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The relationship between material wealth and HIV infection in sub-Saharan Africa has been the subject of
considerable debate in part because many studies show that wealth is positively associated with infec-
tion. Others have critiqued such results, suggesting that the widely used indicators of wealth underlying
these results fail to capture the diversity of livelihood portfolios in East Africa. Using population represen-

Keywords: tative data from 35,799 households in Kenya, Ethiopia, and Tanzania, we estimate household wealth
lI:l'Ivl'h d along two different dimensions, associated respectively with success in wage economies and agricultural
tvelihoods economies. Regression models for men and women show consistent and opposing associations between
Social determinants of health . . . . . . . .
Wealth type of wealth and HIV infection. Controlling for age, education, and urban dwelling, increasing achieve-

Africa ment along the wage economy dimension is positively (often significantly) associated with HIV infection.
In contrast, increasing achievement along the agricultural economy dimension is often negatively asso-
ciated with HIV infection, and is never associated with increased HIV risk. Interestingly, variables to
assess risky sexual behaviors do not mediate the relationship between either type of wealth and HIV
infection. Our results suggest that future studies on the relationship between HIV and wealth need to take
into account the different dimensions of household wealth found in East African countries. Our results
also generate new, important questions about why and how different forms of wealth drive HIV infection.

© 2018 Published by Elsevier Ltd.

1. Introduction

More than a decade ago, public health researchers began to
identify a puzzling relationship between wealth and HIV in sub-
Saharan Africa. First in Kenya and then in Tanzania, nationally-
representative and cross-sectional surveys showed that men and
women in wealthier households were at substantially greater risk
of HIV infection than those from poorer households (Shelton,
Cassell, & Adetunji, 2005). These findings were soon confirmed in
a number of other countries, including Ghana, Malawi, Lesotho,
Cameroon, and Burkina Faso (Mishra et al., 2007), and generated
considerable debate about the social roots of HIV infection
(Bingenheimer, 2007; Fox, 2012; Gillespie, Kadiyala, & Greener,
2007; Hargreaves, Davey, & White, 2012; Hargreaves, Davey,
Fearon, Hensen, & Krishnaratne, 2015; Long & Deane, 2015;
Lopman et al., 2007; Mishra et al., 2007; Parkhurst, 2010;
Shelton et al., 2005). A positive relationship between HIV and
wealth (or, HIV and education, Forston, 2008) potentially
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challenged emerging arguments that poverty-alleviation programs
are a “key intervention in the fight against HIV” (Fenton, 2004).
More broadly, they also provided a puzzling counter-example to
the recurring finding in population health that indices of individual
and household wealth robustly predict improved health across a
range of measures (Wilkinson, Marmot, & ebrary Inc. 2003).
Indeed, so robust is the positive association between access to
resources and health that some social epidemiologists have labeled
wealth and socioeconomic position “fundamental causes” in
understanding the distribution of health across time and space
(Link & Phelan, 1995).

Not surprisingly then, the paradoxical nature of the HIV-wealth
relationship in sub-Saharan Africa generated considerable scholar-
ship. For example, researchers have sought to describe more
complex associations between household wealth and HIV, and
have tried to explain varied findings on the relationship between
HIV and wealth by testing the hypothesis that wealth might be
positively associated with HIV infection early in an epidemic while
later turning into a negative relationship as the epidemic unfolds
over time—the so called “inverse equity hypothesis” (Hargreaves
et al., 2012) (Victora, Vaughan, Barros, Silva, & Tomasi, 2000). How-
ever, these hypotheses met little empirical support in a recent
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study on the relationship between education and HIV infection
among young people in East and Southern Africa (Hargreaves
et al., 2015). Still others have focused on the interaction between
household and national level poverty and wealth. For instance,
Parkhurst (2010) suggested that wealth might be positively associ-
ated with infection probability in lower-income countries, whereas
in higher-income countries the association may turn negative. Fox
(2012) looked within countries and, also relying on DHS surveys,
examined how the HIV-socioeconomic status association varies
across wealthier and poorer regions, and, specifically, examined
the role inequality may play in patterning the SES-HIV association.
Her results from 170 regions in 16 countries show that “inequality
trumps wealth” and that in wealthier regions/countries, poorer
individuals are more likely to be infected, whereas in poorer
regions/countries, wealthier individuals are more likely to be
infected.

