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Abstract

Objective To examine maternal childhood adversity in relation to increased risk for maternal
and infant perinatal complications and newborn Neonatal Intensive Care Unit (NICU) admittance.
Methods A sample of 164 women recruited at their first prenatal appointment participated in a
longitudinal study through 6 weeks postdelivery. Participants self-reported on their adverse child-
hood experiences (ACEs), negative health risks (overweight/obesity, smoking, and alcohol use), ad-
verse infant outcomes, NICU admittance, and maternal perinatal complications across three preg-
nancy assessments and one post-birth assessment. Logistic binomial regression analyses were
used to examine associations between maternal ACEs and adverse infant outcomes, NICU admit-
tance, and maternal perinatal complications, controlling for pregnancy-related health risks.
Results Findings showed that women with severe ACEs exposure (6+ ACEs) had 4 times the
odds of reporting at least one adverse infant outcome (odds ratio [OR] = 4.33, 95% ClI: 1.02-18.39),
almost 9 times the odds of reporting a NICU admission (OR = 8.70, 95% CI: 1.34-56.65), and 4 times
the odds of reporting at least one maternal perinatal outcome (OR = 4.37, 95% Cl: 1.43-13.39).
Conclusions The findings demonstrate the extraordinary risk that mothers’ ACEs pose for infant
and maternal health outcomes over and above the associations with known maternal health risks
during pregnancy, including overweight/obesity, smoking, and alcohol use. These results support
a biological intergenerational transmission framework, which suggests that risk from maternal ad-
versity is perpetuated in the next generation through biophysical and behavioral mechanisms dur-
ing pregnancy that negatively affect infant health outcomes.

Key words: early life adversity; Neonatal intensive care unit (NICU); prematurity and low birthweight;
health risk behavior; sexual or reproductive health.

Introduction

Although advances in obstetric and neonatal medicine
and the expansion of neonatal intensive care units
(NICUs) have contributed to significant decreases in
neonatal mortality and severe morbidity (Ancel et al.,
2015; Manuck et al., 2016; Stephens et al., 2008),

perinatal complications, particularly those resulting in
a NICU admission, remain a serious public health con-
cern. NICU admission at any gestational age relative
to the effects of prematurity or other birth injuries/
complications has been associated with adverse neuro-
developmental outcomes that may persist into
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childhood and adulthood (Moster et al., 2008;
American College of Obstetricians and Gynecologists
and Task Force on Hypertension in Pregnancy, 2013).
Although there is significant regional and interho-
spital variation in reported admission rates (Braun
et al., 2020; Harrison et al., 2018), NICU admissions
have shown steep increases over time, with a 69% in-
crease in overall NICU admissions between 1995 and
2013 (Goodman et al., 2019). In 2013, 7.2%
(237,311 live births) of all newborns were admitted to
higher level NICUs (Levels Il and IV) (Harrison et al.,
2018) and the March of Dimes (2011) reported that
14.4% of newborns born in 2009-2010 were admit-
ted to Level I or Level III special care nurseries/
NICUs. Notably, infants born full term and of normal
birth weight (2,500-3,999¢g) are increasingly likely to
be admitted to the NICU, representing more than half
of all admitted newborns (Harrison & Goodman,
2015; March of Dimes, 2011; Moen et al., 2017), and
fewer than 20% of NICU admissions are considered
high illness acuity (Schulman et al., 2018). The most
common diagnoses listed for NICU admissions include
preterm birth (23.6%), respiratory distress syndrome
(11.9%), newborn septicemia (4.0%), and transitory
tachypnea of newborn (3.9%; March of Dimes,
2011). Interestingly, 10% of infants born at 37-
41 weeks had no first-associated diagnoses at NICU
admission (March of Dimes, 2011). Still, these infants
remain at increased risk for short- and long-term med-
ical complications and neurodevelopmental impair-
ments (Baron et al., 2012; Boyle et al., 2012), and
there are significant financial and psychosocial costs
associated with the ongoing medical, educational, and
social needs of NICU graduates (Muraskas & Parsi,
2008). As a result, it is imperative to identify and ex-
amine risk factors for adverse birth outcomes.
Maternal health and perinatal complications during
pregnancy and delivery are well-known risk factors
for neonatal morbidities and NICU hospitalization.
Preterm premature rupture of the membranes is one of
the most common obstetric complications, affecting as
many as 34.4% of pregnancies associated with pre-
term birth and NICU hospitalization (Linehan et al.,
2016; Manuck et al., 2016). Other common obstetric
complications among NICU admissions include
breech presentation, chorioamnionitis, cervical cerc-
lage, abruption, placenta previa, and maternal hyper-
tension (Manuck et al., 2016). Infants born with low
birthweight or small for gestational age are often small
due to preterm delivery or due to fetal growth prob-
lems that occur during pregnancy, commonly intra-
uterine growth restriction (IUGR; Sharma et al.,
2016). Importantly, adverse pregnancy and birth com-
plications are highly comorbid, and risks for preterm
birth and low birthweight increase with the incidence
of other pregnancy and birth complications, including

IUGR, maternal cardiovascular disease, pregnancy-
induced hypertension/preeclampsia, gestational diabe-
tes, infection, and placental complications, as well as
malnutrition, substance use, and multiple gestation
(Ciciolla et al., 2019). Although many perinatal com-
plications can occur spontaneously without previously
known health vulnerabilities (Souza et al., 2020),
there is evidence that maternal preconception health,
including psychosocial health, are associated with sig-
nificantly increased risk for perinatal complications
for women and their infants (Robbins et al., 2014).

