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Objectives. To examine whether women’s incarceration increases numbers of total

and new sexual partners.

Methods. US women with or at risk for HIV in a multicenter cohort study answered
incarceration and sexual partner questions semiannually between 2007 and 2017. We
used marginal structural models to compare total and new partners at visits not fol-
lowing incarceration with all visits following incarceration and visits immediately fol-
lowing incarceration. Covariates included demographics, HIV status, sex exchange, drug

or alcohol use, and housing instability.

ceration itself may function as a structural
force altering a woman’s risk for STTs.**'"
The social ecological model demands an
analysis of structural factors; network theory
extends this, specifying that STIs in particular
must be studied in the context of sexual
networks, as a woman’s risk is directly affected
by her partner’s (or partners’) risk level as well

as the structural and community factors that

Results. OF the 3180 participants, 155 were incarcerated. Women reported 2 part-
ners, 3 or more partners, and new partners at 5.2%, 5.2%, and 9.3% of visits, respectively.
Relative to visits not occurring afterincarceration, odds ratios were 2.41 (95% confidence
interval [CI]=1.20, 4.85) for 2 partners, 2.03 (95% Cl=0.97, 4.26) for 3 or more partners,

. . 911
constrain her sexual network formation.

Incarceration is a structural force with
specific collateral consequences for women

and 3.24 (95% Cl=1.69, 6.22) for new partners at visits immediately after incarceration.
Odds ratios were similar for all visits following incarceration.

Conclusions. Women had more total partners and new partners immediately and at
all visits following incarceration after confounders and loss to follow-up had been taken
into account. (AmJ Public Health.2020;110:5100-5108.doi:10.2105/AJPH.2019.305410)

pproximately 219 000 women are cur-

rently incarcerated in the United States,
and nearly 3 times that number are on parole
or probation.'”” Women’s incarceration has
increased by 823% since the 1980s' and has
continued to rise despite recent decreasing
incarceration rates among men nationally.
The massive increase in women'’s incarceration
has not been evenly distributed across the US
population; women involved in the criminal
justice system are more likely to be poor, to be
non-White, and to have histories of physical
and sexual trauma and substance use.™*

Women with histories of incarceration

bear a disproportionate burden of sexually
transmitted infections (STIs), including HIV,
and report higher numbers of sexual partners,
more sex exchange, and increased frequencies
of concurrent sexual partners relative to

. 4-
women who have never been incarcerated.
8

and potential implications for STI and HIV
risk. Many women involved in the criminal
justice system cycle experience extended
periods of engagement with community
supervision while on parole or probation,
punctuated by repeated short periods of in-
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carceration.

At reentry into the commu-
nity, women often experience challenges

with economic self-sufficiency after job or
Although others have described the multiple

shared pathways involving jails or prisons and

housing loss, and previously economically

supportive relationships may have ended

. . . ! ’ ST
sexual risk behaviors, such as engagement in owing to incarceration. ~ This increased

sex exchange and drug use, both the social economic vulnerability and financial depen-

ecological framework and network theory dence may result in increased engagement

suggest mechanisms through which incar- in sex work or a reliance on informal
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transactional relationships, with associated
heightened risks of sexual violence and
condomless sex.'*

Earlier work has shown associations be-
tween women’s incarceration and risk for
HIV and STI due to high-risk partners."®
Women who have been incarcerated are
more likely to report having multiple sexual
partners than women who have never been
incarcerated, although some of this effect is
explained by drug use.'”'® Arrest and in-
carceration in the past 6 months have been
associated with having multiple partners and
sexual partners who inject drugs or are known
or suspected to be living with HIV."® The
mechanisms underlying these associations are
less clear and may mirror the relationship
disruption and concentration of risk in net-
works due to imbalanced sex ratios and de-
creased availability of lower-risk partners
that affect incarcerated men’s sexual
networks.' "

The relationships between incarceration,
high-risk sexual behavior, drug use, and sex
exchange are complex, and studies attempting
to build a causal connection between incar-
ceration and sexual network structure have
been limited by geographically specific
samples, cross-sectional designs, and con-
founding.">'”"® Our aim was to examine
the effects of women’s incarceration on the
numbers of total and new sexual partners,
accounting for the important confounding
factors of sex exchange, housing instability,
and drug use. Guided by the social ecological
framework and network theory, we hypoth-
esized that incarceration would result in more
total and new sexual partners, likely because
of changes in social circumstances and sexual

networks.

METHODS

The Women’s Interagency HIV Study
(WIHS) is a geographically diverse, multi-
center cohort study of women living with or
at risk for HIV; recruitment, retention, and
participant characteristics have been described
elsewhere.?' Since initiation of the cohort in
1993, women 25 to 60 years of age have been
recruited in 4 waves and participate in bi-
annual study visits. Eligibility criteria have
been similar across waves. HIV-seronegative
women were eligible for the study if they had

at least 1 high-HIV-risk exposure in the
preceding 5 years (STI diagnosis; sex without
a condom with 3 or more men; sex with a
condom with 6 or more men; trading sex; sex
with an HIV-seropositive man; injection drug
use or use of crack cocaine, cocaine, heroin, or
methamphetamine; or any partner with these
risk characteristics). Incarceration questions
were added to the WIHS in October 2007,
and a question about new sexual partners was

added in October 2013.

Eligibility

Women in the WIHS were eligible for this
analysis if, between October 2007 and Sep-
tember 2017, they had 3 consecutive visits
without an incarceration episode and at least 1
subsequent visit. One of the 3 visits could be a
missed visit, and we assumed that women
were not incarcerated at missed visits unless
the study staff noted that the visit was missed
because of incarceration based on information
from the participant. Women who died or
missed 2 consecutive visits (loss to follow-up)
were treated as censored at the last attended
visit. Administrative censoring was applied
such that women could contribute a maxi-
mum of 10 visits to the analysis. Inclusion
of more than 10 visits for each woman led to
extreme weight distributions (indicating a
possible lack of positivity), in part because
women recruited into the WIHS in the
latest wave could not contribute more than
10 wvisits.

