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Abstract

Socioeconomic status has a robust positive relationship with several health outcomes at the individual and population
levels, but in the case of HIV prevalence, income inequality may be a better predictor than absolute level of income. Most
studies showing a relationship between income inequality and HIV have used entire countries as the unit of analysis. In this
study, we examine the association between income inequality at the community level and HIV prevalence in a sample of
persons who inject drugs (PWID) in a concentrated epidemic setting. We recruited PWID and non-PWID community
participants in Thai Nguyen, Vietnam, and administered a cross-sectional questionnaire; PWID were tested for HIV. We used
ecologic regression to model HIV burden in our PWID study population on GINI indices of inequality calculated from total
reported incomes of non-PWID community members in each commune. We also modeled HIV burden on interaction terms
between GINI index and median commune income, and finally used a multi-level model to control for community level
inequality and individual level income. HIV burden among PWID was significantly correlated with the commune GINI
coefficient (r=0.53, p=0.002). HIV burden was also associated with GINI coefficient (8 =0.082, p=0.008) and with median
commune income (B=—0.018, p=0.023) in ecological regression. In the multi-level model, higher GINI coefficient at the
community level was associated with higher odds of individual HIV infection in PWID (OR=1.46 per 0.01, p =0.003) while
higher personal income was associated with reduced odds of infection (OR=0.98 per $10, p=0.022). This study
demonstrates a context where income inequality is associated with HIV prevalence at the community level in a
concentrated epidemic. It further suggests that community level socioeconomic factors, both contextual and compositional,
could be indirect determinants of HIV infection in PWID.
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Introduction mortality than absolute wealth, especially in developed OECD

countries.
The ecologic relationship between health and wealth has been

well characterized in the global development field [1]. The
literature suggests that the cycle is self-perpetuating. Societies with

The relationship between income and HIV is more complex
than that between income and health, more generally. Some
studies in generalized HIV epidemics in sub-Saharan Africa have
higher wealth may have better living, working and housing found no association; others show that poverty is associated with

conditions, have less stress, and are able to purchase better health lower HIV prevalence rates, while higher socioeconomic status
care. In turn, a healthy society affords more productive workers indicators such as education and income are associated with
and lower economic toll for health spending [2,3]. The potential higher HIV prevalence [13,14]

,14].

relationship between health and absolute wealth has been shown More recently, studies have found that HIV prevalence is more

strongly associated with income inequality rather than with
absolute level of income [15,16,17,18,19]. Most studies on income
inequality and HIV prevalence to date have focused on
generalized epidemics, primarily in sub-Saharan Africa, where
the unit of analysis was a country. Some subnational and multi-
level analyses have studied the relationship between income
mequality and HIV prevalence in Malawi, Tanzania, and Sub-

for various outcomes and populations [4,5,6]. In addition to the
health and wealth gradient, the distribution of wealth within a
society, may influence health. In the US, at the state level, income
inequality has been shown to be associated with poorer self
assessed health and higher mortality [7,8], as well as Chlamydia
and AIDS case rates [9]. Indeed, Wilkinson [10,11,12] has argued
that relative wealth is more important for mortality and premature
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Saharan Africa [20,21,22]. An outstanding question is whether
income inequality is associated with HIV prevalence in the context
of a concentrated epidemic, where the larger group contributing to
the income calculation may differ substantially from the sub-group
primarily contributing to the HIV prevalence calculation.

Since the first outbreak of HIV was reported in 1993 [23], the
HIV epidemic in Vietnam has been concentrated among key
populations at high risk, especially persons who inject drugs
(PWID), who have an HIV prevalence as high as 30% according
to national surveillance surveys [24]. Although Vietnam is
officially a socialist state, due to its ongoing reforms under Do:
Moi (renovation), its goal of “market-driven socialism™ has driven
rapid economic development that has reportedly benefitted the
wealthy more than the poor [25]. Economists suggest that this
transient state of rapid development can result in wealth disparities
[26].

In this study, our objective is to examine the relationship
between income inequality and HIV prevalence at the community
level in the northern province of Thai Nguyen, and to determine
the effect absolute level of income on this relationship, if any.
Given results of cross-country studies [15,16,17,18,19], we
hypothesize that we will also see higher HIV prevalence among
PWID in communities with higher income inequality.