Decades of research on exposure to adverse child-
hood experiences (ACEs), which includes traumatic
experiences like abuse and neglect, domestic violence,
and substance use by caregivers, reveals a strong associ-
ation with poor health outcomes in adulthood following
a dose response pattern. That is, the likelihood of poor
health outcomes increases with the number of ACEs ex-
perienced (Felitti et al., 1998; Gilbert, 2015). There is
increasing evidence that exposure to ACEs is associated
with adverse perinatal outcomes, including maternal
prenatal health risks, such as hypertension, diabetes,
overweight/obesity, and alcohol use (Frankenberger
et al., 2015; Madigan et al., 2017; Racine et al., 2018a;
Roberts et al., 2013), as well as preterm birth and low
birthweight infants (Christiaens et al., 2015; Mersky &
Lee, 2019; Smith et al., 2016).

Several theoretical models describe biological and
psychosocial pathways through which early maternal
adversity contributes to intergenerational transmis-
sion of risk for adverse birth outcomes, including
allostatic load and early programming (Beckie, 2012;
McEwen, 1998; Olson et al., 2015). Increased allo-
static load, or cumulative physiological damage, is asso-
ciated with increased disease burden and is considered a
primary mechanism for many stress-related chronic dis-
orders, including hypertension and cardiovascular dis-
ease, diabetes, and metabolic syndrome (Geronimus
2001; Geronimus et al., 2010; Giurgescu et al., 2013;
Wallace & Harville, 2013). These maternal chronic dis-
orders are the largest predictors for both maternal and
infant morbidity and mortality (Centers for Disease
Control [CDC], 2017; Gavin et al., 2012). Thus, mater-
nal biological risk associated with adverse maternal and
infant perinatal outcomes may be exacerbated following
exposure to adversity.

Notably, there has been much emphasis on the so-
cial determinants of health and racial/ethnic dispar-
ities in maternal and infant morbidity and mortality
(Keating et al., 2020). Non-Hispanic Black Americans
and American Indians/Alaska Natives are dispropor-
tionately affected by almost every perinatal complica-
tion compared with other racial groups, as well as the
highest rates of maternal and infant mortality
(Ciciolla et al., 2019). Racial disparities in perinatal
outcomes are robust, consistent across time and
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complication type, and tend to cluster with other per-
sonal, social, and environmental risk factors, including
unequal access to quality health care and education;
disproportionate exposure to health hazards like
ACEs, inadequate housing, poor nutrition, and com-
munity violence (Braveman, 2014; Chae et al., 2011);
and psychosocial stress associated with chronic expo-
sure to racism and discrimination (Christian et al.,
2013; Collins et al., 2004).

These disproportionate patterns of disease inci-
dence suggest that there may be shared pathogenic bi-
ological mechanisms underlying disparities in adverse
pregnancy and birth outcomes (Anachebe & Sutton,
2003) that can be linked to high allostatic load and in-
flammatory reactivity (i.e., “weathering,” or wear and
tear on their health; Geronimu, 2001; Geronimus
et al., 2006) associated with disproportionate expo-
sure to psychosocial stress and adversity (e.g., ACEs,
racism; Collins et al., 2004; Lu et al., 2019;
Geronimus et al., 2010). It is critical, therefore, to
consider racial/ethnic associations with perinatal com-
plications and adverse birth outcomes.

Maternal childhood adversity is also linked to health
risk behaviors, such as substance abuse, that heighten
perinatal risks during pregnancy. For example, Chung
et al. (2010) reported the odds of smoking or the use of
alcohol, marijuana, and other illicit drugs during preg-
nancy was 2.5 times greater for women with three or
more ACEs. These behaviors during pregnancy have
been associated with increased risk of adverse birth out-
comes (Anderson et al., 2006; Robbins et al., 2014).
This suggests that health risk behaviors and their associ-
ated biological and physiological impacts may be an-
other pathway that links maternal childhood adversity
with adverse perinatal outcomes.

No known study to date has examined the probability
of a NICU hospitalization in relation to maternal ACE
score, and few studies have prospective pregnancy data
to examine the association between ACEs and obstetric
complications during pregnancy and childbirth. To ad-
dress this gap in the literature, the current study uses pro-
spective, longitudinal, and mixed methods data to test
the associations between maternal ACEs, and the risk for
adverse infant outcomes, NICU hospitalization, and ma-
ternal perinatal complications, accounting for maternal
health risk and health risk behaviors including tobacco
and alcohol use and overweight/obesity. It was hypothe-
sized that women with a higher number of ACEs would
have an increased probability of infant and maternal peri-
natal complications, including NICU hospitalization.