Overall, 3180 women met the inclusion
criteria and contributed 26 890 visits, of
which 97.9% (n =26 351) were nonmissed
visits. Because the Los Angeles site was dis-
continued in 2013, analyses focusing on the
new sexual partner outcome did not include
participants from that site. Women consented
to use of their data as part of their overall
‘WIHS participation.

Measures

The exposure variables were based on
reporting yes or no to being incarcerated in a
prison or a jail in the preceding 6 months.
Study staft indicated visits missed as a result of
incarceration. In addition, participants were
asked at baseline whether they had previously
been incarcerated.

‘Women responded to a question about the
total number of male partners with whom

they engaged in vaginal, oral, or anal sex in
the preceding 6 months. Because the distri-
bution of partners was substantially zero and 1
inflated, and because many women rounded
their responses, we categorized the outcome
into no partners, 1 partner, 2 partners, and 3 or
more partners in the preceding 6 months. The
distribution of new sexual partners was also
zero inflated, and few women indicated
having more than 1 new sexual partner in
the preceding 6 months. Thus, we used a
dichotomous variable indicating no new
partners or 1 or more new partners in the
preceding 6 months.

Sociodemographic data included age at
each visit and race, coded as Black, White, or
other. We classified women at their first visit
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. The 2 New York sites were
grouped, as were the southern sites (North
Carolina, Georgia, Florida, Alabama, and
Mississippi). We dichotomized level of edu-
cation as completion of less than high school
oratleast high school. Baseline HIV status was
used; 4 women who seroconverted during
the study period were considered HIV se-
ronegative. Housing instability was updated
at each visit. A woman was considered un-
stably housed if she reported living in a
rooming, boarding, or halfway house; in a
shelter or welfare hotel; or on the street.

Sex exchange was assessed at each visit
with a question asking whether the respon-
dent had had sex for drugs, money, or shelter
in the preceding 6 months. We included 3
substance use variables: hard drug use (crack
cocaine, cocaine, heroin, methamphet-
amines, other opioids, or any injection use),
alcohol use (none, 1-7 drinks per week, or
more than 7 drinks per week), and marijuana
use.

Missing Data

We filled in missing data for alcohol,
marijuana, and hard drug use; sex exchange;
and unstable housing (3.9%—5.5% of visits) by
carrying forward the most recent value (data
were carried backward from the nearest
subsequent value if there were no prior visit
data). Missing data on incarceration status
(4.8%—5.6% of visits), history of incarceration



(2.0%—2.7% of visits), and the categorical
sexual partner variable (6.0%—6.9% of visits)
were multiply imputed (the proportion of
missing data by variable is shown in Table A,
available as a supplement to the online version
of this article at http://www.ajph.org).

We conducted multiple imputation via
fully conditional specification for both con-
tinuous and categorical variables. The im-
putation model was as rich as the analytic
models and included alcohol, marijuana, and
hard drug use; sex exchange; and unstable
housing as time-varying predictors and WIHS
site, age, HIV status, education, and race as
baseline predictors. The weight and analytic
models described subsequently were con-
ducted independently with each of 30 mul-
tiply imputed data sets, and results were
combined via Rubin’s method.?* Although
multiple imputation has limitations, including
reliance on a missing at random assumption,
the proportions of missing data are relatively

small.

Statistical Approach

Estimation of the effect of a time-varying
exposure on bivariate or multivariate out-
comes traditionally relies on generalized
logistic regression to model the odds of the
outcome at a given time as a function of
past exposure history. This approach may be
biased if there are time-dependent covariates
that both are risk factors for the outcome and
predict subsequent exposure and if past
exposure history predicts the risk factors.
Marginal structural models are estimated via
inverse-probability-of-treatment weights
(IPTWs) to appropriately adjust for time-
dependent confounders affected by earlier
exposures.”> When correctly specified,
IPTWs create a pseudo-population wherein
any confounding based on covariates in-
cluded in the weight model has been elimi-
nated (Figure A, available as a supplement to
the online version of this article at http://
www.ajph.org). The final weighted model
uses only the exposure and time to predict the
outcome, as confounders are controlled for
with the IPTWs, and provides unbiased es-
timates of the marginal effect of the exposure.
Because incarceration (time-varying expo-
sure) could affect the time-varying con-
founders (e.g., unstable housing), we chose
to estimate a marginal structural model. We

selected covariates for the weight and analytic
models based on the criminal justice and
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sex exchange,” drug and alcohol
%% and prior incarceration.

We defined 2 incarceration exposures.
First, we specified that a woman stayed in
incarcerated status once she had become in-
carcerated for the first time during the study
period; this exposure (exposure 1) captures
the effects of an incarceration at all visits af-
terward. Second, we specified that a woman
could report incarceration in the preceding
6 months at one visit but could switch back to
nonincarcerated status at her next visit; this
exposure (exposure 2) captures the immediate
effect of incarceration. We measured our
outcomes at the visit following that in which
we measured the exposure to separate them
temporally with certainty.

To control for confounding, we created
inverse-probability-of-treatment weights for
exposures 1 and 2. For each exposure, 2
pooled logistic regression models were fit to
obtain predicted probabilities for the nu-
merators and denominators of the treatment
weights. Time in all of the models was
specified in visits via 3-knot restricted qua-
dratic splines. For the numerator of the
weights, pooled logistic regression models
were fit predicting exposure based on time in
visits. For the denominator of the weights,
pooled logistic regression models were fit
predicting exposure based on time in visits,
baseline covariates, time-varying covariates
from the 2 visits prior to the exposure, the
outcome from the 2 prior visits, and, for
exposure 2 only, the exposure from the 2
prior Vvisits (to preserve temporality). The
exposure 1 models incorporated visits up to
and including each woman’s first incarcer-
ated visit during the study period, and the
exposure 2 models included all eligible study
Visits.

