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Abstract

Behavioral adjustments to mitigate increasing risk of STIs can have spillover effects
that increase or decrease the likelihood of pregnancy. This paper measures the empiri-
cal effects of the arrival and spread of AIDS across U.S. cities in the 1980s on births and
abortions. I show that the AIDS epidemic increased the birth rate by 0.6 percent and
the abortion rate by 1.5 percent for a total of at least 391,553 additional pregnancies
between 1981 and 1996. This effect is driven by women primarily using monogamy, not
condoms, to protect from AIDS. These results suggest that monogamy is an important
risk mitigation tool for women to avoid STIs, possibly because of women’s limited con-
trol over condom use.
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I. Introduction

Choices regarding sexual behavior and contraceptive use can mitigate the risks of ac-

quiring a sexually transmitted infection (STI) and becoming pregnant. A key feature of

these choices is that risk mitigation strategies entail trade-offs. While some choices, such

as abstinence, reduce both STI and pregnancy risk, others decrease one risk but increase or

leave the other unchanged. For example, condoms and monogamy both reduce STI risk, but

can potentially increase the likelihood of pregnancy. This is especially true if condoms are

used to substitute for more reliable forms of contraception, such as oral contraceptives, or if

women with only one sexual partner have condomless sex more frequently.

I estimate the effect of increases in STI risk and resulting STI avoidance behaviors on

birth rates. Because of the trade-offs between STI and pregnancy prevention strategies, the

effects of increases in STI risk are theoretically ambiguous. I empirically examine the effect of

STI avoidance on birth rates by exploiting variation in the spread of AIDS across U.S. cities

in the 1980s and 1990s. The AIDS epidemic created a large and plausibly exogenous increase

in the cost of contracting an STI. During this period, the spread of AIDS was largely driven

by male same-sex contact and the average time between HIV infection and AIDS diagnosis

was 10 years. Thus, within a city, the timing of AIDS arrival and the extent of the epidemic

was unrelated to women’s sexual behavior.

I find that local AIDS incidence has a positive and statistically significant effect on both

birth rates and abortion rates. I estimate that the birth rate increased by 0.64 percent due

to AIDS avoidance behavior, for a total of 221,821 additional births between 1981 and 1996.

I show that the increase in births is not due to a broader cultural shock associated with

the AIDS epidemic, nor is it due to increases in “risky” sexual behavior. Women adjust

their behavior in response to their specific risk of infection, as measured by local AIDS

incidence among those with only opposite sex partners. Further, there is no corresponding

increase in gonorrhea incidence. Women adopted behaviors that decreased their likelihood

of contracting AIDS and other STIs, but at the expense of heightened pregnancy likelihood.
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I provide evidence that the increase in births is due to women entering monogamous

partnerships to avoid AIDS. Using birth certificate information, I find that the overall in-

crease in births is due to an increase in births to white, married and cohabiting women. This

suggests that the overall increase in births is driven by women choosing to have only one

sexual partner to protect themselves from AIDS. This mechanism is consistent with survey

data showing that 16 percent of unmarried women decided to stop having sex with more

than one man to avoid AIDS, and that this was the most commonly used AIDS avoidance

strategy (Mosher and Pratt 1993).

Previous studies have shown that people adjusted their behavior in response to the AIDS

epidemic and that these behavioral adjustments differed across men and women. In the

United States, Francis (2008) shows that those who had a relative with AIDS adjusted their

choice of sexual partners to lower their risk of infection: Men shifted to opposite-sex partners

and women shifted to same-sex partners. Ahituv, Hotz, and Philipson (1996) show that men

adopted condoms in response to local AIDS prevalence, but did not find a similar effect

among women. This is consistent with my findings that women primarily used monogamy,

not condoms, to protect themselves from AIDS. Similarly, in Brazil, Hakak and Pereda (2021)

show that the AIDS epidemic increased women’s marriage market value and increased the

marriage rate.

I show that these behavioral changes had a spillover effects on birth rates. This is

the first paper to examine the effect of increased STI risk on birth rates in an developed

country. There are multiple studies examining the effects of the AIDS epidemic on fertility

in countries in sub-Saharan Africa, with mixed results (Fortson 2009; Magadi and Agwanda

2010; Kalemli-Ozcan and Turan 2011; Karlsson and Pichler 2015; Duflo, Dupas, and Kremer

2015; Chin and Wilson 2018). Studies in developing countries also document the importance

of bargaining power in women’s ability to protect themselves from STIs. For example,

Gertler, Shah, and Bertozzi (2005) show that sex workers with more bargaining power can

charge a higher premium for condomless sex. Anderson (2018) shows that female HIV rates
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are higher when women have less bargaining power and are less able to negotiate safe sex

practices, such as condom use. Cassidy et al. (2021) also documents the role of women’s

bargaining power in determining condom use.

This paper highlights that decisions about number of partners are an important risk

mitigation strategy for women, particularly given women’s lesser control over condom use.

In further support of this conclusion, I find that there is no effect of local AIDS incidence

on births to Black women. This is consistent with results from Charles and Luoh (2010)

and Johnson and Raphael (2009) showing that the high incarceration rate among Black men

during the 1980s and 1990s decreased the marriage rate and increased AIDS incidence in

Black women. Absent the option to mitigate STI risk via monogamy, women’s ability to

protect themselves from STIs is limited.

Understanding the effects of increases in STI risk is relevant to current trends in public

health. The emergence of sexually transmitted monkeypox cases and the rapid rise of drug-

resistant gonorrhea highlight the rising costs associated with STI risk and the continual

importance of understanding how people respond to these risks (Kupferschmidt 2022, US

DHHS 2017; Bodie et al. 2019). Understanding how people adjust their behaviors in response

to STI risk can inform future public health interventions to combat the spread of disease.