Materials and Methods

Sample
Data were collected from a prospective sample of 177
pregnant women (ages 16-39) recruited in 2017-2018

from two community OB-GYN clinics in a small met-
ropolitan city serving diverse, low-income popula-
tions. The clinics are affiliated with the two public
medical universities in the city and because they are lo-
cated on opposite sides of the city, are able to serve
the majority of residents on public insurance. The OB-
GYN providers, including physicians and nurse mid-
wives, deliver at all hospitals across the city. In addi-
tion to prenatal services, the OB-GYN clinics provide
a wide range of women’s health services. Both clinics
offer behavioral health services on a part-time basis
from social workers, and both universities offer psy-
chiatric services on-site, which allows for the stream-
lining of referrals. The overall clinic populations—
including all patients, not only pregnant women—are
more diverse than the city as a whole by race/ethnicity
(~50% White; 10% Hispanic; 30% Black, and 10%
American Indian/Alaska Native) but are predomi-
nately low income. The sample recruited for the cur-
rent study is more diverse than the overall clinic
population (~41% White; 12% Hispanic; 29% Black,
and 16% American Indian/Alaska Native), likely due
to the younger ages of women seeking prenatal serv-
ices, reflecting demographic changes in race/ethnicity
by age in the state. We restricted our sample to 164
participants with available data on ACEs for our anal-
yses, which were collected at the first prenatal visit.
Mean and chi squared comparisons of baseline data
indicated that the participants without available ACEs
data (N=13) were statistically significantly younger
(21.5 vs. 25.4years; t=2.04, p < .05), but did not
otherwise differ on demographic or key study varia-
bles, including race, overweight status, health compli-
cations (hypertension and diabetes), or health risk
behavior (drinking and smoking).

Attrition was greatest between the first and second
trimester; the majority of known reasons for attrition
were due to pregnancy loss. Nearly three-quarters
(73%) of participants who enrolled in the study con-
tinued their participation through the 6-week post-
birth survey; this response rate is comparable with
other cohort studies of low income and diverse popu-
lations (Nicholson et al., 2015). Birth outcome data
were collected from 124 participants. Mean and chi
squared comparisons of baseline data indicated that
the participants lost to attrition (N =40) were statisti-
cally significantly younger (23.9 vs. 25.9years), but
did not otherwise differ on demographic or key study
variables, including race, ACEs, overweight status,
health complications (hypertension and diabetes), or
health risk behavior (drinking and smoking).

Procedure

Informed consent procedures and enrollment were
done in person at recruitment during the first prenatal
visit. Participants were compensated $50 for
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participation in the first assessment, and $40 for each
subsequently completed survey (electronic). All re-
cruitment and study procedures were approved by the
University and Hospital IRBs.

For recruitment, clinic nursing staff introduced the
study to potential participants and those interested in
learning more about the study were transferred to re-
search project staff members for informed consent and
enrollment procedures. Signed informed consent (or
signed informed assent and parental informed consent
in cases where participants were minors) was obtained
before study procedures began.

At enrollment, women provided demographic in-
formation and reported their exposure to ACEs, pro-
vided height and weight data to calculate body mass
index (BMI), and provided a saliva sample that was
used to determine cotinine levels as a marker of to-
bacco use. Saliva samples were collected by research
staff members and processed and stored within 1 hr.
Cotinine, the primary metabolite of nicotine, was
assayed with ELISA by staff scientists at an immunol-
ogy research lab at one of the clinic site locations.
Women were contacted via cellphone texts and emails
with links to additional online surveys in each trimes-
ter of pregnancy and 6 weeks after childbirth, for a to-
tal of four assessments during the study period
reported here. Tablets were available at the clinics for
participants who did not have access to smart phones
or computers, though no participants opted to use the
clinic tablets after the first survey. The surveys asked
participants to report on health risk behaviors during
pregnancy, including tobacco and alcohol use, preg-
nancy complications, birth complications, and NICU
admissions. Participants were compensated within
24hr of completing a survey assessment using
ClinCards (i.e., reloadable debit cards), which en-
hanced participant response rates. Women self-
reported about their pregnancy and birth experiences
in the postbirth survey, and ~10% of survey responses
were verified by data abstracted from the electronic
medical record (EMR; abstraction is ongoing at both
sites). EMR data were abstracted by medical residents
who did not have access to the survey data and
imported into the study RedCAP database by the uni-
versity’s RedCAP support staff director per IRB
protocol.

Measures

Measures of childhood adversity, maternal health
risks, and participant demographic characteristics
were assessed in the first online survey following par-
ticipant consent procedures, and outcomes of interest
(NICU admission and perinatal complications) were
assessed following childbirth using survey responses to
the 6-week post-birth survey.

