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Background: Human immunodeficiency virus (HIV) remains the leading cause of global morbidity and mortality. The incidence of HIV is disproportionately higher in Sub-Saharan regions, particularly the Southern African sub-region, which is the most affected region and accounts for 77% of all new HIV infections in the region. Thus, the aim of this study was to identify the determinants of HIV among reproductive-age women in Africa.

Methods: This study was conducted among reproductive-age women in Africa, based on secondary data obtained from the Demographic Health Survey (DHS) conducted between 2010 and 2019. The outcome variable was HIV status, while individual- and community-level variables served as potential predictors. The model fit was assessed using Akaike’s Information Criterion, Bayesian Information Criterion, and − 2 Log likelihood. Then, multilevel mixed-effects analysis was used. Intra-cluster correlation coefficient, median odds ratio, and proportional change in variance were used to measure heterogeneity between clusters.

Results: A total of 292,810 unweighted and 293,773 weighted reproductive-age women in 26 African nations were included in this study. The overall prevalence of HIV among reproductive-age women in Africa was 4.34% (95% CI: 4.2, 4.4%). The highest percentage of HIV was found in Lesotho (23.98%), followed by South Africa (19.12%), and Mozambique (14.67%). However, the lowest HIV prevalence was found in Niger (0.54%), Senegal (0.59%), and Burundi (0.79%). Southern Africa has the highest HIV burden (18.5%), followed by Eastern Africa (6.1%), while Western African countries have the lowest HIV burden. Increasing maternal age, higher maternal education, women who were unemployed, a history of multiple sexual partners, women in a union, community-level educational status, community-level wealth index, African sub-region, and urban residence were found to be independent predictors of HIV infection in Africa.

Conclusion: The burden of HIV has remained higher, highlighting the need for targeted public health intervention strategies to prevent the transmission of HIV among key populations.
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1 Introduction

Human immunodeficiency virus (HIV) is a type of virus that attacks the human immune system, causing a decrease in CD4+ cell counts and immune function, which leads to AIDS and other life-threatening opportunistic infections (1). Globally, since the start of the HIV epidemic, approximately 85.6 million individuals have been infected with HIV, and 40.4 million have died from AIDS-related illnesses. According to recent evidence, an estimated 39 million people were living with HIV (PLWHIV) in 2022, of whom approximately 1.3 million were newly infected. Global HIV and AIDS statistics show that women and girls accounted for 53% of all PLWHIV and 46% of all new infections in 2022. Surprisingly, young women and adolescent girls accounted for more than 77% of all new HIV infections in Sub-Saharan Africa (SSA) (2). Moreover, out of the global new HIV infections that were reported per day, two out of three cases were reported in SSA (3), and the Joint United Nations Program on HIV/AIDS (UNAIDS) reports that three new HIV infections and one AIDS-related death occur every minute (4). The likelihood of acquiring HIV in these target groups was more than three times higher than among their male peers (2).

Across different geographies, national boundaries, and even within individual provinces, the HIV epidemic has shown striking variation (5). The largest concentration of HIV-positive individuals is found in SSA, especially in Southern Africa (6). However, considering population size, the Northeast has the highest prevalence of HIV-positive individuals. Research from Southern Africa indicates that sexual interactions between adolescent girls or young women and older men are a common way of HIV transmission. Furthermore, children born to HIV-positive mothers are at risk of contracting the virus if their mothers are not receiving effective treatment or are not being monitored (6, 7).

Globally, HIV continues to be the primary cause of morbidity and mortality. There is mounting evidence that HIV/AIDS-related maternal deaths have significantly increased; however, it is challenging to determine the true contribution of HIV/AIDS to maternal mortality because pregnant women’s HIV status is not usually recognized. This causes an underestimation of the data. AIDS has surpassed direct obstetric reasons as the primary cause of maternal mortality in several countries with high HIV incidence (8, 9). Different factors have been associated with the escalating prevalence of HIV among reproductive-age women. Some of the drivers of HIV are women who are separated from their spouses, and who travel long distances to reach health facilities, with a low level of wealth, and poor media exposure (9).

