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Introduction: Maternal health in Lebanon faces significant challenges, particularly among disadvantaged populations, due to limited access to antenatal care (ANC) and a strained healthcare system. While mHealth interventions have improved maternal outcomes globally, few engage healthcare providers (HCPs) or incorporate advanced tools like artificial intelligence (AI) and gamification. This study evaluated the effectiveness of an AI-based, gamified mHealth intervention, Gamification and AI and mHealth Network for Maternal Health Improvement (GAIN MHI), on ANC utilization and maternal and neonatal outcomes in Lebanon.



Methods and materials: The intervention included two arms: one targeting pregnant women and their spouses without HCP engagement and another involving HCPs. A post-intervention analysis was conducted with 2,880 pregnant women divided into three groups: control (n = 1,315), non-HCP intervention (n = 668), and HCP intervention (n = 897). Intervention components included AI-driven, gamified HCP professional development via the GAIN MHI app, weekly WhatsApp-based educational messages, and ANC visit reminders. Data on healthcare access (ANC visits, supplement intake, ultrasounds, and lab tests) and outcomes (term delivery, maternal/neonatal complications) were analyzed using logistic regression to calculate adjusted odds ratios (OR).



Results: The HCP arm significantly improved healthcare access, with higher odds of attending ≥4 ANC visits (OR = 1.968, 95% CI: 1.575–2.459), completing ≥2 ultrasounds (OR = 3.026, 95% CI: 2.301–3.981), lab test completion (OR = 2.828, 95% CI: 1.894–4.221), and supplement intake (OR = 1.467, 95% CI: 1.221–1.762). Term deliveries were more likely in the HCP arm (OR = 1.360, 95% CI: 1.011–1.289), and neonatal morbidity decreased by 52.15% (OR = 1.521, 95% CI: 1.127–2.051). No improvements were seen in abortion rates, and normal deliveries decreased across intervention arms. Significant baseline demographic differences, including nationality and chronic disease prevalence, were observed between groups.



Discussion: Integrating HCPs into an mHealth intervention significantly enhanced ANC uptake and maternal and neonatal outcomes in disadvantaged populations in Lebanon. These findings underscore the importance of combining digital tools with clinical support to address systemic barriers and improve maternal health in resource-limited settings. Future interventions should address delivery practices and broader social determinants of health to achieve sustainable impacts.
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1 Introduction

Maternal health is a critical public health issue affecting the lives of many mothers across the globe, especially in Low- and Middle-Income Countries (LMICs). Significant efforts have led to reducing maternal mortality by 34% from 2000 till 2020 (1–4). However, 287,000 women died globally in 2020, with 95% of deaths occurring in LMICs (4). Lebanon, as an LMIC, reflects this global disparity, especially within its disadvantaged populations, including Syrian and Palestinian refugees (5–7). Pregnant women in Lebanon face a high maternal mortality rate (MMRs) and a range of pregnancy-related complications, including anemia, hemorrhage, urinary tract infections, and gestational diabetes (5–7). These complications are closely linked to limited access to essential maternal services including antenatal care (ANC), which is vital for preventing and managing complications during pregnancy (7–9). A variety of socio-economic and healthcare system barriers significantly hinder women's access to ANC in Lebanon (7, 10, 11). Among these obstacles is the lack of social and spousal support, which often discourages pregnant women from seeking care (7, 12–14). Financial constraints further limit their ability to afford ANC services (7). These challenges are exacerbated by the country's healthcare system, which is severely strained due to an ongoing economic crisis, the influx of refugees, and shortages in skilled healthcare providers (HCPs) and medical supplies (5–7, 10, 15, 16). The interplay of these social, economic, and healthcare challenges underscores the urgent need for targeted, comprehensive interventions to address maternal health challenges in Lebanon (17, 18).

The widespread use of mobile phones in LMICs has paved the way for innovative, cost-effective, and scalable mobile health (mHealth) interventions (19–21). These interventions have become a key element of global strategies aimed at reducing maternal mortality and improving maternal health outcomes, especially in underserved communities (19, 22–24). mHealth solutions have shown effectiveness in addressing gaps in access to healthcare services for pregnant women (19, 23). Studies have demonstrated that mHealth interventions, such as SMS or mobile-based messaging, significantly enhance access to ANC by providing timely information and reminders (23, 25–28). For instance, the mMitra intervention, which delivers pregnancy-related voice messages, has yielded an improvement maternal healthcare practices and outcomes (29, 30). Similarly, mhealth interventions that engage spouses during pregnancy have been shown to promote positive health behaviors among expectant mothers (21, 31, 32). The Mobile Alliance for Maternal Action (MAMA) exemplifies such efforts by targeting both pregnant women and their spouses (32). This program delivers educational messages on maternal, newborn, and child health, enhancing healthcare-seeking for women and their infants up to one year old (33). Further research highlight the potential of mHealth solutions to improve maternal health and expand access to essential services (26, 34, 35). While these interventions have shown promise, maternal health and healthcare-seeking behaviors are influenced by a combination of health, social, and environmental factors (17, 36). Therefore, efforts to enhance these areas must go beyond family dynamics and adopt more inclusive and collaborative approaches that engage broader support networks, such as HCPs, among others (17, 36).

In contexts where healthcare-seeking behaviors are deeply influenced by HCPs attitudes, there is a pressing need for interventions that engage women alongside their HCPs to improve maternal health outcomes (17, 36). Studies have shown that tailored interventions engaging HCPs improve women's compliance with care (37, 38). These HCPs play a vital role in delivering quality care, education, and guidance to women and their families, and addressing key concerns during pregnancy and the postnatal phase (17, 39, 40). Their knowledge and communication skills are crucial for building trust, enhancing access to services, and fostering a supportive environment for expectant mothers (17, 36). Continuous learning for HCPs is therefore essential to maintaining and improving the quality of health care, including maternal health (41).

mHealth interventions targeting HCPs for maternal health in LMICs have primarily focused on clinical decision support and enhancing communication both among HCPs, and between HCPs and patients, with limited emphasis on improving HCP knowledge and skills (26, 42–46). For instance, programs like Wired mothers in Tanzania and maternal and child health application (MatHealthApp) in Uganda have successfully enabled two-way communication between pregnant women and HCPs (43, 47). Recent advancements in mhealth have shifted towards using gamification, allowing HCPs to participate in interactive learning and address clinical challenges (46, 48). A notable application is the Safe Delivery App (SDA), which is designed to enhance HCPs skills, with an upgraded version that incorporates gamification to motivate users and create an interactive learning experience (49, 50). Similarly, the Maternal and Newborn Technology for Resilience (MANTRA) app employs gamified elements to boost awareness of risk factors related to maternal and child health (51). Users found the gamified approach engaging, leading to greater understanding of maternal and child health issues and more informed choices (51).

Aiming to improve care quality and tackle a variety of health challenges, the integration of artificial intelligence (AI) into the healthcare sector has been on the rise (52, 53). AI applications have been used to assist in diagnostics, extend virtual healthcare services to underserved areas, and fill gaps in knowledge and skills (54). In the context of maternal health, AI has demonstrated considerable potential by forecasting risks such as pre-eclampsia, postpartum depression, gestational diabetes, anemia, stillbirths, preliminary signs of miscarriage, and preterm births (55, 56). Additionally, AI increases access to maternal health services and enables HCPs to make informed decisions regarding the pregnancy process, including determining when to perform a C-section or induce labor (57–59). AI technology has also demonstrated potential in enhancing the education and learning of HCPs by accelerating the training of HCPs in evaluating preterm births (60).

mHealth interventions are increasingly being employed to address the diverse health needs of vulnerable populations in Lebanon. These technologies have been instrumental in managing non-communicable diseases (NCDs) and enhancing primary healthcare services for both vulnerable Lebanese communities and refugee populations. Through tools such as educational text messages, appointment reminders, and HCP capacity-building guidelines, mHealth has improved the delivery of healthcare in these settings (61–64). One notable mHealth innovation is the “Distance Support Program” (DSP), which has been used to improve palliative care in Lebanon. DSP adopts a collaborative approach to support caregivers of patients who are geographically distant by utilizing phone calls, video calls, and messaging to ensure continuity of care (65).