Childhood adversity was assessed using the ACE
Scale, which asked participants whether they experi-
enced 10 types of adverse experiences classified as
abuse, neglect, or household dysfunction, prior to age
18 years of age (Dong et al., 2004; Felitti et al., 1998).
Preliminary analyses suggested a cubic association be-
tween ACEs and adverse birth outcomes. Notably,
participants reporting a NICU hospitalization had
ACE scores falling in only 2 of the traditional ACEs
categories (i.e., 0, 1, 2, 3, and 4+ ACEs, Dong et al.,
2004; Felitti et al., 1998): 9 participants reported zero
ACEs and 10 participants reported 4 or more ACEs, 6
of whom had scores >5. Additionally, the relatively
small sample size of this study (N =164) and low fre-
quency of adverse perinatal outcomes (e.g., rates of US
NICU admissions: 7.8=12%; see Braun et al., 2020;
Haidari et al., 2021) resulted in small cell sizes when
using the traditional categorization method (Dong
et al., 2004; Felitti et al., 1998). As such, participants’
ACE scores were coded into three categories, similar
to the strategies used by Youssef et al. (2017) and
Brown et al. (2009): low = 0-2 ACEs; moderate = 3—
5 ACEs; and high = 6+ ACEs.

Measures of maternal health risks were assessed at the
first prenatal appointment following participant consent
procedures. Age was assessed as a continuous variable
and ranged from 16 to 38. Overweight was calculated
based on participants’ weight and height, following the
National Health and Examination Survey guidelines (see
Fryar et al., 2012), with BMI scores of 25 or above = 1,
and under 25=0. Smoking status at the first prenatal
visit was calculated based on participants’ cotinine values
using the standard cutoff values (Kim, 2016). Cotinine
values below 10 ng/ml were coded as 0 indicating non-
smoking, and values of 10 ng/ml and above were coded
as 1, indicating smoking. Self-reports of smoking tobacco
during pregnancy were assessed at each of the pregnancy
assessments and following birth. Participants who
reported smoking following pregnancy confirmation at
any of the prenatal assessments were coded as 1; and par-
ticipants who reported not smoking following pregnancy
confirmation were coded as 0. Self-reported alcohol use
during pregnancy was assessed at each of the pregnancy
assessments and following birth. Participants who
reported using alcohol following pregnancy confirmation
at any of the prenatal assessments were coded as 1; and
participants who reported no alcohol use following preg-
nancy confirmation were coded as 0.

A number of infant and maternal health complications
were reported in the data across pregnancy assessments
and following birth (see Table I for types, frequencies,
and percentages of adverse infant and maternal out-
comes). These data were self-reported, and a proportion
of 10% were verified from data abstracted from the med-
ical record. For data analyses, adverse infant outcome,
coded yes (1) or no (0), included the occurrence of at
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Table I. Descriptive Statistics of Maternal Perinatal Complications and Adverse Infant Outcomes

N Y% M SD Range
Maternal perinatal complication (N =164) 56 34.1
High blood pressure 24 14.6
Gestational diabetes 10 6.1
Other perinatal complication 10 6.1
Emergency Cesarean section 18 11.0
Perinatal loss (miscarriage and stillbirth) 10 6.1
Adverse birth outcome (N =124) 36 29.0
Prematurity (<37 weeks) 22 13.4
Gestational age (weeks)? 35.33 1.78 32-37
Low birthweight (<2,500 g) 16 9.8
Very low birthweight (<1,500 g) 2 1.2
Birthweight (g)h 2044.35 469.94 595.34-2,460.74
NICU hospitalization 19 15.4
Reasons for NICU hospitalization (N=19)
Hypoglycemia 3 15.8
Preterm birth 4 21.1
Breathing problems 4 21.1
Other reason 8 42.1

Note. All variables coded as yes/no (1/0) unless specified otherwise.

?Calculated for all infants classified as premature.

bCalculated for all infants classified as low/very low birthweight. Other perinatal complication included prenatal bleeding, postpartum hem-
orrhage, pain, blood clot, and infection. Other reason for NICU hospitalization included neonatal abstinence syndrome, aspiration, infection,

fever, and congenital disorder.

least one infant health complication, including prematu-
rity (<37 weeks), low birthweight (<2,500g), or NICU
hospitalization. NICU hospitalization was also examined
as a stand-alone outcome variable, coded yes (1) or no
(0). Maternal perinatal complication, coded yes (1) or no
(0), included the occurrence of at least one pregnancy or
birth complication, including gestational diabetes, hyper-
tension, perinatal loss (miscarriage, stillbirth), emergency
Cesarean section, or other perinatal complication. Other
perinatal complication included prenatal bleeding, post-
partum hemorrhage, pain, blood clot, and infection.

Results

Descriptive statistics for the full sample are presented
in Table II, along with descriptives according to ACE
exposure.