Methods

This study was a secondary data analysis of the cross-sectional
survey administered at the baseline visit of the Prevention With
Positives Project, for a four-arm randomized community trial for
HIV prevention and stigma reduction in Thai Nguyen Province,
Vietnam. Between August 2009 and January 2011, we recruited
1674 male PWID using outreach staff and participant peer
referral. 1349 non-PWID community members (hereafter, “com-
munity members”) were systematically sampled from the fifth
through seventh households to the right of the houses of HIV-
positive  PWID. All participants provided written informed
consent. Sample consent forms are available upon request. Sample
sizes were calculated for the parent study to detect a scientifically
meaningful difference in risk behaviors and stigma measures with
20% drop-out, 80% power, and a cluster-randomized design.

To be eligible for analysis, PWID had to be male, injected drugs
at least once in the past six months, and be 18 years or older at
enrollment. PWID were excluded if they had previous participa-
tion in an HIV prevention, substance abuse program, or peer
educator intervention, or if they had cognitive or psychological
impairments. Community members of both sexes were eligible if
over 18 years of age.

All participants completed interviewer-administrated surveys
including socioeconomic and demographic questions. Community
members were asked about their average monthly incomes from
all jobs and businesses, and also their incomes from supplemental
sources such as government assistance and pensions; the amounts
were summed to obtain total average monthly income. Interview-
ers were trained to probe for additional sources of income. PWID
were tested for HIV using Bio-Rad rapid antibody test. Positive
results were confirmed using Bio-rad ELISA according to the
manufacturer’s instructions at the Center for Preventive Medicine
laboratory in Thai Nguyen, and post-test counseling was provided.

The study was approved by the Johns Hopkins Bloomberg
School of Public Health Institutional Review Board and the Thai
Nguyen Center for Preventive Medicine Institutional Review
Board.

We conducted semi-structured key informant interviews with six
study staff recruiters familiar with the Thai Nguyen communes, as
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well as provincial health officials at the Thai Nguyen Center of
Preventive Medicine, to help interpret quantitative results, with an
emphasis on describing communes that were inconsistent with
quantitative results. Informants were asked about commune
characteristics such as population density, types of employment
and economic activity, level of development, presence of PWID
gathering sites, and presence of HIV programs and treatment sites.
Answers were cross checked against the project manager’s own
knowledge and inconsistencies between informants were identified
and reconciled with additional field staff familiar with the area.

Methods - Data analysis

Variables

The GINI coeflicient for income inequality was calculated for
each commune from the self-reported incomes of the non-PWID
community members using standard methods [27,28], by calcu-
lating the areas bound by the Lorenz curves as a proportion of
total area under the equality line. PWID are estimated to comprise
less than 1% of the total population of Thai Nguyen [24], and
their financial situation may not be representative of the commune
as a whole, therefore, PWID participant’s incomes were excluded
from the calculation of the GINI coefficients.

The sample prevalence of HIV was calculated as a simple
proportion of total number of PWID who tested positive in our
study, divided by the total number of PWID enrolled, for each
commune. We did not use random sampling, therefore our use of
the term “prevalence” in our analysis in this paper refers to sample
prevalence rather than true population prevalence of HIV.

To adjust for the different sample sizes of individual communes,
we applied a first-order adjustment multiplier of n/(n-1) [29] to
account for the possible underestimation of GINI coefficients from
small sample sizes. We also applied analytic weights for the
outcome of HIV prevalence, based on the number of PWID
enrolled from each commune.

Ecological analysis

Scatterplots of the communes were constructed to examine the
ecologic relationship between community-level income inequality
and HIV prevalence among PWID. Correlations between income
mequality and HIV prevalence were calculated using weighted
pair-wise Pearson’s correlations.

Regression

Ordinary least squares (OLS) linear regression of HIV
prevalence on adjusted GINI coefficient was fit using STATA
11 and weighted by the number of PWID in the commune.
Regression coeflicients for GINI and commune income were
scaled for interpretation. We created a GINI*median income
interaction term by multiplying the coefficients in order to study
the interaction between absolute and relative income. DFIT values
were predicted for regression models to explore sensitivity to
excluding outliers, but no effect on overall magnitude, direction, or
statistical significance was found. The multi-level regression was fit
using xtlogit with unstructured correlation in STATA 11 with
random intercept for HIV prevalence among PWID in different
communes. 59/1674 PWID (3.5%) had missing responses and
could not be included in the regression; we deemed this proportion
to be too low to affect the result.

