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Abstract We assess whether there is evidence of an

association between socioeconomic position (SEP) and HIV

risk-relevant behavior among lower income heterosexual

men and women in San Francisco. Respondents residing in

low income areas with high heterosexual AIDS case burden

in San Francisco were recruited through long-chain referral

in 2006–2007. Risk measures included unprotected vaginal

intercourse, concurrency and exchange sex. SEP was defined

as household annual income, per capita income, and

employment. Analyses utilized mixed and fixed effects

models. A total of 164 men and 286 women were included in

the study. SEP was only significant in the case of exchange

sex among men: men reporting annual income greater than

$30,000 had significantly lower odds of exchange sex rela-

tive to other men. Evaluating the connection between eco-

nomic status and HIV requires additional studies covering

diverse populations. Future studies should focus on com-

munity economic context as well as individual SEP.

Keywords HIV/AIDS � Risk behavior �
Heterosexual transmission � Socioeconomic status

Introduction

Socioeconomic position (SEP) refers to the range of

socioeconomic circumstances, such as income, education

and occupation, by which individuals are hierarchically

stratified in society [1]. Although it has been asserted that

SEP may contribute to HIV prevalence and incidence in

certain populations [2–5], empirical explorations of the

SEP-HIV connection in developing countries have yielded

equivocal results [6–9] and few such studies have been

conducted in the US [10]. Nevertheless, some have advo-

cated for the use of income-generating programs—the

broad array of income, asset, education, and skill devel-

opment activities intended to help families and individuals

increase income and build assets—as HIV prevention tools

in the US [11, 12]. Such programs may be particularly

useful in light of the scale-up and replication challenges

surrounding HIV behavioral interventions [13, 14]. How-

ever, it is yet to be determined whether these programs can

be sustainably effective with respect to economic devel-

opment and HIV prevention. If income-generating pro-

grams do not result in reductions in HIV—either due to the

challenges of blended objectives, or because of a lack of

relationship between SEP and HIV—the potential exists for

political and social backlash to activities that may other-

wise be beneficial in their own right. The present study is

one attempt to explore the relationship between SEP and

HIV.

Several theories have been offered to explain the

potential link between SEP and HIV [15–20]. First,

poverty, low income and economic hardship have been

identified as influencing the psychological well-being of

persons through their effects on psychological distress

and depression [16, 21–24]. Although there is little evi-

dence that negative affective moods and depression are
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directly related to sexual behavior [25, 26], they are

positively correlated with substance use [27–29], which

in turn is associated with increased HIV risk-related

behavior [30–32]. Additionally, chronic stressful events

and depression have been linked to weakened immunity

[23], which may lead to increased susceptibility to HIV

infection [33].

Second, lower SEP may constrict an individual’s

capability—the set of alternative ways of being and

doing [34–36]. This has been extensively discussed with

respect to female empowerment and HIV [37–39], with a

focus on women’s ability to ensure their partners’ con-

dom use [40]. Poverty and lower income are also likely

to constrain livelihood options—the financial means

whereby one lives [41]. For some women and men this

may necessitate the exchange of sex for material or

economic gain. Exchange sex is a key determinant in

HIV-related risk behavior among men and women

[42, 43].

Third, owing to the intersection of race and class in

the US, and the concomitant factors of racism, classism

and residential segregation, persons with different

incomes are likely members of substantially different

social and sexual networks [4, 44, 45]. Network effects

are considered to be important to the transmission and

acquisition of HIV and STIs both independent of

behavior and due to their effect on sexual behavior

[5, 20, 46–49]. Theoretically, the same sexual behaviors

(e.g., unprotected intercourse) can have vastly different

consequences depending on the prevalence of HIV within

a sexual network and number of overlapping partners [50,

51]. Additionally, the high rates of incarceration among

lower income men and women, particularly African

Americans, may exert a strong influence on marital ties,

marriage formation and concurrency (having multiple

overlapping sexual partners) [4, 5].

Economic interventions are likely to be of limited

benefit to HIV prevention unless they are able to address

the relevant individual, social and structural factors that

influence behavior and transmission. At best, however,

most economic interventions will improve an individual’s

socioeconomic factors (e.g., income) at the margins.