Logistic regression analyses were used to describe
the strength of the association between adverse infant
outcome, NICU hospitalization, and maternal perina-
tal complication as a function of exposure to low (0-
2), moderate (3-5), and high ACES (6+), with low
ACEs being the reference group for all comparisons.
Results for adverse infant outcome and NICU hospi-
talization are reported in Table III, and results for ma-
ternal perinatal complications are reported in
Table IV. All analyses included age, race, BMI score at
first prenatal visit, cotinine levels at first prenatal visit,
self-reported smoking during pregnancy, and self-
reported alcohol use during pregnancy as covariates.
Models for adverse infant outcome and NICU

hospitalization additionally controlled for occurrence
of maternal hypertension and gestational diabetes.

Women with high ACEs had 4 times the odds of
reporting an adverse infant outcome, odds ratio (OR)
=4.33, 95% CI: 1.02-18.39, and almost 9 times the
odds of a NICU hospitalization, OR = 8.7, 95% CI:
1.34-56.635, respectively. Similarly, women with high
ACEs had 4 times the odds of reporting a perinatal
complication, OR = 4.37, 95% CI: 1.43-13.39. Self-
reported alcohol use was associated with increased
odds of reporting an adverse infant outcome, OR =
9.51,95% CI: 1.73-52.44, or a NICU hospitalization,
OR = 8.87, 95% CI: 1.38-57.01, respectively, and
gestational diabetes was associated with an increased
risk for a NICU hospitalization, OR = 14.69, 95%
CI: 1.40-54.33. The risk of maternal perinatal compli-
cation increased by ~8% with each 1-point increase in
BMI, OR = 1.08, 95% CI: 1.02-1.13. Although not
statistically  significant, Black, Hispanic, and
American Indian/Alaska Native racial identities (com-
pared with White racial identity), as well as cotinine
exposure early in pregnancy, were associated with ele-
vated ORs for adverse infant outcomes, and maternal
complications.

Discussion

This study is the first to examine the association be-
tween maternal ACEs and adverse infant outcomes,
NICU admission, and maternal perinatal complica-
tions. The results of this study indicate that mothers’
ACE scores pose a significant risk for infant health
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Table Il. Sample Demographics and Frequency of Perinatal Complications According to Exposure to Adverse Childhood

Experiences (ACEs)
Low ACEs Moderate ACEs High ACEs Total sample

(n=292,56.1%) (n=43,26.2%) (n=29,17.7%) (n=164)

M (SD) or % (N) M (SD) or % (N) M (SD) or % (N) M (SD) or % (N)
Age (years) 25.27 (5.4) 26 (5.24) 25.21 (6.59) 25.45(5.58)
BMI score 30.24 (8.15) 30.87 (9.60) 28.95 (6.82) 30.16 (8.31)
Overweight (BMI > 25)* 40.5 (32) 50(19) 44.4 (12) 38.4 (63)
Race = Black 38.5(35) 25.6 (11) 6.9 (2) 29.3 (48)
Race = A/AN 16.7 (15) 11.6 (5) 24.1(7) 16.5(27)
Race = Hispanic 9.9 (9) 20.9 (9) 6.9 (2) 12.2 (20)
Race = White 34.1 (31) 18 (41.9) 62.1(18) 40.9 (67)
Cotinine confirmed smoking® 60.5 (32) 54.3 (16) 53.8 (14) 50.0 (82)
Self-reported smoking 30 (27) 41.9 (18) 37.9 (11) 34.1 (56)
Self-reported alcohol use 12.1 (11) 23.3 (10) 13.8 (4) 15.2 (25)
Adverse infant outcome 29.6 (21) 16.1 (5) 45.5 (10) 22 (36)
Prematurity (<37 weeks) 21.1(15) 9.7 (3) 18.2 (4) 13.4 (22)
Gestational age (weeks) 39.86 (2.08) 40.44 (1.85) 39.05 (3.47) 39.85 (2.36)
Low birthweight (<2,500 g) 17.7 (11) 3.6 (1) 20 (4) 9.8 (16)
Birthweight (g) 3,064.15 (607.32) 3,325.79 (558.73) 3,152.19 (625.79) 3,146.93 (603.66)
NICU hospitalization 14.3 (9) 13.8 (4) 30 (6) 11.6 (19)
Maternal perinatal complication 29.3 (27) 34.9 (15) 48.3 (14) 34.1 (56)
Gestational diabetes 6.5 (6) 0.6 (1) 1.8 (3) 6.1(10)
Hypertension 9.8 (9) 18.6 (8) 24.1(7) 14.6 (24)
Perinatal loss 5.4(5) 4.7 (2) 10.3 (3) 6.1(10)
Emergency Cesarean section 15.3 (11) 12.5 (4) 13.6 (3) 11.0 (18)