Results

In our study sample of 1674 PWID, HIV prevalence was
31.2%. Individual socioeconomic characteristics of PWID are
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shown by HIV status in Table 1. Being aged 30-39, having total
monthly income <$100 USD, and less than high-school education
was associated with higher Individual-level odds of being HIV
positive (all p<<0.01). Ever injecting with a used needle was also
associated with 1.9 fold higher odds of HIV infection (p<<0.001).

Our study sampled from 32 total communes in Thai Nguyen
province, both urban and rural. The sample HIV prevalence
among PWID in the 32 communes in Thai Nguyen ranged from
4.3% to 63.6%. This range is approximately consistent with wide
ranges of HIV prevalence among PWID between different
provinces of Vietnam [24]. The variability in HIV prevalence
between communes suggested that a commune-level ecologic
analysis of HIV prevalence is feasible.

The GINI coefficient for the full sample, across communes, was
0.42 which is higher than the coefficient estimated from
government sources [26]. By individual commune, the coefficients
ranged from 0.19 to 0.49, and the first-order adjusted GINI
coefficient ranged from 0.28 to 0.5. This variability likewise
suggested that a commune-level ecologic analysis of inequality is
feasible.

To examine the relationship between income inequality and
HIV prevalence at the ecologic level, we created a scatterplot of
the communes and calculated the correlation coefficient (Figure 1
A-B). There is a statistically significant positive correlation of 0.53
(p=0.002) between HIV prevalence among PWID and the
income inequality level of communes, weighted by population.
The positive correlation and statistical significance also holds for
Spearman’s rank correlation, which we used as a check for
sparseness of the data (calculation not shown).
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Table 1. Individual-level socioeconomic and demographic characteristics of PWID associated with HIV infection in Thai Nguyen
province, Vietnam.
OLS Univavriate Odds ratio of HIV
Number HIV positive infection (SE) p-value (x?)

Age

18-30 391 30.7% Ref

30-40 839 35.4% 1.24 (0.16)

>40 440 23.6% 0.70 (0.11) <0.001
Monthly Income (USD)

<$100 970 34.4% Ref

$100-200 528 25.3% 0.68 (0.08)

>$200 18 24.6% 0.62 (0.14) 0.002
Education

Primary 169 35.5% Ref

Secondary 802 35.7% 1.00 (0.18)

Graduated High school 582 25.3% 0.61 (0.11)

College or higher 18 23.7% 0.57 (0.15) <0.001
Employment status

Full-time 872 29.3% Ref

Part-time 183 33.2% 1.20 (0.17)

Unemployed 83 44.3% 1.92 (0.34)

Retired, disability, student 12 14.3% 0.40 (0.31) 0.001
Using shared needle

Never 1,117 26.5%

Ever 554 40.6% 1.90 (0.21) <0.001
doi:10.1371/journal.pone.0090723.t001

In order to assess the commune-level effect of absolute wealth
on HIV prevalence, we plotted the median income to capture the
former and GINI coeflicient to capture the latter. Median monthly
commune income, in USD, is inversely correlated with HIV
prevalence (r=—0.45, p=0.01), accounting for the sample size of
cach commune (Figure 1C). We chose median income as a
measure of central tendency that is less affected by the distribution
or skew of incomes.

To disentangle the effect of relative income distribution from
the effect of absolute level of income, we used linear regression
with communes as the unit of observation, to model HIV
prevalence as a function of both GINI coefficient and commune
median income level. We also included an indicator of rural vs.
urban in the model to adjust for possible socioeconomic differences
that were inherent to urbanity, such as the organization of the
community. The result of the regression is shown in Table 2. An
increase in first-order corrected GINI coefficient of 0.10 is
independently associated with an 8.2% increase in HIV preva-
lence among PWID (p =0.008), controlled for median income of
the commune. An increase in $10 USD median monthly income is
associated with a 1.8% decrease in HIV prevalence among PWID
(p=0.023).

To check for the influence of outlier communes, we predicted
the DFIT values for the regression in Table 2. 29/32 communes
were below the DFIT cutoff value for outlier influence. However,
excluding the three influential communes from the regression in
Table 2 did not influence on the overall result.