Regarding maternal health, Lebanon's efforts remain limited in implementing mHealth solutions that significantly improve maternal health outcomes and increase ANC visits (66). One impactful intervention focuses on maternal health for Palestinian refugees, including those residing in Lebanon. The United Nations Relief and Works Agency (UNRWA)-developed electronic mother and child health (e-MCH) application that integrates a detailed database on maternal and infant care with appointment reminders, ensuring that essential healthcare services remain uninterrupted (67). Existing mHealth interventions, though beneficial, primarily focus on individual care delivery and lack integration between pregnant women and their HCPs. The absence of solutions that actively engage both pregnant women and HCPs represents a critical gap in Lebanon's maternal health interventions. The country has yet to fully explore AI-powered solutions or gamification techniques, which represents a significant gap in the use of advanced technologies to enhance maternal health outcomes (68). Bridging this gap requires comprehensive, collaborative mHealth interventions that engage not only mothers and their families but also their HCPs, ensuring a more holistic and effective approach to maternal health.

This study aims to assess the impact of including HCPs in an AI-based gamified mHealth intervention, titled ‘Gamification and Artificial Intelligence and mHealth Network for Maternal Health Improvement’ (GAIN MHI), on the maternal health outcomes of disadvantaged pregnant women in Lebanon.



2 Methods and materials


2.1 Study design

This study is a community interventional trial with historical control conducted at different primary healthcare centers (PHCs). Historical controls were not recruited concurrently in this study as the treatment group but rather from existing medical records at each center which were randomly assigned to either the intervention or control centers. The study was implemented in three phases: the pre-intervention phase (July 2021–December 2021), used to establish baseline data not included in the analysis, the intervention phase, which occurred from September 2021 to December 2022, and the post-intervention phase, which took place from March 2023 to June 2023. Data was collected by research assistants at each center and included demographics, medical and obstetric histories, as well as maternal and neonatal outcomes and complications.



2.2 Centers selection

This study took place at twenty PHCs across five governorates in Lebanon—Beirut, Bekaa, North, South, and Mount Lebanon. One PHC was excluded due to logistical constraints. Primary Health Centers (PHCs) were allocated equally between intervention and control arms, with ten sites per arm. Within each arm, half of the PHCs (five) were UNRWA-operated centers serving exclusively Palestinian refugees, and the other half (five) were non-UNRWA facilities from the Lebanese Ministry of Public Health network serving disadvantaged Lebanese and non-Lebanese populations (e.g., Syrian). To control for geographic variability, all 20 PHCs were first matched into ten regional pairs, five pairs of UNRWA centers and five pairs of non-UNRWA centers, where each pair was located within the same region. Within each matched pair, one PHC was randomly assigned to the intervention arm and the other to the control arm, ensuring that both study arms included an equal mix of UNRWA and MOPH-governed facilities. Of the remaining centers, ten served as controls and nine as interventions.



2.3 Study population

The target population included pregnant women of all ages who visited the selected PHCs during their first trimester within the intervention period and continued to attend the selected PHCs for at least one year. Women that met this inclusion criteria were involved in the study. The post-intervention phase comprised pregnant women who were already enrolled in the intervention and attending the PHCs throughout the intervention period, as well as those who visited the control PHCs within the same timeframe.



2.4 GAIN MHI intervention


2.4.1 About the intervention

The GAIN MHI intervention (Figure 1) was divided into two arms: one included HCPs alongside pregnant women and their spouses, while the other involved only pregnant women and their spouses. Two key components distinguish this intervention: mobile-based messages (text and voice) and a mobile application (GAIN MHI App), both designed to improve maternal health outcomes. The intervention was standardized across all PHCs, with no site-specific adaptations implemented at any point.
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FIGURE 1
Visual representation of the different components in the intervention arms. Created using Canva. Illustrations from Canva, licensed under Pro Content License.


The mobile-based messages targeted pregnant women in their first trimester, particularly Syrian and Palestinian refugee women, as well as Lebanese women attending PHCs serving disadvantaged populations. These were weekly gestational-age specific messages delivered through WhatsApp in Arabic, both as text messages and voice messages. The messages provided educational content tailored to gestational age, covering pregnancy education, nutritional guidance and supplementation, danger signs, and postpartum care for up to six months. Additionally, they promoted postpartum visits, breastfeeding, contraception, maternal mental health, and infant vaccinations. Reminders for ANC appointments, lab tests, and medical assessments were also sent. Our intervention targeted the spouses of the enrolled pregnant women as well. The spouses received weekly messages that are tailored to the gestational age of the wife, emphasizing the importance of psychosocial and emotional support during pregnancy.

In parallel, the GAIN MHI App was designed and developed by the Global Health Institute (GHI) at the American University of Beirut (AUB). The GAIN MHI App targeted HCPs by integrating gamification and AI concepts to support their professional development. To boost user participation, the App incorporated game-like elements, such as trivia-like structure, monthly recognition (most improved player (MIP), most valuable player (MVP), and monetary incentives. AI algorithms within the App identified knowledge gaps based on incorrect answers, allowing for personalized learning in five areas of maternal health: prevention, diagnostic, management, miscellaneous, and COVID-19-related questions. Questions were randomly selected through a spin wheel, and users were allowed to spin the wheel 30 times per month. Users were required to select an answer, and a corresponding explanation would show up upon submission. Additionally, the app had a knowledge resource center (KRC) and sent to users automated WhatsApp messages with feedback on scores, answers, remaining attempts, monthly performance, and rewards. The App was made available in both English and Arabic languages and represented a new way to improve healthcare education and maternal healthcare.




2.5 Data collection

Medical records of the study participants were reviewed to collect data during the post-intervention phase, which occurred from March 2023 to June 2023. For women, who experienced multiple pregnancies during the study period, only the record of their latest pregnancy, if it met the study's inclusion criteria mentioned previously, was collected. Data collected included the following: demographics, medical and surgical history, pregnancy history (supplements, ANC vaccinations, the first lab tests and ultrasounds images done, and maternal complications if any), neonatal complications, and breastfeeding history.



2.6 Ethical approval

Ethical approval was sought and obtained from the Institutional Review Board at the American University of Beirut (Protocol number: SBS-2020-0317) and the respective ethical committees at MOPH and UNRWA.



2.7 Study parameters

Study parameters were extracted from the medical records for all pregnant women at both data collection phases (pre and post intervention) in all the centers. Table 1 shows the set of indicators that were selected to monitor the effectiveness of the intervention along with their definitions. The selected parameters were categorized into two domains: access to healthcare, and maternal and neonatal outcomes. Access to healthcare included completing more than 4 ANC visits, completing at least 2 ultrasound images (both in accordance with WHO recommendations) (69), completing the available laboratory tests at the PHCs and taking supplements during pregnancy. Having onset of delivery on term, having a normal delivery type, reduction in abortion, reduction in any neonatal morbidity and any maternal complication were the indicators comprising the domain of maternal and neonatal outcomes.



