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Abstract

Substance use during pregnancy is associated with
poor neonatal outcomes. Women incarcerated dur-
ing pregnancy may have a history of substance use,
and their babies may be at risk of neonatal abstinence
syndrome (NAS). This study examines the incidence
of NAS and other outcomes in infants born to cur-
rently or formerly incarcerated women. Infants born
between 1985 and 2011 in Western Australia were di-
vided into three mutually exclusive groups: born to
women incarcerated during pregnancy (n=708); born
within 9-24 months of the mother's release from prison
(n=0651); and born to women who were never incarcer-
ated (n=17,712). The impact of the timing of incarcera-
tion during pregnancy was also examined. Neonatal
outcomes (NAS, preterm birth, low birthweight,
infant mortality and admission to special care nurs-
ery) were compared using logistic regression. Infants
born to currently or recently incarcerated women
had higher odds of all adverse outcomes than infants
in the nonexposed group. Infants born to women in-
carcerated during the second or third trimester (but
not the month of birth) had poorer outcomes than in-
fants born to women incarcerated during the month of
birth. The findings show that babies born to currently
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1 | INTRODUCTION

Women experiencing incarceration often have different physical and mental health needs to
those of the general population (Colbert et al., 2013; Harris et al., 2007). Health issues such as
chronic disease, mental illness, substance misuse, head injury, disability and communicable
diseases are prevalent in prison populations (Abbott et al., 2016; Australian Institute of Health
and Welfare, 2013; Indig et al., 2010). The health status of women in prison may be complicated
by socioeconomic factors, such as poverty, homelessness, unemployment and victimisation
(Ahmed et al., 2016). Upwards of 50% of women prisoners are mothers (Dowell et al., 2017),
and the children born to these women can also have significant health needs. Evidence indi-
cates that, compared with children from the general population, children born to currently or
recently incarcerated mothers have an increased risk of infant mortality (Dowell et al., 2018a,
2018b; Wildeman et al., 2014), low birthweight and preterm birth (Bell et al., 2004; Dowell
et al., 2019; Knight & Plugge, 2005; Testa et al., 2020; Walker et al., 2014). Complicating these
findings, however, is the high prevalence of drug use amongst incarcerated women.

Across studies, the prevalence of substance use disorders in women prisoners has been
reported as between 30 and 69 per cent (Fazel et al., 2017). This compares to a worldwide
lifetime prevalence of 0.9-8.4 per cent (Degenhardt et al., 2019). Although the prevalence of
substance use disorders amongst pregnant incarcerated women is unknown, one study re-
ported opioid use disorder in 14-26 per cent of pregnant prisoners (Sufrin et al., 2020). Illicit
drug use during pregnancy is associated with low birth weight and preterm birth (Kennare
et al., 2005; Ludlow et al., 2004; Schempf, 2007), as well as with neonatal abstinence syn-
drome (NAS). Neonatal abstinence syndrome is a withdrawal syndrome that occurs in in-
fants following the discontinuation of in-utero exposure to a drug or drugs following birth.
Neonatal abstinence syndrome is typically an acute condition that presents in the days fol-
lowing birth, with symptoms including hyperirritability, high-pitched crying, poor feeding,
vomiting and increased muscle tone (Pomar et al., 2017). Neonatal abstinence syndrome is
most commonly associated with the use of illicit and prescription opioids late in pregnancy
(McQueen & Murphy-Oikonen, 2016) but has been also observed following exposure to ben-
zodiazepines (Rementeria & Bhatt, 1977), selective serotonin reuptake inhibitors (Rementeria
& Bhatt, 1977) and stimulants such as methylphenidate (Bolea-Alamanac et al., 2014), meth-
amphetamines (Smith et al., 2003) and cocaine (Ogunyemi & Hernandez-Loera, 2004). In
addition to being a potentially preventable condition, NAS is associated with high healthcare
costs, with the average cost of treatment per neonate estimated to be US$22,552 in the United
States (2016) (Strahan et al., 2020).

