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Abstract: Transactional sex is believed to be an important risk-coping mechanism for 
women in sub-Saharan Africa and to be a leading contributor to the HIV/AIDS epidemic. 
Using a panel of women in rural Tanzania, we find that negative shocks measured by 
food insecurity lead to a 36% increase in sexually transmitted infections.  Using self-
reported sexual behavior, we document that unmarried women are three times more 
likely to report having been paid for sex in a period where they experienced a shock.  For 
married women, shocks lead to higher rates of extramarital sex. These findings support 
the claims that transactional sex is not confined to commercial sex workers but is a 
prevalent risk coping behavior with adverse health implications. 
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I. Introduction 

 How the poor in low-income countries respond to myriad risks has been a topic of 

great interest in development economics.  Risk-coping behaviors by the poor can have 

long-term adverse consequences for both human and health capital, which has 

implications for the persistence of poverty. Transactional sex, which is the exchange of 

money or gifts for sexual relations, is believed to be one means that women use to cope 

with negative shocks (income shortfalls or unexpected expenses), and considered a 

leading contributor to the HIV/AIDS epidemic in sub-Saharan Africa (Chen et al. 2007; 

LoPiccalo et al. 2012).   

 While a number of studies have linked a woman’s sexual activity to income needs in 

sub-Saharan Africa (Baird et al. 2011; Luke 2006; Swidler and Watkins 2007, Dinkelman 

et al. 2008), documenting transactional sex is difficult, as it involves accurate measures of 

both sexual behavior and transfers made from partners.  Many of the leading studies in 

the economics literature sample from commercial sex workers who are more comfortable 

discussing their sexual behavior (see Gertler, Shah, and Bertozzi 2005; Robinson and 

Yeh 2011,2012; Dupas and Robinson (2012);1,2 women who are not sex workers may not 

be as forthcoming about their behavior.  In addition, transfers made between clients and 

sex workers are more salient; for women who are not sex workers, the timing of transfers 

may not occur at the time of the sexual act.  A woman may have a sexual occurrence with 

a friend, but receive a transfer from this partner days or weeks later (Moore et al. 2007). 

 Linking negative shocks to transactional sex and understanding its welfare 

implications has two additional challenges.  It is well known that finding plausibly 

exogenous variation in either income or expenses to generate a negative shock is not 

trivial.  In addition, in order to explore the health consequences of transactional sex, 

                                                
1 These studies also collect repeated measures of individual level sexual behavior over time enabling the 
use of individual fixed effects.  If self-reporting bias is time invariant, these individual FE should account 
for it.   
2 A notable exception in the economics literature is Luke (2006) who examines transactional sex amongst 
unmarried youths in Kenya.   
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testing for sexually transmitted infections (STIs) is required – an expensive and 

logistically complicated endeavor.3  

 Our study uses the female sample (N=1076) from a conditional cash transfer study 

involving four rounds of data collection spaced 4 months apart.  At each round, women 

are asked about their sexual behavior and tested for four curable STIs.4  Data about 

household food insecurity is collected and used to construct a negative shock.  Using 

individual and round fixed effects, we estimate that women experiencing a negative 

shock are 5 percentage points more likely to be infected with an STI.  The magnitude of 

this increase is both significant at the 5% level and large, as it amounts to a 36% increase 

in STI risk.5  Examining the results by marital status, we find that married women are 

more likely to have an extramarital sexual partner following a shock - a result that 

suggests, but not definitively, that transactional sex is a risk coping mechanism.  The 

evidence for transactional sex is stronger for unmarried women.  In this group, shocks 

lead to a greater number of sexual partners and a three-fold increase in the likelihood of 

being paid for sex.   

 The economic literature on shocks and transactional sex can be divided into two 

categories; the first are micro-level studies using high frequency data with samples 

targeting high-risk populations (i.e. female sex workers).  For example, pioneering 

studies by Robinson and Yeh (2011; 2012) and Dupas and Robinson (2012) find that 

female sex workers engage in riskier and better-paid sex (i.e. unprotected sex) as a 

response to individual and aggregate shocks.  A limitation of these studies is that they do 

not have data on STIs6 or other biomarkers of sexual behavior, and while female sex 

                                                
3 Many STIs are asymptomatic during initial stages of infection, making it difficult to rely solely on self-
reported symptoms to measure health outcomes (CDC 2015).   
4 The four curable STIs are: Chlamydia, Gonorrhea, Trichomonas, and Mycoplasma. Individuals who 
tested positive for any of the STIs were offered free treatment options.   
5 Mean STI rates for those who don't experience a negative shock is 14%.  The 36% increase in STI risk is 
thus +.05/.14. 
6 While Robinson and Yeh (2011) and Dupas and Robinson (2012) find that shocks lead to increases in 
unprotected sex, there is still the possibility (albeit remote) that female sex workers screen clients and are 
able to match with men who pose low risk of being HIV-positive.   
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workers play an important role in the HIV/AIDS epidemic, their behavioral responses to 

negative shocks might not reflect the responses of a broader swath of the population. 7    

 A second group of studies utilizes data that is representative of larger populations, 

but is unable to document the occurrence of transactional sex or its health consequences.  

Dinkleman et al. (2005) studying youths in Cape Town, South Africa, find that females 

are more sexually active following a negative shock, but fail to show that this is 

transactional sex.  Burke et al. (2015) using DHS data from over 20 countries in sub-

Saharan Africa, estimate that drought-induced income shocks lead to greater rates of 

HIV-infection; however, they cannot definitely conclude that women are responding to 

shocks by engaging in transactional sex.8  Finally, Wilson (2012) uses nationally 

representative data in Zambia and finds that the copper mining boom led to decreases in 

transactional sex, but does not have data on STIs, and is thus limited in terms of assessing 

welfare implications. 

 Our study fills the gap between the two strands of literature.  We use a sample that 

represents a large segment of the population (rural women), and find evidence that 

women respond to negative shocks by engaging in transactional sex.  We find strong 

evidence that negative shocks lead to increases in paid sex for unmarried women; the 

evidence for married women is more circumstantial. Shocks lead to higher STI rates for 

all women and these STIs can negatively affect reproductive health.  For example, both 

gonorrhea and chlamydia can lead to pelvic inflammatory disease (PID), which can 

damage the fallopian tubes leading to chronic pain, infertility, and ectopic pregnancies.  

In addition, negative externalities are being generated by these shocks; individuals who 

become infected with STIs increase STI-prevalence in the community making 

unprotected sex riskier for everyone (Gersovitz and Hammer 2003).9   

                                                
7 Robinson and Yeh (2011) estimate that about 12% of all women aged 18-45 engage in transactional sex in 
Busia, Kenya.   
8 Burke et al. results are most consistent with transactional sex being the operative channel, however they 
do not have data on transfers made in exchange for sex.   
9 A classic analogy is immunizations and herd immunity.  Individuals who get immunized generate positive 
externalities because there are fewer people who can become infected and transmit the disease.  In our case, 
shocks are leading to a greater number of individuals infected with an STI making it more likely that 
someone engaging in unprotected sex will get infected.  
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 Our study also contributes to the large body of literature documenting the effects of 

negative shocks on health outcomes (Maccini and Yang 2009; Alderman et al. 2006) and 

the relationships between income and disease (Oster 2012).     

 There are important limitations to our work.  First, the study was not pre-designed to 

address our research question and our negative shock measure that uses data on food 

insecurity is not ideal. We note that food insecurity is a wide spread problem affecting 

large portions of the population in sub-Saharan (Smith et al. 2005).  Also, the public 

health literature has argued that food insecurity is a leading impetus for women to enter 

the market for transactional sex (Miller et al. 2011; Weiser et al. 2007).   

 A second limitation is that our data was collected in the context of a larger 

randomized control trial where conditional cash transfers (CCTs) were used to change 

sexual behavior.  While our shock measure is not correlated with assignment to the 

treatment group, our findings do need to be interpreted in this context.  A third limitation 

is that we are unable to make the final link between food insecurity and HIV infection.  

While increases in STIs suggest the possibility of greater HIV infection risk since it 

involves unprotected sex, the STIs in our study and HIV are not perfectly correlated.  We 

also face data constraints when looking directly at HIV; we only observe HIV status in 2 

rounds of the data and overall prevalence in the sample is low (~3%).  We therefore have 

limited power to detect the effect of shocks on HIV infection.   