We wanted to explore possible commune characteristics that
could explain these associations between median income and HIV
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Figure 1. Ecological scatterplots show the relationship between HIV prevalence in our study sample of PWID, and the distribution
or level of income for the 32 communes in Thai Nguyen, Vietnam. A, Crude GINI coefficient is shown along the X-axis. B, GINI coefficients
adjusted with a first-order correction factor to account for variable and small sample sizes shown along the X-axis. C, median commune income is
shown along the X-axis. Size of the circle represents weighting according to the total number of PWID enrolled from the commune.

doi:10.1371/journal.pone.0090723.g001

infection, and between income inequality and HIV infection
among PWID. One possibility is that the relationship is affected by
a differential availability of health services [15]. Thus, we tested
whether communes containing HIV services also differed in
median incomes or income inequality. We found no relationship
between income inequality and the presence of health services by
commune. However, communes with hospitals which provided
HIV-specific services had significantly higher median income
(student’s t-test of difference in means, average + US $27.53
higher, p =0.004) compared to communes that did not have such
services.

PLOS ONE | www.plosone.org

In order to characterize communes that did not conform to the
overall positive association between income inequality and HIV
infection among PWID, we conducted key informant interviews
among study field staff, to explore qualitative characteristics of the
32 communes. We found that HIV infections tended to be highest
in communes with a higher number of gathering spots of PWID as
identified to recruiters through PWID study participants. Gath-
ering spots are areas where PWID congregate to buy, sell or share
drugs, and to inject; the presence of many of these sites may
suggest larger or denser PWID networks, and may reflect
increased opportunities for group injecting and needle sharing.
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Table 2. Linear regression of HIV prevalence on GINI coefficient, median income, and rural vs. urban for communes in Thai

Predictor Coefficient p value 95% ClI, lower 95% Cl, upper
GINI coefficient (/10) 0.082 0.008 0.023 0.141

Median monthly income, USD (*10) —0.018 0.023 —0.033 —0.0026

Urban (vs. rural) —0.062 0.09 —0.151 0.361

doi:10.1371/journal.pone.0090723.t002

“Exception” communes with high inequality but low HIV
prevalence, or communes with low inequality but high HIV
prevalence (lower right quadrant and upper left quadrant of
Figure 1B, respectively) were more likely to have HIV prevalence
driven by numbers of known PWID gathering sites, irrespective of
their income inequality level. Moreover, the presence of PWID
gathering sites often co-occur with a qualitatively described
concentration of marketplaces and/or small businesses in partic-
ular communes. Lastly, communes with higher inequality and
lower prevalence among PWID were characterized by key
informants as having a more ‘“scattered” population density.
Other commune-level characteristics had no clear qualitatively
described relationship with HIV infection or inequality.

We next fit a regression model of GINI coefficient and median
commune income that included an interaction term, in order to
determine whether the effect of income inequality differed by
median commune income (Table 3). The interaction term
between GINI coefficient and median commune income was
negative and statistically significant, indicating that for communes
of higher median income, the impact of income inequality on HIV
prevalence is attenuated; conversely, for communes of lower
median income, the impact of income inequality on HIV
prevalence is exacerbated. The regression coefficient for the GINI
(0.359, 95% CI 0.11-0.61) and for the linear combination of GINI
and interaction term (0.324, 95% CI 0.10-0.54) were both positive
and statistically significant. Furthermore, between communes with
median monthly income differing by $103 or more, this negative
interaction term reduces the magnitude of the GINI — HIV
association to 0; in our sample, however, only the very wealthiest
communes and very poorest communes reach this difference.
Conversely, the regression coeflicient for median commune
income (0.122, 95% CI —0.002-0.246) and for the linear
combination of median income and interaction term (0.087,
95% CI —0.006-0.18) are marginally statistically significant. This
indicates that the previous relationship between median income
and HIV in fact varies by income inequality.

Finally, to assess the relationship between income inequality and
HIV infection using both individual level and community level
predictors, we fit a multi-level model with communes as a level-2

vs. urban for communes in Thai Nguyen, Vietnam (N=32).

cluster. Log odds of HIV infection among PWID was regressed on
the statistically significant individual factors from Table 1, in
addition to the statistically significant community level factors from
Table 2. The results of the model are shown in Table 4. In the
multi-level model, $10 higher monthly personal income of PWID
was significantly associated with 0.023 lower log-odds (2.4% lower
odds) of HIV infection (p=0.009). Furthermore, when personal
income was included in the model, median commune income was
no longer a significant predictor, so it was removed from the
model. GINI coefficient for income inequality was also a
commune-level predictor of higher odds of HIV infection in
PWID; an increase in GINI coefficient of 0.1 was associated with a
0.39 higher log-odds (46% higher odds) of HIV infection among
PWID (p =0.002).