We used stabilized inverse-probability-
of-censoring weights to control for potential
nonrandom loss to follow-up. We used
pooled logistic regression for the numerators
and denominators of the weights, both of
which represented a woman’s probability
of not being censored at a given visit. We

included in the denominator model the same
covariates as in the models for the treatment
weights, except that the current exposure,
covariates, and outcome were included in the
censoring weights for both exposures.

We calculated the conditional treatment
or censor weight for a single visit by taking the
ratio of the predicted probabilities of the
observed treatment (or censor status) at that
visit. The final IPTWs and inverse-proba-
bility-of-censoring weights at visit i were
created by multiplying each of the conditional
treatment or censor weights from a women’s
first visit through visit i and then multiplying
the IPTW and inverse-probability-of-cen-
soring weights for visit i. We examined the
distributions of the weights combined across
all visits as well as at each visit to confirm that
the means of the weights were close to 1 and
that there were no extreme weights (Ap-
pendix A, available as a supplement to the
online version of this article at http://www.
ajph.org).

We estimated the effects of incarcera-
tion on the number of total and new male
sexual partners using weights to address time-
varying confounders (time, housing instabil-
ity, sex exchange, drug and alcohol use, and,
for exposure 2, prior incarceration), baseline
confounders (age, race, educational attain-
ment, HIV status, WIHS site, and prestudy
incarceration), and informative censoring. In
the case of 30 multiply imputed data sets for
each model, we fit a weighted, generalized
logit model for each exposure predicting the
categorical number of total male sexual
partners with a reference level of 1 partner and
exposure and time in visits as predictors. We
also fit weighted logistic regression models for
each exposure predicting the number of new
sexual partners with a reference level of no
new partners and exposure and time in visits as
predictors. For all models, we used weighted
generalized estimating equations to obtain
robust standard error estimates, accounting
for within-subject correlations. For each
model, results were pooled across the data sets.
Analyses were conducted with SAS version

9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Baseline characteristics are shown in Table 1.
The median age at the start of the study was
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TABLE 1—Respondent-Level Baseline Characteristics and Percentages of Respondents With New Male Sexual Partners During the Study

Period, by Incarceration Status: United States, Women'’s Interagency HIV Study (WIHS), 2007-2017

Overall Incarcerated Not Incarcerated
Characteristic No. % or Median (IQR) No. % or Median (IQR) No. % or Median (IQR)
Total partner sample’
No. of women 3180 155 3025
No. of visits 26890 1418 25472
Age, y 3180 44 (37-50) 155 41 (35-47) 3025 44 (37-50)
Education: high school or more 2065 64.9 80 51.6 1985 65.6
Race
White 594 18.7 20 12.9 574 19.0
Black 2155 67.8 12 723 2043 67.5
Other 431 13.6 23 14.8 408 13.5
Positive HIV status 2276 71.6 81 523 2195 72.6
Site
Bronx, NY 425 13.4 15 9.7 410 13.6
Brooklyn, NY 445 14.0 14 9.0 431 14.3
Washington, DC 362 1.4 16 103 346 1.4
Los Angeles, CA 415 13.1 17 11.0 398 13.2
San Francisco, CA 380 12.0 33 213 347 11.5
Chicago, IL 366 1.5 32 20.7 334 11.0
Chapel Hill, NC 182 5.7 8 5.2 174 5.8
Atlanta, GA 256 8.1 14 9.0 242 8.0
Miami, FL 133 4.2 1 0.7 132 4.4
Birmingham, AL 106 33 3 19 103 3.4
Jackson, MS 10 3.5 2 13 108 3.6
Incarceration prior to study period® 1235 39.9 116 76.3 1119 38.0
Exchanged sex in past 6 mo® 78 2.5 10 6.5 68 2.3
Alcohol use in past 6 mo
None 1761 55.4 67 43.2 1694 56.0
>0-7 drinks/week 983 30.9 46 29.7 937 31.0
>T drinks/week 436 13.7 42 2711 394 13.0
Marijuana use in past 6 mo 592 18.6 a7 303 545 18.0
Hard drug use in past 6 mo® 340 10.7 52 33.6 288 9.5
Unstable housing in past 6 mo 12 3.5 13 8.4 99 33
New partner sample’
No. of women 2532 106 2426
No. of visits 20 620 935 19 685
Age, y 2532 46 (39-53) 106 42 (36-48) 2426 47 (39-53)
Education: high school or more 1701 67.2 49 46.2 1652 68.1
Race
White 375 14.8 1 10.4 364 15.0
Black 1876 74.1 80 75.5 1796 74.0
Other 281 1.1 15 14.2 266 11.0

Continued



TABLE 1—Continued

Overall Incarcerated Not Incarcerated
Characteristic No. % or Median (IQR) No. % or Median (IQR) No. % or Median (IQR)
Positive HIV status 1786 70.5 56 52.8 1730 713
Site
Bronx, NY 382 15.1 9 8.5 373 15.4
Brooklyn, NY 380 15.0 " 10.4 369 15.2
Washington, DC 317 12.5 13 12.3 304 12.5
Los Angeles, CA 0 0.0 0 0.0 0 0.0
San Francisco, CA 338 13.4 20 18.9 318 13.1
Chicago, IL 323 12.8 25 23.6 298 12.3
Chapel Hill, NC 185 13 8 1.6 177 13
Atlanta, GA 251 10.2 14 13.2 243 10.0
Miami, FL 133 53 1 0.9 132 5.4
Birmingham, AL 106 4.2 3 2.8 103 43
Jackson, MS 1M 4.4 2 1.9 109 4.5
Incarceration prior to study period® 1023 M.2 80 75.5 943 39.7
Exchanged sex in past 6 mo® 76 3.0 13 123 63 2.6
Alcohol use in past 6 mo
None 1286 50.8 42 39.6 1244 513
>0-7 drinks/week 883 34.9 35 33.0 848 35.0
>T drinks/week 363 14.3 29 21.4 334 13.8
Marijuana use in past 6 mo 533 211 39 36.8 494 20.4
Hard drug use in past 6 mo® 218 1.0 36 34.0 242 10.0
Unstable housing in past 6 mo 88 3.5 7 6.6 81 33
One or more new male sexual partners 937 37.0 68 64.2 869 35.8

during study period®

Note. IQR = interquartile range.