As a long-time partner of the Global Fund to Fight AIDS, the United Nations Development Program (UNDP) remains committed to helping nations achieve the Sustainable Development Goals (SDGs) through its HIV, Health Strategy, and Strategic Plan 2022–2025 (10). However, inequalities hamper the AIDS response, with key populations accounting for 70% of new HIV infections globally and 51% of new infections in sub-Saharan Africa (11). Moreover, there is a substantial funding gap in Africa’s HIV response; however, some countries like Botswana, Eswatini, Rwanda, Tanzania, and Zimbabwe are progressing toward the 95–95-95 targets. Despite this progress, a significant number of people and communities, including women, girls, and key populations, still lack access to HIV services due to gender inequalities, discrimination, violence, stigma, and harmful laws. Thus, the situation is worsened by the criminalization of HIV-positive individuals and high-risk groups, with many nations still restricting access to HIV-related health care for marginalized populations, which further exacerbates the burden of HIV (12).

To provide evidence-based HIV care and services in resource-constrained regions, comprehensive evidence is required. However, the available evidence is scarce and often not generalizable to the African region. Thus, comprehensive evidence using big data is quite important. Moreover, cluster-level factors are very important for appropriate public health interventions among the selected target groups. Therefore, this study aimed to estimate the prevalence of HIV and to identify its associated factors among women of reproductive age in Africa using the most recent Demographic and Health Survey (DHS) conducted in 2010 and later data.



2 Methods


2.1 Study setting, population, and data sources

This study is a secondary analysis of recent demographic and health survey (DHS) data from African countries. The DHS is conducted every 5 years. Among all African countries, only 26 countries had a record of routine HIV test results among reproductive-age women in their DHS dataset (Table 1, Figure 1). The DHS is primarily conducted in low- and middle-income countries and is a nationally representative survey. Data from each DHS were collected using a cross-sectional study design from 2010 to 2019, as shown in Table 1. Women living in Africa were considered the source population, while the study population for the current study consisted of women aged 15–49 years who lived in Africa and had complete HIV blood test results. The DHS dataset of 26 African countries was appended together to determine the burden of HIV and its drivers forces among reproductive-age women (15 to 49 years of age). For this study, we used an individual (women) record (IR) file and an HIV testing recode (AR) file. Finally, reproductive-age women who had complete HIV blood test results were included. In each DHS, a two-stage stratified sampling technique was used during participant selection. Enumeration areas (EAs) and households were selected in the first and second stages, respectively. The selection process for most DHSs involved unequal probabilities, requiring the use of weighting. Thus, we weighted our samples using the individual weight of women to increase the representativeness of the data. Weighting was performed by dividing the individual weight of women (v005) by 1 million. Data abstraction was carried out from 31 October 2023 to 30 November 2023, following the acquisition of the necessary ethical approval from the DHS. Consent from participants was waived for access to their previously collected data from the DHS.



TABLE 1 DHS survey years by country.
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FIGURE 1
 Schematic representation of the sampling procedure for this study.




2.2 Study variables

The HIV test result was the outcome variable of this study, where it was classified as “Yes” when the HIV result of reproductive-age women was positive and coded as 1, otherwise “No” and coded as 0. Moreover, both individual and community-level data were considered as potential predictor variables of HIV prevalence among reproductive-age women in Africa. Individual-level (level I) variables included socio-demographic (age, marital status, educational status, occupational status, sex, and age of household head), HIV testing history, pregnancy status, age at first sexual intercourse, and economic characteristics (wealth index). Community-level (level II) variables included common characteristics of study subjects in an enumeration area, such as countries in the African region (East, West, Central, and South African regions), community-level media exposure (exposed versus unexposed), community-level women’s education (low versus high), community-level poverty or wealth index (low versus high), and residence (urban versus rural) (Figure 2).