My research provides insights into the unique constraints women face in mitigating STI

risk given the concurrent risk of pregnancy. Decisions about sexual partnerships can be an

important risk mitigation strategy, but at the cost of increased pregnancy likelihood.

II.Women and the AIDS Epidemic in the United States

The first cases of what would come to be known as Acquired Immunodeficiency Syn-

drome (AIDS) were identified in the United States in June of 1981. During the first year of

the epidemic, the Centers for Disease Control and Prevention (CDC) tracked cases of rare

pneumonia, cancer, and other opportunistic infections that occurred predominately in young

men with same-sex partners in California and New York (Shilts 2007). By July of 1982, the
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CDC had confirmed cases in hemophiliacs, intravenous (IV) drug users, and infants with the

disease. Shortly thereafter, there were at least two documented cases of women who were

exposed to the disease via opposite-sex contact (Heywood and Curran 1988).

AIDS is the result of advanced infection with human immunodeficiency virus (HIV),

which is found in semen, blood, vaginal and anal fluids, and breast milk. The virus can

be transmitted via sexual contact or shared needles, and from mother to child during preg-

nancy, childbirth, and breastfeeding (US DHHS 2020). Despite early misconceptions among

the general public that AIDS was confined to men who have sex with men, scientists had

identified the exposure categories and risk factors for AIDS infection as early as 1983 and

were concerned that AIDS would spread quickly via opposite-sex contact. Indeed, the early

concern that AIDS would reach epidemic levels in ostensibly low-risk groups influenced pub-

lic health efforts and knowledge of the disease. Early responses to AIDS emphasized the

idea of “universal vulnerability,” or that everyone is at risk of contracting AIDS (De Cock,

Jaffe, and Curran 2011). Public health departments produced posters targeted at women

that focused on both the risk of AIDS and pregnancy with messages such as, “My boyfriend

gave me AIDS. I was only worried about getting pregnant,” and “A man who shoots up can

be very giving. He can give you and your baby AIDS” (US NIH 1987, 1989).

Evidence suggests that public health fears of AIDS spreading rapidly via opposite-sex

contact influenced knowledge and behavior regarding AIDS. In 1987, The New York Times

ran an article describing fears of AIDS infection among women. At one clinic in New York,

over 40 percent of those requesting HIV tests were women considered low risk (i.e., no history

of drug use, sex with drug users, or sex with men who have sex with men), none of whom

were found to have AIDS (Sullivan 1987). I provide empirical evidence (in Section 4 and

Table 1) that the risk of AIDS was salient to women. Women who lived in areas with higher

AIDS incidence were more likely to report that they were at high risk of contracting AIDS.

Local AIDS incidence also affected women’s opinions about how to avoid infection. The

salience of AIDS risk is consistent with survey data showing that more than 1 in 5 women
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changed their behavior to avoid AIDS (Mosher and Pratt 1993).

Further contributing to fear of AIDS was the volatile nature of the disease’s spread across

the United States (Mann 1992). The sudden and unstable spread of AIDS led to a large

number of epidemiological studies seeking to track and predict the prevalence of the disease

(Taylor 1989; Lam, Fan, and Liu 1996; Steinberg and Fleming 2000). The epidemiology

literature identifies the following pattern: Initially, AIDS spread from city to city, with cases

concentrated among men with same-sex partners and IV drug users. As AIDS became more

prevalent in a city, it began to spread outward from urban areas. The unpredictable nature

of the epidemic was in part due to the lengthy incubation period between HIV infection

and the presentation of AIDS symptoms. In the 1980s and early 1990s, the average time

between infection with HIV and an AIDS diagnosis was 10 years (Osmond 1998). As a result,

outbreaks in cities were not being driven by current behaviors, but behaviors from as much

as 10 years prior.

The AIDS epidemic is ideal for studying the relationship between STI risk and birth

rates for two reasons. First, by focusing on cities, I can exploit the spread of AIDS, which

was plausibly exogenous with respect to birth rates; As noted above, AIDS spread from city

to city via same-sex male contact that had occurred years prior. Second, the emergence

of AIDS created an economically large increase in the cost of contracting an STI.1 Results

from the 1990 National Survey of Family Growth (NSFG) show that 22 percent of women

reported changing their sexual behavior or using condoms to avoid AIDS (Mosher and Pratt

1993). Given that a substantial share of women changed their behavior, it is reasonable to

expect that birth rates were affected by the AIDS epidemic.

1. As of January 1991, over half of AIDS patients died within two years of diagnosis (CDC 1991). Though
incidence of AIDS was lower in women than men, women are much more likely than men to contract HIV
from an opposite sex partner (Nicolosi et al. 1994). Further, the high case-fatality rate suggests that the
expected cost of contracting HIV is very high even if the probability of infection is low.
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III. Expected Effect of AIDS Risk on Births

It is unclear how women would respond to an increase in AIDS risk given the concurrent

risk of pregnancy. Condoms are the only method of contraception that can protect from

AIDS transmission, but are not very effective in preventing pregnancy.2 Condoms have a

typical use failure rate of 18 percent, meaning that 18 out of 100 women will become pregnant

within the first year of using condoms as their primary contraceptive method. Prescription

contraceptive methods such as the oral contraceptive pill are more effective in preventing

pregnancy: The Pill has a typical use failure rate of 9 percent (Trussell 2004). If many

women mitigated the risk of AIDS by switching from the Pill to condoms, then the birth

rate in the population would increase. If women switched from not using contraceptives

to using condoms, or adopted condoms in addition to their current method, the birth rate

would decrease.3

It is also possible that women responded to AIDS risk by adjusting their sexual behavior.

