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Abstract

Background: U.S. women who have been incarcerated report high rates of sexual risk behavior and sexually
transmitted infections (STIs).
Materials and Methods: We estimated the effect of incarceration on the time to first incident STI in a
multicenter cohort of U.S. women with or at risk for HIV. We used marginal structural models to compare time
to first self-reported gonorrhea, chlamydia, or trichomonas infection for nonincarcerated women and incar-
cerated women. Covariates included demographic factors, HIV status, sex exchange, drug/alcohol use, and prior
incarceration.
Results: Three thousand hundred twenty-four women contributed a median of 4 at-risk years and experienced
213 first incident STI events. The crude incidence of STIs was 3.7 per 100 person-years for incarcerated women
and 1.9 per 100 person-years for nonincarcerated women. The weighted hazard ratio for incident STIs was 4.05
(95% confidence interval: 1.61–10.19).
Conclusion: Women with or at risk for HIV in the United States who have recently experienced incarceration
may be at increased STI risk.
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Introduction

Women in the United States who have experienced
incarceration bear a disproportionate burden of sexu-

ally transmitted infections (STIs). The rates of gonorrheal,
chlamydial, and trichomonal infections reported among in-
carcerated women (5.7%–9.2%, 11.3%–21.5%, and 14%,
respectively) are approximately double the rates among women
in the general U.S. population.1–7 Gonorrhea and chlamydia
are most common among young women; however, women
ages 35–55 who experience incarceration are diagnosed with
chlamydia and gonorrhea at higher rates than their never-
incarcerated counterparts.1,2,4

Incarceration is a significant risk factor for trichomonas
across age groups, and studies of trichomonas among incar-
cerated women demonstrate clinically significant rates of in-
fection in women older than the age of 35 years.7,8 For women
in this age group, which is generally considered to be at lower
risk of STIs, incarceration may be an important risk factor.

The high prevalence of STIs among incarcerated women
is due, in part, to their preincarceration behaviors, including
high rates of multiple partnerships, sexual partners who are
themselves at high risk of STIs, condomless sex, and sex
exchange.9–14 The majority of women in prisons and jails
used drugs before incarceration, and drug use is associated
with both sex exchange and sex with partners who inject
drugs.15,16 Preincarceration STI risk may be heightened fur-
ther because many women who experience incarceration
have sexual networks with high rates of STIs and have
overlapping sexual and drug-use networks.13,16,17

The experience of incarceration may act as a structural
force across the life course that increases future risk for
STIs, as it disrupts relationships and causes economic hard-
ship that may be associated with a subsequent increase in STI
risk.13 The disruptive effects of incarceration persist among
women who are older than the age of 35 years; we have pre-
viously demonstrated that incarceration is associated with
subsequent increases in the numbers of total and new sexual
partners among a longitudinal cohort of women with median
age of 44.18 Evidence of a significant association between
incarceration and subsequent STIs from cross-sectional
studies has been mixed, not only due to the difficulty of as-
sessing temporal relationships in cross-sectional data, but
also due to the variable omission of drug use and sex ex-
change in analyses.9–11

The objective of this study was to estimate the effect of
incarceration on the combined incidence of self-reported
gonorrhea, chlamydia, and trichomonas among a longitudinal
cohort of women with HIV or at risk for HIV in the United
States, accounting for confounding using marginal structural
models (MSM). We hypothesized that if an episode of in-
carceration increased risk for STIs, the time to STI diagno-
sis following incarceration would be shorter compared with
women who did not experience incarceration.

Materials and Methods

Women’s Interagency HIV Study

The Women’s Interagency HIV Study (WIHS) is a geo-
graphically diverse multicenter cohort study of women with or
at risk for HIV; recruitment, retention, and participant char-

acteristics are described elsewhere.19 Since the initiation of the
cohort in 1993, women aged 25 to 60 years have been recruited
in four waves and then participated in biannual study visits.
Eligibility criteria have been similar across waves. Women
were considered at risk for HIV and eligible if they had at least
one high-risk exposure in the preceding 5 years.