TABLE 1 Selected indicators to assess the effectiveness of the intervention on access to care, maternal and neonatal outcomes.



	Domain 1: access to healthcare
	Definition





	Antenatal care visits
	Percentage of pregnant women who completed 4 or more antenatal care visits (ANC) based on the WHO recommendation (8)



	Supplements intake
	Percentage of pregnant women taking the all the required vitamins that a women should take including Folic acid, Iron, and Calcium (82, 83)



	Ultrasounds images
	Percentage of pregnant women who completed 2 or more ultrasounds images through their pregnancy period (84)



	Lab test
	Percentage of pregnant women who completed both the urine analysis and the available blood tests at their PHCs including Fasting Blood Sugar (FBS), blood group ± Rh, and CBC (85, 86)



	Domain 2: maternal and neonatal outcomes



	Onset of delivery
	Percentage of pregnant women who had term delivery; delivering their latest child after the week 37 (87)



	Method of delivery
	Percentage of pregnant women who had normal delivery



	Abortion
	Percentage of women who had abortion in their latest pregnancy before the week 22 (88)



	Neonatal morbidities
	Percentage of pregnant women who faced any neonatal complication including either neonatal intensive care admission (NICU admission), preterm delivery, iatrogenic preterm birth injury, low birthweight, and neonatal early death



	Maternal complications
	Percentage of pregnant women who had faced any maternal complication including either: gestational hypertension, gestational diabetes, perinatal depression, preterm labor, stillbirth, abortion, and post-partum hemorrhage









2.8 Statistical analysis

Pregnant women being Lebanese, Syrian, or Palestinian who participated in the post-intervention phase were included in the analysis. Demographic and health characteristics were summarized for the two intervention arms (HCP and non-HCP) and the control group using counts and percentages or means and standard deviations. Chi-square tests and independent sample t-tests were employed to assess the existence of possible characteristic differences across the control and the intervention arms. Bivariate logistic regression was generated to calculate the unadjusted odds ratios aimed to quantify the proportion discrepancies in study indicators between each intervention arm and the control group. Separate multivariate logistic regression models were developed for every indicator, comparing the intervention arms in reference to the control group while controlling for potential differential characteristics that appeared to be significant. Analysis was carried out at 0.05 significance level using the Stata SE software program.




3 Results

A total of 2,880 pregnant women participated in the post-intervention phase, divided as follows: 1,315 in the control group, 668 in the non-HCP intervention arm focusing on pregnant women and their spouses (with no involvement of healthcare professionals), and 897 in the HCP intervention arm, which included both pregnant women and, their spouses whenever possible, with the intervention provided by healthcare professionals. The selected study indicators which were used to assess the effectiveness of the intervention are depicted in Table 1. Table 2 shows the demographics and health characteristics of the pregnant women across the control and the two interventional arms. The age distribution varied differentially across the control group and intervention arms, with the highest percentage of women aged between 18 and 29 years in all of them (p = 0.009*). Nationality distribution varied significantly as well, Palestinian participants were primarily in the control group (27.0%), while the majority of both intervention arms non-HCP and HCP consisted of Syrian refugees (78.14% and 64.66% respectively), highlighting a significant difference across the control group and intervention arms (p < 0.05*). In terms of health characteristics, the control group exhibited a higher prevalence of chronic diseases (33.46%) compared to the non-HCP (10.08%) and HCP (31.82%) arms (p < 0.05*). The HCP intervention arm had a higher proportion of participants with a history of previous pre-term births (5.02%) compared to the control group (2.97%) and non-HCP arm (1.05%) (p < 0.05*). Additionally, the HCP intervention arm had a higher rate of previous pre-term births (5.02%) (p < 0.05*) and higher number of previous deliveries (gravida) of 2.78 on average, slightly lower than the control group (2.97) (p = 0.037*). Overall, these findings highlight notable differences in age, nationality, health conditions, and reproductive histories between the control group and the intervention arms.



TABLE 2 Demographic and health characteristics of study participants by study groups (n = 2,880).



	
	Controln = 1,315n (%)
	Non-HCP intervention armn = 668n (%)
	HCP intervention armn = 897n (%)
	p-value





	Age



	 <18
	42
	(3.19)
	8
	(1.20)
	16
	(1.78)
	0.009a



	 18–29
	696
	(52.93)
	348
	(52.10)
	474
	(52.84)
	



	 30–39
	508
	(38.63)
	278
	(41.62)
	379
	(42.25)
	



	 >40
	69
	(5.25)
	34
	(5.09)
	28
	(3.12)
	



	Nationality



	 Lebanese
	242
	(18.40)
	81
	(12.13)
	108
	(12.04)
	<0.05a



	 Palestinian
	355
	(27.00)
	65
	(9.73)
	209
	(23.30)
	



	 Syrian
	718
	(54.60)
	522
	(78.14)
	580
	(64.66)
	



	Chronic Diseases, yes
	439
	(33.46)
	67
	(10.08)
	281
	(31.82)
	<0.05a



	Previous Pre-term, yes
	39
	(2.97)
	7
	(1.05)
	45
	(5.02)
	<0.05a



	Previous abortion, yes
	340
	(25.86)
	179
	(26.80)
	257
	(28.65)
	0.345



	Previous C-Section, yes
	373
	(34.51)
	195
	(29.19)
	252
	(28.70)
	0.010a



	Mean Gravida (SD)
	2.97
	(1.93)
	2.82
	(1.76)
	2.78
	(1.73)
	0.037a




	aSignificant at 0.05.








3.1 Access to healthcare

Table 3 presents the bivariate and multivariate analyses for each study indicator, showcasing both unadjusted and adjusted odds ratios. The differences in proportions of the selected indicators across the control group and the two intervention arms are quantified through the unadjusted odds ratios. Separate logistic regression models were employed for each indicator to compute adjusted odds ratios (OR) for the intervention arms compared to the control group, while controlling for potential confounding factors including age, nationality, history of chronic diseases, pre-term delivery, cesarean section, and gravida. Results indicated that the HCP intervention arm experienced a 96.8% increase in the odds of attending four or more ANC visits compared to the control group (adjusted OR = 1.968, 95% CI: 1.133, 1.832), which is greater than the 44.1% increase observed in the non-HCP intervention arm (adjusted OR = 1.441, 95% CI: 1.133, 1.832). A significant improvement was observed only in the HCP intervention arm, where pregnant women were 3.02 times more likely to complete two or more ultrasound images compared to the control group (adjusted OR = 3.026, 95% CI: 2.301, 3.981). In regard to lab tests, both intervention arms demonstrated significantly improved odds of completing the required lab tests compared to the control, with the HCP intervention arm showing greater odds (adjusted OR = 2.828, 95% CI: 1.879, 4.190) than the non-HCP intervention armPs (adjusted OR = 2.537, 95% CI: 1.653, 3.832). For the supplement intake, the odds of taking the required supplements were significantly higher in the HCP intervention arm, with an adjusted OR of 1.467 (95% CI: 1.221, 1.762).



TABLE 3 Proportion (%), unadjusted and adjusted odds ratio (OR), 95% confident interval (CI), for study indicators across intervention arms in reference to the control group.



