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Abstract 

This study investigates the effect of offering Pre-Exposure Prophylaxis (PrEP) against HIV, as 

a public policy, on the spread of syphilis through behavioral changes on the willingness to 

engage on riskier sex behavior (i.e. condomless sex). To explore such phenomena, a Difference 

in Differences method is applied to groups of municipalities in the southeastern region of 

Brazil. No significant effect was found after restricting the sample to approximate the 

underlying characteristics of the groups. The results do not support the findings of the previous 

studies, performed on smaller target groups, nor contradict them. The inconclusiveness of the 

results is likely due to, amongst other factors, the small number of individuals both taking PrEP 

or diagnosed with syphilis, compared to the general population of the municipalities. 
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1 Introduction 

 

The fight against the HIV/AIDS epidemic has come a long way from the 70's until now. 

Methods of prevention, identification, and treatment have evolved significantly over time to 

the point that HIV infection has become a manageable chronic disease (World Health 

Organization, 2021). Despite the progress made over the past decades, the numbers are still 

high. According to the UNAIDS estimations, 38 million individuals live with HIV globally, 

81% of whom are aware of the condition, and 67% have access to treatment. (UNAIDS, 2021). 

In more recent years, the global public response to the HIV epidemic has reduced pace, and 

many countries, especially developing ones, are still far from making significant progress. The 

WHO estimates that the global efforts on prevention and treatment must be doubled to prevent 

the worst-case scenario of half a million excess deaths in Sub-Saharan Africa (WHO, 2019). 

Despite the recent advances in the medical field, the HIV epidemic remains a pressing public 

health issue with severe humanitarian and economic consequences. 

HIV infection requires ongoing treatment over the patient's lifetime and thus is costly for the 

individuals or the states that pay for the treatment. The Brazilian government allocated 1,86 

billion BRL1 to treat HIV in 2020 (Controladoria Geral da União, 2021), and this expenditure 

has been growing yearly. A study from R. Schackman et al. (2016) found that the lifetime 

medical cost associated with HIV in the United States of America (US) is estimated at 326.500 

USD2 per patient. The cost-saving from preventing one additional infection is 229.800 USD2 

per patient. Such costs may vary with time and location; however, it is reasonable to assume 

they remain high and relevant today. 

A novel method of HIV prevention, namely pre-exposure prophylaxis (PrEP), began to be 

broadly implemented in many countries from 2015 on. Such a method prevents HIV 

contamination via antiretroviral medication. Antiretroviral medication consists of daily oral 

ingestion of pills containing tenofovir and emtricitabine (popularly known by the brand name 

Truvada), amongst similar substances, in order to prevent the propagation of the viral load in 

the organism. A renowned study published in 2010, iPrEX, estimated a reduction of 99% on 

the risk of contracting HIV for those with good daily adherence to the treatment. (Ryan, 2017). 

The PrEP treatment was approved by the US Food and Drug Administration (FDA) in 2012 

 
1 In current prices. 
2 In current prices for 2016. 
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and its European counterpart in 2016. Following the US, France (2015) and Norway (2016) 

were the next countries to make the treatment available in the public health system (PrEP in 

Europe, 2021). 

Despite the undoubtful benefits that were brought by the creation of a preventive treatment 

against HIV infection, a central debate that arose from the implementation of PrEP as a public 

policy of HIV prevention is its impact on high-risk sexual behavior. The use of PrEP as a 

prevention method not only reduces the costs of having condomless sex but also of increasing 

the number of sexual partners; and it was proven to alter the willingness of the patients to use 

condoms and, thus, the spread of other sexually transmissible infections (STI) for which the 

treatment does not protect (Traeger et al., 2018). Despite the clear reduction trends in the 

incidence of HIV transmission, more common STI, such as Chlamydia, Gonorrhea, and 

Syphilis, are on the rise. Several researchers and policymakers worry about the impact that 

providing broad PrEP availability may have on the spread of other STI. Such concerns have 

not threatened the consensus about the benefits of the PrEP. They have, nevertheless, fueled a 

debate about complementary measures to be implemented with PrEP or the optimal target 

population group to be offered the treatment. The World Health Organization (WHO) 

recommends PrEP to treat anyone at substantial risk of being infected by HIV. The issued 

treatment guidelines also recommend counseling and frequent HIV and other STI testing. The 

guidelines recommend counseling and testing as frequently as quarterly and no longer than 

semesterly (World Health Organization, 2019). On the same discussion, there is also a theory 

that predicts PrEP's final effect on other STI transmission to be a reduction. PrEP targets high 

HIV infection risk individuals, who are also the ones with a high risk of other STI. Given that 

the PrEP treatment requires frequent STI testing, it would increase the early diagnosis and 

treatment of STI, even if asymptomatic, and facilitate fast-tracking the spread; thus, reducing 

the spread of such infections in the medium run (Jansen et al., 2020). 

This work aims to estimate the effect that PrEP availability, as a public policy, has on the spread 

of sexually acquired syphilis amongst the population in the southeastern region of Brazil.  The 

central hypothesis of this work is that the availability of PrEP is likely to have a positive effect 

on the transmission of Syphilis. However, that such effect would not be large enough to offset 

the benefits brought by PrEP in the fight against the HIV epidemic. Such a topic is relevant to 

understand the impact such policy has on the behavior of individuals, better understand its costs 

and benefits, and adjust the strategy of its application. 
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From an economic perspective, this subject has two main implications. The first one is the 

impact that PrEP causes on the incentives for using (or not) condoms and how individuals adapt 

their behavior to such incentives. Most of the literature so far either suggests or confirms that 

this phenomenon is present, and the offer of PrEP causes individuals to reduce their use of 

condoms as a protection method against STI.  Secondly, to provide data suitable for a cost-

benefit analysis at the public policy level and assist on targeting possible undesirable side 

effects form the policy’s implementation. The last topic is of special importance given that STI 

increase their chance of mutation with increased spread. Over the past decade, a specific cluster 

of Syphilis, which is resistant to antibiotics, has been rapidly spreading worldwide (Beale et 

al., 2019). Likewise, a variant of Gonorrhea, commonly referred to as Super Gonorrhea, has 

been concerning health authorities throughout the Globe (Centers for Disease Control and 

Prevention, 2021). 

There is growing literature focusing on the impact of PrEP on changes in users' sexual behavior 

and STI incidence amongst such users. This literature focuses almost exclusively on the men 

who have sex with other men (MSM) and STI incidence among those who receive the 

treatment. But, before discussing the empirical literature and its findings, it is useful to have an 

insight into the theory behind it. The main concept behind such studies is called Risk 

Compensation (RC) and consists of the belief that increased safety features lead individuals to 

take bigger risks. According to Levym & Miller (2000):  

  "The economic foundations for risk compensation are provided by expected utility 

  theory as presented in Peltzman (1975), Orr (1982), Viscusi (1984,1992), Blomquist 

  (1986, 1988), Risa (1992), and Neill (1993)". 

