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ABSTRACT

Objectives One in six young adults in the USA
experiences parental imprisonment in childhood. Prior
studies have associated parental imprisonment with risk of
sexually transmitted infection (STI); however, potential data
and methodological issues may have limited the reliability
and accuracy of prior findings. Examining cumulative

and longitudinal risk, we address several methodological
limitations of prior studies and also examine comparative
risk by respondent sex and ethnicity. We assess these
associations using a range of control variables.

Design A national cohort study from the National
Longitudinal Study of Adolescent to Adult Health using (1)
a cross-sectional sample of adults at ages 24—-32 years
and (2) a longitudinal sample between ages 18 and 32
years. Both analyses estimate ORs for STl associated with
parental imprisonment and examine variation by parent/
child gender and respondent ethnicity.

Setting In-home interviews in the USA at wave 1 (1994—
1995), wave 3 (2001-2003) and wave 4 (2007-2009).
Participants 15684 respondents completing interviews
at wave 1 (ages 12—18 years) and wave 4 (ages 26—32
years), including 8556 women, 3437 black and 2397
respondents reporting parental imprisonment.

Results Father-only imprisonment is associated with
1.22 higher odds (95% CI: 1.09 to 1.37) of lifetime STI and
1.19 higher odds (95%Cl: 1.01 to 1.41) of STl in the past
12 months between ages 18 and 32 years, adjusting for
familial, neighbourhood, individual and sexual risk factors.
Maternal imprisonment is not associated with higher risk
of lifetime STl after adjusting for confounders (95% Cl:
0.90 to 1.61). Examining predicted probabilities of STI, our
findings show additive risks for women, black people and
parental imprisonment.

Conclusion Adjusting for confounders, only paternal
imprisonment is associated with slightly elevated risk of
annual and lifetime risk of STI. Additive effects show that
parental imprisonment modestly increases ethnic and
female risk for STI.

INTRODUCTION

According to recent research, 2.6 million
US children have a parent in jail or prison,
with 4% of white, 24% of black, and 11% of

Strengths and limitations of this study

» This study addresses data and methodological is-
sues of prior work to improve accuracy and reliabil-
ity for estimating the association between parental
imprisonment and risk of sexually transmitted infec-
tion (STI).

» The study leverages cross-sectional and longitudinal
measures to compare lifetime and longitudinal risk.

» Comparative analysis is performed to determine po-
tential variations in STl risk by maternal and paternal
imprisonment, and respondent sex and ethnicity.

» The study lacks measures to determine underlying
potential causal factors, such as residential insta-
bility and parental criminality that may explain the
association.

» While STI self-reports are prospectively collected,
data on parental imprisonment are retrospectively
collected.

Hispanic children ever experiencing a parent
serving time in state or federal prison.'
Parental imprisonment is an adverse child-
hood experience linked to a range of
adversities from birth to death, including
prenatal exposure to alcohol and drugs,
poor academic and educational outcomes,
criminal behaviour and subsequent impris-
onment.”® In the last decade, research has
increasingly linked parental imprisonment to
health issues that include sexually transmitted
infections (STIs), depression, cardiovascular
and metabolic diseases, respiratory condi-
tions, and infant and adult mortality.7_ll Due
to the interrelationship between parental
imprisonment and other childhood traumas,
such as family instability and child abuse, and
linkage with outcomes, such as antisocial and
risky behaviours, documenting associations
and potential mediating effects is critical
for linking parental imprisonment to health
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outcomes later in the life course.'””™® The present study
assesses whether parental imprisonment is a risk factor
for STIs and potential mediating factors that may explain
this association.

The potential association between parental imprison-
ment and STIs in the USA is important given the scale
of parental imprisonment in the USA, increasing rates of
STI and resulting health complications from STI. Rates
of STI have generally increased in the USA. Between
2000 and 2017, chlamydial infection rates doubled from
251.4 to 528.8 per 100000, while gonorrhoea infection
rates increased by 75% from 99.1 to 171.9 cases per
100000 between 2009 and 2017."° An STI that is unde-
tected and left untreated may result in a range of chronic
health issues such as infertility or adverse birth outcomes
(chlamydia, gonorrhoea), cervical and testicular cancers
(human papillomavirus (HPV)), and mortality (syphilis,
HIV/AIDS) 1618 Anincreased risk of STTs associated with
experiencing parental imprisonment may thus contribute
to a range of adverse outcomes later in the life course.