In most cases, the use of illicit substances ceases or at least reduces markedly upon incar-
ceration. At prison entry, women with an opioid use disorder (including pregnant women) may
be inducted into an opioid agonist therapy (OAT) programme, most commonly methadone or
buprenorphine. Although the maternal use of OAT has also been associated with high rates of
NAS (Jones et al., 2010; Kelty et al., 2022), the additional benefits to both mother and infant
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are well-documented, and thus, OAT is strongly recommended. Despite high rates of pre-in-
carceration illicit drug use and OAT in incarcerated women compared with women who have
never been incarcerated (Burns & Mattick, 2007; Colbert et al., 2013; O'Donnell et al., 2009), we
found only one study examining the risk of NAS in infants born to incarcerated women. This
Canadian study found increased odds of NAS in babies born to women incarcerated during
pregnancy and those born out of prison to women who had previously been incarcerated,
compared with babies born to women in the general population (Carter Ramirez et al., 2020).
However, the risk of NAS was not compared between the two prison groups, nor was the impact
of the timing of the incarceration during pregnancy examined. Given the potentially prevent-
able nature of NAS and the high associated costs, additional research in this area is warranted.

This study investigates the risk of NAS and other neonatal outcomes (preterm birth, low
birthweight, infant mortality and admission to special care nursery) in infants born to incarcer-
ated women. Previous research has established that outcomes of infants born to incarcerated
women can be equivalent or better than outcomes of infants born to similarly socioeconomi-
cally disadvantaged women who are not incarcerated (Carter Ramirez et al., 2020; Knight &
Plugge, 2005; Mertens, 2000; Testa et al., 2020; Testa & Jackson, 2020). We therefore compare
the risk of NAS and other neonatal outcomes across three groups: (1) infants born to women
incarcerated during pregnancy; (2) infants born within 9-24 months after their mother's release
from prison; and (3) infants born to never incarcerated women. We also examine differences
in NAS risk amongst incarcerated women. From the literature, we assumed that the associa-
tion between incarceration and NAS is time-dependent, with NAS most common in infants
exposed to substances late in pregnancy, and incarceration affecting access to illicit drugs and
OAT. Thus, the impact of changes in illicit drug use and OAT, imposed by incarceration, on
the incidence and nature of NAS, may differ for infants depending on the period of maternal
incarceration. We therefore examine NAS risk for infants born to women incarcerated at dif-
ferent points during pregnancy.

2 | METHODS
2.1 | Study design

The study was a retrospective cohort study utilising linked administrative data. Details of the
overarching study have been previously published (Dowell et al., 2017, 2018b).

2.2 | Study cohort

The original retrospective cohort study on which this study was based comprised all children
(N=9471) born in Western Australia (WA) from 1985 to 2011 whose biological mother was
incarcerated before the child's eighteenth birthday (or before the child's death) and a matched
(up to 3:1 sampling based on Aboriginal and/or Torres Strait Islander status, year of birth
and sex) comparison group of children whose mothers had no incarceration record within
the WA Department of Justice (N=22,716). Data for children and their mothers were linked
through the WA Data Linkage System (WADLS) via the Family Connections System (Glasson
et al., 2008), based on details recorded on the WA Registry of Birth, Deaths and Marriages.
For this study, we selected a subsample of the original cohort, comprising all cohort single-
ton infants born to women aged 16 to 42years. The exposed group included infants born to
women who had been incarcerated in the 9months prior to the child's month of birth (prison
pregnancies; n="708). Two comparison groups included the following: (1) infants born within
9-24months after the mother's release from prison (prison controls; n=651) and (2) infants
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born to non-incarcerated women (non-exposed group; n=17,712). The oversampling of non-
exposed comparison group women was performed to account for the low prevalence of NAS in
the general community. For women with multiple eligible pregnancies during the study period,
only the first was included.

2.3 | Data sources

This study used routinely collected administrative data linked by the WADLS. Records from
distinct datasets were linked by matching identifiers (e.g. name and address) common to the
sets of records, using a best-practice probabilistic matching approach and clerical review
(Holman et al., 2008). Identifying information was removed from records and replaced with an
encrypted key, unique to each individual, by the WA Data Linkage Branch prior to data being
provided to the research team. Researchers used the encrypted keys to merge the datasets.

