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ABSTRACT:

Aim: This review aims to assess strategies for scaling up HIV/AIDS prevention and treatment in vulnerable populations, drawing on lessons from effective global health interventions.
Study Design: This research systematically reviews studies on the scalability of HIV/AIDS interventions between 2019 and 2024 that concentrated on vulnerable populations.
Methodology: Review of peer-reviewed articles from Google Scholar, PubMed, Scopus, and the Cochrane Library selected for relevance in regard to scaling interventions, with a particular emphasis on HIV/AIDS prevention and treatment among vulnerable populations. Studies were screened for publication date (2019–2024), focus on vulnerable groups, and emphasis on scalability of interventions. Non-English and non-peer-reviewed studies excluded.
Results: Fifteen studies met the predetermined inclusion criteria. Findings highlight that scalable interventions will often depend on factors such as community engagement, cultural relevance, technology integration, and healthcare accessibility. It was very clear that the incorporation of these facets enhances intervention uptake among vulnerable populations. Conclusions: Effective scalability of HIV/AIDS interventions requires context-specific solutions driven by community inputs and sustainable resource allocations. Future research on scalable models should focus on long-term outcomes, emphasizing cost-effectiveness and adaptability to diverse socio-economic conditions.
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1. INTRODUCTION
The Human Immunodeficiency Virus (HIV) and Acquired Immunodeficiency Syndrome (AIDS) continue to be one of the most daunting health crises of the world, with a disproportionate impact on vulnerable and marginalized populations [1]. HIV is still a major global health problem and has taken an estimated number of 42.3 million lives globally [1]. While much progress has been realized over the last couple of decades with regard to the management and prevention of the disease, access to this care remains unequal in most instances and mainly among the socially and economically vulnerable populations. Since they are more vulnerable, low-income individuals, adolescents, persons living in rural and underserved areas, are the ones who often encounter many barriers in accessing care and services for HIV/AIDS infection. Some of the barriers include stigma, discrimination, poor access to healthcare, socioeconomic barriers, and even criminalization, all of which limit the effectiveness of prevention and treatment programs [2]. Global health organizations including UNAIDS, WHO, and the U.S. President's Emergency Plan for AIDS Relief (PEPFAR) have played a critical role in helping formulate and advance scalable interventions that delay the spread of HIV/AIDS, particularly in those Low and Middle Income Countries (LMICs) where vulnerability is increased. Interventions have included Antiretroviral Therapy (ART), Pre- Exposure Prophylaxis (PrEP), community-based testing, and mobile health technologies among others [3,4]. While scaling these interventions has indeed facilitated access to care, to do so properly, they must be tailored according to the specific socio-cultural and economic influences at play that affect the respective populations' risk and access to healthcare. It is critical to understand and address such unique challenges as one goes about further expansion of access and maximizing effectiveness of the HIV/AIDS programs.

Vulnerable groups are not only at a higher risk of acquiring HIV but also at a disadvantage in terms of health outcomes because of systemic disparities in accessing health care, preventive resources, and treatment services [5]. For instance, adolescents are severely affected by the threat of HIV infection, with young women across sub-Saharan Africa having
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poor access to sexual and reproductive health education, being poor, and facing gender- based violence [6]. However, vulnerable populations are also majorly manifested with barriers through discrimination, which leads to many avoiding the services altogether and further exacerbates the spread of HIV within these communities [7,8]. This underlines the necessity of specific HIV/AIDS interventions that are sensitive to particular social and cultural challenges faced by each population, even more so when these populations face stigma or retribution under the law as a result of their identity or practices.
Scaling up HIV/AIDS interventions in these populations will therefore require an integrating strategy that is medical, behavioral, social, and structural in nature. All this has brought the researchers and policy makers to adopt the model of public health that places equal emphasis on access to medical treatment with social determinants of health like poverty, education, and social inclusion [9,10]. By knowing the determinants and their effects on access to care, the plan of public health initiatives can be done, tailoring for maximum reach and efficacy in various populations. Scaling up HIV/AIDS interventions will be complex, as the most vulnerable populations are usually in remote regions with limited healthcare infrastructure and, more often, are generally underserved by traditional healthcare services. The processes of scaling reportedly demand strong systems for monitoring and evaluation, sufficient funding, and support from the government to make such interventions sustainable [11,12]. Besides, cultural and linguistic barriers are likely to impede the effectiveness of interventions further; thus, there is a need for the development of strategies relevant to the culture as well as specific to the community in question [13].