Discussion

In this paper, we present one of the few analyses demonstrating
the association between income inequality and HIV prevalence at
a community level of aggregation, where the social determinants of
health are primarily believed to operate [30]. The positive
relationship between HIV prevalence and income inequality has
been shown in a number of other studies in which the country was
the unit of aggregation [13,14,16,18,19,31]. In those studies,
similar to our results, income inequality was also associated with
HIV prevalence, and was not associated with absolute income on a
per-capita (mean) basis. However, we also found HIV infection
was associated with median community income and that effect
appears to be confounded by the presence of hospitals providing
HIV services within wealthier communes.

Furthermore, past studies have often focused on generalized
epidemic settings, where the income data used in the calculations
come from the same population providing the HIV prevalence
data. In our analysis, we used the setting of Vietnam to study an
epidemic concentrated primarily in PWID; therefore we believe
that income inequality is more likely acting as a contextual
socioeconomic effect in the community as a whole, not just a
compositional effect of individual absolute incomes of PWID.

Table 3. Linear regression of HIV prevalence on GINI coefficient, median income, GINI-median income interaction term, and rural

Predictor Coefficient p value 95% Cl, lower 95% Cl, upper
GINI coefficient (/10) 0.359 0.006 0.110 0.607

Median monthly income, USD (*10) 0.122 0.053 —0.01 0.246
GINI-median income interaction term —0.035 0.027 —0.066 —0.004

Urban (vs. rural) —0.047 0.181 —1.97 0.075

doi:10.1371/journal.pone.0090723.t003
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community-level predictors in the same model.
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Table 4. Multi-level logistic model that regresses odds of HIV infection among PWID on significant individual-level and

p=0.0061

Predictor Coefficient p value 95% Cl, lower 95% ClI, upper
Individual level Monthly personal income, USD (*10) —0.020 0.022 —0.037 0.003
Employment status (vs full-time)
Part-time 0.169 0.277 —0.136 0.474
Unemployed 0.821 0.000 0.445 1.197
Unable to work/disability/student —0.776 0.322 —2.309 0.758
Highest Level of School (vs primary)
School: Secondary 0.095 0.614 —0.276 0.467
School: High school —0.367 0.071 —0.765 0.031
School: College or higher —0.419 0.150 —0.991 0.152
Age —0.012 0.134 —0.027 0.004
Ever used a used needle 0.493 0.000 0.260 0.727
Commune level Median commune income —0.006 0.094 —-0.014 0.001
Adjusted GINI coefficient (/10) 3.804 0.003 1.328 6.280
Urban (vs. rural) —0.215 0.187 —0.534 0.104
Random effect of commune
Model paramater Variance Var Std Err. 95% Cl, lower 95% Cl, upper
Random commune intercept 0.069 0.043 0.020 0.234

Likelihood ratio test: Probability that the random commune intercept model has lower log-likelihood than regular logistic regression,

(N=1615 PWID clustered in 32 communes.).
doi:10.1371/journal.pone.0090723.t004

The strength of the relationship between HIV prevalence and
income inequality was statistically significant and robust to several
different specifications such as first-order adjustment of the GINI
coeflicient, weighted or unweighted by commune sample size, and
Spearman’s vs. Pearson’s correlations. Notably, the inequality-
HIV relationship persisted when controlling for median absolute
income level in a regression model. Conversely, higher community
median income was significantly associated with lower HIV
prevalence among PWID, controlling for GINI coefficient. These
results suggest that both general economic development, if it
increases overall wealth, and reduction of economic inequalities
might indirectly reduce HIV infection independently of one
another.

While this study does not have data available to determine the
mechanism through which income inequality is associated with
higher HIV infection, there are a number of explanations to
consider. One possible explanation may be that higher income
inequality leads to a break-down of social norms, which in turn
leads to greater social problems generally, including drug use.
Another mechanism may be a community level characteristic
proposed previously [15]. For example, higher inequality in a
community could coincide with weakness in its social safety net,
welfare payments, and quality of public resources spent on health,
in turn resulting in more and/or poorly managed HIV infections
[7,32]. In Vietnam it seems unlikely that standardized government
health care clinics would vary much between communes; however,
there are still opportunity costs, such as missing work, to attending
care even if user fees are abolished. Another explanation is that
communities with higher income inequality have lower social
capital and lower mutual trust, which in turn might decrease the
diffusion of personal risk across society through reduced knowl-
edge transfer, reduced cooperation and support, and reduced
enforcement of health norms [33]. In this case, instead of applying
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a direct economic intervention, targeted programs to enhance
social capital [34], or community participatory programs that
include social capital components [35,36] could be introduced.
However, more research is required to understand the relationship
between social capital and income inequality.

