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ABSTRACT

Adherence to antiretroviral therapy (ART) is critical for managing HIV, yet adolescents in sub-Saharan Africa (SSA)
face significant challenges in maintaining consistent treatment due to developmental, social, and structural barriers.
Digital health interventions (DHIs), including SMS reminders, mobile applications, telemedicine, and remote
monitoring tools, have emerged as promising solutions to improve ART adherence in this vulnerable population.
Leveraging the widespread penetration of mobile phones and increasing internet access across SSA, DHIs offer
personalized, accessible, and cost-effective support to address key barriers such as forgetfulness, stigma, and limited
healthcare access. This review synthesizes evidence on digital health interventions' impact on ART adherence
among HIV-positive adolescents in sub-Saharan Africa, evaluating SMS reminders, mobile apps, telemedicine, peer
support, and remote monitoring tools. Studies demonstrate that SMS reminders enhance adherence rates, mobile
apps empower adolescents with self-management tools, and telemedicine bridges gaps in healthcare access. Peer
support networks foster community and reduce isolation, while remote monitoring enables proactive intervention.
However, challenges such as the digital divide, privacy concerns, and the need for healthcare provider integration
remain. This review highlighted the potential of DHIs to improve ART adherence among adolescents in SSA,
emphasizing the importance of context-specific, culturally appropriate interventions and addressing systemic
barriers to digital access. Future research should focus on long-term impacts, scalability, and strategies to maximize
the benefits of digital health technologies in advancing HIV care for adolescents in the region.
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INTRODUCTION

Adherence to antiretroviral therapy (ART) is a fundamental component in the management of HIV, directly
influencing treatment outcomes and quality of life [1-37]. However, for adolescents living with HIV in sub-Saharan
Africa (SSA), maintaining consistent ART adherence poses significant challenges [47]. Adolescence is a period
marked by physical, psychological, and social transitions, which often complicates the ability to adhere to a daily
medication regimen. In SSA, where HIV prevalence is high and healthcare resources are strained, non-adherence is
a critical barrier to improving long-term health outcomes for this vulnerable group.

Recent advances in digital health interventions (DHIs) offer promising solutions to address these challenges. Digital
health technologies, including mobile health (mHealth) applications, SMS reminders, telemedicine, and online
support systems, have gained traction as tools to support ART adherence 5, 67]. These interventions leverage the
increasing penetration of mobile phones and internet access across the African continent, providing opportunities
for continuous engagement, education, and monitoring. By offering adolescents accessible and personalized support,
DHIs can help address key barriers to ART adherence, such as forgetfulness, stigma, lack of knowledge, and limited
access to healthcare. This review explores the impact of digital health interventions on ART adherence among
adolescents living with HIV in sub-Saharan Africa. It highlights the types of DHIs that have been implemented,
evaluates their effectiveness, and examines the barriers these interventions aim to overcome. Additionally, the review
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discusses the potential of scaling these digital tools to improve adherence outcomes across the region, considering
the broader challenges of digital access, healthcare infrastructure, and socio-cultural factors. Given the increasing
digital connectivity in SSA, understanding the role of DHIs in supporting adolescent HIV care is crucial for
advancing both individual and public health strategies.

ADHERENCE TO ANTIRETROVIRAL THERAPY AMONG ADOLESCENTS
Adherence to ART is a cornerstone of successful HIV management [47]. The World Health Organization (WHO)
defines adherence as the degree to which a person follows a prescribed treatment regimen [7]. For adolescents
living with HIV, adherence can be particularly challenging due to factors such as stigma, lack of knowledge, poor
mental health, and limited social support. Studies show that ART adherence among adolescents in SSA is lower than
among adults, with rates varying between 40% and 80% in some settings. Inconsistent medication use can lead to
viral resistance, treatment failure, and increased transmission of HIV, further complicating the epidemic. Adherence
challenges among adolescents are multifaceted. Adolescents often experience difficulties with medication schedules
due to forgetfulness, peer influences, and developmental concerns, such as identity formation and independence [87].
Additionally, they are more likely to experience depression, anxiety, and other mental health conditions, which can
negatively affect their motivation to adhere to ART. Furthermore, the stigma surrounding HIV remains pervasive,
and adolescents are often reluctant to disclose their status or seek support for their treatment. These barriers are
compounded by the structural challenges present in SSA, including limited access to healthcare services, lack of
youth-friendly health services, and inadequate counseling.

