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Abstract Objective Bronchopulmonary dysplasia (BPD) is a major cause of morbidity in
neonates and can be associated with long hospitalization and high health care
utilization. This extremely stressful situation can be difficult for many families and
caregivers. The high-risk situation combined with increased medical complexity can
result in involvement of Department of Child Services (DCS) and even foster care
placement. This study seeks to define risk factors for DCS involvement and foster care
placement in children with BPD.
Study Design A retrospective study of children born at less than 32 weeks of
gestation born between 2010 and 2016, on oxygen at 28 days of life and discharged
home from a tertiary care center.
Results A total of 246 patients were identified. DCS was involved in 49 patients with
13 requiring foster care placement. Themost common correlated risk factors that were
identified for DCS involvement were maternal THC (tetrahydrocannabinol) positivity,
hospital policy violations, maternal mental health diagnosis, and home insecurity.
Home insecurity (p<0.005) and amphetamine use (p<0.005) were associated with
foster care placement.
Conclusion There are numerous risk factors for both DCS and foster care placement.
The identification of these risk factors is important to help establish services to help
families and identify potential biases to avoid.

Key Points
• There were both substance-related and non-substance-related risk factors for DCS involvement.
• Home insecurity and maternal amphetamine use were risk factors associated with foster care placement.
• This study fills the knowledge gap of risk factors for DCS and foster care placement in BPD.
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Children may be placed in foster care for many reasons
including, but not limited to, abuse, neglect, and medical
complexity that surpasses parent’s ability to care for the
child. Nearly half of children in foster care have chronic
medical problems.1 Adoption and Foster Care Analysis and
Reporting System (AFCARS) data showed that foster care
placement is highest in the first year of lifewith implications
in better identifying how to better serve at-risk parents.2

Prematurity and low birth weight have been associated with
increased risk for both foster care placement and adoption;
however, delineating the degree of prematurity beyond
gestational age less than 37 weeks is limited and sparse.3,4

The neonatal intensive care unit (NICU) offers an environ-
ment where the care team may be able to better identify
family’s psychosocial risk factors impacting patient out-
comes after discharge.5

Bronchopulmonary dysplasia (BPD) is a major cause of
morbidity in neonates.6 BPD contributes to prolonged hos-
pitalization stays and high health-care utilization associated
with extreme prematurity.7–9 Despite improving therapeu-
tic interventions, the incidence of BPD has remained largely
unchanged.10 Following aNICU admission, BPD has also been
shown to have a high health-care utilization and burden.11

BPD is a disease process linked with prematurity.12 There
are numerous risk factors studied, including medical, nutri-
tional, obstetric, environmental, and sociodemographic fac-
tors, contributing to preterm birth.13 Multiple studies have
evaluated socioeconomic and environmental impacts in
neonatal morbidity. With this, it has become increasingly
important to better understand how these factors contribute
and subsequently intervene appropriately for at-risk
populations.14

There is limited information regarding which risk factors
may lead to involvement with Department of Child Services
(DCS) and subsequent foster care placement for patientswith
BPD prior to NICU discharge. Due to this, we wanted to
identify risk factors leading to both DCS involvement and
foster care placement. We hypothesize that there are identi-
fiable risk factors contributing to foster care placement in
infants with BPD.

Materials and Methods

We performed a retrospective cohort study of premature
infants diagnosed with BPD born less than 32 weeks tran-
sitioning to home from a tertiary care center between
January 2010 and December 2016. Infants with BPD with
reported DCS Involvement were compared with infants with
BPD and noDCS involvement. Definition of BPDwas based on
oxygen requirement at 28 days of life to potentially identify
patients earlier than 36 weeks corrected gestational age.6,15

The primary outcome was DCS involvement. Secondary
outcome was foster care placement. Clinical characteristics
and demographics were compared between the groups.

Reasons for DCS involvement were identified through
social work and physician team documentation within the
infant’s medical record. Identifiable factors included sub-
stance use from prenatal visits as specified on infant’s

documented admission note or identified on infant urine
drug screen/meconium drug screen, maternal history of
mental health disorders, history of domestic violence (DV),
legal concerns, previous DCS involvement, hospital policy
violations, parental communication problems, parent care
failures, and home insecurity.

