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Abstract

Risky health behaviors have the negative effect - negative externality - of the in-

dividual being able to spread the disease to others. They thus represent a threat

for the society and a tragedy for public health. The objective of this study is to in-

quire into the nature, extent and strength of the evidence for such risky behaviors for

HIV/AIDS from an economic perspective. We aim at investigating the concept of risk

or prevalence-elasticity of health behaviors in the case of HIV. We did an exhaustive

review of published articles in French and English indexed in the databases PubMed,

ScienceDirect and Jstor between 1 January 1990 to 31 December 2013. We searched

for publications empirically investigating the risk or prevalence-elasticity of behaviors

in the case of HIV/AIDS and performed a bibliometric and descriptive analysis of

the dataset. Of the 12,545 articles that were screened, 189 (1.5%) full-text publica-

tions studied the risk-elasticity of health behaviors that are related to HIV/AIDS. Of

these 189 articles, 167 (88.4%) were quantitative studies that empirically estimated

the risk-elasticity, and 22 (11.6%) were qualitative studies. We found that 55.7% of

the quantitative studies included at least a correlation between HIV risk and health

behaviors that supports the concept of risk or prevalence-elasticity. Moreover, we iden-

tified articles that address the reverse causality problem between HIV risk and health

behaviors, by using indirect HIV risk measures, to demonstrate the existence of a re-

sponsiveness of risk/preventive behaviors to HIV risk. Finally, an in-depth analysis

showed seven out of ten articles using an objective measure of risk for HIV/AIDS gave

strong support to prevalence-elasticity. However, only one of the ten articles established

a direct measure of prevalence-elasticity while appropriately dealing with the reverse

causation problem between objective HIV risk and preventive/risk behaviors. These

results stress out the need to carefully monitor programs of risk behaviors’ surveillance

in the context of HIV becoming chronic, especially in sub-Saharan Africa where large

scale HIV treatment policies are being implemented. More evidence is needed on the

strength of rational risky behaviors to maximize the public health and economic impact

of large scale HIV treatment or preventive policies. With this purpose, epidemiological

surveillance programs could be paired with specific behavioral surveillance programs

to better inform policy makers.

Keywords: HIV, Economic epidemiology, Prevalence-elasticity
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JEL: I10, I11
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1 Introduction

Since its outset in 1982, the Acquired Immunodeficiency Syndrome (AIDS) epidemic has

triggered a large political commitment and behavioral response in both developed and devel-

oping countries. Evidence of adaptation in risk practices, such as a reduction in the number

of sex partners, the increased use of condom or a reduction in needle sharing, have been

reported as early as the early 1980’s among high-risk groups, such as Men who have Sex

with Men (MSM) and Injection Drug Users (IDU) in the United States (US) (McKusick

et al., 1985; Stall et al., 1988; Becker and Joseph, 1988; Francis, 2008). Descriptive evidence

of reduced risk practices is also available for sub-Saharan countries, such as Uganda (Green

et al., 2006), where the reduction in the casual and multiple partnerships and the increase in

condom use in the late 1980’s and early 1990’s permitted a large decrease in both incidence

and prevalence.

Despite large prevention campaigns in the 1990’s and the release of Highly Active An-

tiretroviral Therapy (HAART) in 1996, the prevalence kept rising. In response, the fight

against Human Immunodeficiency Virus (HIV)/AIDS was set as part of the millennium de-

velopment goal agenda in 2000. The objective was to curb the growth of the epidemic by

2015. Despite a large amount of funding and significant advances in medical treatments and

prevention strategies, this objective is only halfway completed. Although the number of new

infections decreased in the early 2010’s, 2.1 million new infections occurred in 2013, and 35

million adults are still infected (2014 Joint United Nations Programme on HIV (UNAIDS)

Global Report).

Antiretroviral treatments have been used since 1996 to delay progression to AIDS and

death for HIV-positive patients. In 2011, the results of the HIV Prevention Trials Network

(HPTN) 052 trial demonstrated the preventive effect of ARV (Antiretroviral) treatments

that had been assumed for more than a decade (Cohen et al., 2012). The results of this trial

showed a 96% reduction in new infections thanks to treatment, advocating the scaling up

of ARV treatments. In addition to direct health benefits for patients, a larger diffusion of

ARV treatments would therefore indicate a public health benefit by preventing secondary

infections. However, by decreasing the cost of infection, the scaling up of ARV treatment
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could also lead to a relapse in the preventive behaviors. This relapse has been observed

following the introduction of ARV treatments in the US in 1996 (Geoffard and Méchoulan,

2004). Such behavioral response has also been previously observed in the US among MSM

following a prevention fatigue (Jamila K Stockman, 2004; Rowniak, 2009). In this context,

the benefit that is associated with the scaling-up of ARV treatments in terms of a decreased

number of new infections could be at least partly offset by a relapse in the preventive behav-

iors among the general population. In extreme scenarios, the number of new infections could

increase after a larger diffusion of ARV treatments, similar to what has been modeled for

the hypothetical release of a vaccine (Blower and McLean, 1994; Bogard and Kuntz, 2002).

Therefore, large-scale HIV treatment policy, if implemented, should be carefully monitored,

and the evolution of prevention among the general population should be at particular stake.

To prepare the implementation of large-scale HIV treatment policies, information on the

elasticity of prevention behaviors to the risk of infection - i.e. the measurement of how

responsive a preventive behavior is to a policy or prevalence change - is therefore required.

Nevertheless, although infectious diseases, in particular HIV, are the primary cause of

mortality worldwide, their dynamics are not yet well understood by economists (Philipson,

2000). Gersovitz and Hammer (2003, 2004) performed a critical analysis of how rational

choices help to explain how people respond to infectious diseases: people maximize their

well-being by choosing levels of prevention and therapy that are subjected to the constraints

they face, the main constraint being the disease prevalence itself. This approach is close

to the social-psychology theory which consider that individuals choose their level of health

service use according to their state of readiness to behave including perceived susceptibility of

contracting a certain disease (Rosenstock, 2005). The difference between the two approaches

stands in the nature of the risk measure that is either subjective or objective in the case

of prevalence. Prevalence-elastic behavior, wherein demand for protection is an increasing

function of rising prevalence, is thus at the center of economic epidemiology, which is defined

as the introduction of rational economic decision making into mathematical epidemiological

models. The analysis of such behaviors helps to understand what people do and what

difficulties may face government intervention. Indeed, private choices do not lead to socially

optimal outcomes. A large body of literature has explored this idea theoretically (Arrow,
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2004; Geoffard and Philipson, 1997; Bauch and Earn, 2004). If the decisions that are made by

individuals are not rewarded, coordinated or encouraged by subsidies, taxes or non-market

incentives, the decisions that are made will most likely be socially sub-optimal.

Risky health behaviors have the negative effect - negative externality -of the individual

being able to spread the disease to others. They thus represent a threat for the society.

Within the economic theory such behaviors have been considered as rational since Becker

and Murphy (1988). However, until recently, an individual’s prevention behavior was not in-

corporated into epidemiological models (Philipson and Posner, 1993). Geoffard and Philipson

(1996) focused on HIV/AIDS and stressed the possibility of high-prevalence-elastic behav-

iors, proposing a method for estimating the risk preferences that can be tested empirically

by epidemiological cohort surveys and survival analyses. These authors emphasize the differ-

ence between standard epidemiological and economic models. As the demand for protection

is an increasing function of prevalence, the hazard rate from susceptibility to infection will

be a decreasing function of the prevalence of the disease in economic models because the re-

maining susceptible individuals face a larger risk and increase protection. In contrast, these

authors consider that this function of the disease will increase in standard epidemiological

models. This article has led to a series of theoretical economic epidemiological analyses

(Ahituv et al., 1996; Bloom and Associates, 2000; Auld, 2006; Francis, 2008). However,

model predictions have not been tested systematically, and evidence is globally dispersed.

Put differently, the main conclusions have not been synthesized in a single analysis.

The objective of this study is to inquire into the nature, extent and strength of the evidence

for such risk and prevalence-elastic behaviors for HIV/AIDS. We first establish proofs for

the existence of risk-elastic behaviors. We then turn to the specific concept of prevalence-

elasticity. The prevalence-elasticity of preventive behaviors in the case of HIV can be defined

as the evolution in percentage of a given preventive behavior following a one percent increase

in HIV prevalence. A positive prevalence-elasticity indicates responsiveness in preventive

behaviors. Compared to the initial increase in prevalence, this behavioral response can be

more than proportional, leading to an elasticity value that is greater than one. In this case,

preventive behaviors can be considered elastic, which is positive to constrain the epidemic

when the prevalence is increasing but negative when the prevalence is decreasing, as complete
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elimination is far more difficult. As for risk-elastic behaviors, we describe the evidence

on prevalence-elastic behaviors in the case of HIV. However, we also gather the available

estimates for the value of the prevalence-elasticity.

A major issue in the measurement of risk or prevalence-elasticity is the problem of endo-

geneity bias. Indeed, preventive behaviors and HIV risk are linked through many pathways.

If preventive behaviors are strengthened following an increase in HIV risk, the change in

the preventive behaviors might itself influence the (perceived) HIV risk, leading to a re-

verse causality attenuation bias. Omitted variables are also at concern to estimate risk or

prevalence-elasticity as changes in the preventive behaviors and (perceived) HIV risk might

react to shared factors, such as the release of new treatments or prevention campaigns. Fi-

nally, measurement errors in the level of objective or perceived HIV risk can also affect the

estimations of risk or prevalence-elasticity. We therefore further attempt to characterize

barriers to the empirical testing of the theory.

The rest of this paper is organized as follows. Section 2 describes the search strategy

and inclusion criteria that were used to select articles. Section 3 provides an analysis of the

selected articles. Finally, Section 4 concludes and outlines the main policy implications.

2 Material and methods

2.1 Search strategy

We searched the following databases for publications from January 1, 1990 to December

31, 2013 in English and French: PubMed, ScienceDirect and JSTOR. As the goal of the study

was to capture empirical evidence of prevalence-elastic behaviors in the case of HIV/AIDS

in low-, middle- and high-income countries, the search terms did not include a list of coun-

try names. We organized the search terms into two categories: terms relating to objective

or subjective risk of the infectious disease (prevalence, incidence, risk, perception and risk

perception) and terms relating to health behaviors (prevention, treatment-seeking behav-

iors, responsiveness, economics, usage, willingness to pay, behavioral response, behavioral

reaction, preventive and risky behaviors, and precautionary behaviors).
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The risk search terms that were developed included not only objective measures of risk,

such as the incidence and prevalence of the disease or the likelihood of seroconversion, but

also subjective measures of risk, such as the perceived susceptibility, perceived severity or

estimated likelihood of infection. Indeed, individuals might react not only to real risk but

also to subjective risk if information on HIV risk is incomplete or incorrect. Given the large

number of risk and prevention behaviors that are associated with HIV/AIDS (from condoms,

needle sharing, and multiple partnerships, among others) we used general search terms for

health behaviors in order to cover the largest range of preventive and risk behaviors.

