completed 4 or more ANC visits based on the World Health
Organization recommendations

Percentage of pregnant women taking the required vitamins that awomen should take, including
folic acid, iron, calcium, and magnesium

Percentage of pregnant women who underwent 2 or more ultrasound screenings during their
pregnancy period

Percentage of pregnant women who underwent the available blood tests at their PH Csb, including
fasting blood sugar (FBS), blood group (+/—Rh), and the complete blood count (CBC)

Percentage of pregnant women who underwent the urine analysis test

Percentage of pregnant women who had aterm delivery, delivering their latest child after week
37

Percentage of pregnant women who had anormal delivery
Percentage of women who had an abortion in their latest pregnancy before week 22

Percentage of pregnant women who faced any neonatal complications, including neonata intensive
care unit (NICU) admission, preterm delivery, latrogenic preterm birth injury, low birthweight,
and neonatal early death

Percentage of pregnant women who had any maternal complications, including gestational hy-
pertension, gestational diabetes, perinatal depression, preterm labor, stillbirth, abortion, postpartum

infection, postpartum hemorrhage, and postpartum depression

3ANC: antenatal care.
bpHC: primary health care center.

Statistical Analysis

Pregnant woman with anationality other than L ebanese, Syrian,
or Palestinian were excluded from the analysis. Sample baseline
characteristics were calculated for the intervention and control
arms using count and percentages or means (SDs). Chi-square

(x?) and independent sample t tests were conducted to check
for all possible differences in the baseline characteristics
between the control and intervention arms. Given the fact that
al the indicators are categorical, bivariate analysis was

performed using the Pearson chi-square (x?) test to test the
significant difference pre- and postintervention. To evaluate the
impact of the intervention, separate logistic regressions were
generated for each of the study indicators over the study period
in each arm, while controlling for all the possible baseline
differences between the control and intervention arms as age,
nationality, history of chronic diseases, preterm delivery,
abortion, C-section, gravida, and parity. Analysis was carried
out at a.05 significance level using Stata SE software.

Results

Participants Demographic Characteristics

Table 2 presents the baseline demographic and health
characteristics of the participantsin the control and intervention

https://mhealth.jmir.org/2025/1/e65599

groups. The number of participants was almost equal between
the control (n=1993, 50%) and the intervention (n=1996, 50%)
group. At baseline, more than half of the sample was aged
between 18 and 29 yearsin both intervention (801/1996, 54.3%)
and control (806/1993, 53%) groups. The mgjority of the
participants were Palestinians, constituting 71.3%(n=1423) of
thosein the intervention group and 63.5% (n=1267) of thosein
the control group. The rest of the participants were either
Lebanese or Syrians. A higher number of patients in the
intervention group (n=160, 8.1%) had a chronic disease.
Regarding obstetric history, 6% (n=121) of participantsin the
intervention group had had a previous preterm delivery,
30.3%(n=605) had had a previous abortion, and 33% (n=664)
had had a previous C-section delivery. In contrast, 4.3% (n=85)
of participantsin the control group had had a preterm delivery,
28.9% (n=575) had had an abortion, and 26.5% (n=529) had
had a C-section previoudy. The mean gravida for the
intervention and control groups was 2.98 (SD 2.02) and 3.12
(SD 1.86), respectively. There was a significant difference
between the intervention and control groups in al the
characteristics except for age.
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Table 2. Baseline demographic and health characteristics by study group (N=3989).

Characteristics I ntervention group (n=1996) Control group (n =1993) P vaue
Age (years), n (%)
<18 46 (2.3) 48 (2.4) 50
18-29 1083 (54.3) 1057 (53.0) _a
30-39 801 (40.1) 806 (40.4) —
240 66 (3.3) 82 (4.1) —
Nationality, n (%)
Lebanese 183 (9.2) 228 (11.4) <001P
Palestinian 1423 (71.3) 1267 (63.6) —
Syrian 390 (19.5) 498 (25.0) —
Health and obstetric characteristics
Have chronic diseases, n (%) 160 (8.1) 64 (3.2) <.001P
Previous preterm delivery®, n (%) 121(6.2) 85(4.3) 01°
Previous abortion®, n (%) 605 (30.3) 575 (28.9) 15
Previous C-section®, n (%) 664 (33.3) 529 (26.9) <.001”
Gravida, mean (SD) 2.98 (2.02) 3.12 (1.86) <001P
Parity, mean (SD) 1.50 (1.34) 1.69 (1.51) <001°

3Not applicable.

bSignificant at .05.