Peltzman (1975), who produced the most influential paper on the topic, studied how individuals 

reacted to increased technological safety features in automobiles and changes in automobile 

safety regulation. Peltzman found no effect of increased safety mechanisms or regulation on 

the highway death rate. In the face of such results, he formulated two possible alternative 

explanations. The strongest one is that the drivers were offsetting the effect of the regulations 

by taking greater risks while driving. Alternatively, the other explanation is that the drivers 

reacted by choosing to get involved in more severe accidents; however, it does not seem as 

convincing.  

When it comes to estimating the effect of PrEP on the spread of other STI, Traeger et al. (2019) 

published one of the most influential papers. The authors used a negative binomial regression 

to calculate the STI incidence rate on PrEP MSM in Victoria, Australia, in 2017. They reported 
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a 21% increase in STI incidence for new PrEP users, adjusted for increased testing frequency3. 

The study reports that those results are also very concentrated amongst a subset of MSM that 

engage in riskier sexual activities. The study also recognizes that the greater identification and 

early treatment of STI in this subset population might decrease STI incidence amongst the 

general population. In the same direction, Traeger et al. (2018) conducted a meta-analysis of 

previous studies estimating the impact of PrEP on sexual behavior and STI incidence. The 

analysis concluded that most studies report an increase in condomless sex and STI incidence 

associated with PrEP for MSM. However, risk compensation is more prominent among those 

who already practiced condomless sex before the PrEP uptake and might have started the 

treatment due to this behavior. 

Additionally, a study conducted in Germany by Jansen et al. (2019) performed a multivariable 

analysis comparing the risk behavior and STI incidence rates for three MSM groups (HVI+ on 

treatment, HIV-, and HIV- on PrEP). The results showed a significantly higher prevalence of 

STI on PrEP users. Such studies bring valuable insight into the field; however, they suffer from 

the same threat. The population eligible and willing to adhere to PrEP could suffer from 

selection bias since those most exposed to the risk have higher incentives to seek the treatment. 

It is difficult to distinguish if PrEP causes an increased willingness to engage in riskier sexual 

activities or if individuals that already do so tend to seek the treatment to be protected from 

HIV. Therefore, the results cannot be generalized to the larger MSM population, who might 

adhere to the treatment as it expands, much less to the general population. 

Another paper from Jenness et al. (2017) simulated a network-based mathematical model of 

HIV, Gonorrhea, and Chlamydia transmission dynamics among MSM in the US. They included 

PrEP uptake in their model and found that, unless for very high levels4 of individuals abdicating 

the use of condoms, the net STI incidence would be reduced for increasing amounts of PrEP 

uptake in the population. 

The previous studies on the field shed light on the essential dynamics of the PrEP treatment for 

targeted high-risk groups, which are critical agents in controlling STI dissemination in society 

more generally. On the one hand, there is strong evidence that even when controlling for more 

frequent testing, there is a positive effect of receiving PrEP on STI incidence. On the other 

hand, the issue of possible selection bias of those who seek the treatment remains; whether the 

impact of the PrEP treatment's offer will decrease STI incidence outside of the target population 

 
3 Considering the quarterly testing required in the PrEP implementation guidelines. 
4 40% or more of the MSM population being on PrEP. 
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is still unknown. The previous literature focuses heavily on the dynamics in the developed 

countries. However, there is little research about the topic elsewhere. 

This study proposes using the PrEP implementation framework across Brazilian municipalities 

in the southeastern region of the country to estimate a possible effect of PrEP on the incidence 

of STI in the population. Thus, shedding light on whether the offer of PrEP as a prevention 

strategy for HIV can help decrease or can lead to an increase in the incidence of other STI. The 

main difference from the previous literature, and an approach that I have yet not found in 

published papers in the field, is the attempt to estimate such policy's effect on the whole society 

instead of only on the target group of MSM. Therefore, the previously encountered challenges 

of sample selection or reverse causality do not pose a threat to this strategy. Furthermore, this 

research, focusing on a region of Brazil, can help better understand the dynamics of such policy 

in emerging countries. The previous literature has focused mainly on the developed countries, 

understandably, given its broader application of such policy and well-established statistic 

institutes and databases. However, as such policy plays an important role for the developing 

world, it is important to understand its dynamics in different parts of the Globe.  

The main findings of this paper show no significant effect of the availability of PrEP on the 

infection rate of syphilis when applied to the restricted sample. The sample was restricted in 

order to approximate the treatment and control groups underlying characteristics, namely 

population size and GDP per capita. The model was applied to four alternative scenarios, 

besides the preferred specification, as well as, to a one calendar year lagged estimation. The 

results did not turn out significant for any of those scenarios on the restricted sample. 

The findings of this study do not directly contradict the previous literature, since there has been 

no extensive study about the effects PrEP has on sexual behavior and STI incidence outside 

the target population. It does, however, leave answers to be found. Challenges such as the 

scarce availability of data, the small size of the population both taking PrEP and diagnosed 

with syphilis and the challenges to approximate the evolution trends amongst the restricted 

sample prevent the formulation of concrete conclusions. 

This paper is structured in 6 more sections. Section 2 will present an overview of the Brazilian 

public healthcare system background. Section 3 will present the identification strategy chosen 

to estimate the effect of PrEP on the spread of syphilis and describe the specific characteristics 

of the Brazilian case. Section 4 will present the data sources, the descriptive statistics, and the 

sample restrictions. Section 5 will present the results of the model and the further tests realized 
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with different specifications alongside with the discussion. Section 6 will conclude, and section 

7 lists the bibliography. 
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2 Brazil’s Institutional Background 

 

Brazil's Unified Healthcare System (SUS, in Portuguese) is a nationwide, universal, and free 

public healthcare system. SUS is administered in a complex way by the three government 

levels, Federal, State and Municipal. Most decisions about the availability of treatments, 

medication, procedures, and guidelines come from the Federal government and are to be 

enforced in the whole country. The Federal government is also the one that provides most of 

the financial funding for SUS. The State governments act as facilitators between the Federal 

and Municipal governments, participate in the formulation of the national plan, and have the 

autonomy to prioritize public health policies according to the States' needs. Finally, the 

municipal governments are in charge of executing the policies and running the healthcare 

facilities (Ministério da Saúde, 2021a). Therefore, SUS is designed to be an integrated 

nationwide healthcare system with a redistributive character and a decentralized administration 

structure. 