Note. AI/AN = American Indian/Alaskan Native. N =164. All variables coded as yes/no (1/0) unless specified otherwise. Low ACEs = 0-2;
moderate ACEs = 3-5; and high ACEs = 6+. Smoking, alcohol use, gestational diabetes, and hypertension were self-reported across preg-
nancy. Cotinine levels assayed from saliva. Adverse infant outcomes included prematurity, low birthweight, and NICU hospitalization.
Maternal perinatal complications included gestational diabetes, hypertension, other perinatal complication, perinatal loss (miscarriage, still-
birth), and emergency Cesarean section. Other perinatal complication included prenatal bleeding, postpartum hemorrhage, pain, blood clot,

and infection.
?Assessed at first prenatal visit.

outcomes, over and above the associations with
known maternal health risks during pregnancy, in-
cluding overweight/obesity, smoking, and alcohol use.
Women reporting six or more ACEs had 4 times
greater odds of having an infant with adverse birth
outcomes, almost 9 times greater odds of having an in-
fant hospitalized in the NICU, and 4 times greater
odds of having any pregnancy or birth complications,
supporting our hypotheses. Overall, these findings are
consistent with previous research showing that women
with higher ACE scores were more likely to have peri-
natal complications including preterm birth and
infants with low birthweights (Christiaens et al.,
2015; Mersky & Lee, 2019; Smith et al., 2016), as
well as maternal health risks during pregnancy
(Frankenberger et al., 2015; Madigan et al., 2017,
Racine et al., 2018a; Roberts et al., 2013).

Our results support a biological intergenerational
transmission framework, which suggests that risk
from maternal childhood adversity may be perpetu-
ated in the next generation through biophysical and
behavioral mechanisms during pregnancy that nega-
tively affect infant health outcomes (Buss et al., 2017;
Racine et al., 2018b). Pregnancy and childbirth pre-
sent a special and extreme physiological challenge that
may activate underlying predispositions to systemic

inflammation and disease especially when combined
with external stress exposure, helping to explain the
incidence of gestational, new-onset diseases like hy-
pertension or diabetes among seemingly healthy
women, as well as the increased risk for long-term ma-
ternal morbidity postpregnancy and adverse health
outcomes in offspring (Cheong et al., 2016). Notably,
adverse birth outcomes like preterm birth or low
birthweight may predispose offspring to develop
health problems in adulthood, including cardiovascu-
lar disease and diabetes, which has clear implications
for future perinatal risk in the next generation
(Pinheiro et al., 2016). In addition, the psychosocial
stress of childhood adversity is associated with mal-
adaptive coping behaviors such as overeating and
abusing substances including alcohol, nicotine, and il-
licit substances (Duffy et al., 2018).

Although not statistically significant (likely due to
the small sample size resulting in large standard
errors), the findings also suggest a 25-250% increased
likelihood for adverse infant outcomes, NICU hospi-
talization, and maternal perinatal complications
among Black, Hispanic, and American Indian/Alaska
Native women compared with White women, despite
similar health risk exposures (e.g., ACEs, overweight/
obesity, smoking, alcohol use). Using a biological
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Table lll. Logistic Regression Analysis of Adverse Infant Outcome (Yes/No) and Neonatal Intensive Care Unit (NICU)

Hospitalization (Yes/No) By Exposure to Adverse Childhood Experiences (ACEs)

Predictors Adverse infant outcome (7 =91) NICU hospitalization (7 = 83)
B SE OR 95% CLs B SE OR 95% CLs

Lower  Upper Lower  Upper
Constant —5.82%* 2.01  0.00 — — —5.98* 2.44  0.00 — —
Age (years) 0.12* 0.05 1.13 1.01 1.25 0.10 0.06 1.11 98 1.25
Race = Black 0.95 0.72  2.58 0.63 10.54 0.90 0.87 2.45 0.44 13.57
Race = AI/AN 0.39 0.84 1.48 0.28 7.74 0.25 1.01 1.29 0.18 9.37
Race = Hispanic 1.65 1.14  5.20 0.56 48.56 — — — — —
Race = White, ref — — — — — — — — — —
BMI score® 0.01 0.03 1.01 .94 1.07 —0.02 0.05  0.98 0.89 1.08
Cotinine confirmed smoking® 1.18 0.77  3.26 0.71 14.84 1.12 0.96 3.07 0.47 20.21
Self-reported smoking 0.40 0.70  1.49 0.38 5.83 —0.09 0.91 0.92 0.15 5.46
Self-reported alcohol use 2.25%* 0.87 9.51 1.73 52.44 2.18* 0.95 8.87 1.38 57.01
Gestational diabetes 0.93 0.99 2.55 0.37 17.72 2.69% 1.2 14.69 1.40 54.33
Hypertension -0.96 0.82  0.38 0.08 1.92 —-1.30 1.09 0.27 0.03 2.33
0-2 ACEs, ref — - — — — — — — — —
3-5 ACEs —-0.95 0.79  0.38 0.08 1.79 0.44 0.95 1.55 0.24 9.91
6+ ACEs 1.47% 0.79  4.33 1.02 18.39 2.16* 0.96 8.70 1.34 56.65

