
1

1 Cost–Benefit Analysis of a Mobile 
2 Community-Based Electronic Medical 
3 Record System for Community 
4 Differentiated HIV Service Delivery in 
5 Lilongwe, Malawi 
6
7 Short Title: Cost–Benefit Analysis of a Mobile Electronic Medical Record System 
8 for Community Differentiated HIV Service Delivery in Malawi
9

10 Christine Kiruthu-Kamamia1, Hiwot Weldemariam4, Sam Truwa2, Danneck Kathumba2, 
11 Jacqueline Huwa2, Agnes Thawani2, Hannock Tweya3,4, Wim Groot1, Milena Pavlova1,5, Caryl 
12 Feldacker3,4

13
14 1United Nations University – Maastricht Economic and Social Research Institute on Innovation 
15 and Technology, Maastricht, Netherlands
16  
17 2Lighthouse Trust, Lilongwe, Malawi
18  
19 3International Training and Education Center for Health,  Seattle, Washington, USA
20  
21 4Department of Global Health, University of Washington, Seattle, Washington, USA
22
23 5Department of Health Services Research, CAPHRI, Faculty of Health, Medicine and Life Sciences, 
24 Maastricht University Medical Center, Maastricht University, Maastricht, The Netherlands
25
26
27 *Corresponding Author:
28
29 Caryl Feldacker, MPH, PhD (CF)
30 Email: cfeld@uw.edu 
31

 . 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 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 12, 2025. ; https://doi.org/10.64898/2025.12.10.25342019doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

mailto:cfeld@uw.edu
https://doi.org/10.64898/2025.12.10.25342019
http://creativecommons.org/licenses/by/4.0/


2

32 ABSTRACT
33 Background: Community-based differentiated service delivery (DSD) models are critical for 

34 sustaining high-quality HIV care in resource-limited settings. However, these models often rely 

35 on labor-intensive documentation processes that reduce efficiency. The Community-based ART 

36 Retention and Suppression (CARES) app, a tablet-based electronic medical record system 

37 designed through a human-centered design process, was developed to extend Malawi’s 

38 national electronic medical record system into community settings used by Lighthouse Trust’s 

39 nurse-led community ART program (NCAP). This study evaluated the cost–benefit of 

40 implementing CARES within NCAP.

41 Methods: A cost–benefit analysis was conducted from the payer perspective, using data from a 

42 time–motion study of NCAP nurses and staff observed before and after CARES implementation. 

43 Observations were collected over 28 days between 2022 and 2024. Costs included one-time 

44 development, equipment, and training expenses, and annual maintenance costs. Benefits 

45 included annual time savings for healthcare workers and reduced documentation errors. All 

46 costs were converted to USD, discounted at 5%, and modeled over a 10-year horizon. 

47 Outcomes included present value (PV), net present value (NPV), benefit–cost ratio (BCR), and 

48 break-even benefit. 

49 Results: CARES reduced total time spent on observed NCAP tasks from 8 hours and 9 minutes 

50 pre-implementation to 4 hours and 23 minutes post-implementation. Annual benefits totaled 

51 $7,108, primarily from nurse time savings. The 10-year present value (PV) of benefits was 

52 $54,883, compared with PV costs of $46,499, yielding a net present value of $8,384 and a 
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53 benefit–cost ratio of 1.18. CARES exceeded the annual benefit required for cost-neutrality by 

54 approximately $1,086, indicating a positive economic return under routine implementation.

55 Conclusion: CARES substantially reduced the time required for healthcare worker 

56 documentation within a routine community-based DSD model and surpassed cost-neutrality, 

57 generating a net economic benefit over 10 years. These efficiency gains create additional 

58 capacity for patient care and reinforce the platform’s operational sustainability. CARES provides 

59 a practical foundation for additional, future AI-enabled enhancements. Continued evaluation is 

60 needed to quantify clinical and system-wide benefits beyond time savings.