At the extensive margin, women can choose to abstain from any sexual activity. At the

intensive margin, they can limit their number of sexual partners or choose lower-risk male

partners (i.e., those who do not use IV drugs and do not have concurrent partners). In

this case the birth rate would likely increase, since there is less incentive to use consistent

contraception with a low-risk or monogamous partner and the frequency of sexual activity

may increase with one partner. Furthermore, women may be more likely to continue a

pregnancy with a low-risk partner or a sole, committed partner. However, the birth rate

would decrease if women switch from male partners to female partners. Francis (2008) shows

that women who had a relative with AIDS shifted from opposite-sex partners to same-sex

partners to lower risk of infection.4

2. In recent years, pre-exposure prophylaxis (PrEP) has offered another method of protection from HIV
transmission. However, in the 1980s and early 1990s condoms were the only technological option (McManus
et al. 2020).

3. Appendix Figure A1 summarizes the possible effects of these contraception changes on pregnancy
likelihood.

4. Appendix Figure A2 summarizes the possible effects of these behavioral changes on pregnancy likeli-
hood.
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We expect that there are heterogeneous responses to the AIDS epidemic in the population:

Women have different preferences over pregnancy, sexual behavior, and contraception. Using

data on birth rates and AIDS risk at the city level, it is only possible to determine the average

effect of AIDS risk on birth rates. The average effect depends on both which risk mitigation

strategy is most prevalent in the population and how much each strategy affects pregnancy

and birth probabilities. For example, 5 percent of women choosing to abstain from sexual

activity would have a much larger effect on birth rates than 5 percent of women choosing to

add condoms to their current method of contraception.

An ideal data set for this analysis would include the sexual behavior and contraceptive

choices of individual women over time. Unfortunately, such a data set does not exist for

this time period.5 However, we can still gain important insights by estimating the average

effect. For example, a positive average effect indicates that some women are switching to

condoms or limiting the number of sexual partners. A negative average effect indicates that

some women are abstaining, adopting condoms in addition to other contraceptive methods,

or shifting to same-sex partners. Additional analyses and survey data can then be used to

assess possible mechanisms.

IV.AIDS Incidence as a Proxy for Perception of Risk

I estimate the theorized relationship between birth rates and AIDS risk using data from

the CDC. The AIDS Public Information Data Set (APIDS) contains information on the

timing of AIDS diagnosis and demographics of the patient (US DHHS 2005). All data are

aggregated within Metropolitan Statistical Areas (MSAs) and are available to the public for

MSAs with more than 500,000 people.

Since an individual’s risk of contracting AIDS is unobservable, I use AIDS incidence in the

5. The NLSY79 would not work for this analysis for several reasons: (1) it lacks information on number
of sexual partners, (2) responses to questions about sex and contraception are subject to substantial refusals
and reporting bias, and (3) the sample size of women who consistently respond to sexual behavior questions
is very small. The NSFG would also not work because key questions about sexual behavior, such as number
of partners, were not included until 1988 so there is no pre-treatment data to serve as a comparison group.
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MSA of residence as a proxy for perception of AIDS risk in the population. AIDS incidence

is defined as the number of new AIDS diagnoses in people aged 20-44 per year per 100,000

people of the same age group. By using AIDS incidence as a proxy for perception of risk, I

capture both increases in perceived risk due to higher underlying disease incidence as well as

increases in perceived risk due to greater awareness and testing rates. For example, Cardazzi,

Martin, and Rodriguez (2021) show that Magic Johnson’s November 1991 announcement

that he contracted HIV resulted in 800 new AIDS diagnoses in men due to increases in

testing. Though underlying disease incidence is unchanged in this case, the higher AIDS

incidence still reflects an increase in awareness and perception of risk that could affect future

behavior, yet remains unrelated to women’s past sexual behavior.

To demonstrate that AIDS incidence is a reasonable proxy for AIDS risk, I use regional

data from National Health Interview Surveys that asked respondents to rate their chances

of getting AIDS (US DHHS 1997). I regress respondents’ perceived risk of getting AIDS on

regional AIDS incidence. Results are presented in Table 1.

I find that AIDS incidence has a positive and statistically significant effect on the prob-

ability that unmarried women rate their own chance of contracting AIDS as high. I find no

effect of AIDS incidence on unmarried men’s perceptions. Consistent with the aforemen-

tioned anecdotal evidence from The New York Times, these results suggest that women may

have been uniquely risk averse to AIDS, despite the higher incidence of AIDS among men.

Table 1 further shows that AIDS incidence not only affected unmarried women’s perception

of risk, but also their perception of AIDS avoidance strategies. Living in a region with a

higher AIDS incidence increased the likelihood that unmarried women reported monogamy or

condom use as a very effective strategy in preventing the transmission of AIDS. Also notable

is that both men and women, on average, view monogamy as more effective than condoms

in preventing AIDS transmission. 71.6 percent of unmarried women reported monogamy

as very effective, compared to 36.5 percent reporting condoms as very effective. However,

relative to women, men are more optimistic about both options. 75 percent and 41.2 percent
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of men reported monogamy and condoms, respectively, as very effective.

Using APIDS data, I create a panel of AIDS incidence among women aged 20-44 in the

previous year across 102 MSAs from 1981 to 1996.6 AIDS incidence in women is defined as

new AIDS diagnoses in women aged 20-44 per 100,000 women aged 20-44 in the population.