Substance use was defined as any positive prenatal urine
drug screen (including any prenatal visit and on delivery
admission) as well as any infant urine drug screen or
meconium drug screen. Positive screens for medications
given prior to delivery were excluded (i.e., morphine during
labor). Maternal mental health history was defined as self-
reported history or current diagnosis of depression, anxiety
disorder, or other psychiatric disorder requiring medication
and/or therapy. DV was defined as any previous history of
reported DV requiring DCS involvement, any reported phys-
ical or verbal abuse during any prenatal visit, and any verbal
or physical altercation requiring security involvement on
hospital property during NICU admission. Legal concerns
included maternal history of incarceration, probation, and
court ordered substance abuse program for any reason prior
to and during NICU admission. Previous DCS involvement
was any previously filed case on mother or father including
current pregnancy reported in social work documentation.
Hospital policy violations included parental noncompliance
with hospital protocols during any part of maternal or
neonate admission. Discharge policy violations included
inadequate number of caregivers on discharge and not
having an infant car seat. Communication problems were
defined as any social work consult and/or follow-up from the
primary team after multiple failed phone message attempts
to reach parents. Parent care failure was defined as any
parent care failure documented. Home insecurity was de-
fined as self-reported homelessness or eviction, living in a
homeless shelter during pregnancy or during any part of the
NICU stay. The study was approved by the Institutional
Review Board of Indiana University.

REDCap (Research Electronic Data Capture) was used for
study data collection and management.16,17 Results were
provided with values in medians (interquartile range [IQR])
for continuous variables and frequencies (percentages) for
categorical variables. Statistical analyses were performed
with the Kruskal–Wallis/Wilcoxon nonparametric and Fish-
er’s exact tests (due to expected small cell counts), respec-
tively. All analytical assumptions were verified, and analyses
were performed using SASS v9.4 (SAS Institute, Cary, North
Carolina).

Results

We identified a total of 246 patients with BPD who were
transitioned to home between 2010 and 2016. Of these, 80%
(197) of patients had no DCS involvement or foster care
placement. DCS was involved in 20% (49) of patient cases
with 5.2% (13) of patients subsequently placed into foster
care (►Table 1). There were no statistically significant differ-
ences between gestational age, maternal race, gravida/para
history, birth weight, birth length, and birth head
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circumference amongst all three groups. Positive history of
prenatal care was a statistically significant finding between
the three groups (p<0.001).

Discharge medical outcomes are shown in ►Table 2.
Discharge respiratory support and discharge feeding mech-
anism did not differ amongst the groups, but discharge
feeding type was statistically significant (breast milk vs.
formula). Thirteen infants died in total, 11 from the non-
DCS or foster care group and two from the DCS alone group.
Infant length of stay did not differ between the three
groups.

Risk factors for DCS involvement and foster care place-
ment are illustrated in ►Table 3. The most common reasons
for DCS involvement were maternal tetrahydrocannabinol
(THC) positivity, hospital policy violations, maternal mental
health history, and home insecurity. Home insecurity
(p¼0.009) and amphetamine use (p¼0.004) were indepen-
dently significant risk factors for foster care placement
compared with DCS involvement alone. Of the remaining
drugs tested, there were no statistically significant differ-
ences between the groups. Marijuana (THC) use was present
in 47.2% (17) of cases for DCS involvement alone and 53.9%
(7) of cases associated with foster care placement. Commu-
nication problems, hospital policy violations, parent care
failures prior to discharge, legal concerns, history of DV, and

maternal mental health history did not show statistically
significant differences between the groups.

Therewas amedian of 2 total risk factors identified for the
DCS alone group (IQR: 2–4) comparedwith amedian of 4 risk
factors identified in the foster care group (IQR: 3–6) with a
statistically significant difference between number of risk
factors between the groups (p¼0.027). The median number
of substances abused was 1 for the DCS alone group (IQR: 0–
1.5) and 1 in the foster care group (IQR: 0–2) with no
statistically significant differences between the groups
(p¼0.607). There were nine cases involving DCS with exclu-
sive substance abuse as a risk factor. The median number of
substances abused was 1 (IQR: 1–2) when no other risk
factorswere identified. Therewas no exclusive substance use
in the foster care group.