61 INTRODUCTION
62

63 HIV remains a significant global health challenge, with sub-Saharan Africa, including Malawi, 

64 experiencing some of the highest HIV prevalence rates worldwide.(1) The World Health 

65 Organization (WHO) advocates for the adoption of differentiated service delivery (DSD) models 

66 for HIV care, which aim to provide tailored care to people living with HIV (PLHIV) regardless of 

67 their age, socioeconomic status, background, viral load levels, or ART stability.(2) Amid recent 

68 shifts in global health funding, with external aid plateauing and increasing pressure on countries 

69 to optimize limited resources, DSD models have become even more critical for sustaining access 

70 to quality HIV care while improving efficiency of service delivery.   

71 Community-based DSD models are especially important for stable clients who can safely receive 

72 antiretroviral therapy (ART) refills and routine assessments outside overcrowded facilities.(2,3) 

73 Lighthouse Trust, Malawi’s largest ART provider, implements one such model, the nurse-led 

74 community ART program (NCAP), which provides multi-month ART refills, quarterly clinical 
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75 screening, and adherence support to more than 6,000 stable clients through peer-support 

76 group sites across Lilongwe. (4) By shifting routine care into community settings, NCAP reduces 

77 travel burdens for clients and alleviates congestion at facility-based clinics.

78 Mobile health (mHealth), the use of mobile devices to improve healthcare delivery (5), is 

79 revolutionizing healthcare systems, including HIV management.(6–9) The WHO underscores the 

80 potential of mHealth technologies to enhance person-centered care by equipping healthcare 

81 workers with real-time, on-site data that supports more responsive, individualized decision-

82 making and improved continuity of care.(6) In resource-constrained settings, mHealth 

83 interventions have strengthened health system efficiency by reducing documentation burdens, 

84 improving data quality, and enabling more effective task shifting.(7–10) These gains have 

85 contributed to improving HIV treatment outcomes, including ART adherence, client retention, 

86 and viral load suppression. (11,12)

87 In collaboration with the International Training and Education Centre for Health (I-TECH), 

88 Seattle, Washington, and Medic Mobile, Nairobi, Kenya, Lighthouse Trust developed the 

89 Community-based ART Retention and Suppression (CARES) app, a tablet-based electronic 

90 medical records system (EMRS) tailored to support NCAP. Using participatory human-centered 

91 design (HCD), the CARES app was co-created with NCAP staff, culminating in the launch of its 

92 prototype. (13–15) The app was developed to extend Malawi’s facility-based EMRS into 

93 community sites, enabling real-time point-of-care documentation, automated clinical prompts, 

94 and streamlined transfer of visit records into facility systems.

95 Before implementing CARES, a time-motion study was conducted to examine healthcare worker 

96 activities within NCAP. The study revealed that a significant proportion, namely 57% of the 

 . 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)preprint 
The copyright holder for thisthis version posted December 12, 2025. ; https://doi.org/10.64898/2025.12.10.25342019doi: medRxiv preprint 

https://doi.org/10.64898/2025.12.10.25342019
http://creativecommons.org/licenses/by/4.0/


5

97 time, was spent on data entry and manual record linking. (14) These findings highlighted a clear 

98 opportunity for CARES to streamline workflows and enhance efficiency within DSD models.

99 There is a growing body of evidence evaluating the costs and effectiveness of community-based 

100 DSD models compared with facility-based care models in low- and middle-income countries 

101 (LMICs), showing that community DSD models deliver comparable or improved clinical 

102 outcomes while reducing costs and easing the burden on health facilities.(16–19) There is also 

103 separate research assessing the costs of mHealth interventions for HIV that suggests that 

104 mHealth tools can be delivered at relatively low cost and enhance HIV care.(20–22) However,  

105 there remains a critical gap in studies that evaluate the cost-benefit of integrated mHealth tools 

106 within community-based DSD models in sub-Saharan Africa. 

107 This gap appears wider with the emerging potential of AI-enabled mHealth and its promises to 

108 streamline service delivery, with reported early prototypes demonstrating early gains in patient 

109 monitoring efficiencies, data aggregation, and cost reductions. (23) However, for either current 

110 mHealth tools or future AI-enabled mHealth to deliver sustainable value, rigorous cost–benefit 

111 evaluation is essential, capturing both development and recurrent costs alongside productivity 

112 gains. With global health financing continuing to shrink and the urgent need for more efficient 

113 care delivery,  evidence to guide policy decisions on a sustainable HIV response has become 

114 increasingly critical. To help fill this gap, we conducted a cost-benefit analysis to evaluate the 

115 economic impact of the CARES app. 