I merge this data with birth records obtained from the CDC’s restricted-access Natality

Detail file (US DHHS, 2002). I aggregate data by MSA-year to create a panel of birth rates

from 1981 to 1996. Due to the very low incidence of AIDS in adolescent women during this

period, I limit my sample to the population of adult women aged 20-44.7

V.Empirical Approach

The primary results presented in this paper come from the following fixed effects speci-

fication:

ym,t = β0 + β1Zm,t−1 + αXm,t + γm + δt + ϵm,t, (1)

where ym,t is the birth rate in MSA m in year t, Zm,t−1 is AIDS incidence in the prior year in

each MSA, Xm,t is a set of controls described below, and γm and δt are MSA and year fixed

effects, respectively. β1 is the coefficient of interest. In order to interpret β1 as the causal

effect of AIDS risk on birth rates, it must be that AIDS risk is independent of the error term

conditional on controls and MSA and year fixed effects. In this setting, the key identifying

assumption for interpreting β1 as the causal effect of AIDS risk on birth rates is that current

behaviors are not predictive of AIDS incidence due to the 10 year average incubation period

between HIV infection and AIDS diagnosis. I evaluate this assumption in subsection 6C.

Despite the 10 year incubation period and the inclusion of fixed effects, we might be

concerned that there is some omitted factor that varies within MSAs over time and affects

6. APIDS data are available through 2002. I stop my panel at 1996 prior to the nationwide introduction of
Highly Active Antiretroviral Therapy (HAART), the first effective treatment for HIV. With the introduction
of HAART, it is no longer plausible that AIDS incidence is exogenous with respect to birth rates. Access
to HAART may be highly correlated with access to healthcare and especially reproductive healthcare. I use
previous year’s AIDS incidence to account for risk at time of conception.

7. Descriptive statistics for the panel are presented in Appendix Table A1
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both birth rates and AIDS incidence. For example, the crack cocaine epidemic of the 1980s

and 1990s may have resulted in risky behaviors that increased both AIDS risk and birth

rates. I address these concerns by including the following sets of controls in Xm,t. All

regressions control for the share of the female population in an MSA-year that is Black and

the share that is neither Black nor white.8 I define a set of additional controls that include

prior year demographic characteristics and state policy changes that likely affect birth rates.

These include state-level data on the unemployment rate (US BLS 2022), the incarceration

rate among men and women (US BJS 2020), the maximum welfare benefit for a family

of four (Moffitt, Phelan, and Winkler 2020), and whether the state Medicaid plan covers

abortion (Myers and Ladd 2020).9 At the MSA-level, I control for the poverty rate (US

Census 2010) and the share of the population with a high school degree and a college degree

(USDA 2022). I also control for the crack cocaine epidemic using a crack index developed by

Fryer et al. (2005).10 Finally, I compare results from an unweighted and population-weighted

version of equation (1). Differing coefficients between an unweighted and a weighted version

could be evidence of model misspecification or heterogeneous effects across location (Solon,

Haider, and Wooldridge 2015).

Though I control for a wide range of time-varying controls, we might still be concerned

that heterogeneity in the effects of AIDS over time are biasing estimates. Specifically, recent

advancements in the econometric literature highlight problems with the two-way fixed effects

approach used in this paper. In the presence of heterogeneous treatment effects, the two-way

fixed effects estimator is a weighted sum of all average treatment effects across groups and

time (Goodman-Bacon 2021; De Chaisemartin and d’Haultfoeuille 2020). Results may be

biased if heavily weighted by later-treated units that are compared to earlier-treated units.

8. Prior to 1989, SEER population data and NCHS natality data are only available by three race groups:
white, Black, and other.

9. Given that many control variables are observed at the state-level and some MSAs in my sample cross
state boundaries, I also show in Appendix Table A4 that results are robust to limiting the sample to MSAs
contained within a single state.
10. The index is calculated at the city level and proxies the spatial and temporal patterns in the crack

epidemic using a variety of measures that include arrests, emergency room visits, overdose deaths, and news
coverage. Further information on control variables is available in Appendix B.
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However, there are no estimators currently available to address these concerns in the case of a

continuous treatment such as AIDS incidence.11 Given this limitation, I use three alternative

approaches to indirectly address concerns about the two-way fixed effects approach.

First, I address the concern of heterogeneity over time by allowing the estimated effect

of AIDS risk to vary by year. Though there is no clear “later-treated” group in the case of

a continuous treatment, to the extent that later-treated groups could bias results, we might

be concerned if the overall estimate is driven by the later years of the AIDS epidemic. Such

a finding would also raise concerns about omitted variable bias given the large number of

policy changes in the mid-1990s that could affect AIDS incidence and birth rates, such as

welfare reform, Medicaid family planning waivers, changes to abortion restrictions following

Planned Parenthood v. Casey, additional funding for AIDS prevention from the Ryan White

CARE Act, and the possible early roll-out of HAART in some markets.12 However, because

AIDS incidence is increasing over time, heterogeneous time effects could also be attributable

to non-linearity in the effects of AIDS incidence on births. As such, I also test the robustness

of results to the inclusion of a quadratic term in AIDS incidence and a Poisson specification.

Second, I attempt to directly control for differences over time by including an MSA-

specific linear time trend, with the sample expanded to begin in 1970. Finally, I discretize

AIDS incidence in order to test the robustness of results to recent advances in the difference-

in-differences econometric literature. I create two thresholds: the first year that female

AIDS incidence in an MSA reaches 1 case per 100,000 women and 2 cases per 100,000.13

11. Specifically, there are no estimators available for the case of a continuous, non-staggered treatment
with dynamic effects and without stayers (De Chaisemartin and d’Haultfoeuille 2022). AIDS incidence is
non-staggered as it can increase or decrease over time and changes value in every year within MSAs, also
indicating there are no stayers. The effect is likely dynamic given the results from an event study specification
shown in Figure 3 and given the serial correlation in AIDS incidence due to disease contagion.
12. Zavodny and Bitler (2010) find that Medicaid expansions for pregnant women in the 1980s and 1990s

had no effect on birth rates. Dillender (2021) finds that funding from the Ryan White CARES Act beginning
in 1991 decreased the number of deaths due to HIV/AIDS. Myers and Ladd (2020) shows that abortion
restrictions such as parental involvement laws did not affect birth rates until after Planned Parenthood v.
Casey in 1992.
13. These thresholds are arbitrary as it is not obvious that there is an optimal way to discretize AIDS inci-

dence. However, Appendix Figure A4 shows that these two thresholds produce a roughly normal distribution
of treatment years in the sample.
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Using these thresholds, I analyze the corresponding difference-in-differences regression using

a Goodman-Bacon (2021) decomposition. I also use these thresholds to analyze the effects

of AIDS risk with an event study design.