DIGITAL HEALTH INTERVENTIONS IN HIV CARE

Digital health interventions are designed to enhance healthcare delivery and management using digital technologies
[9, 107. These interventions include mobile health (mHealth) applications, telemedicine, electronic medical records,
decision support systems, and remote monitoring tools. In the context of HIV care, DHIs are being explored to
improve patient engagement, facilitate communication between patients and healthcare providers, and support
treatment adherence.
In SSA, where there is widespread access to mobile phones and increasing internet penetration, digital health
technologies are a natural fit for addressing the barriers to ART adherence. Mobile phones have become a ubiquitous
tool for communication, and various mHealth applications, such as SMS reminders, mobile-based counseling, and
virtual health consultations, are increasingly used to support adolescents in managing their HIV care. Digital health
interventions can offer personalized, accessible, and cost-effective solutions to improve adherence and address the
unique needs of adolescents living with HIV.

IMPACT OF DIGITAL HEALTH INTERVENTIONS ON ART ADHERENCE
Several studies have assessed the impact of DHIs on ART adherence in adolescents, with promising results. The
effectiveness of* these interventions depends on the type of technology used, the content of the intervention, and
the context in which it is implemented.

L SMS Reminders and Text-Based Interventions: SMS-based reminders are a widely used digital health
intervention to improve ART adherence among adolescents [117]. They send automated texts to prompt
medication intake, clinic visits, and regimen adherence. Studies, particularly in SSA, show they enhance
adherence and clinic attendance, address forgetfulness, and are cost-effective and scalable, making them ideal
for resource-limited settings.

ii. Mobile Applications and Interactive Platforms: Mobile apps tailored for adolescents living with HIV
provide an interactive way to improve ART adherence. Features like medication trackers, educational
resources, peer support forums, and mental health counseling enhance engagement. For example, the
"AidsFreetheFuture" app in sub-Saharan Africa offers medication reminders, HIV care information, and peer
networking. Studies, such as one in South Africa, show these apps improve adherence rates compared to
standard care by equipping adolescents with tools to manage their treatment effectively. Additionally, mobile
apps empower adolescents with knowledge and skills, fostering greater control over their health. Their
interactive and educational nature makes them a valuable resource for improving adherence and overall well-
being in this population.

1il. Telemedicine and Virtual Consultations: Telemedicine, a digital health intervention, improves ART
adherence by providing remote healthcare consultations, bridging gaps in regions with limited access to
facilities [127]. In SSA, where healthcare workers are scarce and distances to clinics are long, telemedicine
offers timely medical advice, psychosocial support, and treatment monitoring. Studies, such as one in Zambia,
show better adherence outcomes compared to in-person consultations [137]. Telemedicine reduces travel
burdens, offers flexibility, and creates a confidential, less stigmatizing environment, particularly beneficial
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for adolescents uncomfortable disclosing their HIV status. This approach enhances access to care and
supports adherence in resource-limited settings.

iv. Peer Support and Social Media Platforms: Peer support, especially through digital platforms, is vital for
improving ART adherence among adolescents living with HIV. Social media, online forums, and apps provide
safe spaces for sharing experiences, advice, and emotional support. Studies, like one in Uganda, show digital
peer support boosts adherence, confidence, and engagement in care [147]. It fosters community, reduces
isolation, and combats stigma, making it a powerful tool in HIV management for adolescents.

V. Data Monitoring and Remote Health Tracking: Digital health interventions enable remote monitoring
of adolescents' health data, such as medication adherence and viral load, using mobile phones and wearable
devices [157. This allows healthcare providers to track adherence, detect early treatment failure, and
intervene proactively. A pilot study in Kenya showed that adolescents monitored remotely had higher
adherence rates and better clinical outcomes compared to those not monitored. This data-driven approach
supports personalized care, prevents treatment interruptions, and improves ART adherence, offering a
promising tool for enhancing HIV management in adolescents.