We further categorized the data to exclude substance use
and further evaluated other risk factors. A median of 2 non-
substance risk factors were identified in the DCS alone group
(IQR: 0.5–3) and a median of 3 non-substance risk factors in
the foster care group (IQR: 2–4)with a statistical significance
between these groups (p¼0.033). When evaluating the non-
substance use risk factors (excluding any substance use from
this group), 39% (14) of patients were identified in the DCS
alone group and 39% (5) of patients were identified in the
foster care group. When any substance use was excluded,

Table 1 Patient characteristics and demographics

No DCS DCS only DCS and fostered p-Value

N 197 36 13

Gestational age (wk) 27.29
(25.57, 28.43)

26.57
(25.43, 28.36)

27.64
(26.14, 29.07)

0.505

Birth weight (g) 900
(735, 1,159)

865
(720, 1,085)

945
(835, 1,180)

0.419

Birth length (cm) 35
(32, 37.4)

34.25
(32.5, 35.75)

35.5
(33.75, 37.5)

0.571

Birth OFC (cm) 24.2
(22.5, 26)

24.5
(22.75, 2.625)

24.65
(23.1, 27.05)

0.661

Race

White 116 (58.9) 21 (58.3) 8 (61.5) 0.926

Black 67 (34.0) 14 (38.9) 5 (38.5)

Hispanic 7 (3.6) 0 (0) 0 (0)

Asian 4 (2.0) 1 (2.8) 0 (0)

Other 3 (1.5) 0 (0) 0 (0)

Gravida 2 (1, 4) 3 (2, 4) 2.5 (2, 5.5) 0.203

Para 2 (1, 3) 2 (1, 3) 2 (1, 3.5) 0.874

Prenatal care

Yes 179 (91.3) 29 (80.6) 5 (41.7) <0.001a

No 3 (1.5) 2 (5.6) 5 (41.7)

Late 10 (5.1) 3 (8.3) 2 (16.7)

Unknown 4 (2.0) 2 (5.6) 0 (0)

Abbreviations: DCS, Department of Child Services; IQR, interquartile range.
Note: This table illustrates the patient characteristics studied. Values are medians (IQRs) for continuous variables and frequencies (percentages) for
categorical variables, with p-values from Kruskal–Wallis and Fisher’s exact tests, respectively.
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there were a median of 3 risk factors identified in the DCS
group (IQR: 2–4) and a median of 4 risk factors identified in
the foster care group (IQR: 3–4), with no statistically signifi-
cant difference between the groups (p¼0.563).

Maternal mental health history was further evaluated in
relation to substance abuse. There were 8 total cases of
positive maternal mental health history and positive sub-
stance abuse, 43% (6) were in the DCS group alone and 40%
(2) were in the foster care groups. There were no statistically
significant differences between these groups (p>0.999).
There were six cases in total where there was positive
maternal mental health history and no positive substance
abuse, four cases in the DCS group and two cases in the foster
care group with no statistically significant difference be-
tween the groups (p¼0.6452).

Discussion

There have been population-based studies looking at foster
care placement with prematurity.18However, there have not
been risk factors evaluated specific to patients diagnosed
with BPD. This study evaluated potential risk factors associ-
ated with foster care placement in a cohort of patients with
BPD discharging from the NICU. Approximately 1% of chil-
dren enter foster care before their first birthday. Previous
studies have shown that foster care placement during infan-
cy and overall cumulative risk is highest in African American
and Native American populations.2 Additionally, there is a
higher cumulative prevalence in Child Protective Services
(CPS; or DCS) investigation, substantiation, placement, and

termination for African Americans.19 In our study, we found
an increased risk for foster care placement (5.7% compared
with 1% risk of placement in thefirst year) and no correlation
with maternal race. Foster care placement is likely higher
given the increasedmedical complexity associatedwith BPD.
TheNICU also provides an environment with the resources to
identify and communicate concerns efficiently to communi-
ty partners including DCS. We suspect that our cohort size
and study design may account for differences in previous
racial disparity data. AFCARS data and foster care incidence
are reported annually. Our study looked at foster care
placement prior to NICU discharge. We did not account for
foster care placement following NICU discharge of these
patients which may be more reflective of the current popu-
lation studies. Additionally, our cohort size was small and
therewere no patientswho identified asNative Americans to
compare with the larger studies and population data.

In this study, there was a difference between discharge
formula type amongst the groups studied, reflecting change
in parental care and need for formula at discharge. However,
there were no differences in feeding mechanism and respi-
ratory support between groups at discharge. This suggests
that the presence of increased supplies for feeding and
respiratory support at the time of discharge may not impact
patient disposition with families versus foster care.