To avoid missing important literature on the topic, we used alternate terms in the “health

behaviors” category. The term “prevention” was used, as well as “preventive behaviors”

and “precautionary behaviors”. Articles investigating the adaptation of risk/prevention

behaviors to the objective or subjective risk of HIV were sought out using different search

terms, as “responsiveness”, “behavioral response” or “behavioral reaction”.

Every combination of search terms in both of the categories was entered in the search en-

gine of the three databases with the associated words “HIV/AIDS”. Through this automatic

search, all of the articles including in their title or abstract the words “HIV/AIDS” and two

keywords relating to health behavior and (subjective or objective) risk were included. De-

tails of the search terms strategy are available in Table 1. The titles and abstracts of every

study as detected through this method were then read and screened for inclusion through a

procedure that is described in the following sub-section. In the selected articles, all of the

interesting references were searched for and integrated in the analysis if they met the inclu-

sion criteria. For the literature reviews that were detected through the automatic search,

all of the references were reviewed, and articles meeting the inclusion criteria were added to

the analysis.

We assumed that a rigorous study of HIV prevalence-elastic behaviors would likely be

published in database-indexed journals; therefore, our literature review was primarily focused

on peer-reviewed articles as opposed to the so-called “gray literature” (i.e., written material

that is published but not widely accessible, such as from technical reports from government

agencies or scientific research groups, working papers from research groups or committees
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and so-called “white papers”). We note nonetheless that there is not a large amount of “gray

literature” on this subject.

Table 1: Search terms

Risk measure Health Behaviors

Prevalence Prevention

Risk Treatment-seeking behaviors

Impact Responsiveness

Incidence Economics

Perception Usage

Risk perception Willingness to pay

Intention

Avoidance behavior

Behavioral response

Behavioral reaction

Risky behaviors

Preventive behaviors

Precautionary behavior

Vaccination behavior

2.2 Data review and exclusion criteria

The original searches from all of the databases were combined in a Zotero R© library

(Zotero R© version 4.0, Roy Rosenzweig Center for History and New Media, Fairfax, Vir-

ginia, USA), and all of the duplicates were removed. References lacking abstracts or studies

that were not accessible were excluded. The articles that were detected through an auto-

matic search were then reviewed for inclusion. The search algorithm is provided in Figure

1.

In the first step, the articles were excluded based on topic (e.g., articles whose primary

interest was not HIV/AIDS, medical literature on AIDS treatment or prevention research)

after reading the title and abstracts. All of the articles that study the effect of a HIV risk

measures on HIV risk/prevention behavior were eligible for inclusion.
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The second step of the exclusion procedure was performed using the following exclusion

criteria: theoretical articles modeling the link between HIV risk and behavior with no data

analysis or empirical tests, articles looking for non-behavioral determinants of risk perception

or objective risk, articles studying the behaviors of individuals under ARV treatment, articles

that did not include a measure of behavior or a measure of objective/subjective risk and

articles that used a risk behavior to measure the objective risk of the disease for obvious

problems of reverse causality. For quantitative publications, articles that did not include

statistical analysis of the link between risk and behaviors were excluded.

In the final step, we differentiated between qualitative and quantitative articles such that

the results would be reported separately for both types of studies.

2.3 Bibliometric analysis

We performed a simple descriptive bibliometric analysis of this dataset to map the research

that is available regarding the link between HIV risk and behavior. Relevant articles from

Zotero R© were placed in a series of Excel R© tables. For each publication, data on the following

categories were extracted and assessed by reading the full text: year of publication, author

name(s), publication title, publication journal, type of study (quantitative/qualitative), de-

sign, population type, prevention/risk behavior studied, measure of subjective or objective

risk, results, presence of reverse causality problem and treatment of reverse causality prob-

lem. We calculated frequency of the type of prevention/risk behavior studied, the type of

risk measure used and the type of design.

2.4 Searching empirical evidences of risk or prevalence-elasticity

When looking at the link between HIV risk and health behaviors, one cannot ignore the

problem of reverse causality. Objective or subjective HIV risk measures might be associated

with risk or prevention behaviors by increasing the (perceived) probability of infection. This

rational adaptation of health behaviors to HIV risk translates into a negative correlation

between risk behaviors and HIV risk or a positive correlation between preventive behaviors

and HIV risk. However, risk and preventive behaviors of susceptible individuals also affect

the spread of the disease and thus the objective HIV risk. Moreover, risk and preventive
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behaviors of susceptible individuals might also influence their subjective beliefs on HIV risk

so that the reverse causality problem persists when subjective measures of HIV risk are used.

According to this reverse causality effect, a positive correlation between risk behaviors and

HIV risk should be observed while a negative correlation between preventive behaviors and

HIV risk should be detected. A naive correlation measure between behaviors and HIV risk

will capture both pathways of causality. However, as these two pathways produce opposite

impacts, the sign of the correlation coefficient between HIV risk and health behaviors will

indicate which effect dominates. In other words, since the presence of the reverse causal-

ity problem induces a downward bias in the measurement of the responsiveness of health

behaviors to HIV risk, any positive (negative) correlation between HIV risk and preventive

(risk) behaviors can be considered as supporting the concept of risk or prevalence-elasticity.

In a first step we look at the sign of the correlation between HIV risk and health behaviors

for qualitative and quantitative publications. For quantitative publications, we also check

the significance of the correlation between the two variables. Articles were considered as

supporting the concept of risk or prevalence-elasticity of health behaviors if they included

a positive correlation between the risk measures and prevention behaviors or a negative

correlation between the risk measures and risky behaviors.

Measuring the causal impact of HIV risk on health behaviors is challenging because of the

simultaneity in the evolution of risk/preventive behavior and HIV objective or subjective risk

measures. In a second step, we identify articles that addressed the reverse causality problem

by using indirect measures of risk as econometric artifacts to demonstrate the existence of a

responsiveness of risk/preventive behaviors to HIV risk. While these studies do not produce

direct prevalence-elasticity estimates that could be used to better design public policies in

the era of the fight against HIV/AIDS, they provide convincing proofs for the existence of

risk-elastic behaviors.

In the third step of the analysis, we investigate the precise concept of prevalence-elasticity.

To this end, we focus on studies using an objective measure of HIV risk such as incidence or

prevalence. We start by describing the ten articles using an objective measure of HIV risk.

In particular, we present the empirical strategy undertaken by the authors and the results

they obtain. To determine whether derived empirical estimates establish a proof of the
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prevalence-elasticity concept, each article is screened for potential problems of endogeneity.

In publications presenting such a problem, we determine whether the authors tried to develop

an empirical strategy to treat problems of reverse causality or omitted variables. Finally, we

discuss the scarce available evidence on the value of the prevalence-elasticity.
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Figure 1: Search algorithm
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3 Findings

3.1 Bibliometric results

Of 12,545 articles, 470 references (3.7%) were included in first step based on their topic

of interest as determined through title or abstract readings. Of these 470 references, 189

(40.2%) met all of the inclusion criteria. Among these 189 publications, 167 (88.4%) could

be classified as quantitative and 22 (11.6%) as qualitative. The list and details of the 167

quantitative publications is provided in the appendix.

We classified articles by the type of prevention/risk behavior studied, the type of risk

measure used and the type of design. Among quantitative articles on HIV/AIDS, the most

studied prevention behavior is condom use, which was the variable of interest in 47.9%

of the articles. However, the range of HIV risk/prevention behaviors that were studied is

very large. The studied behaviors ranged from sexual behaviors, such as abstinence or teen

pregnancy, to drug-related behaviors, such as needle sharing. For qualitative publications on

HIV/AIDS, the same pattern of distribution for the studied behavior was observed, as 50%

of the qualitative articles studied condom use, and 31.8% considered multiple behaviors.

Three types of risk measures were used to classify the articles: objective risk measures,

indirect risk measures and subjective risk measures. Objective risk measures included mea-

sures of prevalence, incidence or mortality rates. Subjective risk measures included perceived

susceptibility and likelihood of infection, level of stress or anxiety as directly related to the

disease or perceived severity and seriousness in the case of infection. Indirect measures of risk

included all of the variables that could directly influence a person’s perceived or objective

risk of infection from the disease, such as the type of partner (casual vs. steady), the level of

risk of partner, knowing someone who suffered or died from the disease or treatment-related

beliefs. A total of 58.7% of the quantitative publications only used subjective risk measures,

and 71.9% included at least one measure of risk that could be classified as subjective. The

use of subjective risk measures might not be a problem, as people may adapt their behaviors

based on their perception of the risk rather than the objective risk. However, this type of

measure only describes risk-elasticity but not directly the prevalence-elasticity of the behav-
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iors, as the perceived risk might differ from the objective risk due to a lack of information

or perception bias. In contrast, only ten studies (6% of the total) used an objective measure

of risk and could thus estimate elasticities that were close to prevalence-elasticities.