Brazil has been offering antiretroviral treatment for HIV-positive individuals through its public 

health system and free of cost since 1996. In the 2000s, the country has become a world 

reference in large-scale HIV treatment public policy. The already existing infrastructure for 

HIV treatment and sexual health in the Brazilian public health system was convenient for 

implementing a PrEP policy. In December 2017, SUS began to offer PrEP for individuals 

considered in the risk group as an HIV prevention strategy. In Brazil, as in most of the 70 

countries currently offering the treatment, the target groups for receiving PrEP are men who 

have sex with men (MSM), sex workers, and serodiscordant5 couples (Ministério da Saúde, 

2017). The implementation took place in 22 different municipalities spread throughout the 

country, most of which are state capitals. All the health services offered by the SUS, including 

PrEP treatment, are free of cost for all Brazilian citizens. The clinical protocol for receiving 

the treatment requires, from the beginning, that the patients be tested quarterly for HIV and 

Syphilis; and semesterly for Chlamydia and Gonorrhea (Ministério da Saúde, 2018). A second 

wave of implementation, which expanded the program's reach to other 176 medium and large-

sized cities, took place a little more than one year later, between December 2018 and the 

beginning of 2019 (Ministério da Saúde, 2017). To this date, there are still 5370 municipalities 

that do not offer PrEP in their healthcare system facilities. 

 
5 Term used to describe the relationship between HIV positive and HIV negative individuals. 
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3 Identification Strategy 

 

This study proposes using the PrEP implementation framework across Brazilian municipalities 

in the southeastern region to estimate a possible effect of PrEP on the incidence of STI in the 

population. Thus, shedding light on whether the offer of PrEP as a prevention strategy for HIV 

can help decrease or can lead to an increase in the incidence of other STI. The main difference 

from the previous literature, and an approach that I have yet not found in published papers in 

the field, is the attempt to estimate such policy's effect on the whole society instead of only on 

the target group of MSM. Therefore, the previously encountered challenges of sample selection 

or reverse causality do not pose a threat to this strategy. Furthermore, this research, focusing 

on a region of Brazil, can help better understand the dynamics of such policy in emerging 

countries. The previous literature has focused mainly on the developed countries, 

understandably, given its broader application of such policy and well-established statistic 

institutes and databases. However, as such policy plays an important role for the developing 

world, it is important to understand its dynamics in different parts of the Globe.  

In order to conduct this study, it would be necessary to compare the changes in outcomes in 

municipalities after the PrEP implementation to its counterfactual, the outcomes that they 

would have had in the absence of the policy implementation. Nevertheless, the counterfactual 

cannot be observed. As an alternative, I suggest using other municipalities, which have not 

implemented PrEP in the first or second waves as a control group, and a Difference in 

Differences (DID) strategy can enable this. Furthermore, the decision to implement PrEP first 

in selected municipalities was not random; instead, it was determined endogenously, which 

DID can account for. Simple OLS regressions would not be able, in such a scenario, to produce 

unbiased estimates for this study. Since the municipalities are included in the first or second 

waves due to endogenous factors, the results from a simple OLS would be biased. Finally, DID 

does not require randomization of treatment; its central assumption is that the outcome 

variables follow similar trends in both the treatment and control group previously to the 

treatment intervention (Abadie et al., 2010). 

The choice to focus the analysis on the southeastern region of Brazil (Figure 1) is based on 

time constraints to build the complete database. Given that the outcome variable data is 

provided only in a municipal scope, it would be far too time-consuming to compile the data for 

all the 5.568 Brazilian municipalities. Instead, this work will focus on the 1.668 municipalities 

that comprise the southeastern region of Brazil. In total, Brazil has 5.568 municipalities, of 
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which 22 participated in the first wave and 154 in the second wave. The southeastern region of 

Brazil accounts for 1.668 of all the country's municipalities, 14 municipalities that participated 

in the first wave, and 49 that participated in the second wave. The federal states that come 

together to form the region are Espírito Santo, Minas Gerais, Rio de Janeiro, and São Paulo. 

Because Brazil is such a large country with such significant differences across regions in its 

territory and aiming to choose a region large enough to provide a robust and rich data poll, the 

southeastern region was picked. It is the most populous region, accounting for 42.04% (approx. 

89 million inhabitants) of Brazil's total population; it is also the most economically developed 

region, which influences its healthcare system infrastructure and resources. 

Figure 1: Southeastern region of Brazil 

 

Source: Wikipedia (https://pt.wikipedia.org/wiki/Região_Sudeste_do_Brasil).  

The implementation of PrEP took place in two different periods for different groups of cities. 

The first municipalities to implement PrEP, referred to as the first wave in this paper, 

https://pt.wikipedia.org/wiki/Região_Sudeste_do_Brasil
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implemented the policy in December 20176. The second group to implement the policy is the 

second wave and implemented PrEP in December 20187. The remaining group will be referred 

to as “no PrEP” and has not yet implemented such policy in their healthcare facilities 

(Ministério da Saúde, 2017). PrEP as public policy is relatively new and Brazil is a very large 

country facing the limitations of an emerging economy, thus, it is only reasonable to assume 

that PrEP could not be implemented across the whole territory at once. Naturally, the first 

municipalities to implement the policy (Wave 1) were state capitals with large populations and 

well-developed health services’ infrastructure. The following wave focused on medium to 

large-sized cities considered important both from an economical and a political perspective. 

The selection of the treatment is, therefore, endogenously determined.   

The outcome variable of choice is the number of reported new syphilis infections in a 

municipality in one given year. The choice of syphilis to proxy for the most common STI is 

due to the broader availability of data compared to chlamydia or gonorrhea and the fact that 

the PrEP guidelines require quarterly testing for the disease. The requirements for chlamydia 

and gonorrhea testing are semestral. 

In this setting, the municipalities can be divided into three groups: first wave group, second 

wave group, and no PrEP. The existence of three groups allows us to apply the DiD strategies 

in several different ways, as shown in Table 1: 

Table 1: Possible DID configurations 

 

 

 

 

 

 
6 In some cases, the implementation took place in January 2018. 
7 In some cases, the implementation took place in January 2019. 

Specification Treatment Group Control Group Date of Intervention 

Main First + Second Waves Second Wave + No PrEP 2017/2018 

S1 First Wave Second Wave + No PrEP 2017 

S2 First Wave Second Wave 2017 

S3 First Wave No PrEP 2017 

S4 Second Wave No PrEP 2018 
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The suggested basic specification for the DID is as follows: 

                         Ymt = α + δG + λT + γPrep + εmt                    (1) 

Ymt represents the outcome variable, number of reported new syphilis infections in municipality 

m during year t; G is a dummy variable that corresponds to the different groups of 

municipalities; T is a dummy variable for the different calendar years; the variable Prep 

indicates the treatment status, by interacting G and T, and taking the value of one if in the 

treatment group and after the treatment implementation year; and the parameter of interest is 

γ. εmt corresponds to the error term. 