	
	Control n = 1,315
	Non-HCP intervention arm n = 668
	HCP intervention arm n = 897



	%
	OR
	%
	ORa
	ORb (95%CI)
	%
	ORa
	ORb (95%CI)





	Access to healthcare



	ANC visits



	 <4 visits
	25.48
	1
	19.06
	-
	-
	22.53
	-
	-



	 ≥4 visits
	74.52
	1
	80.94
	1.254c
	1.441c(1.133, 1.832)
	77.47
	1.451c
	1.968c(1.575, 2.459)



	US images



	 <2 images
	19.53
	1
	19.13
	-
	-
	10.18
	-
	-



	 ≥2 images
	80.65
	1
	80.87
	1.014
	1.201 (0.925, 1.559)
	89.82
	2.116c
	3.026c(2.301, 3.981)



	Completed lab tests



	 No
	38.25
	1
	23.05
	-
	-
	27.42
	-
	-



	 Yes
	61.75
	1
	76.95
	2.067c
	2.537c(1.664, 3.856)
	72.58
	1.639c
	2.828c(1.894, 4.221)



	Took the required supplements



	 No
	35.36
	1
	16.92
	-
	-
	30.14
	-
	-



	 Yes
	64.64
	1
	83.08
	0.521c
	0.825 (0.669, 1.017)
	69.86
	0.945
	1.467c(1.221, 1.762)



	Maternal and neonatal outcomes



	Onset of delivery



	 Pre-term
	12.39
	1
	14.74
	-
	-
	10.21
	-
	-



	 Term
	87.61
	1
	85.26
	0.818c
	0.917 (0.673, 1.248)
	89.71
	1.232
	1.360c(1.011, 1.829)



	Method of delivery



	 C-section
	46.02
	1
	54.52
	-
	-
	53.49
	-
	-



	 Normal
	53.98
	1
	45.48
	0.711c
	0.694c(0.527, 0.914)
	46.51
	0.741
	0.688c(0.539, 0.877)



	Neonatal morbidities



	 Yes
	96.96
	1
	95.36
	-
	97-
	93.98
	-
	-



	 No
	3.04
	1
	4.64
	1.066
	1.220 (0.881, 1.688)
	6.02
	1.275c
	1.521c(1.127, 2.051)



	Abortion



	 Yes
	88.90
	1
	89.52
	-
	-
	91.08
	-
	-



	 No
	11.10
	1
	10.48
	0.644
	0.688 (0.416, 1.139)
	8.92
	0.489
	0.554c(0.363, 0.848)



	Maternal complications



	 Yes
	76.12
	1
	74.55
	-
	-
	73.58
	-
	-



	 No
	23.88
	1
	25.45
	0.918
	0.989 (0.783, 1.249)
	26.42
	0.873
	0.994 (0.810, 1.221)




	-Reference category.


	aUnadjusted OR.


	bAdjusted OR for potential differences in age, nationality, history of chronic diseases, pre-term delivery, c-section and gravida.


	cSignificant at 0.05.









3.2 Maternal and neonatal outcomes

Only the HCP intervention arms demonstrated a significant improvement in term deliveries as compared to the control group after adjusting for confounders (adjusted OR = 1.360, 95% CI: 1.011,1.289). However, the odds of having normal deliveries were significantly lower in both intervention arms relative to the control with the adjusted OR for the non-HCP intervention arm at 0.694 (95% CI: 0.527, 0.914) and 0.688 (95% CI: 0.539, 0.877) for the intervention arm including HCPs. There was a 52.15% increase in the odds of not experiencing any neonatal morbidity after adjusting for confounders (OR = 1.521,95% CI: 1.127,2.051). Conversely, there were no improvements in abortion rates across the two intervention arms, with the likelihood of not having an abortion being lower in the HCP intervention arms (adjusted OR = 0.554, 95% CI: 0.363–0.848) compared to the control group.




4 Discussion

This study evaluated the impact of including HCPs into a mobile health and AI-based gamified intervention aimed at improving maternal health outcomes and increasing the uptake of ANC services among disadvantaged Lebanese and refugee pregnant women. The results across the two intervention arms were promising regarding the outcomes.

The findings demonstrated that the HCP intervention arm led to significant improvements in adherence to the required number of ANC visits, ultrasound and lab tests completion, supplement intake, and neonatal outcomes compared to the non-HCP intervention arm. However, neither intervention significantly influenced abortion rates, with the HCP arm showing a lower likelihood of avoiding abortion, possibly due to improved detection of medically necessary abortions (70).


4.1 Access to primary healthcare services

The improvement in ANC adherence observed in the HCP intervention arm aligns with prior studies highlighting the positive impact of mHealth interventions targeting the HCPs on improving ANC attendance and overall health (71, 72). This may be attributed to the added value of HCP involvement, which provides personalized, professional guidance and reassurance throughout the pregnancy journey. Abraham et al. discovered that the relationship between HCPs and patients in maternal care plays a crucial role in determining both the quality and amount of care women receive, with potential effects on maternal morbidity and mortality in low- and middle-income countries (36). These results suggest that integrating HCPs into mHealth interventions could further enhance their effectiveness in promoting ANC attendance, consistent with other research advocating for the combined role of digital health and human support in maternal health (36).

The proportion of women receiving two or more ultrasound images was comparable in both the control group and the non-HCP intervention arm. Conversely, the HCP intervention arm showed a significantly higher proportion of women completing two or more ultrasound images. This suggests that mhealth interventions alone may not significantly improve ultrasound attendance without direct healthcare provider involvement. While mHealth tools offer valuable information and reminders, their effectiveness in behavior change is limited without the engagement of HCP (36). This finding underscores the essential role of HCPs in prenatal care, as they encourage adherence to ultrasound protocols. Their involvement not only enhances the perceived importance of these procedures but also promotes compliance among pregnant women (36). Similarily, The likelihood of taking the required supplements was significantly higher in the intervention arm that included HCPs compared to the control group. Bangal et al. witnessed such increase in the uptake of supplements by pregnant women when HCPs were engaged in the mhealth intervention targeting maternal health (42). The increased compliance with laboratory testing among women in the intervention arm that included HCPs reflects the value of a comprehensive approach to maternal healthcare. By combining digital interventions with the expertise and support of HCP, we can create a more robust framework for improving maternal health outcomes. Mbunge & Sibiya found that engaging not only the women, but also their HCPs among other broader support networks is crucial to maximize the transformative potential of mhealth in maternal care (71). This integrated model will likely increase ANC visits, attendance rates for ultrasounds and lab tests, and compliance with supplements intake. It will also foster a deeper understanding of the importance of these services among pregnant women, ultimately contributing to healthier pregnancies and better long-term outcomes for both mothers and their infants.



4.2 Maternal and neonatal outcomes

The HCP intervention arm demonstrated significant improvements in term deliveries and a notable increase in the odds of avoiding neonatal morbidity. These outcomes may be attributed to several interconnected factors, particularly the targeted approach of the intervention, which enhanced HCPs theoretical knowledge through the GAIN MHI App. By integrating gamification and AI, the app enabled HCPs to continuously refine their expertise in maternal health, equipping them to manage complications more effectively and provide tailored support to pregnant women. Abraham et al. found that enhancing HCP knowledge in delivering care boosted women's trust and acceptance of care services, leading to improved care quality and better health outcomes (36). This increased knowledge likely translated into improved clinical practices and better adherence to antenatal care protocols.

The supportive relationship between HCPs and pregnant women is crucial in fostering adherence to health recommendations and enhancing overall pregnancy outcomes (73, 74). While the positive effects on neonatal morbidity and term deliveries are notable, the lack of significant improvement in maternal complications indicates the necessity for a more comprehensive approach. In addition to social determinants of health, such as socioeconomic status, education, and access to healthcare, other factors could contribute to maternal complications. These factors may include the lack of standardized protocols, variations in HCP training and experience, and potential gaps in continuity of care during the pregnancy journey, which make it harder to control maternal complications given that women face problems which are unpredictable (75). Even with enhanced HCP knowledge, pregnant women still face sudden, unpredictable complications that may lead to serious harm or death (1, 76). These, combined with systemic issues within the healthcare infrastructure, could have limited the ability to effectively manage maternal complications (1, 7, 77, 78).