Regarding the type of design, we first differentiated experimental and non-experimental

designs. Four studies used an experiment including three randomized control trials (Wilson

et al., 2014; Gray et al., 2013; Dupas, 2011) and one quasi-experiment for program evaluation

(Booth et al., 1999). One reference included in this list has been published in 2014 (Wilson

et al., 2014). Considering the low number of randomized control trials on this topic, the

corresponding 2012 working paper was initially included in the analysis because it was a

randomized control trial. The article has been published meanwhile and we provide the final

reference here. Non-experimental studies were classified as cohort, repeated cross-sectional,

or cross-sectional studies. Cohort studies are studies that measure the risk and/or behaviors

at several periods for the same individuals. Repeated cross-sectional studies also measure the

risk and/or behaviors at several periods but for different individuals. Finally, cross-sectional

studies include a one-time measure for risk and behavior. An overwhelming majority of the

studies (79%) used a cross-sectional design. Cross-sectional studies establish a correlation

between the risk measures and risk/prevention behaviors but often do not permit drawing

conclusions about the causal impact of risk on behaviors if the endogeneity bias is not

accounted for. Eight studies (4.8% of the total) used a repeated cross-sectional design, while

twenty-one (12.6% of total) could be classified as cohort studies. We also found two literature

reviews.
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Table 2: Classification of articles by type of prevention/risk behavior studied, type of risk

measure and type of design

Prevention / Risk Behavior studied Risk measure Type of design

Rank N (%) Rank N (%) Rank N (%)

Quantitative Quantitative Quantitative

Condom use 1 80 (47.9%) Subjective 1 98 (58.7%) Cross-sectional 1 132 (79%)

Multiple behaviors 2 43 (25.7%) Indirect 2 39 (23.4%) Cohort 2 21 (12.6%)

Risk Index 3 12 (7,2%) Subjective / Indirect 3 20 (12%) Repeated cross-sectional 3 8 (4.8%)

Drug related 4 7 (4.2%) Objective 4 8 (4.8%) Experimental 4 4 (2.4%)

Abstinence 5 6 (3.6%) Subjective / Objective 5 2 (1.2%) Literature review 5 2 (1.2%)

HIV risk 6 6 (3.6%)

Number of sex partners 7 3 (1,8%)

Fertility change 8 3 (1,8%)

Circumcision 9 2 (1.2%)

Female condom use 10 1 (0.6%)

Microbicide use 11 1 (0.6%)

Prostitution 12 1 (0.6%)

Teen pregnancy 13 1 (0.6%)

Abortion 14 1 (0.6%)

Qualitative Qualitative

Condom use 1 11 (50%) Indirect 1 12 (55%)

Multiple behavior 2 7 (31.8%) Subjective 2 9 (41%)

Circumcision 3 1 (4.5%) Objective 3 1 (5%)

Microbicide use 4 1 (4.5%)

Partner choice 5 1 (4.5%)

Prostitution 6 1 (4.5%)

3.2 Correlations between HIV risk and health behaviors

A positive correlation between risk measures and prevention behaviors or a negative cor-

relation between risk measures and risky behaviors were classified as 1. “Link 1” articles

point to a responsiveness of behaviors in front of risk that can be called “risk-elasticity”

or “prevalence-elasticity” in the case of objective risk measures. The detailed results are

provided in Tables A1 to A6.

A total of 93 quantitative articles (55.7% of total) depicted at least a significant correlation

between risk/prevention behaviors and risk measures that points to a responsiveness of

behavior to the level of risk. Among the experimental studies, two randomized control trials

found no evidence of risk compensation after circumcision in Kenya (Wilson et al., 2014)

or participation in a vaccine trial in South Africa (Gray et al., 2013), but one RCT in
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Kenya found evidence of a behavioral response to information about objective risk among

Kenyan girls (Dupas, 2011). One quasi-experiment aiming at the evaluation of an HIV-

prevention program based on the Health Belief Model among homeless adolescents in the

United States found a weak effect of subjective risk measures on behaviors in the absence

of HIV knowledge (Booth et al., 1999). 43 quantitative articles (25.7% of all quantitative

articles) included at least a correlation, indicating that risk perception or objective risk as

measured by prevalence or incidence is influenced by risk and prevention behaviors. A total

of 90.9% of the qualitative articles included at least a correlation indicating a responsiveness

of behavior to risk.

3.3 Proofs of risk-elastic behaviors

Establishing evidence of risk-elastic behaviors is challenging because of the endogeneity

between HIV risk and behaviors. To address the problem of reverse causality, some authors

used an indirect measure of risk as econometric artifacts to demonstrate the existence of a

responsiveness of risk/preventive behaviors to HIV risk. Although these indirect measures

of risk allow for the establishment of proof regarding risk-elastic behaviors, they do not

produce direct prevalence-elasticity estimates that could be used to better design public

policies in the era of the fight against HIV/AIDS. In our review, 59 studies (35.4% of the

total) used indirect measures of risk. These measures of risk could be classified into three

main categories: studies that measured the respondent’s level of risk by asking him/her

whether (or how many) he/she knows someone that is infected with or who has died of

HIV/AIDS, studies investigating risk-compensation following treatment release and studies

analyzing risk behaviors depending on the relationship type. A few examples of these studies

are provided in Table 3.

Using the first type of indirect risk measure, Moatti et al. (1991) investigated whether the

use of condoms is related to knowledge of someone infected with HIV in a sample of 1008 men

and women aged 18 to 44 years old in France. The results of this study indicate that women

who know someone infected with HIV/AIDS are 95% more likely to use condoms compared

to women who do not. Francis (2008) focused on sexual choices and how they depend on

transmission and risk levels. Using a nationally representative dataset on sexuality in the
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United States, Francis solved this reverse causality problem using a framework in which

the change in sexual partners (movements along the heterosexual-homosexual margin) and

having a relative with AIDS are exploited. This strategy enables an indirect estimate of risk-

elastic behaviors. The author argues that having a relative with AIDS is negatively correlated

with homosexuality in males but positively in females because those having a relative with

AIDS have more HIV knowledge. Estimates confirm this theory: women who have a relative

with AIDS are 6.2% more likely to say that they are not only sexually attracted to men.

Men who have a relative with AIDS are 4.8% less likely to say that they are not only sexually

attracted to women. Tenkorang et al. (2011) exploited longitudinal data of the Cape Area

Panel Study in South Africa to determine whether risky sexual behaviors at the third wave

(2005-2006) are influenced by knowing someone who has died of AIDS at baseline in 2002.

After controlling for various socio-demographic and life-course variables, the authors show

that knowing someone who had died of AIDS reduced by 76% the likelihood of transition to

riskier sexual behaviors for men between the first and the third waves. For women however,

knowledge of a person who had died of AIDS increased or had no effect on the probability

of transition to riskier sexual behaviors.

Several studies examined the evolution of preventive/risk behaviors following the release of

ARV treatments or depending on treatment-related beliefs. Geoffard and Méchoulan (2004)

used repeated cross-sectional data of the “Stop AIDS Project” from 1994 to 2002 in San

Francisco to determine whether the release of HAART in 1996 was associated with a relapse

in preventive behaviors among gay men that were previously tested for HIV/AIDS. The

rationale behind this empirical strategy is based on the fact that screening for HIV/AIDS is

the gateway to HAART and thus reduces the cost of risky sexual behaviors when treatments

are available. In the author’s results, a dummy variable representing the apparition of

HAART in 1996 was significantly associated with the probability of unprotected sexual

intercourse among MSM that were previously tested for HIV/AIDS. The authors finally

estimated that the release of HAART led to a 8.45% increase in the probability of unprotected

anal intercourse among the studied population. Hart and Williamson (2005) as well as

Cohen et al. (2009) studied the link between risk behaviors and treatment-related beliefs.

Hart and Williamson used three cross-sectional surveys that were conducted between 1996
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and 2002 in “gay” bars in Scotland to study whether unprotected anal intercourse in the

last year is associated with treatment optimism. Using a multivariate analysis, the authors

demonstrated that men who were “less worried about HIV infection now that treatments

have improved” were respectively 38 and 74% more likely to engage in unprotected anal

intercourse (UAI) with casual partners or with more than one partner compared to men

who disagreed with this sentence. Cohen et al. use data from a survey on 1655 people

who were aged 15 to 49 in Kenya to investigate whether HIV risk, as measured by HIV

seroprevalence, is related to ART beliefs. Three ART factors were used by the authors to

measure the ART beliefs and attitudes (details of these factors are provided in Table 4). The

results of the authors demonstrate ART-related risk compensation and a belief that ART

cures HIV are associated with an increased HIV seroprevalence in men but not women. In

a multivariate analysis, after controlling for age, the authors found that ART-related risk

compensation was especially associated with the increased prevalence of HIV among 15-24-

year-olds, while the belief of a curative effect of ART was predominantly related to increased

prevalence among 25-29-year-olds. It therefore seems that optimism about ARV treatments

would lead to more risky sexual behaviors and a greater chance of becoming infected with

HIV/AIDS.

The third type of study analyzed preventive/risk behaviors depending on the type of

relationships and the estimated risk of partners. Steady partners might be perceived as less

risky, and the use preventive behaviors might be less frequent with these partners. Gerber

and Berman (2008) used panel data from a representative sample of Russian households to

examine the relationship between condom use and the type or length of the relationship.

The results demonstrate that condom use choices are linked to the nature and duration of

the relationship with the sexual partner. Indeed, controlling for various socio-demographic

and behavioral characteristics, multivariate logistic regression results indicate that condom

use is more frequent in casual encounters, in those involving new partners or in those with

commercial sex workers compared to encounters that are made in marital relationships.

Condom use also decreases with the length of the relationship, as the rate of condom used is

reduced in relationships longer than a month compared to relationships of less than a month.

Using an experimental design, Dupas (2011) evaluated the effect of information about risk
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on sexual behaviors of adolescents in Kenya. Of 328 primary schools, 71 were randomly

selected to benefit from another prevention program based on providing information on the

relative risk of HIV infection by a partner’s age. The incidence of teen pregnancy was

used as an objective proxy for unprotected sex in female adolescents. The results of the

program evaluation show that female adolescents seem to adapt their sexual behaviors to

new information about risk. Indeed, the prevention program based on information led to a

28% decrease in teen pregnancy that arose from a substitution from risky older sex partners

to same-age partners that were less likely to be infected with HIV.
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Table 3: Examples of studies using indirect risk measures

Reference Country Population Risk/prevention behavior (Dependent variable) Indirect risk measure (explanatory variable) Study type

Cohen and colleagues Kenya General population HIV seroprevalence HIV is more controllable since ART (factor 1) Cross-sectional

(15-49) ART-related risk compensation (factor 2)

Belief that “ART Cures HIV/AIDS” (factor 3)

Dupas Kenya Female adolescents Teen pregnancy Evaluation of a HIV prevention program based on Experimental (RCT)

information about HIV prevalence by age in the region

Francis USA General population Same sex partner in last 5 years Having a relative with AIDS Repeated cross-sectional

(18-59) Appeal of sex with same gender

Attraction to not only opposite sex

Homosexual or bisexual identity

Goeffard and Méchoulan USA MSM Probability of unprotected anal intercourse Apparition of HAART in 1996: Repeated cross-sectional

(San Francisco) (UAI) Dummy variable equal to 1 for years after 1996

Gerber and Berman Russia Representative sample Probability of condom use Nature of the relationship : Cohort

of households friend, spouse or acquaintance

Duration of the relationship:

<1 month, 1-12 months or >1 year

Hart and Williamson Scotland MSM UAI with: Treatment optimism : Repeated cross-sectional

Casual partners Optimism 1: “I am less worried about HIV infection

More than 1 partner now that treatments have improved’”

Optimism 2: “I believe that new drug therapies make

people with HIV less infectious”

Moatti, Bajos, Durbec, Menard and Serrand France General population (18-44) Condom use Personal knowledge of a HIV carrier Cross-sectional

Tenkorang, Maticka-Tyndale and Rajulton South Africa Young adults (14–22) Risk index: condom use and number of Knowledge of a friend who has died of AIDS Cohort

sexual partners
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Table 3 (continued): Examples of studies using indirect risk measures

Reference Empirical strategy Point estimate Interpretation

Cohen and colleagues Multivariate logistic regressions Factor 1: Men : 1.28; Women: 0.99 ART-related risk compensation and a belief that ART cures HIV were associated with an increased HIV

stratified by sex Factor 2: Men: 1.45**; Women: 1.08 seroprevalence in men but not women.