CAny previous maternal characteristic excludes the latest pregnancy.
dc-section: cesarean section.

Indicators Assessing Uptake of Health Care Services

Results of the bivariate analysis of the selected study indicators
are presented in Table 3 across the 2 groups pre- and
postintervention. Regarding indicators ng uptake of health
care services, during pregnancy, there was a significant risein
the percentage of women completing 4 or more ANC visits
between the pre- and postintervention periods in both
intervention and control groups. Specifically, the increase was
higher in theintervention group, where the percentage of women
completing 4 or more ANC visits increased from 71.9%
(n=1436) preintervention to 79.9% (n=1251) postintervention
(P<.001), while in the control group, the percentage increased
from 68.6% (n=1367) preintervention to 74.5% (n=980)
postintervention (P<.001). A similar trend was noticed in the
percentage of women undergoing more than 2 ultrasound
screenings, with a significant increase in the percentage from
44.2% (n=881) to 86.1% (n=1323) in the control group and
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from 46% (n=923) to 80.7% (n=1013) in the intervention group
pre- and postintervention, respectively. Likewise, a significant
increase was found in the percentage of women who received
the intervention and completed lab tests (preintervention:
n=1467, 73.5%; postintervention: n=1291, 82.5%; P<.001). On
the contrary, in the control group, the percentage of women who
completed the blood tests available at their corresponding PHCs
decreased. Furthermore, there was an overall increase in the
percentage of women undergoing urine analysis through their
pregnancy, with a higher increase in the intervention group
(preintervention: n=1276, 63.9%; postintervention: n=1379,
89.7%; P<.001) compared to the control group (preintervention:
n=1746, 87.6%; postintervention: n=1161, 94.4%; P<.001).
Additionally, there was an almost equivalent increase in the
percentage of women taking their required supplements pre-
and postintervention, respectively, in both intervention (n=906,
45.4%, to n=1162, 74.3%; P<.001) and control (=768, 38.5%,
to n=850, 64.6%; P<.001) groups.
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Table 3. Bivariate analysis of the selected outcomes/indicators by study group pre- and postintervention (N=3989).

Indicators Intervention group (n=1996) Control group (n=1993)
Preintervention Postintervention P vaue Preintervention Postintervention P value
Uptake of health care services
ANC?visits (24), n (%) 1436 (71.9) 1251 (79.9) <.001P 1367 (68.6) 980 (74.5) <.001°
Ultrasound screenings (=2 881 (44.2) 1323 (86.1) <.001P 923 (46.3) 1013 (80.7) <.001°
images), n (%)
Completed lab tests, n (%) 1467 (73.5) 1291 (82.5) <.001P 1556 (78.1) 919 (69.9) <.001°
(Co;npl eted urineanalysis,n 1276 (63.9) 1379 (89.7) <.001P 1746 (87.6) 1161 (94.4) _c
%,
Took the required supple- 906 (45.4) 1162 (74.3) <.001P 768 (38.5) 850 (64.6) <.001°
ments, n (%)
Maternal and neonatal outcomes
Onset of delivery: term, n (%) 1444 (72.5) 1011 (76.9) 004° 1444 (85.4) 1011 (87.6) .10
Neonatal morbidities, n (%) 159 (7.8) 85 (5.4) 003° 69 (3.5) 40 (3.0) 51
Method of delivery: normal, 962 (51.9) 652 (46.1) 001P 1072 (59.4) 631 (54.0) 004P
n (%)
Abortion, n (%) 143 (7.16) 150 (9.6) 009° 187 (9.4) 146 (11.1) A1
Materna complications, n(%) 309 (15.5) 407 (26.0) <.001P 311 (15.6) 314 (23.9) 020

8ANC: antenatal care.
bsi gnificant at .05.
®Not applicable.

