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ARTICLE INFO ABSTRACT

Keywords: This study examines the relationship between wealth and HIV infection in Sub-Saharan Africa to determine
HIV whether and how this relationship has varied over time, within and across countries, by gender, and urban
Wealth environment. The analysis draws on DHS and AIS data from 27 Sub-Saharan African countries, which spanned
Sjsi;aran Africa the 14 years between 2003 and 2016. We first use logistic regression analyses to assess the relationship between
Spatial-temporal epidemiology individual wealth, HIV infection and gender by country and year stratified on urban environment. We then use
meta-regression analyses to assess the relationship between country level measures of wealth and the odds of HIV
infection by gender and individual level wealth, stratified on urban environment. We find that there is a
persistent and positive relationship between wealth and the odds of HIV infection across countries, but that the
strength of this association has weakened over time. The rate of attenuation does not appear to differ between
urban/rural strata. Likewise, we also find that these associations were most pronounced for women and that this
relationship was persistent over the study period and across urban and rural strata. Overall, our findings suggest
that the relationship between wealth and HIV infection is beginning to reverse and that in the coming years, the
relationship between wealth and HIV infection in Sub-Saharan Africa may more clearly mirror the predominant

global picture.

1. Introduction

At a global level, HIV is widely understood to be a disease of
inequality in which poorer individuals experience disproportionate
morbidity and mortality from HIV infection (Faust et al., 2017; Fox,
2010, 2012; Richardson et al., 2014). This association has often been
assumed to be consistent across social and geographic contexts, with
poorer individuals in poorer countries at greatest risk of HIV infection
(Fox, 2010). However, it is now well established that in Sub-Saharan
Africa (SSA), both wealthier individuals and wealthier countries have
higher HIV prevalence than their poorer counterparts (Gillespie et al.,
2007; Hajizadeh et al., 2014).

The relative vulnerability of wealthier people runs contrary to
findings from North America and Western Europe over the last two
decades, where wealth is often strongly protective against infectious
disease (Fox, 2010, 2012; Phelan et al., 2010; Phelan & Link, 2013, pp.
105-125; Robert, 1998; Smith, 1998).

A positive relationship between wealth and HIV risk also appears to
violate key understandings of how health disparities are generated and
maintained. For example, Link and Phelan’s fundamental cause frame-
work suggests that as knowledge and the availability of new tools for
treatment and prevention of HIV have developed, wealthier individuals
and countries should be able to better avoid illness and prevent death
compared to poorer individuals and countries (Clouston et al., 2016;
Phelan et al., 2010; Phelan & Link, 2013, pp. 105-125). One potential
explanation for this paradox is that the wealthy and educated may feel
insulated from the risk of HIV infection and therefore do not take the
same precautions others do (Fox, 2010, 201 2).!

Similarly, despite most residents of SSA living in rural rather than
urban settings, when HIV prevalence is stratified by urbanicity urban
areas have a higher prevalence of HIV than rural ones (The World Bank,
2019). This suggests that HIV prevalence cannot be fully explained by
differences in urbanicity (Barankanira et al., 2016; Faust et al., 2017;
Fox, 2010, 2012; Hadley et al., 2019; Hajizadeh et al., 2014; Johnson &
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Way, 2006; Lakew et al., 2015; Magadi, 2013; Mishra et al., 2007;
Mojola, 2014; Richardson et al., 2014).

Lastly, it has also been observed that women in SSA experience a
greater risk of HIV infection compared to men. This is again, a mirror
image of results from North America and Western Europe and has been
attributed to greater biological vulnerability to acquisition (Abimiku &
Gallo, 1995; Bolan et al., 1999; Glynn et al., 2001) as well as the greater
presence of quid-pro-quo sexual relationships in which wealthy men
have multiple female partners (Bunyasi & Coetzee, 2017; Hajizadeh
et al., 2014; Ishida et al., 2012; Lakew et al., 2015; Mojola, 2014;
Stoebenau et al., 2016; Wamoyi et al., 2016).