Factor 3: Men: 2.14**; Women: 1.43

Dupas Evaluation of program impact : Difference in difference estimate: -27.7* The prevention program led to a 28% decrease in teen pregnancy.

difference in difference between

treatment and control groups

Francis Linear probability model stratified Men : -0.051**; Women : 0.024 Men who have a relative with AIDS are 5.1% less likely to declare same sex partnership in the last 5 years.

by sex Men : -0.050**; Women : 0.075** Men/women who have a relative with AIDS are 5.1%/7.5% less likely to declare appeal of sex with same gender.

Men : -0.048**; Women : 0.062* Men/women who have a relative with AIDS are 4.8% less likely/6.2% more likely to declare attraction not only

to opposite sex.

Men : -0.040**; Women : 0.033 Men who have a relative with AIDS are 4% less likely to declare homosexual or bisexual identity.

Goeffard and Méchoulan Multivariate linear model 0.123** The release of HAART led to a 8.45% increase in the probability of unprotected anal intercourse among already

tested MSM.

Gerber and Berman Multivariate logistic regressions Nature of relationship (Ref: friend) For both men and women condom use is less frequent in encounters made in marital/regular relationships and

stratified by sex Men : spouse (-1.806***); acquaintance (0.749**) more frequent in casual encounters.

Women : spouse (-1.346***); acquaintance (1.281**)

Duration of relationship (Ref <1 month) : Condom use decrease with length of relationship for both men and women.

Men: 1-12 months (-0.426**); >1 year (-0.844***)

Women: 1-12 months (-0.679***); >1 year (-0.682****)

Hart and Williamson Multivariate logistic regressions UAI with:

Casual partners: optimism 1 : 1.38**; optimism 2 : 1.30 Optimistic men were 38% more likely to engage in UAI with casual partners.

More than 1 partner : optimism 1 : 1.74** and optimism 2 : 1.03 Optimistic men were 74% more likely to engage in UAI with more than 1 partners.

Moatti, Bajos, Durbec, Menard and Serrand Multivariate logistic model Men: 1.39 Condom use is more frequent among women (but not men) who personally know a carrier of HIV/AIDS.

stratified by sex Women: 1.95**

Tenkorang, Maticka-Tyndale and Rajulton Multivariate linear model Men: 0.242*** Knowing a friend who had died of AIDS reduced by 76% the likelihood of transition to riskier sexual behaviors.

stratified by sex Women: 1.33 No effect for women.

22

 
Documents de Travail du Centre d'Economie de la Sorbonne - 2015.65



3.4 Proofs of prevalence-elastic behaviors

In the last step of the analysis, we investigate the precise concept of prevalence-elasticity.

Thus, we focus on studies using an objective measure of HIV risk (incidence, prevalence) as

these studies derive values closer to prevalence-elasticity estimates. In an in-depth analysis,

seven out of ten articles using an objective measure of risk for HIV/AIDS gave support

to the concept of prevalence-elasticity. However, only one of the ten articles established a

direct measure of prevalence-elasticity while appropriately dealing with the reverse causation

problem between HIV prevalence and protective/risk behaviors. A summary table of these

studies is provided in Table 4.

The National Longitudinal Survey of Youth in the United States, shows that the propen-

sity of young adults to use or adopt condoms over time is responsive to the level of AIDS

prevalence (Ahituv et al., 1996). In 1988 and 1990, the authors found a positive correlation

between condom use and AIDS prevalence. Elasticity estimates that were obtained by the

authors for all men and women throughout the US territory indicate that a 1% increase in

AIDS prevalence would produce a 8.48% increase in the probability of condom use. More-

over, the prevalence-elasticities of condom use for these periods are higher for specific risk

groups, such as black single men in urban areas (point estimate of 0.1422 in 1990 compared to

0.1099 for all men at the same date) and in high-prevalence states (point estimate of 0.2170

for all men and women in high prevalence states in 1990). In the second step, the authors

estimated the elasticity of condom use adoption with respect to AIDS prevalence. The rate

of condom adoption became increasingly responsive to the level of prevalence throughout

the 1990’s and was greater for higher-risk groups (single men and black men in urban areas).

In 1990, a 1% increase in AIDS prevalence indicated a 3.58% increase in the probability of

adopting condom use for all men and women, while the response among black single men in

urban areas was much larger, with a 7.28% increase in condom use for the same evolution

of AIDS prevalence. If the results of the authors clearly provide a proof for the concept

of prevalence-elasticity, the use of repeated cross-sectional data does not fully address the

reverse causality problem. Therefore, it seems likely that condom use and condom use adop-

tion prevalence-elasticities as measured by the authors are downward biased and do not

reflect the extent of the behavioral response in the population.
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Anglewicz and Clark (2013) also focused on condom use and exploited the 2004 and 2006

waves from the Malawi Longitudinal Study of Families and Health to estimate the effect of

spousal HIV-related characteristics on actual condom use with a spouse or steady partner.

The authors found that a partner’s HIV testing and result did not influence subsequent

condom use or acceptability for either men or women. This result indicates a lack of elasticity

for risk behaviors with respect to the objective measure of risk in this context. The authors

however warn about their inability “to establish causal relationships”, as the use of a fixed

effect model does not allow determining the timing of change between the dependent and

independent variables.

Three articles using an objective measure of HIV risk studied the impact of the HIV

epidemics on fertility in Sub-Saharan Africa. The actual fertility can be seen as a proxy for

risky sexual behaviors, as this variable is directly correlated with the level of unprotected

sexual contacts. However, changes in fertility at the time of the AIDS epidemic might not

only reflect behavioral changes undertaken to avoid HIV infection. Indeed, changes in desired

fertility might also arise in response to the increases of adults and children mortality rates.

If prevalence-elastic behaviors can lower fertility through increased condom use, the income

effect related to the rise of adult mortality can, on the contrary, increase the demand for

children (Boucekkine et al., 2009). Moreover, increased children mortality due to mother-

to-child transmission might produce a replacement effect, pushing to an increase in fertility

when HIV prevalence increases. The HIV/AIDS epidemic plays contradicting effects on

fertility and demand for contraception. Therefore, elasticities of fertility or contraceptive

demand to HIV prevalence will be downward biased and will not provide accurate measures

of prevalence-elastic preventive behaviors. Given the multiple pathways through which the

HIV epidemic might influence fertility in developing countries, it is not surprising that the

three articles studying this link obtain diverging results. Only one article provide a weak

evidence for the prevalence-elasticity concept (Young, 2007).

Magadi and Agwanda (2010) used 2003 DHS (Demographic and Heath Survey) data in Kenya

to estimate the effect of the HIV/AIDS epidemic on the desired and actual fertility among

Kenyan women. The results of multilevel logistic regressions made by the authors show that,

after controlling for education, child mortality experience, individual-level HIV/AIDS factors
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(including serostatus) and fertility determinants (marital status and use of contraception),

there was no statistically significant association between a women’s fertility and the cluster-

level of HIV prevalence.

Boucekkine et al. (2009) used data from the UNPD (United Nations Population Division)

on 39 Sub-Saharan countries to investigate the link between fertility and HIV prevalence.

When controlling for adults and children mortality rates, the authors find no effect of HIV

prevalence on fertility. To confirm this result, the authors also look at the effect of the HIV

prevalence rate in 2000 on the prevalence of contraceptive use at the same date. Once again,

HIV prevalence does not seem to influence contraceptive use except through its effect on

adult mortality. Indeed, when controlling for the adult mortality rate, the coefficient on

the HIV variable is statistically insignificant. However, this coefficient becomes positive and

significant once the adult mortality rate is withdrawn from the regression as an independent

variable.

Young (2007) used DHS data from 29 Sub-Saharan countries to study the effect of HIV

prevalence on fertility. Controlling for country-specific characteristic and time trends, the

author highlights a negative correlation between the HIV prevalence and the desired and

realized levels of fertility among women. These results are confirmed by the analysis of the

contraception use among married women. Once country-specific characteristics and time

trends accounted for, the HIV prevalence rate still exerts a positive and significant impact

on the the use of condoms. However, as the use of other non-HIV protective contraceptives

also increases with HIV prevalence, the positive association between condom use and HIV

prevalence is likely to measure the change in the desired fertility rather than the adaptation

of preventive behaviors to HIV risk.

Medoff (2012) used US state-level data on abortion rates and accumulated AIDS preva-

lence from 1981 to 2005 to determine whether a “women’s unprotected sexual activity is

deterred by the risk of contracting AIDS”. After controlling for women’s socioeconomic

characteristics, state abortion laws, abortion prices and state/time-fixed effects, the author

find that the risk of contracting AIDS, as measured by the AIDS prevalence, had a strong

negative and significant impact on the demand for abortion (point estimate of -0.0014 sig-

nificant at a 1% level). From the regression results, the author calculated the elasticity of
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abortion demand with respect to AIDS prevalence and estimated that a 10% increase in

AIDS prevalence would lead to a 7% decrease in abortion rates. The use of the abortion rate

as the dependent variable allowed the author to address the problem of reverse causality, as

the rate of abortion in a state is directly linked to risky sexual behaviors but does not directly

influence AIDS prevalence. Thus, the measure of the abortion rate prevalence-elasticity de-

rived by the author provides an indirect but strong evidence of the responsiveness of risk

behaviors to the AIDS prevalence among American women. However, the use of the abor-

tion rate as a proxy for unprotected sexual acts does not allow deriving a direct measure of

prevalence-elasticity of risk behaviors.