116

117 METHODS
118
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119 Study design

120 A cost-benefit analysis was performed from the program (payer) perspective, comparing 

121 healthcare worker costs before and after the implementation of the CARES app. We conducted 

122 a descriptive time-motion costing study observing the workload of NCAP healthcare workers 

123 (HCWs), including NCAP nurses and a data officer, as they completed NCAP-related activities 

124 and data management tasks. All nurses provide direct services to NCAP clients in the 

125 community, and the data officer is responsible for managing NCAP data, including data entry 

126 and tracking clients with missed appointments. As with many routine HCWs, some providers 

127 also performed duties outside NCAP-related tasks but were only observed during discrete NCAP 

128 tasks. We categorized observed time proportionally to estimate the share of total provider 

129 work time spent on NCAP service delivery activities that were unrelated to data management, 

130 CARES-related tasks, or EMRs to CARES data integration activities. The economic evaluation was 

131 reported in accordance with the 2022 Consolidated Health Economic Evaluation Reporting 

132 Standards (CHEERS).(24) (S1 Table). 

133

134 Setting

135 This study was conducted at the Lighthouse Trust Center of Excellence ART clinics in Lilongwe, 

136 Malawi. Lighthouse Trust manages five top-tier clinics across Malawi, including two main clinics 

137 in urban Lilongwe: Lighthouse (LT) and Martin Preuss Center (MPC), which together serve over 

138 37,000 ART clients. Additionally, the Trust provides ART services at seven peri-urban satellite 

139 sites in Lilongwe District.(25–27) To ensure adherence to national ART guidelines, enhance 

140 client care and program outcomes, and streamline reporting, Lighthouse Trust utilizes the 
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141 Malawi Ministry of Health's point-of-care EMRS at all its sites. However, like other government-

142 run clinics, each facility's EMR operates independently, with no data sharing between clinics. 

143 NCAP services are available to clients from LT, MPC, and the seven satellite sites, but the CARES 

144 app prototype has been implemented exclusively for clients at LT and MPC.

145

146 NCAP

147 Since 2016, Lighthouse Trust's NCAP community DSD model has provided localized ART services 

148 to stable clients aged 18 and older who have been on first- or second-line treatment for at least 

149 six months with documented viral suppression.(4,13,14,28) NCAP offers monthly support group 

150 meetings, 3–6-month ART refills, and specialist referrals as needed. A client attends NCAP sites 

151 once per quarter. Previously, visit data were collected using an open data-kit (ODK)(29)-based 

152 tool and manually entered into the EMRS, a process the CARES app aims to streamline. The 

153 CARES prototype addresses several limitations of the ODK tool, including the lack of decision 

154 support, integrated care, and laboratory management, while also reducing paperwork. It 

155 enhances data transfer efficiency and improves overall client care delivery. 

156

157 CARES App 

158 The CARES app, developed in 2022 through a user-centered design process involving clients, 

159 healthcare workers, and Ministry of Health stakeholders, was built on the open-source 

160 Community Health Toolkit (CHT)(30) to reduce costs and support scalability.(13–15) NCAP 

161 supports 6,298 clients alive in care across all participating sites, including 3,033 clients at LT and 

162 MPC sites where the CARES prototype is implemented. Designed for offline-first use in low-
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163 connectivity settings, such as NCAP and CARES, aims to extend Malawi’s national EMRS into the 

164 community. CARES supports nurses during community visits by guiding structured ART reviews 

165 with decision aids aligned to national guidelines. It enables real-time point-of-care data entry, 

166 alerts for clinical concerns, assists with medication preparation, and supports new client 

167 enrollment in the facility. Following each consultation, CARES automatically synchronizes data 

168 with the point-of-care EMR, eliminating manual data entry and maintaining efficient 

169 documentation. 