M aternal and Neonatal Outcomes

Analysis of the data from the charts showed that the onset of
delivery improved significantly in the intervention group but
not in the control group. After the implementation of the
intervention, the proportion of women who had aterm delivery
increased from 72.5% (n=1444) to 76.9% (n=1011) in the
intervention group (P=.004). Similar results were observed in
regard to neonatal morbidities, where the proportion of women
decreased from 7.8% (n=159) to 5.4% (n=85) in the intervention
group (P=.003). However, the proportion of women who had
a norma delivery decreased in both intervention
(preintervention: n=962, 51.9%; postintervention: =652, 46.1%;
P<.001) and control (preintervention: n=1072, 59.4%;
postintervention: n=631, 54%; P=.004) groups, with a notable
rise in the proportion of woman having C-section deliveries.
Results of maternal complications were in the same direction
of delivery and abortion, where a significant increase was
detected in the proportion of women with maternal
complications in both intervention (preintervention: n=309,
15.5%; postintervention: n=407, 26%; P<.001) and control
(preintervention: n=311, 15.6%; postintervention: n=314, 23.9%;
P=.02) groups.

Regression Models

Separate logistic regression models were generated for the
control and intervention groups to quantify the intervention’'s

https://mhealth.jmir.org/2025/1/e65599

impact over the study period (pre- and postintervention), while
controlling for baseline characteristicsthat were different across
the 2 groups (see Table 2). Each of the 2 models was adjusted
for age, nationality, condition of existing chronic diseases, and
obstetric history features (ie, previous preterm delivery, previous
abortion, previous C-section, gravida, and parity). Tables4 and
5 show the adjusted odds ratios (ORs) resulting from the logistic
regression analysis of the selected indicators. Considering the
domain of uptake of health care services, Table 4 indicates that
therewas a56.9% increasein the odds of completing morethan
4 ANC visits postintervention compared to preintervention (OR
1.569, 95% Cl 1.329-1.852, P<.001), adjusting for the difference
in the demographical, health, and obstetric characteristics. The
OR of ANC visitswas not statistically significant in the control
group (P=.58). In contrast, concerning ultrasound images,
participants in the intervention group had significantly higher
odds (OR 7.984, 95% Cl 6.687-9.523, P<.001) of having 2 or
more images postintervention compared to the control group,
where there was also a significant but lower improvement (OR
3.432, 95% Cl 2.836-4.153, P<.001). A significantly high
increase in the odds of pregnant women undergoing urine
analysiswas observed postintervention in theintervention group
(OR 4.399, 95% CI 3.631-5.330, P<.001). Concerning lab tests,
an 82.1% increase in the odds of pregnant women completing
the required blood tests during their pregnancy was noted
postintervention compared to preintervention (OR 1.821, 95%
Cl 1.514-2.191, P<.001).
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Table 4. Adjusted OR?from logistic regression analysis of the selected indicators (study parameters in the uptake of health care services domain) on

the study period (pre- and postintervention).

Indicator and study periods

Intervention group (n=1996)

Control group (n=1993)

OR (95% CI) P value OR (95% ClI) P value

ANCP visits (=4 vs<4 asreference)

Preintervention _b — — —

Postintervention 1.569°(1.320-1.852)  <.001¢ 1.053°(0.876-1.266) 98
Ultrasound images (=2 vs <2 asreference)

Preintervention — — — —

Postintervention 7.984° (6.687-9.532)  <.001¢ 3432°(2.836-4.152)  <.001¢
Supplement uptake (yesvs no asreference)

Preintervention — — — —

Postintervention 3.508° (3.020-4.076)  <.001¢ 2.453°(2.055-2.928)  <.001¢
Urine analysis (yesvs no asreference)

Preintervention — — — —

Postintervention 4.399° (3.631-5.330)  <.001¢ 1.323°(0.966-1.812) 08
Lab tests (yesvs no asreference)

Preintervention — — — —

Postintervention 1.821°(1514-2.191)  <.001¢ 0.372°(0.306-0.451)  <.001¢

%0R: odds ratio.
bReference category.