Additional robustness tests exploit characteristics specific to the setting of the AIDS

epidemic. I show that the relationship between AIDS risk and birth rates is driven by AIDS

diagnoses in women and heterosexual men, and that birth rates are unaffected by AIDS

diagnoses in homosexual and bisexual men. I analyze the effect of AIDS risk on abortion

rates to show that changes in birth rates are not driven by changes in abortion likelihood. I

also analyze the effect of AIDS risk on gonorrhea incidence to show that estimates are not

driven by unobserved sexual behavior. Finally, I exploit the 10-year average latency period

between HIV infection and AIDS diagnosis to test for a spurious relationship.

VI.Results

A.Effect of AIDS Risk on Birth Rates

Empirical results for equation (1) are presented in Table 2, columns (1) through (3). For

this specification and all subsequent regressions, I estimate robust standard errors that are

clustered at the MSA level. I find that AIDS incidence in women in the previous year has a

positive and statistically significant effect on birth rates across all three specifications. I find

that estimates are similar in magnitude but more conservative when weighting by female

population. When including the full set of controls, I estimate that every additional AIDS

diagnosis in women 20-44 per 100,000 women led to an increase in births of 0.0393 per 1,000

women.

To interpret the magnitude of this result, I predict the counterfactual birth rate had

AIDS incidence been zero in every year. I use the fully estimated regression model from

equation (1), corresponding to the most conservative estimate (column (3) in Table 2), and

find the difference between actual birth rates and a linear prediction with AIDS incidence

set to zero. I find that the birth rate was 0.64 percent higher than the predicted birth rate
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in the absence of AIDS. I estimate a cumulative effect of 221,821 additional births between

1981 and 1996.

I next evaluate whether estimates are biased due to concerns about heterogeneity over

time in the two-way fixed effects specification. When allowing the estimated effect of AIDS

to vary by year, I find that the main results likely underestimate the effect of AIDS risk

on birth rates. Figure 1 shows the estimated coefficients from regressing birth rates on

AIDS incidence interacted with year dummies, including the full set of controls described in

Section 5. The effect of AIDS risk is largest and most significant between 1986 and 1992,

with the effect attenuating over time.14 However, though the effect of each additional AIDS

case on births decreases over time, it could still be that the net effect of AIDS on births is

increasing due to rising AIDS incidence. This could be because the marginal effect of one

more AIDS case is small when behavior has already changed substantially in response to

AIDS. To evaluate this possibility, I first add a quadratic term in AIDS incidence to my

main specification. Results are presented in Table 2, panel B. Though the quadratic term

is negative, the net effect on birth rates remains positive at all observed values of AIDS

incidence. The marginal effect of one more AIDS case is negative for only one percent of the

sample.15 Second, I repeat the same counterfactual prediction exercise as above for both the

linear-by-year specification and the quadratic specification. The results of this exercise are

shown in Figure 2.

The downward bias created by later years cannot solely be attributed to a mechanical

effect of rising AIDS incidence. When using the linear-by-year specification, Figure 2 shows

that the net effect of AIDS incidence begins to level off in 1989, despite the fact that AIDS

incidence in women continues increasing through the early 1990s. This trend closely mirrors

14. Estimates are large and imprecise between 1982 and 1985. See regression coefficients in Appendix Table
A2. It could be that there was more heterogeneity in behavioral response to AIDS early on in the epidemic
when people were still learning about the disease. This would be consistent with low media coverage of
AIDS prior to 1985 (see Appendix Figure A3) and misperceptions about the disease in the early years of the
epidemic.
15. I also find that results are robust to using a Poisson specification to allow for a nonlinear relationship

between AIDS incidence and birth rates. Results are shown in Appendix Table A4.
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that of national news media coverage of the AIDS epidemic: Appendix Figure A3 shows

that national broadcast news coverage of both the AIDS epidemic and the risk of AIDS to

women peaked in 1987 and declined steadily beginning in 1992. Similarly, I find that effects

are not driven by MSA-year observations occurring later in the sample with very high AIDS

in women. Figure 2 shows that adding a quadratic term in AIDS incidence increases the

predicted net effect of AIDS on births. These findings suggest that the main estimates are

a lower bound of the true effect. While I predict a cumulative effect of 221,821 additional

births with my main specification, I predict 426,967 additional births in the linear-by-year

specification and 540,289 additional births in the quadratic specification.

I use two additional approaches to address the two-way fixed effects concerns. First,

I attempt to directly control for differences over time by including an MSA-specific linear

time trend, with the sample expanded to cover 1970-1996. Results are presented in Appendix

Table A3. Results are robust to the time trend inclusion, provided the year 1996 is excluded

from the sample. This is consistent with the heterogeneous time effects shown in Figure

1, and with policy changes in 1996, such as welfare reform, creating a downward bias on

estimates. Second, I discretize AIDS incidence into two thresholds, the first year that female

AIDS incidence in an MSA reaches 1 case and 2 cases per 100,000 women, respectively,

and analyze the corresponding difference-in-differences regression using a Goodman-Bacon

decomposition. Results are shown Figure 3, Panel A. I find that the positive and statistically

significant effect of AIDS arrival and spread on birth rates is attributable to earlier treated

groups being compared to not yet treated groups. Once again, this further shows that

any concerns regarding the comparison between later treated and already treated groups is

leading to an underestimate of the true effect. Finally, I also use these thresholds to analyze

the effects of AIDS risk with an event study design. I find that the specific year in which