170

171 Data Collection

172 To facilitate time tracking for this study, Lighthouse Trust research assistants (RAs) performed 

173 activity timekeeping, observing different cadres of routine HCWs along each step of the NCAP 

174 data pathway, including NCAP file preparation, community-based data collection, data 

175 management, and manual entry into the EMRs. A data collection tool (S2 Figure) listing all 

176 activities performed during NCAP-related work enabled categorization of time and the 

177 estimation of the proportion of total provider work time spent on different NCAP tasks, 

178 including service delivery unrelated to data management, CARES-related tasks, or EMRS–CARES 

179 integration. Not all activities occur daily. RAs used the stopwatch function on their phones to 

180 record time for each task. The number of clients served was estimated for each activity, and 

181 facilities were recorded. Observations of 13 nurses and data officers were made over 17 days of 

182 NCAP service delivery between October 2022 and June 2023 for the pre-CARES period and over 

183 11 days between March 6 and April 12, 2024, for the post-CARES period. Observations included 

184 both routine and periodic activities (S3 Table ), utilizing consistent checklists and timekeeping 
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185 methods. All NCAP-related activities were observed, regardless of whether CARES would impact 

186 them. Some HCWs worked across multiple facilities and were observed performing various 

187 tasks within a single day.

188

189 Discounting

190 We applied a 5% annual social discount rate, consistent with recommendations for LMICs due 

191 to their typically higher rates of economic growth.(31)

192

193 Currency, Price Date, and Conversion

194 All costs were recorded in Malawi Kwacha (MWK) and then converted to U.S. dollars (USD) for 

195 standardization. We applied an exchange rate of 1 USD = 1,700 MWK, consistent with the 

196 average rate during the 2023–2024 period, which aligned with the timing of the CARES 

197 implementation and post-intervention data collection.

198

199 Costs and benefits:

200 Costs

201 Costs were classified into four main categories: 1) Development costs referred to the one-time 

202 expenditure for application design and build, including personnel costs for app developers, and 

203 NCAP HCWs who provided feedback during development 2) Equipment costs covered the 

204 purchase of the server and tablets used for implementation 3)Training costs included the initial 

205 expenses for training HCWs on app use and 4)Annual maintenance costs were estimated at 10% 
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206 of the initial development costs to account for ongoing software support, updates, and 

207 technical upkeep. In the absence of primary maintenance data, this 10% estimate reflects 

208 anticipated cost efficiencies from CARES’ open-source design and integration within the existing 

209 Lighthouse Trust IT infrastructure.

210

211 Benefits

212

213 The primary outcome was the annual HCW time saved (in hours/year), estimated separately for 

214 nurses and data officers. The hourly salary rate was calculated based on the HCW annual 

215 salaries. We also included reduced documentation errors as a secondary benefit attributable to 

216 CARES’ automated EMRS synchronization. Because we did not directly measure errors, we 

217 parameterized them from the literature: a 10% baseline documentation error rate(32,33), and a 

218 50% relative reduction following EMR implementation in comparable settings. (34,35)

219

220 Data Analysis

221 The time-motion study included more observations during the pre-CARES phase than during the 

222 post-CARES phase due to funding constraints, resulting in a smaller sample of observed 

223 activities post-implementation. To maintain comparability, we calculated the average time per 

224 activity by dividing the total time spent by the number of observed activities, thereby allowing 

225 consistent per-activity comparisons.  We assumed that all one-time costs (development, 

226 training, and productivity loss) were incurred at the start of year 1, and that annual 
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227 maintenance costs and benefits accrued at the end of each year over 10 years. We applied a 

228 10-year analytic horizon because digital health platforms have multi-year durability, and this 

229 period allows upfront development costs to be spread over a realistic programmatic lifecycle 

230 while capturing sustained efficiency gains.(36) Present values of costs and benefits were 

231 calculated over the time horizon, including the net present value (NPV), benefit–cost ratio 

232 (BCR), and the break-even annual benefit (the minimum annual savings required for CARES to 

233 offset its costs).