In cross-sectional analyses of the National Longitu-
dinal Study of Adolescent to Adult Health (Add Health),
parental imprisonment has been associated with STT in
adolescence and adulthood.” " ' * Further studies have
linked STI with substance abuse, childhood trauma, early
sexual activity and risky sexual behaviour.” '* '*** These
analyses also suggest that women'? and minorities® ** who
experience parental imprisonment may be at greater like-
lihood of having an STI, though these sex and racial differ-
entials were not tested for statistical significance. Parental
imprisonment has also been associated with altered age
trajectories for engaging in delinquent behaviour and
drug use, and age trajectories may similarly vary for
STL*** Some research examining cross-sectional risk of
STI at multiple time points suggests that STT risk associ-
ated with parental imprisonment may vary by life stage
and be mediated by factors such as child abuse, family
instability, substance use, adolescent antisocial behaviour
(particularly, life course persistent or chronic offending)
or sexual risk taking.'’ ?**®

While this research suggests parental imprisonment is
associated with STI, important research gaps remain that
we address in our analysis. Extending prior research to
incorporate longitudinal analysis is important for deter-
mining how the association between parental impris-
onment and STI risk may hold or change as individuals
age out of early adulthood, while addressing potential
temporal ordering issues of co-occurring risks such as
antisocial behaviour and substance use.?” ** By comparing
cross-sectional results for lifetime risk of STT at ages 24-32
years with longitudinal risk of annual STI, we are able to
establish how parental imprisonment impacts age-graded
risk of STI.

We also examine how the association between
parental imprisonment and STI may vary by the poten-
tial confounding or mediating roles of other related
factors. Understanding these mediation patterns is crit-
ical for identifying potential pathways between childhood

adversity and later adverse outcomes associated with
parental imprisonment that may impact STI risk. We
examine if sex of parent and child differentiates risk,
along with mediating patterns for four sets of factors: (1)
demographic, (2) familial and neighbourhood character-
istics (including familial socioeconomic status (SES) and
household composition), (3) individual risk and resil-
iency, and (4) sexual risk factors.

We examine potential STI risk disparities for parental
imprisonment by parent/child sex and ethnicity,” partic-
ularly in light of findings that women and African Amer-
icans are more likely to contract an STL*™! Results by
Khan et al’’ are suggestive that STI risk associated with
parental imprisonment is higher for minority groups,
but this study did not test if risk for parental impris-
onment differed across ethnic groups. Furthermore,
the compounded risks by sex and ethnicity may not be
additive, leading to variation in STI risk associated with
parental imprisonment (eg, black male and female
respondents may have similar STT risk, or black women
may have a greater STI risk than black men). By testing
these associations, we are able to determine if the risk
of parental imprisonment for STI may vary based on a
respondent’s sex and ethnicity.

To date, studies have separately tested for associations
between parental imprisonment and diagnosis of (1)
HIV/AIDS, (2) gonorrhoea and chlamydia, or (3) tricho-
moniasis, gonorrhoea and chlamydia.” '° ' In contrast,
examining parental imprisonment and a broader, general
risk for being diagnosed with an STI provides insights into
general STI risks linked with parental imprisonment. We
estimate the general risk of STI associated with parental
imprisonment in cross-sectional and longitudinal models.

Our analysis examines the validity of the models we
estimate, addressing issues concerning survey weighting,
small cell sizes, and missing data which may increase
uncertainty and reliability issues in prior research on this
topic. This is critical for providing consistent and reliable
estimates gauging the extent to which parental imprison-
ment may be a risk factor for STL.

METHODS

Data

We use data from the US Add Health. The Add Health
study initially surveyed approximately 90000 students
enrolled in grades 7-12 (ages 12-18) in 1994-1995 in
in-school interviews. Our study follows a subpopulation
of ~20750 respondents who were randomly selected
from the in-school sample for in-home interviews. These
respondents were followed up at three later waves: ~14 700
respondents at wave 2 in 1996, 15200 respondents at
wave 3 in 2001-2002, and ~15700 respondents at wave
4 in 2007-2008. Of the original sample, the proportions
of wave 1 respondents completing surveys at each round
are: 71% at wave 2, 73% at wave 3 and 75% at wave 4.%
Our analysis includes only individuals completing both
wave 1 and wave 4 interviews, with 74.5% and 81.5% of

2

Roettger M, Houle B. BMJ Open 2021;11:€038445. doi:10.1136/bmjopen-2020-038445

1ybuAdoo
Aq pa193101d “AlISISAIUN [euoneN Uelensny 1e 220z ‘2z 18go100 uo /wod fwg uadolwgy/:dny woly papeojumod 120z |Udy T Uo Sy#8€0-020z-uadolwg/oeTT 0T sk paysiignd 1say :uado rINg


http://bmjopen.bmj.com/

these respondents completing interviews, respectively, at
waves 2 and 3.