AIDS incidence reaches a given threshold is unrelated to pre-trends in birth rates, with

statistically significant, increasing effects on birth rates in post-treatment years as AIDS

continues to spread.
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To the extent we are concerned that later treated units are biasing results, these finding

suggests that the inclusion of later treated units is downward biasing results. The downward

bias created by later years in the sample also addresses any concerns that health policy

changes in the later years of the sample are confounding results. To the extent that the

Ryan White CARE Act, HAART roll out or welfare, Medicaid, and reproductive health

policy changes in the mid-1990s are affecting birth rates, it is unlikely that these changes

are driving the estimated effects of AIDS incidence on birth rates. Finally, these results

also demonstrate that any bias created by heterogeneous treatment effects in levels of AIDS

incidence is also downward biasing results, such that the main estimates are likely a lower

bound of the true effect.

While these tests have shown the econometric robustness of results, I now turn to a more

intuitive discussion of threats to identification. I evaluate and reject alternative hypotheses

that could explain the positive relationship between AIDS risk and birth rates.

B.The AIDS Epidemic as a Cultural Shock

Despite the inclusion of fixed effects and controls, we might still be concerned that un-

observable changes within MSAs are violating the identifying assumption by shifting both

AIDS risk and birth rates. Specifically, we might be worried that the AIDS epidemic as a

whole affected cultural attitudes (Fortin 2015; Mansour and Reeves 2022). If this were the

case, we would expect to find a positive relationship between between birth rates and AIDS

incidence in men with same-sex partners, given that the majority of AIDS cases were among

this group. In contrast, if women are adjusting their sexual behavior in response to their

true risk of infection, we would expect most of the effect to come from incidence of diagnoses

in women or heterosexual men.16 To test this alternative hypothesis, I analyze the effect of

16. Analyzing data separately by sexual orientation is also important due to differential trends across these
groups. As the APIDS manual notes, “Because men who have sex with men comprise such a large proportion
of the total number of AIDS cases, trends in this subgroup will overshadow those in other groups unless
the data are examined separately. Analysis of data, without regard to specific subgroups, may conceal
information or lead to misinterpretation of the data.”
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AIDS incidence among people of different sexual orientations on birth rates.17

Results are presented in Table 3. I find that AIDS diagnoses in both women and hetero-

sexual men result in an increase in births. In comparison, I find there is no effect of AIDS

diagnoses in homosexual and bisexual men on births. Thus, instead of adjusting behavior in

response to the AIDS epidemic as a whole, women are adjusting their behavior in response

to their specific risk of infection, as proxied by the incidence of AIDS in potential sexual

partners in their area.

Another concern related to the idea of the AIDS epidemic as a cultural shock is that

the birth rate could be increasing because the abortion rate is decreasing. In other words,

holding the rate of pregnancy fixed, AIDS risk results in fewer women choosing to terminate

unintended pregnancies. This could be true if, as argued by Fortin (2015), the AIDS epidemic

as a cultural shock led women to hold more conservative values towards marriage and family.

To test this hypothesis, I use data from the Guttmacher Institute on the number of abortions

by state each year per 1,000 women aged 15-44 (Jones and Kooistra 2011).18

Results showing the effect of AIDS risk on abortion rates are presented in Table 4, Panel

A. I find that AIDS risk has a positive and statistically significant effect on abortion rates.19

This result rejects the alternative hypothesis that birth rates are increasing because abortion

rates are decreasing. In contrast, I find that the overall increase in pregnancies is larger than

the increase in births. I estimate that there were 0.0694 additional pregnancies per 1,000

women in response to each additional AIDS case, and approximately 43 percent of these

pregnancies resulted in abortion.20 This share is on par with recent literature estimating

17. I use categories of sex and sexual orientation as provided in the APIDS data: women, heterosexual
men, bisexual men, and homosexual men
18. Abortion rates are calculated by state of occurrence. MSA-level data on abortions and annual data on

abortions by age group are unavailable. I use state-level abortion rates for women 15-44. Data on abortion
rates are only available for 10 years between 1981 and 1996.
19. Results are robust to a Poisson specification and limiting the sample to MSAs contained within a single

state, as shown in Appendix Table A4.
20. Using the estimated coefficients from Table 2, column (3) and Table 4, column (3): 0.0393 + 0.0310 =

0.0694. 0.0301/0.0694 = 0.434. Using the same counterfactual prediction exercise as above, I also estimate
that the abortion rate increased by 1.57 percent in the 10 observed years between 1981 and 1996, for a
total of 169,732 additional abortions. Combining this result with my counterfactual prediction of 221,821
additional births, I predict 319,553 additional pregnancies due to AIDS avoidance behaviors. Note that this
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that 42 percent of unintended pregnancies result in abortion (Finer and Zolna 2016). The

positive effect of AIDS risk on abortion rates also indicates that at least some of the additional

pregnancies that result from AIDS avoidance behaviors are unintended pregnancies.

C.Confounding Differences in Sexual Behavior

Another alternative hypothesis argues that women are engaging in more condomless sex,

which increases both AIDS incidence and birth rates. If the increase in AIDS incidence and

birth rates are both driven by an increase in condomless sex, then the incidence of other STIs

would also increase. I analyze the effect of AIDS incidence on other STIs using state-level

data on gonorrhea incidence from 1984 to 1996. These data are publicly available via the

CDC (US DHHS 2015).21 Results are presented in Table 4, Panel B. I find no evidence

that gonorrhea incidence increases in response to AIDS incidence. Across all specifications,

AIDS risk has a negative though statistically insignificant effect on gonorrhea incidence.