234

235 Sensitivity Analysis

236 One-way sensitivity analyses were conducted, varying each key parameter (development cost, 

237 training cost, productivity loss, annual maintenance, and annual benefits) within plausible 

238 ranges around their base values. Cost parameters were generally varied by ±20% from the base 

239 case, while annual maintenance was modeled at 10% to 20% of development costs, and annual 

240 benefits were adjusted based on the range of errors avoided. For each scenario, NPV and BCR 

241 were recalculated to identify the parameters exerting the most significant influence on NPV.

242

243

244 Ethics

245 The CARES study protocol, including this costing component, was approved by the Malawi 

246 National Health Sciences Research Committee (Protocol# 21/11/2830) and the University of 

247 Washington, Seattle, USA (STUDY00013936) ethics review board. HCWs verbally consented to 
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248 observations, completing routine work in routine settings. No identifiable data were collected 

249 for this costing study.

250 RESULTS
251 Table 1 summarizes the one-time and recurring cost inputs for the CARES cost–benefit analysis. 

252 One-time costs reflect CARES development and include personnel ($21,164 ) covering software 

253 development,  NCAP provider feedback sessions, equipment ($3,350) for the server and tablets; 

254 and initial training ($1,500) to prepare NCAP healthcare workers to use CARES. Recurring costs 

255 were limited to annual system maintenance, estimated at ($2,601) (set at 10% of development 

256 costs)). 

257 Table 1: Cost categories 
258

Parameter Costs
One-time Costs
Personnel $21,164

Equipment $3,350
Training cost $1,500

Total $26,014
Recurring Costs

Annual maintenance $2,601

259 Time–motion observations showed substantial reductions in the time required for NCAP tasks 

260 after CARES was introduced, with total daily task time decreasing from 8 hours and 9 minutes 

261 to 4 hours and 23 minutes (S4 Table). Table 2 summarizes the estimated annual benefits 

262 associated with implementing CARES, derived from time-motion observations and estimates of 

263 reduction in documentation errors. Time savings from the time–motion study (S4 Table ) were 

264 used to calculate annual savings. CHS nurses saved 89.08 hours per year, which, at an hourly 

265 wage of $9.48, corresponded to $6,756 in annual savings for the eight CHS nurses. The data 

 . 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)preprint 
The copyright holder for thisthis version posted December 12, 2025. ; https://doi.org/10.64898/2025.12.10.25342019doi: medRxiv preprint 

https://doi.org/10.64898/2025.12.10.25342019
http://creativecommons.org/licenses/by/4.0/


13

266 officer saved 9.67 hours per year, corresponding to minimal annual savings of $30. Improved 

267 NCAP documentation was estimated to reduce documentation errors. We estimated 12,132 

268 NCAP visits annually for 3,033 enrolled clients and assumed a baseline documentation error 

269 rate of 10%(32,33), corresponding to approximately 1,213 errors per year. With an estimated 

270 50% reduction(34,35) in errors following CARES implementation, an estimated 607 

271 documentation errors were avoided each year. Using an estimated 10 minutes of data officer 

272 time per error at a wage of $3.20 per hour ($0.53 per error), this reduction translated into an 

273 additional $322 in annual savings. The combined annual monetary benefit of CARES was 

274 therefore estimated at $7,108. 

275

276 Table 2: Annual Benefits

Benefit type Quantity 
measured

Annual 
amount

Unit value 
(USD)

Annual benefit 
(USD)

Time savings – CHS nurses† Hours saved 89.08 hrs $9.48 / hr $6,753
Time savings – data officer† Hours saved 9.40 hrs $3.20 / hr $30

Documentation errors 
avoided‡

Errors avoided 606.6 errors $0.53 / error $322

Total $7,108
† Time savings were derived from time–motion observations of NCAP tasks and expressed on an annual basis.

‡ Assumes 12,132 NCAP visits per year for 3,033 clients, with a 10% baseline documentation-error rate, 50% 
reduction after CARES, and 10 minutes of data-officer time per error at $3.20/hour.

277 Table 3 presents the cost–benefit results of CARES over a 10-year horizon at a 5% discount rate. 

278 The PV of quantified benefits was estimated at $54,883, while the combined PV of costs, 

279 including upfront development, equipment, training, and annual maintenance, totaled $46,499. 