Economic intervention participants are more likely to

transition from ‘poor’ to ‘less poor’ than from ‘poor’ to

‘rich.’ Thus, we assessed whether associations between

marginal differences in SEP and HIV risk-related behav-

ior were evident among a group of predominantly lower-

income heterosexuals in San Francisco. We explored four

risk-related behaviors that are relevant to the theories

outlined above: unprotected vaginal intercourse (UVI),

substance use during UVI, concurrency, and exchange

sex.

Methods

Study Population

Data are drawn from the first wave of the National HIV

Behavioral Surveillance survey of heterosexuals (NHBS-

HET) in San Francisco, which was funded by the Centers

for Disease Control and Prevention and conducted by the

San Francisco Public Health Department [52]. The target

population included men and women who were potentially

at higher risk of HIV infection through male–female sexual

transmission. These men and women were identified as

those who had sex with persons of the opposite sex and

who resided in ‘high risk areas’ (HRAs) in San Francisco,

which were defined as the top 20% of census tracts with the

highest heterosexual AIDS case burdens and the highest

poverty rates. Recruitment of participants was conducted

over the course of 1 year, from September 2006 through

September 2007. A long-chain referral procedure was used

to recruit men and women aged 18 through 50 who

reported sex with at least one person of the opposite sex in

the prior 12 months, and who were recruited by other eli-

gible participants in their social networks as verified by a

recruitment coupon. Persons reporting unemployment

owing to disability or retirement were excluded from the

sample studied here.

The long-chain referral procedure is based on RDS

sampling methodology [53], and utilized systematic

snowball sampling. Each participant was limited to

recruiting up to three other participants, forcing the crea-

tion of long chains of recruitment to increase sample

diversity. Although information on referral chains and

respondents’ network sizes are typically used to develop

weights for population inferences [54, 55], construction of

weights was not applicable for this study as modifications

to the long-chain referral procedure violated key assump-

tions of the RDS process. Notably, as we were intent on

assuring a focus on HRAs and keeping the sample from

mirroring a population of heterosexuals at risk of HIV due

to injection drug use, the team decided to ‘break’ chains

where referred respondents identified as IDU or resided

outside of the HRAs. Such respondents were permitted to

participate in the survey but were not given coupons to

refer others to the study.

HIV Risk-Relevant Sexual Behavior

Our primary focus is on HIV risk-relevant sexual behavior.

We operationalized risk-relevant behavior in five ways.

First, respondents were asked to report on the number of

sexual partners they had in the 12 months prior to the

survey, and the number of these partners with whom they
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had UVI. We used the total number of UVI partners as our

first measure of risk-relevant behavior. Our second mea-

sure was an indicator of exchange sex: whether a respon-

dent reported having vaginal intercourse with any partners

‘‘in exchange for things like money or drugs’’ during the

prior 12 months. The exchange sex indicator was coded as

1 if the respondent reported at least one of his/her partners

as an exchange partner and 0 otherwise. These items permit

examination of associations between SEP and global

measures of risk-relevant behaviors, which are utilized in

most standard behavioral surveys. As an alternative to

global measures we relied on partner-level measures of

risk-relevant behavior derived from the NHBS-HET San

Francisco supplemental questionnaire. In the supplemental

questionnaire respondents were asked to report on sexual

episodes with each of up to five partners. Owing to the

cognitive and logistical demands of partner-level inquiries

the recall period was limited to the prior 6 months.

Respondents reported on which of each of the prior

6 months they had sexual intercourse with a given partner.

We used the measure of overlapping partners in each of the

prior 6 months as a concurrency proxy, where respondents

were classified as either having no concurrent partners (no

partners or only one partner) or any concurrent partners

(two or more partners) in the month. Our fourth and fifth

measures utilized data on total UVI episodes and UVI

episodes while ‘high or drunk’, respectively.