The municipalities selected amongst the ones that began to offer PrEP in December 2017 or 

December 2018 are state capitals or large cities near the country's major socio-economic hubs. 

To find a control group that closely approximates them in terms of health infrastructure, GDP 

per capita, education level, and inequality is not a simple task. Since the analysis concentrates 

on one specific region, the differences between each municipality's socio-economic conditions 

are attenuated. Ideally, one would like to include a few control variables in the model to address 

this situation, namely population and GDP per capita. I will get back to this point in section 4. 

One minor threat to the strategy is the possibility of individuals traveling from cities in the 

control group to cities in the treatment group to get the treatment. Nevertheless, there is reason 

to believe this is not such a common situation once the treatment would be available even in 

the control group if the individuals were willing to do it privately. Furthermore, if metropolitan 

area municipalities are excluded, the costs of traveling, at least once every quarter for 

maintaining the treatment, also repeal individuals to seek such alternative. 

Another threat to the strategy, this one more serious, is the increase in the syphilis testing 

frequency induced by the PrEP implementation. Patients who are enrolled in PrEP treatment 

are required to test quarterly for syphilis. Thus, it is reasonable to expect that, all else constant, 

the introduction of PrEP will increase the frequency of syphilis testing. The increased testing 

frequency likely results in a higher number of syphilis diagnoses and biases the main estimate 

as the effect can be overestimated. The ideal solution would be to have data on the number of 

syphilis tests performed during the period. However, this information is not available for the 

general population. In the face of such obstacles, one possible solution is to assume that a 

percentage of the newly reported syphilis cases are due to increased testing frequency. The 

estimates must, therefore, be interpreted cautiously as an upper bound. 
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Finally, the most significant threat to the strategy comes from the likely small number of PrEP 

patients compared to a city's general population, which may lead to a dissolution of the 

expected effect. To address this obstacle, I propose restricting the sample based on a few 

assumptions regarding the age groups. Data available for the state of Bahia, Brazil's third-

largest state by population and fourth-largest by the number of municipalities, shows that 

approx. 98,1% of the acquired syphilis cases are reported for individuals between the ages of 

15 and 79 (SUVISA, 2021). The information on population census, provided by IBGE, allows 

to divide the population into the same age groups and exclude the share of the population 

younger than 15 and older than 79. According to the population pyramid of the southeast 

region, the exclusion of such groups reduces the population size by approximately 12% (IBGE, 

2010). However, such a restriction in the sample is unlikely to be sufficient to address the threat 

completely; I will get back to it in the subsequent sessions. Additionally, this work 

hypothesizes that PrEP availability may increase the spread of syphilis; nevertheless, the costs 

associated with it do not offset the policy's benefits. It is important to keep in mind that, as of 

the current guidelines, PrEP is not expected to become a large-scale treatment for the whole 

population but rather a control mechanism that is targeted at high-risk groups.  
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4 Data 

 

The database is built, from two different sources, in a panel format. It compiles the number of 

syphilis cases reported per year and municipality and additional characteristics of such 

municipalities. 

The outcome variable data is available on the Panel of Epidemiological Indicators (Painel de 

Indicadores Epidemiológicos), which belongs to the Brazilian Ministry of Health database. The 

data is available from 2010 to 2020 at the municipality level and can be filtered by gender. 

Such data is collected automatically by DATASUS8 every time someone is diagnosed with 

syphilis in one of the public healthcare units across the country. Additional data from private 

healthcare providers and laboratories must be inputted manually in the same system by such 

agents. The fact that the private healthcare providers input the data by themselves brings 

concerns about the accuracy of the data since they might face incentives to under or overreport 

such cases, or simply due to the possibility of human mistake. However, the fact that they are 

obliged to report every diagnosed syphilis case attenuates this concern or, at least, leads to the 

belief that any manipulation of data faces constraints.  

The control variables intended to be used in this study are population and GDP per capita at 

the municipal level. Both are available in the Brazilian Institute of Geography and Statistics 

(IBGE) database. Such data is collected, at the municipal level, only through the census. The 

census in Brazil is conducted every ten years. The last census for which the data has already 

been reviewed and published is from 2010. Therefore, both variables will not be varying in 

time and will portrait the situation in 2010, given the nature of the data the control variables 

will be used to restrict the sample rather than included in the model. They are still valuable to 

indicate the municipality characteristics and how similar, or different the treatment and control 

groups are from each other. In this scenario, both population and GDP per capita can be used 

to restrict the sample to make sure the treatment and control groups are more similar in 

characteristics. For the GDP per capita variable, the data portraits the nominal GDP in 2010 in 

Brazilian Reais. 

1.1 Descriptive Statistics and Sample Restrictions 

The first restriction to be imposed is regarding the range of the panel data to be included. There 

are two moments in which the policy intervention takes place. The PrEP implementation’s first 

wave took place in December 2017, whereas the second wave in December 2018. Furthermore, 

 
8 Informatics Department of SUS (Departamento de Informática do Sistema Único de Saúde, in Portuguese). 
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before 2014, the scale of syphilis testing was rather shy (Ministério da Saúde, 2017).  The 

suggestion is to restrict the analysis from 2014 to 2019. There are two reasons why the year 

2020 is omitted. The first one is the impact that the public healthcare system had due to 

constraints in the budget which led to a shortage of STI testing material (Jornal Nacional, 

2020). The second one is the impact that the Covid-19 pandemic had on healthcare and its 

following disruptions. 

When it comes to the two control variables considered in this study, population, and GDP per 

capita, it is shown by Table 2 that there are quite significant differences between the treatment 

and control groups. The table displays the summary of descriptive statistics for the full sample. 

The municipalities included in the first wave group seem to be considerably larger in terms of 

population than those included in the second wave and no PrEP groups. Additionally, there are 

municipalities in the second wave and no PrEP groups with significantly higher GDP per capita 

than those found in the first wave group. Such discrepancy is, somewhat, expected since the 

cities included in the first wave are much larger on average. The standard deviations for both 

the variables in all three groups is significantly large, this is mostly due to the presence of 

outliers, which have values in the extremes of the distribution. 