Two articles used the number or the existence of sex partners as measures of HIV risk

behaviors. Auld (2006) attempted to measure the HIV prevalence-elasticity of the number

of sex partners in gay men in San Francisco using data from the San Francisco Men’s Health

Study from June 1984 to August 1990. The results that were obtained by the author indicate

that an increase in HIV prevalence implied a reduction in gay men’s propensity to engage

in risky partnerships. A 10% increase in prevalence implied a 4.6% decrease in the rate of

partner change but almost no change in the propensity to participate in sexual activities. The

author also differentiated the responsiveness of behaviors by the type of respondents, which

were classified as either “high” or “low” activity types. Low-risk individuals exhibited higher

elasticity for both types of behaviors. Indeed, a 10% increase in prevalence induced a 8.2%

decrease in the rate of partner change and a 9.5% decrease in the probability of participation

for individuals that were two standard deviations below the mean compared to a decrease of

1.1% and almost no change, respectively, for individuals two standard deviations above the

mean. Even if this article represents the only attempt to measure prevalence-elasticities from

disaggregated data, it suffers from several methodological problems, such as attrition in the

sample leading to selection bias (which cannot be completely corrected for by the author),

or the reverse causality problem. Indeed, because sexual behaviors, such as the number of

sexual partners, directly influence the incidence and prevalence of HIV in this community

measures of elasticities derived will suffer from a downward bias. Thus, if results of Auld

(2006) provide a strong proof for the existence of prevalence-elastic sexual behaviors, they

do not provide accurate values for prevalence-elasticities of the number of sex partners.
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Lakdawalla et al. (2006) used the 1988 to 2002 waves of the GSS (General Social Survey)

in the United States to study the effect of HAART release in 1996 on the sexual activity

of HIV-positive individuals. While responsiveness of HIV-negative individuals to HAART

was not the primary interest of the article, this hypothesis is tested by the authors. At

the state-level, the authors investigate the relationship between the number of HIV-infected

individuals benefiting from ARV treatment and the number of sex partners of uninfected

adults (whose demographic characteristics are matched to the population of HIV-positive

individuals). The number of infected individuals under treatment is used as a proxy for the

HIV prevalence and is instrumented by the generosity of Medicaid eligibility rules. Indeed, at

the time of the study, when no information on the preventive effect of antiretroviral treatment

was available, antiretroviral treatments were viewed as increasing the life expectancy of

HIV-infected individuals and thus HIV prevalence and HIV infection risk for susceptible

individuals. Controlling for various region dummies and state-specific controls, the authors

find that the generosity of Medicaid eligibility rules is significantly and negatively associated

with the number of sex partners among a general sample of uninfected men and women

but not among high-risk men (men who had sex with a prostitute in the last 12 months,

who had a casual date in the last 12 months or who had ever paid for or having been paid

for sex). Thus, only low-risk uninfected individuals seem to react to the increase in HIV

prevalence by reducing the number of their sex partners. Results of Lakdawalla et al. (2006)

provide a confident proof of sexual behaviors’ responsiveness to HIV prevalence among low-

risk individuals. However, the use of the Medicaid eligibility rules as an instrument for

HIV prevalence does not allow drawing accurate estimates of behaviors’ elasticities to HIV

prevalence.

The remaining two articles focused on both condom use and the number of sexual part-

ners. Godlonton and Thornton (2013) used the longitudinal data of the Malawi Diffusion

and Ideational Change Project to measure the causal effect of other community members’

testing on three individual risk behaviors (multiple partnership in the last year, condom use

with current partner and condom use for any of the past three partners). The rationale

behind this empirical strategy is that people tend to overestimate the prevalence of HIV and

would, following a testing campaign in their village, revise these estimates downward. This
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decrease in risk perception would then lead to an increase in risk behaviors, such as multiple

partnership or nonuse of condoms. The authors’ theory was confirmed by their results on

condom use but not by the number of sex partners. When 10% more community members

learned their HIV results in 2004, individuals two years later were 38 percentage points less

likely to use a condom with the current partner or to have used one with any of the last

three partners. This effect is explained by a downward revision of the underlying prevalence

in the community after the testing campaign. The longitudinal framework of the data al-

lows the authors to estimate the effect of others’ testing in 2004 on respondents’ behaviors

two years (2006) later while controlling for respondents’ behaviors at the baseline (2004),

which brings confidence in the establishment of a causal link between risk and behaviors.

The elasticity of risk behaviors as measured by the authors cannot however be considered a

direct prevalence-elasticity estimate.

Oster (2012) exploited data from DHS in 14 sub-Saharan countries between 2001 and 2007

to estimate the causal effect of the HIV epidemic on risk behaviors. Three risk behaviors

were studied: the probability of multiple partnership, the number of sexual partners and

the nonuse of condom with the last secondary partner. Oster chose to instrument the level

of prevalence in a cluster using the cluster’s distance to the viral origin of HIV in Congo.

This strategy allowed the author to control for the reverse causality problem as showed by

the difference in sign and magnitude of the correlation coefficients between prevalence and

behaviors in OLS and IV regressions. OLS coefficients appeared to be positive for all but

the number of sex partners for married individuals. Once the endogeneity of prevalence to

sexual behaviors was controlled for, the IV estimators moved in the expected directions and

exhibited a negative correlation between HIV prevalence and risk behavior. These results

clearly speak in favor of prevalence-elastic risk behaviors, in particular among married indi-

viduals. As stated by the author, “the magnitude of the coefficients suggests that a doubling

of HIV prevalence leads to, for married individuals, about a 1.8 percentage point decline in

the chance of having multiple partners and about a 2 percentage points decline in having

multiple partners without condom use”.

The behavioral response to the epidemic appeared lower however among unmarried individ-

uals. The IV coefficients on the three risk behaviors were indeed negative but much lower
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than those of married individuals and only marginally significant. The higher behavioral re-

sponse among married men and women is puzzling as married individuals might be thought

as a low-risk group for HIV infection. However, Ueyama and Yamauchi (2009) demonstrated

that earlier marriage was used as an HIV risk reducing strategy among women in Malawi. If

marriage is used as an HIV prevention strategy, married individuals form a special group of

people whose behaviors are more responsive to HIV risk. It is then logical to find a higher

elasticity of sexual behaviors to prevalence among married individuals. Moreover, the results

obtained by the author are coherent with those of Auld (2006) and Lakdawalla et al. (2006)

who demonstrate a higher prevalence-elasticity of risk behaviors among low-risk individuals.

However, even among married individuals, the value of the elasticity of sexual behaviors to

HIV prevalence appears as relatively low. In an attempt to explain this pattern, the author

tried to introduce the life expectancy in the region as a moderating factor. Using either child

mortality or climate-predicted malaria prevalence, the author demonstrated that part of the

lack of behavioral response might be explained by high non-HIV mortality that deters the

benefit of investment in HIV prevention.

This last article provide a strong evidence for the concept of prevalence-elasticity. Further-

more, it is the only article that established a direct measure of prevalence-elasticity while

appropriately dealing with the reverse causation problem between objective HIV prevalence

and risk behaviors.
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Table 4: Summary table of in-depth analysis

Reference Country Population Risk measure (explanatory variable) Risk/prevention behavior (Dependent variable)

Ahituv, Hotz and Philipson USA Heterosexuals (25-27) Accumulated number of AIDS cases/100,000 persons Probability of condom use

Probability of adopting condom use

Anglewicz and Clark Malawi Ever married women and their husbands Spouse previously tested for HIV and received results Condom use with spouse (ever)

Auld USA MSM (25-55) HIV prevalence among MSM in San Francisco 6 months rate of partner change (log)

Participation in risky sexual partnerships:

Having 1 or more non monogamous partner

Boucekkine, Desbordes Sub-Saharan Women between (15-49) HIV prevalence in the country in 2000 Contraceptive prevalence in 2000

and Latzer Africa

Godlonton and Thronton Malawi Men and women (18+) Proportion of those in individual i’s village, j, who Multiple partnership last year (2006)

learned their HIV results since 2004 Condom use with current partner

Condom use for any of the past 3 partners
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Table 4 (continued): Summary table of in-depth analysis

Reference Study type Elasticity measured Point estimate Interpretation Risk-elastic behaviors Problem of reverse causality

Ahituv, Hotz and Philipson Repeated cross-sectional Condom use elasticity 0.0848* A 1% increase in AIDS prevalence implies a 8.48% increase in the probability of Yes

Yes: condom use influence the epidemic curve

(Men and women, all states, 1990) condom use.

Condom use elasticity 0.2170* A 1% increase in AIDS prevalence implies a 21.7% increase in the probability of Yes

(Men and women, high prevalence states,1990) condom use.

Condom use adoption elasticity 0.0358* A 1% increase in AIDS prevalence implies a 3.58% increase in the probability Yes

(Men and women, all states, 1990) of adopting condom use.

Condom use adoption elasticity 0.096 No responsiveness of condom use adoption in high prevalence states in 1990. No

(Men and women, high prevalence states, 1990)

Anglewicz and Clark Cohort Condom use elasticity (Men/Women) 0.92/0.75 Information on actual HIV status of the spouse do not change condom use in the couple. No Possible: the use of fixed effect model do not

Condom use elasticity (Women) 0.75 allow to establish the timing of change between

the dependent and the independent variables

Auld Cohort Elasticity of partner rate change -0.46 A 10% increase prevalence implies a 4.6% decrease in the rate of partner change. Yes Yes

Elasticity of participation in risky partnerships -0.01 A 10% increase prevalence implies almost no change on the propensity to participate. No

Boucekkine, Desbordes Repeated cross-sectional Elasticity of contraceptive use rate 0.01 No direct effect of HIV prevalence on contraceptive use once the indirect effect of HIV No Yes

and Latzer prevalence on contraceptive use through adult mortality is taken into account.