BARRIERS TO DIGITAL HEALTH INTERVENTIONS
While digital health interventions hold great promise, several challenges remain in their implementation in SSA.
One of the primary barriers is the digital divide [167]. Despite the increasing use of mobile phones across SSA,
there are still significant disparities in access to digital technologies, particularly among adolescents in rural areas
or those from low-income households. Issues such as limited internet access, the cost of mobile data, and low digital
literacy may limit the reach and effectiveness of digital health interventions.
Another challenge is the potential for privacy and confidentiality concerns [177]. Adolescents may be hesitant to
engage with digital health interventions due to fears about the security of their personal health data. Ensuring that
digital health platforms are secure, confidential, and comply with local privacy regulations is essential for
maintaining adolescents' trust in these interventions.
Furthermore, the effectiveness of digital health interventions depends on continuous monitoring and support.
While digital tools can provide valuable reminders and information, they must be accompanied by ongoing
communication and support from healthcare providers to ensure sustained engagement and adherence. This
underscores the importance of integrating digital health interventions into existing healthcare systems and
providing adequate training for healthcare workers to manage these tools eftectively.
CONCLUSION
Digital health interventions represent a promising strategy for improving ART adherence among adolescents living
with HIV in sub-Saharan Africa. Through SMS reminders, mobile applications, telemedicine, peer support networks,
and remote monitoring tools, digital health interventions have the potential to address key barriers to adherence,
including forgetfulness, stigma, and limited access to healthcare services. Studies have shown that these
interventions can enhance adolescent engagement in HIV care, reduce treatment interruptions, and improve clinical
outcomes. However, there are challenges to the widespread implementation of digital health interventions, including
issues related to digital access, privacy, and healthcare provider support. Addressing these challenges and ensuring
that digital health interventions are integrated into the broader healthcare system will be essential for their success.
Future research should focus on evaluating the long-term impact of digital health interventions on ART adherence
and health outcomes among adolescents in SSA. Additionally, efforts to improve digital access and literacy among
adolescents, as well as the development of culturally appropriate and context-specific interventions, will be crucial
in maximizing the benefits of digital health technologies for HIV care in the region. By harnessing the power of
digital health, we can move closer to achieving the goal of improved ART adherence and better health outcomes for
adolescents living with HIV in sub-Saharan Africa.
REFERENCES

1. Obeagu, E.I., Obeagu, G.U,, Alum, E.U,, Ugwu, O.P-C.: Comprehensive Review of Antiretroviral Therapy

Effects on Red Blood Cells in HIV Patients. INOSR Experimental Sciences. 12, 63-72 (2023).

https://doi.org/10.59298/INOSRES/2023/6.3.21322
2. Alum, E.U, Uti, DE., Ugwu, O.P-C.,, Alum, BN.: Toward a cure — Advancing HIV/AIDs treatment

modalities  beyond antiretroviral therapy: A  Review. Medicine. 103, e38768 (2024).

https://doi.org/10.1097/MD.0000000000038768
3. Obeagu, Emmanuel Ifeanyi, Nwosu, D.C., Paul-Chima, U.O., Ugo, A.E.: Adverse Drug Reactions in

HIV/AIDS Patients on Highly Active Antiretro Viral Therapy: A Review of Prevalence. Newport

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page53


https://rijournals.com/public-health-and-pharmacy/

https://rijournals.com/public-health-and-pharmacy/

International ~ Journal — of  Scientific and  Experimental  Sciences. 4, 48—47 = (2023).
https://doi.org/10.59298/NIJSES/2023/10.6.1000

4. Campbell, L., Masquillier, C., Thunnissen, E., Ariyo, E., Tabana, H., Sematlane, N., Delport, A., Dube, L. T,
Knight, L., Flechner, T.K., Wouters, E.: Social and Structural Determinants of Household Support for ART
Adherence in Low- and Middle-Income Countries: A Systematic Review. International Journal of
Environmental Research and Public Health 2020, Vol. 17, Page 3808. 17, 3808 (2020).
https://doi.org/10.3390/IJERPH 17113808

5. Coleman, J.: Sawubona Mama: Using Mhealth to Improve Maternal, Neonatal and Child Health Outcomes
In South Africa. (2018)
6. Jat, A.S., Gronli, T.M.: Harnessing the Digital Revolution: A Comprehensive Review of mHealth

Applications for Remote Monitoring in Transforming Healthcare Delivery. Lecture Notes in Computer
Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics).
13977 LNCS, 55—67 (2023). https://doi.org/10.1007/978-3-031-39764-6_4:

7. Jimmy, B., Jose, J.: Patient Medication Adherence: Measures in Daily Practice. Oman Med J. 26, 155 (2011).
https://doi.org/10.5001/0MJ.2011.38
8. Hanghoj, S., Boisen, K.A.: Self-Reported Barriers to Medication Adherence Among Chronically Il

