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36 Abstract 

37 Background: Diabetes represents an emerging global health crisis, with lower-middle-income 
38 countries experiencing a fast growth in prevalence. Diabetes care in these regions often faces 
39 significant challenges, including inadequate healthcare infrastructure, limited financial resources, 
40 a shortage of trained healthcare personnel, and a dual burden of communicable and non-
41 communicable diseases. Artificial intelligence (AI) offers tailored and scalable solutions for 
42 addressing these systemic barriers by enabling early diagnosis and risk prediction, integrating 
43 diabetes care delivery across all levels of healthcare. However, the successful implementation of 
44 AI interventions requires an understanding of the unique infrastructural, technological, socio-
45 political, and cultural factors influencing diabetes care in these regions.

46 Objective: This protocol outlines a systematic review to synthesize evidence on the barriers and 
47 facilitators to implementing AI-enabled diabetes interventions in lower-middle-income countries, 
48 and to examine the specific AI applications being deployed in these settings.

49 Methods: A comprehensive literature search will be performed across five databases: Medline, 
50 Web of Science, CINAHL, IEEE Xplore, and ACM Digital Library, encompassing peer-
51 reviewed publications from 2015 to 2025. The review will include studies which assess AI-
52 enabled interventions implemented in healthcare settings for diabetes prevention, diagnosis, and 
53 management in lower-middle-income countries. Studies that assess the efficacy of artificial 
54 intelligence tools without direct evaluation of these tools in clinical decision-making or patient 
55 care processes will be excluded. Two independent reviewers will assess studies for inclusion 
56 using a predefined search strategy. The reporting of results will adhere to the PRISMA 2020 
57 checklist (1). The risk of bias in individual studies will be evaluated using Hawker’s tool for 
58 disparate study designs.

59 Conclusion: The findings of this systematic review will identify key considerations for 
60 implementing AI technologies in diabetes care and provide evidence to support policymakers, 
61 healthcare providers, and technology developers in designing context-appropriate interventions 
62 that improve care delivery and health outcomes in lower-middle-income countries.
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70 Introduction 

71 Diabetes mellitus, encompassing type 1 (T1DM), type 2 (T2DM), and gestational diabetes 

72 (GDM), has emerged as one of the fastest-growing global health emergencies of the 21st century, 

73 with the prevalence of the non-communicable disease (NCD) rising from 200 million cases in 

74 1990 to 830 million worldwide in 2022 (2). Diabetes and its related complications also 

75 significantly elevate the risk of developing other NCDs, including cardiovascular disease (3,4), 

76 stroke (5,6), and kidney disease (7,8). Since 2000, diabetes-related mortality has been on the rise 

77 globally (9), with an estimated 3.4 million deaths attributed to the condition and its 

78 complications in 2024 (10).

79 LMICs experience a disproportionate share of the global burden of diabetes mellitus, with 

80 approximately 80% of individuals with T2DM living in these regions (11). The rise in diabetes 

81 prevalence in LMICs, that of specifically T2DM and GDM continues to outpace that of high-

82 income countries (HICs) (12) - a trend associated with rapid urbanization, sedentary lifestyles, 

83 nutritional transitions, and increasing obesity rates (13,14). While the incidence of T1DM is 

84 higher in HICs compared to LMICs (15), significantly higher cause-specific mortality rates are 

85 observed in LMICs (16). This pattern may be attributable to disparities in access to medications, 

86 inpatient and outpatient care, gaps in clinical guidelines, and treatment continuity (17–19) - with 

87 fewer than 10% of individuals with diabetes mellitus in LMICs receiving all guideline-

88 recommended treatments for diabetes (20). 

89 A subset of LMICs are lower-middle-income countries, defined by a Gross National Income per 

90 capita between $1,146 and $4,515 by the World Bank (21). In these settings, the prevalence of 

91 T2DM  was the highest among all World Bank income classifications in 2021 (22), and over 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 2, 2025. ; https://doi.org/10.1101/2025.06.01.25328752doi: medRxiv preprint 

https://doi.org/10.1101/2025.06.01.25328752
http://creativecommons.org/licenses/by/4.0/


4

92 one-third of the population is at high risk of developing T2DM (23). However, prevention 

93 efforts—such as blood glucose screening, and physical activity and dietary counseling focused 

94 on fruits and vegetables—are limited (23)— and treatment coverage remains low (20,24). 