[image: Figure 2]

FIGURE 2
 Conceptual framework showing factors associated with HIV among reproductive-age women in Africa.




2.3 Operational definition of the variables

• Community-level media exposure: It is defined as the exposure to media among women who were either listening to the radio, reading a newspaper or magazine, watching television, or using the Internet at least once a week (13).

• Community-level poverty or wealth index: It is defined as higher and lower poverty using the mean value of individual women’s wealth index.

• Community-level women’s education: It is defined based on the average proportion of educational level in the community as lower and higher educational attainment.



2.4 Data management and statistical analysis

The variables were extracted from IR and AR files, and STATA version 17.0 was used to clean, recode, and analyze the data. The individual (women’s) recode (IR files) from each of the 26 African countries was first merged with the HIV testing recode (AR files). Then, the merged IR and AR files from each of the 26 countries were pooled by appending the datasets together. The dataset was weighted using sample weights to compensate for the unequal probability of the strata selection process. Taking into account the hierarchical character of the data, a multilevel mixed-effects model was used to assess the fitness of the model for performing multilevel analysis. Thus, the measure of variation or random effect between clusters was assessed using the intra-cluster correlation coefficient (ICC), the median odds ratio (MOR), and the proportional change in variance (PCV) (14). The intraclass correlation coefficient (ICC), which shows the degree of heterogeneity in HIV prevalence between clusters, was calculated using the formula: ICC = [image: image]; ICC = [image: image], where δ2 indicates the estimated variance of the clusters. The MOR between two women with higher and lower propensity among two randomly chosen clusters can be compared, and it measures unexplained cluster heterogeneity of HIV distribution, which is calculated as [image: image], where δ2 is the cluster-level variance. Moreover, the PCV measured the total variation in HIV distribution explained by individual- and community-level variables, which was calculated as PCV = [image: image], where δ2 of the null model was used as a reference.

A multilevel mixed-effects regression model was computed to find predictors of HIV among reproductive-age women in Africa. To detect the existence of a potential contextual effect, four models were fitted, the first being a null model (model I), the second being an adjustment for individual-level variables (model II), the third being an adjustment for community-level variables (model III), and the fourth being an adjustment for both individual and community-level variables (model IV). Deviation (−2Log likelihood), Akaike’s Information Criterion (AIC), and Bayesian Information Criterion (BIC) were used to compare the models because the models were nested. Finally, the fourth model (model IV) with the smallest information criterion value was chosen as the final best-fit model. In the final model, both community- and individual-level variables with a p-value ≤0.25 in the bi-variable analysis were included in the multivariable model. Finally, variables with an adjusted OR (AOR) with 95% CI and p < 0.05 were considered statistically significant predictors of HIV among reproductive-age women in Africa. Furthermore, multicollinearity was examined using the variance inflation factor (VIF) test and tolerance. All variables had a VIF < 10 and tolerance less than 1, indicating that multicollinearity did not exist.



2.5 Ethical considerations

Ethical approval was obtained from the Research and Ethics Review Committee of the Wollo University, College of Medicine and Health Sciences. The data from the Demographic and Health Survey were used for this study with permission obtained from the Measure DHS program at https://dhsprogram.com/ after registering and submitting a request with a brief statement of the objectives of the study. The data were used only for this registered research and cannot be shared with other researchers.




3 Results


3.1 Socio-demographic characteristics and HIV distribution

A total of 292,810 unweighted reproductive-age women were included in this study. Approximately 35, 398 (20.1%) of the women were aged between 35 and 39 years, which was the largest group. On average, the women reported an age at first sexual intercourse of 13.6 years, with a standard deviation of 7.17 years. The average age at first birth was 19.3 years, with a standard deviation of 3.88 years. Similarly, 45,014 (15.3%) women had no previous history of sexual exposure, of whom 1,705 (19.8%) women were found to be HIV positive. Approximately 46.4% of the women had a history of multiple sexual partners, and 5.6% of these women tested positive for HIV, compared to 3.5% of women without multiple partners. In terms of wealth index, 51,895(17.7%) and 54,208(18.5%) of women, respectively were poorest and poorer. Furthermore, 98,366 (31.5%) women had no formal education, of which 2.0% of them were HIV positive (Table 2).