Details of the survey design and reasons for non-
response at each wave are available from the Add Health
website (https://www.cpc.unc.edu/projects/addhealth).

Our analytical sample consists of 15 684 individuals who
completed questionnaires at both waves 1 and 4 when
questions about biological mother and father imprison-
ment were first asked, including 14796 individuals with
valid survey weights. The reduced number of cases arises
from individuals’ missing information from the school or
household level needed to create nationally representa-
tive weights for the cohort; as an example, sibling pairs in
the in-home sample but not enrolled in the same school
were not given sampling weights.*

Measures

All measures are constructed using items taken from
waves 1 to 4 of the Add Health survey and can be down-
loaded from the Add Health website.”*

Sexually transmitted infections

Our outcome measure of STI is a dichotomous indi-
cator for respondents reporting being told by a doctor
or other health professionals of being infected with any
of the following STIs: (1) chlamydia, (2) gonorrhoea, (3)
trichomoniasis, (4) syphilis, (5) hepatitis B, (6) HPV, (7)
HIV/AIDs and (8) other sexually transmitted diseases,
not elsewhere reported by respondents such as genital
herpes, genital warts, vaginitis, urethritis, pelvic inflam-
matory disease or cervicitis.

From these reports, we construct an indicator for (1)
ever being infected with an STI and (2) being infected
with an STTin the 12 months prior to interview (available
at waves 3 and 4). For lifetime infection, we supplement
wave 4 reports with reports of being infected with any of
the STIs listed above at earlier waves, addressing cases
where respondents are known to deny STIs in self-reports
at older ages.”

Parental imprisonment

At wave 4, respondents were asked ‘(Has/did) your
biological mother/father ever (spent/spend) time
in jail or prison?” and ‘How old were you when your
biological mother/father went to jail or prison (the
first time)?’ Using these questions, we construct indi-
cator variables for maternal and paternal imprison-
ment occurring prior to age 18 years. We code separate
measures for (1) father imprisonment, (2) mother
imprisonment, and (3) mutually exclusive categories
of mother and/or father imprisonment. While prior
research suggests recollection of childhood traumas
and reporting of parental imprisonment yields reliable
estimates,” *” recollection of the specific age at first
parent imprisonment may be less reliable, particularly
in early childhood. Our coding addresses this potential
issue in prior research.

Demaographic controls

We include respondent age at each wave, biological sex,
and if the respondent identified as black, white, Hispanic,
Native American, Asian or other racial classification at
wave 1.

Familial/neighbourhood controls

We control for parent’s reported level of education and
family structure at wave 1 (in over 90% of cases, the
parent reporting education is the biological mother or
stepmother). We include wave 1 neighbourhood SES as
the proportion of families in the respondent’s census
tract residing below the poverty level.

Individual risk measures

For individual controls, we incorporate measures of
measured body mass index (kg/m?) at wave 2, an indi-
cator for physical child abuse (wave 4 self-report), diffi-
cult child temperament (wave 1 parent interview), a wave
1 school attachment scale, adolescent marijuana usage in
the 30 days prior to the interview (wave 1), binge drinking
in the prior 12 months to the interview (waves 2, 3 and 4),
and a 12-item wave 1 delinquency score (details of the
school attachment and delinquency scales are available
in Guo et al®).

STl risk factors

Measures include the total number of sexual partners
before age 18 years and parental reports of the degree to
which they discuss STI risk with respondents on a 5-point
Likert scale (with higher scores indicating greater discus-
sion about STT risks).

Patient and public involvement

This study uses anonymised secondary data from the Add
Health. As a result, this study is conducted without patient
involvement in designing the study, creating outcomes
or interpreting results. Study participants are also not
included in contributing to the writing or editing of this
document for readability or accuracy.