95 Diabetes prevention and management in lower-middle income countries presents several 

96 challenges across sociodemographic, economic, infrastructural, and healthcare system domains 

97 (24–26). At the system level, the rise in diabetes occurs alongside an ongoing epidemiologic 

98 transition, where non-communicable diseases are increasing while infectious diseases remain 

99 prevalent (27,28). This results in health systems that are often designed to address acute 

100 conditions rather than provide long-term care for chronic diseases including diabetes (29,30). 

101 Clinical practice guidelines for diabetes mellitus (DM) management implemented in these 

102 regions rank lower in quantity and quality than those in high-income countries (HICs) and 

103 existing gaps in their content and implementation challenges may contribute to the higher 

104 diabetes mortality observed in these regions. For example, DM guidelines in lower-middle-

105 income countries are often provider-focused, with limited emphasis on patient- and population-

106 centered care, and do not cover the full spectrum of diabetes management. (31). Limited trained 

107 personnel and specialized care, along with centralized services in urban hospitals, leave rural and 

108 primary care facilities under-equipped for long-term management (30,32,33). Globally, lower 

109 educational attainment is associated with higher T2DM risk (34,35), and in lower-middle-income 

110 countries, inadequate access to diabetes education and counseling may heighten this risk by 

111 contributing to poor health literacy and limiting independent disease management (36–38). 

112 Financial barriers, including a lack of health insurance (39,40), high out-of-pocket costs for 

113 medications, diagnostic tests, transportation to diabetes services, and consultations, further limit 

114 access to timely and continuous treatment (41,42). These challenges collectively contribute to 
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115 delayed diagnosis, poor disease management, and preventable complications (43,44), 

116 highlighting the need for tailored strategies that consider local health system capacity and 

117 resource availability to improve access to care and diabetes outcomes in lower-middle-income 

118 countries.

119 Artificial intelligence (AI) is being increasingly integrated into tools and devices across the 

120 diabetes care continuum, offering benefits to healthcare providers, patients, and healthcare 

121 systems (45,46). AI systems can integrate diverse datasets—including electronic health records, 

122 continuous glucose monitoring, retinal images, genomics, wearable sensors, and behavioral data 

123 (e.g., physical activity and dietary habits)—to detect complex patterns, predict future risks (such 

124 as hypoglycemia and hyperglycemia), and support personalized treatment plans (47,48). In 

125 lower-middle-income countries, AI-enabled diabetes interventions can address access barriers 

126 and resource constraints, scaling healthcare capacity by assisting with tasks that may limit the 

127 reach of medical workforces. In the case of diabetic retinopathy (DR) care, AI algorithms can 

128 help improve efficiency, increase accessibility and reduce costs associated with existing tele-

129 ophthalmology screening programs by autonomously screening for the condition (49,50). This 

130 tool can enable healthcare providers to extend DR assessments to remote areas, facilitating 

131 earlier detection and reducing condition progression. Furthermore, AI-powered remote 

132 monitoring tools—such as continuous glucose monitors, and mobile health applications can 

133 enable healthcare providers to monitor patient conditions from any location, reducing the need 

134 for in-person visits (45). In regions with a shortage of trained healthcare providers, AI can assist 

135 clinicians—without formal diabetes training—by analyzing patient data and providing evidence-

136 based recommendations for treatment or lifestyle modifications (51,52). In patient-facing 

137 applications, AI technologies empower patients to make informed decisions about disease 
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138 management by providing real-time, personalized feedback on behaviors such as diet, activity 

139 levels, and insulin dosing adjustments (49,53–55). These self-management tools can provide 

140 individuals the flexibility to tailor their management approaches according to changes in daily 

141 routines, enhancing long-term disease control and reducing the risk of complications.

142 Integrating AI into diabetes care in lower-middle-income countries has the potential to shift 

143 health systems toward more affordable, accessible, and personalized models of care, extending 

144 care to more individuals and enhancing treatment effectiveness and continuity (56–58).