Women with a custodial record (sentenced or remand/pretrial) were identified from WA
Department of Justice data, which includes records of all incarcerations in WA. Department
of Justice data were linked with data from the WA Registry of Births, Deaths and Marriages
and Midwives Notification System (MNS) to identify women incarcerated in the 9months
prior to their child's birth and/or those who gave birth within 9-24months after release from
prison. The MNS contains information on maternal, neonatal and labor/delivery details for
every birth in WA resulting in a live or stillborn neonate of at least 20 weeks' gestation or 400 g
birthweight if gestational age is unknown. Any missing information in the MNS was supple-
mented from equivalent information in the Birth Register.

Neonatal outcomes included NAS, preterm birth, low birth weight, admission to special
care nursery after birth and infant mortality. Neonatal abstinence syndrome diagnoses were
obtained from the Hospital Morbidity Data Collection (HMDC). The HMDC contains records
of all private and public hospitalisations within WA. Each hospital separation contained within
the HMDC is assigned a primary diagnosis, a co-diagnosis and up to 20 additional diagno-
ses, utilising International Statistical Classification of Diseases and Related Health Problems
(ICD). For hospitalisations prior to July 1999, ICD version 9 Clinical Modification was used
(ICD-9-CM). ICD version 10 Australian Modification (ICD-10-AM) was used for hospitalisa-
tions from July 1999 onwards. Hospital records with a primary or additional diagnosis of ICD-
9-CM 779.5 or ICD-10-AM P96.1 identified infants with NAS. Gestational age, birth weight
and admission to special care nursery were obtained from the MNS, with preterm birth clas-
sified as gestational age <37weeks and low birthweight classified as <2500 grams. The WA
Death Register was used to identify children who had died prior to their first birthday (“infant
mortality”). Although the WA Death Register contains data on causes of death, this was not
examined due to low numbers and a high percentage of cases with no assigned cause of death.

Midwives Notification System data were also used to identify child and maternal sociode-
mographic characteristics, including child sex (as assigned at birth; male/female), Aboriginal
ethnicity (Aboriginal/non-Aboriginal), geographic area of residence at birth (metropolitan/re-
gional/remote), area-level socioeconomic status (in quintiles, from least disadvantaged to most
disadvantaged; measured at Collection District level, or Statistical Local Area if Collection
District not available), maternal smoking during pregnancy (self-reported; yes/no) and mater-
nal marital status (married or de facto/unmarried).

2.4 | Incarceration timing

To reduce the probability of infants in the study being identifiable, date of birth was provided as
month and year, making it impossible to identify the precise timing of incarceration in relation
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to conception, pregnancy trimester and birth. We therefore created four approximate periods
for the prison pregnancies group, using a hierarchical allocation: (1) birth (in custody during
the month of birth), (2) third trimester (in custody in the 3months prior to birth, but not the
month of birth), (3) second trimester (in custody 3 to 6 months prior to birth, but not later) and
(4) first trimester (in custody 6 to 9months prior to birth, but not at other times during preg-
nancy). Women who were in custody across multiple periods during the 9months prior to the
child's birth were classified per the latest period in which they were still in custody so that they
were only included in a single group. For instance, a woman who was in custody throughout
her entire pregnancy would have been classified as being in custody during the month of birth.

2.5 | Statistical analysis

Maternal and neonatal characteristics are presented for infants born to women incarcerated at
any time during pregnancy, infants born within 9-24 months after their mother's release from
prison and infants born to women who had never been incarcerated. The incidence of NAS
and other neonatal outcomes (infant mortality, preterm birth, low birth weight and admis-
sion to special care nursery) in each of these three groups was then compared using logistic
regression, adjusting for child sex, Aboriginal ethnicity, maternal smoking during pregnancy,
maternal age, maternal marital status, area-level socioeconomic index and metropolitan resi-
dence. Infants born to never-incarcerated women were used as the reference group. Subsequent
analyses were restricted to infants born to women with a history of incarceration, comparing
the incidence of NAS and other neonatal outcomes depending on the timing of birth in rela-
tion to the mother's incarceration, with infants born to mothers incarcerated during the month
of birth as the reference group. Analyses were carried out using SAS Version 8.3.