High-risk exposures were defined as an STI diagnosis, sex
without a condom with three or more men, sex with a condom
with six or more men, trading sex, sex with a man with HIV,
injection drug use, use of crack cocaine, cocaine, heroin, or
methamphetamine, or having a partner who had any of these
high-risk exposures. Questions regarding incarceration were
added to the WIHS in October 2007. Women consented to the
use of their data as part of their overall WIHS participation,
and the Institutional Review Board at our institution ap-
proved this secondary data analysis. The STROBE checklist
for this cohort analysis is included as Supplementary Data.

Eligibility

To be considered at-risk for incident STIs in this analysis,
WIHS participants were required to contribute two STI-free
study visits (with no more than one missed visit between),
starting from the first visit, in which they were asked the
incarceration questions. We allowed one missed visit because
we assumed women were not incarcerated at missed visits,
unless study staff noted specifically that the visit was missed
due to incarceration. These two ‘‘run-in’’ visits meant that
women were free of self-reported STIs at the start of follow-
up and provided historical values for incarceration measures
and the covariates.

Our analytic timescale was visits in calendar time. The
study period included October 2007 through September
2017. Women were followed until one of the following
events: (1) report of an STI, (2) death, (3) loss to follow-up
(defined as missing two consecutive visits), or (4) adminis-
trative censoring after 10 visits. Women who died, were lost
to follow-up, or were administratively censored were cen-
sored at their last attended visit; see Supplementary Appen-
dix SA for additional details.

Measures

Time-varying incarceration exposures were based on re-
porting ‘‘yes’’ or ‘‘no’’ to being incarcerated in either a prison
or a jail in the past 6 months. Study staff also indicated visits
missed due to incarceration based on information obtained
from the participant. The STI outcome was based on partic-
ipant’s first report of a diagnosis by a health care profes-
sional of gonorrhea, chlamydia, or trichomonas in the prior
6 months during the study period. No STI testing was per-
formed for confirmation. We included these three infections
together since they often have similar clinical presenta-
tions (e.g., vaginal discharge) and community practitioners
frequently test for all three in symptomatic women.

To maintain accurate temporal relationships between the
outcome reported at a given visit and previous exposures, we
considered the exposure at the visit before outcome ascer-
tainment (with confounders reported at the visit before the
exposure).

We considered both baseline and time-varying confound-
ers based on the criminal legal and STI literature. We ac-
counted for historical incarceration at baseline (participants



were asked about incarceration before the start of the study
period).10,20,21 Baseline sociodemographic data included
age at first visit during the study period, race, which was coded
as ‘‘Black,’’ ‘‘White,’’ or ‘‘other,’’ and Hispanic ethnicity.21,22

We classified women at their first visit during the study
period as enrolled in Bronx, NY, Brooklyn, NY, Washington,
DC, San Francisco, CA, Los Angeles, CA, Chicago, IL,
Chapel Hill, NC, Atlanta, GA, Miami, FL, Birmingham, AL,
or Jackson, MS.23,24 The two NY sites were grouped together
as were the Southern sites (NC, GA, FL, AL, and MS), due to
small sample sizes. We dichotomized level of education into
completion of less than or at least high school.21,25 Baseline
HIV status was used; the four women who seroconverted
during the study period were considered HIV-seronegative.26,27

Our time-varying confounders were sex exchange and
substance use.10 Women were asked at each visit whether
they had sex for drugs, money, or shelter in the past 6 months.
We included three variables describing substance use in the
6 months before each visit: (1) any illicit drug use (crack
cocaine, cocaine, heroin, methamphetamines, other opioids,
or any injection drug use); (2) alcohol use (none, 1–7, or >7
drinks/week); and (3) any marijuana use.16,28

Missing data

We encountered missing data in our exposure, outcome,
and covariates. We handled covariate missing data other than
the baseline incarceration history covariate by carrying for-
ward the last nonmissing value or, if there were no previous
values, by carrying backwards from the first future, non-
missing value. Multiple imputation with 50 multiply-imputed
data sets was used to handle missingness in the incarceration
exposure and history, and the STI outcome; details can be
found in Supplementary Appendix SA.