This result contradicts the hypothesis that higher births and AIDS incidence are both due

to unobserved increases in condomless sex among women. If births and AIDS are increasing

due to increases in risky sexual activity, we would also expect gonorrhea to increase. In

contrast, results are suggestive of a decrease in gonorrhea in women.

As a final robustness check, I exploit the incubation period of HIV infection. In the

1980s and 1990s, the average time between infection with HIV and an AIDS diagnosis was

10 years (Osmond 1998). Thus, AIDS incidence in a given year is not driven by current sexual

behaviors but by sexual behaviors from 10 years prior. However, we might be concerned that

sexual behaviors 10 years prior are highly correlated with current sexual behaviors within

MSAs, driving both the increase in AIDS incidence and the increase in birth rates. To reject

this alternative explanation, I first show that AIDS in women 10 years in the future is not

prediction is an underestimate of the true effect, given the 6 years of missing abortion data.
21. Unfortunately, MSA-level gonorrhea data are only available after 1995. Data on syphilis are also

available at the state level during the time period. I use gonorrhea as a measure of other STIs because it
is much more common than syphilis and less concentrated geographically (Chesson, Harrison, and Kassler
2000) Chlamydia data is also publicly available via the CDC. However, chlamydia diagnoses were not required
to be reported to the CDC until 1988 (Worboys 2019).
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predictive of birth rates from 1971 to 1986 (Table 5, column 1). Second, I show that birth

rates 10 years prior are actually negatively correlated with birth rates from 1981 to 1996

(Table 5, column 2). In combination, these two results suggest that the positive effect of

AIDS risk on birth rates found in the main analysis is not driven by unobservable differences

in levels of sexual activity among women.

Finally, I add a variable for birth rates 10 years prior to my main regression specification

shown in equation (1). This inclusion captures the characteristics of sexual behaviors at

the time of HIV infection. To the extent that sexual behavior 10 years prior is correlated

with current sexual behavior, controlling for prior birth rates removes the unobservable

relationship between sexual behavior, AIDS, and births. Results are presented in Table 5,

column (3). I find that AIDS risk has a positive and statistically significant effect on current

birth rates, even when controlling for birth rates 10 years prior.

The analyses presented in this section argue that there is a causal effect of AIDS risk on

birth rates. The AIDS epidemic led women to adjust their behavior to mitigate the risk of

AIDS exposure. My results show that an unintended consequence of these AIDS avoidance

behaviors was an increase in birth rates and abortion rates, with no corresponding increase

in gonorrhea incidence.

VII.Underlying Mechanisms

What types of behavior changes could decrease the likelihood of AIDS infection but in-

crease the likelihood of pregnancy and birth? One possibility is that women adopt condoms

in favor of more effective contraceptives such as the Pill. Switching from effective contra-

ception to condoms would decrease infection likelihood but increase pregnancy likelihood.

Another possibility is that women respond to AIDS risk by limiting the number of sexual

partners or choosing less risky, male partners (i.e., based on drug use, number of other part-

ners). The likelihood of a birth may increase in this case if women with only one partner

have sex more frequently, are less likely to use contraception, or are more likely to continue a
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pregnancy. Both mechanisms are consistent with the decrease in gonorrhea incidence: More

condom use or fewer sexual partners would both limit the spread of STI.

To evaluate which mechanism is driving results, I make use of information from birth

certificate records on mother’s marital status and father’s age. If the increase in births is

primarily due to women opting into monogamous partnership, we might expect an increase

in births to married women (either because of marriage following an unintended pregnancy,

or because of women endogenously selecting into both marriage and childbearing in response

to AIDS risk). If the increase in births is primarily due to women switching to condoms,

we might expect an increase in births to single women. However, in evaluating potential

mechanisms, it is necessary to distinguish between unmarried women who are single (i.e.,

without a long-term partner) and those who are unmarried but could still be using monogamy

to avoid AIDS. The latter group is more appropriately grouped with married women in

evaluating these mechanisms.

Assume that the father’s information is more likely to be recorded on a birth record if

he was the mother’s only partner. Following this assumption, I split the sample into two

groups. Partnered are those who are married as well as those who are unmarried but the

birth record includes the father’s age. Single women are those who are unmarried and the

birth record is missing information on the father’s age. Results showing the effect of AIDS

by the mother’s partnership status are presented in Table 6. I further disaggregate the data

by race to evaluate the possibility of heterogeneity in AIDS avoidance behavior across the

population.

Among partnered white women, I estimate a positive and statistically significant effect

of 0.0397. This magnitude is similar to the main results presented in Table 2 and is driving

the overall estimate, given that women in this group represent 73.8 percent of birth records.

There is also evidence of an increase in births to partnered Black women, though the effect

is small and insignificant, and a large increase in births to partnered women who are neither

Black nor white. I interpret the increase in births to partnered women as evidence that a
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large share of women are responding to the risk of AIDS by having only one sexual partner.

A similar pattern has been found in Brazil, where Hakak and Pereda (2021) show that

women used marriage as a strategy to avoid AIDS between 1984 and 1991. Survey data

further confirms that women limited the number of sexual partners in response to AIDS

risk. According to the 1988 National Survey of Family Growth (NSFG), 5.3 percent of

married women and 37.5 percent of unmarried women reported changing their behavior

to avoid AIDS. Furthermore, 16 percent of sexually active, unmarried women specifically

reported they “stopped having sex with more than one man” to avoid AIDS. Ceasing to

have multiple partners was the most common way women reported adjusting their behavior

to avoid AIDS (Mosher and Pratt 1993).

I find evidence of heterogeneous effects in single women. Among single white women, I

find an increase in birth rates. This could be evidence of single white women switching to

condoms. However, this effect is unlikely to explain the overall increase in births given the

smaller magnitude of the estimated effect (0.0198), the small share of births to single white

women, and the fact that this positive effect is fully offset by a negative effect on births to

single Black women. Though insignificant, among single Black women I estimate an effect

of -0.0261.