°The total partner sample included all WIHS participants who had 3 consecutive visits without incarceration and at least 1 visit following those 3 during the
study period (October 2007-September 2017). One of the 3 visits without incarceration could be a missed visit. The study period was determined by the
date when incarceration questions were added to the WIHS.

BMissing values are excluded.
‘Exchanged sex for drugs, money, or shelter.

9Hard drug use includes use of crack, cocaine, heroin, methamphetamine, injection drugs, or nonprescription narcotics.

€The new partner sample included all WIHS participants who had 3 consecutive visits without incarceration and at least 1 visit following those 3 during
the study period (October 2013-September 2017). One of the 3 visits without incarceration could be a missed visit. The study period for this analysis
was determined by the date when questions about number of new sexual partners were added to the WIHS.

44 years (interquartile range: 3750 years).
The majority of the participants were Black
(n=2155; 67.8%) and had completed high
school or more (n =2065; 64.9%). Women
from southern sites represented 24.8%
(n=787) of the sample, and 71.6% of the
women were living with HIV (n = 2276).
Only a small proportion reported unstable
housing at baseline (n = 112; 3.5%). At
baseline, 436 women (13.7%), 592 women
(18.6%), and 340 women (10.7%) reported
drinking more than 7 drinks per week, using
marijuana, and using hard drugs, respec-
tively. A total of 2.5% (n=78) of women
reported exchanging sex at baseline, and

fewer than half reported always using con-
doms. Because the question about new
partners was added at a later visit, the study
sample for analyses involving that variable
was smaller (n = 2532) but was similar to the
overall sample (Table 1).

Prior to the study period, 39.9% of the
sample had been incarcerated (n = 1235).
A total of 155 (4.8%) women were incar-
cerated during the study period. At the
majority of study visits, women had 1 sexual
partner (n=13419; 53.6%); at only 5.2%
(n=1310) and 3.1% (n=767) of visits did
women report having 2 and 3 or more sexual
partners, respectively (Table 2). Women

reported having new sexual partners at 9.3%
of visits (n = 1806).

The final weighted outcome model in-
cluded only incarceration exposure and time
as predictors. At all visits following an epi-
sode of incarceration during the study period
(exposure 1), the odds ratios (ORs) for
reporting no partners, 2 partners, and 3 or
more partners (relative to 1 partner) were
1.38 (95% confidence interval [CI] =0.72,
2.66), 1.76 (95% CI=0.99, 3.13), and
2.16 (95% CI=1.00, 4.65), respectively
(Figure 1). At visits immediately after an
incarceration (exposure 2), the odds of
reporting no partners, 2 partners, and 3 or



TABLE 2—Visit-Level Baseline Characteristics, by Incarceration Status: United States, Women'’s Interagency HIV Study (WIHS), 2007-2017

Total Partner Sample®

New Partner Sample®

Overall, Incarcerated, Not Incarcerated, Overall, Incarcerated, Not Incarcerated,
Characteristics by Visit No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
No. of women 3180 155 3025 2532 106 2426
No. of visits 26890 1418 254712 20620 935 19685
Total number of male sexual partners in
past 6 mo©
0 9535 (38.1) 385 (29.3) 9150 (38.6)
1 13419 (53.6) 636 (48.5) 12783 (53.9)
2 1310 (5.2) 174 (13.3) 1136 (4.8)
>3 767 (3.1) 17 (8.9) 650 (2.7) ce
>1 new male sexual partners in past 6 mo® 1806 (9.3) 171 (19.7) 1635 (8.8)
Frequency of condom use during vaginal
sex in past 6 mo®
Always 7930 (29.5) 322 (22.7) 7608 (29.9) 5657 (27.4) 238 (25.5) 5419 (27.5)
Sometimes 3691 (13.7) 340 (24.0) 3351 (13.2) 2638 (12.8) 221 (23.6) 2417 (12.3)
Never 5049 (18.8) 335 (23.6) 4714 (18.5) 4003 (19.4) 233 (24.9) 3770 (19.2)
No vaginal sex in past 6 mo 10220 (38.0) 421 (29.7) 9799 (38.5) 8322 (40.4) 243 (26.0) 8079 (41.0)
Frequency of condom use during oral
sex in past 6 mo®
Always 964 (3.6) 79 (5.6) 885 (3.5) 712 (3.5) 66 (7.1) 646 (3.3)
Sometimes 748 (2.8) 107 (7.6) 641 (2.5) 553 (2.7) 68 (7.3) 485 (2.5)
Never 5367 (20.0) 367 (25.9) 5000 (19.6) 3986 (19.3) 241 (25.8) 3745 (19.0)
No oral sex in past 6 mo 19811 (73.7) 865 (61.0) 18946 (74.4) 15369 (74.5) 560 (59.9) 14809 (75.2)
Frequency of condom use during anal
sex in past 6 mo®
Always 423 (1.6) 30 (2.1) 393 (1.5) 289 (1.4) 13 (1.4) 276 (1.4)
Sometimes 122 (0.5) 22 (1.6) 100 (0.4) 89 (0.4) 12 (13) 77 (0.4)
Never 640 (2.4) 61 (4.3) 579 (2.3) 417 (2.0) 44 (4.7) 373 (1.9)
No anal sex in past 6 mo 25705 (95.6) 1305 (92.0) 24400 (95.8) 19825 (96.1) 866 (92.6) 18959 (96.3)

°The total partner sample included all WIHS participants who had 3 consecutive visits without incarceration and at least 1 visit following those 3 during the
study period (October 2007-September 2017). One of the 3 visits without incarceration could be a missed visit. The study period was determined by the
date when incarceration questions were added to the WIHS.
®The new partner sample included all WIHS participants who had 3 consecutive visits without incarceration and at least 1 visit following those 3 during
the study period (October 2013-September 2017). One of the 3 visits without incarceration could be a missed visit. The study period for this analysis
was determined by the date when questions about the number of new sexual partners were added to the WIHS.