The results from each of these important studies rest critically
on how household wealth is conceptualized and measured. It is
important therefore to note that wealth estimates from the Demo-
graphic and Health Surveys (DHS) have dominated most work on
the relationship between HIV and wealth with their large samples
of households and individuals who have been tested for HIV. These
studies have generally treated the measurement of wealth as
unproblematic and have relied exclusively and uncritically on the
DHS wealth index (Bingenheimer, 2007). The DHS wealth index
is generated through a principal component analysis on
household-level asset data, household construction attributes,
and other variables such as source of drinking water. Consumer
goods and modern housing construction load heavily on the first
component, which ultimately becomes the wealth measure. On
the other hand, the DHS wealth index down weights the impor-
tance of “traditional” forms of wealth, such as animal and land
holdings, even though many African households construct a living
through engagement in either a wage economy or an agricultural
economy. This strongly suggests that this measure reflects a nar-
row conceptualization of wealth, specifically engagement in a
wage economy. Based on this concern, Bingenheimer (2007) ques-
tioned the finding of many studies on the HIV-wealth relationship,
specifically noting that the one-dimensional “wealth” scale used so
frequently in HIV-wealth studies is “inconsistent with the com-
plexities of contemporary African livelihoods” and, therefore,
results linking “wealth” to HIV are potentially misleading. This
leaves open the question of whether wealth matters for HIV or
whether specific forms of wealth matter. This is the question we
take up in this study.

Consistent with Bingenheimer’s critique, anthropologists have
spent considerable time unpacking and contextualizing the mean-
ings of wealth and exploring the diverse ways in which people can
craft livelihoods to accumulate wealth (Ferguson, 1992; Guyer,
1995; Hruschka, Hadley, & Hackman, 2017; Kaiser, Hruschka, &
Hadley, 2017), finding, as Bingenheimer notes, that livelihoods
can be complex. Anthropologists have explicated and debated the
nature of wealth, assessing the extent to which wealth is a uni-
or multidimensional construct, and determining what value is
added to our understanding of health by incorporating locally
appropriate wealth measures (Hadley & Wutich, 2009; Hruschka
et al., 2017; Little, McPeak, Barrett, & Kristjanson, 2008; Tucker,
Huff, Tsiazonera, Hajasoa, & Nagnisaha, 2011). Not surprisingly,
these authors argue, whether implicitly or explicitly, that the
diversity of livelihoods observed ethnographically might not map
perfectly onto a single dimension of wealth. By drawing on ethno-
graphic and experience-near knowledge, anthropologists have
highlighted the diverse ways in which people make a living that,
though successful, are orthogonal to capitalist modes of asset
acquisition (BurnSilver, Madganz, Stotts, Beman, & Kofinas, 2016;
Ferguson, 1992; Guyer, 1995; Little et al., 2008). The radically con-

textualizing approach of anthropology, contrasts with the use of
single wealth metrics that are often applied cross-nationally.
Notably, the Demographic and Health Surveys—multicountry, mul-
tiyear and nationally representative datasets—rely on a single
wealth dimension based on asset ownership (Filmer & Pritchett,
2001; Rutstein, Johnson, Macro, & MEASURE, 2004). This measure
and its single-dimensional variants may be among the most fre-
quently used wealth indices in the health and social science liter-
ature (Hruschka, Gerkey, & Hadley, 2015; Rutstein & Stavestag,
2014; Smits & Steendijk, 2015). As such, as Bingenheimer hypoth-
esized, it is possible that conclusions about the relationship
between HIV and household wealth are marred by focusing on only
one kind of wealth and, therefore, fail to consider the diverse path-
ways through which households accumulate material goods and
status.

There is reason to believe that different forms of wealth will be
differentially related to HIV risk. The growing literature on “sugar
daddies” and transactional sex in sub-Saharan Africa repeatedly
calls attention to cash and the material nature of the wealth
exchanged. While reports highlight the exchange of sex for food
(Weiser et al., 2007), especially among food insecure women, a
more common theme, in both rural and urban settings, is the
emphasis on the exchange of money, material goods, “fashionable
goods”, items linked with “conspicuous consumption” (Dunkle
et al,, 2007; Fielding-Miller, Dunkle, Cooper, Windle, & Hadley,
2016; Luke, Goldberg, Mberu, & Zulu, 2011; Maganja, Maman,
Groves, & Mbwambo, 2007; Stoebenau, Heise, Wamoyi, &
Bobrova, 2016; Wamoyi, Wight, Plummer, Mshana, & Ross, 2010)
or, as Masvawure (2010) notes, exchanging sex to be seen as
“high-status, successful modern subjects.” Free lists of the items
women hope to gain in sex transactions are overwhelmingly dom-
inated by material goods (Fielding-Miller et al., 2016) and material
exchange for sex has been linked with increased risk of HIV
(Dunkle et al., 2004). These results suggest that wealth along a
wage dimension may result in differential risk for HIV infection,
perhaps mediated by increased numbers of partners, lack of con-
dom use, or as suggested by Shelton et al, concurrent sexual part-
ners (Shelton et al., 2005).