Analytical strategy

To analyse the risk of lifetime STI, we use logistic regres-
sion. Add Health uses multiplicative weights ranging
between 20 and 18 342 (mean 1480.28, SD 1425.65) to
create a representative national cohort at wave 4.”* This
is a potential issue in prior studies where missing data
and small cell counts used in analysis may substantially
increase uncertainty. Analysis of unweighted data and
controls to address sample bias may, alternatively, more
efficiently estimate STI risk.* We focus our presentation
on the unweighted results, but also compare coefficients
between the weighted and unweighted data to examine
potential uncertainty.*’

To analyse the probability of STI over time, we use a
two-level random effects logistic regression model where
self-reports of STT in the prior 12 months at each wave are
nested within individuals.
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We impute 75 datasets using multiple imputation (MI)
by chained equations to address missing data issues; we
note imputation may address bias arising in prior research
due to (1) missing data removing cases of greater social
disadvantage where the effects of parental imprisonment
have been found to be less significant, and (2) removing
12% of cases of mothers (78 of 643) and 20% of cases
of fathers (458 of 2283) where respondents report their
parent as having been imprisoned, but not reporting the
exact age when their parent was first imprisoned.” ' *2

Predicted probabilities and 95% CIs are generated by
estimating means and SEs using reported model esti-
mates. These estimate results use baseline demographic
controls for age, race/ethnicity and respondent sex to
estimate variation among these groups, in the absence of
mediators.

We use STATA V.15.1 for all analyses.

RESULTS

Table 1 contains descriptive statistics by respondent’s
history of parental imprisonment. Parental imprisonment
is associated with increased risk of a range of adversities
and disadvantages.

Lifetime STI

Table 2 presents results for lifetime risk of STI. The odds
of STI were higher for imprisonment of the biological
father (OR: 1.49, 95% CI: 1.33 to 1.68) and biological
mother (OR: 1.48, 95% CI: 1.20 to 1.82) in the baseline
demographic model (model 1). Modest declines in these
estimates are associated with familial and neighbourhood
factors (model 2), individual risk factors (model 3) and
sexual behaviour risk factors (model 4). Biological father
remains a risk factor for STI (OR: 1.24, 95% CI: 1.04 to
1.48) with the inclusion of all controls, while the 95% CIs
for the OR of maternal imprisonment included the null
value of 1 (OR: 1.13, 95% CI: 0.94 to 1.36).

Similar ORs for STT are observed for models for impris-
onment of the biological father only (OR: 1.52, 95% CI:
1.34 to 1.71), biological mother only (OR: 1.59, 95% CI:
1.20 to 2.10), and biological mother and father (OR:
1.58, 95%CI: 1.16 to 2.15). Similar mediation patterns
are observed for biological father and biological mother
imprisonment, with 95% CIs showing ORs >1 for biolog-
ical father only (models 1-5), biological mothers only
(models 1-4), and both father and mother imprisonment
(models 1-4).

In all cases, no single set of risk factors results in non-
significance. Online supplemental table S1 contains the
ORs and 95% ClIs for parental imprisonment and controls
for results from model 5 in table 2. Results using survey
weights (online supplemental table S2) also show compa-
rable ORs with those presented in table 2, with wider Cls.

We find no significant interactions for parental impris-
onment with respondent’s sex and race. To examine
cumulative risk, we estimate joint probabilities for
lifetime STI by child biological sex, black/non-black

ethnicity, and mother or father imprisonment, presented
in table 3. These results show that being female, having an
incarcerated parent and being black have additive effects
for ever being infected with an STI. For example, a non-
black man with no history of paternal imprisonment has a
predicted probability of infection of 8.9% (95% CI: 8.2%
to 9.6%), while those with a history of paternal impris-
onment have a predicted probability of 12.5% (95% CI:
11.2% to 13.9%). In contrast, black women reporting no
history of parental imprisonment had a 52.4% (95% CI:
50.2% to 54.6%) predicted probability of STI, compared
with 61.7% (95% CI: 58.8% to 64.7%) with a history of
paternal imprisonment. Similar predicted probabilities
are associated with maternal imprisonment.

Longitudinal risk of STI

Table 4 examines longitudinal odds of STI in the 12
months prior to the interview. In these models, father
imprisonment in the baseline model is associated with
higher odds of STI (OR: 1.33, 95% CI: 1.13 to 1.56). This
association shows slight mediation when controls were
introduced for familial and neighbourhood (model 2),
individual (model 3) and sexual behaviour factors (model
4); however, the 95% CIs for paternal imprisonment
include the null value of 1 (95% CI: 0.98 to 1.37) when
all controls were included (model 5). Maternal imprison-
ment shows no association with 12-month STT risk (model
595% CI: 0.75 to 1.40). In comparing imprisonment risk
for categories of father and/or mother imprisonment, the
95% ClIs of the association for father-only imprisonment
and STI risk remain >1 across all models, but mother-only
imprisonment, and father and mother imprisonment
show no associations with STT risk.