Adolescents: A Systematic Review. Journal of Adolescent Health. 54, 121-138 (2014).
https://doi.org/10.1016/JJADOHEALTH.2013.08.009

9. Awad, A., Trenfield, S.J.,, Pollard, T.D., Ong, J.J., Elbadawi, M., McCoubrey, L.E., Goyanes, A., Gaisford, S.,
Basit, A.W.: Connected healthcare: Improving patient care using digital health technologies. Adv Drug Deliv
Rev. 178, 113958 (2021). https://doi.org/10.1016/JADDR.2021.113958

10. Erku, D,, Khatri, R., Endalamaw, A., Wolka, E., Nigatu, F., Zewdie, A., Assefa, Y.: Digital Health Interventions
to Improve Access to and Quality of Primary Health Care Services: A Scoping Review. Int J Environ Res
Public Health. 20, 6854 (2023). https://doi.org/10.3390/1JERPH20196854/S1

11. Huwa, J., Tweya, H., Mureithi, M., Kiruthu-Kamamia, C., Oni, F,, Chintedza, J., Chiwaya, G., Waweru, E.,
Kudzala, A., Wasunna, B., Ndhlovu, D., Bisani, P, Feldacker, C.: “It reminds me and motivates me”: Human-
centered design and implementation of an interactive, SMS-based digital intervention to improve early
retention on antiretroviral therapy: Usability and acceptability among new initiates in a high-volume, public
clinic in Malawi. PLoS One. 18, e0278806 (2023). https://doi.org/10.1371/JOURNAL.PONE.0278806

12. Cuadros, D.F,, Huang, Q., Mathenjwa, T., Gareta, D, Devi, C., Musuka, G.: Unlocking the potential of
telehealth in Africa for HIV: opportunities, challenges, and pathways to equitable healthcare delivery. Front
Digit Health. 6, (2024). https://doi.org/10.8389/tdgth.2024.1278223

18. Mubiana-Mbewe, M., Bosomprah, S., Kadota, J.L.., Koyuncu, A., Kusanathan, T., Mweebo, K., Musokotwane,
K., Mulenga, PL., Chi, B.H., Vinikoor, M.J.: Effect of Enhanced Adherence Package on Early ART Uptake
Among HIV-Positive Pregnant Women in Zambia: An Individual Randomized Controlled Trial. AIDS and
Behavior 2020 25:3. 25, 992—1000 (2020). https://doi.org/10.1007/510461-020-03060-4

14., Nabunya, P, Cavazos-Rehg, P, Mugisha, J., Kasson, E., Namuyaba, O.I., Najjuuko, C., Nsubuga, E., Filiatreau,
L.M., Mwebembezi, A., Ssewamala, FM.: An mHealth Intervention to Address Depression and Improve
Antiretroviral Therapy Adherence Among Youths Living with HIV in Uganda: Protocol for a Pilot
Randomized Controlled Trial. IMIR Res Protoc. 13, e54635 (2024). https://dol.org/10.2196/ 54635

15. Crowley, T., Petinger, C., Nchendia, A.I, van Wyk, B.: Effectiveness, Acceptability and Feasibility of
Technology-Enabled Health Interventions for Adolescents Living with HIV in Low- and Middle-Income
Countries: A Systematic Review. International Journal of Environmental Research and Public Health 2023,
Vol. 20, Page 2464. 20, 2464 (2023). https://doi.org/10.3390/IJERPH20082464

16. Campbell, B.R., Ingersoll, K.S., Flickinger, T.E., Dillingham, R.: Bridging the digital health divide: toward
equitable global access to mobile health interventions for people living with HIV. Expert Rev Anti Infect
Ther. 17, 141-144 (2019). https://doi.org/10.1080/14787210.2019.1578649

17. Borges do Nascimento, I.J,, Abdulazeem, H., Vasanthan, L.T,, Martinez, E.Z., Zucoloto, M.L., Ostengaard,
L., Azzopardi-Muscat, N., Zapata, T., Novillo-Ortiz, D.: Barriers and facilitators to utilizing digital health
technologies by healthcare professionals. npj Digital Medicine 2023 6:1. 6, 1-28 (2023).
https://doi.org/10.1038/54:1746-023-00899-4

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page54


https://rijournals.com/public-health-and-pharmacy/

https://rijournals.com/public-health-and-pharmacy/

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page55


https://rijournals.com/public-health-and-pharmacy/
https://doi.org/10.59298/RIJPP/2025/415155