“Missing values are excluded.

more partners respectively increased by 1.20
(95% CI=0.66, 2.17), 2.41 (95% CI =1.20,
4.85), and 2.03 (95% CI=0.97, 4.26) rela-
tive to 1 partner.

The odds ratio for reporting 1 or more
new partners versus no new partners at all
visits after an episode of incarceration (ex-
posure 1) was 2.15 (95% CI=1.24, 3.75).
For visits immediately following incarcera-
tion (exposure 2), the odds ratio was 3.24
(95% CI=1.69, 6.22; Figure 2). The full
output of all of the models is shown in
Appendix A. The results were very robust
to extreme weights (a sensitivity analysis

with truncated weights is shown in Appen-
dix A).

DISCUSSION

Taken together, our findings suggest that
incarceration, both remote and recent, sig-
nificantly increases the odds of having new
sexual partners and, to a lesser extent, may
increase the odds of having multiple partners.
These results reinforce incarceration as a
structural force in women’s lives, likely desta-
bilizing their sexual networks and increasing

their exposure to new partners. Our use of
weighting to account for loss to follow-up and
time-varying confounders such as sex ex-
change, housing instability, and drug use yields
more robust and less biased results than prior
estimates. Our results are consistent with prior
evidence that women with histories of incar-
ceration are more likely to report multiple
partnerships and new partnerships and
strengthens causal arguments suggesting that
incarceration serves as a structural force shap-
ing women’s sexual networks.'>'®

Our results might be explained by
changes in women’s sexual networks after an
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FIGURE 1—Weighted Adjusted Odds Ratios and 95% Confidence Intervals for No, 2, or 3 or More Total Sexual Partners in the Preceding

6 Months (Relative to 1 Sexual Partner) at (a) All Visits Following an Incarceration and (b) Visits Immediately Following an Incarceration:
United States, Women'’s Interagency HIV Study (WIHS), 2007-2017

incarceration. We included sex exchange as a
time-varying confounder in our estimation of’
the effects of incarceration on new partner
acquisition, suggesting an eftect of incarcer-
ation beyond the mediating role of sex ex-
change in women’s risk of HIV and other
STIs postincarceration.*'” It is likely that
women’s existing partnerships were disrupted
by incarceration, leading them to form new
relationships afterward. This would be con-
sistent with previous work on the eftects of
men’s incarceration on their committed
partnerships.”*

This application of marginal structural
models offers important strengths, most
significantly adjusting for time-dependent
confounders affected by prior exposure and
loss to follow-up that have not been included
in prior analytic efforts focused on incar-
ceration and patterns of sexual partner-
ship.">!”'%2 Using an IPTW framework,
however, means that coefficients for con-
founders are not estimated. Although the
marginal structural model approach can
contribute to causal arguments, moving
beyond observed associations, it did not
allow us to examine the strength and

significance of associations between con-
founders and the outcome.

Limitations and Strengths

Although the WIHS is a multisite cohort
study with geographically diverse sites, its
sample is not nationally representative, which
limits the generalizability of our findings.
The potential accrual of benefits from be-
havioral changes or other factors related to
years of WIHS participation may attenuate
our estimates by buffering the effects of
incarceration.” In addition, the inclusion of
both women living with HIV and women
at risk for HIV resulted in a heterogeneous
cohort; HIV-seropositive women may
have decreased their risk behaviors after
their diagnosis, whereas HIV-seronegative
women were recruited on the basis of
their risk behaviors. Subgroup or stratified
analyses by HIV status would be under-
powered, and the pooling of data from
these groups was a limitation of our
study.

Assessments of incarceration in the WIHS
are limited, as incarceration questions were

not introduced until the median age of par-
ticipants was 44 years, and fewer than 25% of
participants were younger than 35 years. Of
imprisoned US women, nearly half (46.3%)
are younger than 35 years, and rates of in-
carceration are higher among younger
adults.”® Almost half of the women in our
sample were incarcerated earlier in their lives.
In addition, older women report fewer sexual
partners than younger women, and future
research should focus on how the effects

of incarceration might differ in a younger
cohort.

Despite these limitations, this study has
important strengths. The sample was drawn
from sites in 9 US states. The WIHS inten-
tionally recruited HIV-seronegative women
who were socioeconomically and racially
similar to its HIV-seropositive participants and
the general US population of women living
with HIV, increasing the generalizability of our
findings to women living with and at risk for
HIV in the United States.?' The large sample
size and longitudinal design allowed for ob-
servation of relatively rare exposures such as
incarceration and for temporal sequencing of

exposures an d outcomes.
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FIGURE 2—Weighted Adjusted Odds Ratios and 95% Confidence Intervals for 1 or More New Sexual Partners in the Preceding 6 Months

(Relative to No New Sexual Partners) at (a) All Visits Following an Incarceration and (b) Visits Immediately Following an Incarceration: United
States, Women's Interagency HIV Study (WIHS), 2010-2017