Online supplemental table S3 contains the ORs and
95% Cls for parental imprisonment and controls for
results from model 5 in table 4. We note that respon-
dent age and heavy-drinking measures are time-varying
measures that are not directly comparable with results
presented in online supplemental table S1.

To test for differences in father imprisonment and
12-month STI risk, we examine if respondent age,
ethnicity and sex moderated results for paternal impris-
onment, with no statistically significant moderation
patterns observed. In lieu of moderation, we examine if
predicted probabilities of STI diagnosis by age, ethnicity
and respondent sex show additive effects, as illustrated
by figure 1 (non-black respondents) and figure 2 (black
respondents). In all models, there is a higher probability
of diagnosis through the mid-20s, before the probability
of STI diagnosis stabilises. In figure 1, the predicted prob-
ability of diagnosis of an STI in the past 12 months is
higher for women than men, with parental imprisonment
being associated with a modest increase in risk. Figure 2
shows a similar pattern, with higher baseline rates among
black respondents. Collectively, these figures illustrate
additive effects for paternal imprisonment, being black
and being a woman, with nearly one-fifth of black women

4

Roettger M, Houle B. BMJ Open 2021;11:€038445. doi:10.1136/bmjopen-2020-038445

1ybuAdoo
Aq pa193101d “AlISISAIUN [euoneN Uelensny 1e 220z ‘2z 18go100 uo /wod fwg uadolwgy/:dny woly papeojumod 120z |Udy T Uo Sy#8€0-020z-uadolwg/oeTT 0T sk paysiignd 1say :uado rINg


https://dx.doi.org/10.1136/bmjopen-2020-038445
https://dx.doi.org/10.1136/bmjopen-2020-038445
https://dx.doi.org/10.1136/bmjopen-2020-038445
https://dx.doi.org/10.1136/bmjopen-2020-038445
http://bmjopen.bmj.com/
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|I

Test of
Parental imprisonment No parental imprisonment group
(n=2339) (n=12997) means
Mean/% SD Mean/% SD P value (p<)

Sex of parent

Mother imprisoned 21.23

Father only imprisoned 78.77

Mother and father both imprisoned 8.39

STI diagnosis, prior 12 months

Wave 4 9.71

~
o
(&)

0.0001

Age at interview (years)

Wave 3 21.76 1.74 21.95 1.77 0.0001

Respondent sex

Female 55.09 52.92 0.0500

White 46.38 54.00 0.0001

Hispanic 16.53 15.87 0.4387

Native American 2.83 1.55 0.0001

Family and neighbourhood measures

Two biological parents 21.96 57.82 0.0001

Single father 4.62 3.10 0.0002

Other family structure 12.24 4.92 0.0001

Bachelor’s degree 15.34 25.61 0.0001

Less than high school 2414 16.43 0.0001

Individual measures
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Table 1 Continued

Test of
Parental imprisonment No parental imprisonment group
(n=2339) (n=12997) means
Mean/% SD Mean/% SD P value (p<)
Measured BMI (wave 2) 23.47 5.43 23.07 5.08 0.0024
History of physical child abuse 15.99 7.65 0.0001
Parent’s report, child temperament issues (wave 1) 38.33 29.47 0.0001
Delinquent Activity Scale (wave 1) 2.66 4.34 1.71 3129 0.0001
Frequency of marijuana usage prior 30 days (wave 1) 0.38 0.93 0.23 0.71 0.0001
Reported binge drinking, prior 12 months
Wave 1 0.75 1.37 0.59 1.18 0.0001
Wave 3 1.02 1.44 1.12 1.42 0.0038
Wave 4 1.03 1.41 0.95 1.29 0.0096
Sexual risk measures
Parental discussion of STl risk with respondent 3.26 0.94 3.12 0.96 0.0001
Number of sex partners prior (age <18 years) 4.64 9.92 2.79 6.45 0.0001

BMI, body mass index; STI, sexually transmitted infection.

who experience paternal imprisonment being diagnosed
with an STT in the 12months prior to interviews.