The insignificant effects among Black women could be due to fewer men available for

partnership given high incarceration rates of Black men. This would be consistent with

the findings of Charles and Luoh (2010) showing that high incarceration rates among men

decrease the likelihood of marriage. Similarly, Johnson and Raphael (2009) show that the

high incarceration rate among Black men explained the majority of the disparity in AIDS

incidence across Black and white women between 1982 and 1996. In combination with the

findings of this paper, these results suggest that women primarily avoided AIDS by entering

monogamous partnerships. However, in the absence of this option, women’s ability to avoid

AIDS was limited. This is evidenced by the results of Johnson and Raphael and the lack of a

significant effect on birth rates for Black women as shown in Table 6. If Black women could
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effectively avoid AIDS using the other avoidance options described in Section 3, we would

expect a negative effect on birth rates and smaller effect of male incarceration on AIDS in

women. Instead, these results point to the relative importance of partnership decisions in

women’s choice set. While decisions about condoms and other contraceptive options could

also be used to mitigate the combined risk of STI and pregnancy, these options could be less

effective or inaccessible. For example, lower bargaining power can limit women’s ability to

convince a male partner to use a condom (Anderson 2018; Cassidy et al. 2021). Financial

constraints and legal restrictions could limit access to effective contraceptives and abortion

(Kearney and Levine 2009; Lindo and Pineda-Torres 2021). In contrast, women may have

more autonomy and fewer constraints over partnership choices.

VIII.Conclusions and Policy Implication

Economic theory predicts that rational individuals will shift to “safer” sexual behaviors

in response to increases in the cost of fertility (Becker and Lewis 1973; Willis 1973) and

increases in the risk of STI (Posner 1993). When responding to STI risk, those safer choices

could increase or decrease birth rates.

I show that the risk of AIDS led to an increase in pregnancy rates and birth rates.

While prior research has shown that individual AIDS avoidance behaviors can affect AIDS

rates in the population, this is the first paper in the US context to relate AIDS avoidance

behaviors and birth rates. My results are consistent with two possible behavioral changes:

Adopting condoms in place of more effective contraception or decreasing the number of

sexual partners. My analysis shows that the latter behavioral change is driving results.

The majority of women who change their behavior opt to have only one sexual partner to

protect from AIDS. I find that women mitigate the risk of AIDS at the expense of higher

pregnancy likelihood. As a result, an unintended consequence of AIDS avoidance behaviors

is an increase in birth rates.

By documenting an increase in birth rates, this paper contributes to the economics lit-
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erature on both the effects of AIDS and STIs and the determinants of fertility. Empirical

studies have validated the importance of economic cost considerations in determining sex-

ual behavior, contraceptive choices, and fertility outcomes (Michael and Willis 1973; Bailey,

Hershbein, and Miller 2012; Bailey, Guldi, and Hershbein 2013; Burke, Gong, and Jones

2015; Myers 2017). Within the STI literature, this work is closest to studies that examine

behavioral changes in response to STI risk, such as Ahituv, Hotz, and Philipson (1996),

Lakdawalla, Sood, and Goldman (2006), Francis (2008), Gertler, Shah, and Bertozzi (2005),

Fortin (2015), Greenwood et al. (2019) and Hakak and Pereda (2021). Similar to this work are

studies that examine the spillovers between fertility and STI risk, for example, Sen (2003),

Klick and Stratmann (2008), Durrance (2013), Mulligan (2016), Buckles and Hungerman

(2018), Mallatt (2019), and Willage (2020). In comparison with this paper, those studies

focus on the reverse relationship by studying the effect of changes in the cost of pregnancy

prevention on STI rates. I find that women adopt STI avoidance behaviors at the cost of

increased pregnancy likelihood, and that as a result, STI risk has a positive effect on birth

rates.

This paper also highlights that decisions about number of sexual partners are an im-

portant risk mitigation strategy for women. Number of partners interacts with both STI

risk and pregnancy risk, and is likely endogenously chosen with contraceptive method and

frequency of sexual activity. However, despite the far-reaching consequences of this decision

on birth rates, abortion rates, and the spread of STIs, women’s number of sexual partners

is relatively understudied in economics.

Further research is needed to understand how partnership choices interact with STI-

pregnancy trade-offs in a modern context. For example, expanded access to long-acting

reversible contraceptives and emergency contraception could have spillover effects on both

partnership decisions and STI incidence. Similarly, continuing restrictions on abortion access

increase the health risks associated with pregnancy. In measuring the effects of these changes

on behavior and health outcomes, the mediating choice of number of partners could lead to
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surprising findings. For example, my research suggests that decreases in the desirability of

pregnancy due to abortion restrictions could also decrease the desirability of monogamous

partnership. If this were the case, decreasing abortion access could lead to less monogamy

and higher incidence of STIs.

The trade-offs between pregnancy prevention and STI protection are of particular impor-

tance for the development of screening guidelines for healthcare providers. Current screening

guidelines promote an emphasis on condoms as “safe sex” that fails to account for women’s

unique burden in avoiding both STI and pregnancy. For example, when health providers

screen patients for risk factors, having only one sexual partner is viewed as an indicator for

low risk of STI (Lee et al. 2016). However, my results suggest that these patients are at

higher risk for unintended pregnancy. Health providers may want to target these patients

for discussions of contraceptive options that are effective in preventing pregnancy with a

high frequency of sexual activity. Similarly, health providers who prescribe highly effective

methods of contraception for a patient may want to emphasize the importance of combining

the method with condoms for continued STI protection. An approach to reproductive health

that takes into account the trade-offs between STI protection and pregnancy prevention is

able to address both of these potential spillover effects.
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