The analysis also reveals that the likelihood of normal deliveries was significantly lower in both intervention arms compared to the control, which may be attributed to the rising rates of C-sections observed in the control group and intervention arms, a trend that is concerning on a global scale. The unnecessary increase in C-sections without clear medical indications can have negative health consequences and lead to inefficiencies in resource allocation (79–81). This suggests that while the interventions were effective in improving certain outcomes, they may not have fully addressed the complexity of delivery methods. Health system factors, cultural perceptions favoring C-sections, and possible selection bias may have influenced these results, limiting the interventions’ impact on delivery mode. The intervention, whether it included HCPs or not, did not yield significant improvements in abortion rates compared to the control group, indicating that mHealth interventions alone may not be sufficient to influence these outcomes. Financial constraints, in particular, may contribute to the decision to undergo abortion due to the substantial financial responsibilities associated with raising children. Women who have access to HCPs may be more likely to take an abortion decision and to carry it under medical supervision. These complexities highlight the need to consider broader systemic and cultural contexts when evaluating intervention effectiveness. This proposition begs for confirmation in future research.

In light of these findings, it is essential to adopt a multifaceted strategy that combines clinical excellence with efforts to mitigate social determinants of health. Addressing financial and social barriers alongside clinical care will be crucial for achieving more equitable improvements in maternal and neonatal health. Additionally, fostering standardized clinical protocols and ensuring continuity of care throughout the pregnancy journey will enhance the overall effectiveness of interventions.



4.3 Limitations

Several limitations were encountered in this study. As a chart review study, the quality and completeness of the data were dependent on the accuracy of medical records. Inconsistent or incomplete documentation of ANC details may have affected the reliability of the findings. In addition, retrospective data collection may have introduced bias if key health information is missing from the records. A concern that may be particularly pronounced in the context of Syrian refugees, where healthcare access is often fragmented, and medical records may be poorly maintained. Data entry errors could have occurred during the transfer of information from one source to another, leading to inaccuracies that may compromise the integrity of the dataset. To address this, field supervisors conducted regular supervision and random spot checks to ensure adherence to protocols and the accurate recording of participant responses. All data collectors received rigorous training prior to data collection to standardize procedures and minimize interviewer and recording bias.




5 Conclusion

In conclusion, the findings of this study underscore the critical role of involving HCPs in reinforcing the effectiveness of AI-based digital health interventions by providing personalized guidance and fostering trust. The coupling of HCP involvement with AI based gamified interventions showed improvement across various indicators related to improved access to care and better health outcomes. Since AI based gamified tools are relatively inexpensive and swiftly amenable to upscaling, it is recommended that such tools not only be utilized by all HCPs engaged with maternal health but also to invest in further developing such tools and in making them more comprehensive and user friendly. Practical scale-up requires infrastructure for digital access, standardized training for HCPs in digital health and AI, ongoing technical support to ensure effective integration into existing workflows, and sustainable financing mechanisms, such as public–private partnerships, donor programs, or insurance extensions, to subsidize digital maternal care for refugees and other underserved populations. The proliferation of AI and the increased attractiveness of gamification are elements that support the upscaling of those tools in the future. Having said that, it must be noted that to fully maximize the benefits of such interventions, a holistic approach is needed—one that addresses social determinants of health, standardizes clinical protocols, and ensures continuity of care, while considering context-specific factors. By combining digital innovation with social support, policymakers and healthcare systems can create more equitable and effective maternal healthcare frameworks, ultimately improving long-term outcomes for both mothers and infants.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Institutional Review Board, American University of Beirut. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

SS: Conceptualization, Funding acquisition, Investigation, Methodology, Writing – original draft, Writing – review & editing. NE: Conceptualization, Investigation, Project administration, Supervision, Writing – original draft, Writing – review & editing. NS: Project administration, Writing – original draft, Writing – review & editing. AE: Data curation, Writing – review & editing. KE: Writing – original draft, Writing – review & editing. ZC: Formal analysis, Writing – review & editing. RH: Methodology, Writing – review & editing. AS: Methodology, Writing – review & editing. MA: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. International Development Research Centre (IDRC) (Grant number: 109221).



Acknowledgments

The authors would like to thank the staff and directors of the primary healthcare centers of the Lebanese Ministry of Public Health (MOPH) and the United Nations Relief and Works Agency for Palestine refugees in the Near East (UNRWA) for their contribution to data collection and participation in the GAIN MHI intervention.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

ANC, antenatal care; LMICs, low- and middle-income countries; PHCs, Primary Healthcare Centers; HCP, healthcare provider; MOPH, Ministry of Public Health; NCDs, non-communicable diseases; UNRWA, United Nations Relief and Works Agency; SRMH, sexual, reproductive, and maternal health; MAMA, mobile alliance for maternal action; SDA, safe delivery application; AI, artificial intelligence; MANTRA, maternal and newborn technology for resilience; GAIN MHI, gamification, artificial intelligence and mhealth network for maternal health improvement; MVP, most valuable player; MIP, most improved player; KRC, knowledge resource center; AUB, American University of Beirut; GHI, Global Health Institute; IRB, institutional review board; MENA, Middle East and North Africa; FBS, fasting blood sugar.



References


	1. WHO. Maternal Mortality. Geneva: WHO (2024). Available online at: https://www.who.int/news-room/fact-sheets/detail/maternal-mortality


	2. Geller SE, Koch AR, Garland CE, Macdonald EJ, Storey F, Lawton B. A global view of severe maternal morbidity: moving beyond maternal mortality. Reprod Health. (2018) 15:98. doi: 10.1186/s12978-018-0527-2


	3. Ekwuazi EK, Chigbu CO, Ngene NC. Reducing maternal mortality in low- and middle-income countries. Case Rep Womens Health. (2023) 39:e00542. doi: 10.1016/j.crwh.2023.e00542 37954228


	4. UNFPA. Trends in Maternal Mortality 2000–2020. Geneva; New York, NY; Washington, DC: WHO, UNICEF, UNFPA, World Bank Group and UNDESA/Population Division (2023).


	5. El-Kak F, Kabakian-Khasholian T, Ammar W, Nassar A. A review of maternal mortality trends in Lebanon, 2010–2018. Int J Gynaecol Obstet. (2020) 148:14–20. doi: 10.1002/ijgo.12994


	6. El Kak F, Harb H, Daouk S, Nassar A, Kabakian-Khasholian T. Maternal mortality in Lebanon: increased vulnerability among Syrian refugees. Int J Gynaecol Obstet. (2022) 159:166–72. doi: 10.1002/ijgo.14063


	7. Dimassi H, Alameddine M, Sabra N, El Arnaout N, Harb R, Hamadeh R, et al. Maternal health outcomes in the context of fragility: a retrospective study from Lebanon. Confl Health. (2023) 17:59. doi: 10.1186/s13031-023-00558-1


	8. UNICEF. Antenatal Care. New York, NY: UNICEF (2024). Available online at: https://data.unicef.org/topic/maternal-health/antenatal-care/#:∼:text=WHO%20recommends%20a%20minimum%20of,testing%20for%20bacteriuria%20and%20proteinuria


	9. Amponsah-Tabi S, Dassah ET, Asubonteng GO, Ankobea F, Annan JJK, Senu E, et al. An assessment of the quality of antenatal care and pregnancy outcomes in a tertiary hospital in Ghana. PLoS One. (2022) 17:e0275933. doi: 10.1371/journal.pone.0275933


	10. Tappis H, Lyles E, Burton A, Oweis A, Zaheya L-A, Roberton T, et al. Maternal health care utilization among Syrian refugees in Lebanon and Jordan. Matern Child Health J. (2017) 21:1798–807. doi: 10.1007/s10995-017-2315-y


	11. UNHCR. Lebanon: Health Access & Utilization Survey among Refugees in Lebanon (HAUS 2022). Geneva: UNHCR (2023).


	12. Akesson B, Badawi D, Frensch K. “The Life Needs to Go On”: The Perinatal Experiences of Syrian Mothers in Lebanon. Chicago: Journal of Mother Studies (2023).