Socioeconomic Position

Our key explanatory variable of interest is SEP. We used

three measures relevant to income-generating interven-

tions. Total annual household income is classified into five

groups:\$5,000, $5,000–9,999, $10,000–14,999, $15,000–

29,999, and $30,000 or more. Household per capita income

was calculated by dividing the midpoint income value of

each of the eight original NHBS-HET income categories

(income was top-coded at $75,000) by the number of

household members who depended on the income.

Employment status was classified into five groups: unem-

ployed/homemaker, full-time, part-time, student and other

(Because our focus in on income and employment we do

not examine educational attainment as an SEP factor).

Other Variables

Our models adjusted for potential confounders. Age was

classified into four groups: 18–24, 25–29, 30–39, and 40–

50 years old. Marital status was classified as ‘currently

married or cohabitating’, ‘formerly married (separated/

divorced/widowed)’ and ‘never married’. In analyses of

number of sexual episodes with partners we adjusted for

whether the respondent identified the partner as a main or

non-main (casual/exchange) partner, and whether the

respondent knew the partner’s HIV serostatus. Analyses

also adjusted for whether the respondent resided in or out

of a designated HRAs.

Data Analysis

We present descriptive statistics for the pooled sample

stratified by sex and marital status. We present counts using

boxplots in which the dark horizontal bars indicate the

median and the bottom and top of the boxes represent the

interquartile range. Regression models were constructed in

order to determine the association of SEP on each of the

HIV risk-related behaviors after adjusting for confounders

and within-person correlations. Our analysis of the asso-

ciation between SEP and total UVI partners was conducted

using negative binomial fixed effects models, adjusting for

age, current marital status and residence in HRAs. Bino-

mial logisitic regression was used to examine the rela-

tionship between SEP and the proportion of respondents

reporting exchange sex. Analysis of concurrency was

conducted using a mixed effects binomial model. The

concurrency dataset was structured with six observations

for each individual representing each of the preceding

6 months. Concurrency models adjusted for age, HRA

residence and an indicator of marital status. Our analyses

of the association between SEP and UVI episodes (both

total episodes and episodes while high or drunk) were

conducted using a mixed effects Poisson model where

partner-level data was clustered within individuals. The

UVI Poisson models adjusted for age, HRA residence, an

indicator of whether the partner was a main partner, and an

indicator of whether the serostatus of the partner was

unknown to the respondent. For all analyses the three SEP

variables—total household income, household per capita

income and employment—were entered alternatively. In

the UVI episode analyses we also test an interaction term

between the socioeconomic measure and the main partner

indicator. All analyses were stratified by sex.

Results

The sample consisted of 164 men and 286 women. The

majority of respondents reported never having been mar-

ried: 78% of men and 77% of women. Only 8% of men and

6% of women reported being currently married. The

majority of respondents were black (over 80% of men and

women). The sample was predominately lower-income

although displaying a range of SEP characteristics. In

2007, the median household income in San Francisco

County was $67,333 and approximately 11% of residents

had a household income below the Federal Poverty Line
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(which was $10,210 for a single adult). Within our sample,

45% of men and 55% of women reported household

income below $10,000, and 18 and 12% of men and

women, respectively, reported an income above $30,000.

Roughly 42% of men and 38% of women reported full or

part time employment, and 49 and 48% of men and

women, respectively, reported being unemployed or

homemakers. Most (76% of men and 73% of women)

respondents resided in HRAs. The distribution of education

was similar across sexes: 21% reported having less than a

high school degree, 48% had a high school diploma or

GED, and 31% had at least some postsecondary education.

In general, none of our measures of socioeconomic

position—household income, per capita income and

employment status—produced significant results for any of

the HIV risk-relevant measures. With respect to total UVI

partners in the prior 12 months, men reported a mean of

four and women reported a mean of five. As evident in

Fig. 1, the mean values are substantially influenced by the

presence of outliers for both men and women. Men and

women reported a median of two UVI partners in a

12 month period. The incidence rate ratio (IRR) for the

mean number of partners (our inferential model) was

roughly one regardless of income, per capita income, or

employment status for both men and women (Table 1).