CAdjusting for different baseline characteristics: age, nationality, history of chronic diseases, abortion, cesarean section (C-section), gravida, and parity.

dgi gnificant at .05.
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Table 5. Adjusted OR? from logistic regression analysis of the selected indicators (study parameters in the maternal and neonatal outcomes domain)

on the study period (pre- and postintervention).

Indicator and study periods

Intervention group (n=1996)

Control group (n=1993)

OR (95% ClI) P value OR (95% CI) P value

Delivery onset (term vs preterm asreference)

Preintervention _b — — —

Postintervention 1.295¢ (1.095-1.532)  .002¢ 1.216° (0.944-1.565) 13
Delivery type (normal vs C-section as reference)

Preintervention — — — —

Postintervention 0.774° (0.657-0.911)  .002¢ 0.865° (0.716-1.046)  -14
Abortion (no vsyesasreference)

Preintervention — — — —

Postintervention 0.702° (0.546-0.902)  .006¢ 0.714° (0.546-0.934)  .01¢
Maternal complications (no vsyes asreference)

Preintervention — — — —

Postintervention 0.535° (0.449-0.637)  <.001¢ 0.586° (0.474-0.723)  <.001¢
Neonatal mor bidities (no vsyes asreference)

Preintervention — — — —

Postintervention 1.580° (1.185-2.108)  .002¢ 1.353°(0.825-2.218) 23

80R: odds ratio.
bReference category.

CAdjusting for different baseline characteristics: age, nationality, history of chronic diseases, abortion, cesarean section (C-section), gravida, and parity.

dSignificant at .05.

The analysis of the intervention's impact on maternal and
neonatal outcomes revealed significant findings (Table 5).
Specifically, the odds of experiencing aterm delivery increased
significantly by 29.5% (OR 1.295, 95% Cl 1.095-1.532, P=.002)
only in the intervention group. However, concerning abortion
and delivery type, the study period was associated with
decreased odds of normal deliveries (OR 0.774, 95% CI
0.657-0.911, P=.002) and decreased odds of not having an
abortion (OR 0.702, 95% CI 0.657-0.911, P=.006). Table 5 also
indicatesthat the odds of not having any maternal complication
were 0.535 (95% CI 0.449-0.637, P<.001) in the intervention
group and 0.586 (95% CI 0.474-0.723, P<.001) in the control
group. In contrast, there was a significant increase of 58% in
the odds of not experiencing any of the neonatal morbidities
during the post- intervention period (OR=1.580, 95% CI
1.185-2.108, P=.002). Notably, this increase was detected as
well in the control group but failed to demonstrate statistical
significance.

Discussion

Principal Findings

This study assessed the impact of mHeath and Al-based
gamified intervention on improving maternal health outcomes
and enhancing the uptake of ANC servicesamong disadvantaged
L ebanese and refugee pregnant women. The study demonstrated
significant improvements in maternal and neonatal health
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outcomes following the intervention. Pregnant women in the
intervention group showed higher odds of completing 4 or more
ANC visits (OR 1.569, 95% CI 1.329-1.852), undergoing urine
analysis (OR 4.399, 95% CI 3.631-5.330), and completing
required blood tests (OR 1.821, 95% Cl 1.514-2.191)
postintervention. Similarly, the odds of completing 2 or more
ultrasound screenings were significantly higher in the
intervention group (OR 7.984, 95% Cl 6.687-9.523) thanin the
control group (OR 3.432, 95% CI 2.836-4.153). Supplement
uptake alsoimproved significantly in both groups, with agreater
increase observed in the intervention group (from 45.4% to
74.3%, P<.05). The intervention significantly increased the
odds of term délivery (OR 1.295, 95% Cl 1.095-1.532) and
reduced neonatal morbidities (OR 1.580, 95% CI 1.185-2.108).
However, both groups showed decreased odds of a normal
delivery and increased maternal complications, highlighting the
need for continued efforts to mitigate these outcomes.