	13. Rumaseuw R, Berliana SM, Nursalam N, Efendi F, Pradanie R, Rachmawati PD, et al. Factors affecting husband participation in antenatal care attendance and delivery. IOP Conf Ser. (2018) 116:012012. doi: 10.1088/1755-1315/116/1/012012


	14. Talhouk R, Mesmar S, Thieme A, Balaam M, Olivier P, Akik C, et al. Syrian Refugees and digital health in Lebanon: opportunities for improving antenatal health. Proceedings of the 2016 CHI conference on human factors in computing systems (2016). p. 331–342


	15. Rebeiz M-C, El-Kak F, Van Den Akker T, Hamadeh R, Mccall SJ. Maternal mortality is preventable in Lebanon: a case series of maternal deaths to identify lessons learned using the “three delays” model. Int J Gynaecol Obstet. (2023) 162:922–30. doi: 10.1002/ijgo.14770


	16. Shallal A, Lahoud C, Zervos M, Matar M. Lebanon is losing its front line. J Glob Health. (2021) 11:03052. doi: 10.7189/jogh.11.03052


	17. General OOTS. The Surgeon General’s Call to Action to Improve Maternal Health. Washington, DC: U.S. Department of Health and Human Services (2020).


	18. Konlan KD, Saah JA, Amoah RM, Doat AR, Mohammed I, Abdulai JA, et al. Factors influencing the utilization of focused antenatal care services during pregnancy, a study among postnatal women in a tertiary healthcare facility, Ghana. Nurs Open. (2020) 7:1822–32. doi: 10.1002/nop2.569


	19. Choudhury A, Nimbarte A. Editorial: mobile health interventions to address maternal health: ideas, concepts, and interventions. Front Digit Health. (2024) 6:1378416. doi: 10.3389/fdgth.2024.1378416


	20. Amoakoh-Coleman M, Borgstein AB-J, Sondaal SF, Grobbee DE, Miltenburg AS, Verwijs M, et al. Effectiveness of mHealth interventions targeting health care workers to improve pregnancy outcomes in low-and middle-income countries: a systematic review. J Med Internet Res. (2016) 18:e226. doi: 10.2196/jmir.5533


	21. Rahman MO, Yamaji N, Nagamatsu Y, Ota E. Effects of mHealth interventions on improving antenatal care visits and skilled delivery care in low- and middle-income countries: systematic review and meta-analysis. J Med Internet Res. (2022) 24:e34061. doi: 10.2196/34061


	22. Rahaman MS, Oyshee NR, Pratik SA, Mamun KAA. Developing an mHealth application to empower community health service for married couple: challenges and opportunities. 2018 4th International Conference on Electrical Engineering and Information & Communication Technology (iCEEiCT) (2018). p. 227–33


	23. De P, Pradhan MR. Effectiveness of mobile technology and utilization of maternal and neonatal healthcare in low and middle-income countries (LMICs): a systematic review. BMC Womens Health. (2023) 23:664. doi: 10.1186/s12905-023-02825-y


	24. WHO. Trends in Maternal Mortality 2000 to 2020. Geneva: WHO (2023).


	25. Lee SH, Nurmatov UB, Nwaru BI, Mukherjee M, Grant L, Pagliari C. Effectiveness of mHealth interventions for maternal, newborn and child health in low- and middle-income countries: systematic review and meta-analysis. J Glob Health. (2016) 6:010401. doi: 10.7189/jogh.06.010401


	26. Colaci D, Chaudhri S, Vasan A. Mhealth interventions in low-income countries to address maternal health: a systematic review. Ann Glob Health. (2016) 82:922–35. doi: 10.1016/j.aogh.2016.09.001


	27. Daly LM, Horey D, Middleton PF, Boyle FM, Flenady V. The effect of mobile app interventions on influencing healthy maternal behavior and improving perinatal health outcomes: systematic review. JMIR Mhealth Uhealth. (2018) 6:e10012. doi: 10.2196/10012


	28. Fotso JC, Bellhouse L, Vesel L, Jezman Z. Strengthening the home-to-facility continuum of newborn and child health care through mHealth: evidence from an intervention in rural Malawi. Afr Popul Stud. (2015) 29:1663–82. doi: 10.11564/29-1-717


	29. Murthy N, Chandrasekharan S, Prakash MP, Ganju A, Peter J, Kaonga N, et al. Effects of an mHealth voice message service (mMitra) on maternal health knowledge and practices of low-income women in India: findings from a pseudo-randomized controlled trial. BMC Public Health. (2020) 20:820. doi: 10.1186/s12889-020-08965-2


	30. Murthy N, Chandrasekharan S, Prakash MP, Kaonga NN, Peter J, Ganju A, et al. The impact of an mHealth voice message service (mMitra) on infant care knowledge, and practices among low-income women in India: findings from a pseudo-randomized controlled trial. Matern Child Health J. (2019) 23:1658–69. doi: 10.1007/s10995-019-02805-5


	31. Kirkwood EK, Clymer C, Imbulana K, Mozumder S, Dibley MJ, Alam NA. The role of mHealth interventions in changing gender relations: systematic review of qualitative findings. JMIR Hum Factors. (2022) 9:e32330. doi: 10.2196/32330


	32. Lebrun V, Dulli L, Alami SO, Sidiqi A, Sultani AS, Rastagar SH, et al. Feasibility and acceptability of an adapted mobile phone message program and changes in maternal and newborn health knowledge in four provinces of Afghanistan: single-group Pre-post assessment study. JMIR Mhealth Uhealth. (2020) 8:e17535. doi: 10.2196/17535


	33. Rajan R, Liu A, Ollis S, Sullivan E. Lessons from Country Programs Implementing the Mobile Alliance for Maternal Action Programs in Bangladesh, South Africa, India and Nigeria, 2010–2016 (2018).