TABLE 2 Background characteristics of study participants and HIV status by various background characteristics among reproductive-age women in Africa.
[image: Table2]



3.2 HIV among reproductive-age women (15–49 years) in Africa

The prevalence of HIV among reproductive-age women in Africa was 4.34% (95% CI: 4.2, 4.4%). The predominant frequency of HIV was reported in Lesotho (23.98%), followed by South Africa (19.12%) and Mozambique (14.67%). In contrast, less than 1% of HIV prevalence was reported in Niger (0.54%), Senegal (0.59%), and Burundi (0.79%) (Table 3). Among African sub-regions, the highest proportion of reproductive-age women tested for HIV was found in Western Africa (39.4%) and the lowest was in Southern Africa (7.4%). HIV was predominant in Southern African (18.5%) followed by Eastern African (6.1%) countries. The lowest level of HIV was observed in Western African countries (Table 3).



TABLE 3 HIV status by country of residence among reproductive-age women in Africa.
[image: Table3]



3.3 Multilevel mixed-effects analysis of HIV among reproductive-age women in Africa

The random effects analysis showed that the ICC value in the null model (model I) was 0.49, indicating that 49% of the variability in HIV status was due to between-cluster/EA variability, while 51% was attributable to individual differences. Moreover, the full model accounted for 35% of the variation in HIV status among reproductive-age women in Africa. The variance between clusters (EA) in the null model (model I) was also 3.17, showing significant variability in HIV status. After accounting for individual and community-level factors, model IV revealed substantial variability in the odds of developing an HIV infection among women of reproductive age in Africa. This finding was further supported by the MOR results. Model fitness was evaluated using -2Log likelihood, Akaike’s Information Criterion (AIC), and Bayesian Information Criterion (BIC). Finally, model IV was chosen as the best-fit model as it had the lowest AIC (83249.11), the lowest BIC (83433.08), and the highest Log-likelihood (−41606.55) (Table 4).



TABLE 4 Multivariable multilevel mixed effect analysis results of individual- and community-level factors associated with the prevalence of HIV among reproductive-age women in Africa.
[image: Table4]

In the fixed effects analysis of the final model (model IV), multiple factors from individual and community-level variables were statistically associated with HIV status. The likelihood of developing HIV infection was 2–2.49 times higher among women who had a higher educational status [AOR, 2.49, 95% CI (2.16, 2.9)] than among women with no education. Similarly, the odds of developing HIV infection among reproductive-age women whose age group ranged from 35to 39, 40 to 44, and 45 to 49 years were 1.4, 1.5, and 1.75 times higher, respectively, than among women aged 15–19 years. Moreover, reproductive-age women who were not in a union were 10% less likely to develop HIV infection compared to those who were in a union [AOR, 0.9, 95% CI (0.85, 0.98)]. The odds of developing HIV among women who had a lifetime history of multiple sexual partners were 1.3 times higher than those who did not have multiple sexual partners [AOR, 1.3, 95% CI (1.26, 1.41)]. Additionally, women who were unemployed had a 1.1 times higher likelihood of being HIV-positive than those who were employed [AOR, 1.1, 95% CI (1.04, 1.17)]. When considering community-level factors, reproductive-age women who had a higher wealth index and higher community-level education, respectively, were 1.14 times [AOR = 1.14; 95% CI (1.04, 1.25)] and 1.17 times [AOR, 1.17, 95%CI (1.09, 1.31)] more likely to be infected by HIV than their counterparts. Rural residence was associated with 80% lower odds of HIV infection compared to urban residence [AOR 0.8, 95% CI (0.73, 0.87)]. Furthermore, women who lived in Southern Africa, Eastern Africa, and Central Africa had a 10 times higher likelihood [AOR, 10.6, 95% CI (9.5, 11.8)], a four times higher likelihood [AOR, 4.13, 95% CI (3.76, 4.5)], and a 1.18 times higher likelihood [AOR, 1.18, 95% CI (1.05, 1.34)], respectively, of being HIV-positive than women who lived in Western African countries (Table 4).