145 As most available evidence on AI technologies for diabetes care originates from studies 

146 conducted in high-income settings (49,59), previous reviews have largely focused on these 

147 contexts. However, digital infrastructure (60,61), health system organization (62,63), clinical 

148 treatment targets (64,65), and the epidemiology of diabetes conditions (66,67) – including 

149 variations in risk factors (68) -  often differ between high-income and lower-middle-income 

150 countries. These differences may influence regional implementation considerations that are 

151 important to address when applying AI-enabled interventions in lower-middle-income settings 

152 (58,69,70). While some reviews have explored the use of AI in other health domains in LMICs, 

153 such as dentistry (71), and others have assessed AI tools for diabetic retinopathy screening 

154 (57,58), no review to date has examined the barriers and facilitators to implementing AI 

155 interventions across diabetes care in lower-middle income countries. Addressing this gap may 

156 support the development and scale-up of contextually appropriate AI-enabled interventions 

157 across different levels of local health systems (69,72). Therefore, this systematic review aims to 

158 identify and synthesize evidence on the barriers and facilitators influencing the implementation 

159 of AI-enabled diabetes interventions in LMICs. Given the diversity of AI applications in diabetes 

160 care and the influence of local context (49,73), this review also aims to explore the specific AI 
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161 applications and technologies being deployed in these settings and assess how their use aligns 

162 with local healthcare priorities, available infrastructure, and care delivery models.

163

164 Methods

165 2.1 Design 

166 This systematic review protocol follows the Preferred Reporting Items for Systematic Review 

167 and Meta-Analysis Protocols (PRISMA-P) 2015 guidelines (S1 Fig) (74). The primary research 

168 question guiding this review is ‘What are the barriers and facilitators to the implementation of 

169 AI-enabled diabetes interventions in lower-middle-income-countries?’. This protocol has been 

170 registered on the Open Science Framework and is available at: osf.io/sq7gk. 

171 2.2 Eligibility Criteria

172 The inclusion and exclusion criteria for this review are summarized in Table 1. Only peer-

173 reviewed articles published in English between 2015 and 2025 will be eligible for inclusion. 

174 Eligible studies must examine the implementation of interventions that use artificial intelligence 

175 (AI) technologies to support the screening, prevention, diagnosis, or management of diabetes, 

176 and report on physical and/or perceptual barriers and/or facilitators to their use. Eligible 

177 populations include individuals residing in LMICs who have been diagnosed with pre-diabetes—

178 based on criteria established by the American Diabetes Association (75)—as well as those with 

179 T1DM, T2DM, and GDM. Studies focusing on healthcare provider experiences are included if 

180 the AI intervention was implemented in the context of delivering care to these populations. In 

181 this review, AI technologies are defined based on the World Health Organization’s definition as 
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182 systems and tools that integrate algorithms capable of learning from data, enabling them to 

183 perform automated tasks without the need for explicit human programming at every step (76). 

184 LMICs are classified according to the World Bank’s fiscal year 2025 definitions. For the 

185 purposes of this review, the term "country" follows the World Bank’s usage, which refers to any 

186 territory for which authorities report separate social or economic statistics and does not 

187 necessarily indicate political independence. (21) As digital health interventions such as mHealth 

188 and eHealth tools may incorporate AI technologies, studies involving these tools will be included 

189 at the title and abstract screening stage for full-text review. During full-text assessment, studies 

190 will be excluded if the interventions do not involve AI technologies in their development or 

191 function; the presence of AI components will be confirmed at this stage. To ensure that the 

192 review captures real-world implementation in LMIC populations, only studies conducted within 

193 clinical, or healthcare settings will be included. Studies solely examining AI algorithm 

194 development, validation, or retrospective evaluation using population-level datasets, without 

195 evidence of real-world implementation or clinical application, will be excluded. 

196

197 Table 1. Inclusion and exclusion criteria. 

Criteria Inclusion Exclusion

Geographical 

Scope 

Studies conducted in lower-middle-income 

countries according to the World Bank 

classification for fiscal year 2025.

Studies not conducted in 

LMICs or without a clearly 

defined geographic context.

Language English Non-English
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Study Design
Qualitative, quantitative, or mixed-

methods studies examining the 

implementation of AI-enabled 

interventions in lower-middle-income 

countries.

Theoretical or conceptual 

papers with no empirical 

data; purely descriptive 

studies not assessing 

implementation.

Implementation 

Focus 

Studies that evaluate the implementation, 

adoption, integration, or user interaction of 

AI-enabled interventions in real-world 

settings.

Studies focusing only on 

model development, 

validation, or performance 

testing without deployment in 

a real-world setting.

Population Studies involving human participants, 

including individuals with pre-diabetes or 

diagnosed with diabetes, healthcare 

providers, health system stakeholders 

involved in the delivery or implementation 

of AI interventions.