2.6 | Ethics and ethical considerations

Ethics approval for this study was granted by the WA Department of Health Human
Research Ethics Committee (2013/72), the University of Western Australia Human Research
Ethics Committee (RA/4/1/8111), the University of South Australia Human Research Ethics
Committee (0000032609) and the WA Aboriginal Health Ethics Committee (543).

3 | RESULTS
3.1 | Study cohort

The study included 708 infants born to women incarcerated in the 9months leading up to and
including the month of birth. Of those, 18.9% (n=134) were born to women who were incarcer-
ated during the month of birth, 26.0% (n=184) were born to women incarcerated during the
third trimester, but not the month of birth, 27.0% (n=191) were born to women incarcerated
during the second trimester, but not at other times, and 28.1% (n=199) were born to women
incarcerated during the first trimester, but not later. There were also 651 children born within
the period 9-24 months after their mother was released from prison.

Table 1 reports the sociodemographic characteristics of infants born to women who had
never been incarcerated and infants born to women incarcerated during pregnancy or born
within two years of their mother's release. Compared with infants in the non-exposed group,
there was a higher proportion of infants in the prison pregnancy and prison control groups
who were Aboriginal, born to mothers aged under 25 years, born to unmarried mothers, had
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a mother who smoked during pregnancy, resided in metropolitan areas and lived in areas with
the highest level of socioeconomic disadvantage (Table 1). Chi-squared analyses compared the
characteristics of the prison pregnancy and prison control groups. Compared with infants in
the prison control group, infants in the prison pregnancy group were significantly more likely
to be born to unmarried mothers and to have a home address in a metropolitan area, and sig-
nificantly less likely to have a home address in an area with the highest level of socioeconomic
disadvantage (Table 1). The two groups had similar proportions of Aboriginal children, moth-
ers aged <24 years and mothers who smoked during pregnancy.

3.2 | Neonatal abstinence syndrome and other neonatal outcomes

Table 2 presents the frequencies, proportions and adjusted odds ratios of comparisons of neo-
natal outcomes between infants in the non-exposed group and infants in the prison pregnancy
and prison control groups. There were 51 infants born with NAS in the prison pregnancy group,
compared with 45 in the prison control group, and 15 in the non-exposed group. Compared
with the infants whose mothers were never incarcerated, infants in the prison pregnancy group
had 55 times increased odds of NAS (95% CI 28.22, 107.32) and infants in the prison control
group had 57 times increased odds of NAS (95% CI 29.66, 113.01). Infants in both prison groups
also had approximately two times increased odds of all other adverse neonatal outcomes than
infants in the non-exposed group (Table 2).

Compared with infants in the prison control group, infants in the prison pregnancy group
had a non-significant decrease in odds of NAS (OR =0.95, 95% CI=0.61, 1.48) and low birth
weight (OR =0.87, 95% CI=0.66, 1.16), and a non-significant increase in odds of admission
to special care nursery (OR=1.23, 95% CI=0.93, 1.61) and preterm birth (OR=1.10, 95%
CI=0.82, 1.47). Results for infant mortality demonstrated an increase in odds for infants in
the prison pregnancy group than for infants in the prison control group, but results cannot be
reported due to data confidentiality.

Table 3 reports the results of the analyses based on timing of maternal incarceration. Results
for infant mortality could not be reported due to data confidentiality associated with small cell

TABLE 2 Frequencies, proportions, and adjusted' odds ratios of neonatal outcomes for infants born to women
who had never been incarcerated compared with infants born to women with a history of incarceration.