Note. OR = odds ratio. CL = confidence limit. AI/AN = American Indian/Alaska Native. All variables coded as yes/no (1/0) unless specified
otherwise. No participants identifying as Hispanic had a NICU hospitalization. Adverse infant outcomes included prematurity (<37 weeks),
low birthweight (<2,500 g), and NICU hospitalization. Smoking, alcohol use, gestational diabetes, and hypertension were self-reported across

pregnancy. Cotinine levels were assayed from saliva.
?Assessed at first prenatal visit.
*p <.05;
**p < .01,

intergenerational transmission framework to concep-
tualize the risk for adverse perinatal outcomes, it is
crucial to consider the association of high allostatic
load, inflammatory reactivity, and biological
“weathering” to the disproportionate exposure to
stress according to racial identity, including exposure
to racism (Collins et al., 2004; Geronimus et al.,
2010). In addition to disruptions in the uterine envi-
ronment related to maternal health risks and compli-
cations (Hocher, 2014), other research has suggested
that the combination of adverse developmental envi-
ronments or early childhood exposure to psychosocial
stress, like ACEs and racism, are linked to epigenetic
changes that alter physiological function and contrib-
ute to generational disease risk (Bick et al., 2012;
Brockie et al., 2013; Lu et al., 2019). Thus, differential
exposure to biological and social stressors may be a
key factor underlying the processes of physiological
adaptation and differential health trajectories, and
may be a primary source for disparities among racial
groups (Cheong et al., 2016; Ciciolla et al., 2019).
Birth complications resulting in a NICU hospitali-
zation significantly increase the risk for adverse neuro-
developmental outcomes, and there is evidence that
neonatal morbidities may be associated with long-
term medical and social impairments that persist into
childhood and adulthood (Baron et al., 2012; Moster
et al., 2008; Smith et al., 2016). Even if the reason for
hospitalization is minor, the NICU hospitalization

itself can increase the risk for long-term morbidity in
association with separation from caregivers, disrup-
tions in bonding, and overwhelming sensory input
that may disrupt neurobiological development and af-
fect stress regulation (Sanders & Hall, 2018).
Moreover, the stress of NICU hospitalization on care-
givers can increase the risk for parental psychopathol-
ogy and disrupt parental engagement and sensitive
parenting behaviors (Lean et al., 2018), which can
contribute to or exacerbate neurodevelopmental and
psychosocial impairments in infants and children.

Notably, the findings suggest a threshold-effect,
with the association between maternal ACEs and ad-
verse perinatal outcomes clustering at the highest lev-
els of adversity. That is, when considering relatively
infrequent events or events that have a strong associa-
tions with genetic, congenital, or other infectious fac-
tors (i.e., not adversity related), like NICU
hospitalization or perinatal complications (Mersky &
Lee, 2019; Racine et al., 2018b; Zhang et al., 2017),
the cumulative level of adversity may need to be at the
extreme to influence the outcome, which suggests that
the tipping point of an adverse outcome may be asso-
ciated with some level of persistent, stress-related
physiological damage (see Biological Embedding
Model, Miller et al., 2011).

These findings are important as they confirm previ-
ous research while addressing some limitations present
within other studies, such as the use of multiple
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Table IV. Logistic Regression Analysis of Maternal Perinatal Complication (Yes/No) by Exposure to Adverse Childhood

Experiences (ACEs)
Predictors Maternal perinatal complication (nz=123)
B SE OR 95% CLs

Lower Upper
Constant —5.28%* 1.39 0.00 — —
Age (years) 0.06 0.04 1.06 0.98 1.14
Race = Black 0.54 0.54 1.72 0.59 4.98
Race = American Indian/Alaska Native 0.57 0.63 1.77 0.52 6.05
Race = Hispanic 0.71 0.77 2.03 0.45 9.20
Race = White, ref — — — — —
BMI score® 0.07%* 0.03 1.08 1.02 1.13
Self-reported smoking —0.03 0.57 0.97 0.32 2.99
Self-reported alcohol use 0.28 0.62 1.33 0.39 4.52
Cotinine confirmed smoking® 0.27 0.57 1.32 0.43 3.99
0-2 ACEs, ref — — — — —
3-5 ACEs 0.04 0.53 1.04 0.37 2.98
6+ ACEs 1.47%* .57 4.37 1.43 13.39

Note. OR = odds ratio. CL = confidence limit. All variables coded as yes/no (1/0) unless specified otherwise. Maternal perinatal complica-
tions included gestational diabetes, hypertension, other perinatal complication, perinatal loss (miscarriage, stillbirth), and emergency Cesarean
section. Other perinatal complication included prenatal bleeding, postpartum hemorrhage, pain, blood clot, and infection. Smoking and alco-
hol use were self-reported across pregnancy. Cotinine levels were assayed from saliva.