Sensitivity analysis

We conduct supplemental analyses to (1) compare MI
results with complete case analysis for the main findings
(online supplemental tables S4 and S5); (2) compare
the findings by Le et al® for laboratory-confirmed infec-
tions of chlamydia and gonorrhoea with our analysis for
respondent self-reports of lifetime chlamydia and/or

gonorrhoea infection (online supplemental table S6);
and (3) test moderation results using complete case anal-
ysis by examining interactions for parental imprisonment
by biological sex, race/ethnicity, and age in longitudinal
models (raw output for moderation testing available on
request). Comparisons (1) and (3) yield substantively
similar results. For (2), our results are consistent with
prior research on variations between lab-confirmed and
self-reported STI for: (1) father only, and (2) mother and

Table 2 ORs and 95% Cils for lifetime STI diagnosis among adults aged 26-32 years reporting parental imprisonment in
childhood (National Longitudinal Study of Adolescent to Adult Health, 1994-2008)

Model 2:
Model 1: family and

demographic

neighbourhood

Model 3:
individual risk

Model 5: full
controls

Model 4: sexual
risk

Biological father
imprisonment
Biological mother
imprisonment

1.49 (1.33 to 1.68)
1.48 (1.20 to 1.82)

Biological father-only
imprisonment

1.52 (1.34 t0 1.71)

Biological mother-only
imprisonment
Biological mother and
father imprisonment

1.59 (1.20 to 2.10)

1.58 (1.16 to 2.15)

1.36 (1.21 to 1.54)
1.22 (1.02 to 1.44)
1.33 (1.19 to 1.48)
1.32 (1.00 to 1.75)

1.33 (1.07 to 1.66)

1.33 (1.19t0 1.49) 1.38 (1.23 to 1.55) 1.24 (1.04 to 1.48)

1.30 (1.09 to 1.55) 1.37 (1.16to 1.63) 1.13 (0.94 to 1.36)

1.34 (1.22 t0 1.55) 1.36 (1.22to 1.51) 1.22 (1.09 to 1.37)

1.39(1.05t0 1.87) 1.47 (1.11to 1.95) 1.20(0.90 to 1.61)

1.39 (1.11t0 1.72) 1.45(1.07 to 1.99) 1.21 (0.97 to 1.52)

Results are presented for parental imprisonment (age <18 years) for (1) any reported biological father imprisonment, (2) any report

of biological mother imprisonment, and (3) combined reports of biological father and mother imprisonment. Model 1 (demographic
controls)=parental Imprisonment+respondentage+respondent ethnicity+respondentsex. Model 2 (family and neighbourhood controls)=model
1+wave 1 family structure+parent educational attainment+census tract family poverty rate. Model 3 (individual risk controls)=model
1+respondent BMI+adolescent school attachment+childhood physical abuse+difficult child temperament+adolescent marijuana
use+adolescent binge drinking+serious adolescent delinquency. Model 4 (sexual risk controls)=model 1+parental discussion of STI
risk+number of sex partners prior to age 18 years. Model 5 (full controls)=all variables used in prior models.

BMI, body mass index; STI, sexually transmitted infection.
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Table 3 Predicted probabilities and 95% Cls for ever being infected with an STI, by parent sex, child sex, and black/non-
black racial classification (National Longitudinal Study of Adolescent to Adult Health, 1994-2008)

Non-black, male

Non-black, female

Black, male Black, female

Biological father
imprisonment

No biological father
imprisonment

8.9% (8.2% to 9.6%)

Biological mother
imprisonment

No biological mother
imprisonment

9.6% (8.9% to 10.0%)

12.5% (11.2% to 13.9%) 29.3% (27.0% to 31.7%) 35.8% (32.7% to 38.8%) 61.7% (58.8% to 64.7%)
22.1% (21.1% t0 23.2%) 27.6% (25.6% to 29.5%) 52.4% (50.2% to 54.6%)
13.5% (11.0% to 16.0%) 30.4% (25.6% to 35.1%) 37.7% (32.7% to 42.7%) 63.2% (58.4% to 68.0%)

23.0% (22.0% to 24.1%) 29.1% (27.1% to 31.0%) 53.7% (51.7% to 55.8%)

Predicted probabilities generated based on model 1 of table 2 for respondents reporting if their (1) biological father or (2) biological mother
was imprisoned at age <18 years. Model predictors of STl include parental imprisonment, respondent age, respondent sex and respondent

ethnicity.
STI, sexually transmitted infection.

father imprisonment are lower, but within 95% Cls, while
odds for mother-only imprisonment are lower than the
results reported by Le et al'”®