Exceptions were evident among male respondents when

income categories were used. Although the pattern is

suggestive of a modest gradient decline in UVI partners as

income increases the only significant income effect was

evident for men with an annual income of $15,000–

$29,000 compared to men with income less than $5,000

(IRR 0.52, P \ .01). For both men and women respondents

who identified as having ‘other’ employment had signifi-

cantly higher rates of UVI partners compared to employed

persons (IRR 2.0, P \ .05) (‘Other’ employment respon-

dents are those who were students or did not consider

themselves employed, unemployed or a homemaker. Dis-

abled and retired persons were excluded.). Owing to lack of

significant findings, we do not present relative risk tables

for subsequent analyses.

Roughly 15% of men and 21% of women reported

having at least one exchange sex partner of the opposite sex

in the prior 12 months. A slightly larger proportion of

women who had ever married reported having exchange

sex in the prior 12 months compared to women who had

never married (Fig. 2). There were no differences in the
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Table 1 Incidence rate ratios (IRR) of number of unprotected vagi-

nal intercourse partners in 12 months by sex

Male Female

IRR (95% CI) IRR (95% CI)

Model 1: income

\$5,000 1.00 1.00

$5,000–9,999 1.02 (0.58, 1.79) 0.71 (0.47, 1.06)

$10,000–14,999 0.71 (0.42, 1.21) 0.96 (0.60, 1.54)

$15,000–29,999 0.52** (0.32, 0.86) 0.70 (0.43, 1.13)

$30,000 or over 1.09 (0.66, 1.78) 0.96 (0.55, 1.67)

AIC 731 1,362

Model 2: per capita income

Log income per capita 0.97 (0.82, 1.14) 0.90 (0.76, 1.06)

AIC 734 1,360

Model 3: employment

Employed (ref) 1.00 1.00

Unemployed 1.43 (0.98, 2.09) 1.32 (0.94, 1.87)

Other 2.00* (1.10, 3.65) 1.91* (1.18, 3.08)

AIC 739 1,363

All models adjusted for age, marital status and residence in desig-

nated high risk area

AIC Akaike information criterion measure of model fit

* P \ .05, ** P \ .01
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relative odds of exchange sex based on SEP, with the

exception that men with an income of $30,000 or more had

lower odds of exchange sex compared to other men (ROR

0.09, P \ .05).

The concurrency analysis consisted of 984 respondent-

month observations on 164 men and 1,716 observations on

286 women. Concurrency—having overlapping partners in

a given month—was identified in 37% of male observa-

tions and 35% of the female observations. Differences were

evident by marital status for both men and women, but the

patterns differed between men and women (Fig. 3).

Whereas, the proportion of concurrent observations

declines for men who were ever married (29%) compared

to men who were never married (39%), it increases among

women who were ever married (40%) compared to women

who were never married (34%). These unadjusted differ-

ences reflect different gender distributions in marital status.

In the adjusted model, married men and women had sig-

nificantly lower odds of concurrent partners compared to

those who never married (ROR 0.04–0.07, P \ .01). There

were no significant differences in the relative odds ratios of

concurrency by any of our SEP measures.

Analyses of per partner UVI episodes consisted of 475

partner observations on 161 men, and 738 observations on

283 women (Excluded respondents did not report sexual

intercourse with any partner of the opposite sex during the

prior 6 months.). Men reported 19 mean UVI episodes per

partner (SD 56) compared to 25 mean UVI episodes

reported by women (SD 52). Partner type and outliers exert

substantial influence on the mean number of episodes as
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evident in Fig. 4. With casual partners the median UVI per

partner episodes was one for both men and women, in

contrast to a median of 20–25 UVI episodes with main

partners. Compared to sexual episodes with casual partners

the IRR of UVI with main partners was significantly

greater for men (IRR 7.2, P \ .001) and women (IRR 7.7,

P \ .001) in the multivariable Poisson regression models.

Men and women reported significantly fewer UVI episodes

with partners of undisclosed HIV-infection status com-

pared with partners of known HIV status (IRR 0.6 and 0.5,

respectively, P \ .001). No significant associations were

evident between the measures of SEP and UVI episodes in

the models. Findings were similar with respect to per

partner episodes of UVI while high or drunk. Men reported

a mean of 17 UVI episodes while high or drunk (SD 59)

and women reported a mean of 20 UVI episodes while high

or drunk (SD 44). In multivariable models no SEP mea-

sures were significantly associated with UVI episodes in

the presence of substances.