?Assessed at first prenatal visit.
**p < .01.

reporters of pregnancy health behaviors and perinatal
outcomes and prospective longitudinal data. There are
several limitations to the current study findings, how-
ever. Self-reported ACEs, for example, may be under-
reported due to social desirability or memory prob-
lems (Reuben et al., 2016). This may lead to conserva-
tive estimates of the association between maternal
childhood adversity and perinatal health risks.
Additionally, although we were able to confirm self-
reported prenatal smoking behaviors at the first prena-
tal visit via cotinine levels present in saliva, we relied
on self-reported alcohol use behaviors due to legal
concerns for participants. Prenatal alcohol use also
tends to be under-reported (Jacobson et al., 2002), but
again, this is expected to conservatively bias findings.
Additionally, the sample size of our study limits our
ability to examine individual maternal and infant peri-
natal complications individually. Although it is com-
mon to combine perinatal complications into single
indicators of maternal and infant outcomes, the long-
term implications and public health costs are not the
same for all types of perinatal complications. A larger
data set would enable this examination for specific
outcomes of interest (e.g., gestational diabetes vs. hy-
pertension), as well as provide the opportunity for
more sensitive analyses according to racial identity.
Finally, our sample may be unique in several ways
that exacerbate health risks. Participants were
recruited from predominately low-income serving
perinatal clinics in a state that had not approved
Medicaid expansion at the time of data collection.

Approximately 52% of participants in the sample
reported no health insurance at some point during the
year leading up to pregnancy, which suggests that any
underlying chronic conditions were likely to have been
under-diagnosed and treated. The state where data
collection occurred also ranks among the top five for
ACEs according to a 2018 Child Trends report (Sacks
& Murphey, 2018). Although we cannot, therefore,
generalize about our findings, the high-risk nature of
our sample presents an unusual opportunity to exam-
ine mechanisms linking maternal childhood adversity
to perinatal outcomes because they are so prevalent
among our study participants.

Finally, this study has important implications for
perinatal and pediatric health care to address and miti-
gate the harmful effects of ACEs and prevent ongoing
exposure to adversity. Routine screening for ACEs at
OB-GYN, primary care, and pediatric clinics can help
to identify women with a history of childhood adversity
and provide an opportunity for additional prenatal sup-
port and monitoring, as well as appropriate referrals for
mental health or substance use prevention or interven-
tion services. Integrated care models with pediatric and
perinatal health psychologists increase the availability
and accessibility of prevention and intervention services,
as well as provide a model for ongoing consultation and
follow-up care for individuals and families who have ex-
perienced adversity (Brown et al., 2017; de Voursney &
Huang, 2016; Woods-Jaeger et al., 2020).

The ICARE (Intergenerational and Cumulative
Adverse and Resilient Experiences) model reviews
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interventions that can support individuals and families
exposed to adversity by promoting neurobiological
and stress regulation, increasing adaptive behaviors,
and reducing symptoms of stress or psychopathology
(Hays-Grudo et al., 2020; Hays-Grudo et al., in press).
For example, pregnant women who reveal a history of
childhood adversity may benefit from mindfulness-
based or cognitive-behavioral interventions designed
to reduce stress, symptoms of anxiety and depression,
substance use, and even the risk for adverse birth out-
comes, as well as promote psychological well-being
and positive health behaviors (e.g., Dhillon et al.,
2017; Hicks et al., 2018; Vinci, 2020; Shreffler et al.,
2019). Mothers and infants who have experienced an
adverse perinatal complication or NICU hospitaliza-
tion have been found to benefit from acute support
and intervention prior to discharge with pediatric or
health psychologists, as well as referrals for ongoing
parenting and developmental support (Hynan et al.,
2015; Spierling et al., 2019; Steinberg & Patterson,
2017), helping to reduce symptoms of stress or psy-
chopathology, build adaptive skills, and reduce the
risk for ongoing adversity.

Additionally, community-based models like Nurse—
Family Partnership (Olds et al., 2014) and the By My
Side Birth Support Program (Thomas et al., 2017)
have shown success in reducing adverse birth out-
comes among racial minority groups (see also Ellis
et al., 2017; Porter et al. 2016). Moreover, the
Battling Over Birth Report (Oparah et al., 2016) and
Changing Woman Initiative (Gonzales, 2012) provide
recommendations to reduce birth disparities among
Black and American Indian/Alaska Native women, re-
spectively, through culturally appropriate and equita-
ble perinatal practices.

Policy implications may also be relevant; because
childhood adversity is associated with chronic health
conditions that increase the risk for adverse perinatal
outcomes, health care programs designed to allow pre-
conceptional women to receive physical and mental
health treatment before they become pregnant may
help to reduce potential impact of uncontrolled health
conditions on perinatal outcomes. Therefore, to pro-
mote healthy infant outcomes, efforts should be made
to identify mothers at risk for perinatal complications
and increase psychosocial and medical support to
ameliorate risks.
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