	34. Feroz A, Perveen S, Aftab W. Role of mHealth applications for improving antenatal and postnatal care in low and middle income countries: a systematic review. BMC Health Serv Res. (2017) 17:704. doi: 10.1186/s12913-017-2664-7


	35. Ameyaw EK, Amoah PA, Ezezika O. Effectiveness of mHealth apps for maternal health care delivery: systematic review of systematic reviews. J Med Internet Res. (2024) 26:e49510. doi: 10.2196/49510


	36. Abraham JM, Melendez-Torres GJ. A realist review of interventions targeting maternal health in low- and middle-income countries. Womens Health (Lond). (2023) 19:17455057231205687. doi: 10.1177/17455057231205687


	37. Tonwe-Gold B, Ekouevi DK, Bosse CA, Toure S, Koné M, Becquet R, et al. Implementing family-focused HIV care and treatment: the first 2° years’ experience of the mother-to-child transmission -plus program in Abidjan, Côte d’Ivoire. Trop Med Int Health. (2009) 14:204–12. doi: 10.1111/j.1365-3156.2008.02182.x


	38. WHO. Sexual and Reproductive Health in Protracted Crises and Recovery. Geneva: WHO (2009).


	39. Mannava P, Durrant K, Fisher J, Chersich M, Luchters S. Attitudes and behaviours of maternal health care providers in interactions with clients: a systematic review. Global Health. (2015) 11:36. doi: 10.1186/s12992-015-0117-9


	40. WHO. Counselling for Maternal and Newborn Health Care. Geneva: WHO (2013).


	41. Tuyisenge G, Hategeka C, Luginaah I, Babenko-Mould Y, Cechetto D, Rulisa S. Continuing professional development in maternal health care: barriers to applying new knowledge and skills in the hospitals of Rwanda. Matern Child Health J. (2018) 22:1200–7. doi: 10.1007/s10995-018-2505-2


	42. Bangal VB, Borawake SK, Gavhane SP, Aher KH. Use of mobile phone for improvement in maternal health: a randomized control trial. Int J Reprod Contracept Obstet Gynecol. (2017) 6:5458–64. doi: 10.18203/2320-1770.ijrcog20175260


	43. Lund S, Hemed M, Nielsen BB, Said A, Said K, Makungu M, et al. Mobile phones as a health communication tool to improve skilled attendance at delivery in Zanzibar: a cluster-randomised controlled trial. BJOG. (2012) 119:1256–64. doi: 10.1111/j.1471-0528.2012.03413.x


	44. Chib A. The aceh besar midwives with mobile phones project: design and evaluation perspectives using the information and communication technologies for healthcare development model. J Comput Mediat Commun. (2010) 15:500–25. doi: 10.1111/j.1083-6101.2010.01515.x


	45. Nilsson C, Sørensen BL, Sørensen JL. Comparing hands-on and video training for postpartum hemorrhage management. Acta Obstet Gynecol Scand. (2014) 93:517–20. doi: 10.1111/aogs.12372


	46. Lund S, Boas IM, Bedesa T, Fekede W, Nielsen HS, Sørensen BL. Association between the safe delivery app and quality of care and perinatal survival in Ethiopia: a randomized clinical trial. JAMA Pediatr. (2016) 170:765–71. doi: 10.1001/jamapediatrics.2016.0687


	47. Musiimenta A, Tumuhimbise W, Atukunda EC, Mugaba AT, Asasira J, Katusiime J, et al. A mobile health app may improve maternal and child health knowledge and practices among rural women with limited education in Uganda: a pilot randomized controlled trial. JAMIA Open. (2022) 5:ooac081. doi: 10.1093/jamiaopen/ooac081


	48. Thomsen CF, Barrie AMF, Boas IM, Lund S, Sørensen BL, Oljira FG, et al. Health workers’ experiences with the safe delivery app in west wollega zone, Ethiopia: a qualitative study. Reprod Health. (2019) 16:50. doi: 10.1186/s12978-019-0725-6


	49. Bolan NE, Sthreshley L, Ngoy B, Ledy F, Ntayingi M, Makasy D, et al. mLearning in the democratic republic of the Congo: a mixed-methods feasibility and pilot cluster randomized trial using the safe delivery app. Glob Health Sci Pract. (2018) 6:693–710. doi: 10.9745/GHSP-D-18-00275


	50. Singh Sodha T, Grønbæk A, Bhandari A, Mary B, Sudke A, Smith LT. Mhealth learning tool for skilled birth attendants: scaling the safe delivery app in India. BMJ Open Qual. (2022) 11. doi: 10.1136/bmjoq-2022-001928


	51. Kayastha R, Mueller S, Yadav P, Kelman I, Boscor A, Saville N, et al. Do women in Nepal like playing a mobile game? MANTRA: a Mobile gamified app for improving healthcare seeking behavior in rural Nepal. Front Public Health. (2021) 9. doi: 10.3389/fpubh.2021.645837


	52. Shaheen MY. Applications of artificial intelligence (AI) in healthcare: a review. ScienceOpen Preprints (2021).


	53. Saif-Ur-Rahman K, Islam MS, Alaboson J, Ola O, Hasan I, Islam N, et al. Artificial intelligence and digital health in improving primary health care service delivery in LMICs: a systematic review. J Evid Based Med. (2023) 16:303–20. doi: 10.1111/jebm.12547


	54. Wahl B, Cossy-Gantner A, Germann S, Schwalbe NR. Artificial intelligence (AI) and global health: how can AI contribute to health in resource-poor settings? BMJ Glob Health. (2018) 3:e000798. doi: 10.1136/bmjgh-2018-000798


	55. Khan M, Khurshid M, Vatsa M, Singh R, Duggal M, Singh K. On AI approaches for promoting maternal and neonatal health in low resource settings: a review. Front Public Health. (2022) 10. doi: 10.3389/fpubh.2022.880034


	56. Amitai T, Kan-Tor Y, Y OR, Shoham Z, Shofaro Y, Richter D, et al. Embryo classification beyond pregnancy: early prediction of first trimester miscarriage using machine learning. J Assist Reprod Genet. (2023) 40:309–22. doi: 10.1007/s10815-022-02619-5


	57. Topol EJ. High-performance medicine: the convergence of human and artificial intelligence. Nat Med. (2019) 25:44–56. doi: 10.1038/s41591-018-0300-7


	58. Oprescu AM, Miró-Amarante G, García-Díaz L, Beltrán LM, Rey VE, Romero-Ternero M. Artificial intelligence in pregnancy: a scoping review. IEEE Access. (2020) 8:181450–84. doi: 10.1109/ACCESS.2020.3028333


	59. Panda PK, Sharma R. Transforming maternal healthcare: harnessing the power of artificial intelligence for improved outcomes and access. World J Adv Res Rev. (2024). doi: 10.30574/wjarr.2024.23.1.2005


	60. Rittenhouse KJ, Vwalika B, Keil A, Winston J, Stoner M, Price JT, et al. Improving preterm newborn identification in low-resource settings with machine learning. PLoS One. (2019) 14:e0198919. doi: 10.1371/journal.pone.0198919


	61. Saleh S, Farah A, Dimassi H, El Arnaout N, Constantin J, Osman M, et al. Using mobile health to enhance outcomes of noncommunicable diseases care in rural settings and refugee camps: randomized controlled trial. JMIR Mhealth Uhealth. (2018) 6:e137. doi: 10.2196/mhealth.8146


	62. Doocy S, Paik KE, Lyles E, Hei Tam H, Fahed Z, Winkler E, et al. Guidelines and mHealth to improve quality of hypertension and type 2 diabetes care for vulnerable populations in Lebanon: longitudinal cohort study. JMIR Mhealth Uhealth. (2017) 5:e158. doi: 10.2196/mhealth.7745


	63. Saleh S, Farah A, El Arnaout N, Dimassi H, El Morr C, Muntaner C, et al. Mhealth use for non-communicable diseases care in primary health: patients’ perspective from rural settings and refugee camps. J Public Health. (2018b) 40:ii52–63. doi: 10.1093/pubmed/fdy172


	64. Saleh S, Khodor R, Alameddine M, Baroud M. Readiness of healthcare providers for eHealth: the case from primary healthcare centers in Lebanon. BMC Health Serv Res. (2016) 16:644. doi: 10.1186/s12913-016-1896-2


	65. Salem R, El Zakhem A, Gharamti A, Tfayli A, Osman H. Palliative care via telemedicine: a qualitative study of caregiver and provider perceptions. J Palliat Med. (2020) 23:1594–8. doi: 10.1089/jpm.2020.0002


	66. Alsswey A, Al-Samarraie H, Bervell B. Mhealth technology utilization in the Arab world: a systematic review of systems, usage, and challenges. Health Technol (Berl). (2021) 11:895–907. doi: 10.1007/s12553-021-00549-3


	67. Seita A, Balout G, Albeik S, Salameh Z, Zeidan W, Shah S, et al. Leveraging Digital Health Data to Transform the United Nations Systems for Palestine Refugees for the Post Pandemic Time. Philadelphia: Health Systems & Reform (2024).