Table 2: Descriptive Statistics, full sample  

Group  Variable  Obs  Mean  Std. Dev.  Min  Max 

Full Sample  Population 1648 48.34 334.17 .81 11244.37 

 GDP per Capita 1648 16.41 18.68 3.59 290.83 

First Wave  Population 14 1842.68 3144.76 51.91 11244.37 

 GDP per Capita 14 30.81 13.31 13.6 65.79 

Second Wave  Population 49 260.13 243.45 17.77 1222.36 

 GDP per Capita 49 29.02 21.81 6.27 115.32 

No PrEP  Population 1585 25.94 52.96 .81 795.21 

 GDP per Capita 1585 15.89 18.44 3.59 290.83 

Population / 1000 

GDP per Capita in BRL / 1000 

Source: own depiction containing data from IBGE 

 

In order to exclude outliers in all groups, when it comes to population size and GDP per capita, 

sample restrictions were adopted. Excluding outliers is important in order to avoid that those 

outliers bias the estimates. By applying the sample restrictions, one can bring the treatment and 

control groups closer when it comes to their underlying characteristics and more suitable as 

counterfactuals to each other.  On the one hand, both population size and GDP per capita are 

characteristics that can interfere in one municipality’s healthcare infrastructure and STI 

infection dynamics. On the other hand, the sample restrictions may considerably reduce the 
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number of observations in the groups, especially for the first and second waves, composed of 

14 and 49 municipalities. The sample restrictions are, therefore, tricky to set and can always 

be questioned.  For this study, the population size is restricted from 100.000 to 800.000 

inhabitants; and the GDP per capita from 20.000 BRL to 60.000 BRL. 

Table 3 displays the summary of descriptive statistics for the restricted sample. The sample 

was restricted both by population size and GDP per capita. There is a visible change in the 

means for both variables in all three groups, both compared to the values displayed for the full 

sample and when taking into consideration how close/different they are comparing the different 

groups. The standard deviation has also been considerably reduced for both variables in all 

three groups except for population in the No PrEP group. 

Table 3: Descriptive Statistics, restricted sample  

Group  Variable  Obs  Mean  Std. Dev.  Min  Max 

Restricted Sample 
 Population 60 265.4 177.42 101.45 765.2 

 GDP per capita 60 31.11 10.32 20.15 57.88 

First Wave 
 Population 5 564.56 149.18 364.87 765.2 

 GDP per capita 5 31.61 8.83 23.01 46.5 

Second Wave 
 Population 21 327.75 177.51 101.45 673.91 

 GDP per capita 21 30.34 9.47 20.49 54.61 

No PrEP 
 Population 34 182.91 106.96 105.76 666.47 

 GDP per capita 34 31.51 11.23 20.15 57.88 

Population / 1000 

GDP per Capita in BRL / 1000 

Source: own depiction containing data from IBGE 

 

The sample restrictions applied in order to attenuate the differences between the municipalities, 

restricted the population size between 100.000 and 800.000 inhabitants; and the GDP per capita 

between 20.000 BRL and 60.000 BRL. Furthermore, years before 2014 and the year of 2020 

were dropped due to the evolution of the STI prevention policies in Brazil. The applied 

restrictions reduced the number of observations from 18139 to 420. The reduction is broken 

down as follows, from 1649 municipalities with 11 years of observation each, the sample was 

reduced to 60 municipalities with 6 years of observation each.  
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5 Results 

 

The main results in this paper come from the base model, described in equation (1), to the 

preferred specification, in which we use first wave as treatment group, second wave both as 

treatment and as control groups, depending on the year of implementation, and no PrEP as 

control. Secondly, we also draw results for each of the specific following scenarios: S1, 

considering municipalities from the first wave as treated and all the remaining ones as control; 

S2, considering the municipalities from the first wave as treated and the ones from the second 

wave as control; S3, considering the municipalities in the first wave as treated and the no Prep 

municipalities as control; and S4, considering the municipalities in the second wave as treated 

and the no PrEP ones as control. Furthermore, for all five scenarios, the regressions are 

estimated with dummies for treatment group and treatment years as well as their interactions. 

Both aiming to reduce the fluctuations in time and between municipalities. Lastly, to adjust for 

serial correlation within the municipality over time the errors were clustered.  

The effect will be estimated on the logarithmic transformation of the infection rate per 100.000 

inhabitants. The reason behind this choice is to add one extra layer of caution in attenuating 

the effect of outliers in the sample. The sample involves many municipalities with very 

different underlying characteristics, and it can entail the existence of outliers in both extremes. 

Furthermore, since the numbers may vary so much between different municipalities it is 

simpler to analyze the trends and identify if the common trends assumption holds than it would 

be if done in levels. 

In Table 4 the result for the preferred specification is displayed. The first column displays the 

result for the full sample, without any restriction, the second column displays the result for the 

full sample excluding the year of 2020, and the third column displays the result for the restricted 

sample (including population, GDP per capita and year restrictions). On the first column there 

seems to be a significant negative effect of offering PrEP as a public policy on the spread of 

syphilis. The magnitudes of the effects displayed is also large, predicting 24% and 19% 

reduction in the syphilis infection rate by the introduction of PrEP, according to columns 1 and 

2, respectively. Such effect remains significant, however loses strength, after excluding the 

year of 2020. This drop is partially expected since the year of 2020 presented a generalized 

drop in the number of reported syphilis cases across, virtually, all the municipalities. When 

applying the GDP per capita and population restrictions to the sample, the magnitude of the 

effect remains large, predicting a 10% drop in the dependent variable. This result, unlike the 

ones in columns 1 and 2, loses its significance. Column 3 displays the result for the restricted 
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sample, which, in theory accounts for two important underlying characteristics and bring the 

treatment and control groups closer to each other when it comes to underlying characteristics. 

The constant is not interpretable in this model since they depend on the identifying restriction 

imposed by the software command to break the collinearity between the constant and the fixed 

effects. The effects for each year, are all positive and statistically significant at least at the 1% 

level. Such effects may capture trends or characteristics that the model was not able to account 

for in its specification. This point will be further discussed later on in this section. 

Table 4: Change in log of syphilis infection ratea, preferred specification  

          

       Main    Main    Main 

 DID -.24*** -.19*** .1 

   (.03) (.03) (.15) 

 _cons 3.25*** 3.25*** 3.15*** 

   (.02) (.02) (.08) 

 Observations 7035 6141 358 

 R-squared .42 .4 .33 

Excl. 2020   yes yes 

Restricted   yes 

Standard errors are in parentheses 
*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants  

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the 

Epidemiological Indicators Panel  

 

Tables 5 and 6 present the results of the model by applying equation (1) to the four remaining 

scenarios, S1, S2, S3 and S4. Table 5 displays the results for the full sample, which are, once 

again, negative, significant, and large in magnitude for scenarios S1, S3 and S4. S2 is the only 

scenario in which the effect’s magnitude is considerably lower and the estimate is not 

significant. Such a result for S2 is, somewhat, surprising if one thinks about S1 displaying a 

significant negative result. Furthermore, intuitively, the two groups included in S2 would 

logically be the ones with the most significant similarities in underlying characteristics. One 

challenge for estimating S2 is that the year of 2019 must be dropped, since the Second Wave 

implemented the policy in December 2018. Further effects that might require some lag period 

to be noticeable can, therefore, not be captured.   