Discussion

Advocacy of income-generating programs as HIV preven-

tion tools must be grounded on evidence of potential

effectiveness, sustainability and a connection between eco-

nomic circumstances and HIV risk. The goal of the present

study was to assess whether evidence of an association

between SEP and HIV risk-relevant behaviors could be

identified in a cross-sectional observational study of lower-

income heterosexuals. In general, we found no evidence of a

direct association for either men or women. The case for an

association between poverty and HIV is typically grounded

on the basis of regional or racial/ethnic associations [12].

Our lack of significant findings here may support, rather than

refute this conception of an SEP-HIV link. Respondents in

the sample tended to reside in the same geographic areas

within San Francisco, which are the poorest areas of the city.

The contextual effect of neighborhood economic circum-

stances may be more important to HIV risk than individual

economic status. Thus, income generating programs that

target individuals may be less effective than programs that

target community economic development. Alternatively, the

absence of a demonstrated association between residence in

the geographically bound HRAs and the five measures of

risk-relevant behavior would suggest that social/sexual

networks may be a more important focus for HIV prevention

than geographic targeting alone.

To our knowledge, this is the first study to assess indi-

vidual economic circumstances and HIV risk-relevant

behavior among almost exclusively lower income hetero-

sexuals in the US. We should note that the data used here

were drawn from a non-probability sample, which is likely

not fully representative of the heterosexual population in

San Francisco’s HRAs. Moreover, the focus on HRAs

precludes our ability to assess community economic con-

text as a determinant of HIV risk-relevant behaviors.

Additional studies encompassing more diverse geographic

and household populations are necessary in determining

how structural factors such as SEP may contribute to HIV

risk among heterosexuals. Notably, heterosexual trans-

mission constitutes a smaller proportion of AIDS cases in

the West compared to the South and Northeast regions of

the country [56], and regions differ substantially with

respect to the socioeconomic contexts they, their states and

rural and urban areas face [57]. Consequently, associations

between SEP and HIV are likely to differ across geo-

graphic and residential characteristics.

HIV transmission in sexual partnerships is a function of

exposure, infectivity and susceptibility. We have addressed
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the potential influence of SEP on behaviors relevant to HIV

exposure. The study is limited by the restricted and blunt

definitions of SEP, and by the inability to address structural

factors such as segregation and networks that may be rel-

evant to exposure. Other studies should also examine

whether SEP is associated with differences in infectivity

and susceptibility among lower income heterosexuals.

Factors such as material hardship and health care access

may be important determinants of differentials in infec-

tivity and susceptibility. Future studies that better account

for the complexity of both SEP and HIV risk, and that are

designed to provide comparative analyses of the role of

contextual differences will be best suited for exploring

potential associations between SEP and HIV among lower-

income heterosexuals.

Conclusion

Although we were unable to identify a consistent or sig-

nificant relationship between SEP and risk-relevant

behavior, we do not conclude from these findings that

economic interventions will not influence HIV risk. In the

absence of a direct SEP-HIV link, economic interventions

may influence other proximal factors to HIV risk such as

self-efficacy and agency. Given the dearth of studies

addressing the topic of SEP and HIV, however, it is diffi-

cult to make a case for or against economic interventions as

HIV prevention tools. Further investigation of the SEP-

HIV link is warranted. Studies should utilize broader SEP

measures and move beyond sexual behavior to incorporate

other factors relevant to HIV exposure, infectivity and

susceptibility among lower-income heterosexuals. Use of

household or venue-based probability sampling will

improve sample and network diversity and better support

population-level inference. Multisite observational studies

can exploit residential and temporal differences in local-

level economic circumstances to approximate a ‘natural

experiment’ better capable of providing comparative data

on the potential SEP-HIV link. Such research will provide

an important foundation for development and implemen-

tation of effective policies and programs to reduce heter-

osexual HIV transmission in the US.
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