In this analysis, we advance the literature in several directions:
Existing individual-level studies of HIV, gender and wealth have typi-
cally employed data from a specific year for a single nation or a small
subset of SSA nations (Barankanira et al., 2016; Fox, 2010, 2012; Haji-
zadeh et al., 2014; Lakew et al., 2015; Magadi, 2013; Mishra et al., 2007;
Parkhurst, 2010). Further, although these studies enable
between-country comparisons for a particular year, such analyses do not
allow for an assessment of how this relationship varies across time.
However, there have been important changes over the last two decades
which have likely affected this relationship. The widespread roll-out of
free anti-retroviral therapy across the continent has both improved
survival of especially poorer people with HIV who may not have had
prior access, as well as lowered HIV incidence by reducing the national
viral load, and thus reducing the likelihood of new acquisition among
new cohorts of individuals (Burger et al., 2020; UNAIDS, 2013). Addi-
tionally, over the last two decades, knowledge about HIV prevention has
increased along with HIV testing and condom use, especially among
young women and men (Cohen, 2004; Giguere et al., 2021; Hlongwa
et al., 2019; Murphy et al., 2006; Okware et al., 2005; Singh et al.,
2004). The achievement of gender parity in education in many African
countries (Adamczyk & Greif, 2011; Alsan & Cutler, 2013; Murphy,
2003; Sia et al., 2020) may also have increased women’s leverage to
demand safe sex in relationships, thereby changing the rate at which
women acquire HIV from their male partners (Jewkes, 2002; Pulerwitz
et al., 2002). Finally, the percentage of sub-Saharan Africans living in
urban environments has dramatically increased, from a mean of 27.3%
in 1990 to a mean 40.7% in 2019 (The World Bank, 2019). Overall, these
studies suggest that drivers of the long-established relationship between
wealth and HIV in Africa have shifted.

In this study, we draw on DHS and AIS data from 27 sub-Saharan
countries to investigate whether and how the relationship between
wealth, gender and urbanicity has changed over time. We also account
for hierarchical dimensions of wealth, examining both individual wealth
and country level wealth, and assessing how these relationships have
changed across time.

2. Methods
2.1. Data

We performed a secondary data analysis on a secondary de-identified
dataset from 43 nationally representative cross-sectional Demographic
and Health Surveys (DHS) and AIDS Indicator Surveys (AIS), covering
27 countries with linked HIV test results (Croft et al., 2018).

These data spanned 14 years; from 2003 to 2016 (Table 1) (Croft
et al., 2018). Although data were available, Burkina Faso 2003, Sierra
Leone 2013, Guinea 2005 & 2012, Niger 2006, Togo 2013, Mali 2012,
Zimbabwe 2005 & 2015, but not Zimbabwe 2010, were dropped from
this analysis due to low or 0 cell counts for HIV positivity when stratified
by wealth tertiles and urbanicity.

To obtain nationally representative statistics DHS and AIS follow a
two-cluster sampling design. Countries are first broken into enumera-
tion areas based on national census data. An effort is made to use
existing census enumeration areas if they are available. A subset of these
enumeration areas is then selected with a probability proportional to
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Table 1

Weighted Statistics of Study Population by Country. Weighted HIV Prevalence in
Percentages Weighted Prevalence of Men in Percentages, and Weighted Preva-
lence of Population Living in Urban Area in Percentages. Ordered from highest
to lowest by weighted HIV prevalence.

Country with Abbreviation HIV Positive (%) Women (%) Urban (%)

eSwatini (SZ) 25.88 54.03 27.38
Lesotho (LS) 23.66 54.48 29.61
South Africa (SA) 20.98 49.26 67.95
Zimbabwe (ZW) 15.69 52.76 35.59
Namibia (NM) 14.33 53.51 54.62
Zambia (ZM) 13.68 50.7 45.19
Malawi (MW) 10.25 51.56 18.89
Kenya (KE) 6.52 51.84 24.68
Uganda (UG) 6.37 55.24 14.36
Tanzania (TZ) 5.36 54.7 25.57
Cameroon (CM) 4.68 50.62 55.05
Gabon (GA) 4.24 49.67 87.65
Cote D’Ivoire (CI) 3.97 50 51.26
Rwanda (RW) 3.05 52.85 17.34
Ghana (GH) 2.1 51.77 49.63
Angola (AO) 1.95 54.22 70.79
Gambia (GM) 1.95 52.63 58.74
Liberia (LB) 1.83 54.08 48.81
Tchad (TD) 1.56 52.73 25.74
Sao Tomé & Principe (ST) 1.54 50.49 52.15
Sierra Leone (SL) 1.47 53.26 36.04
Burundi (BU) 1.43 52.78 12.55
Mali (ML) 1.34 52.48 35.39
Ethiopia (ET) 1.19 51.5 22.04
D.R. Congo (CD) 1.17 51.67 39.6

Burkina Faso (BF) 1.02 53.96 27.78
Senegal (SN) 0.69 54.31 52.6

their population size (Croft et al., 2018). Within these areas, households
are randomly selected to participate (Croft et al., 2018).