Statistical approach

Traditionally, the effect of a time-varying exposure on a
time-to-event outcome is estimated using a time-dependent
Cox proportional hazards model. This approach may be bi-
ased if there are time-dependent confounders that are affec-
ted by past exposure but may also affect future exposure.29

For our analysis, the literature suggests that substance use and
sex exchange meet these criteria. Both are risk factors for
STIs and are affected by prior incarceration due to the col-
lateral consequences of incarceration on housing and em-
ployment; substance use and sex exchange also affect future
incarceration as they are some of the most common reasons
that women are arrested.14,30,31

Under certain assumptions (e.g., conditional exchange-
ability, positivity, and counterfactual consistency), inverse-
probability (IP)-weighted MSM allow for consistent esti-
mation of the causal effect of a time-varying exposure on an
outcome, controlling for time-varying confounders.32 With a
correctly specified weight model, the IP weights create a
pseudo-population where time-varying confounding is no
longer present.

To estimate the effect of the exposure on the outcome, the
final weighted outcome model need only include the expo-
sure and time. Once the weights are applied in this way, the
interpretation of the final model is similar to a Cox propor-
tional hazards model. Supplementary Appendix SA provides
details of the modeling approach, and Supplementary

Figure S1 shows a conceptual diagram of the relationships
between exposure, outcome, and time-varying and static
confounders.

We used two methods to define the incarceration exposure.
First, we specified that a woman stayed in the incarcer-
ated status once she became incarcerated for the first time;
exposure E1 captures the effects of a single incarceration
episode on all visits afterward. Second, we specified that a
woman could become incarcerated at one visit but could
switch back to the ‘‘nonincarcerated’’ status at her next study
visit. Exposure (2) captures the effect of being newly incar-
cerated at every visit. This exposure was used to demon-
strate the effects of each new episode of incarceration on
risk of STI in the following 6 months.

To control for confounding, we created IP of treatment
weights for both exposures, and we controlled for potential
nonignorable loss to follow-up using IP of censoring weights.
Detailed descriptions of the creation of the weights are con-
tained in Supplementary Appendix SA.

We calculated the crude incidence of any self-reported STI
using a data set without multiple imputation. We estimated
weighted survival curves for first report of one or more STIs
by incarceration exposure using the nonparametric Nelson-
Aalen survival estimator.33 At each time point, the average
probability from the 50 multiple imputation data sets was
plotted on the survival curves. We estimated weighted haz-
ard ratios comparing the hazard of first report of one or more
STIs using pooled logistic regression. Estimated hazard ra-
tios based on the 50 imputation data sets were combined
using Rubin’s method,34 and corresponding 95% confidence
intervals (CIs) were estimated using robust variances. Sta-
tistical analyses were conducted in SAS Version 9.4 (SAS
Institute, Inc., Cary, NC).

Results

There were 3,124 women who contributed a median of
4 at-risk years (interquartile range [IQR] 2–5) during the
study period. The median age at the start of the study period
was 44 years (IQR 37–50). The majority of participants
identified as black (n = 2,166; 67.7%) and had completed
high school or more (n = 2,036; 65.2%). There were 635
(20.3%) participants of Hispanic ethnicity. Of all partici-
pants, 71.5% (n = 2,234) were women with HIV.

There were 1,186 women (39.1%) who reported incar-
ceration before the study period. Four hundred thirty-six
women (14.0%) reported drinking >7 drinks per week, 603
(19.3%) reported marijuana use, and 373 (11.9%) reported
illicit drug use at the first visit during the study period. Only
3.1% of women (n = 98) reported engaging in sex exchange at
the first visit during the study period. Participant character-
istics are shown in Table 1.

There were 1,179 visits at which the incarceration expo-
sure was missing (5.2%) and 1,342 at which the STI outcome
was missing (5.9%). There were 1,163 visits missing either
the sex exchange or the substance use variable at the visit
before measurement of the exposure (5.1%), and 1,177 visits
that were missing one of these covariates two visits before
measurement of the exposure (5.2%). There was minimal
missing data for the other covariates (0%–5.9%).

Before imputing missing data, the study period inclu-
ded 10,661 at-risk years. There were 298 total incarceration



events and 212 first incarceration events during the study
period. There were 213 first incident STI events with one or
more self-reported STIs during the study period. Women
reported only one STI at 96.7% of visits with self-reported
STIs. This equated to a crude incidence rate of 3.7 first STIs
per 100 person-years for women who were incarcerated at
any time during the study period and 1.9 first STIs per 100
person-years for women who were not incarcerated during
the study period.