   The rest of the paper is structured as follows: Section II describes the study and data 

collection, Section III presents our empirical framework and results, Section IV presents 

robustness checks, Section V discusses the results, and Section VI concludes.  
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II. Study and Data 

RESPECT Study and STI Testing 

 The data used to create the panel of women in our analysis comes from the 

RESPECT study, which involved providing individuals in rural Tanzania cash transfers 

that were conditioned on testing negative for curable STIs.10  There were a total of 50 

subvillages where women in the study resided; subvillages were randomly chosen to 

either have a 75% chance or 25% chance of assignment into the conditional cash 

treatment (CCT) arm.  Based on these subvillage assignments, individual level 

randomization took place.  In-depth details of the study design can be found in de Walque 

et al. (2012).   

 The study took place in Ifakara, which is a rural town in the Morogoro region of 

Tanzania.  HIV-prevalence in the region was estimated at 5.1% at the time of the study 

(DHS 2008).   While we limit the analysis in this paper to women enrolled in the study, 

men also participated in the RESPECT study as well.11 

 Ifakara is a Health and Demographic Surveillance Site, and the RESPECT study was 

able to recruit a random sample of all residents in the area that generated a representative 

sample of the general population in the area.  The baseline survey was conducted in 

January of 2009 (Round 1 or "R1"), and study participants were surveyed three additional 

times at four-month intervals, which we denote as rounds 2, 3, and 4 (R2, R3, R4).   

 One key aspect of the RESPECT study that we exploit in this paper is the regular 

testing of curable STIs.  In each round, women were tested for chlamydia, gonorrhea, 

trichomonas, and mycoplasma genitalium. 12,13 Each of these STIs is curable, and 

                                                
10 Study participants were randomly assigned to either a control arm or one of two treatment arms which 
offered $10 USD and $20 USD respectively, conditioned on testing negative for curable STIs in each study 
round.  
11 The relationship between negative shocks and STIs is negative for men; in other words shocks lead to 
lower rates of STIs for men.  However, virtually all of the estimates are imprecisely estimated, and we are 
unable to reject the null of no effect.   
12 The tests required that vaginal swabs be collected from women (performed by a local nurse after careful 
explanation and consent—acceptability of swabs did not turn out to be problematic), and the samples were 
tested using nucleic acid amplification tests (NAAT) at the Ifakara Health Institute microbiology lab. The 
NAAT tests were chosen because of their high sensitivity.  
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individuals who tested positive for any of them were provided vouchers for themselves 

and up to five partners for free treatment at the local health clinic. A system was put into 

place to ensure that the first and second line medicines were always available in those 

clinics.  In addition to these STIs, HIV tests were carried out at baseline (R1) and in the 

final round (R4).   

 Our main outcome of interest is an indicator for whether an individual is infected 

with any one of the four STIs described above.  These STIs are primary transmitted 

through unprotected sex with an infected partner and act as biological markers of 

unprotected sex.14  These STIs are also measures of a woman's reproductive health as 

they can lead to serious health problems such as infertility and complications during 

pregnancy (Kramer and Brown 1984). STIs are associated with pre-term labor, a higher 

likelihood of a low-birth weight baby, and adverse health outcomes for the child during 

birth such as blindness (Eng and Butler 1997).  Finally, STIs may lead to increased risk 

of contracting HIV (Chesson and Pinkerton 2000).   

 To complement these biomarkers, we utilize data on self-reported sexual behavior.  

During each round, women were asked about the number of sexual partners they had over 

the past 4 months.  For each partner, data was collected about their relationship to the 

partner (i.e. spouse, boyfriend, casual partner), condom use, and if cash or gifts were 

exchanged for sex.    

 

  

                                                                                                                                            
13  Syphilis, and HSV-2 were also tested in R1 and R4; HSV-2 is not curable, and syphilis had extremely 
low prevalence rates in this area.  Mycoplasma genitalium was not tested for in R1; since we do not use R1 
in our analysis (as discussed later), it does not affect our main results.   
14 STI biomarkers may not be an accurate measure of risky sexual behavior when STI-prevalence is low 
(Corno and de Paula 2014).  Intuitively this makes sense; in an extreme case where STI-prevalence is low 
(<1%), relying on STI biomarkers will under-estimate sexual activity since you could have multiple sexual 
partners but have a low likelihood of matching with someone who has an STI and becoming infected.  
However, STI-prevalence in our study is relatively high at 14.5% and we also use self-reported sexual 
behaviors in our analysis.   
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Negative Shocks  

  We generate a negative shock measure based on the following question: “How often 

in the last 4 months did your household have problems in satisfying the food needs of the 

household?”  Reponses are as follows:  

 
Individuals who reported sometimes, often, or always are coded as experiencing a 

negative shock, while those reporting “seldom or never” are coded as not experiencing a 

shock.15  The distribution of shocks by round can be seen in Figure 1, where shocks for 

R1 cover the past year before the baseline survey, while shocks for R2-R4 capture the 

previous four-month periods (and this is the variation used for our estimates).  We see 

that these household-level shocks are not uncommon, with about one in five women 

experiencing a shock over the past year, while in R2-R4, about one in ten experienced a 

shock in the last 4 months.  

 This shock measure is not perfect.  Previous studies have relied on more objective 

measures such as rainfall (Burke et al. 2015), illness (Robinson and Yeh 2011), funeral 

expenses (Robinson and Yeh 2012), political turmoil (Dupas and Robinson 2012), and 

commodity price booms (Wilson 2012).  As we noted previously, the original study was 

not designed to measure shocks; hence our reliance on using the survey question on food 

insecurity.  We now address some potential concerns about our shock measure.  

 One concern is that the shock measure is somewhat subjective; individuals with 

similar levels of food insecurity might perceive their circumstances differently.  We 

address this concern two ways.  First, we utilize the panel nature of our data and 

incorporate individual fixed effects in all of our specifications.  Our identification thus 

relies on variation within individual so that shocks are only detected if a woman changes 

her response to the food insecurity question.  This strategy also accounts for concerns that 

food insecurity is strongly correlated with overall levels of poverty.  Given the short-term 

                                                
15 See Appendix Figure A1 for the distribution of responses to this question averaged over waves R2-R4 

Never Seldom Sometimes Often Always
Responses6to6Food6Insecurity6Question
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nature of our panel (1 year), characteristics such as poverty will be relatively time-

invariant and absorbed in the individual fixed effects.   

 A second way we provide evidence for the validity of our shock measure is to show 

that shocks are negatively associated with actual expenditures.  Women were asked about 

select expenditures made over the past month (health, food, alcohol, cigarettes, mobile 

phone time) and 4 months (school expenses, durable goods, support for parents, firm 

inputs, livestock, business investment).  We find that shocks led to reductions in both 1-

month and 4-month select expenditures (Appendix Table A1a).  The magnitudes of these 

shocks are also economically meaningful: each shock leads to about a 16 to 33% 

reduction in select 1-month and 4-month expenditures respectively.16   

  Another concern is that our measure does not detect the shock itself (i.e. income 

shortfall or unexpected expense) but rather it is the effect of a shock.  Women who 

aggressively respond to negative shocks by supplying more transactional sex may not 

have any trouble satisfying food needs; this will lead to a downward bias in our estimates 

potentially underestimating the effects of shocks.   

   

Self-Reported Sexual Behavior 

 Self-reports of sexual behavior have been subject to criticism because they may 

under/over-report true underlying behavior (Minnis et al 2009).  Due to social desirability 

bias, individuals might simply report sexual behaviors that they believe the researchers or 

survey team wants to hear.  This problem is particularly a concern if there is an 

intervention designed to change sexual behavior; the treatment variable will then be 

correlated with the reporting bias.  Gong (2015) finds evidence that in a study where 

HIV-testing was randomly allocated, those who received tests were more likely to 

misreport their sexual behavior.  This is less of a concern for our study since we have no 

                                                
16 It is possible that individuals may be substituting expenditures from items that were asked on our survey 
to items that we did not query about. These estimates, however, do provide suggestive evidence that our 
negative shock measure is not simply noise, but is detecting changes in an individual’s circumstances that 
are leading to reductions in expenditures. 
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reason to believe that a negative shock would change the reporting of sexual behavior.  In 

addition, we rely on within individual changes in self-reported sexual behavior.   

 The data collected for this study was in the context of a CCT program designed to 

change sexual behavior.  It is thus important to control for the assignment into the CCT 

arm in all of our specifications, which we do by using individual fixed effects.     