Until recently, a key barrier to assessing Bingenheimer’s cri-
tique is the lack of diverse livelihood and wealth measures in the
kinds of large, representative surveys that dominate discussions
about the HIV-wealth relationship (Howe et al., 2012). This has
changed in the last decade, as Demographic and Health Surveys
have begun to ask standard questions about agricultural wealth,
such as land and livestock ownership. Recently, researchers have
applied standard data reduction techniques (such as Multiple
Correspondence Analysis) to these new data to estimate and vali-
date multiple dimensions of wealth (Greenacre and Jce, 2006;
Hruschka et al., 2017; Pages, 2016). Applying these techniques to
nationally representative survey data from Nepal, Bangladesh,
Ethiopia, Kenya, Tanzania, and Guatemala, Hruschka et al. (2017)
estimated a number of meaningful and reliable wealth dimensions.
In each case, the MCA revealed at least two wealth dimensions in
each country, and these generally mapped onto achievement: (1)
in the wage economy and (2) the agricultural economy. Moreover,
both achievement in the wage economy and agricultural economy
showed strong positive associations with indicators of child and
adult growth and household food insecurity, indicating that both
dimensions of wealth positively contributed to physical wellbeing.
In Kenya and Nepal a third reliable wealth dimension was also esti-
mated which provided information about the kinds of agricultural
livelihoods a household was pursuing (e.g. specializing in cattle
ownership), but did not assess achievement per se. These results
robustly suggest that multiple, orthogonal dimensions of wealth
can contribute to our understanding of social inequality and health
outcomes, and a one-dimensional wealth measure, especially one
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that down weights agricultural achievement, can miss important
relationships between wealth and health outcomes.

In this paper, we apply this novel approach for estimating
household wealth across multiple livelihood strategies to long-
standing questions on the relationship between wealth and HIV
(Hruschka et al., 2017). We argue that the debate over the associ-
ation between HIV and wealth hinges on how wealth is measured
and conceptualized, and we hypothesize that both perspectives on
the wealth-HIV association might be correct if wealth is, in fact,
multidimensional. We use multiple correspondence analysis to:
(1) determine whether varying dimensions of wealth in Ethiopia,
Kenya, and Tanzania are associated with HIV infection; (2) identify
the direction of these associations; and, (3) explore which factors,
if any, mediate the relationship between wealth type and HIV
infection.

2. Methods

To explore the relationship between wealth and HIV, we use
Demographic and Health Surveys from Tanzania (2011), Ethiopia
(2011) and Kenya (2009). These were selected because all surveys:
(1) come from some of the original countries where the HIV-wealth
association was first identified; (2) come from countries where the
authors have experience working; (3) include rich population-
based data on housing structure, drinking water source, asset own-
ership, and animal and land holdings; (4) have data on individuals
with known HIV status; and, (5) represent a range of variation in
HIV prevalence (~1% to ~6%), per capita GDP ($341 to $967 per
person, 2010 $US dollars), modes of economy (42% to 79%
employed in agriculture), and proportion of the population living
in an urban setting (17% to 29%). As outlined in Hruschka et al.
(2017), we determined the number of relevant household-level
wealth dimensions for each country individually. Specifically, we
identified these dimensions from variables like household drinking
water source, presence of a household electricity connection,
household wall, roof and floor construction materials, type of toilet
used (if any), type of cooking fuel used, and material asset owner-
ship (i.e. bike, radio, mobile or landline telephone, carts, boats,
trucks, scooters, and watches). We also scored households on their
ownership of land, cattle, cows, sheep, goats, horses/donkeys and
chickens (in Tanzania this also included pigs). Dichotomous vari-
ables were discretized and nominal variables were dichotomized.
For example, if a household mentioned using a composting toilet
we created a new variable, “composting toilet”, which was dichot-
omized. Households in each country were assessed on approxi-
mately 130 unique dichotomous wealth variables (Hruschka
et al., 2017).