The prevalence of gonorrhea, chlamydia, and tricho-
monas during the study period were 0.6%, 1.2%, and 5.3%,
respectively. The prevalence of each infection among
women who were incarcerated was higher than among
women who were not incarcerated, as shown in Table 2.
There were 645 women lost to follow-up during the study
period.

The IP-weighted survival curves for each exposure defi-
nition are shown in Figure 1. They are not statistically sig-
nificantly different. The IP-weighted hazard ratio for incident
STIs for exposure E1was 1.44 (95% CI: 0.69–3.03) and for
exposure E2 was 4.08 (95% CI: 1.61–10.30). The crude
and IP-weighted hazard ratios for report of one or more

STIs among incarcerated participants compared to those not
incarcerated using both exposure definitions are shown in
Table. The distribution of weights is shown in Supplementary
Appendix SA.

Discussion

Accounting for measured confounders and loss to follow-
up, we demonstrate that an episode of incarceration may
increase women’s risk of gonorrhea, chlamydia, or tricho-
monas during the subsequent 6 months. There may be a
smaller increase in risk at time points further from the episode
of incarceration compared to immediately following incar-
ceration. Our results extend and strengthen the findings of
previous cross-sectional studies suggesting that women who
experienced incarceration were 1.3–2 times as likely to ex-
perience an STI.9–11 Despite wide CIs around our estimates,
they are consistent with the magnitude of previously reported
effects of incarceration on STIs.

Results of earlier studies suggested that sex exchange and
drug use may mediate some or all of the effects of incarcer-
ation on STIs. The findings from our complex, time-varying

Table 1. Baseline Characteristics of Participants by Incarceration Status, 2007–2017,
Women’s Interagency HIV Study

Overall
(N = 3,124)

Incarcerated during
study period

(N = 212)

Not incarcerated
during study period

(N = 2,912)

Characteristic Category n n n

Median age, years (IQR) 3,124 44 (37–50) 212 42 (35–48) 2,912 44 (37–50)
High school education

or more (%)
2,036 65.2 119 56.1 1,917 65.8

Race (%) White 582 18.6 23 10.9 559 19.2
Black 2,116 67.7 163 76.9 1,953 67.1
Other 426 13.6 26 12.3 400 13.7

Hispanic ethnicity (%) 635 20.3 33 15.6 602 20.7
Positive HIV status (%) 2,234 71.5 128 60.4 2,106 72.3
Site (%) Bronx, NY 422 13.5 16 7.6 406 13.9

Brooklyn, NY 449 14.4 22 10.4 427 14.7
Washington, DC 346 11.1 20 9.4 326 11.2
Los Angeles, CA 406 13.0 22 10.4 384 13.2
San Francisco, CA 373 11.9 40 18.9 333 11.4
Chicago, IL 353 11.3 37 17.5 316 10.9
Chapel Hill, NC 186 6.0 19 9.0 167 5.7
Atlanta, GA 247 7.9 19 9.0 228 7.8
Miami, FL 130 4.2 8 3.8 122 4.2
Birmingham, AL 104 3.3 5 2.4 99 3.4
Jackson, MS 108 3.5 4 1.9 104 3.6

Incarceration before study
period (%)

1,186 39.1 159 77.9 1,027 36.3

Exchanged sexa in past
6 months (%)

98 3.1 23 10.9 75 2.6

Alcohol use in past 6 months (%) None 1,701 54.5 87 41.0 1,614 55.4
>0–7 drinks/week 987 31.6 66 31.1 921 31.6
>7 drinks/week 436 14.0 59 27.8 377 13.0

Marijuana use in past 6 months (%) 603 19.3 74 34.9 529 18.2
Illicit drug useb in past

6 months (%)
373 11.9 80 37.7 293 10.1

Missing values for these variables are excluded.
aExchanged sex for drugs, money, or shelter.
bIllicit drug use includes any crack cocaine, cocaine, heroin, methamphetamine, injection drugs, or nonprescription narcotics.
IQR, interquartile range.



approach allowed for these variables to act as mediators
while accounting for any confounding these variables might
be introducing.