Uptake of Primary Health Care Services

Our study showed that there was an increase in the overall
uptake of ANC visitsamong pregnant women in theintervention
group compared to those in the control group. Such findings
arein line with other studies demonstrating that implementing
mHealth interventions, such as sending maternal health text
messages to pregnant women, yields positive outcomes on the
uptake of ANC and overall health [76-78]. Recent studies have
suggested that sending reminders specifically for health care
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appointments could be more effective than not sending any
reminders at all [79-83]. The increased likelihood of attending
at least 4 ANC visits could be explained by the additional
maternal health information and psychosocial support provided
by the message content generally and the ANC attendance
reminder messages specifically inthe GAIN MHI intervention.
In afragile context, such as L ebanon, where health care access
islimited, such interventions are crucial for improving maternal
and neonatal health [22]. Scalable and cost-effective mHealth
solutions address systemic barriers in resource-constrained
settings, ensuring better care continuity and health outcomes
[43].

The higher odds of ultrasound use, completion of laboratory
tests, adherence to supplements, and undergoing urinalysis
among pregnant women in the intervention group emphasizes
the effectiveness of mHealth interventions in promoting and
actually improving ANC-seeking behavior. Our findings are
consistent with other studies on mHealth and maternal health,
where increased uptake of health care services was reported. A
study in India demonstrated that the implementation of an
mHealth intervention resulted in improved health behaviors
among pregnhant women, specifically by encouraging consistent
adherence to supplementation. Another study in Bangladesh
showed that receiving and listening to messages resulted in a
significant increase in the rate of completion of laboratory tests
[84]. The intervention's effectiveness might stem from its
contextualized approach, which probably helped overcome
logistical, linguistic, and geographical barriers, while aso
increasing awareness among pregnant women. It is important
to highlight that substantial progress has been observed in both
intervention and control groups, with notably greater
improvements seen in the intervention group. This observation
may be potentially dueto the fact that PHCsin L ebanon benefit
from external funding and ongoing projects, under the auspices
of the MOPH and the UNRWA, aimed at enhancing overall
health and maternal well-being [35-40,85]. Theimplementation
of these projects at the selected PHCs may have contributed to
the results obtained. In fragile contexts, such as Lebanon,
mHealth interventions play a critical role in overcoming
systemic barriers, improving ANC-seeking behaviors, and
supporting maternal health outcomes [78]. By addressing
logistical and awareness barriers, these interventions improve
maternal health outcomes. Notably, progressin both intervention
and control groups highlights the role of external funding and
initiatives by the MOPH and the UNRWA in strengthening
PHC services, further supporting maternal well-being.

M aternal Outcomes

Our study also showed a significant increase in term deliveries
in the intervention group compared to the control group. One
possible explanation for this could be that the increased overall
uptake of health care services and supplement intake may play
apotential rolein decreasing therate of preterm births. Notably,
although the increase in the uptake of health care services was
evident in both intervention and control groups, the likelihood
was greater in the intervention group, possibly due to the
encouragement provided by the GAIN MHI mHedth
intervention. Additional research conducted by Gillespie [86]
and Li et a [87] showed similar findings, suggesting that the
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rate of preterm births could potentially be decreased through
the augmentation of supplement intake.

Theincrease in the proportion of pregnant women undergoing
C-section deliveries in both intervention and control groups
without aclear explanation is concerning, especially considering
that the unnecessary use of C-sections may lead to negative
health consequences and inefficiencies in resource allocation
[88-90]. In Lebanon, understanding and addressing this trend
iscrucia to ensure optimal maternal health outcomes. Therise
in C-section rates without medical indications is a worldwide
concern and, unfortunately, is expected to persist with nearly a
third (29%) of al births likely to take place by C-section by
2030[91]. Thisaarming projection emphasizes the urgent need
for a concerted effort to address the underlying factors driving
this trend. It is essential to recognize that a singular mHealth
intervention is insufficient to fully address complex maternal
health challenges. This underscores the need for a
comprehensive approach involving multiple stakeholders,
including HCPs, policymakers, and communities. By prioritizing
evidence-based practices and policies, there is an opportunity
toward promoting vaginal births, when safe and appropriate,
while ensuring that C-sections are reserved for caseswherethey
are medically necessary. This should include providing
continuous professional development for HCPs and
implementing community education programsto rai se awareness
about the risks and benefits of different delivery methods. Such
measures are essential for safeguarding maternal and neonatal
health and reducing the burden of unnecessary surgical
interventions.