Animal studies, simulation-

only studies without 

involvement of human users, 

patients, or healthcare 

providers in testing or 

evaluating the intervention.

Condition 

Focus 

Pre-diabetes, type 1, type 2, and 

gestational diabetes.

Studies focusing exclusively 

on non-diabetic populations 

or on conditions not linked to 

diabetes prevention or care.
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Studies where diabetes is 

incidental and not the primary 

focus of the AI intervention.

Interventions Interventions using artificial intelligence 

(AI) technologies, including digital health 

tools that explicitly mention or apply AI 

methods in the intervention.

Interventions that do not use 

or mention AI technologies.

Publication 

Type 

Peer-reviewed original research articles 

reporting primary data.

Editorials, commentaries, 

letters, opinion pieces, review 

articles (systematic, narrative, 

meta-analysis), conference 

abstracts or proceedings, 

study protocols, grey 

literature.

Publication 

Status 

Published 

Publication 

Date

2015-2025 Outside of this date range 

Outcomes Reports on barriers and/or facilitators to 

implementing AI-enabled interventions in 

diabetes care. 

Studies that do not report any 

implementation-related 

outcomes.
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Describes implementation outcomes such 

as adoption, acceptability, feasibility, 

integration, or sustainability.

198

199 2.3 Data Sources 

200 The review will include the following databases: Medline, Web of Science, CINAHL, IEEE 

201 Explore, and Association for Computing Machinery Digital Library (ACM Digital Library). 

202 Medline will be used to identify clinical and biomedical studies related to AI applications in 

203 diabetes care (77), while Web of Science offers multidisciplinary scientific research (78). IEEE 

204 Xplore and the ACM Digital Library will capture scientific, technical, and computing-focused 

205 literature (79,80).CINAHL will be used to access studies from nursing and allied health 

206 disciplines (81).

207 2.4 Search Strategy

208 Table 2 presents the search strategy for this review which focuses on four key themes: diabetes 

209 (82,83), artificial intelligence (82,84–86), digital health technologies(87–89), and lower-middle-

210 income countries [refs]. Relevant terms for each theme were derived from previous literature on 

211 diabetes, artificial intelligence applications and digital health technologies within the context of 

212 diabetes care, as well as from systematic reviews conducted in LMIC and lower-middle-income 

213 country settings. The most recent database search was conducted on May 28, 2025. To identify 

214 any additional relevant studies not captured by the initial search strategy, the reference lists of 

215 peer-reviewed articles will also be reviewed.

216 Table 2. Key concepts and associated search terms used in the search strategy for this review 
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Theme category Synonyms/Search terms 

Diabetes diabet*, prediabet*, pre-diabet*, T2D*, T1D*

Artificial Intelligence 
Artificial Intelligence, Computational 

Intelligence, Machine Learning, Data Mining, 

Data Science, Deep Learning, k-means, Fuzzy 

Logic, Heuristic, Clustering Analysis, Bayes, 

Bayesian Methods, Decision Tree*, Random 

Forest*, Particle Swarm Optimization, Pattern 

Recognition, Genetic Algorithm, Supervised 

Learning, Unsupervised Learning, 

Knowledge-Based System*, Case-Based 

Reasoning, Decision Support System*, Self-

Organizing Map, Evolutionary Computation, 

Neural Network*, Natural Language 

Processing, Reinforcement Learning, 

Cluster*, Cluster Analysis, Support Vector 

Machine*

Digital Health Technologies 
digital health, mHealth, m-Health, mobile 

health, mobile app*, web app*, digital 

platform*, smartphone app*, smartphone*, 

phone, mobile, digital app*, phone app*, 

wearable device*, wearable technolog*, 
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eHealth, e-Health, electronic health, uHealth, 