Prior work with this cohort shows that those women may
have new sexual partners following an episode of incarcer-
ation.18 The current findings demonstrate that this postin-
carceration change in behavior can result in increased risk for
STIs. Through various mechanisms, gonorrhea, chlamydia,
and trichomonas can all facilitate acquisition of HIV.35 While

increases in new sexual partnerships postincarceration reflect
a potential increase in exposure to HIV, an increase in STIs
postincarceration may result in increased susceptibility to
HIV. These results provide additional evidence for incarcer-
ation as a structural force in women’s lives, potentially driv-
ing STI acquisition, with important subsequent implications
for HIV acquisition.

As such, approaches to decreasing the burden of STIs
and reducing HIV acquisition among women who have

Table 2. Exposure and Outcome Frequencies and Prevalence, and Incidence of First STI by Incarceration

During the Study Period, 2007–2017, Women’s Interagency HIV Study

Overall
(N = 3,124 women)

Incarcerated
(N = 212 women)

Not incarcerated
(N = 2,912 women)

Total self-reports of at least one STIa 213 27 186
Self-reported gonorrhea 19 3 16
Self-reported chlamydia 37 6 31
Self-reported trichomonas 164 18 146

At-risk years 10,661 727 9,935
First self-reported STI prevalenceb 6.9 12.7 6.4

Self-reported gonorrhea prevalence 0.6 1.4 0.6
Self-reported chlamydia prevalence 1.2 2.8 1.1
Self-reported trichomonas prevalence 5.3 8.5 5.1

First STI incidence rateb 2.0 3.7 1.9
First incarceration eventsc 212 212 0
Censoredd 654 45 609

aSTIs include the first self-report during the study period of one or more of gonorrhea, chlamydia, and trichomonas.
bPeriod prevalence per 100 participants who were active at any point during the study period and crude incidence per 100 person-years was

calculated using data from the 3,096 women with nonmissing self-reported STI data who reported one or more STIs during the study period.
cThere were a total of 298 incarceration events among the 212 women who experienced incarceration during the study period.
dWomen who missed at least two consecutive visits during the study period.
STIs, sexually transmitted infections.

FIG. 1. Inverse-probability-weighted cumulative incidence of first sexually transmitted infection for two incarceration
exposures, 2007–2017, Women’s Interagency HIV Study. (A) Displays results for the exposure defined by first incarceration
(E1). (B) Displays results for the exposure defined by incarceration at each visit (E2). The curves are not statistically
significantly different; 95% CIs (not pictured) were wide enough that the never-incarcerated curves and their 95% CIs were
almost entirely contained within the CIs for the incarcerated curves. CIs, confidence intervals.



experienced incarceration will require tailoring of integrated
multilevel interventions that not only address specific risk
behaviors, but also aim to decrease exposure to the criminal
legal system.

Programs that provide behavioral risk reduction education
and skills training use trauma-informed approaches to service
provision, facilitate access to safe housing and employment,
connect participants to medications for opioid use disorder or
other treatments for substance use disorders, and increase
awareness of and access to preexposure prophylaxis for HIV
will have the most impact.36–39 There is increasing evidence
of the value of interventions that specifically address the
social and economic collateral consequences of incarceration
for women and are developed in collaboration with women
who have lived experiences of incarceration.40,41

Although the WIHS is a multicenter, geographically di-
verse cohort study, our findings may not be broadly gener-
alizable. The potential accrual of benefits from behavioral or
other changes related to duration of WIHS participation may
attenuate our estimates by buffering the effects of incarcer-
ation.42 In addition, women with HIV may have decreased
their risk behaviors after diagnosis, whereas women at risk
for HIV were recruited on the basis of their risk behaviors.
The pooling of data from these groups was a limitation of
our study.

The WIHS cohort also represents an older group of
women compared with those with the highest rates of in-
carceration or STIs. Questions about incarceration were
not introduced into the WIHS cohort until 2007, when the
median age of participants was 44 years. Of women im-
prisoned nationally in 2016, nearly half (46.3%) were
younger than the age of 35.43,44 Among incarcerated wo-
men, the highest rates of gonorrhea and chlamydia are in
women aged younger than 35 years, although older age is a
risk factor for trichomonas.