Public Health Implications

Our findings have important implications
for HIV and STI risk among women who
have experienced incarceration. First, the
addition of new sexual partners to women’s
sexual networks may result in increased
exposure to STIs and opportunities for
transmitting infection. Only a minority of
women in our study reported consistent
condom use, reinforcing that new partners
result in new exposures. Second, the pop-
ulation of incarcerated women is dispropor-
tionately drawn from groups that bear a heavy
burden of HIV and other STTIs, such as urban
and rural Black women, women who are
socioeconomically disadvantaged, and
women who use drugs, and having new
sexual partners who are also from this high-
risk milieu may further increase HIV and STI
risk.'®

The results of our analyses extend prior
work linking involvement in the criminal
justice system to an elevated risk of STIs
by contributing to a causal argument that
women’s incarceration shapes sexual net-
works through relationship disruption and the
formation of new partnerships at the time of
community reentry. Incarceration is a social

force shaping sexual risk and sexual net-
works among women living with HIV and
women at risk for HIV. To reduce women’s
risk for STTIs and HIV, it will be necessary to
use a combined approach of establishing
prevention interventions for incarcerated
women and decreasing women’s exposure
to the criminal justice system.

CONTRIBUTORS

A.K. Knittel conceived and supervised the study and
wrote the article. B. E. Shook-Sa and J. Rudolph
completed the analyses. A. Edmonds and C. Ramirez
assisted with the study design and analyses. M. Cohen,
A. Adedimeji, T. Taylor, K. G. Michel, J. Milam,

J. Cohen, J. Donohue, A. Foster, M. Fischl, and

D. Konkle-Parker participated in the primary data
collection and assisted with the study. A. A. Adimora
participated in the primary data collection and assisted
with conceiving and supervising the study. All of the
authors critically reviewed the article.

ACKNOWLEDGMENTS
This research was funded by a 2018 secondary data
analysis developmental award (P30 AI50410) from the
University of North Carolina at Chapel Hill Center for
AIDS Research (CFAR) (Andrea K. Knittel, Bonnie
E. Shook-Sa, Jacqueline Rudolph), National Institute
of Environmental Health Sciences grant T32 ES007018
(Jacqueline Rudolph), and a Gillings Innovation
Laboratory award (Jacqueline Rudolph).

The data used in this article were collected by the
Women’s Interagency HIV Study (WIHS). WIHS sites
and principal investigators were as follows: Birmingham/

Jackson (Mirjam-Colette Kempf and Deborah Konkle-
Parker; National Institutes of Health [NIH] grant U01-
AI-103401); Atlanta (Ighovwerha Ofotokun, Anandi
Sheth, and Gina Wingood; NIH grant U01-AI-103408);
Bronx (Kathryn Anastos and Anjali Sharma; NIH grant
U01-AI-035004); Brooklyn (Deborah Gustafson and
Tracey Wilson; NIH grant U01-AI-031834); Chicago
(Mardge Cohen and Audrey French; NIH grant U01-AI-
034993); Washington, DC (Seble Kassaye and Daniel
Merenstein; NIH grant U01-AI-034994); Miami (Maria
Alcaide, Margaret Fischl, and Deborah Jones; NIH grant
U01-AI-103397); Chapel Hill (Adaora Adimora; NIH
grant U01-AI-103390); Connie Wofsy Women’s HIV
Study, San Francisco (Bradley Aouizerat and Phyllis Tien;
NIH grant U01-AI-034989); WIHS Data Management
and Analysis Center (Stephen Gange and Elizabeth
Golub; NIH grant U01-AI-042590); and Los Angeles
(Joel Milam; NIH grant U01-HD-032632). The WIHS is
funded primarily by the National Institute of Allergy and
Infectious Diseases, with additional co-funding from the
Eunice Kennedy Shriver National Institute of Child
Health and Human Development, the National Cancer
Institute, the National Institute on Drug Abuse, and the
National Institute of Mental Health. Targeted supple-
mental funding for specific projects is also provided by
the National Institute of Dental and Craniofacial Re-
search, the National Institute on Alcohol Abuse and
Alcoholism, the National Institute on Deafness and
Other Communication Disorders, and the National
Institutes of Health Office of Research on Women’s
Health. In addition, WIHS data collection is supported
by grants UL1-TR000004 (University of California,
San Francisco, Clinical and Translational Science
Award), UL1-TR000454 (Atlanta Clinical and Trans-
lational Science Award), P30-AI-050410 (University of
North Carolina CFAR), and P30-AI1-027767 (University
of Alabama at Birmingham CFAR).



Note. The contents of this article are solely the re-
sponsibility of the authors and do not necessarily represent
the official views of the National Institutes of Health.

CONFLICTS OF INTEREST

A. A. Adimora has received consulting fees from Merck,
Viiv, and Gilead, and the University of North Carolina has
received funds from Gilead for her research. The other
authors declare no conflicts of interest.

HUMAN PARTICIPANT PROTECTION
‘Women consented to the use of their data as part of their
overall Women’s Interagency HIV Study participation.
This secondary data analysis was approved by the insti-
tutional review board at the University of North Carolina,
Chapel Hill.

REFERENCES

1. Kajstura A. Women’s Mass Incarceration: The Whole
Pie 2018. Northampton, MA: Prison Policy Initiative;
2018.

2. Glaze LE, Kaeble D. Correctional populations in the
United States, 2013. Available at: https://www.bjs.gov/
content/pub/pdf/cpus13.pdf. Accessed December 18,
2019.

>3 Blankenship KM, Del Rio Gonzalez AM, Keene DE,
Groves AK, Rosenberg AP. Mass incarceration, race
inequality, and health: expanding concepts and assessing
impacts on well-being. Soc Sci Med. 2018;215:45-52.

>4 Herbst JH, Branscomb-Burgess O, Gelaude D], Seth P,
Parker S, Fogel CI. Risk profiles of women experiencing
initial and repeat incarcerations: implications for preven-
tion programs. AIDS Educ Prev. 2016;28(4):299-311.