 The self-reported sexual outcomes we use are: number of partners and indicators if a 

woman has had a non-primary partner (NPP), unprotected sex with a NPP, and paid sex 

in any given round.  A non-primary partner is someone to whom the respondent is neither 

married to or lives with and is associated with transactional sex (Dunkle et al. 2004).  

Unprotected sex with a NPP is considered a leading indicator of risky sex behavior (VCT 

Efficacy Study Group 2000).    

 
Individual-level Panel 
 In creating the panel, we use data from R2-R4, excluding R1 in order to have 

congruence with both the time periods and outcomes of interest.  Data collected in R1 

reflects shocks that occurred over the past year (vs. 4-months for R2-R4), and STIs at R1 

may not reflect current sexual activity.  Limiting our panel to R2-R4 generates common 

time periods and because treatment for STIs offered by the RESPECT study begins after 

R1, the STI outcomes are better proxies of recent sexual activity.   

 Using individual-level fixed effects, our estimates are generated from individuals 

that appear in at least two rounds of data collection.  Our analytical sample includes 1076 

women that appear at least twice in rounds 2 through 4.  The attrition rate is 11% (details 

of attrition and sample sizes for each round can be found in Appendix A.2).  

 One of the contributions of this paper is to use a sample that is representative of a 

large swath of the population in Tanzania.  We compare descriptive statistics of our 

analytical sample with the most recent sample of female rural respondents from the 2007-

2008 Demographic Health Survey (DHS) in Tanzania as well as other rural samples from 

countries in East and Southern Africa (Table 1).  Our analytical sample has higher rates 

of marriage (82% vs. 62%) and is younger than the rural Tanzania DHS sample, it is 
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similar along educational attainment and income sources.  More importantly, the number 

of lifetime sexual partners is similar.  These self-reported sexual behaviors are 

supported by the HIV-rates in each sample: our analytical sample has an HIV-rate of 3.4% 

compared to the Tanzania DHS with a rate of 4.7%. If anything, our analytical sample is 

engaging in somewhat safer sexual behavior compared to the DHS.  

 To visualize the data, we compare the distribution of outcomes (STIs, sexual 

behavior) in each round for those experiencing a negative shock to those who do not.  

Figure 2 presents STI rates for each round.  Women experiencing a negative shock 

consistently have higher STI rates than those who did not experience a shock.  We also 

observe that those who have a negative shock are more likely to have a non-primary 

partner (NPP) and to have unprotected sex with a NPP across all rounds (Figure 3).  A 

similar pattern emerges with paid sex; in all rounds used for analysis, women with a 

shock are more likely to have engaged in paid sex (Figure 4).    

 We now turn to formal estimation using within-individual variation.   

 

III. Empirical Framework and Results 
Our preferred specification is the following: 

 

𝑦!"# = 𝛽𝑆ℎ𝑜𝑐𝑘!" + 𝛾! + 𝜉! + 𝜆! + 𝜀!"#  (1) 

 

where 𝑦!"# is the outcome of interest for individual 𝑖 in location 𝑗 in period 𝑡.  Our 

negative shock (𝑆ℎ𝑜𝑐𝑘!") takes a value of 1 if there is a shock in period 𝑡 and zero 

otherwise.  Fixed effects include: individual FE (𝛾!), location FE (𝜁! -which are absorbed 

by the individual FE), and time FE (𝜆!).  The parameter of interest is 𝛽  which is the 

effect of individual-level shocks on STIs and sexual behavior.  Following Cameron and 

Miller (2015), we cluster the standard errors at the location (sub-village) level.17   As a 

                                                
17 We cluster our standard errors on the sub-village level which we believe to be the highest level that 
correlation of the errors would occur. This is based on the fact that sub-villages have a randomly assigned 
percentage (75% vs. 25%) of individuals in the CCT treatment arm (see de Walque et al. 2012 for 
additional details).   
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sensitivity analysis, we also cluster our standard errors on time periods and location x 

time periods (see Appendix A.3).   

 Our identification strategy assumes that conditional on time and individual fixed 

effects, shocks are not correlated with the error term.  For example, poverty levels that 

affect both food insecurity and individual health should be relatively time-invariant in a 

12-month panel and absorbed by individual fixed effects.  Similarly, seasonal effects that 

impact the entire study area (i.e. planting period) will be accounted for by time fixed 

effects. The two remaining concerns are reverse causality and time varying omitted 

variables.   

 Reverse causality may drive our results if women with STIs are debilitated, leading 

to reductions in labor supply and subsequent greater food insecurity.  We do not believe 

this is a plausible explanation for a number of reasons.  The STIs used in this study are 

typically asymptomatic, and thus many infected women would be unaware of their status 

unless tested (CDC 2015; Swygard et al. 2004; Anagrius et al. 2005).  For those who do 

exhibit symptoms, the symptoms will be relatively mild during the initial stages of 

infection (CDC 2015), and would most likely affect the labor supply of active sex 

workers (Robinson and Yeh 2012); a vast majority of the women in our study rely on 

agriculture as their primary source of income.  Finally, we also document that shocks lead 

to increases in sexual behaviors as well, which is inconsistent with a reverse causality 

story.  Overall we think it is highly unlikely that STIs themselves are leading to food 

insecurity.     

 Time-varying omitted variables are a remaining concern.  Women may contract 

diseases such as AIDS or Tuberculosis, and this may increase the likelihood of an STI 

and lower labor productivity (resulting in lower consumption).   Short-term migration can 

also lead to changes in incomes and sexual partnerships.  To mitigate these concerns, we 

include time-varying controls 𝑋!" in our main specification (equation 1); overall we find 

that our estimates are stable and remain statistically significant when time-varying 

controls are included.  We discuss these potential cofounders in greater detail after we 

present our main results.   
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Sexually Transmitted Infections (STIs) 

In Table 2, we present our main results, which examine the effect of negative shocks 

on STIs.  We find that shocks lead to a significant 5 percentage points (ppt) increase in 

the likelihood of an STI (Column 1).  The effect is sizable as well.  Women who 

experience no shocks during the course of the study have a mean STI rate of 14%. 

Therefore, on average, a shock leads to about a 36% increase in the likelihood of an STI.  

 Location specific shocks might explain our results.  For example, flooding in a 

village might lead to both food insecurity and limit access to health clinics that provide 

treatments for STIs.  To account for this, we include time by location indicators and find 

our estimate relatively unchanged (Column 2).  Another check we do is a placebo test, 

where we see if a negative shock in the future changes present STI rates.  Using shocks 1 

period ahead, we find no significant relationship between future shocks and likelihood of 

an STI (Column 3).  

 Given the data comes from a study that used conditional cash transfers to change 

sexual behavior, we investigate whether there are differential effects of shocks depending 

on whether a woman was randomly assigned to the CCT arm.  We separately analyze the 

effects of shocks on the CCT treatment and CCT control arm (Columns 4-6).   For the 

CCT treatment arm, we look at the overall effects of shocks and if shocks had differential 

effects between the $10 and $20 CCT arm.  When we compare the CCT treatment vs. 

CCT control arms (Column 4 vs. 6), we find estimates that are similar across both sub-

samples, and we are unable to reject the null of the same effect of shocks in the CCT 

treatment and control arms.   When comparing the $10 to the $20 CCT arm (Column 5), 

we find that the effect of a shock for the $10 arm is .021 and not statistically significant, 

while the effect in the $20 CCT is .087 (Negative Shock + Negative Shock X (CCT $20)) 

and is significant at the 5% level.  However, we cannot reject the null that negative 

shocks have the same effect in the $10 and $20 CCT arms (Negative Shock X (CCT 

$20)).   We also are unable to reject the null that the effect of a shock is the same between 

the $10 CCT arm and control as well as the $20 CCT arm and control.   
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 Examining negative shocks by marital status, we find that the effects are much 

stronger for unmarried women (Columns 7 and 8).  Married women experiencing shocks 

are more likely to have an STI, although this effect is imprecisely estimated and we 

cannot reject the null of no effect.  Unmarried women are significantly more likely to 

have an STI when confronted with a negative shock; a shock leads to a 9.3 percentage 

points increase in an STI - this amounts to about a 46% increase in STI risk for unmarried 

women.   These results suggest that shocks have a stronger effect on unmarried women – 

which makes sense since unmarried women face lower costs in engaging in transactional 

sex.  However, we cannot reject the null that shocks have equal effects on married and 

unmarried women.   