	68. El-Jardali F, Bou-Karroum L, Jabbour M, Bou-Karroum K, Aoun A, Salameh S, et al. Digital health in fragile states in the Middle East and north Africa (MENA) region: a scoping review of the literature. PLoS One. (2023) 18:e0285226. doi: 10.1371/journal.pone.0285226


	69. WHO. WHO recommendations on Antenatal Care for a Positive Pregnancy Experience. Geneva: WHO (2016). Available online at: https://iris.who.int/bitstream/handle/10665/250796/9789241549912-eng.pdf;jsessionid=7C2FF8ABD56C565A3483987F1DA21796?sequence=1


	70. ACOG. Abortion can be Medically Necessary. Washington, D.C.: ACOG (2019). Available online at: https://www.acog.org/news/news-releases/2019/09/abortion-can-be-medically-necessary


	71. Mbunge E, Sibiya MN. Mobile health interventions for improving maternal and child health outcomes in South Africa: a systematic review. Glob Health J. (2024) 8:103–12. doi: 10.1016/j.glohj.2024.08.002


	72. Amoakoh-Coleman M, Borgstein AB-J, Sondaal SFV, Grobbee DE, Miltenburg AS, Verwijs M, et al. Effectiveness of mHealth interventions targeting health care workers to improve pregnancy outcomes in low- and middle-income countries: a systematic review. J Med Internet Res. (2016) 18:e226. doi: 10.2196/jmir.5533


	73. Nicoloro-Santabarbara J, Rosenthal L, Auerbach MV, Kocis C, Busso C, Lobel M. Patient-provider communication, maternal anxiety, and self-care in pregnancy. Soc Sci Med. (2017) 190:133–40. doi: 10.1016/j.socscimed.2017.08.011


	74. Lori JR, Yi CH, Martyn KK. Provider characteristics desired by African American women in prenatal care. J Transcult Nurs. (2011) 22:71–6. doi: 10.1177/1043659610387149


	75. Worku AG, Yalew AW, Afework MF. Maternal complications and women’s behavior in seeking care from skilled providers in North Gondar, Ethiopia. PLoS One. (2013) 8:e60171. doi: 10.1371/journal.pone.0060171


	76. Policy GH. The U.S. Government and Global Maternal and Child Health Efforts. San Francisco, CA: KFF (2022). Available online at: https://www.kff.org/global-health-policy/fact-sheet/the-u-s-government-and-global-maternal-and-child-health-efforts/


	77. Alarab N, Nabulsi D, El Arnaout N, Dimassi H, Harb R, Lahoud J, et al. Reproductive health of Syrian refugee women in Lebanon: a descriptive analysis of the sijilli electronic health records database. BMC Womens Health. (2023) 23:81. doi: 10.1186/s12905-023-02231-4


	78. WHO. The World Health Report 2005. Make Every Mother and Child Count. Geneva: WHO (2005).


	79. Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated with cesarean delivery for mother, baby, and subsequent pregnancies: systematic review and meta-analysis. PLoS Med. (2018) 15:e1002494. doi: 10.1371/journal.pmed.1002494


	80. Sandall J, Tribe RM, Avery L, Mola G, Visser GHA, Homer CSE, et al. Short-term and long-term effects of caesarean section on the health of women and children. Lancet. (2018) 392:1349–57. doi: 10.1016/S0140-6736(18)31930-5


	81. Sobhy S, Arroyo-Manzano D, Murugesu N, Karthikeyan G, Kumar V, Kaur I, et al. Maternal and perinatal mortality and complications associated with caesarean section in low-income and middle-income countries: a systematic review and meta-analysis. Lancet. (2019) 393:1973–82. doi: 10.1016/S0140-6736(18)32386-9


	82. WHO. Daily Iron and Folic Acid Supplementation During Pregnancy. Geneva: WHO (2024). Available online at: https://www.who.int/tools/elena/interventions/daily-iron-pregnancy


	83. WHO. Calcium Supplementation During Pregnancy to Reduce the Risk of pre-eclampsia. Geneva: WHO (2023). Available online at: https://www.who.int/tools/elena/interventions/calcium-pregnancy


	84. NHS. Ultrasound Scans in Pregnancy. England: NHS (2024). Available online at: https://www.nhs.uk/pregnancy/your-pregnancy-care/ultrasound-scans/


	85. Virjee S, Robinson S, Johnston D. Screening for diabetes in pregnancy. J R Soc Med. (2001) 94:502–9. doi: 10.1177/014107680109401003


	86. AUBMC. WOMEN’S HEALTH: Essential Tests During Pregnancy. Lebanon: AUBMC (2016).


	87. NHS. You and Your Baby at 37 Weeks Pregnant. England: NHS (2021). Available online at: https://www.nhs.uk/pregnancy/week-by-week/28-to-40-plus/37-weeks/


	88. Rouse CE, Eckert LO, Babarinsa I, Fay E, Gupta M, Harrison MS, et al. Spontaneous abortion and ectopic pregnancy: case definition & guidelines for data collection, analysis, and presentation of maternal immunization safety data. Vaccine. (2017) 35:6563. doi: 10.1016/j.vaccine.2017.01.047






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluating the impact of engaging healthcare providers in an AI-based gamified mHealth intervention for improving maternal health outcomes among disadvantaged pregnant women in Lebanon

		1 Introduction



		2 Methods and materials



		2.1 Study design



		2.2 Centers selection



		2.3 Study population



		2.4 GAIN MHI intervention



		2.4.1 About the intervention











		2.5 Data collection



		2.6 Ethical approval



		2.7 Study parameters



		2.8 Statistical analysis











		3 Results



		3.1 Access to healthcare



		3.2 Maternal and neonatal outcomes











		4 Discussion



		4.1 Access to primary healthcare services



		4.2 Maternal and neonatal outcomes



		4.3 Limitations











		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Abbreviations



		References




















OPS/images/cover.jpg
& frontiers | Frontiers in Digital Health

Evaluating the impact of engaging healthcare
providers in an Al-based gamified mHealth
intervention for improving maternal health
outcomes among disadvantaged pregnant

women in Lebanon






OPS/images/fdgth-07-1574946-g001.jpg
~
»:%E a:z:n Intervention Component A
it

ke, A0 Spouses of enrolled pregnant women were targeted by the following on a weeKly basis:
MOPH UNRWA « General and emotional
R  Main ANC visits and tests that pregnant women should do based on gestational age.
Intervention
Arm 1 comprises

o oher A Intervention Component B
andB Pregnant women visiting these PHCs during their first trimester received:
* Gestational age-specific weekly antenatal care (ANC) informative mobile-based messages (text and voice) in Arabic.
o [ - Reminders of necessary ANC appointments.
a:n

UNRWA Intervention Component C
ion Arm 2 Eh i i ion PHC sites used a GAIN MHI App, whi
employed
includinga monthly
(AT "Most Improved Player (MIP)" and "Most MVP)," as well as int L
A rificial toidentify patterns enabling
B,andC ized | 0ss five areas of maternal : ion, diagnostics,

acr
topics, and COVID-19-related information.







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Digital Health