To generate the wealth dimensions, we used R to conduct a
weighted multiple correspondence analysis (MCA) on all available
households and then merged those data with individual level data
which included HIV status. The procedure estimates a “cloud of
households” in a multidimensional space where distances between
households are derived from differences in household assets. It
then estimates a number of orthogonal dimensions running
through that space that capture the largest amount of variation
in asset ownership. The rationale for using MCA as well as a
description of how it works and its relationship to principal com-
ponent analysis are described in more detail in Hruschka et al.
(2017). Following the procedure laid out in Hruschka et al.
(2017), we applied MCA to the household-by-variable matrix sep-
arately for each country using the dichotomous measures men-
tioned above. We initially estimated four dimensions but only
retained dimensions with acceptable internal reliabilities (Cron-
bach’s alpha >0.70) and a clear interpretation; we opted to retain
only the first two dimensions for each country. Households were

then assigned a coordinate along each of the selected dimensions.
To anchor our interpretation of the direction of each dimension
(see also Hruschka et al., 2017), we explored how they varied
across a suite of anchoring variables. Specifically, for each country
we examined how both dimensions varied according to the house-
hold head’s education level, rural or urban dwelling, whether the
household had electricity, hectares of agricultural land and house-
hold ownership of cows and chickens. We also compared the DHS
wealth index against wealth dimensions generated from the MCA.
To facilitate analysis, we normalized dimension 1, dimension 2,
and the DHS wealth index by the standard deviation of each.

To explore what factors might mediate the relationship
between wealth-type and HIV we calculated the number of life-
time partners (coded as 0, 1-2, 3 or more) and the number of
non-spousal partners in the last 12 months (coded as 0 or >0); from
these we created dummy variables for: no partners ever, 1-2 life-
time partners and no extra spousal sexual relationships in the last
12 months, 1-2 lifetime partners with at least 1 extra spousal rela-
tionship, three or more lifetime partners and no extra spousal part-
ners in last 12 months, and three or more lifetime partners with at
least one spousal partner in the last 12 months. We included these
with the aim of assessing whether their inclusion mediated the
associations between the two wealth dimensions and HIV infec-
tion. We had hoped to include variables for concurrent sexual part-
ners but the cells sizes were very small.

For our analytic strategy, we fit a logistic regression to estimate
an individual’s HIV status as a function of a household’s score along
each of two wealth dimensions. In addition to the wealth dimen-
sions, we included age, gender, education level, [dummy coded
as: none (reference), primary, secondary, higher] and urban resi-
dence as covariates. The wealth dimensions were initially broken
into quintiles and entered into the models as dummy variables;
analysis of the quintiles suggested that it was acceptable to model
our wealth dimensions as linear continuous variables. We present
models including both wealth dimensions, but also report models
with each dimension included independently in the Supplemen-
tary materials. Those models do not qualitatively change the find-
ings for wealth.

Supplementary data associated with this article can be found in
the online version at https://doi.org/10.1016/j.worlddev.2018.09.
015.

We also tested an interaction between each wealth dimension
and urban residence to assess whether different types of wealth dif-
ferentially impacted HIV risk conditional upon place (see Supplemen-
tary materials). We present models with the interaction between
urban residence and dimension 1 because the urban x dimension 1
interaction was significant in some of the models. As the
urban x dimension 2 interaction was never significant, we exclude
it from all models. Age was initially entered into the logistic models
as a categorical variable; however, as results were substantially
unchanged when modeled as a linear continuous variable, we present
here models with age as a continuous variable. All analyses at the
individual level were conducted using the HIV specific weights, and
correlational and regression analyses were conducted accounting
for complex sample design using the survey package for R.