 

Time-Varying Confounders 

While the inclusion of individual and time fixed effects helps alleviate concerns about 

potential confounders, there still remains the possibility that there are time-varying 

omitted variables driving our results.  As we discussed earlier, diseases such as AIDS and 

tuberculosis may increase the likelihood of contracting an STI and also can lead to 

morbidity induced reductions in labor productivity.  To test whether the onset of AIDS 

can explain our results, we limit our sample to HIV-negative individuals and re-estimate 

our main specification.  If AIDS is driving our results, the effects of shocks on STIs 

should disappear for the HIV-negative sample.  Reassuringly, we find that the point 

estimate for shocks remains relatively stable and significant at the 10% level (Table 3: 

Column 1).  We also look at the effects of shocks for those who are HIV-positive, and 

find large but imprecise estimates (Column 2); the relatively small sample size (N=46) 

most likely explains the low precision.   

 While we do not have data on tuberculosis or other diseases with high morbidity 

burdens, we do ask individuals if they had any healthcare expenses or illness induced 

unemployment during the study round.  Using the full sample, we include both of these 

as controls, and find that our estimates remain virtually unchanged (Columns 3 and 4).  
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 Temporary migration is another possible confounder.   For example, women may 

migrate to an urban area for a short period of time and be exposed to different sexual 

networks that have higher STI prevalence. This suggests that sexual behavior (i.e. 

number of partners) can stay constant despite higher STI rates.  Migration might also lead 

to volatility in income resulting in greater food insecurity.  To account for this, we 

include an indicator for migration in our main specification; we find that the inclusion of 

this control does not attenuate our main estimates (Column 5).  As an additional check, 

we include all of these individual level time varying controls in our main specification, 

and find that our main results continue to hold (Column 6).   

 A final concern might be that there are differences in STI-treatment seeking behavior. 

Individuals who avoid negative shocks may also be the types that are more likely to seek 

out treatment for their STIs - this would lead us to overstate the effects that shocks have 

on STIs.   We address this concern by incorporating data we have on STI treatment 

seeking behavior.  We have two sources of data.  The first are self-reports on whether an 

individual sought medical treatment for both STIs and other illnesses.  Our 2nd source of 

data is actual STI treatment vouchers that were given to study participants.  Each voucher 

has the study participant's anonymous study ID code and we visited all participating 

clinics in the study area to collect the vouchers.  If those who are better able to cope with 

shocks are also types who elect to seek treatment for their STIs, we should see that 

shocks lead to lower rates of medical treatment and use of vouchers. We test this 

proposition and present the results in Table 4.   

 We see that for the overall sample, there is no evidence that shocks lead to any 

changes in receiving medical treatment (Column 1).  Given that our sample was enrolled 

in a CCT study, women in the CCT intervention arm may have an additional incentive to 

treat their STIs (and not report this).  We thus limit the sample to only women in the CCT 

control arm who presumably don't have an incentive to misreport whether they sought 

medical treatment.  We again find no evidence that shocks lead to changes in seeking 

medical treatment (Column 2).  Turning to treatment vouchers, we see no evidence that 
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shocks lead to changes in treatment voucher usage.  This result holds for both the overall 

sample (Column 3) and for just the women in the CCT control arm (Column 4).   

 Overall, while our estimates appear to be robust to both changes in the sample, the 

inclusion of time-varying controls, and STI-treatment seeking behavior, there still exists 

the possibility of time-varying unobservables that are driving both negative shocks and 

higher STI rates.  With this in mind, we turn to self-reported sexual behaviors. By 

providing evidence that shocks are leading to changes in sexual behavior, it provides 

additional evidence for this channel and rules out alternative explanations.    

    

Self-Reported Sexual Behavior 

 We now examine whether the effects of shocks on self-reported sexual behavior is 

consistent for what we find with STIs.  In Table 5, we present results for the entire 

sample (Panel A), married women (Panel B), and unmarried women (Panel C).  For the 

entire sample, as well as married women, shocks lead to significant increases in the 

likelihood of having a non-primary partner (NPP) and of having unprotected sex with a 

NPP (Columns 2 and 3).  The effects sizes are large in magnitude: for the entire sample, 

each shock leads to a 40% increase in having a NPP and over a doubling of having 

unprotected sex with a NPP.  There is no evidence that shocks lead to changes in the 

number of partners or the propensity of paid sex in the full sample or with married 

women.   

 The pattern with unmarried women is different.  In this group, we find that shocks 

lead to an increase in the number of partners (Panel C; Column 1) and a much higher 

likelihood of having paid sex (Panel C; Column 4).  The effects of shocks on number of 

partners is significant at the 10% level and the .23 increase in the number of partners 

represents an increase of about 31%.  The more interesting result here is the effects that 

shocks have on paid sex.  Each shock leads to a significant 14-percentage point increase 

in the likelihood of paid sex – an increase of about 67%.  How large are the transfers 
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when women are paid for sex?  Using self-reported data on the amounts given, the mean 

amount received by women in exchange for sex is 8182 TZS (~$5 USD).18 

  While the results indicate that unmarried women are engaging in transactional sex as 

a response to shocks, the results for married women are more suggestive of this channel.   

Extra-marital sex is the principal means that married women would engage in 

transactional sex (Swidler and Watkins 2007), and having a non-primary partner is 

strongly associated with transactional sex (Dunkle et al. 2004).  What we are missing is 

information about the gifts or cash that are exchanged for sex (i.e. married women see no 

corresponding increase in the likelihood of paid sex).  It is worth noting that the survey 

question used to generate the paid sex variable: “The last time you had sexual intercourse 

with this person, did you receive gifts or cash in exchange?" may not detect all instances 

of transactional sex.  Transfers made in exchange for sex do not necessarily come at the 

time of sexual activity (Luke and Kurz 2002; Moore et al. 2007).   Married women may 

be engaging in extramarital relationships as a response to a shock with the expectation of 

receiving transfers at a later date.  There may also be greater social stigma for married 

women to report being paid for sex.  Indeed, when we compare self-reported number of 

partners to the change in partners implied by the STI outcomes, it appears that married 

women are under-reporting their sexual behavior (Appendix A8).  Finally, transactional 

sex may occur within marriage as well (Swidler and Watkins 2007); detecting instances 

where a spouse is exchanging sex for money may be very difficult.   

 Overall, while we have strong evidence that unmarried women are engaging in 

transactional sex as a response to negative shocks, the evidence with married women is 

less direct.   

 

IV. Robustness 

Alternative Measures of Shocks 

 Given that our shock measure is based on a subjective response to a food insecurity 

question, specifying how a shock is coded requires discretion.  We chose the most 
                                                
18 The standard deviation is 7,827 TZS, with the smallest amount reported being 500 TZS and the largest 
amount 50,000 TZS. 
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parsimonious specification, classifying those who ever experience food insecurity in a 

given round as having a shock.  An alternative is to classify those who report "Always or 

Often" as experiencing a shock (see Section II "Negative Shocks" for the possible 

responses to the food insecurity question).  The drawback of this specification is that 

those who report "sometimes" are misclassified as not experiencing a shock, attenuating 

our results towards zero.  For robustness, we also use transfers to family members as a 

shock (similar to Robinson and Yeh 2012).  We find quantitatively similar but less 

precise results for both of these alternative shock measures (Appendix Table A5).   

 As an additional robustness check, we estimate the elasticity of sexual behavior on 

income. Women in the study were asked to recall the amount of money they earned from 

wage work and from agriculture over a 4-month time period.  Understandably, income   

data using a 4-month recall will be very noisy, and hence our focus will be on the sign of 

the elasticity as opposed to the magnitude.  We find that income is negatively associated 

with STIs in the full and married sample; as income increases, the likelihood of an STI is 

significantly reduced (Appendix Table A6).  In addition, for the unmarried sample, 

higher income is associated at the 10% level with a reduced likelihood of a NPP and paid 

sex.  While shocks may be viewed as unexpected and outside of the control of the 

individual, changes in income may have been foreseen and even planned. These results 

should thus be viewed as complementing our main results.   

 
Attrition 

 While attrition is relatively low (11%), it is possible that compositional changes due 

to attrition may be leading to a biased estimate of the relationship between shocks and 

STIs.  Our primary concern would be if attrition is correlated with our shock measure.  

For example, if women who experience shocks are both less likely to be interviewed and 

more (less) likely to engage in transactional sex, it will lead to a downward (upward) bias 

in our estimates.   We first note that our sample was taken from the Ifakara Demographic 

Surveillance System (DSS) where every household in each village is visited every four 

months to record all births, deaths, pregnancies, and migration.  Field teams had a long 
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experience working with the sample and interview teams went to each village to conduct 

each of the survey rounds.  Given this, we believe that even women experiencing shocks 

would be able to be interviewed. 