u-Health, ubiquitous health, mobile health

Lower-middle-income Countries

Angola, Honduras, Papua New Guinea, 

Bangladesh, India, Philippines, Benin, Jordan, 

Samoa, Bhutan, Kenya, São Tomé and 

Principe, Bolivia, Kiribati, Senegal, Cabo 

Verde, Kyrgyz Republic, Solomon Islands, 

Cambodia, Lao PDR, Sri Lanka, Cameroon, 

Lebanon, Tajikistan, Comoros, Lesotho, 

Tanzania, Congo, Rep., Republic of the 

Congo, Mauritania, Timor-Leste, Côte 

d'Ivoire, Micronesia, Fed. Sts., Federated 

States of Micronesia, Micronesia, Tunisia, 

Djibouti, Morocco, Uzbekistan, Egypt, Arab 

Rep., Arab Republic of Egypt, Egypt, 

Myanmar, Vanuatu, Eswatini, Nepal, 

Vietnam, Ghana, Nicaragua, West Bank and 

Gaza, Guinea, Nigeria, Zambia, Haiti, 

Pakistan, Zimbabwe, developing, less 

developed, less-developed, underdevelop*, 

under develop*, under-develop*, low middle 
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income, low-middle-income, low income, 

underserved, under served, under-served, 

deprived, poor, econom*, lmic, lami, 

transitional country, low resource, low-

resource, limited resource, limited-resource, 

underresourc*, under-resourc*, under 

resourc*, low access, low-access, limited 

access, limited-access, minimal access, 

minimal-access, poor access, poor-access, 

third world, third-world, developing countr*, 

developing nation*, developing world, low 

income, low-income, middle income, middle-

income, low and middle income, low-and-

middle-income

217

218 2.5 Article Screening and Data Extraction

219 All search results from each database will be imported into the Covidence web-based platform 

220 for systematic reviews, to conduct screening and for reference management, including 

221 deduplication. Two independent reviewers will first screen titles and abstracts of all studies 

222 remaining after deduplication. Full-text screening will then be conducted, with any 

223 disagreements resolved through reviewer consensus. Data extraction will be performed 

224 independently by two reviewers using a standardized extraction form. Extracted information will 

225 include study characteristics (year of publication, study setting, study design, sample size, data 
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226 sources, data collection period, eligibility criteria, study objectives, health system level (primary, 

227 secondary, tertiary)), population characteristics (population type (e.g., patient vs provider), 

228 sociodemographic details, diabetes type/risk status addressed, comorbidities), and intervention 

229 details (delivery model (e.g., clinic-based, mobile-based), intervention components, devices 

230 used, AI technology used, AI function and application context, implementation strategy). 

231 Outcomes of interest will include health outcome measures, key results, and reported barriers 

232 and facilitators to implementation. Risk of bias will be assessed at the study level using the 

233 Hawker et al. (2002) checklist, which evaluates the methodological quality of qualitative, 

234 quantitative, and mixed-methods studies and is well suited to the scope of this review. The 

235 Mixed Methods Appraisal Tool (MMAT), which allows for the evaluation of methodological 

236 quality across diverse study designs, will be used to assess the strength of the body of evidence. 

237

238 2.6 Limitations 

239 This review is limited to studies conducted in lower-middle-income countries, which facilitates a 

240 targeted synthesis of evidence within a specific economic and health system context, however, 

241 may exclude relevant insights from middle and upper-middle-income countries that may 

242 experience similar barriers and facilitators implementation challenges. The variation between AI 

243 technologies, implementation strategies, and health systems infrastructures across lower-middle-

244 income countries may introduce significant heterogeneity, limiting the comparability of findings. 

245 To account for contextual variability, key study setting variables (e.g., country, care level, 

246 delivery model) will be extracted and findings will be organized by geographic region and 

247 population type to identify patterns in implementation barriers and facilitators that may be 
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248 influenced by local health system structures and care delivery settings.  Furthermore, limiting the 

249 review to digital health interventions that explicitly incorporate AI excludes non-AI-based tools 

250 used across the diabetes care continuum in lower-middle-income countries. This focus may limit 

251 the generalizability of findings to implementation considerations for broader digital health 

252 interventions; however, it addresses a gap in the evidence by identifying distinct challenges and 

253 opportunities associated with data-driven AI-enabled tools.

254

255 3 Conclusion 

256 This systematic review will examine the implementation of AI-enabled diabetes interventions in 

257 lower-middle-income countries. By examining reported barriers, facilitators, intervention types, 

258 and AI applications, this review will identify implementation considerations to support 

259 policymakers, healthcare providers, and technology developers in advancing the design and 

260 integration of AI-enabled tools for diabetes care. The review also aims to highlight evidence 

261 gaps and priority areas for future research to enhance the feasibility, scalability, and uptake of 

262 interventions that enable proactive, personalized, and locally responsive care aligned with 

263 healthcare system needs and available resources.
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