2.1.1. Informed consent and data privacy

Survey procedures and questionnaires were reviewed by both the ICF
Institutional Review Board (IRB) and an IRB within the country being
surveyed (The Demographic and Health Survey Program, 2021). The ICF
review ensured that protocols were compliant with US regulations on
human subjects research, and the within country IRB review ensured
that the survey complied with the country’s laws (The Demographic and
Health Survey Program, 2021). Prior to participation in the survey and
biomarker sampling, adult respondents underwent an informed consent
process that emphasized the voluntary nature of the survey (The De-
mographic and Health Survey Program, 2021).

Identification numbers that included enumeration areas and house-
hold, were used in lieu of names on surveys and biospecimens (The
Demographic and Health Survey Program, 2021). Once survey data
processing was completed, the section of the survey containing this
number was destroyed and the enumeration area and house number
codes were randomized and reassigned (The Demographic and Health
Survey Program, 2021). All survey and biomarker data was strictly
confidential (The Demographic and Health Survey Program, 2021).
More detailed information can be found in the Methodology Section of
the DHS website (The Demographic and Health Survey Program, 2021).

2.1.2. Variables

In our analysis, we investigated the relationships between three
variables — wealth, gender, and urbanicity — and HIV infection.

HIV. HIV infection status at the time of the survey was operation-
alized to a binary variable, ‘infected’ or ‘not infected’. ‘Infected’ status
reflects a positive test result for HIV-1, HIV-2, or both, while “not
infected” reflects an individual with a negative result for all HIV types.
Individuals with ‘invalid” or “indeterminate” test results were dropped
from the study. These observations comprised less that 1 percent of the
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data. HIV specific weights calculated by DHS were used to estimate
measurements of association for the entire population.

Individual Wealth. An individual’s wealth was quantified using the
DHS Wealth index. The Wealth Index is a composite measure of an in-
dividual’s assets. These include money, livestock, transportation (bi-
cycles, cars, motorbikes), and home appliances (radios, refrigerators),
among other items (Rutstein & Johnson, 2004). The index is
mean-centered, with zero representing the mean level of wealth within a
country during a survey period (Rutstein & Johnson, 2004). This makes
the wealth index a more useful tool for understanding how differences in
relative socioeconomic position within each country relate to
within-country differences in HIV risk rather than for understanding the
impact of country-independent absolute differences in wealth. These are
instead captured by the relationship between national GDP and
country-level average incidence (see below). To facilitate interpretation
of the wealth index in these terms, we collapsed the continuous wealth
score in the survey data into lower, middle, and upper wealth index
tertiles for each year and country combination in an approach similar to
Magadi and colleagues (Magadi et al., 2017).”

It is important to note that this standardized measure is contextual. A
potential drawback is that an individual within the lower wealth tertile
of one country, may fall into the middle or upper wealth tertile of
another country. This may thus limit comparability across countries.
However, the relative nature of this measure could also be a benefit. The
wealth tertiles become a proxy for the relative lived experience and ac-
cess to resources afforded to someone based upon their wealth within a
given country, instead of a mere categorization of the assets they have.
This allows us to get at the experience of being in the lower, middle, and
upper wealth tertile of each country, independent of the total value of
one’s assets.

Country-Level Wealth. We used three measures of wealth and
inequality at the country level downloaded from the World Bank’s on-
line data portal at https://databank.worldbank.org/(The World Bank,
2019): the GINI coefficient, which measures wealth disparity; the
human development index (HDI) which is a composite measure of a
country’s gross domestic product (GDP) per Capita, life expectancy and
education level, (United Nations Development Programme, 2020,
2021); and health expenditures as a percentage of gross domestic
product, which is a measure of the amount of money a country is
spending on health care. These country-level economic metrics were
used to ascertain if a relationship exists between a country’s economic
strength and its HIV prevalence.