DISCUSSION

Using a US-based cohort study, we demonstrate that indi-
viduals experiencing paternal imprisonment, without
co-occurring maternal imprisonment, in childhood is an
independent risk factor for (1) higher lifetime odds of STI
and (2) longitudinal annual STI risk in adults aged 18-32
years. In basic demographic models controlling for age,
race and biological sex, we find maternal and/or paternal
imprisonment is associated with increased cumulative
risk of STI, with predicted probabilities for STI showing

additive risk for parental imprisonment, respondent
sex and race. However, after introducing controls, only
paternal imprisonment (without co-occurring maternal
imprisonment) remains significant. In longitudinal
models, respondents experiencing paternal imprisonment
only in childhood face a statistically higher risk for annual
STI after controls are added. Respondent sex and ethnicity
also independently raise risks of annual infection in longi-
tudinal analysis. Furthermore, ORs for lifetime and annual
STIs associated with experiencing paternal imprisonment
only are statistically significant and similar (OR ~1.2) once
adjusted for controls, suggesting consistency in cross-
sectional and longitudinal results for paternal imprison-

ment only as a modest, but independent risk factor for STI.

Table 4 ORs and 95% Cils for longitudinal risk of STI in the 12 months prior to interview, ages 18-32 (National Longitudinal
Study of Adolescent to Adult Health, 1994-2008)

Model 2:
Model 1: family and Model 3: Model 4: sexual Model 5: full
demographic neighbourhood individual risk risk controls

Biological father
imprisonment
Biological mother
imprisonment

1.33 (1.13t0 1.56) 1.26 (1.06 to 1.50) 1.22 (1.03 to 1.43) 1.26 (1.07 to 1.49) 1.15 (0.98 to 1.37)

1.22 (0.89 t0 1.66) 1.10 (0.81 to 1.51) 1.09 (0.80 to 1.48) 1.17 (0.85to 1.58) 1.02 (0.75 to 1.40)

Biological father-only
imprisonment

1.36 (1.15t0 1.60) 1.30 (1.10to 1.54) 1.25(1.06 to 1.50) 1.30 (1.10to 1.55) 1.19 (1.01 to 1.41)

Biological mother-only
imprisonment
Biological mother and
father Imprisonment

1.43 (0.96 to 2.14) 1.33 (0.88t0 2.00) 1.31(0.88to 1.95) 1.37 (0.92 to 2.05) 1.24 (0.81 to 1.86)

1.12 (0.69 t0 1.82) 1.03 (0.63 to 1.70) 0.95 (0.58 to 1.56) 1.06 (0.65 to 1.74) 0.89 (0.54 to 1.46)

Results are presented for parental imprisonment (age <18 years) for (1) any reported biological father imprisonment, (2) any report of biological
mother imprisonment, and (3) combined reports of biological father and mother imprisonment. Model 1 (demographic controls)=parental
imprisonment+respondent age+respondent ethnicity+respondentsex. Model 2 (family and neighbourhood controls)=model 1+wave 1 family
structure+parent educational attainment+census tract family poverty rate. Model 3 (individual risk controls)=model 1+respondent adolescent
BMI+adolescent school attachment+childhood physical abuse-+difficult child temperament+adolescent marijuana use+binge drinking prior 12
months+serious adolescent delinquency. Model 4 (sexual risk)j=model 1+parental discussion of STI risk+number of sex partners prior to age
18 years. Model 5 (full controls)=all variables used in prior models.

BMI, body mass index; STI, sexually transmitted infection.
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Figure 1 Age-graded risk for self-reported STl in 12 months prior to interview for non-black respondent infection probabilities
are presented by respondent sex and father’s history of imprisonment (National Longitudinal Study of Adolescent to Adult
Health, 1994-2008). STI, sexually transmitted infection.

In examining mediation patterns, the introduction of ~ between (1) maternal and/or paternal imprisonment
familial/neighbourhood, individual risk and resilience  and lifetime STI and (2) paternal imprisonment and
factors, and sexual risk each show some mediation effect ~ annual STI. While factors such as risky sexual behaviours
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Figure 2 Age-graded risk for self-reported STl in 12 months prior to interview for black respondent infection probabilities are
presented by respondent sex and father’s history of imprisonment (National Longitudinal Study of Adolescent to Adult Health,
1994-2008). STI, sexually transmitted infection.
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and substance abuse may potentially mediate the rela-
tionship between parental imprisonment and STI,"
our results show that the set of combined controls fully
or substantially mitigated these associations. This finding
is generally consistent with other studies where results
for parental imprisonment are partially or fully medi-
ated when controls are added for co-occurring risks such
as parental criminality, poverty and residential insta-
bility, 213 4344