Born to never-
incarcerated women>

(n=17,712) Prison pregnancies (n="708) Prison controls (n=651)
Neonatal outcome n (%) n (%) aOR (95% CI) n (%) aOR (95% CI)
NAS 15(0.08) 51 (7.20) 55.03 (28.22, 45(6.91) 57.89 (29.66,

107.32) 113.01)

Special care nursery 1275 (7.20) 156 (22.03) 2.57 (2.10, 3.16) 118 (18.13) 2.10 (1.68, 2.62)
Low birth weight 1044 (5.89) 123 (17.37) 2.16 (1.72, 2.69) 122 (18.74)  2.47 (1.99, 3.08)
Preterm 1126 (6.36) 121 (17.09) 2.02(1.62,2.52) 101 (15.51) 1.84 (1.46, 2.33)
Infant mortality 128 (0.72) 19 (2.68) 2.72 (1.60, 4.61) <5 NR

Note: Prison pregnancies—infants born to women incarcerated at some point during the 9months prior to the month of birth;
prison controls—infants born within 9-24 months after the mother's release from prison.

Abbreviations: 95% CI, 95% confidence interval; aOR, adjusted odds ratio; NAS, neonatal abstinence syndrome; NR, not
reported due to data confidentiality.

lAdjustﬁ:d for child Aboriginal ethnicity, child sex, maternal age at birth, maternal marital status at birth, maternal smoking
during pregnancy, metropolitan residence, and area-level socioeconomic index.

Reference group for logistic regressions.
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sizes. Compared with infants born to women incarcerated during the month of birth, infants born
to women incarcerated during the third trimester had a non-significant increase in odds of NAS
and low birth weight, and a twofold increase in odds of admission to special care nursery (95%
CI=1.22, 3.89) and preterm birth (95% CI=1.19, 3.22). Infants born to women incarcerated during
the second trimester had two times increased odds of NAS (95% CI=1.02, 5.11) and 1.8 times in-
creased odds of admission to special care nursery (95% CI=1.00, 3.28) compared to infants born
to women incarcerated during the month of birth, and non-significant increases in odds of low
birth weight and preterm birth. For infants born to women incarcerated during the first trimes-
ter, all results were non-significant, but indicated decreased odds of NAS and increased odds of
admission to special care nursery, low birthweight and preterm birth, compared to infants born
to women incarcerated during the month of birth. Finally, infants born within 9-24months after
their mother's release from prison had a non-significant increase in odds of all neonatal outcomes
compared with infants born to women incarcerated during the month of birth.

4 | DISCUSSION

In our sample of children born from 1985 to 2011, NAS was diagnosed in 7% of infants born to
women incarcerated during pregnancy, compared with 0.8% of the infants in the non-exposed
group. The odds of NAS in infants born to women incarcerated during pregnancy were 55
times the odds for infants born to never-incarcerated women. This finding highlights the sig-
nificant burden of NAS in infants born to women incarcerated during pregnancy, even despite
an expected reduction in the use of illicit substances during incarceration. We also found that
the odds of NAS in infants born to women incarcerated during pregnancy were approximately
equivalent to the odds of NAS in infants born within 9-24 months after their mother's release
from prison. These findings are consistent with other research (Carter Ramirez et al., 2020)
and suggest a high level of substance use disorders and/or OAT in women incarcerated in the
years immediately preceding their child's birth.

In relation to other neonatal outcomes, there was an approximate doubling of odds of
preterm birth, low birth weight, and admission to special care nursery in the two prison groups
compared with the non-exposed group, with the magnitude of the difference similar for infants
born to women incarcerated during pregnancy and those born within 9-24 months after their
mother's release. As has been found in other research (Carter Ramirez et al., 2020; Dowell
et al., 2018b, 2019; Knight & Plugge, 2005; Testa & Jackson, 2020), these findings suggest that
babies born to women who are currently or recently incarcerated are at high risk of a range of
adverse outcomes, whether they are born in prison or in the community. This is likely a reflec-
tion of the high rates of social and economic disadvantage amongst women with a history of
incarceration, rather than the incarceration itself. For previously incarcerated women birthing
in the community, other complicating factors, such as barriers to accessing antenatal care and
substance use treatment, difficulties obtaining stable housing, and lack of engagement with
services due to fear of child protective services involvement, may play a role (King et al., 2021).