Our estimates of rates of STIs are not likely to be general-
izable to all women with or at risk for HIV in the United States
or to all women who experience incarceration in the United
States. However, the consistent association between incarcer-
ation and STIs across age groups and settings suggests that the
underlying causal relationship between experiencing incarcer-
ation and increased rates of STIs may also be consistent across
age groups. Our findings highlight incarceration as an impor-
tant risk factor for STIs among women in older age groups.

Another limitation to this study is the use of self-reported
STI outcomes. This potentially introduces bias due to STI

testing for women who were symptomatic versus not, and it is
likely that there were asymptomatic STI outcomes that were
not captured in our data. Women who have been incarcerated
may also have been tested during an episode of incarceration,
with longer incarcerations and prison incarcerations more
likely to include STI testing.45,46 We addressed this to the
extent possible by temporally separating the incarceration
exposures and the reports of STI outcomes. This approach
also would have caused us to miss STI events that occurred
after an episode of incarceration, but before the subsequent
6-month period of data ascertainment.

Also, reassuring is the evidence from biologic testing for
STIs that was performed at each participant’s baseline visit.
Although some of these tests were performed many years
in the past (e.g., the first wave of the WIHS in 1994–1995)
and is not an ideal comparison, the laboratory data place the
self-reported data in context. The prevalences of gonorrhea,
chlamydia, and trichomonas at baseline were 0.4%, 1.5%,
and 8.5%, respectively. These are similar to the prevalences
of each of the self-reported STIs during our study period
(0.6%, 1.2%, and 5.3%).47

This study does have important strengths. The longitudinal
structure of the WIHS allowed us to temporally separate
measurement of the incarceration exposure and measurement
of the STI outcome by 6 months, decreasing the chances that
the observed effects were due solely to testing during an
episode of incarceration. Our approach using MSM with IP
weights produced estimates of the effect of incarceration
while accounting for sex exchange, drug use, other con-
founders, and loss to follow-up.

The relatively few missing values in the dataset allowed
for use of the selected multiple imputation approach. The
final analysis featured a large sample size and long duration
of follow-up where rare incarceration and STI events could
be observed. In addition, the WIHS intentionally recruited
women at risk for HIV who were socioeconomically and
racially similar to its participants with HIV and the general
U.S. population of women with HIV.19

Conclusion

Our findings have important implications for STI and
HIV prevention among women who have experienced in-
carceration. Women are more likely to have new sexual
partners after incarceration, and we now demonstrate that
this behavior change may translate to increased risk of
STIs, which in turn may result in increased HIV acquisi-
tion.18 We note that experiences of incarceration are not
evenly distributed throughout the population, and our
study sample reflects the disproportionate burden of incar-
ceration among black women and women who had not
competed high school.21 Mass decarceration and decrimi-
nalization of women of color, poor women, and women who
use drugs have the potential to reduce disparities in STIs
and HIV.

In addition to secondary prevention of STIs and HIV
through multilevel interventions to reduce risk for women
returning to the community after incarceration, there is a
critical need for primary prevention of criminal legal in-
volvement. Decreasing women’s exposure to the criminal
legal system is a critical public health intervention for the
prevention of STIs and HIV.

Table 3. Crude and Inverse-Probability-Weighted

Results Comparing Hazard of Incident STIs

Among Incarcerated Participants Compared

to Those Not Incarcerated, for Each

Incarceration Exposure, 2007–2017, Women’s

Interagency HIV Study

Exposure definition

Crude Weighted

HR 95% CI HR 95% CI

First incarceration
(E1)

3.71 2.45–5.60 1.44 0.69–3.03

Incarceration at
each visit (E2)

4.41 2.47–7.87 4.08 1.61–10.30

CI, confidence interval; HR, hazard ratio.



Availability of Data and Material

Access to individual-level data from the MACS/WIHS
Combined Cohort Study Data (MWCCS) may be obtained
upon review and approval of a MWCCS concept sheet. Links
and instructions for online concept sheet submission are on
the study website (https://mwccs.org/).
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