In contrast, Table 6, displays the results for the restricted sample. Applying the restrictions all 

the results lose their significance completely, except for S1 and S2 which are significant at the 

10% level. More interesting, is the change in the direction of the effect, which, for S1 and S2, 



 18 

become positive with very large magnitudes. S1 predicts a 39% increase in reported syphilis 

cases, while S2 predicts a 55% increase. The results for both scenarios may indicate that, after 

applying the restrictions, the underlying characteristics between the First and Second Waves, 

removing outliers in terms of population and GDP/per capita, could have improved the model 

precision. 

S2 and S4, respectively, are the two scenarios in which the underlying differences between 

treatment and control groups are expected to be most attenuated. In S2 the first wave is the 

treatment group, and the second wave is the control group, and the year of 2019 is, thus, 

excluded. In S4, the second wave is the treatment group and the no PrEP is the control group. 

In both of those scenarios, the groups at the opposite extremes of population and GDP per 

capita are not compared between each other. 

Table 5: Change in log of syphilis infection ratea, full sample 

             

       Main    S1    S2    S3    S4 

 DID -.24*** -.2*** -.01 -.28*** -.26*** 

   (.03) (.04) (.13) (.03) (.04) 

 _cons 3.25*** 3.25*** 3.73*** 3.24*** 2.89*** 

   (.02) (.02) (.05) (.02) (.02) 

 Observations 7035 4929 313 6695 6937 

 R-squared .42 .43 .45 .42 .4 

Standard errors are in parentheses 
*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants  

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 

 

Table 6: Change in log of syphilis infection ratea, restricted sample 

              

       Main    S1    S2    S3    S4 

 DID .1 .39* .55* .2 -.13 

   (.15) (.23) (.3) (.23) (.15) 

 _cons 3.15*** 3.15*** 3.27*** 2.96*** 3.19*** 

   (.08) (.08) (.12) (.12) (.07) 

 Observations 358 298 130 232 328 

 R-squared .33 .37 .35 .35 .37 

Standard errors are in parentheses 
*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants  

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 

 

Weighting on the possible causes for the lack of robust results brought from the application of 
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the model (1) to the restricted sample are a few factors that could not be accounted for. Firstly, 

it was a difficult task to find control variables that are reported on a yearly basis for the 

municipal level in Brazil. Yearly population estimative was the only data that could have been 

incorporated for all the years of the analysis, it was, however, not available for a large group 

of municipalities that compose the no PrEP group. Other information on the underlying 

characteristics of the municipalities that could proxy for education level, general health and 

income could be useful. Furthermore, the GDP per capita information that was used to restrict 

the sample was measured on a census from 2010 and is likely to have changed over time. The 

biggest challenge to our preferred specification, however, does not seem to be the lack of 

control variables. Such variables would certainly improve the precision of the estimates by 

reducing the standard error and preventing any omitted bias. But for the model to be effective 

in illustrating a causal relationship, the results cannot be too small or close to 0.  

Another interesting take would be to investigate if the effects of the policy on the syphilis 

spread dynamics could be lagged by one period or more (in this case, calendar years) after the 

treatment implementation. It is reasonable to assume that the implementation of such a PrEP 

policy might have delayed effects due both to the increase of the treatment adoption over time 

and the dynamics of the process of STI spread within the society. As explained in section 3.1, 

the year of 2020 had to be dropped due to the impact of budget constraints on the healthcare 

system and, more specifically, the STI prevention policies (Jornal Nacinal, 2020) and to the 

Covid-19 related disruptions. The exclusion of the year of 2020 restrains the possibility to 

perform such analysis for S4, in which second wave municipalities implemented the policy on 

the end of 2018. Nevertheless, it is still possible to investigate the existence of a lagged effect 

in S3. In S3, the treatment group (first wave) implemented the policy in the end of 2017 and 

the control group (no PrEP) still has not implemented it to this day. Table 7 presents in the first 

column the results for S3 with the full sample; in the second column, the results for S3 with 

the restricted sample; and in the third column the results for S3 with the restricted sample and 

a lagged effect of one calendar year. The result for S3, as previously shown is strongly negative 

and significant when including the full sample, however it loses the significance when applying 

the sample restrictions and remains insignificant when considering a one calendar year lag 

period.  
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Table 7: Change in log of syphilis infection ratea, S3 

        

       S3    S3    S3 

 Lb   .07 

     (.28) 

 DID -.28*** .2  

   (.03) (.23)  

 _cons 3.24*** 2.96*** 3.13*** 

   (.02) (.12) (.12) 

 Observations 6695 232 193 

 R-squared .42 .35 .3 

Restricted   yes yes 

Lagged   yes 

Standard errors are in parentheses 
*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants 
b Lagged by one calendar year 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the 

Epidemiological Indicators Panel 

 

All the scenarios presented in Tables 4 to 7 were also estimated based on the change in the 

infection rate per 100.000. In most of the cases they presented the same significant/insignificant 

results as the ones estimated using the logarithmic transformation of the infection rate. There 

were slightly different results, when it comes to significance, but not direction of the effect, 

only for a few specifications that are not the preferred one. The tables with such results are 

displayed in the Appendix, Tables 10-13. 

The results presented by applying the model (1) to the full sample may seem promising at first 

glance. Nevertheless, there is reason to believe that there are a series of underlying 

characteristics and variables that may inflict omitted variable bias into the results. One of the 

greatest challenges of this study was the lack of data available to be used as control variables. 

There is significant room for improvement if, for example, data on municipality population and 

GDP per capita was available yearly. Furthermore, other factors, such as public expenditure on 

health services, average years of education, political agenda of the ruling municipal 

government or even level of inequality could influence through different channels both the 

application of PrEP and the reported number of syphilis cases. On the other hand, as showed 

in the upcoming sub-section, the common trends assumption seems to hold significantly better 

for the full sample than for the restricted one. 

If one was to argue that such results are unbiased and that they strengthen the case made by 

Jansen et al (2020), that the constant monitoring and tracking of PrEP users could help reduce 
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the spread of other STI, there would still be a challenge to explain how such result was achieved 

in relatively early stages of the policy implementation. As presented in section 1, the consensus 

amongst those that defend that the application of PrEP may reduce the spread of other STI is 

that a considerable share of the population would be required to be in treatment for the effect 

to be present. 

While the application of the model (1) to the full sample produces significant negative results, 

the complete opposite is not true for the restricted sample. The results are not significant, apart 

from S2 and S3, in which the results become positive but lose power, becoming significant 

only at the 10%. 

Perhaps the stronger possible explanation for these results is the small number of individuals 

who are taking PrEP compared to the number of inhabitants of the municipalities. Overall, 

within our restricted sample, the number of individuals taking PrEP, each year, has not 

exceeded 1% of the total population living in that municipality (Ministério da Saúde, 2021b). 