3. Results
3.1. Identifying and characterizing dimensions of household wealth

Consistent with the original estimation of wealth in the surveys
from these three countries (Hruschka et al., 2017), the MCA identi-
fied at least two reliable dimensions, with the first dimension
highly correlated with the standard DHS wealth factor score
(r>0.95; SM Table S1) and the first two dimensions relatively
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orthogonal to each other (r < 0.10). Also consistent with previous
estimations for the same surveys, the first dimension in each coun-
try was significantly correlated with access to electricity (r > 0.75),
ownership of a TV (r > 0.50) and urban residence (r > 0.70). By con-
trast, the second dimension was significantly associated with own-
ership of chickens (r>0.35) and cattle (r>0.35) as well as
ownership of land (r> 0.25). Moreover, the second agricultural
wealth dimension was never strongly associated with urban resi-
dence (|r| <0.10), nor with the standard DHS wealth factor score
(r=0.10, 0.18, 0.21). As in the original derivation of these mea-
sures, we interpret the first dimension as a measure of wealth in
the wage economy and the second dimension as a measure of
wealth in the agricultural economy.

3.2. Characterizing the relationship between HIV infection and
dimensions of household wealth

In Ethiopia, 1.4% (1% male, 1.9% female) of the sample was HIV
positive, while in Tanzania 3.9% of men and 6.2% of women were
HIV positive, and in Kenya 6.3% of the sample was HIV positive
(4.6% male, 8% female). We fit gender-specific logistic regression
models with controls for age, education and place of dwelling to
each country’s data and our estimates of wage-based (dimension 1)
and agricultural-based wealth (dimension 2).

Results of logistic regressions predicting HIV status for Ethiopia,
Tanzania and Kenya are shown in Tables 1-3, while Fig. 1 (for urban
dwellers) and Fig. 2 (for rural dwellers) depict the predicted proba-
bility of HIV infection by the wage economy and agricultural wealth
dimensions controlling for individual age (what?) and education.
Consistent with previous studies that used the standard DHS wealth
index, accumulation along the wage economy dimension (i.e.,
dimension 1) was significantly associated with increased HIV among
men in all three countries—Tanzania (beta: 0.36 95%CI 0.04, 0.68),
Ethiopia (beta: 1.18, 95%CI 0.86, 1.50), and Kenya (beta: 0.46, 95%
CI 0.11, 0.82). The interaction between wage economy wealth and
urban residence was significant for Ethiopian men (—0.81 95%CI
—1,23, —0.40) and Kenyan men (—0.66, 95%CI —1.21, —0.07) indicat-
ing that the association between the wage economy dimension
(dimension 1) and HIV was greater in rural areas.

We find a similar positive and significant association between
wage economy wealth and HIV for women in Tanzania (beta
0.40, 95%CI 0.23, 0.58) and Ethiopia (beta 1.14 95%CI 0.58, 1.71),
while the association was positive but not significant in Kenya

(beta: 0.16 95%CI —0.16, 0.47). The interaction between wage
economy wealth and urban residence was significant for Tanzanian
women (—0.46 95%CI —0,73, —0.19) and Ethiopian women (—0.83,
95%CI —141, —0.25) indicating that the association between
dimension 1 and HIV is greater in rural areas.

By contrast, accumulation along the agricultural dimension was
consistently negatively associated with reduced HIV risk for both
men and women. This result was statistically significant for men
in Tanzania (beta: —0.29, —0.48, —0.10), marginally significant
for men in Ethiopia (beta —0.30, 95%CI —0.63, 0.03), and negative
but not significant in Kenya (beta: —0.06, —0.35, 0.23). It was sta-
tistically significant for women in all countries: Tanzania (beta:
—0.25, 95%Cl —0.38, —0.12), Kenya (beta: —0.41 95%CI —0.65,
—0.18), and Ethiopia (beta —0.35, 95%CI —0.58, —0.12).

3.3. Do sexual behaviors mediate this relationship?

To assess whether variables related to sexual behaviors medi-
ated the relationship between different types of wealth and HIV
infection, we added sexual behavior variables to the models and
explored changes in the magnitude of the wealth variable coeffi-
cients. As shown in Tables 1-3, variables measuring sexual behav-
iors were often positive predictors of HIV infection. For women in
all three countries, having reported any sexual partners was a pos-
itive predictor of HIV status, with the largest increases among
those who had reported >2 lifetime partners. The results were less
consistent for men, with no significant effect of reported sexual
partners in Tanzania, a significant increase for those reporting >2
lifetime partners in Ethiopia and Kenya, and a significant increase
in Ethiopia for those reporting 1-2 lifetime partners and no extra-
spousal sexual partners in the last 12 months. Despite these signif-
icant associations, adding sexual behaviors to the models did not
consistently or substantially impact the relationship between the
wealth dimensions and HIV infection.