280 This yielded an NPV of $ 8,384 and a BCR of 1,18, indicating that the discounted benefits 

281 exceeded the discounted costs. CARES also surpassed the annual benefit required to break 
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282 even($6,022 per year) by approximately $1,086, demonstrating a positive economic return 

283 under base-case assumptions. One-way sensitivity analyses showed that results were most 

284 sensitive to development and annual maintenance costs, while variations in other parameters 

285 had comparatively limited impact on NPV (S5 Fig).

286 Table 3. CARES Cost–Benefit Analysis Results (10-Year Base Case)

Parameter Value
Discount rate 5%

Horizon (years) 10
Annuity factor (AF)* 7.72

Upfront costs (development + equipment+ 
training )

$26,412

Annual maintenance ($) $2,601
Annual benefit ($) $7,108

PV of benefits** $54,883
PV of maintenance costs** $20,087

Total PV of costs** $46,499
Net Present Value (NPV) $8,384

Benefit–Cost Ratio (BCR)*** 1.18
Break-even annual benefit ($/year) $6,022

Annual benefit shortfall to break-even ($/year) -$1,086
*Annuity Factor = AF=r1−(1+r)−n

**PV=present value (Pv*r/ 1-(1+r)-n)
*** Benefit-Cost Ratio = PV of Costs/PV of Benefits

**** Break even annual benefit = annual maintenance *(upfront costs/annuity factor)

287

288 DISCUSSION
289
290 Building on our pre-CARES deployment time-motion study(14), this analysis demonstrates that 

291 the time spent on NCAP activities and data integration decreased substantially after CARES 

292 implementation across nearly all observed tasks. Among nurses and the data officer, the total 

293 time spent on CARES-affected activities decreased by half, from approximately 8 hours pre-
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294 CARES to 4 hours post-CARES, indicating that CARES effectively reduced the time healthcare 

295 workers spent on NCAP activities including routine documentation, data integration, and 

296 reporting. From a cost–benefit perspective, this paper is novel in assessing costs from the 

297 viewpoint of a routine, large-scale DSD model implemented by a public HIV service provider in 

298 an LMIC. Over a 10-year horizon, the PV of benefits was estimated at $ 54,883, compared with 

299 PV costs of $46,499, yielding an NPV of $8,384 and a BCR of 1.18. The break-even analysis 

300 demonstrated that CARES generated more annual benefits than were required for cost-

301 neutrality, indicating that, over a 10-year horizon, CARES is cost-beneficial, with benefits 

302 exceeding costs under routine implementation.  We discuss several implications of the study 

303 and results. 

304

305 First, app development and training accounted for the dominant upfront investments, while 

306 annual maintenance represented the principal recurring cost required for long-term 

307 functionality. Monetized benefits were primarily driven by nurse time savings, with smaller but 

308 meaningful contributions from data officer time and reduced documentation errors. These 

309 findings align with prior studies in LMICs, which have shown that mHealth tools streamline 

310 workflows and enhance data quality(37,38), while reaffirming that strategic investment and 

311 scale are crucial for achieving full financial sustainability. (20,22,39) CARES also streamlines 

312 MOH reporting by automatically linking NCAP data to routine EMR indicators and national M&E 

313 systems. (13,15) For health workers, CARES reduces repetitive administrative tasks, freeing time 

314 for patient care and potentially improving job satisfaction and reducing burnout. Moreover, the 
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315 sensitivity analyses showed that development and maintenance costs had the greatest impact, 

316 but none of the parameter changes altered the overall direction of the findings.