 As an additional robustness check, we conduct a bounding simulation to determine to 

what degree attrition can explain away our main results.  Taking the 130 attriters, we vary 

both their STI prevalence and percentage of attriters who experience a negative shock.  

We then incorporate the attriters into our analytical sample, and re-estimate our main 

specification.  Table A2c presents the results of this exercise.   We find that it would take 

fairly extreme forms of differential attrition for our main estimates to lose their statistical 

significance.  For example, if only 3% of attriters experienced a negative shock, their STI 

rates would have to be over 70% for our estimates to lose their statistical significance.  Or, 

if attriters had approximate 2.5x the rate of shocks as the analytical sample (31%), STI-

prevalence would have to be zero for our estimates to lose their significance.  We regard 

both scenarios as being extremely unlikely.   

  

Alternative Explanations 

  There are two other alternative explanations worth noting that could theoretically 

explain the link between negative shocks and STIs even if sexual behavior was 

unchanged.  One is that food insecurity can cause malnutrition and a compromised 

immune system, leading one to be more susceptible to STIs, but this effect is likely to be 

far too small to explain our results.19  A second possible channel is that women 

experiencing a negative shock are simply unable to afford treatment for STIs.  This 

second channel, however, is unlikely as in the context of the original study we were 

offering free STI testing and treatment to all study participants, and very few participants 

self-treated. We also have already shown that shocks do not change STI-treatment 

seeking behavior (Table 4).   

                                                
19 To the best of our knowledge, most of the research in this area has focused on the linkage between 
malnutrition and HIV infection - and it appears that little is known about this exact relationship (Mock et al. 
2004).   



 20 

 Finally, it is important to emphasize that shocks also lead to increases in self-

reported sexual behavior.  Any explanation that links our negative shocks to increases in 

STIs needs to factor in increases in sexual behavior be part of the story.  The most 

plausible explanation that links shocks to STIs is through the channel of transactional sex.   

   

V. Discussion of Results 

CCT Intervention 

 As previously noted, the sample used in this analysis is participating in a conditional 

cash transfer study (CCT) where the transfers were aimed at reducing risky sexual 

behavior.   It is initially surprising that shocks had similar effects on STIs in both the 

CCT treatment and control arms (Table 2, Columns 4 and 6).  Why didn't women in the 

CCT treatment arm mitigate their sexual response to shocks given the incentives they 

faced?  One possibility is that the cash payments were simply not high enough.  The 

original RESPECT study (de Walque et al. 2012) had two treatment arms - one that 

offered $10 payments and another that offered $20 payments.  It was only in the $20 arm 

where there was evidence that sexual activity decreased, and this finding was limited to 

the last round of data collection (R4).20  Given this, it is not surprising that we see a 

similar relationship between shocks and STIs in the CCT treatment and control arms.  It 

is also well established that the poor in low-income countries face credit constraints.  

Since the cash transfers were distributed as lump-sum payments every 4-months, the 

limited access to credit may help explain the lack of differential effects between the CCT 

treatment and control arms.   

 

Extensive Margin 

 In previous micro-level studies, Robinson and Yeh (2011) and Dupas and Robinson 

(2012) show that commercial sex workers respond to negative shocks by increasing their 

level of riskier and better-compensated sex.  They demonstrate that shocks led to changes 

in the intensive margin. Of additional interest, which has implications for HIV/AIDS 
                                                
20 In Robinson and Yeh (2011), female sex workers in Kenya had an average transaction amount of $6.47 - 
the $20 CCT payment would thus represent a little over 3 transactions.   
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prevention policies, is to what extent are women entering the market for transactional sex 

as a response to shocks? 21  In other words, is there any evidence that we are observing 

changes on the extensive margin?   

  One way to examine whether women are entering the market for transactional sex is 

to restrict our analysis to women who were not engaging in transactional sex at 

baseline.22  Specifically, we limit our analysis to women who did not exchange sex for 

money or gifts in the 4-month period preceding the baseline survey.  At the very 

minimum, this would eliminate any women who were active sex workers at the beginning 

of the study. Given that 90% of the analytical sample falls into this grouping, our 

emphasis in this section is not to compare the effects of shocks on the intensive vs. 

extensive margin, but rather to see if there is evidence that we are documenting changes 

on the extensive margin.   

 Table 6 presents this analysis.  Overall we find results that are very similar to the 

ones previously presented.  Shocks lead to higher rates of STIs and an increased 

likelihood of unprotected sex with a NPP (Panel A).  For married women, the effects of 

shocks on STIs is positive but imprecisely estimated, while there continues to be a 

significant increase in the probability of a NPP and unprotected sex with one (Panel B).  

Unmarried women have significant increases in STIs and the likelihood of paid sex 

(Panel C).  We do not find a statistically significant relationship between shocks and STIs 

for those who do report engaging in transactional sex at baseline (Appendix Table A7), 

but note that the sample size for this analysis is small (N=78).  Overall, these results 

suggest that what we are observing are changes on the extensive margin – in other words, 

women are entering the market for transactional sex as a response to negative shocks. 

 

External Validity 

 To what extent do the results in this study translate to other settings?  So far we have 

argued that the sample of women in our study appears to be representative of women in 

                                                
21 Additional work by Robinson and Yeh (2012) provides suggestive evidence that women are entering the 
transactional sex market in order to become better insured in the event of shocks. 
22 At the baseline survey, data on sexual partners was collected on the 4 months leading into baseline.   
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rural Tanzania and other rural areas in East and Southern Africa (Table 1).  The negative 

shock we employ, food insecurity, is a widespread problem throughout sub-Saharan 

Africa (Smith et al. 2006).  Both of these lead us to believe that the relationship between 

negative food shocks and STIs and transactional sex (for unmarried women) that we find 

may represent the response to shocks in other settings.  However, this analysis leaves out 

the demand side of the market for transactional sex; the overall increase in transactional 

sex due to shocks depends on the price elasticity of demand.23   

 While we are unaware of any economic research that documents the price elasticity 

demand for transactional sex in sub-Saharan Africa, there are three studies that use 

aggregate level shocks to shed some light on the shape of demand.  Negative shocks that 

affect the income of both men and women will lead to corresponding shifts in the demand 

and supply curves.  If negative shocks lead to an overall increase in the quantity of 

transactional sex, it would suggest that demand is relatively elastic (or at least rule out a 

very price inelastic demand curve).24  We find evidence for this in two studies.  In Dupas 

and Robinson (2012), the Kenya electoral crisis in 2007 serves as an aggregate negative 

shock that lowers the income of both men and women.   For female sex workers, they 

find that shocks lead to an increase in transactional sex.  In Burke et al. (2015), individual 

data on HIV-status is combined from 19 countries in sub-Saharan Africa with local 

climate data.  They find that droughts that presumably reduce incomes for the whole 

community result in an increase in HIV-prevalence.  The most plausible channel linking 

droughts to an increase in HIV is via increases in transactional sex.  Finally, a positive 

shock that increases income for both men and women is found with the copper mining 

boom in Zambia (Wilson 2012). Again, consistent with a relatively elastic demand curve, 

positive increases in income induced by higher copper prices results in lower overall 

levels of transactional sex.   

                                                
23 For the purposes of this discussion, we assume that demand consists entirely of men, and that women 
supply transactional sex.   
24 This assumes that the demand curve is responsive to changes in income.  Kohler and Thornton (2012) 
find evidence that men increase their risky sexual behavior within a week after being given an income 
transfer.   
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 These three studies taken together provide suggestive evidence that the demand for 

transactional sex is relatively elastic and this pattern is found in multiple countries in sub-

Saharan Africa (Kenya, Zambia, and the 19 countries included in Burke et al. 2015).  We 

admit however that much more work needs to be done to get a more accurate picture of 

individual level demand for transactional sex.   

 When our study's main findings are taken together with evidence of a relative elastic 

demand curve for transactional sex, it provides evidence that a commonly faced shock 

(food insecurity) may be driving increases in transactional sex and STIs throughout sub-

Saharan Africa.   

 

VI: Conclusion 

 HIV/AIDS and food insecurity are two of the leading causes of mortality and 

morbidity in sub-Saharan Africa (Wesier et al. 2007).  This study provides evidence 

linking the two.  We find that food insecurity is leading to changes in sexual behavior 

that are consistent with women coping with shocks by engaging in transactional sex.  Our 

strongest evidence is with unmarried women, where shocks lead to a higher propensity to 

have paid sex.  With married women, our evidence is more circumstantial; shocks lead to 

higher rates of extramarital partnerships and unprotected sex in these relationships - 

evidence that is consistent with transactional sex being a behavioral response to shocks.  