Gender. Since DHS data does not have a discrete variable repre-
senting gender identity, the biological sex of each survey participant was
used as a proxy.

Urbanicity. Urban or rural designation is assigned to an individual
based upon the location of an individual’s de facto residence. There is no
standard definition of what constitutes an urban versus rural area.
Instead, these designations are assigned based upon the country’s
particular characteristics. Country-specific definitions can be found via
Integrated Public Use Microdata Series DHS website (Elizabeth Heger
et al., 2020).

2.2. Statistical analysis

To estimate gendered, temporal, and hierarchical risks of HIV
infection while accounting for variation in the magnitude and direction
of these effects across settings, we employed a two-step modeling
approach, often used in meta-analyses (J. Higgins et al., 2021).

2 We elected to create tertiles instead of using the quintiles calculated by
DHS, for parsimony and because the DHS indicates that this measure is
amenable to recategorization into different quantiles (Rutstein & Johnson,
2004).
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2.2.1. Step 1- individual data

In the first step, we modeled the odds of HIV infection for each
country/year combination using a logistic regression model adjusted for
wealth and gender. For each country/year combination, the effect of
living in a rural vs. urban setting on overall prevalence as well as the
impact of wealth and gender was captured by stratifying by setting. Step
1 analysis was completed using the survey package in R 3.5, which
allowed us to include DHS-provided sample weights to obtain
population-level inferences from DHS’s complex survey data (Brilleman
et al., n.d.; R Core Team, 2018).

Once effect measures for gender and wealth on HIV infection by
urbanicity were obtained in Step 1, in Step 2 we employed a meta-
regression model to measure relationships between country-level mea-
sures and HIV infection risks associated with being in the middle and
upper wealth tertiles or being a woman across all the countries in our
analysis.

2.2.2. Step 2- country-level data

The objective of the second step was to assess if a country’s GDP,
HDI, or GINI was predictive of HIV burden in either an urban or rural
setting for the groups mentioned above. Since these economic measures
capture different dimensions of wealth distribution and economic
robustness, statistically significant relationships between them and HIV
infection might offer insight into why certain groups have a higher
burden of disease compared to others.

To do this, a mixed-effects meta-regression model was fit using the
parameter estimates and confidence intervals from the Step 1 analysis
(J. P. Higgins & Green, 2008). Meta-regression was specifically used in
this context as it can adjust the parameter results to account for any
uncertainty in the effect estimates obtained from the models in Step 1. A
mixed-effects model was used to account for residual between-country
and survey variability not captured by included covariates (J. P. Hig-
gins & Green, 2008). An additional benefit of using a mixed-effects
model is that it does not assume that covariate effects are uniform
across countries (J. P. Higgins & Green, 2008). Meta-regression analyses
were implemented with the Metafor package for R (Viechtbauer, 2010,
pp. 1-48).

3. Results
3.1. Descriptive statistics

HIV. The prevalence of HIV across the countries analyzed ranged
from 0.69% in Senegal, to 25.88% in eSwatini. 6 other countries had an
HIV prevalence of greater than 10%: Lesotho, 23.66%; Malawi, 10.25%;
Namibia, 14.33%; South Africa, 20.98%; Zambia, 13.68%; Zimbabwe,
15.69%. All other countries had an HIV prevalence of greater than 1%
but less than 10% (Table 1).

Urbanicity. The urban populations within the countries studied
range from 12.6% in Burundi to 87.7% in Gabon. Seven other countries
had an urban population greater than 50%: Angola, 70.8%; Cote
D’Ivoire, 51.3; Cameroon, 55.1%; Gambia, 58.7%; Namibia, 54.6%;
Senegal 52.6%; Sao Tomé & Principe, 52.2%; and South Africa, 68%
(Table 1).

Gender. The proportion of women in each survey varied from 49% to
55.25%. South Africa had the lowest proportion at 49.26%, and Uganda,
the greatest with 55.24%. The median proportion of women in each
country is 52.7% (Table 1).