4. Discussion

The relationship between wealth and HIV has excited much
academic and policy interest. In this study we sought to assess
the hypothesis that wealth associated with different livelihoods—
that is, multiple material wealths—may be differentially associated
with HIV infection. Our results strongly support this notion.

Table 1
Logistic regression predicting HIV risk in Ethiopia.
Women Men
Model 1 Model 2 Model 1 Model 2

Urban dweller, yes
Age, years

Education
Primary school
Secondary school
More than secondary

Wealth Dimension
Wage
Agricultural

1.18" (0.66, 1.69)
0.07" (0.05, 0.09)

0.46 (—0.13, 1.05)
0.40 (—0.80, 1.61)
~1.02" (-1.98, —0.06)

1.14" (058, 1.71)
-0.35 (-0.58, —0.12)

128 (0.76, 1.80)
0.037(0.01, 0.05)

0.53" (~0.04, 1.10)
0.66 (—0.57, 1.88)
~0.92* (~1.90, 0.06)

1.08 (0.57, 1.59)
—0.22" (—0.44, 0.01)

Sexual Partners (LT = Lifetime partners, yes/no refers to extra spousal relationship)

1-2 LT, no 12 mo
1-2 LT, yes 12 mo
>2 LT, no 12 mo
>2 LT, yes 12 mo

Wage x Urban
Constant

—0.83" (141, —0.25)
—-6.56  (—7.61, —5.50)

21277 (1.31,2.92)
249 (1.44,3.54)
3.17 7 (2.23, 4.10)
344" (2.37,4.52)

—0.81"" (~1.34, —0.29)
-7.63" (-8.91, —6.34)

1.20 7 (0.46, 1.94)
0.05" (0.04, 0.07)

0.08 (~0.76, 0.91)
0.10 (~0.66, 0.86)
~0.91" (~1.80, —0.02)

1.18" (0.86, 1.50)
-0.30 (—0.63, 0.03)

—0.81"" (~1.23, —0.40)
-6.81"" (~7.75, —5.88)

1.16 " (0.49, 1.84)
0.01 (-0.01, 0.03)

0.04 (—0.75, 0.84)
0.16 (—0.57, 0.90)
~1.01" (~1.94, —0.08)

1.1277 (0.80, 1.43)
—0.22 (—0.54, 0.10)

2.837 (1.63, 4.02)
—0.06 (—1.82, 1.71)
3.86 " (2.68, 5.05)
3.92"7 (2.61, 5.22)

—0.88"" (—1.28, —0.48)
-8.23"" (-9.58, —6.89)

“p<o0.1.
" p<0.05.
" p<0.01.
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Table 2
Logistic regression predicting HIV risk in Kenya.

Women

Model 1

Model 2

Men

Model 1

Model 2

Urban dweller, yes
Age, years

Education
Primary school
Secondary school
More than secondary

Wealth Dimension
Wage
Agricultural

0.31 (~0.34, 0.95)
0.04” (0.02, 0.05)

0.66 (—0.00, 1.31)
0.36 (~0.39, 1.12)
0.63 (~0.28, 1.55)

0.16 (~0.16, 0.47)
~0.417 (~0.65, —0.18)

0.21 (—0.45, 0.88)
0.01 (—0.01, 0.04)

0.47 (-0.21, 1.15)
0.28 (~0.46, 1.03)
0.58 (~0.39, 1.54)

0.10 (~0.20, 0.41)
~036" (~0.59, —0.13)

Sexual Partners (LT = Lifetime partners, yes/no refers to extra spousal relationship)

1-2 LT, no 12 mo
1-2 LT, yes 12 mo
>2 LT, no 12 mo
>2 LT, yes 12 mo

Wage x Urban
Constant

~0.15 (~0.67, 0.37)
~4.16"" (~5.06, —3.27)

1.54" (0.63, 2.44)
1.397 (0.20, 2.59)
2.397 (1.39, 3.39)
299 (1.97,4.01)

~0.08 (—0.60, 0.44)
~4.98" (—6.20, —3.77)

0.03 (—0.61, 0.67)
0.05"" (0.03, 0.06)

0.65 (~0.66, 1.97)
0.02 (~1.37, 1.42)
0.18 (~1.35, 1.71)

046 (0.11, 0.82)
—0.06 (—0.35, 0.23)