Adequate prenatal care was a protective factor against
foster care placement in this cohort. Previous studies have
shown that prenatal care is impacted by many factors
including maternal age, race, education, parity, insurance
status, and DV history.20 In our study, maternal race, parity,

Table 2 Patient discharge medical outcomes

No DCS (n¼197) DCS only (n¼36) DCS and fostered (n¼13) p-Value

Discharge respiratory support

Room air 98 (55.1) 11 (32.4) 7 (58.3) 0.312

Home O2 74 (41.6) 21 (61.8) 5 (41.7)

Trach collar 1 (0.6) 0 (0) 0 (0)

Trach vent 5 (2.8) 2 (5.9) 0 (0)

Discharge feeding type

Formula 135 (68.9) 34 (94.4) 12 (100) 0.004a

Breast milk 38 (19.4) 0 (0) 0 (0)

Both 23 (11.7) 2 (5.6) 0 (0)

Discharge feeding mechanism

PO 84 (42.9) 16 (44.4) 5 (41.7) 0.313

NG/PO 44 (22.5) 7 (19.4) 5 (41.7)

NG only 42 (21.5) 5 (13.9) 0 (0)

GT/GJ 26 (13.3) 8 (22.2) 2 (16.7)

Unknown 0 (0) 0 (0) 0 (0)

Deaths 11 (5.6) 2 (5.6) 0 (0) 0.701

Length of stay (d) 96 (78, 117) 104.5 (76, 122) 103.5 (79.5, 107.5) 0.775

Abbreviations: DCS, Department of Child Services; IQR, interquartile range.
Note: This table specifies discharge respiratory support, feeding type, and mechanism as well as infant morbidity and length of stay. Values are
medians (IQRs) for continuous variables and frequencies (percentages) for categorical variables, with p-values from Kruskal–Wallis and Fisher’s exact
tests, respectively.
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and DValone were not associatedwith foster care placement
but may have contributed to inadequate postnatal care. Of
the risk factors studied, methamphetamine use and home
insecurity individually showed higher rates of foster care
placement in this population.

Substance use in pregnancy is associated with both ma-
ternal and neonatal adverse outcomes. Parental substance
abuse is a known contributor of foster care placement and
certain states have implemented criminal justice policies
surrounding maternal substance use.21 Marijuana is the
most used illicit drug in women of reproductive age and
pregnancy.22 This study did not show an increased risk of
foster care placement for patients with BPD born to mothers
who used marijuana in pregnancy. These findings may be
state-dependent and reflect criminal justice policies sur-
rounding parental substance use. In our state all cases of
positive drug screens required DCS involvement. There is an
increasing use of illicit drugs in reproductive-age women
with a prevalence of 1 in 20 pregnant women reporting illicit

and nonmedical prescription drug use.23Methamphetamine
use in pregnancy is associated with increased risk for pre-
term birth, growth restriction, and fetal death.24,25However,
this risk is often compounded with multiple other maternal
comorbidities including other poverty, psychiatric disorders,
and substance abuse.26

Home insecurity has been associated with adverse out-
comes in both children and adults. In younger children, it can
contribute to poor growth, developmental delay, and subse-
quently poor health outcomes.27 Home insecurity may also
be a marker of food insecurity, another important contribu-
tor to poor health and developmental outcomes in chil-
dren.28 In our study, home insecurity was associated with
increased foster care placement. Because of this, it is very
important in BPD patients to assess for home insecurity
while in the NICU, especially given increased medical com-
plexity of this population. Our study suggests that if we can
implement both effective and early interventions against
parental home insecurity while in the NICU, we may be able

Table 3 Risk factors for DCS and Foster Care Placement

DCS but not
fostered (n¼36)

DCS and
fostered (n¼13)