Most communities would resist health programs from the outside, particularly if such health programs have not been influenced by leaders within the community or have nothing in common with their beliefs and practices. This aspect demands a participatory approach whereby, at each stage of designing, implementing, and monitoring HIV/AIDS interventions, the community members are involved. This will result in higher acceptability and establishment of legitimacy within the community, thereby raising both their coverage and effectiveness [14,15]. Moreover, scaling these interventions is often prohibitive especially for LMICs, which have limited healthcare funding. Evidence has shown that partnerships across government and private sectors-including international support given through organizations like the Global Fund and UNAIDS can bridge this gap. However, these have remained elusive in the longer term as this may always change with changing global health priorities or economic circumstances in donor countries themselves. [16] express that despite gains, the sustainability of these efforts over the long run remains elusive.
With technological advancement, new opportunities have opened up for scaling HIV/AIDS interventions, especially through applications of mobile health (mHealth) applications, telemedicine, and electronic health record (EHRs). For example, mHealth initiatives, such as text-message reminders and teleconsultations, have improved adherence to ART and access to information about prevention behaviors even in the most remote areas [17]. Added advantages of digital health technologies are cost-effectiveness and broader outreach. This will enable healthcare providers to reach out to larger numbers through the use of mobile platforms for information dissemination and support, while assuring privacy and confidentiality that are so essential for gaining trust among vulnerable populations [18.19]. These interventions have demonstrated how technology can contribute to scaling up the response to HIV/AIDS by improving access, especially for populations experiencing geographical or systemic barriers to traditional means of accessing care.

In light of the multiple and varied needs of vulnerable populations affected by HIV/AIDS, there is an urgent need for evidence-based strategies that can effectively be taken to scale, taking into consideration population-specific challenges. This review aims to critically assess some recent global health interventions centered on scaling HIV/AIDS prevention and treatment among vulnerable populations, while identifying key factors responsible for successful programs. This would deliver insight into good practice in addressing obstacles to scale,




highlighting how community engagement, cultural sensitivity, and technology can serve to increase the reach and sustainability of HIV/AIDS interventions.

2. METHODOLOGY
A systematic literature review methodology was adopted in this study to analyze and synthesize global health interventions focused on scaling HIV/AIDS prevention and treatment among vulnerable populations. The methodological approach was specifically developed to capture a wide, unbiased view of successful scaling strategies, barriers, and outcomes relevant to HIV/AIDS programs targeting high-risk groups. The framework for this review emphasized rigor and transparency, using a structured process to ensure that the selected studies provide comprehensive insights of high quality into the scaling of HIV/AIDS interventions.

Literature Search Strategy
The search for related articles in this study involved the use of Google Scholar, PubMed, Scopus, and the Cochrane Library databases. Each of these databases was selected for its particular strengths in review. The wide search feature in Google Scholar captures all the studies, including grey literature; similarly, PubMed, Scopus, and Cochrane Library provided the wide scope for peer-reviewed resources associated with public health, social sciences, and clinical interventions related to HIV/AIDS. These combined features allowed for a diverse, multi-thought process with regard to challenges and solutions of scaling HIV/AIDS prevention and treatment in settings most vulnerable to these conditions.

For the literature search, some key terms and phrases used includes: "HIV/AIDS prevention in vulnerable populations," "scaling HIV treatment interventions," "global health interventions for HIV," "HIV/AIDS in low-income population," and "barriers to HIV prevention scaling." Such search terms were refined from preliminary findings and recent reviews so as to resonate relevance to particular challenges and strategies for scaling HIV/AIDS interventions.

This review targeted studies between January 2019 and August 2024 to capture current progress and trends of global scaling-up efforts with regard to HIV/AIDS intervention. The review restricted its scope of inclusion to peer reviewed journal articles and other high-quality reports in the English language. Specifically, studies that were focused merely on general treatment for HIV/AIDS without either scaling or intervention perspectives were excluded, just as studies that exclusively targeted high-income populations were also left out, in order not to deviate from low- and middle-income settings and vulnerable groups. The inclusion criteria for selection include:
1. Studies published between January 2019 and August 2024.
2. Articles focusing on HIV/AIDS prevention and treatment in vulnerable populations.
3. Studies addressing the scaling of HIV/AIDS interventions.
4. Peer-reviewed articles or journals published in English language.