4 Discussion

This study aimed to investigate the prevalence of HIV and its individual and community-level determinants among reproductive-age women in Africa based on DHS data collected from 2010 to 2019. The overall findings of the present study reveal that a significant regional variation in HIV among African countries is associated with both individual and community-level factors, which further indicates the complex nature of HIV transmission.

The overall prevalence of HIV among reproductive-age women in Africa was 4.34% (95% CI: 4.2, 4.4%), which was lower than the 6.5% HIV prevalence in SSA (15). The current point estimate suggests that the prevalence of HIV declined more rapidly in this target group compared to surveys conducted from 2003 to 2012 in SSA. This variation could be attributed to differences in the time periods, where different public health interventions implemented after 2012 may have contributed to a reduction in HIV transmission. Moreover, the findings of the current study showed a higher prevalence than the 0.85% prevalence of HIV reported in Ethiopia (9). The higher prevalence in the current study may be due to the inclusion of data from highly HIV-endemic areas, which likely contributed to the increased HIV prevalence in South African countries. Furthermore, the prevalence of HIV in this study was lower than the 10.3% HIV prevalence reported in Mozambique (16). This could be because the prevalence of HIV burden was higher in the Southern region of SSA where Mozambique is located (17). This finding also suggests the role of geographic locations in the transmission of HIV.

The predominant burden of HIV was reported in Lesotho (23.98%), which is consistent with the 27.9% HIV prevalence reported in a recent 2020 Lesotho Population-Based HIV Impact Assessment (LePHIA) among women. This finding implies that the burden remains alarming, with more than one-fourth of women from Lesotho infected with HIV. Similarly, the second predominant prevalence of HIV was found in South Africa (19.12%). This statistical figure suggests that nearly one in five South African women is living with HIV. Thus, the burden of HIV in this region is enormous and requires an integrated, multisectoral collaboration to alleviate HIV transmission. Furthermore, the lowest prevalence of HIV was reported in Niger (0.54%) and Senegal (0.59%), which is supported by previous findings that reported HIV prevalence ranging from 0 to 2% (18).

The current study confirmed that the predominant HIV burden in the Southern African region (18.5%) was followed by Eastern African countries (6.1%). The high burden of HIV in the Southern African region could be due to the socio-political environment, cultural variations, and risk behaviors that increase vulnerability to HIV acquisition and transmission. Furthermore, this rate suggests that the overall decline is not yet fast enough to achieve the UNDP’s 2025 95–95-95 targets, and may be an indication of the failure of targeted public health interventions in the region (19). Moreover, the lowest HIV prevalence was found in the Western African region (1.5%), which may be explained by the effectiveness of targeted HIV prevention interventions among key populations such as female sex workers (20).

Moreover, women who had a history of multiple sexual partners (more than two) had approximately a 1.3 times higher likelihood of HIV infection than their counterparts. This may be due to the fact that HIV infection is a sexually transmitted infection (STI), and the risk of transmission increases with the duration of sexual activity and the number of sexual partners. As a result, these behaviors encourage the spread of STIs, particularly HIV. Therefore, having several sexual partners in a close-knit social network increases the chance of contracting STIs, as it facilitates the virus’s rapid transmission (21). If multiple sexual partnerships are due to engagement in transactional sex for material or financial benefits, women may be less likely to insist on safer sex practices, thereby increasing the risk of HIV transmission. Similarly, the odds of HIV infection were lower among women who were never in a union than those women who were in a union or living together. This could be due to higher sexual exposure among women in a union, which is the key mode of HIV transmission.