p-Value

Substance related

Cannabinoids/THC 17 (47.2) 7 (53.9) 0.682

Amphetamines 1 (2.8) 4 (30.8) 0.004a

Opiates (outside program) 5 (13.9) 3 (23.1) 0.442

Opiates (in OUD program) 6 (16.7) 0 (0) 0.116

Heroine 0 (0) 2 (15.4) 0.066

Other substance 3 (8.3) 1 (7.7) 0.942

Non-substance related

Communication problems 5 (13.9) 2 (15.4) 0.895

Maternal mental health history 10 (27.8) 4 (30.8) 0.838

Parent care failure 4 (11.1) 4 (30.8) 0.100

Home insecurity 10 (27.8) 9 (69.2) 0.009a

Previous DCS involvement 8 (22.2) 5 (38.5) 0.256

Hospital policy violations 11 (30.6) 3 (23.1) 0.609

Domestic violence history 7 (19.4) 3 (23.1) 0.781

Legal concerns 6 (16.7) 5 (38.5) 0.107

Other 9 (25.0) 5 (38.5) 0.357

Total risk factors 2 (2, 4) 4 (3, 6) 0.027a

Total substances used 1 (0, 1.5) 1 (0, 2) 0.607

Exclusive substance use—where they have ZERO
non-substance risk factors

1 (1, 2); n¼9 n¼ 0 n/a

Total non-substance risk factors 2 (0.5, 3) 3 (2, 4) 0.033a

Total non-substance risk factors—where they have
ZERO substance risk factors

3 (2, 4); n¼14 4 (3, 4); n¼5 0.563

Maternal mental health historyþ any positive substance abuse 6 (42.9) 2 (40.0) >0.999

Maternal mental health history and no positive substance abuse 4 (18.2) 2 (25.0) 0.645

Abbreviations: DCS, Department of Child Services; IQR, interquartile range; OUD, opioid use disorder; THC, tetrahydrocannabinol.
Note: Values are medians (IQRs) for continuous variables and frequencies (percentages) for categorical variables, with p-values from Kruskal–Wallis
and Fisher’s exact tests, respectively.
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to prevent DCS involvement and/or foster care placement for
patients with BPD.

This study suggests that an increasing number of risk
factors identifiedmay increase risk for foster care placement
in BPD patients. Addressing social determinants of health is
crucial toward rectifying prenatal care inadequacies and
improving neonatal outcomes.29,30 There is an increasing
interest in evaluating how individual psychosocial factors
and their community impact infant morbidity and mortali-
ty.31 It has been previously shown that parental socioeco-
nomic factors contribute to CPS maltreatment cases in
pediatric patients.32 However, this has not been thoroughly
assessed in patients with BPD. For these reasons, we believe
that identifying socioeconomic risk factors are important in
patients with BPD. Continued efforts are needed to rectify
these disparities.

Limitations of this study included sample size, categori-
zation limitations, recall limitations, and implicit biases.
Some of the risk factors studied had small sample sizes
impacting hypothesis testing of the individual risk factors
studied and may have limited a comparison between vari-
ables (i.e., foster care groupwith exclusive substance use and
no other risk factors had an N of 0). The methodology for
certain risk factors in this retrospective review was depen-
dent on documentation from the medical and social work
team. There were historical aspects to risk factor categoriza-
tion that may be impacted by recall and appropriate disclo-
sure including home insecurity, maternal mental health,
history of DV, and even legal concerns if more remote.
Reviewing patient intake addresses, inquiry about home
inhabitants, and employment provided additional opportu-
nities to address home insecurity if not disclosed by parents.
Risk factors identified throughout NICU stay including com-
munication problems, hospital policy violations, and parent
care failure may have underlying medical team’s implicit
biases. These risk factors were reasons for social work
involvement and subsequent DCS/foster care involvement
and inherently may have had different thresholds in the
teams communicating concerns about family members.

For patients with BPD, there may be additional medical
problems impacting health outcomes (i.e., interventricular
hemorrhage, congenital heart disease, necrotizing enteroco-
litis, etc.) thatmay have contributed to discharge disposition.
Some families may elect for their child to be admitted to
long-term care facilities following discharge from the NICU,
especially in the context of increasing medical complexity.
These families may have qualified for DCS involvement for
certain risk factors but would not have been considered for
foster care placement given placement in a long-term care
facility. The sample size for these cases, specifically in BPD
patients with chronic respiratory failure patients with tra-
cheostomy dependence, was small and may have been
irrelevant.

Conclusion

Our study shows that both DCS and foster care placement at
NICU discharge are prevalent in patients with BPD. Identifi-

cation of socioeconomic risk factors both independently and
cumulatively may contribute to these outcomes. There is a
significant need to better address social determinants of
health surrounding prematurity and its morbidity, including
BPD. There is an opportunity in the NICU setting to address
potential barriers impacting families. It is crucial that we
begin developing institutional strategies to better under-
stand how social determinants of health impact BPD patient
outcomes.
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