Selection Process for Studies
This was a multi-tiered process to enhance rigor and relevance in the identification of studies for inclusion. All identified article titles and abstracts were scanned for relevance to the core themes of the review. In the first instance, studies that did not meet the inclusion criteria; for example, those on high-income populations or unrelated to scaling HIV/AIDS interventions were excluded. Full texts of potentially relevant articles were obtained and reviewed in depth. This full-text review further enabled the verification of methodology, target population, and scaling strategies of interest in HIV/AIDS programs for each study.
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Figure 1: Flow diagram of the literature search and study selection for the review.

Following this, a total of fifteen (15) studies met the inclusion criteria, hence forming the final review. Each of these studies provided vital information regarding the strategies of scaling, the barriers to implementation, and outcomes concerned with scaling HIV/AIDS prevention and treatment in vulnerable populations.
A structured process of data extraction was carried out to maintain consistency across the included studies. Key data extracted included design of study, geographical location, targeted population, type of intervention, strategies for scaling up, barriers identified, and outcome reported. The data extraction form allowed the data collection in an organized way to enable in-depth comparison across studies. Limitations include that, while this review was a general overview of scalable HIV/AIDS interventions for vulnerable populations, priority was given to English-language publications alone, which may mean that important studies in countries without English as an official language have been missed. Also, the period chosen to review the literature, extending from 2019 to 2024, also eliminates other interventions from previous years that are relevant to this study. Indeed, this systematic review synthesizes recent research on scaling HIV/AIDS prevention and treatment interventions among vulnerable populations, identifying both effective strategies and persistent challenges.





3.0 RESULTS AND DISCUSSIONS RESULTS
A total of 15 studies published between 2019 and 2024 were identified through this
systematic review and provided several critical insights into scalable HIV/AIDS prevention and treatment approaches in vulnerable populations. Many of these emergent findings underpin some of the key elements that should feature in successfully implementing HIV/AIDS interventions across socioeconomic and cultural contexts.

Key Factors Enabling Scalability Community Engagement and Participation
Indeed, evidence from a number of studies reviewed herein suggests that community
involvement is the chief determinant of the success of intervention programs. Those interventions which were emplaced with strong community involvement; particularly the peer outreach and partnering with local organizations, recorded much higher uptake and acceptance. As observed by Gantayat et al. [14], Duby et al. [20], and Ayla et al. [21] in South Africa, the strong programs at the community level, where involvement included local leaders and those affected by living with HIV, ensured the lessening of stigma regarding HIV testing. Such approaches confer social legitimacy and cultural relevance that are important in overcoming stigma and miscommunication of information [22].
Cultural and Socioeconomic Adaptation

A number of studies identified that interventions that were adapted to cultural norms and socioeconomic realities fared better in terms of scalability. Community value-based and language-specific adaptations greatly enhanced participation and adherence among the beneficiary groups [23,24,25]. For instance, Dellar et al. [26] identified that interventions comprised of addressing gender-based challenges in sub-Saharan Africa and included culturally sensitive educational materials which improved the participation of young women and reduced stigma identified with sexual health. Also, economically addressed interventions such as free distribution of ART and subsidies to travel were identified as effective in reducing barriers to access, especially in the low-income group of people [27,28].

Technology Integration
Digital health tools particularly mobile health (mHealth) applications were particularly crucial to scaling HIV/AIDS interventions. Various regional studies reported that mHealth approaches, such as SMS reminders and telehealth services, significantly improved adherence to ART and enabled the delivery of prevention resources [29,30,31]. A randomized trial of an SMS reminder intervention in Kenya significantly improved ART adherence rates, which showed that mHealth may support filling the gaps in healthcare access and continue support of people in remote areas [32,33].

Barriers to Scaling Interventions Healthcare Infrastructure and Funding
Underlying health care infrastructure and financing were some of the most prevalent issues, especially in LMICs. In places where general health systems were poorly resourced, the scale-up of HIV/AIDS interventions was hindered by such systems lacking the capacity to support regular supply chains of ART drugs or even comprehensive testing services.




According to Bendavid et. [11], effective scale-up of interventions usually requires financing from a sustainable source and effective monitoring systems, something usually in short supply in LMICs.

Social Stigma and Legal Challenges
Studies showed that stigmatization and criminalization of the most vulnerable groups greatly hinder the scaling up of HIV/AIDS prevention and treatment. In countries where penal laws against them exist, a significant number of these populations avoided the health facilities due to issues of stigma and legal consequence, reducing the effectiveness of these interventions. Dale et al. [34] noted that decriminalization of marginalized identities and practices, as well as inclusivity training for healthcare providers, may decrease stigma and allow interventions to reach more people.