In both intervention and control groups, there were no observed
improvements concerning abortion and maternal complications
among the disadvantaged Lebanese and refugee pregnant
women. Thisabsence of improvement underscoresthat maternal
health outcomes are intricately influenced by various
determinants that extend well beyond clinical interventions,
encompassing social, economic, and environmental factors
[92,93]. The disadvantaged status of the study population
highlights the significant impact of socioeconomic disparities,
particularly on women, which not only affect their own
well-being but also shape the life prospects of their newborns.
Financial constraints, in particular, may contribute to the
decision to undergo abortion due to the substantial financial
responsibilities associated with raising children. Although the
GAIN MHI intervention has yielded promising results, it is
evident that merely offering educational messages and
appointment remindersis not sufficient when financial barriers
and socia determinants till hinder the uptake of essential
maternal health care services, including addressing and treating
maternal complications. Similar results were documented in a
study on an mHealth intervention, the MatHealth app, indicating
that financia challenges can impede the functionality of the
intervention. As such, recognizing the broader determinants of
maternal health outcomes, it remains important to address
socioeconomic disparities and financial barriers aongside
clinical interventions. By engaging in collaborative efforts,
including comprehensive support, community empowerment
initiatives, and adequate funding mechanisms, equitable
improvements in maternal and neonatal health outcomes for
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disadvantaged populations can be achieved. Persistent
socioeconomic barriers, particularly among disadvantaged
L ebanese and refugee women, limit the intervention’s impact
on maternal complications and abortion rates [22]. Financial
congtraints and socia determinants remain significant obstacles
to accessing essential care. Addressing these challengesrequires
acomprehensive approach that combines mHealth interventions
with socioeconomic support, professional development for
HCPs, and community education, ensuring equitable maternal
and neonatal health outcomes.

Neonatal Outcomes

In terms of neonatal health outcomes, our study demonstrated
asignificant increasein thelikelihood of not facing any neonatal
morbidities postintervention. This aligns with the existing
literature, such as the study by Bush et al [94], who found that
the implementation of mHealth apps, such as the WY health
Due Date Plus app, designed for pregnant women, resulted in
a marked reduction in the incidence of low birth weight.
Similarly, Nishimwe et a [95] observed an improvement in
newborn outcomes with the sue of the Safe Delivery mHealth
app targeting midwives. These findings underscore the
multifaceted approach of the GAIN MHI intervention, which
not only prioritizes support for expectant mothers but also
extends its impact to their HCPs.

In light of these findings, it is essential to integrate mHealth
solutions into the primary health care system, ensuring
widespread uptake of maternal health information and
appointment reminders. In practice, efforts should focus on
contextualizing these interventions to address logistical,
linguistic, and geographical barriers and include comprehensive
support mechanisms to mitigate socioeconomic disparities,
thereby fostering equitable maternal and neonatal health
improvements. To effectively address the multifaceted nature
of maternal health, it is recommended to integrate mHealth
interventions within comprehensive maternal health programs.
These programs should address both clinical and nonclinical
factors that influence health outcomes, ensuring a holistic
approach to maternal care. In fragile contexts, such as L ebanon,
improving neonatal health is crucia. The GAIN MHI
intervention significantly reduced neonatal morbidities, aligning
with studies showing mHealth appsimprove birth outcomes by
enhancing maternal care and supporting HCPs[78]. Integrating
mHealth solutions into primary health care, while addressing
logistical and socioeconomic barriers, can foster equitable
maternal and neonatal health improvements. A holistic approach
that combines mHealth with broader maternal health programs
is essential for sustained impact.