We find that food insecurity has welfare implications beyond malnutrition; shocks are 

leading to higher rates of STIs that can lead to severe reproductive health complications.   

  The adverse consequences of transactional sex are not limited to women who supply 

it.  Greater rates of STIs generate a negative externality to the community and pose a 

public health risk.  Given this, it may make sense to subsidize access to formal means of 

risk coping for women, such as access to credit, savings or insurance.  There already is 

work studying how best to financially empower poor and vulnerable women (Baird et al. 

2011); examining whether these programs change risk-coping behaviors such as 

transactional sex remains an open question.   
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Figure 1 
 

 

 
R1 reflects past year. R2-R4 reflects past 4 month time periods. 
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Figure 2 
 

 

 
 

Mean STI rates for each round (R2-R4).   Those not experiencing a shock in that 
round are represented in the bars on the left with dashed borders and those who 
do have a negative shock are represented in the bars on the right with solid 
borders.   
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Figure 3 
 

 

 
 
The likelihood of having a non-primary partner (NPP) in each round (R2-R4). A 
non-primary partner is someone that you are neither married to nor live with.   
The 1st and 3rd bars in each round represent individuals not experiencing a 
shock in a round, while the 2nd and 4th bars in each round represent individuals 
who have a negative shock.   
The 1st and 2nd bars present the likelihood of having a NPP, while the 3rd and 
4th bars present the likelihood of having unprotected sex with a NPP.   
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Figure 4 
 

 
 
The likelihood of having paid sex in each round (R2-R4).  Those not expericing 
a shock are represented in the bars on the left with dashed borders and those who 
do have a negative shock  are represented in the bars on the right with solid 
borders.
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Study TZ KE MW RW ZM ZW
Sample 2007-2008 2008-2009 2,010 2,010 2,014 2010-2011

Married 0.82 0.62 0.60 0.69 0.51 0.67 0.67
Single (Never Married) 0.13 0.29 0.30 0.18 0.38 0.22 0.19
Age 24.8 28.63 28.68 28.17 28.55 28.86 28.41
Primary School 0.62 0.79 0.90 0.83 0.83 0.87 0.97
Number Children 1.8 1.51 1.17 1.21 1.00 1.49 1.08
Wealth Index 2.68 2.69 2.78 2.84 2.22 2.44
Agriculture 0.75 0.69 0.30 0.50 0.72 0.43 0.14
Num Partners (Lifetime) 3.5 4.23 2.01 1.66 1.39 1.94 2.02
HIV-Positive 3.4% 4.7% 7.2% 10.5% 2.8% 9.9% 16.8%

TZ = Tanzania; KE = Kenya; MW = Malawi; RW = Rwanda; ZM = Zambia; ZW = Zimbabwe

Table 1: Comparison of  Sample to Demographic Health Surveys
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Specification Basic Time X 
Location

Placebo 
Test

CCT 
Treatment

CCT 
Treatment

CCT 
Control Married Unmarried

(1) (2) (3) (4) (5) (6) (7) (8)

Negative Shock 0.050** 0.053** 0.055 0.021 0.042 0.035 0.093**
(0.023) (0.023) (0.033) (0.049) (0.035) (0.028) (0.041)

Negative Shock Ahead -0.016
(0.037)

Negative Shock X (CCT $20) 0.065
(0.057)

Individual FE Y Y Y Y Y Y Y Y
Round FE Y Y Y Y Y Y Y Y
Number of  observations 3,020 3,020 1,858 1,644 1,644 1,376 2,441 529
Number of  Individuals 1,076 1,076 989 583 583 493 868 190
Mean STI (No Shock) 0.15 0.13 0.20
note:  *** p<0.01, ** p<0.05, * p<0.1

Table 2: Effects of  Shocks on STIs

Total Sample Sub-Samples

0.14

Standard Errors are clustered at the location level. 

0.13
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Sample: HIV- 
Sample

HIV+ 
Sample

(1) (2) (3) (4) (5) (6)

Negative Shock 0.044* 0.100 0.050** 0.051** 0.051** 0.051**
(0.023) (0.108) (0.023) (0.023) (0.023) (0.023)

Any Healthcare 
Expenses . . Y . . Y

Unemployed Due 
to Illness . . . Y . Y

Temporary 
Migration . . . . Y Y

Individual FE Y Y Y Y Y Y
Round FE Y Y Y Y Y Y
Number of  
observations 2,897 123 3,020 3,020 3,020 3,020

Number of  
Individuals 1,030 46 1,076 1,076 1,076 1,076

note:  *** p<0.01, ** p<0.05, * p<0.1
Standard Errors are clustered at the location level. 

Full Sample

Table 3: Robustness to Time-Varying Controls
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Outcome

(1) (2) (3) (4)

Negative Shock -0.005 0.010 0.025 0.005
(0.031) (0.043) (0.019) (0.025)

Sample All CCT Control All CCT Control
Number of  observations 3,021 1,376 3,021 1,376
Number of  individuals 1,076 493 1,076 493
noshock_mean 0.20 0.20 0.07 0.07
note:  *** p<0.01, ** p<0.05, * p<0.1

Received Medical Treatment 
(Self-Reported)

Treatment Voucher 
Redeemed at Clinic

Table 4: STI Treatment Seeking Behavior

Standard Errors are clustered at the location level. 
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Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-Primary 

Partner
Paid Sex

(1) (2) (3) (4)
Negative Shock 0.031 0.040** 0.048*** 0.014

(0.027) (0.017) (0.016) (0.016)

Number of  
observations 3,012 3,012 3,012 3,012

Number of  
Individuals 1,076 1,076 1,076 1,076

Mean Dep 
Variable 0.93 0.10 0.04 0.06

Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-Primary 

Partner
Paid Sex

(1) (2) (3) (4)
Negative Shock -0.014 0.036* 0.043** -0.012

(0.015) (0.019) (0.018) (0.012)

Number of  
observations 2,437 2,437 2,437 2,437

Number of  
Individuals 868 868 868 868

Mean Dep 
Variable 0.96 0.03 0.02 0.02

Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-Primary 

Partner
Paid Sex

(1) (2) (3) (4)
Negative Shock 0.230* 0.111 0.088 0.140**

(0.124) (0.089) (0.066) (0.057)

Number of  
observations 525 525 525 525

Number of  
Individuals 190 190 190 190

Mean Dep 
Variable 0.75 0.43 0.14 0.21

note:  *** p<0.01, ** p<0.05, * p<0.1

Panel B: Married Sample

Panel C: Unmarried Sample

Standard Errors are clustered at the location level. All specifications include individual and time FE.

Table 5: Effects of  Shocks on Sexual Behavior
Panel A: Full Sample



 37 

 

 
 

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock 0.052* 0.026 0.043*** 0.042*** 0.018

(0.027) (0.028) (0.016) (0.016) (0.015)

Number of  
observations 2,727 2,721 2,721 2,721 2,721

Number of  
Individuals 968 968 968 968 968

Mean Dep 
Variable 0.14 0.94 0.08 0.03 0.04

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock 0.044 -0.006 0.033* 0.039** -0.012

(0.029) (0.014) (0.019) (0.018) (0.012)

Number of  
observations 2,364 2,361 2,361 2,361 2,361

Number of  
Individuals 840 840 840 840 840

Mean Dep 
Variable 0.13 0.96 0.03 0.02 0.02

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non- Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock 0.117** 0.201 0.119 0.071 0.190***

(0.048) (0.153) (0.105) (0.077) (0.056)

Number of  
observations 363 360 360 360 360

Number of  
Individuals 128 128 128 128 128

Mean Dep 
Variable 0.24 0.78 0.43 0.11 0.18

note:  *** p<0.01, ** p<0.05, * p<0.1

Panel A: Full Sample

Panel C: Unmarried Sample

Table 6: Shocks and Extensive Margin 

Standard Errors are clustered at the location level. All specifications include individual and time FE.