317

318 Second, beyond measurable cost and time savings, CARES provides additional programmatic 

319 and clinical value that were unaccounted for in the costing exercise, but meaningfully 

320 strengthen HIV service delivery in several key ways. For clinicians, the platform is designed to 

321 enhance adherence to ART guidelines through point-of-care decision support, structured ART 

322 reviews, and clinical prompts. Given the central role of community nurses in NCAP, the 

323 workflow relief introduced by CARES may also improve job satisfaction and strengthen 

324 retention of frontline health workers, which is vital for sustaining service delivery. For data 

325 quality, CARES  improves completeness, timeliness, and accuracy; reduces duplicate data entry; 

326 and facilitates drug-stock reconciliation and laboratory tracking .(15,28)   For clients, it amplifies 

327 the benefits of NCAP by reducing waiting times, improving satisfaction, minimizing loss to 

328 follow-up, and enabling earlier detection of clinical problems. (15)  At the program level, CARES 

329 appears to support continuity of care by ensuring that community-based services maintain the 

330 same quality standards as facilities, even in low-connectivity environments.(15)  Taken 

331 together, these broader benefits strongly suggest that this cost–benefit analysis captures only 

332 one dimension of CARES’s overall value. Future CARES assessments should aim to quantify its 

333 broader health, data, and system-level impacts.

334

335 Lastly, as the mHealth field rapidly evolves, CARES provides an example of an innovation that 

336 enhances routine program delivery rather than creating a parallel or stand-alone system, 
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337 providing a solid foundation from which to  continue  digital innovation. Future enhancements 

338 and new technologies could aid efficiency gains by leveraging AI-enabled capabilities, such as 

339 client record matching and deduplication, optical character recognition (OCR) of legacy paper 

340 forms, automated anomaly detection, and predictive analytics, to identify clients at risk of 

341 attrition, thereby extending efficiency gains and strengthening service performance. (40,41) At 

342 the same time, AI integration brings new dimensions of governance and regulatory 

343 requirements, including model licensing, data oversight, and performance monitoring(41)- 

344 likely adding development costs to future iterations. Developing a robust evidence base around 

345 the actual cost–benefit and equity implications of AI adoption in resource-limited settings will 

346 be key to guiding sustainable scale-up.

347

348 Limitations

349 This study has several limitations, largely due to its implementation in a routine setting and 

350 limited funding. NCAP personnel performed both NCAP and non-NCAP duties, and individual 

351 activities could not always be isolated, introducing imprecision in attributing time specifically to 

352 CARES. The observation period, particularly post-CARES, was limited, and not all clerks were 

353 observed; therefore, some activities and efficiency changes may not have been captured. 

354 Furthermore, observations also occurred during shifts in staffing and skill mix, which may have 

355 influenced measured differences between periods. Because many tasks were performed by 

356 experienced staff, the findings may not be generalizable to settings with less experienced or 

357 lower-cadre personnel. Estimates of reductions in documentation errors relied on literature-

358 based assumptions rather than empirical measurement, thus limiting the precision of the 
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359 benefit calculations. Additionally, CARES did not fully synchronize with the EMR during the 

360 evaluation period, requiring manual data aggregation, which likely reduced the observed time 

361 savings. Despite these limitations, the triangulation of time-motion data, program cost 

362 information, and sensitivity analyses provides a credible approximation of CARES’ efficiency 

363 gains.

364

365 Conclusion

366

367 This study evaluated whether integrating an mHealth tool into a routine community-based DSD 

368 model could improve efficiency, data quality, and continuity of care. Our analysis shows that 

369 CARES  not only achieved but exceeded cost-neutrality, generating a net economic benefit over 

370 the 10-year horizon. The time savings generated by CARES translate into additional workforce 

371 capacity that can be redirected toward higher-value patient care activities. Within NCAP, where 

372 registered community nurses play a central role in clinical assessment, counseling, and care 

373 coordination, this added capacity can enhance client follow-up, facilitate tracing of individuals 

374 lost to care, and strengthen continuous quality improvement efforts. 

375 When accumulated at scale, these operational gains may also support the retention and well-

376 being of frontline health workers, contributing to a more stable workforce and sustained 

377 equitable service coverage. Overall, CARES demonstrates how well-designed digital tools can 

378 augment, not replace,  human capacity within differentiated HIV service delivery models. By 

379 strengthening routine operations, the platform provides a practical and scalable foundation for 
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380 future digital innovations, including AI-enabled decision-support tools, as HIV programs 

381 continue to navigate constrained resources and evolving care needs.

382 SUPPORTING INFORMATION
383
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