Equity and Gender Considerations

The GAIN MHI project prioritized equity and gender
considerations acrossits design, implementation, and evaluation
phasesto ensureinclusivity and fairnessin addressing maternal
health challenges. All eligible women were recruited without
discrimination based on race, ethnicity, nationality, religion, or
socioeconomic status. The educational interventions were
tallored to accommodate varying literacy levels and
socioeconomic backgrounds, empowering women to make
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informed decisions about their health regardless of their
educational or financial circumstances.

Recognizing the cultural and social dynamics of the MENA
region, the project incorporated a participatory approach that
engaged women and their spouses. Weekly educational
messagestargeted men to foster shared responsibility in maternal
health, challengetraditional gender norms, and promote spousal
support. This approach addressed critica barriers in
underprivileged communities, where women often require the
husband’'s consent to access health care services or purchase
medications.

Additionally, the project leveraged Al and gamification through
the GAIN MHI app to enhance the professiona devel opment
of HCPs. By addressing knowledge gaps and tailoring training
to individual needs, the app minimized inequities in access to
continuing education for HCPs, particularly those serving
disadvantaged populations. The integration of these innovative
tools ensured that health care delivery was equitable, culturally
appropriate, and responsive to the diverse needs of pregnant
women and their communities.

Although theintervention aimed to promote equity, the potential
for technology to exacerbate inequities was carefully mitigated.
For exampl e, the app was made availablein English and Arabic
to reduce language barriers, and the inclusion of automated
feedback via WhatsApp ensured accessibility for users with
limited digital literacy.

Limitations

Despite the positive outcomes of the GAIN MHI intervention,
several limitations and potential biases must be acknowledged.
The use of historical controls introduces selection bias, as
differences between pre- and postintervention groups may reflect
not only the intervention’s impact but also other temporal
changes, such asshiftsin health care policies, provider practices,
or patient demographics. Additionally, reliance on existing
medical charts for data collection compromised data quality
due to inconsistencies and missing information. Human errors
in documentation and incomplete charts at PHCs, often caused
by patients seeking care at private clinics or skipping
appointments, posed challenges for tracking full medical
histories. This fragmented documentation hindered
comprehensive data collection and analysis, potentially reducing
the reliability of the study’s findings. The exclusive focus on
objective data from medical charts also limited the study’s
ability to capture qualitative aspects, such asreasonsfor abortion
or barriers to accessing health care, which are critical for
understanding patients’ experiences and decision-making
processes. This underscores the need for complementary
qualitative research to provide a holistic view of the factors
influencing health care outcomes.

Cultura norms in the MENA region further complicated the
intervention’s implementation. Gender norms may have
influenced the women's and their spouses’ willingnessto fully
participate, and despite effortsto encourage spousal involvement
through educational messages, varying levels of male
engagement may have unequally affected maternal health
outcomes. The study’s focus on preghant women attending
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PHCs also limits the generalizability of its findings to the
broader population, as women facing logistical, financial, or
social barriers to accessing care were likely excluded,
introducing another layer of selection bias.

Lastly, athough the intervention aimed to reduce inequities by
targeting underprivileged populations and incorporating
Al-based tools for HCP training, reliance on technology may
have inadvertently introduced disparities. Variations in access
to smartphones or digital literacy levels among participants
could have affected the intervention’s reach and impact. These
limitations highlight the need to interpret the findings with

Salehet d

validate and refine the intervention for broader and more
equitable.

Conclusion

In conclusion, this study highlights the effectiveness of the
Al-based gamified mHealth intervention GAIN MHI in
enhancing the uptake of ANC and improving materna and
neonatal outcomes. Although encouraging resultswere observed,
the study highlights the need to couple the implementation of
such interventions with other complementary interventions
targeted toward addressing socioeconomic and context-specific
factors that may contribute to the achievement of improved

caution and emphasize the importance of further research t0 . ~iecnal and neonatal health outcomes among disadvantaged

populations.
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