~0.66" (~1.24, —0.07)
—4.76"" (—6.20, —3.32)

~0.01 (~0.65, 0.63)
0.03" (0.004, 0.05)

0.45 (~0.96, 1.85)
~0.10 (~1.58, 1.38)
~0.003 (~1.63, 1.63)

0.39" (0.03, 0.75)
~0.03 (~0.33, 0.26)

1.17 (—0.56, 2.90)
—0.21 (=2.75, 2.32)
2.25" (0.53, 3.96)
2.26" (0.59, 3.94)

~0.63" (=122, —0.05)
-5.78" (~7.88, —3.69)

" p<o0.1.
" p<0.05.
" p<0.01.

Table 3

Logistic regression predicting HIV risk in Tanzania.

Women

Model 1

Model 2

Men

Model 1

Model 2

Urban dweller, yes
Age, years

Education
Primary school
Secondary school
More than secondary

Wealth Dimension
Wage
Agricultural

0.56 " (0.23, 0.90)
0.05" (0.04, 0.06)

0.08 (~0.26, 0.42)
~0.10 (~0.55, 0.35)
~0.70 (—2.89, 1.48)

0.40 " (0.23, 0.58)
—0.25" (-0.38, —0.12)

0.48" (0.14, 0.83)
0.04" (0.03, 0.05)

0.12 (-0.22, 0.45)
0.06 (—0.38, 0.50)
~0.56 (~2.66, 1.55)

038" (0.20, 0.56)
~0.17"" (-0.30, —0.04)

Sexual Partners (LT = Lifetime partners, yes/no refers to extra spousal relationship)

1-2 LT, no 12 mo
1-2 LT, yes 12 mo
>2 LT, no 12 mo
>2 LT, yes 12 mo

Dimension 1 x Urban
Constant

—0.46" (-0.73, —0.19)
—4.44"" (—4.89, —3.99)

1.017 (0.35, 1.67)
116" (0.33, 1.99)
1.37 " (0.68, 2.05)
207" (1.37,2.77)

—0.47" (-0.74, —0.19)
-5.35" (-6.09, —4.61)

0.09 (~0.51, 0.70)
0.06 " (0.04, 0.07)

—0.06 (—0.54, 0.43)
~0.99" (~1.68, —0.29)
~0.03 (~1.68, 1.62)

036" (0.04, 0.68)
~0.29" (-0.48, —0.10)

—0.03 (—0.54, 0.48)
—497" (-5.63, —4.32)

0.07 (~0.54, 0.68)
0.05"" (0.03, 0.07)

~0.06 (~0.56, 0.44)
~0.917 (~1.61, —0.22)
~0.03 (~1.69, 1.62)

035" (0.03, 0.66)
~0.29" (-0.47, —0.10)

0.17 (-0.89, 1.23)
0.25 (~0.91, 1.40)
0.57 (~0.43, 1.56)
0.71 (~0.24, 1.66)

—0.03 (—0.53, 0.48)
-520" (-6.22, —4.19)

" p<0.1.
" p<0.05.
™ p<0.01.

Specifically, we find a broad pattern whereby accumulation of
wealth along a wage economy dimension is associated with
increased likelihood of infection, a finding that replicates previous
studies using the standard DHS wealth index. Meanwhile, accumu-
lation of wealth along an agricultural spectrum is associated with
lower likelihoods of infection (and nearly always significantly
s0). Our results therefore imply that wealth can be both positively
associated with HIV infection and negatively associated with HIV
infection depending on the livelihood examined. This result is even
more interesting given our previous results suggesting that
achievement along both dimensions is positively associated with
other aspects of human wellbeing, such as physical growth and
food security (Hruschka et al., 2017).

An outstanding question is how or why wealth in these different
livelihood domains acts to protect or place people at risk. One set of
hypotheses might be that different forms of wealth act through sex-
ual behaviors that place people at differential risk. Specifically,
wealth in the wage economy might be differentially associated with