We also examined neonatal outcomes amongst incarcerated women to establish whether the
timing of incarceration had a differential impact. Babies born to women incarcerated during
the second and third trimester (but not during the month of birth) had higher odds of NAS
than babies born to women incarcerated during the month of birth. Furthermore, women who
were in custody during the month of birth gave birth to infants who were on average heavier
and born at older gestations compared with infants born to women incarcerated at other times
during pregnancy and infants born within 9-24 months after their mother's release from prison.
This suggests improved antenatal care for women incarcerated around the time of birth, poten-
tially including improved access to food, no access to drugs and/or alcohol and higher calorie
diets provided to pregnant women while in prison. For pregnant women leaving prison prior to
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birth, or those diverted from prison, access to affordable healthy food and nutritional advice
may help to address this disparity, as would continuing antenatal care and access to stable
housing, allowing for safe food storage and cooking facilities as well as potentially minimising
exposure to environments with high levels of drug use, such as boarding houses.

There are three clear implications of these findings for both policy and practice. First, all
pregnant women who experience incarceration need access to high-quality maternal health-
care while in prison and after release. Maternal healthcare should be combined with other
throughcare services to ensure that women's other needs are met when they return to the com-
munity. This includes access to safe, suitable and stable housing; domestic violence victim/
survivor support; substance use services; physical and mental healthcare; and connection to
other services and supports. Linking mothers to maternal health services in the community
prior to release is important so that women are not required to navigate these services them-
selves during the stressful period of release. Such services should also extend to the provision
of nurse home visiting for new mothers and their babies to establish good healthcare practices
and support structures for formerly incarcerated mothers. Second, there should be immediate
and targeted maternal healthcare for pregnant women entering prison. Such healthcare could
include advice and maternal counselling around the risk of NAS and the consequences of this
for the mother and her baby, including what a special care unit is and how the mother can best
care for an infant who experiences NAS. Women should be prepared for the increased likeli-
hood of their infant being hospitalised for longer periods and the potential for mother—baby
separation if women are required to return to prison sooner. Third, and related to the second
point, correctional services should consider the potential benefits of women being able to stay
longer in hospital to bond with their newborn, establish breastfeeding if desired and obtain
support and guidance in understanding their newborns' needs. Strong bonds between mothers
and their newborns can have long-term benefits for the rehabilitation of incarcerated mothers
and secure attachment of children (Breuer et al., 2021; Goshin et al., 2014).

4.1 | Limitations

This is a naturalistic, observational study. It was not possible to take into account a number
of factors that may have contributed to poor neonatal outcomes. For example, we were unable
to identify women who were treated with medications such as methadone or buprenorphine.
There is evidence that neonatal outcomes differ depending on the method of OAT (Knittel
et al., 2023). We also do not know what substances women were using during pregnancy, either
in the community or in custody, nor whether there were other factors that may have contrib-
uted to less than optimal foetal growth (e.g. malnutrition and stress/trauma). Additionally,
with the available data, we were unable to establish when the WA Department of Justice be-
came aware of the pregnancy, and what care was provided to support the pregnancy.

The absence of date of birth was also a significant limitation of the study, which may result
in infants being misclassified within the three incarceration timing groups. Although date
obfuscation to protect privacy is a common practice in data linkage studies, this must be bal-
anced against the need to ensure scientific merit, particularly in studies where the timing and
sequence of events is critical. The study also did not factor in length or type of sentence, which
may have impacted neonatal outcomes.

5 | CONCLUSION

Our findings emphasise the high incidence of NAS in babies born to women incarcerated dur-
ing pregnancy and those recently released from prison, with incarceration during the second
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trimester associated with the highest odds of NAS. Babies born to currently and recently in-
carcerated women also had higher odds of preterm birth, low birth weight, and admission
to special care nursery. It is important to ensure that health benefits for mothers and babies
achieved in prison are continued through women's release and return to the community,
through women's access to and engagement in a variety of services that meet their varied but
often complex needs, for as long as they need them. Providing stronger maternal healthcare for
women who experience incarceration has the potential to provide long-term benefits to both
mothers and their children.
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