Panel B: Married Sample
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Appendix A1: Negative Shock (Food Insecurity) 
 
 

Figure A1 
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Total Health Food Total Education Investment
(1) (2) (3) (4) (5) (6)

Negative Shock 
(Trim 1%) -997* -194 -145* -6,536*** -483 -2,223***

(528) (318) (78) (1,620) (443) (752)
Negative Shock 
(Winsorize 1%) -1,280 -260 -274 -6,572*** -1,540** -2,207***

(871) (475) (169) (1,629) (710) (749)

Number of  
observations 3,010 2,999 3,018 3,012 3,006 3,009

Number of  
Individuals 1,076 1,076 1,076 1,076 1,076 1,075
Mean Dependent 
Variable 5,296 2,393 190 19,686 4,460 4,138
note:  *** p<0.01, ** p<0.05, * p<0.1

Table A1a: Effects of  Shocks on Expenditures

For each outcome, we trim and winsorize the top 1%.  Estimates are presented for both for 
all outcomes. All figures are in Tanzanian shillings.  Standard Errors are clustered at the 
location level. All specifications include time and individual FEs. Small business investment 
includes the purchase of  farm inputs such as seed or fertilizer, livestock (cows or chickens), 
and any investments in expanding a small business.  

Select Expenditures Past 
Month

Select Expenditures Past 4 Months
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Appendix A2: Attrition 
 

The study originally enrolled 1187 women at R1 (baseline) where both baseline surveys and 
biomarker data was collected.  Table A2a shows the attrition using R1 as the starting point.   
Attrition is defined as someone who is observed at baseline (R1) but then fails to be observed 
at least twice in subsequent rounds (R2-R4).  Since we are using individual fixed effects, 
individuals observed only once in rounds R2-R4 do not contribute to our estimates.  In R2, 110 
observations are lost to attrition, while in R3, 20 observations are lost to attrition.   
 
Table A2a also presents the number of observations that are part of the analytical sample 
(observed at least twice in R2-R4), but miss a single round.  In addition, we present the small 
number of individuals who enter the study in a given round, and in the last row, we show the 
number of observations in any round that contribute to the analytical sample. 
 
We also look to see if lagged shocks or STIs predict missing a round in our study.  Using R2 
shocks and STIs, we see if either of these predicts missing a subsequent round of data 
collection.  Table A2b presents these results.  Overall we find no evidence that lagged shocks 
or STIs predict missing future rounds, with the exception of round 4.  Those who have a shock 
in either R1 or R2 are 1 percentage point less likely to miss R4.  We emphasize again however 
that the number of individuals who miss only R4 is very small (11).   
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R1 R2 R3 R4

Baseline 1187 968 977 1124
Attrition 110 20 0

Missed Single Round 109 84 11
Enter Round 18 1 0

Observations 986 978 1124
Observed Only in this 
Round 20 4 78

Analytical Sample 966 989 1065

Table A2a: Attrition by Round
Rounds Used in Analysis

R3 notes: Of  the 18 that entered in R2 - 3 of  them miss R3 (but return in R4), thus we have 15 
observations that enter R2 but miss R3 only.  To arrive at the analytical sample 978 - 4 +15
R4 notes: The analytical sample in R4 adds the 18 individuals in R2 and 1 individual in R3 that entered 
the study.  Therefore the analytical sample is 1124-78+19 = 1065.
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Columns 1-4 use lagged STIs and shocks from R1, while columns 5-7 use lagged STIs and shocks from R2. Lagged shocks 
do predict attrition in R4 (Columns 4 and 5), but the magnitude of the effect is very small.  Those who have a shock in either 
R1 or R2 are 1 percentage point less likely to miss R4.   

  

Miss Any Round 
(R2-R4) Miss R2 Miss R3 Miss R4 Miss R3 or R4 Miss R3 Miss R4

(1) (2) (3) (4) (5) (6) (7)
STI Positive 
(Lagged) 0.03 0.01 0.02 -0.00 0.04 0.04 -0.00

(0.03) (0.02) (0.02) (0.01) (0.03) (0.03) (0.01)
Negative Shock 
(Lagged) 0.00 0.03 -0.01 -0.01*** -0.03 -0.02 -0.01***

(0.03) (0.02) (0.02) (0.00) (0.03) (0.02) (0.00)
Number of  
observations 1,057 1,057 1,057 1,057 948 948 948

note:  *** p<0.01, ** p<0.05, * p<0.1
Standard Errors are clustered at the location level

Table A2b: Lagged STIs and Shocks on Missing Rounds
Baseline (R1) STI and Shocks R2 STI and Shocks
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3% 7% 12% 17% 21% 25% 31%

STI Prevalence 
for Attriters

0% 0.05** 0.05** 0.05** 0.05** 0.04** 0.04** 0.04
5% 0.06** 0.07** 0.07** 0.07** 0.06** 0.06** 0.05**
9% 0.05** 0.07** 0.09** 0.08** 0.08** 0.08** 0.07**
15% 0.05** 0.06** 0.08** 0.10** 0.09** 0.09** 0.09**
18% 0.05** 0.06** 0.08** 0.10** 0.11** 0.11** 0.10**
28% 0.04** 0.06** 0.08** 0.09** 0.11** 0.12** 0.13**
37% 0.04** 0.06** 0.08** 0.09** 0.10** 0.12** 0.13**
46% 0.04** 0.06** 0.08** 0.09** 0.10** 0.12** 0.13**
58% 0.04** 0.06** 0.07** 0.09** 0.10** 0.12** 0.13**
67% 0.04** 0.06** 0.07** 0.09** 0.10** 0.12** 0.13**
71% 0.04 0.05** 0.07** 0.09** 0.10** 0.11** 0.12**
83% 0.04 0.05** 0.07** 0.08** 0.09** 0.11** 0.12**

note:  *** p<0.01, ** p<0.05, * p<0.1

Table A2c: Bounding Simulation
Shocks (Percentage of Attriters with Shock)

Each cell represents a regression using individual fixed effects and presents the estimate for the effects of  shocks 
on STIs.
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Appendix A3: Statistical Inference 
 
Table A3 replicates the main results from Table 2 and reports the p-values for various types of 
clustering.  We first report the p-values when standard errors are clustered on the sub-village level.  
We then cluster on the round level and note that given the very small number of rounds (3), the 
standard errors are downward bias (Cameron, Gelbach, and Miller 2008).  Cameron and Miller 
(2015) suggest using the six-point wild cluster bootstrap (Webb 2014) for inference when one has 
less than 10 clusters.  We present p-values for clustering on the round level and p-values generated 
from the six-point wild cluster bootstrap.  Finally, we cluster on the sub-village x round level that 
we note will also be downward biased (Bertrand et al. 2004).  
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Specification Basic Controls Time X 
Location

Placebo 
Test

CCT 
Treatment

CCT 
Control Married Unmarried

(1) (2) (3) (4) (5) (6) (7) (8)

Negative Shock 0.050** 0.052** 0.053** 0.055 0.042 0.035 0.093**
(0.023) (0.024) (0.023) (0.033) (0.035) (0.028) (0.041)

Negative Shock Ahead -0.016
(0.037)

p-values clustering on:
subvillage 0.04 0.04 0.02 0.66 0.11 0.23 0.21 0.03
round 0.005 0.01 0.02 . 0.01 0.04 0.05 0.001
round using 6-point  wild 
cluster bootstrap 0.10 0.11 0.13 0.45 0.09 0.11 0.13 0.02
subvillage X round 0.01 0.01 0.01 0.53 0.05 0.20 0.10 0.04
Individual FE Y Y Y Y Y Y Y Y
Round FE Y Y Y Y Y Y Y Y
Time-Varying Controls N Y N N N N N N
Number of  observations 3,020 3,020 3,020 1,858 1,644 1,376 2,441 529
Number of  Individuals 1,076 1,076 1,076 989 583 493 868 190
Mean STI (No Shock) 0.13 0.15 0.13 0.20
note:  *** p<0.01, ** p<0.05, * p<0.1

Table A3: Sensitivity Analysis (Clustering of  Standard Errors)

Total Sample Sub-Samples

0.14

Time Varying Controls include: an indicator if  individual migrated during the round and indicators for primary employment 
type (agriculture, formal sector, self-employed).
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Outcome

(1) (2) (3) (4)

Negative Shock -0.005 0.010 0.025 0.005
(0.031) (0.043) (0.019) (0.025)

Sample All CCT Control All CCT Control
Number of  observations 3,021 1,376 3,021 1,376
N_g 1,076 493 1,076 493
noshock_mean 0.20 0.20 0.07 0.07
note:  *** p<0.01, ** p<0.05, * p<0.1

Received Medical Treatment 
(Self-Reported)