number of partners, non-stable or non-primary partners, and con-
dom use. To explore this possibility, we included relevant sexual risk
variables in our regressions. While these variables were often signif-
icant predictors of HIV infection, they did not appear to mediate the
relationship between the wealth dimensions and HIV status. Like
others who have proposed sexual behaviors as a possible mediator
between wealth and HIV (Shelton et al., 2005) we are left without
a clear understanding of how these different forms of material
wealth impacts HIV risk or, more specifically, why achievement on
differing dimensions of wealth differentially impacts HIV infection.
Itis possible that differential response bias to questions about sexual
behavior among people that fall along dimension 1 and 2 may have
attenuated any potential mediation by these variables. For instance,
Lindstrom et al. (2010), when comparing a standard face to face
interview with a method that increased respondent confidentiality,
found that young people’s response in urban settings were unaf-
fected by response mode, while young people in rural settings were
much more likely to give lower estimates of sexual behaviors in a
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Fig. 1. Predicted probabilities of HIV infection for men and women in three East African countries. Predicted values are for rural dwellers with primary education and the

average age for each sex in the country.

face to face interview. It is therefore possible that differential
response bias clouds any potential mediation by sexual behaviors.
It is also possible the individuals who are high (or low) on either
wealth dimension are embedded within sexual networks that have
different characteristics, including a different prevalence of HIV
infection.

Another possible explanation for the negative association
between agricultural wealth and HIV status is that it is an artifact
of using an MCA to measure wealth, whereby urban households
high in wage economy wealth but low on the agricultural dimen-
sion drive the relationship. However, there are two reasons that
this is unlikely. First, there is no correlation between the agricul-
tural wealth dimension and either: (1) the wage economy dimen-
sion or (2) urban residence. Thus, being a wealthy urban household
does not mean that one will have a lower average value on agricul-
tural wealth. If the proposal is correct, we would also expect the
effect of agricultural wealth to be strongest in urban areas. Con-
trary to this expectation, we find that there are no significant inter-
actions of urban residence by the agricultural wealth dimension.

Our results also suggest that hypotheses based upon the tempo-
ral aspects of within country HIV epidemics must be sensitive to
the multiple dimensions of wealth as well as how these may
change with time. Attention to the temporal aspect also highlights
the fact that most studies of HIV and wealth thus far have been
cross-sectional, and that longitudinal studies are critical for testing

many hypotheses that focus on dynamic variables, like shifts in
HIV prevalence. For example, the reverse equity hypothesis
assumes that the shift in the burden of HIV epidemics moves from
the wealthy to the poor over time. In the fullest test of this idea to
date, Hargreaves et al. (2015) report finding little evidence of the
dynamics they predicted and conclude that exploring the hetero-
geneity of HIV in Africa “will need to account for time-trends
and inter-country differences”. Lopman and colleagues however
find some support for a shift in Zimbabwe (Lopman et al., 2007).
However, this was during a time of rapid economic deterioration.
More recently, lorio and Santaeulalia-Llopis (2016) explore the
temporal dynamics of the education-HIV association in 39 coun-
ties, finding that as an epidemic progresses the relationship
between education and HIV infection shifts from positive to zero
and back to positive. These results, when coupled with ours, sug-
gest that it may be similarly fruitful to explore shifts in wealth
and livelihoods over time. Given the opposing effects of wealth
type on HIV risk that we observe in Kenya, Ethiopia, and Tanzania,
if the underlying nature of wealth or the relative distribution of
wage and agricultural wealth is also shifting over time or varies
across countries, then this may account for the observed shifts in
HIV risk over time and space. Shifts in the distribution of the HIV
burden over time may simply reflect that poorer households are
increasing, if slightly, their achievement in the wage economy
while perhaps decreasing their achievement in the agricultural
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Fig. 2. Predicted probabilities of HIV infection for men and women in three East African countries. Predicted values are for urban dwellers with primary education and the

average age for each sex in the country.

economy (Brockington et al., 2017; Harttgen, Klasen, & Vollmer,
2013). An additional finding from our study that deserves further
investigation is that the strength of the association between differ-
ent wealth types can vary by place. For example, the positive asso-
ciation between wage economy wealth is significantly stronger in
rural areas in four of the six samples. We hope to explore this
intriguing finding in future work with data from more countries.

Our results here build on our previous work, which establishes
the reliability, interpretability and construct validity of using MCA
to discover various dimensions of household wealth (Hruschka
et al., 2017). Our results here show how using these tools to inter-
rogate large datasets provides new insights into the social determi-
nants of health in Africa, and especially how the nature of the
social determinants of health vary by livelihood strategy. Our
results strongly suggest that wealth does indeed impact HIV and,
depending on which type of wealth we are talking about, can do
so in fundamentally opposing fashions.
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