3.2. Wealth

After stratifying by urbanicity and controlling for gender we found
that, similar to prior stratified findings, those living in urban settings
were at greater risk of infection compared to those in the same wealth
tertile living in a rural setting (Fig. 1A) (Gillespie et al., 2007; Magadi,
2013; Mishra et al., 2007). In 20 of 27 countries, urban dwellers in the
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Fig. 1. A and B, show that the odds of HIV in the middle wealth tertile compared to the lower wealth tertile in rural and urban areas respectively. These graphs show
a decrease in the odds of HIV infection overtime, although the strata decline at separate rates. Fig. 1 C and D, show the temporal trajectory of the odds of HIV
infection in the upper wealth tertile compared to the lower wealth tertile, across rural and urban populations respectively. The graph depicts a decrease in the odds of
HIV in the upper wealth tertile versus the lowest wealth tertile across time. As with the prior figures, the rates of decline vary by strata. Fig. 1 E and F, similarly reflect
the change in the odds of HIV infection in women versus men in rural versus urban environments. Here we see that the odds ratio has remained constant across the

years studied.

middle wealth tertile had a higher odds of HIV infection compared to
their rural counterparts. Of these, urban dwellers in 14 of these 20
countries had 50% greater odds of infection than rural dwellers. Congo
2011 was the only survey in which urban dwellers in the upper tertile’s
odds of HIV was 50% than that of rural upper tertile dwellers. (Fig. 1A).
Likewise, when comparing urban and rural individuals in the upper
wealth tertile, we also found that the odds of HIV were higher for those
in urban vs. rural settings in 19 countries, with urban odds ratios that
were at least 50% greater than their rural counterparts in 10 countries.
(Fig. 1B).

3.2.1. Meta-analysis of urban strata over time

Results of our cross-country meta-model indicate that, on average,
the odds of HIV decreased by 3.4% per year for the urban middle versus
the urban lowest wealth tertile, and by 7.1% per year for urban upper
versus the urban lowest wealth tertile (Fig. 1A and B). Both meta
regression lines and their confidence intervals began and remained
above the null for several years. This suggests that within our data, the
odds of HIV infection seen in the urban middle tertile or urban upper
wealth tertile were significantly greater than those of the reference
group. As suggested by the slope these relationships have attenuated
over time. From 2008 onward the lower confidence bound for the urban
upper wealth tertile estimate included the null (Fig. 1A). Likewise, from
2011 onward the lower confidence bound for the urban middle wealth
tertile included the null (Fig. 1B). These findings suggest that over time,
the association between wealth and HIV infection has weakened over
time in urban areas.

3.2.2. Meta-analysis of rural strata over time

Similarly, results of our cross-country meta-model indicate that, on
average, the odds of HIV decreased by 2.2% per year for the middle
versus the lowest wealth tertile and by 7.6% per year for the upper
versus lower wealth tertiles (Fig. 1C). The meta regression line and
confidence intervals for the middle wealth tertile odds ratios remain
above the null between the years of 2003-2008. This finding suggests
that within our data those individuals in the middle tertile had signifi-
cantly higher odds of HIV infection compared to the reference group
during the 2003-2008 time interval. From 2008 onward, however, the
two groups had similar odds of HIV infection. Conversely, the regression
confidence intervals for the upper wealth tertile included the null for all
years analyzed. This suggests that within our study population, wealth
has weakened as a predictor of HIV infection amongst rural populations
in a manner that is similar to what has occurred in more-urban areas.
Finally, the prevalence of HIV amongst the rural poor and the urban
poor has remained largely unchanged over the years surveyed, with the
urban poor bearing a higher burden of disease compared to the rural
poor overall. Likewise, the ratio of these two prevalence has also
remained fairly constant over time.

The meta-regression findings suggest that the relationship between
wealth and HIV may be starting to move in the direction typically
observed outside of SSA, where an inverse relationship is seen between
assets and the risk of HIV infection. We found a decreasing odds of HIV
among middle and upper tertile Africans, regardless of urbanicity, with
the wealthiest SSA residents experiencing the largest declines. While one
may conclude that this relationship is simply the result of survival bias,
wealthier individuals in SSA are less likely to die from AIDS, even when
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anti-retroviral therapy is freely available, suggesting that these declines
are unlikely to be explained by this mechanism alone. (Kabudula et al.,
2017; Mishra et al., 2007).