»s. Kouyoumdjian FG, Leto D, John S, Henein H, Bondy
S. A systematic review and meta-analysis of the prevalence
of chlamydia, gonorrhoea and syphilis in incarcerated
persons. Int J STD AIDS. 2012;23(4):248-254.

» 6. Spaulding AC, Seals RM, Page MJ, Brzozowski AK,
Rhodes W, Hammett TM. HIV/AIDS among inmates
of and releasees from US correctional facilities, 2006:
declining share of epidemic but persistent public health
opportunity. PLoS One. 2009;4(11):e7558.

»7. Wise A, Finlayson T, Nerlander L, Sionean C, Paz-
Bailey G. Incarceration, sexual risk-related behaviors, and
HIV infection among women at increased risk of HIV
infection, 20 United States cities. J Acquir Immune Defic
Syndr. 2017;75(suppl 3):S261-S267.

3. Farel CE, Parker SD, Muessig KE, et al. Sexuality,
sexual practices, and HIV risk among incarcerated
African-American women in North Carolina. Womens
Health Issues. 2013;23(6):¢357—e364.

»9. Bronfenbrenner U. Toward an experimental ecol-
ogy of human development. Am Psychol. 1977;32(7):
513-531.

»10. Aral SO. Sexual network patterns as determinants
of STD rates: paradigm shift in the behavioral epidemi-
ology of STDs made visible. Sex Transm Dis. 1999;26(5):
262-264.

| SEN Doherty IA, Padian NS, Marlow C, Aral SO. De-
terminants and consequences of sexual networks as they
affect the spread of sexually transmitted infections. J Infect
Dis. 2005;191 (suppl 1):S42-S54.

12. Leverentz A. Churning through the system: how
people engage with the criminal justice system when
faced with short sentences. Available at: https://www.
emerald.com/insight/content/doi/10.1108/S1059-
433720180000077006/full/html. Accessed December
18, 2019.

>3 Fogel CI, Gelaude DJ, Carry M, et al. Context of risk
for HIV and sexually transmitted infections among in-
carcerated women in the South: individual, interpersonal,
and societal factors. Women Health. 2014;54(8):694—
711.

>4 Wingood GM, DiClemente RJ. Partner influences
and gender-related factors associated with noncondom
use among young adult African American women. Am
J Community Psychol. 1998;26(1):29-51.

» 5. Epperson MW, Khan MR, Miller DP, Perron BE,
El-Bassel N, Gilbert L. Assessing criminal justice involve-
ment as an indicator of human immunodeficiency virus
risk among women in methadone treatment. J Subst
Abuse Treat. 2010;38(4):375-383.

> 16. Doherty IA, Schoenbach V], Adimora AA. Sexual
mixing patterns and heterosexual HIV transmission
among African Americans in the southeastern United
States. | Acquir Immune Defic Syndr. 2009;52(1):114-120.

»17. Khan MR, Miller WC, Schoenbach V], et al. Timing
and duration of incarceration and high-risk sexual part-
nerships among African Americans in North Carolina.
Ann Epidemiol. 2008;18(5):403—410.

»18. Khan MR, Wohl DA, Weir SS, et al. Incarceration
and risky sexual partnerships in a southern US city.
J Urban Health. 2008;85(1):100-113.

» 19. Dauria EF, Oakley L, Arriola KJ, Elifson K, Wingood
G, Cooper HL. Collateral consequences: implications of
male incarceration rates, imbalanced sex ratios and partner
availability for heterosexual Black women. Cult Health
Sex. 2015;17(10):1190-1206.

»20. Adimora AA, Schoenbach VJ. Social context, sexual
networks, and racial disparities in rates of sexually trans-
mitted infections. J Infect Dis. 2005;191(suppl):S115—
S122.

»21. Adimora AA, Ramirez C, Benning L, et al. Cohort
g
profile: the Women’s Interagency HIV Study (WIHS).
Int J Epidemiol. 2018;47(2):393-394.

22. Rubin DB. Multiple Imputation for Nonresponse in
Surveys. Vol. 81. New York, NY: John Wiley & Sons;
2004.

»23. Hernin MA, Brumback B, Robins JM. Marginal
structural models to estimate the causal effect of zido-
vudine on the survival of HIV-positive men. Epidemiology.
2000;11(5):561-570.

» 24, Twenge JM, Sherman RA, Wells BE. Changes in
American adults’ sexual behavior and attitudes, 1972—
2012. Arch Sex Behav. 2015;44(8):2273—-2285.

25. Brown MM, Chesney-Lind M. Women’s incarcera-
tion in the United States. In: Griffin OH 1II, Woodward
VH, eds. Routledge Handbook of Corrections in the United
States. New York, NY: Routledge; 2017.

26. Glaze LE, Kaeble D. Correctional Populations in the
United States, 2015. Washington, DC: Bureau of Justice
Statistics; 2016.

»27. Aholou TM, McCree DH, Oraka E, et al. Sexual risk
and protective behaviors among reproductive-aged
women in the United States. J Womens Health (Larchmt).
2017;26(11):1150-1160.

»28. Adimora AA, Schoenbach V], Bonas DM, Martinson
FE, Donaldson KH, Stancil TR. Concurrent sexual
partnerships among women in the United States. Epi-
demiology. 2002;13(3):320-327.

»29. Marks G, Crepaz N, Senterfitt JW, Janssen RS. Meta-
analysis of high-risk sexual behavior in persons aware and
unaware they are infected with HIV in the United States:

implications for HIV prevention programs. | Acquir Im-
mune Defic Syndr. 2005;39(4):446—453.

P> 30. Koblin BA, Grant S, Frye V, et al. HIV sexual risk and
syndemics among women in three urban areas in the
United States: analysis from HVTN 906. J Urban Health.
2015;92(3):572-583.