This number is low enough, that the effect it may have on the spread of other STI can be 

dissolved in the population and, therefore, extremely difficult to capture. This fact helps explain 

why most of the studies, so far, have focused on target groups and very specific settings. The 

study from Jenness et al. (2017), which was a mathematical model predicting the STI 

transmission dynamics amongst MSM took as baseline 40% of the MSM population being 

PrEP users, which would still be higher than the current numbers in this study. Additionally, 

the number of newly reported syphilis cases in one year is also very low, they vary from 

0,00016% to 2,12% of the municipal population across all the observations in the sample. 

Giving that the numbers are small, any variation, random or not, is likely to have a large impact 

on the evolution trend of the number of reported cases throughout the years. This helps explain 

the magnitudes of the effects calculated in the model. There are plausible reasons to believe 

that the diagnosing and tracking of STI spread still has much to improve in the Brazilian case. 

Despite being significantly above average when compared to other developing countries, 

Brazil’s health care system still far from the international blueprint standards. 

There has been no study, to my knowledge, that evaluates the cost saving impact of offering 

PrEP due to the reduction on the number of new HIV infections. There is, however, a study by 

Luz et al. (2018), that estimated the cost-saving impact of PrEP, in Brazil, in an individual 

level. According to this study, PrEP would reduce the medical costs related to HIV in 33.000 

BRL and the benefit from saving one life from an HIV related death would be of 10.000 BRL. 

These numbers display a significant impact of PrEP on the dynamics of HIV and its treatment 
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related costs. In a hypothetical exercise, if 10% of the individuals living with HIV in Brazil 

had avoided the infection by adhering to PrEP 920.000 BRL would have been saved in 

treatment costs (Ministério da Saúde, 2020). If the policy is successful and able to reduce the 

infection rate even more, such numbers would keep increasing. Unfortunately, the objective of 

comparing the possible cost implication of PrEP’s effect on the transmission of syphilis vis a 

vis the one from its effect on the transmission of HIV is not possible at this point. 

Naturally, the cost-benefit analysis could and should not be ultimately instrumented to make a 

decision on whether to provide such a treatment or not, such decision depends also, and to a 

great extent, on ethics, intangible benefits and political and social choices. Such a cost-benefit 

analysis could, however, help tailor the implementation of the policy to maximize its 

effectiveness. This could be done by combining it with additional public policies aimed at other 

STI, further prevention methods or even attempts to control more resistant bacteria. As of now, 

the previous literature and this study included were not able to find an effect of PrEP increasing 

or decreasing the spread of other STI outside the target population. There are many reasons to 

believe that such an impact is likely to exist, however further data and studying is necessary to 

try to estimate it and, additionally, estimate its financial impact. On the other hand, as 

previously mentioned in this paper, there are studies that estimate the financial costs related to 

both HIV treatment and related deaths, and the financial impact of PrEP vis a vis HIV treatment 

costs. Such results are widely accepted and regarded as important input for HIV prevention 

policy and goal formulation. 

1.2 Further Tests and Specifications 

The main model was only able to estimate statistically significant effects for this work’s main 

research question when applied to the full sample. The results after applying sample restrictions 

were mostly not significant. Nevertheless, it is still important to submit the model to further 

tests to verify its robustness. The most important test for a DiD model is its main assumption, 

the common trends assumption. Figure 2 plots the trends in infection rate of syphilis for the 3 

different groups, first wave, second wave and no PrEP in the full sample. For the first years, 

from 2014 to 2016 big differences in trends can be noticed. However, from 2016 to 2019 the 

trends do seem to follow a similar pattern. This is a very interesting finding when taking into 

consideration the full sample, in which municipalities with great differences in underlying 

characteristics are included. Figure 3 plots the second wave and no PrEP groups together and 

the pattern remains the same. 
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Figure 2: Log of infection ratea of syphilis, full sample 

 
 a Per 100.000 inhabitants 

Source: Own depiction. 

Figure 3: Log of infection ratea of syphilis, full sample 

 
 a Per 100.000 inhabitants 

Source: Own depiction. 

When plotting the outcomes for the restricted sample, as shown in Figures 4 and 5, however, 

the trends diverge significantly. In Figure 4, the only trends that remain similar are between 

the first wave and the no PrEP group, between 2016 and 2019. Those groups are the ones that 

lay on the opposite extremes of the distribution when it comes to population and GDP per 

capita. Furthermore, the similarity between the trends remains between 2018 and 2019, period 
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in which the effect should be identified. This fact may also help explain why there was no 

significant effect identified for S3 in the model with the restricted sample. 

When plotting the second wave and no PrEP groups together, the similarities in trends between 

2016 and 2019 disappear completely. Pointing to a larger weight of the second wave group 

than the no PrEP group in the model with the restricted sample. This is shown in Figure 5. 

Figure 4: Log of infection ratea of syphilis, restricted sample 

 
 a Per 100.000 inhabitants 

Source: Own depiction. 
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Figure 5: Transmission ratea of syphilis, restricted sample 

 
 a Per 100.000 inhabitants 

Source: Own depiction. 

 

Despite the efforts to narrow down the sample to more similar underlying characteristics, there 

may be a series of reasons acting independently or in combination that cause the trends to 

diverge. The most straight forward possible explanation is that the spread dynamics of syphilis 

are too different between the municipalities or, at least, between the groups of municipalities, 

which makes the application of a DiD strategy not suitable. It is somewhat unlikely, that the 

spread dynamics of the disease are so different between all the municipalities that a DiD would 

not be suitable in any scenario. Additionally, there is the possibility that the sample was not 

restricted enough to truly approximate the underlying characteristics of the different groups. 

There is a very plausible explanation for that: the sizes of the first and second waves make it 

very difficult to further restrict the sample. The number of municipalities in the first wave, in 

the restricted sample, was already as low as 4. Additional control variables or sample restriction 

criteria could also play an important role in further enhancing the model (1). Variables such as 

years of education, percentage of GDP invested in health care, or share of the population that 

look for health care service in the public sector are a few examples of relevant controls. 

Another useful test to run on a DiD model is a placebo in time. That means that random dates 

are assigned as the treatment intervention and the same model (1) is run. Table 8 displays the 

results of the placebo test in time for the full sample. The results are negative and significant 

for all scenarios but S2, exactly as the results of running the original model on the full sample. 
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The magnitudes are not so large in all the scenarios; however, they all remain large. Such results 

point to the fact that omitted variables are likely to be driving the effect and could represent a 

violation of the identifying assumption, the common trends assumption. Unfortunately, there 

are not enough available data to further investigate the reasons behind the placebo test results. 