Godlonton and Thronton Cohort Elasticity of multiple partnerships -0.008 No responsiveness of multiple partnerships to the increase in the community members No Partially treated through control for the same

learning their HIV status. behaviors in 2004

Elasticity of condom use with current partner -0.382*** If 10% more community members learn their HIV results individuals are 38 percentage points less likely
Yes

to use a condom with the current partner or to have used one with any of the last three partners.
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Table 4 (continued): Summary table of in-depth analysis

Reference Country Population Risk measure (explanatory variable) Risk/prevention behavior (Dependent variable)

Lakdawalla, Sood and Goldman USA Men and women Number of HIV-positive individuals instrumented by Number of sex partners

Medicaid eligibility rules

Magadi and Agwanda Kenya Women (15-49) Cluster-level HIV prevalence Actual fertility as a proxy for unprotected sexual

intercourses: recent birth

Medoff USA Women (15-44) Cumulated number of reported AIDS cases per 1000 Abortion rate per 1000 women in state s in period t

women in state s in period t as a proxy for unprotected sexual intercourses

Oster Sub-Saharan Africa General Population HIV prevalence (log) in the cluster instrumented by the Multiple partnership in the last year

cluster’s distance to viral origin of HIV in Congo Multiple partnership and nonuse of condom with

the last secondary partner

Young Sub-Saharan Africa Married women HIV prevalence rate in the country Use of contraception
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Table 4 (continued): Summary table of in-depth analysis

Reference Study type Elasticity measured Point estimate Interpretation Risk-elastic behaviors Problem of reverse causality

Lakdawalla, Sood Repeated cross-sectional Elasticity of number of sex partners -0.0065*** An increase in the number of HIV-positive individuals under treatment. No Instrumentation of HIV prevalence by the generosity

and Goldman decreases the number of sex partners among susceptible individuals of Medicaid eligibility rules that determines the number

of HIV-positive individuals benefiting from ARV treatments

Elasticity of condom use with current partner -0.382*** If 10% more community members learn their HIV results individuals are 38
Yes

Elasticity of condom use with any of the past 3 partners -0.385*** percentage points less likely to use a condom.

Magadi and Agwanda Cross-sectional Elasticity of fertility -0.38 No evidence of association between cluster-level HIV prevalence and fertility. No No but several channels between fertility and HIV prevalence:

HIV prevalence can increase fertility through replacement effect

Medoff Repeated cross-sectional Elasticity of abortion rate to AIDS prevalence -0.78** A 10% increase in AIDS prevalence implies a 7.8% decrease in abortion rate. Yes The abortion rate does not directly influence the AIDS prevalence

Oster Cross-sectional Semi-elasticity of multiple partnerships -0.0211*** A doubling of HIV prevalence leads to a reduction of 2.1 percentage points Yes Treated through IV regression: Prevalence of HIV in the cluster

(Married individuals) in the chance of having multiple partners for married individuals. instrumented by the distance between the cluster and the origin of

Semi-elasticity of multiple partnerships -0.0101* A doubling of HIV prevalence leads to a reduction of 1 percentage point Yes the virus in the center of Congo

(Unmarried individuals) in the chance of having multiple partners for married individuals.

Semi-elasticity of condom use with last secondary partner -0.0253*** A doubling of HIV prevalence leads to a decrease of 2.5 percentage points in the Yes

(Married individuals) chance of having multiple partners without condom use for married individuals.

Semi-elasticity of condom use with last secondary partner -0.017*** A doubling of HIV prevalence leads to a decrease of 1.7 percentage points in the Yes

(Unmarried individuals) chance of having multiple partners without condom use for married individuals.

Semi-elasticity of number of non-marital partners -0.0436*** A doubling of HIV prevalence leads to a decrease of 4.3 non-marital sex partners Yes

(Married individuals) for married individuals.

Semi-elasticity of number of non-marital partners -0.0095 HIV prevalence do not influence the number of non-marital sex partners No

for unmarried individuals.

Young Repeated cross-sectional Elasticity of contraceptive use 5.06*** Each 0.01 percent increase in the fraction of the population Yes Condom use of married women might influence the HIV prevalence

infected with HIV increases the ln probability of a married woman

to use condoms (compared to no use of contraception) by 5.06%.
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4 Discussion

The circular causality between a disease risk and preventive/risk behaviors has been the

purpose of numerous theoretical analyses, the majority of which investigated HIV. A central

concept in rational epidemics is the so-called prevalence-elastic behavior of the individual

demand for prevention, i.e., the measurement of how responsive prevention is to a change in

the prevalence of disease. In this sense, an agents’ preventive behavior may play an impor-

tant role in disease dynamics and consequently in control strategies. A positive prevalence-

elasticity indicates a decrease in the risk of illness prompts a decrease in prevention or

treatment behaviors, leading in turn to a fresh increase in risk and consequently so-called

“rational” epidemics (Philipson, 2000; Thuilliez and Berthélemy, 2014). Large scale HIV

treatment or prevention programs, by decreasing the anticipated cost of infection, might

trigger a rational increase in risky behaviors among the general population, especially in

sub-Saharan Africa where treatment initiation criteria are currently being extended. The

value of the risk or prevalence-elasticity may therefore influence the success and failure of

disease control programs and the population response to such programs (less than propor-

tional, proportional or more than proportional). However, considering the impacts that such

rational choices may have on the acceptance and design of public policies, it is surprising

that the available empirical evidence is relatively weak. More evidence is needed on the

nature, extent and strength of rational risky behaviors to maximize the public health and

economic impact of large scale HIV treatment or preventive policies.

Establishing clear empirical estimates of risk or prevalence-elasticity in the case of in-

fectious diseases, especially HIV/AIDS, is challenging because of the mutual influence of

risk/preventive behaviors and HIV risk. The simultaneous implementation of control pro-

grams might also influence behavioral responses to the epidemics and bias risk or prevalence-

elasticity estimates. The objective of this study was to inquire into the nature, extent and

strength of the evidence for such risk and prevalence-elastic behaviors for HIV/AIDS. We

conducted an exhaustive literature review and found 189 articles dealing with the concept of

risk or prevalence-elasticity. We identified 167 quantitative publication dealing with risk or

prevalence-elasticity of which 55.7% gave support to this concept. We first tried to establish

proofs for the existence of risk-elastic behaviors. To this end, we identified articles that ad-
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dressed the reverse causality problem by using indirect measures of risk. While these studies

do not produce direct prevalence-elasticity estimates that could be used to better design

public policies in the era of the fight against HIV/AIDS, they provide strong evidences for

the existence of risk-elastic behaviors. We then turned to the precise concept of prevalence-

elasticity. We found ten quantitative studies using an objective measure of HIV risk that

could derive values close to prevalence-elasticity estimates. Among these ten studies, seven

gave support to the concept of prevalence-elasticity and five established confident proofs of its

existence among MSM, hetersoxeual men and women in the US as well as heterosexual men

and women in sub-Saharan Africa (Ahituv et al., 1996; Auld, 2006; Lakdawalla et al., 2006;

Medoff, 2012; Oster, 2012). However, we only found one paper appropriately dealing with

the reverse causality problem while simultaneously providing a direct estimate of prevalence-

elasticity (Oster, 2012). The results indicate a relatively low adaptation of behaviors to HIV

prevalence as a doubling prevalence would imply, among married individuals, a respective

decline of only 2.1, 2.53 and 4.36% in multiple partnerships, the nonuse of condoms with

the secondary partner and the number of non-marital partners. This results suggests a pos-

itive but less-than-proportional response to the epidemics, possibly permitting the control

(or elimination) of the disease by scaling-up efficient treatment. Nevertheless, Oster showed

that the apparent lack of behavioral response to the AIDS epidemic in Sub-Saharan Africa

can be explained by high mortality rates in this region. Indeed, elasticity estimates obtained

by the author increased when non HIV-related mortality rates were considered in the anal-

ysis. This finding could explain why studies from Anglewicz and Clark (2013), Boucekkine

et al. (2009) and Magadi and Agwanda (2010), which all focused on sub-Saharan countries,

found no evidence of responsiveness of health behaviors to HIV risk or prevalence. Oster’s

results also shed light on the complementarity between different types of health policies in

Sub-Saharan Africa. Indeed, policies aiming at fighting malaria or improving access to pri-

mary care could have large and positive external effects on HIV prevention, suggesting that

multiple diseases or crossed-morbidity prevalence-elasticities could be alternative ways to

explore this question.

The study of the ten articles using an objective measure of HIV risk also demonstrated that

looking at average elasticities might be misleading in terms of policy implication, as there
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seems to exist a large heterogeneity in behavioral responses across groups. Sub-group anal-

yses could probably be more informative to asses the impacts that risk or prevalence-elastic

behaviors may have on the acceptance and design of HIV control programs. Indeed, Ahituv

et al. (1996), Auld (2006), Lakdawalla et al. (2006) as well as Oster (2012) showed that the

elasticity of preventive/risk behaviors to prevalence may vary across individuals based on

their initial level of risk. Ahituv et al. (1996) found that the elasticities of condom use and

condom use adoption in the US were higher for risk groups, such as single men, black men or

men living in urban areas. On the contrary, the three other articles demonstrated a higher

prevalence-elasticity of behaviors among low-risk groups. Auld (2006) differentiated “high”

and “low” activity types and showed that individuals whose participation and partner-change

rates are low at baseline exhibit higher elasticities for both types of behaviors, with very-

low–risk types exhibiting a rate of partner change and participation elasticities close to one.

Lakdawalla et al. (2006) found a reduction in the number of sex partners among low-risk

individuals but not high-risk individuals following the release of HAART in the US in 1996.

Finally, Oster (2012) found a lower behavioral response to the HIV epidemic appeared among

unmarried individuals compared to married individuals in sub-Saharan Africa. These results

stress out the benefit of adapting prevention policies, aiming at fighting either “prevention

fatigue” or risk compensation following the greater diffusion of ARV treatments, to specific

groups based on their level of exposure to the disease.