Outcomes of Scalable Interventions Improved Access and Adherence
Several studies have reported positive intervention outcomes at scale, with the most
consistent being increased access to treatment and improved adherence to ART regimens. Interventions that are community-centered or utilize culturally adapted materials had higher engagement. For instance, in rural areas in Africa, at-risk population participation in HIV testing through community-based approaches was significantly higher, as reported by Koduah et al. [35]. Similarly, programs where mHealth tools were used reported better adherence rates, indicating the facilitation of technology in maintaining adherence even in less-than-ideal settings [36,37].
Reduction in HIV Incidence
Some interventions demonstrated a measurable reduction in HIV incidence among the vulnerable populations, especially those that incorporated pre-exposure prophylaxis (PrEP) in addition to the provision of ART. In fact, various trials involving PrEP with high-risk populations reported a reduction in incident infection, suggesting prevention opportunities through multi-component and comprehensive approaches [13,38].
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Figure 2: Key Factors and Barriers in Scaling HIV/AIDS Prevention and Treatment for Vulnerable Populations (Author’s compilation)

DISCUSSION
This review identifies that scaling up of HIV/AIDS interventions among vulnerable populations is essentially context-specific and requires a multi-level approach: medical, social, and technological interventions need to be combined. A few useful lessons are derived from the analyses of successful interventions on how scaling-up of HIV/AIDS programs works in different socio-cultural and economic settings.

Community engagement was a common facilitating factor or barrier to scaling-up in all these review series of HIV/AIDS interventions. Studies by Rimmler et al. [39] and Hafez et al. [40] have iterated that the community-led programs engender trust, eliminate stigma, and create ownership, therefore making such interventions more sustainable. The participation approaches herein concur with the public health models that address social determinants of health; the latter emphasizes the involvement of community leaders and organizations in program planning and implementation [7].
However, economic challenges and health infrastructure remain the major barriers to scalability in most interventions, particularly in LMICs as financial barriers often impede vulnerable populations from accessing needed care, and therefore funding mechanisms and partnerships become more indispensable. Bendavid et al. [12] showed that public-private partnerships or international support could be the key to scaling up interventions when the governments lack adequate resources to fully support such interventions. Besides that, other structural changes need to be put in place to ensure more sustainable health access in rural areas of the country, among other long-term needs for sustainability of interventions [27].




Indeed, technological innovations, particularly mHealth solutions, have also shown their role in scaling up HIV/AIDS through better access and adherence in remote and under-resourced settings. Studies have also established that mobile technologies can bridge geographical or systemic gaps and hence are an affordable device for treatment adherence improvement and real-time support [29, 31]. Digital health platforms allow discreet and personalized care, which is essential for populations facing stigma or even legal challenges [37].

Less stigmatizing and less criminalizing policy changes could have a high impact on promoting scalability and impact of the interventions against HIV/AIDS. According to the study by Dale et al. [34], decriminalization and health provider training about inclusivity may promote better healthcare engagement among marginalized groups. A study by Offie et al. [41] on HIV care retention among MSM in Nigeria further highlights how community health centers can mitigate structural and stigma-related barriers, reinforcing the need for localized, participatory approaches. Future research should focus on long-term scalability models, exploring how interventions can be adapted and sustained over time. The need also remains for more cost-effectiveness analyses to identify which components of the scalable models achieve the highest value on investment, particularly in resource-constrained settings [16].

Lessons Learned and Future Directions
These findings revealed the complex nature of scaling HIV/AIDS interventions that should be multifaceted, including medical, behavioral, social, and structural strategies. Key lessons from this review are the importance of community stakeholder engagement, application of technology, addressing structural inequalities, and the need for policy advocacy by governments to address the needs of the most vulnerable populations [26]. Interventions combining mHealth with ART distribution and Prep are promising; however, these should be supported by efforts to combat socio-economic disparities and discrimination in access to care.

In developing flexible and context-specific strategies for future interventions against HIV/AIDS, it will be important to consider how they can be adapted to local conditions and sensitive to the peculiar challenges of each vulnerable group. Meaningful integration of digital health solutions into a community-centered approach will need accompaniment with sustainable funding and enabling policy reforms if scale and outcomes for populations affected by HIV/AIDS worldwide are to be improved.
Conclusion

Scaling up of HIV/AIDS interventions among vulnerable populations requires approaches beyond the conventional model of health care delivery. Evidences suggest that community involvement, culturally appropriate services, use of technology, and enabling policy environments are necessary for sustainability and effectiveness in HIV/AIDS prevention and treatment. Future interventions should emphasize a context-specific approach and continue to evolve in light of changing needs among the vulnerable populations.
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