Treatment Voucher 
Redeemed at Clinic

Table A4: STI Treatment Seeking Behavior

Standard Errors are clustered at the location level. 
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Negative Shock: 
Often or Always problems 
satisfying food needs

STI Number of  
Partners

Non-
Primary 
Partner 
(NPP)

Unprotected 
Sex with 

Non-
Primary 
Partner

Paid Sex

Full Sample 0.024 -0.017 0.020 0.030* -0.023
(0.033) (0.036) (0.025) (0.017) (0.016)

Married 0.016 -0.044 0.049* 0.052** -0.011
(0.041) (0.033) (0.025) (0.023) (0.018)

Unmarried 0.049 0.100 -0.072 -0.048 -0.079
(0.090) (0.141) (0.126) (0.057) (0.067)

Number of  observations 3,020 3,012 3,012 3,012 3,012
Number of  Individuals 1,076 1,076 1,076 1,076 1,076

Negative Shock:
Any Transfers to Family 
members

STI Number of  
Partners

Non-
Primary 
Partner 
(NPP)

Unprotected 
Sex with 

Non-
Primary 
Partner

Paid Sex

Full Sample 0.023 0.052*** 0.014 0.010 0.024*
(0.014) (0.016) (0.015) (0.014) (0.013)

Married 0.022 0.040** 0.014 0.008 0.027**
(0.018) (0.017) (0.013) (0.009) (0.010)

Unmarried 0.007 0.070** 0.004 -0.021 -0.010
(0.076) (0.034) (0.060) (0.077) (0.076)

Number of  observations 3,020 3,012 3,012 3,012 3,012
Number of  Individuals 1,076 1,076 1,076 1,076 1,076
note:  *** p<0.01, ** p<0.05, * p<0.1

Panel B: Shock = Any Transfers to Family Members

Panel A: Shock = Food Insecurity (Often or Always)
Table A5: Alternative Shock Specifications

Each column (within each panel) contains three estimates: the effects of  a negative shock on the 
specified outcome for the full sample, the married sample, and the unmarried sample.  Number of  
observations and individuals are for the full sample. Standard Errors are clustered at the location 
level. All specifications include individual and time FE.
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STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Log Income -0.023*** 0.015 -0.001 0.003 -0.002

(0.009) (0.010) (0.008) (0.007) (0.007)

Number of  
observations 1,531 1,526 1,526 1,526 1,526

Number of  
Individuals 904 903 903 903 903

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Log Income -0.030*** 0.015 0.009 0.009 0.005

(0.010) (0.012) (0.007) (0.006) (0.008)

Number of  
observations 1,265 1,261 1,261 1,261 1,261

Number of  
Individuals 738 737 737 737 737

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected Sex 
with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Log Income 0.020 0.011 -0.074* -0.046 -0.061*

(0.022) (0.031) (0.044) (0.047) (0.031)

Number of  
observations 238 237 237 237 237

Number of  
Individuals 151 151 151 151 151

note:  *** p<0.01, ** p<0.05, * p<0.1

Table A6: Income Elasticity of  Sexual Behavior
Panel A: Full Sample

Panel B: Married Sample

Panel C: Unmarried Sample

Standard Errors are clustered at the location level. All specifications include individual and 
time FE.
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STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock -0.026 0.089 0.086 0.128 -0.009

(0.061) (0.113) (0.093) (0.085) (0.081)

Number of  
observations 212 211 211 211 211

Number of  
Individuals 78 78 78 78 78

Mean Dep 
Variable 0.17 0.90 0.37 0.19 0.25

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non-

Primary Partner
Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock -0.156 -0.178 0.115 0.143 0.006

(0.111) (0.126) (0.130) (0.133) (0.033)

Number of  
observations 77 76 76 76 76

Number of  
Individuals 28 28 28 28 28

Mean Dep 
Variable 0.22 1.02 0.10 0.06 0.08

STI Number of  
Partners

Non-Primary 
Partner (NPP)

Unprotected 
Sex with Non- Paid Sex

(1) (2) (3) (4) (5)
Negative 
Shock 0.039 0.282** 0.098 0.129 0.045

(0.080) (0.143) (0.138) (0.113) (0.139)

Number of  
observations 135 135 135 135 135

Number of  
Individuals 50 50 50 50 50

Mean Dep 
Variable 0.15 0.83 0.52 0.26 0.34

note:  *** p<0.01, ** p<0.05, * p<0.1

Table A7: Shocks and Intensive Margin 

Panel A: Full Sample

Panel B: Married Sample

Panel C: Unmarried Sample

Standard Errors are clustered at the location level. All specifications include individual and time FE.
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Appendix A8: STIs and Sexual Behavior 
 
 
 
To compare STIs with self-reported sexual behaviors, we estimate the number of partners required to 
generate the effects that shocks have on STIs in our main results.25  Using a methodology developed 
by Gong (2015), we estimate changes in partnerships using a simple transformation of the AVERT 
epidemiological model (Rehle et al. 1998): 
 

𝑀 =
𝑙𝑜𝑔(1− 𝑃(𝑆𝑇𝐼  𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛))

𝑙𝑜𝑔(𝑊(1− 𝑅(1− 𝐹𝐸))! + (1−𝑊)) 

 
where 𝑀 is the number of sexual partners and is a function of the following: 𝑃(𝑆𝑇𝐼  𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛) is the 
increase in the probability of an STI infection due to a shock (+.05; Table 2, Column 1), 𝑊 is STI 
prevalance, 𝑅 is STI transmission per unprotected coital act, 𝐹   is fraction of sexual acts where a 
condom is used, 𝐸 is the effectiveness of condoms at reducing STI transmission, and 𝑁  is number of 
sex acts per partner.  
 
In table A8, we present results for the full sample, married, and unmarried women. Panel A shows the 
values we use for the model parameters as well as the sources we base them on.  Panel B presents the 
effects of shocks on STIs for the three samples, and the estimated increase in partners (M from the 
model above).  We can compare these estimates to the increase in partnerships based on self-reported 
data (Panel C). We find that for the full sample (Column 1), while there is an increase in partners using 
both the STI implied measure as well as the self-reports, the magnitude is different (.328 vs. .031).  
This is probably due to the differences in these two measures with the married sample (Column 2).  
Here the STI implied change in partnerships is +.36, while the self-reports show a decline of -.014.  
When we turn to the unmarried sample (Column 3), we find that the increase in partnerships is 
remarkably similar whether we used the STI implied measure or the self-reported measure.   
 
Overall, these results suggest that the under-reporting of sexual behavior might be confined to married 
women.  Indeed, in a separate study (Nnko et al. 2004) that samples from rural Tanzania, unmarried 
women are much more likely to report non-marital partners than married women (Nnko et al. 2004; 
Figure 1).  One possibility for why married women under-report their sexual partnerships is the high 
level of intimate partner violence (IPV) in sub-Saharan Africa; 40% of women surveyed in over 10 
DHS surveys reported being exposed to IPV (Durevall 2015).   
 

  

                                                
25 We focus on the change in number of sexual partnerships following Kaplan (1990), Kremer (1996), and Oster (2005).   
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Full Sample Married Unmarried Source
(1) (2) (3)

Panel A: Parameters for Model
W (STI Prevalence) N(.14,.0064) N(.13,.0069) N(.20,.0172) Dataset

R (STI Transmission per coital act) Cudmore et al. (2004); Jensen (2004); 
Kretzschmar et al. (1996)

F (Fraction of  acts condom is used) 0.24 0.20 0.50
Dataset: we use the percentage of  sexual 
partners where a condom is used. We do not 
have data on specific acts.

E (Condom Effectiveness) Sweat et al. (2000)

N (Sex Acts per partner)
Gray et al. (2001) Mean frequency of  sexual 
intercourse was 9 acts per month. Each survey 
round last 4 months (9 X 4 = 36)

Panel B: Partners Based on Change in STIs
Effect of  Shock on STI 0.050** 0.035 0.093** Table 2
Increase in  Partners 0.328 0.36 0.234 AVERT Model
95% Confidence Interval [.284, .387] [.227, .437] [.177, .410]

Panel C: Partners Based on Self-Reports
Effect of  Shock on Number of  
Partners (Self-Reported) 0.031 -0.014 0.230* Table 4
Standard Errors (0.027) (0.015) (0.124)

note:  *** p<0.01, ** p<0.05, * p<0.1

U(.25, .50)

0.95

36

Table A8: AVERT Epidemiological Model

N = normal distribution, U = Uniform distribution. 