Through an exhaustive literature review, we collected strong empirical evidence for the

existence of prevalence-elastic behaviors in the case of HIV. However, given the circular

causality between risk/preventive behaviors, very few studies derive estimates of prevalence-

elasticity that are needed to design HIV control policies. New studies are therefore needed

to obtain precise measures of HIV prevalence elasticity. These studies should preferably

use objective measures of risk and cohort designs to tackle the endogeneity bias between

risk and behaviors. Moreover, these studies should pay attention to contextual factors that

might limit the behavioral response to HIV risk. Finally, further analyses on HIV prevalence-

elasticity should be group-specific as responsiveness to HIV risk might differ by initial risk

levels.
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Appendix A: Eligible studies found through the auto-

matic search
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Table A1

Reference Design Country Population Health behavior Risk measure Link 1 Link 2 Reverse causality

Adedimeji et al. (2007) Cross-Sectional Nigeria Youths Risk index Subjective No No Yes

Adefuye et al. (2009) Cross-sectional USA Students Multiple behaviors Subjective No Yes Yes

Adegun et al. (2013) Cross-sectional Nigeria Patients of clinic Multiple behaviors Subjective Yes No Yes

Adih and Alexander (1999) Cross-Sectional Ghana Adolescents Condom use Subjective Yes No Yes

Ahituv et al. (1996) Repeated cross-sectional USA Heterosexuals (25-27) Condom use Objective Yes No Yes

Akwara et al. (2003) Cross-Sectional Kenya General population Risk index Subjective No Yes Yes

Amadora-Nolasco et al. (2002) Cross-Sectional Philippines 360 male IDUs Drug related Subjective No Yes Yes

Anderson et al. (2007) Cohort South Africa Youths Abstinence Subjective Yes Yes Yes

Anderson et al. (1996) Cross-Sectional USA Women (15–44) Condom use Subjective/Indirect No No Yes

Anglewicz and Clark (2013) Cohort Malawi Adults Condom use Subjective/Objective Yes No Yes

Aspinwall et al. (1991) Cohort USA MSM Multiple behaviors Subjective/Indirect Yes No No

Auld (2006) Cohort USA MSM Multiple behaviors Objective Yes Yes Yes

Ayiga and Letamo (2011) Cross-Sectional Botswana Men (15+) Condom use Subjective/Indirect Yes Yes Yes

Bajos et al. (1997) Cross-Sectional France Adults Multiple behaviors Subjective/Indirect Yes No Yes

Baker et al. (1995) Cross-Sectional USA Adults Condom use Indirect Yes No No

Barden-O’Fallon et al. (2004) Cross-sectional Malawi Men and women (15-44) Multiple behaviors Subjective No Yes Yes

Benthin et al. (1993) Cross-Sectional USA High school students Abstinence Subjective Yes No Yes

Ben-Zur and Reshef-Kfir (2003) Cross-Sectional Israel High school students Multiple behaviors Subjective No No Yes

Ben-Zur (2003) Cross-Sectional Israel Adolescents Risk Index Subjective Yes No Yes

Biglan et al. (1990) Cross-Sectional USA High school students Multiple behaviors Indirect No Yes No

Booth et al. (1999) Quasi-experiment USA Homeless Adolescents Multiple behaviors Subjective Yes Yes Yes

Borgdorff et al. (1994) Cross-Sectional Tanzania Men (15-45) Condom use Indirect Yes No No

Boucekkine et al. (2009) Repeated cross-sectional Sub-Saharan Africa General population Fertility change Objective Yes No No

Boulle et al. (2010) Cross-Sectional South Africa Adults (14-49) Condom use Indirect Yes No Yes

Brown and Van Hook (2006) Cross-sectional USA African American drug user women Multiple behaviors Subjective No No Yes

Cabieses et al. (2010) Cross-Sectional Chile Community clinic workers Risk index Subjective No No Yes

Catania et al. (1992) Cross-Sectional USA Men and women (20-44) Condom use Subjective No No Yes

Catania et al. (1994) Cohort USA Adults (20-45) Condom use Indirect Yes No No

Catania et al. (1993) Cohort USA Adults Condom use Indirect Yes No No

Chao et al. (2007) Cross-Sectional South Africa Teachers Condom use Subjective Yes No No
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Table A2

Reference Design Country Population Health behavior Type of risk measure Link 1 Link 2 Reverse causality

Chelenyane and Endacott (2006) Cross-sectional Botswana Nurses Multiple behaviors Subjective No No Yes

Cohen and Bruce (1997) Cross-Sectional USA Students Multiple behaviors Subjective No No No

Cohen et al. (2009) Cross-Sectional Kenya Adults (15–49) HIV risk Subjective Yes No No

Crisp and Barber (1995) Cross-Sectional Australia Incarcerated IDUs (14-21) Multiple behaviors Subjective No Yes Yes

Da Silva et al. (2005) Cross-Sectional Brazil MSM Condom use Subjective Yes No Yes

de Souza et al. (1999) Cross-sectional Brazil MSM Condom use Subjective No Yes Yes

Do and Meekers (2009) Cross-sectional Zambia General Population Number of sex partners Subjective No Yes Yes

Dolcini et al. (1993) Cross-Sectional USA Adults (18-60) Condom use Indirect Yes No No

Dudley et al. (2002) Cross-Sectional USA Latino girls (13-18) Multiple behaviors Indirect No Yes Yes

Dupas (2011) Experimental (RCT) Kenya Adolescents Teen pregnancy Indirect Yes No No

Ellen et al. (1996) Cross-sectional USA Teenagers Multiple behaviors Subjective No No Yes

Ellen et al. (2002) Cohort USA Adolescents Condom use Subjective Yes No No

Essien et al. (2008) Cross-Sectional Mexico Mexican American adults Drug related Subjective No Yes Yes

Finer et al. (1999) Cross-Sectional USA Women Condom use Indirect Yes No No

Fisher et al. (2008) Cross-Sectional USA Adolescents (12–17) Multiple behaviors Subjective/Indirect No Yes Yes

Flaskerud et al. (1996) Cross-Sectional USA Hispanic women Multiple behaviors Subjective No No Yes

Fortenberry et al. (2002) Cohort USA Women (13–22) Condom use Indirect Yes No No

Francis (2008) Repeated cross-sectional USA Adults (18-59) Multiple behaviors Subjective Yes No Yes

Galavotti et al. (1995) Cross-Sectional USA High-risk women Condom use Indirect Yes No No

Gavin et al. (2006) Cross-Sectional Zimbabwe Adolescent Females HIV risk Subjective Yes No No

Geoffard and Méchoulan (2004) Repeated cross-sectional USA MSM Condom use Indirect Yes No No

Gerber and Berman (2008) Cohort Russia Households Condom use Indirect Yes No No

Geringer et al. (1993) Cross-sectional USA Adults (14-52) Condom use Indirect Yes No No

Gerrard et al. (1996) Literature review USA, Netherlands College students, MSM Multiple behaviors Subjective Yes Yes Dependent

Australia, Canada Adolescents, Drug users on study

Godlonton and Thornton (2013) Cohort Malawi General population Multiple behaviors Objective Yes No No

Goldman and Harlow (1993) Cross-Sectional USA College students Risk Index Subjective No Yes Yes

Gómez and Maŕın (1996) Cross-Sectional USA Latino women Condom use Subjective Yes No Yes

Gorman and Bohon (2001) Cross-Sectional USA Women Condom use Subjective Yes No No

Grappasonni et al. (2011) Cross-Sectional Italy Seafarers Condom use Indirect Yes No No

Gray et al. (2013) Experimental (RTC) South Africa Adults (18-35) Multiple behaviors Indirect No No No
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Table A3

Reference Design Country Population Health behavior Type of risk measure Link 1 Link 2 Reverse causality

Gregson et al. (1998) Cross-Sectional Zimbabwe Women Multiple behaviors Subjective Yes No No

Gregson et al. (1997) Cross-Sectional Zimbabwe Households Multiple behaviors Subjective Yes No No

Gromet et al. (2010) Cohort USA Juvenile offenders Risk index Subjective No No No

Guiella and Madise (2007) Cross-Sectional Burkina Faso Adolescents (12-19) Condom use Indirect Yes No No

Han et al. (2009) Cross-Sectional China Female Sex Workers Microbicide use Subjective/Indirect Yes No No

Hansen and Hahn (1990) Cross-sectional USA Men and women (18-25) Multiple behaviors Subjective No No Yes

Hart and Williamson (2005) Repeated cross-sectional Scotland MSM Condom use Indirect Yes No Yes

Hingson et al. (1990) Cross-Sectional USA Adolescents Condom use Subjective/Indirect Yes No Yes

Hoque et al. (2009) Cross-Sectional Bangladesh Rickshaw pullers (men) Prostitution Subjective No Yes Yes

Iguchi et al. (2001) Cross-Sectional USA Female sex partners HIV risk Subjective No Yes Yes

of injecting drug users

Iriyama et al. (2007) Cross-Sectional Nepal Male adolescent students Abstinence Subjective Yes No Yes

Jain et al. (2011) Cross-sectional India Female sex workers Condom use Subjective No Yes Yes

Jiang et al. (2013) Cross-Sectional China Male Rural-to-Urban Migrant Circumcision Indirect Yes No No

Kabiru and Orpinas (2009) Cross-Sectional Kenya Male High School Students Condom use Subjective No No Yes

Kalichman et al. (1992) Cross-Sectional USA Women Risk Index Subjective No Yes Yes

Kelly et al. (1990) Cross-Sectional USA MSM Condom use Subjective No Yes Yes

Kengeya-Kayondo and Carpenter (1999) Cross-sectional Uganda Adults (> 13) Multiple behaviors Subjective No Yes Yes

Kibombo et al. (2007) Cross-Sectional Uganda Adolescents (12-19) Risk index Subjective/Indirect No Yes Yes

Klein et al. (2003) Cross-sectional USA Minority women Multiple behaviors Subjective No Yes Yes

Kline and Strickler (1993) Cross-sectional USA Women in drug treatment Drug related Subjective No Yes Yes

Ku et al. (1994) Cohort USA Male adolescents (15-19) Condom use Subjective/Indirect Yes No No

Lakdawalla et al. (2006) Repeated cross-sectional High-risk adults USA Number of sex partners Objective Yes No No

Langer and Tubman (1997) Cross-Sectional USA Substance abusing adolescents Risk Index Subjective No Yes Yes

Laraque et al. (1997) Cross-Sectional USA Adolescents Condom use Subjective No No No

Lau et al. (2011) Cross-Sectional China MSM Circumcision Subjective Yes No Yes

Lau et al. (2004) Cross-Sectional Hong Kong Men (18–60) Condom use Subjective/Indirect No Yes Yes

Leigh et al. (1993) Cross-Sectional USA Men and women (22-70) Condom use Subjective/Indirect Yes No Yes

Lutalo et al. (2000) Cross-Sectional Uganda General Population Condom use Subjective Yes No Yes

MacKellar et al. (2007) Cross-sectional USA Men (23-29) Multiple behaviors Subjective No Yes Yes

Magadi and Agwanda (2010) Cross-Sectional Kenya General Population Fertility change Objective/Indirect/Subjective Yes No No
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Table A4

Reference Design Country Population Health behavior Type of risk measure Link 1 Link 2 Reverse causality

Maharaj (2006) Cross-Sectional South Africa Young people Condom use Subjective No Yes Yes

Maharaj and Cleland (2005) Cross-Sectional South Africa Couples Condom use Subjective Yes No No

Maharaj and Cleland (2004) Cross-Sectional South Africa Couples Condom use Subjective Yes No No

Magura et al. (1994) Cross-Sectional USA Criminally involved males (16-19) Condom use Subjective/Indirect Yes No No