3.3. Gender

Fig. 1C illustrates odds ratios of HIV for women compared to men
across time and country by urbanicity. Overall women typically had a
higher HIV burden than men (>1 odds ratios), and urban women had a
greater burden relative to rural women. 19 of the 27 countries surveyed
had a higher odds of HIV infection among urban women compared to
rural women. In 6 out of 19 countries, the odds of infection for urban
women were at least 50% greater than that of rural women.

Our regression results indicate that women across all countries in our
analysis experienced greater odds of HIV infection compared to men
after controlling for wealth. The odds of HIV among rural women were
52% greater than the odds of HIV infection in rural men. Similarly, the
odds of HIV for urban women are 73% greater than for urban-dwelling
men. These finding are consistent with those of Lakew, Barankanira and
Hajizedah (Barankanira et al., 2016; Hajizadeh et al., 2014; Lakew et al.,
2015). The change in odds of HIV infection in women versus men in both
urban and rural areas, across the surveys used in this analysis, was less
than 1% per year. This may indicate that across Sub-Saharan African
countries, the relative odds of HIV infection in women, regardless of
environment has remained unchanged over the last decade.

3.4. Effect modification and confounding

When we compare the results from our analysis stratified on
urbanicity to the results of an unstratified analysis, we see evidence of
effect modification or confounding by urbanicity depending on the
variable. Effect modification is indicated by a crude odds ratio falling
between the two stratified odds ratios, while confounding is indicated by
a crude odds ratio that is higher or lower than both stratified odds ratios
(Bovbjerg, 2020). Following these criteria, urbanicity appears to modify
the effect of gender on HIV infection, but confound the relationship
between wealth and HIV infection. (Supplementary Figs. 1A-C).

3.5. Country-level inequality in wealth and gender risks

Our findings suggest that a country’s development as well as the
amount of money spent on health expenditures also have a significant
impact on the relationship between wealth and HIV, however this is only
for those in the upper wealth tertile. We did not find a significant rela-
tionship between gender or middle wealth tertile status and the country
level metrics used here.

Two metrics were associated with lower HIV risk for the upper
wealth tertile relative to the lowest: HDI and the percentage of the GDP
attributed to health expenditures. A 1 unit increase in HDI was associ-
ated with a 94% decrease, (95% Confidence Interval (CI): 69%, 99%), in
HIV in the upper wealth tertile as opposed to the lowest wealth tertile. A
1% increase in the percent of the GDP directed to health expenditures
was associated with a 16.2% decrease (95% CI: 3%, 28%) in HIV among
the upper wealth tertile compared to the lowest wealth tertile.

4. Discussion

This study sought to examine gendered, temporal and hierarchical
dimensions of the relationship between wealth and HIV over time in sub-
Saharan Africa. Our analyses revealed three overall findings: First, we
found that while wealthier Africans continue to experience higher odds
of HIV infection compared to poorer individuals, the risk of HIV infec-
tion among middle and wealthier individuals has reduced over time
relative to the poor in both urban and rural areas, with the wealthiest
experiencing the largest declines. Second, we found that women
continue to have higher odds of HIV infection relative to men, even after
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accounting for wealth and urbanicity, and there has been little change in
this relationship over time. Third, we found that country level GDP, its
HDI, and its expenditures on health care reduced the relative risk of HIV
infection, but only for the wealthiest Africans.

Our results confirm Magadi’s finding that the risk of HIV infection is
higher in those living in an urban setting compared to individuals living
in a rural setting, although our results regarding wealth and HIV conflict
with her findings. This is potentially due to our use of wealth index
tertiles as opposed to splitting the wealth index at the median (Magadi,
2013). Our findings regarding wealth are consistent with those by
Mishra et al., and Gillespie et al.; namely that wealthier individuals in
SSA continue to experience higher odds of infection compared to poorer
individuals, and that relative wealth not poverty predict one’s risk of
HIV infection (Gillespie et al., 2007; Mishra et al., 2007).

Our investigation of temporal trends indicates that the disparity in
HIV infection risk between wealth tertiles has been declining over time
in both urban and rural areas. Our findings note that the overall average
decline in HIV infection risk amongst individuals in the upper wealth
tertiles is steeper than the decline in HIV in the middle wealth tertile,
despite increasing availability of free antiretroviral therapy across SSA
(UNAIDS, 2013, 2019) (Fig. 1A and B).