P31, Weiser SD, Neilands TB, Comfort ML, et al. Gender-
specific correlates of incarceration among marginally
housed individuals in San Francisco. Am ] Public Health.
2009;99(8):1459-1463.

» 32 Lambdin BH, Comfort M, Kral AH, Lorvick J. Ac-
cumulation of jail incarceration and hardship, health
status, and unmet health care need among women who
use drugs. Womens Health Issues. 2018;28(5):470—475.

>33 Cotten-Oldenburg NU, Jordan BK, Martin SL,
Kupper L. Women inmates’ risky sex and drug behaviors:
are they related? Am J Drug Alcohol Abuse. 1999;25(1):
129-149.

» 34 Khan MR, Behrend L, Adimora AA, Weir SS, White
BL, Wohl DA. Dissolution of primary intimate rela-
tionships during incarceration and implications for post-
release HIV transmission. J Urban Health. 2011;88(2):
365-375.

P35 Tross S, Pinho V, Lima JE, et al. Participation in HIV
behavioral research: unanticipated benefits and burdens.
AIDS Behav. 2018;22(7):2258-2266.


https://www.bjs.gov/content/pub/pdf/cpus13.pdf
https://www.bjs.gov/content/pub/pdf/cpus13.pdf
https://www.emerald.com/insight/content/doi/10.1108/S1059-433720180000077006/full/html
https://www.emerald.com/insight/content/doi/10.1108/S1059-433720180000077006/full/html
https://www.emerald.com/insight/content/doi/10.1108/S1059-433720180000077006/full/html
https://ajph.aphapublications.org/action/showLinks?pmid=27427925&crossref=10.1521%2Faeap.2016.28.4.299&citationId=p_4
https://ajph.aphapublications.org/action/showLinks?pmid=29688497&crossref=10.1093%2Fije%2Fdyy021&citationId=p_21
https://ajph.aphapublications.org/action/showLinks?pmid=25204565&crossref=10.1080%2F03630242.2014.932888&citationId=p_13
https://ajph.aphapublications.org/action/showLinks?pmid=16010168&crossref=10.1097%2F01.qai.0000151079.33935.79&citationId=p_29
https://ajph.aphapublications.org/action/showLinks?pmid=9574497&crossref=10.1023%2FA%3A1021830023545&citationId=p_14
https://ajph.aphapublications.org/action/showLinks?pmid=22581947&crossref=10.1258%2Fijsa.2011.011194&citationId=p_5
https://ajph.aphapublications.org/action/showLinks?pmid=25743100&crossref=10.1007%2Fs11524-015-9944-5&citationId=p_30
https://ajph.aphapublications.org/action/showLinks?pmid=19907649&crossref=10.1371%2Fjournal.pone.0007558&citationId=p_6
https://ajph.aphapublications.org/action/showLinks?system=10.2105%2FAJPH.2008.141655&citationId=p_31
https://ajph.aphapublications.org/action/showLinks?pmid=10955409&crossref=10.1097%2F00001648-200009000-00012&citationId=p_23
https://ajph.aphapublications.org/action/showLinks?pmid=20356702&crossref=10.1016%2Fj.jsat.2010.03.004&citationId=p_15
https://ajph.aphapublications.org/action/showLinks?pmid=28604426&crossref=10.1097%2FQAI.0000000000001401&citationId=p_7
https://ajph.aphapublications.org/action/showLinks?pmid=30061031&crossref=10.1016%2Fj.whi.2018.05.005&citationId=p_32
https://ajph.aphapublications.org/action/showLinks?pmid=25940736&crossref=10.1007%2Fs10508-015-0540-2&citationId=p_24
https://ajph.aphapublications.org/action/showLinks?pmid=19506485&crossref=10.1097%2FQAI.0b013e3181ab5e10&citationId=p_16
https://ajph.aphapublications.org/action/showLinks?pmid=10078982&crossref=10.1081%2FADA-100101850&citationId=p_33
https://ajph.aphapublications.org/action/showLinks?pmid=24183410&crossref=10.1016%2Fj.whi.2013.08.006&citationId=p_8
https://ajph.aphapublications.org/action/showLinks?pmid=18395464&crossref=10.1016%2Fj.annepidem.2007.12.003&citationId=p_17
https://ajph.aphapublications.org/action/showLinks?pmid=10333278&crossref=10.1097%2F00007435-199905000-00004&citationId=p_10
https://ajph.aphapublications.org/action/showLinks?pmid=21286825&crossref=10.1007%2Fs11524-010-9538-1&citationId=p_34
https://ajph.aphapublications.org/action/showLinks?pmid=18027088&crossref=10.1007%2Fs11524-007-9237-8&citationId=p_18
https://ajph.aphapublications.org/action/showLinks?crossref=10.1037%2F0003-066X.32.7.513&citationId=p_9
https://ajph.aphapublications.org/action/showLinks?pmid=15627230&crossref=10.1086%2F425277&citationId=p_11
https://ajph.aphapublications.org/action/showLinks?pmid=29713839&crossref=10.1007%2Fs10461-018-2114-5&citationId=p_35
https://ajph.aphapublications.org/action/showLinks?pmid=28557545&crossref=10.1089%2Fjwh.2016.6224&citationId=p_27
https://ajph.aphapublications.org/action/showLinks?pmid=26056724&crossref=10.1080%2F13691058.2015.1045035&citationId=p_19
https://ajph.aphapublications.org/action/showLinks?pmid=30205278&crossref=10.1016%2Fj.socscimed.2018.08.042&citationId=p_3
https://ajph.aphapublications.org/action/showLinks?crossref=10.1086%2F425280&citationId=p_20
https://ajph.aphapublications.org/action/showLinks?pmid=11964934&crossref=10.1097%2F00001648-200205000-00013&citationId=p_28