Furthermore, women with higher educational status had an increased likelihood of HIV infection than their counterparts and this was statistically significant. This evidence disagreed with findings from South Africa (22), which may be due to the risk exposure difference of the women included in the study, along with the change in the study period. The statistical linkage may be due to the fact that more educated women are likely to be wealthier and more mobile, migrating from rural to urban areas where HIV is more endemic. Additionally, they may have more sexual partners or networks (23).

Similarly, unemployed women had a higher likelihood of acquiring HIV than their counterparts, which is supported by a previous study in SSA (24). This could be because unemployed women are more likely to be the poorest, and they may engage in high-risk behaviors including commercial sex work to alleviate their financial problems, which further increases their vulnerability to acquiring HIV infection. As a result, the odds of HIV infection were higher among women with a higher wealth index, which is supported by previous findings in Ethiopia (9) and SSA (24). Women with a higher wealth index are more likely to be educated and mobile, often living in urban areas where the endemicity of HIV is high.

The prevalence of HIV was lower among rural women than among urban dwellers, showing a disproportionately higher concentration of HIV/AIDS found in urban areas, in agreement with the findings of existing studies (9, 25, 26). This disproportionately lower prevalence in rural areas may be due to the expansion of injecting drug use, increased rates of drug-related activities, and levels of social interaction, all of which can significantly impact the patterns of women’s sexual interaction. Moreover, commercial sex activities (9, 25) and non-regular sexual relations are reported to be higher in urban areas than in rural ones. The population distribution, such as the male predominance in urban areas, may increase the extent of commercial sex activities. All of these conditions favor the transmission of HIV (25).

The rate of HIV among reproductive-age women varies considerably across Africa. The rate of infection is lower in West African countries than in other areas of SSA. However, the clear reasons for this change in epidemiological patterns of HIV/AIDS in Africa are not well understood. The most likely reasons for the increased likelihood of HIV infection exposure among South African women include limited access to sexually transmitted infection treatment opportunities, women engaging in heterosexual practices that increase the risk of recent infection, intergenerational sex, and the highest rates of pregnancy (27). Moreover, the effect of poverty may escalate the transmission of HIV in Eastern and Southern African countries, because HIV/AIDS can strike both the poor and the rich; however, the prevalence varies between these groups. In addition to this, the burden of financial problems in these regions may increase the vulnerability of women, because they may be exposed to the exchange of sex for money (28). Furthermore, the higher prevalence of HIV in South Africa is associated with ethnicity-based inequalities that accelerate the transmission of HIV in a certain marginalized population. The socio-political-economic system has been another driving force of HIV in this region (22, 29, 30). The implication of this study is to develop an appropriate evidence-based public health intervention of HIV among key populations in Africa. This study produced strong evidence using a large sample size, which may be significant for generalizability. However, the present study has certain limitations. For instance, due to the cross-sectional nature of the design employed by the DHS, causality could not be established. The time frame and the regional variation may be another limitation. Since the study uses data from 2010 to 2019, it may not reflect the current trend and status of HIV. The difference in sociocultural variations in Africa may not be equally applicable. Moreover, the trends of HIV over time in each country cannot be understood due to the lack of longitudinal data.



5 Conclusion

The prevalence of HIV among reproductive-age women was still high and was disproportionately higher in Southern African countries. Higher maternal education and wealth index, older maternal age, unemployment, sub-Saharan region, a history of multiple sexual partners, being in a union, and being an urban dweller were the predictors of HIV infection. Therefore, healthcare professionals and other concerned stakeholders should work on women’s empowerment, healthcare service expansion, and promoting their evidence-based public health intervention strategy for preventing the transmission of HIV among these key populations. Overall, a multisectoral response is warranted to meaningfully reduce the ongoing HIV burden faced by women across the African continent through women empowerment in education, economic opportunities, healthy relationships, and accessible prevention/treatment services.
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