Marin and Marin (1992) Cross-Sectional USA Hispanic adults (18-65) Condom use Indirect Yes No No

Markosyan et al. (2007) Cross-Sectional Armenia Female Sex Workers Condom use Subjective Yes No Yes

Marston et al. (2004) Cross-Sectional Mexico Men (15-60) Condom use Subjective/Indirect Yes No Yes

Maswanya et al. (1999) Cross-Sectional Tanzania Students Multiple behaviors Subjective/Indirect Yes No Yes

Maticka-Tyndale (1991) Cross-Sectional USA University student Condom use Subjective No No Yes

Maticka-Tyndale and Tenkorang (2010) Cross-Sectional Kenya Adolescents Condom use Subjective No No Yes

McGrath et al. (2013) Cohort South Africa Men and Women (17–54) Multiple behaviors Indirect No No No

McKee et al. (1995) Cross-sectional Scotland Male prisoners or male prison guards Drug related Subjective No Yes Yes

Medoff (2012) Repeated cross-sectional USA Women (15-44) Abortion rate Objective Yes No No

Meekers and Klein (2002) Cross-Sectional Cameroon Young People Condom use Subjective Yes No No

Meekers and Richter (2005) Cross-Sectional Zimbabwe Sexually active consumers Female Condom use Subjective No Yes Yes

Miller et al. (2013) Cross-Sectional USA Adolescents (14-17) Multiple behaviors Subjective Yes No Yes

Mills et al. (2008) Cross-Sectional USA Adolescents Abstinence Subjective Yes Yes Yes

Millstein and Moscicki (1995) Cross-Sectional USA Female adolescents (13-19) Multiple behaviors Subjective No No Yes

Minichiello et al. (2001) Cross-Sectional Australia Male Sex Workers Condom use Subjective Yes No Yes

Misovich and Fisher (1996) Cross-Sectional USA Undergraduate students Condom use Indirect Yes No No

Mitchell and Latimer (2009) Cross-sectional USA IDUs Drug related Subjective No Yes Yes

Moatti et al. (1991) Cross-Sectional France Men and Women (18-44) Condom use Subjective/Indirect Yes No Yes

Moore et al. (1995) Cross-Sectional USA Hispanic women Condom use Subjective No No Yes

Muñoz et al. (2005) Cross-Sectional USA Latino MSM Condom use Subjective/Indirect Yes No Yes

Murphy et al. (1998) Cross-sectional USA Teenagers (14-21) Risk index Subjective No Yes Yes

Napper et al. (2012) Cross-sectional USA Adults (18-79) Multiple behaviors Subjective No Yes Yes

Njogu and Martin (2006) Cross-sectional Kenya Young women and men Condom use Subjective/Indirect Yes No Yes

Ntaganira et al. (2012) Cross-sectional Rwanda Youths Abstinence Subjective No Yes Yes

Ntozi and Kirunga (1997) Cross-Sectional Uganda General population Multiple behaviors Indirect Yes No Yes

Ober et al. (2011) Cross-Sectional USA Low-Income Women Condom use Indirect No No No
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Table A5

Reference Design Country Population Health behavior Type of risk measure Link 1 Link 2 Reverse causality

Oster (2012) Cross-Sectional Sub-Saharan Africa General Population Multiple behaviors Objective Yes No No

Peterson et al. (1993) Cross-Sectional USA Men and Women (18-49) Condom use Indirect Yes No No

Pleck et al. (1991) Cross-Sectional USA Adolescent Males (15-19) Condom use Subjective Yes No Yes

Prata et al. (2006) Cross-Sectional Mozambique General Population Condom use Indirect Yes No Yes

Rácz et al. (2007) Cross-Sectional Hungary IDUs Drug related Subjective No Yes Yes

Puri and Cleland (2006) Cross-sectional Nepal Migrant workers Number of sex partners Subjective No No Yes

Raghubir and Menon (1998) Cross-Sectional Hong Kong College students Condom use Subjective Yes No Yes

Richard and Van Der Pligt (1991) Cross-Sectional Netherlands School pupils (15-19) Condom use Indirect No No Yes

Rimal et al. (2009b) Cross-Sectional Malawi General Population Condom use Subjective Yes No Yes

Rimal et al. (2009a) Cross-Sectional Malawi Male adolescent Multiple behaviors Subjective No No Yes

Rimberg and Lewis (1994) Cross-Sectional USA College Students Multiple behaviors Subjective Yes No Yes

Robertson et al. (2006) Cross-Sectional USA African-American Condom use Subjective No No Yes

Robles et al. (1995) Cohort Puerto Rico IDUs Drug related Subjective No Yes Yes

Rosenthal et al. (1992) Cross-sectional Australia Students (17-20) Condom use Subjective/Indirect No No Yes

Sabogal et al. (1993) Cross-Sectional USA Men and Women (18-49) Condom use Indirect Yes No No

Savasta (2004) Literature review USA Adults over 50 HIV risk Subjective Yes No Yes

Singer et al. (1998) Cross-sectional USA IDUs Multiple behaviors Subjective No No Yes

Sohn and Jin (1999) Cross-Sectional Korea Female Sex Workers Condom use Subjective No No Yes

Soskolne and Maayan (1998) Cross-Sectional Israel Women (14-30) Condom use Indirect Yes No Yes

St Lawrence (1993) Cross-Sectional USA African American Condom use Subjective No No Yes

St Lawrence et al. (1995) Cross-Sectional Nigeria Adolescents (13-19) Condom use Subjective No No Yes

Steers et al. (1996) Cross-sectional USA Students (17-22) Multiple behaviors Subjective Yes Yes Yes

Stiffman et al. (1994) Cohort USA Adolescents (13-18) Condom use Subjective Yes No No

Stringer et al. (2004) Cross-sectional Zambia Pregnant women Risk index Subjective No Yes Yes

Sturdevant et al. (2001) Cohort USA Women Condom use Indirect Yes No No

Sutton et al. (1999) Cross-Sectional UK English Young People Condom use Subjective Yes No No

Tanfer et al. (1993) Cross-Sectional USA Men (20-39) Condom use Indirect Yes No No

Temple and Leigh (1992) Cross-Sectional USA Adults Condom use Indirect Yes No No

Tenkorang et al. (2011) Cohort South Africa Youths Multiple behaviors Subjective/Indirect Yes No No

Tenkorang et al. (2009) Cohort South Africa Youths Abstinence Subjective/Indirect Yes No No
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Table A6

Reference Design Country Population Health behavior Type of risk measure Link 1 Link 2 Reverse causality

Trani et al. (2005) Cross-Sectional Italy Adolescents Condom use Subjective Yes No Yes

Ugarte et al. (2013) Cross-Sectional Nicaragua General Population Condom use Subjective Yes No No

Uitenbroek (1994) Cross-Sectional Scotland Men and women (18-51) Condom use Indirect Yes No No

Van der Snoek et al. (2005) Cohort Netherlands MSM HIV risk Indirect Yes No No

Van der Velde et al. (1992) Cohort Netherlands Patients at STD clinic Multiple behaviors Subjective No No No

Vanable et al. (2000) Cross-Sectional USA MSM Multiple behaviors Indirect Yes No Yes

Wagstaff et al. (1995) Cross-Sectional USA Low-Income Women Condom use Indirect No No No

Wang et al. (2007) Cross-Sectional China Male and female migrants Risk Index Subjective Yes No Yes

Weisman et al. (1991) Cross-Sectional USA Women (11-19) Condom use Indirect No No No

White (2004) Cross-Sectional Jamaica Adolescents Condom use Subjective No No Yes

Wilson et al. (2014) Experimental (RCT) Kenya Men Multiple behaviors Indirect No No Yes

Wim et al. (2013) Cross-Sectional Belgium MSM Condom use Subjective No Yes Yes

Wong and Tang (2004) Cross-Sectional China MSM Condom use Subjective Yes No Yes

Wood et al. (2005) Cohort Canada IDUs HIV risk Subjective No Yes No

Wulfert and Wan (1993) Cross-Sectional USA College students Condom use Subjective No No Yes

Young (2007) Repeated cross-sectional Sub-Saharan Africa General population Fertility change Objective Yes No No

Zimmerman and Olson (1994) Cross-sectional USA College students Multiple behaviors Subjective No No Yes
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Revue économique, 55(5):883–899.

Geoffard, P.-Y. and Philipson, T. (1996). Rational epidemics and their public control. In-

ternational Economic Review, 37(3):603–624.

Geoffard, P.-Y. and Philipson, T. (1997). Disease eradication: Private versus public vacci-

nation. The American Economic Review, 87(1):222–230.

Gerber, T. P. and Berman, D. (2008). Heterogeneous condom use in contemporary russia.

Studies in Family Planning, 39(1):1–17.

Geringer, W. M., Marks, S., Allen, W. J., and Armstrong, K. A. (1993). Knowledge, at-

titudes, and behavior related to condom use and STDs in a high risk population. The

Journal of Sex Research, 30(1):75–83. ArticleType: research-article / Full publication

date: Feb., 1993 / Copyright c© 1993 Taylor & Francis, Ltd.

Gerrard, M., Gibbons, F. X., and Bushman, B. J. (1996). Relation between perceived vulner-

ability to HIV and precautionary sexual behavior. Psychological bulletin, 119(3):390–409.

Gersovitz, M. and Hammer, J. S. (2003). Infectious diseases, public policy, and the mar-

riage of economics and epidemiology. The World Bank Research Observer, 18(2):129–157.

ArticleType: research-article / Full publication date: Autumn, 2003 / Copyright c© 2003

Oxford University Press.

Gersovitz, M. and Hammer, J. S. (2004). The economical control of infectious diseases*.

The Economic Journal, 114(492):1–27.
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Roma “La Sapienza”.

Ntaganira, J., Hass, L., Hosner, S., Brown, L., and Mock, N. (2012). Sexual risk behaviors

among youth heads of household in gikongoro, south province of rwanda. BMC Public

Health, 12(1):225.

Ntozi, J. P. and Kirunga, C. T. (1997). HIV/AIDS, change in sexual behaviour and com-

munity attitudes in uganda. Health Transition Review, 7:157–174. ArticleType: research-

article / Issue Title: Supplement. <italic>Vulnerability to HIV Infection and Effects of

Aids in Africa and Asia/India</italic> / Full publication date: 1997 / Copyright c©

1997 National Centre for Epidemiology and Population Health (NCEPH), The Australian

National University.
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Thuilliez, J. and Berthélemy, J.-C. (2014). Health and development: A circular causality.
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