There are several potential explanations for our findings. First, since
wealthier individuals are less likely to die from AIDS (Kabudula et al.,
2017; Kumarasamy et al., 2005; Merten et al., 2010; Riley et al., 2007;
Rubin et al., 2010; Tuller et al., 2010), these results may suggest a shift
in the composition of the HIV-positive population, with wealthier adults
who acquired HIV earlier in the epidemic surviving longer, combined
with declining incidence among adults who have accumulated wealth as
they age, potentially due to higher uptake of HIV preventive practices. In
this case, as time progresses, fewer wealthy SSA residents would be HIV
positive. However, since the relationship between wealth and HIV is
typically examined in relative terms, this could also reflect composi-
tional shifts among the poor, who have benefited relatively more from
freely available ART than wealthier Africans, and are now increasingly
able to survive and age with HIV (Bor et al., 2013; Floyd et al., 2010;
Price et al., 2017). In addition, ART contributes to reduced community
viral loads for both the wealthy and poor, providing indirect protection
that lowers incidence across the population.(UNAIDS, 2013). In com-
bination, this would result in both the poor and the wealthy trending
towards each other over time, potentially blunting the effect of poverty
or wealth on HIV outcomes.

Our findings should also be interpreted in light of several limitations.
First, there are a varying number of observations in each survey, and a
varying number of surveys for any given year. Consequently, our tem-
poral trend estimates are vulnerable to bias due to data sparseness.
However, these inconsistencies are unlikely to drastically bias our
overall temporal trend estimates because meta-regression uses the
standard errors of each point estimate to account for uncertainty.

Not all SSA countries are included in our DHS dataset, which lacks
key countries like Botswana; our results about between-country varia-
tion and change over time should be interpreted in light of this missing
information. While the exclusion of some countries would not affect the
individual level estimates of other countries, it may impact temporal
trends we observed if these countries are systematically different from
those included in our analysis. Finally, we were unable to control
directly for the specific phase (acceleration, peak, deceleration) each
country’s HIV epidemic was in at the time of each survey. This short-
coming is unlikely to bias our results greatly, as most included countries
have shown a decline or plateau of cases over the study period, with only
a handful increasing. Consequently, any bias in our projections would
result in an attenuation towards the null and provide a conservative
estimate of the temporal trends.

4.1. Conclusion

Taken together, our findings indicate that over the last decade,
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across a large number of SSA countries, the odds of HIV amongst
wealthier individuals have decreased relative to poorer individuals. This
suggests that the relationship between wealth and HIV in these countries
may be converging towards the global norm in which poverty is pre-
dictive of increased HIV risk. We found that the relative difference be-
tween those living in urban vs. rural contexts was stable, and that both
contexts were largely subject to the same temporal trends in the impact
of wealth on HIV risk. Our analyses also confirm the stability of previous
findings: HIV continues to be more prevalent in the wealthiest group of
individuals compared to the middle or lower wealth tertiles, and more
prevalent in women compared to men.

Next, our study identifies a set of metrics that allow us to disentangle
the impact of country-level vs. individual attributes on HIV risk. Spe-
cifically, increases in health spending as a fraction of GDP, and HDI are
all associated with a decrease in HIV amongst the upper wealth tertile
compared to the middle or lower wealth tertiles. Taken together, these
trends suggest that wealthier countries have a lower overall burden of
disease, but that the wealthiest individuals in these countries remain at
higher risk of HIV compared to those at the lower end of the wealth
distribution.

Finally, our findings hint at a potential mechanism through which
urbanicity affects the relationship between HIV infection, and wealth or
gender: urbanicity modifies the effect of gender on HIV infection risk,
but confounds the relationship between wealth and HIV infection risk. In
other words, urbanicity is predictive of wealth and of HIV infection
status separately, and as such it must be controlled for if one is to
investigate the effect wealth has on HIV infection. However, residing in
an urban environment increases a woman’s vulnerability to HIV
infection.

Our results also point the way to future analyses examining the roles
played by wealth and gender on patterns of HIV infection in SSA. In
particular, more research should examine the mechanistic drivers of
reduced HIV vulnerability among the wealthiest Africans in different
countries, the stubbornness of the gender disparity in women’s HIV risk,
and the positive association between individual wealth on HIV burden.
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