The strongest argument, so far, could arguably be the previously discussed small number of 

PrEP users and syphilis reported cases in comparison with the total population. Such small 

numbers are more likely to be affected by random shocks and its effect is likely to be dissolved 

in the general populations. Table 9 shows the results of the placebo test for the restricted 

sample, in which only S3 shows a positive and significant result. One of the greatest drawbacks 

from our data sources is the unavailability of control variables. In this manner it is challenging 

to analyze what cofounding factor, if any, could be driving the effects displayed in Table 8 and 

leaves to question if the restrictions imposed based on population and GDP per capita were 

able to successfully compensate for these cofounding factors since the results are, mostly, not 

significant in Table 9 but also not significant in the actual model when applied to the restricted 

sample. 

Table 8: Change in log of syphilis infection ratea, full sample 

           

       Main    S1    S2    S3    S4 

 DID -.12*** -.12*** .02 -.12*** -.24*** 

   (.03) (.03) (.12) (.04) (.05) 

 _cons 3.26*** 3.26*** 3.73*** 3.25*** 2.9*** 

   (.02) (.02) (.05) (.02) (.02) 

 Observations 3716 3716 250 3522 3660 

 R-squared .4 .4 .45 .4 .39 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants. 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 
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Table 9: Change in log of syphilis infection ratea, restricted sample 

               

       Main    S1    S2    S3    S4 

 DID .09 .09 .25 .52** -.21 

   (.15) (.15) (.3) (.23) (.14) 

 _cons 3.15*** 3.15*** 3.27*** 2.96*** 3.19*** 

   (.07) (.07) (.12) (.11) (.06) 

 Observations 238 238 104 154 218 

 R-squared .34 .34 .33 .37 .39 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants. 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 
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6 Conclusion 

 

The main objective of this study was to exploit the different PrEP implementation waves in 

Brazil through a DiD model (1) in order to find if there is an effect of the policy on the spread 

of other STI amongst the general adult population, more specifically, syphillis. As displayed 

in Tables 4 and 6, the model was not able to present statistically significant results when 

restricting the sample for population size and GDP per capita. The lack of results found in this 

study do not conflict directly with the previous literature, even though it does not support it 

either. Most of the previous literature focused on the effect PrEP has on the incidence of other 

STI for a subsection of the target group, namely men who have sex with men. The findings of 

Traeger et al. (2018) in a meta-analysis of previous studies that estimate the impact of PrEP on 

sexual behavior and STI incidence, for MSM, found that for the vast majority, the literature 

identified a positive effect. 

The main issue arising from the comparison between this study and previous ones is to 

understand whether the effect is, indeed, not relevant when taking into consideration the whole 

population or if the challenges posed to this specific study have hindered its effectiveness in 

identifying such effects. The main challenge to be pointed out in this study is the fact that the 

parallel trends assumption does not seem to hold for the restricted sample. As displayed in 

Figures 2 to 5, even when measured in logarithmic scale instead of levels, the common trends 

assumption does seem to hold considerably better when taking into consideration the full 

sample. Furthermore, when applied to the full sample the results, displayed in Tables 4 and 5, 

are negative and statistically significant at 1%. Nevertheless, the full sample estimation of the 

model does not include any control variables, which creates doubts about the precision of the 

estimates. This leads to another possible explanation for the lack of significant results in the 

preferred specification for the restricted sample, and the second biggest challenge of this study. 

The data set available did not allow for the inclusion of control variables in a more precise way 

than restricting the sample based on 2010 census information. This is an issue that can possibly 

be improved in future studies if there is more available time to gather all the data in the 

constructed dataset or if such data becomes available in the future. 

Additionally, this study aimed at analyzing the economic implications of PrEP’s effect on 

syphilis infection rate vis a vis its effect on the HIV infection rate. There is a clear consensus 

on the negative impact PrEP has on the spread of HIV, as well as studies estimating the cost 

saving impact of offering PrEP versus treating an HIV positive patient or even preventing HIV 
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related deaths, as shown by Luz et al. (2018). The findings from the previous literature in 

combination with the scientific and moral reasons to offer PrEP are sufficient to justify its 

implementation as a public policy. It is, however, still relevant to understand further cost 

implications of such a policy throughout other channels, such as its impact on the infection 

rates of other STI. This is particularly important to better formulate and execute integrated 

sexual health policies and understand where the resources need to be allocated. Such an 

investigation is also relevant to embody the theoretical background to the previous literature, 

helping understand to what extent the Risk Compensation theory is applicable and the 

behavioral implications of the policy. 

By this point in time, it does not seem to be feasible to estimate such an effect in a quasi-

experimental setting for the whole population in southeast Brazil.  With that said, there is still 

field for further studies to attempt to estimate such effects and its economic consequences in 

different scenarios. It may be fruitful to apply a similar approach to a developed country or 

region with broader access to data, higher rates of PrEP intake and STI testing relative to the 

total population, as well as coming back to such an analysis after the policy has been in place 

for a longer period of time.  
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8 Appendix 

Table 10: Change in syphilis infection ratea, preferred specification 

          

       Main    Main    Main 

 DID -9.81*** .94 -6.79 

   (1.11) (1.21) (6.2) 

 _cons 40.35*** 40.35*** 39.57*** 

   (.74) (.7) (3.38) 

 Observations 11536 9888 360 

 R-squared .39 .35 .31 

Excl. 2020   yes yes 

Restricted   yes 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 

Table 11: Change in syphilis infection ratea, full sample 

               

       Main    S1    S2    S3    S4 

 DID -9.81*** 3.57** 12.61* -13.55*** -10.18*** 

   (1.11) (1.56) (6.73) (1.21) (1.43) 

 _cons 40.35*** 40.35*** 61.76*** 39.9*** 25.59*** 

   (.74) (.65) (2.83) (.77) (.73) 

 Observations 11536 8240 315 11193 11437 

 R-squared .39 .38 .49 .39 .33 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 
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Table 12: Change in syphilis infection ratea, restricted sample 

             

       Main    S1    S2    S3    S4 

 DID -6.79 2.65 9.47 -14.1* -10.29 

   (6.2) (8.65) (9.35) (8.41) (7.63) 

 _cons 39.57*** 39.57*** 46.06*** 35.91*** 37.29*** 

   (3.38) (2.95) (3.8) (4.5) (3.48) 

 Observations 360 300 130 234 330 

 R-squared .31 .38 .44 .35 .31 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 

 

Table 13: Change in syphilis infection ratea, S3 

           

       S3    S3    S3 

 Lb   -25.86** 

     (10.81) 

 DID -13.55*** -14.1*  

   (1.21) (8.41)  

 _cons 39.9*** 35.91*** 41.09*** 

   (.77) (4.5) (4.48) 

 Observations 11193 234 195 

 R-squared .39 .35 .3 

Restricted   yes yes 

Lagged   yes 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
a Per 100.000 inhabitants 
b Lagged by one calendar year 

The model includes group and calendar year dummies. 

Source: own depiction containing data from IBGE and the Epidemiological Indicators Panel 
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