Past ecological studies found that income inequality, but often
not absolute level of income, is associated with HIV prevalence at
the country level [13,16,18,19]. By fitting an interaction term
between income inequality and absolute income, we demonstrated
that relative and absolute income interact at the community level.
Therefore, the relationship between inequality and HIV preva-
lence is attenuated for communities with a higher overall income,
and exacerbated for communities with a lower overall income.
One possible explanation is that in higher-income communes,
there is sufficient income for everyone to meet basic health and
welfare needs, even if not distributed equally; whereas in low-
income communes, unequal distribution of incomes leaves the
poorest below some threshold of meeting minimum health and
welfare needs. Another explanation may be that the confluence of
inequality and poverty create a situation in which low overall
resources, and lower propensity to redistribute those resources,
force PWID to adopt different types of injecting networks to pool
resources, that are more concentrated and interconnected,
resulting in higher needle sharing and other risk behaviors, and
higher HIV transmission rates.

The potential role of networks is underscored by our qualitative
findings. Qualitatively, we found that communes with low income
inequality could have high HIV infection among PWID if the
commune had popular PWID gathering spots. The injecting risks
and drug use behaviors facilitated by these gathering spots may
modify the relationship between income inequality and HIV
infection in PWID. Additionally, the few exception communes
with high inequality but low HIV infection in PWID were
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described as sparsely populated, which could mean that PWID in
general are more dispersed in the area and therefore had lower
density networks, a factor in HIV infection [37,38,39]. However,
we did not systematically quantify or survey PWID gathering spots
or PWID networks in this study, so additional research elucidating
how inequalities affect PWID network structures is warranted.

The results of the multi-level model suggest that commune-level
income is less important to a PWID for HIV infection than his
own personal income. Both commune-level income inequality and
personal income are statistically significant in the multi-level
regression model suggesting that they each operate independently
from one another. In other words, PWID who live in communes
with a high level of income inequality will have higher odds of
HIV infection regardless of their level of personal wealth. This
finding is consistent with multi-level analyses of inequality and
HIV infection in generalized epidemics in Sub-Saharan Africa
[21] and Malawi [20], in which the association between HIV
infection and inequality persists when accounting for individual-
level economic factors.

Limitations to our study should be noted. Correlation does not
imply causation, and like other social determinants of health,
income inequality at any level of aggregation must necessarily
operate through sociologic mechanisms that are still not well
understood. Another limitation is the potential measurement error
in “income.” While we took efforts to simplify the income
questions on our survey and trained our interviewers to verify
truthful income reports and probe about various sources of
income, it is possible that participants misrepresented their
income. However, if they did so, we believe that such misrepre-
sentation occurred in a uniform direction that may have shifted
the mean, but not the distribution, of incomes in our survey.
Finally, because we chose to study income inequality at the
community level within one country, our study results cannot
necessarily be generalized outside of Vietnam.

Despite these limitations, our study also had several strengths.
First, through the recruitment design, community members were
selected for the physical proximity of their household to the
household of the PWID. The community sample may be a more
accurate reflection of participants’ microenvironment than a study
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of two people living on opposite sides of their communes who do
not interact. Secondly, we have disassociated the effect of
individual-level income of PWID on HIV prevalence by calculat-
ing our GINI coefficients using the incomes of the non-PWID
community members. This helps protect against possible reverse
causality; although HIV in PWID could widen the gap between
PWID income and community income, it is unlikely to widen the
gap between incomes of non-PWID community members.
Thirdly, by choosing to utilize community-level data rather than
of country-level data, we have eliminated many cultural and social
factors that may be confounders of this relationship. For example,
a cultural norm that would increase inequality and also increase
HIV infections is expected to be fairly homogenous within this
region but could differ between countries.

There is mounting evidence from psychology, sociology, and
public health supporting a mechanism in which wealth and wealth
disparities in a community could potentially decrease social capital
[33,40] and community trust [12], and increase stigma [41].
Elucidation of how these mechanisms could affect HIV infection
should be pursued. There are also other types of hidden
populations at higher risk of HIV infection in concentrated
epidemics, such as men who have sex with men and commercial
sex workers. The role that economic inequality plays in these
epidemics should also be examined.
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