As noted by Roettger and Dennison,” complex inter-
relationships exist between parental imprisonment,
adversities encountered throughout stages of the life
course and interrelated adverse behavioural outcomes.
Our findings align with this hypothesis, for instance, that
paternal imprisonment shows similarly increased odds for
STI that are also associated with child abuse and adoles-
cent/adult substance use. While it remains critical that
public health measures encourage safe sex and frequent
testing to prevent and treat STIs associated with parental
imprisonment, the need for earlier, more comprehen-
sive health interventions is also important to address
broader mental and physical health disparities linked
with parental imprisonment and mass incarceration.*™*"
For example, treatment for substance use disorders and
mental health issues linked with childhood abuse may
be important components for reducing risky sexual
behaviours among individuals with co-occurring histo-
ries of parental imprisonment. Addressing these ‘pack-
ages of risk”*® —parental imprisonment and inter-related
risks arising from different periods in the life course—is
critical for ensuring that policies address the underlying
causes which lead to risky sexual behaviours that may
result in STT and later health complications.

One unexpected finding was that maternal imprison-
ment and joint mother and father imprisonment, after
adjusting confounders and mediators, are not significant
predictors of lifetime STI risk and are also non-significant
in longitudinal analysis. While this may be due to smaller
sample sizes compared with paternal imprisonment, it is
also critical to note that these types of imprisonment may
be associated with broader sets of disadvantages, such as
poverty and family instability.*® *

Strengths and weaknesses

Our study contains a number of strengths. By combining
cumulative and longitudinal analysis for STI, we investi-
gate if the general association between parental impris-
onment and STT consistently holds over time for a broad
range of STIs. Addressing a range of prior methodolog-
ical issues and using supplemental analysis to investigate
the reliability and accuracy of our results, we examine
the validity of the association between parental imprison-
ment and STI risk. Examining variations by age, biolog-
ical sex and ethnicity of respondents using predicted
probabilities, we test for potential variations in parental
imprisonment and STI. By including a range of controls,
we shed additional insight into potential adverse child-
hood experiences and co-occurring risk factors that may

mediate the association between parental imprisonment
and sexual behaviours that may lead to STI. Lastly, by
examining STI over time and supplementing wave 4 STI
reports of lifetime infection with reports of STI at earlier
ages, we (1) control for recall bias®™ and (2) allow for
additional time for cases where asymptomatic STIs may
be under-reported due to lack of testing at one particular
timepoint,” known sources of biases for self-reported
measures.

Our study also contains notable limitations. Prior
research shows Add Health self-reports of STIs are
slightly lower overall for the general population, with
greater under-reporting for minorities”; laboratory-
based testing may thus yield, particularly longitudinally,
variation from our reported findings of similar risks for
parental imprisonment by ethnicity over time. As many
STIs may be asymptomatic and revealed only with testing,
our longitudinal analysis represents prevalence of ‘diag-
nosis,’” not infection rates.”” °* Due to variation in ques-
tions across waves, we are unable to examine longitudinal
models in adolescence, or analyse changes in STI risk
between adolescence and adulthood. Our measure of
parental imprisonment is also based on recollection and
may include shorter jail and longer prison sentences that
yield differing risks; the collection of administrative data
may provide more reliable data for evaluating STI risk
within a jurisdiction.”® Data limitations, such as the lack of
prospective data on parental imprisonment in childhood,
the inability to temporally link parental imprisonment
with subsequent sexual risk and STIs, and unmeasured,
related factors such as exposure to family instability and
parental criminality, also prevent us from exploring
underlying causation. Gene-environment interactions for
risky behaviours, such as self-control or sensation seeking,
that lead to increased STI risk are not observed in our
study but may also explain our association if transmitted
from parent to child.”*°

Conclusion

This study provides evidence that childhood paternal
imprisonment, without co-occurring maternal imprison-
ment, is associated with elevated lifetime and longitudinal
annual risks of having an STI in early and mid-adulthood.
We find that annual and lifetime risk of STI associated
with paternal imprisonment only is additive to increased
risks of STIs for women and black respondents. For adults
who have experienced parental imprisonment in child-
hood, increased testing and treatment for STIs may help
to reduce increased risks. However, broader policies and
interventions are needed to address co-occurring child-
hood traumas and behavioural issues that link parental
imprisonment with sexual health disparities.
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