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Abstract

Introduction: Adverse childhood experiences are associated with a host of negative outcomes;
however, few have studied cumulative adverse childhood experiences in the context of pregnancy
and infant health. This study examines state-level prevalence of adverse childhood experiences and
associations with pregnancy- and infant health-related indicators.

Methods: The study used 2016-2018 Pregnancy Risk Assessment Monitoring System
population-based data from 5 states. Analyses were conducted for individual states and grouped
states using similar adverse childhood experience items. Thirteen adverse childhood experience
measures were included across 3 domains: abuse, neglect, and household challenges. Adverse
childhood experience scores were calculated for the number of adverse childhood experiences
experienced (0, 1, 2, =3) on the basis of available state measures. Fourteen pregnancy- and

infant health—related indicators were examined, including unwanted pregnancy, adequate prenatal
care, experiences during pregnancy (e.g., smoking, abuse, depression), gestational diabetes,
hypertensive disorders of pregnancy, birth outcomes (e.g., preterm birth), and breastfeeding.
Adjusting for demographics, parity, health insurance status, and educational attainment, prevalence
ratios and 95% Cls were calculated to examine the associations between pregnancy- and infant
health-related indicators and adverse childhood experience scores.

Results: Over 50% of respondents reported at least 1 adverse childhood experience and 13%-—
31% reported =3 adverse childhood experiences, depending on the state. Significant associations
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were identified in all adjusted models between adverse childhood experiences and unwanted
pregnancy, smoking, physical abuse, and depression during pregnancy.

Conclusions: Adverse childhood experiences are associated with risk factors that impact
pregnancy and infant health. Preventing and mitigating adverse childhood experiences is an
important strategy to improve pregnancy- and infant health-related indicators.

INTRODUCTION

Pregnancy- and infant health—related (PIH) indicators are important markers of the overall
health of a society.! These conditions may manifest during pregnancy or up to 1 year

later, including hypertensive disorders of pregnancy, gestational diabetes, preterm birth, low
birth weight, and postpartum depression. These serious public health issues contribute to
premature mortality and increased healthcare costs.2™

Among other risk factors,58 stress has been identified as a key contributor to some

poor pregnancy, postpartum, and neonatal health indicators, particularly among racial and
ethnic minority groups.82 A promising area for improving the understanding of negative
PIH indicators—and subsequently, prevention efforts—is the growing science connecting
experiences of childhood trauma and toxic stress to later health and well-being.

Adverse childhood experiences (ACEs) are preventable, potentially traumatic events that
occur in childhood, including neglect; experiencing or witnessing violence; and growing up
in a household with substance use, mental health problems, or instability because of parental
separation, divorce, or incarceration.1911 ACEs are common12-13: between 2015 and 2017,
61% of adults from 25 U.S. states reported =1 ACE, and 16% reported experiencing

>4 ACEs.13 ACEs’ impacts on health and life opportunities increase as the number of

ACEs increases and may persist for years.10:14.15 ACEs can cause a toxic stress response
that derails optimal development by changing gene expression, brain architecture, immune
function, and coping strategies affecting educational attainment, health behaviors, physical
and mental health, life opportunities, socioeconomic position, and life expectancy.10:14-16

Lesser known is how experiencing childhood trauma impacts pregnancy and birth
outcomes. Studies report the associations between experiencing chronic stress or abuse

in childhood with preterm delivery or low birth weight,17-21 but fewer studies have

looked at cumulative ACEs in the context of PIH indicators.22-24 Cumulative ACEs are
important to examine in the context of PIH outcomes because increasing ACEs often

show a dose—response relationship with negative health outcomes.2> High ACEs have been
associated with increased odds of pregnancy loss,26 unwanted pregnancy,2’-28 negative
prenatal mental health,2%-32 intimate partner violence during pregnancy,3! substance use in
pregnancy,32-34 gestational hypertension,3® preterm birth,21:24:35.36 neonatal intensive care
unit hospitalization,3’ and low birth weight,26:37 but most studies have been limited to
small, unrepresentative samples and have not included a robust set of outcomes.22-2438
Furthermore, few studies provide the population-based prevalence of ACEs among recently
pregnant individuals at the state level.
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The study seeks to understand the prevalence of ACEs among individuals with recent

birth and associations between cumulative ACEs and key PIH indicators at a population
level. The study uses a life-course perspective to examine the associations between
cumulative adversity and the entire pregnancy and birth experience, from the wantedness

of pregnancy to pregnancy-associated health conditions and behaviors to birth outcomes and
breastfeeding. This information may highlight upstream risk factors and provide potential
targets for decision makers seeking to prevent poor PIH outcomes.

The Pregnancy Risk Assessment Monitoring System (PRAMS) is an ongoing population-
based surveillance system designed to monitor select behaviors and experiences that occur
before, during, and shortly after pregnancy among individuals who deliver live-born infants
in participating U.S. states, cities, and territories.3® Monthly, all participating sites select a
stratified random sample of 75-300 participants from birth certificate records. PRAMS sites
use a standardized protocol for data collection, including mailing up to 3 self-administered
surveys to sampled participants 2—-6 months after delivery and contacting those who do

not respond to mailings for telephone interviews. Survey results are linked to participants’
birth certificates. Data are weighted annually to account for sample design, nonresponse,
and noncoverage, thus representing the population of people with live births in each site for
the year. Additional details on PRAMS methodology are described elsewhere.3? PRAMS
has approval from IRBs at the Centers for Disease Control and Prevention and participating
sites.

Study Sample

Measures

The study used data from 5 PRAMS sites (Kansas [/7=1,971], Michigan [/=5,565], North
Dakota [7=1,476], Rhode Island [7=3,350], and South Dakota [/7=2,148]) that included
questions on ACEs experienced by postpartum individuals in their childhood. Sites achieved
an overall weighted response rate of >55% for each year of survey data included between
2016 and 2018 (Appendix Table 1, available online).

The PRAMS questionnaire includes core, standard, and site-specific questions. Core
questions are the same for all PRAMS sites. Standard questions are optional for sites

to include but are identical. Site-specific questions are developed by participating sites
independently. ACEs questions were site specific and were not uniform across all the 5 sites
(Appendix Table 1, available online). Sites with similar questions were grouped for analyses
into 2 combined data sets: North Dakota/South Dakota and Kansas/Michigan/Rhode

Island. North Dakota and South Dakota questions were similar to Behavioral Risk Factor
Surveillance System ACEs module questions*® and assessed abuse (physical, emotional,
sexual), neglect (physical, emotional), and household challenges (witnessed intimate partner
violence, household substance use, household mental illness, parental separation/divorce,
incarceration of a family member) experienced before the age of 18 years. Kansas,
Michigan, and Rhode Island questions were adapted from the National Survey of Children’s
Health?! and included neglect (emotional) and household challenges (parental separation/
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divorce, household substance use, parental incarceration, food insecurity, housing instability,
living in foster care) experienced before the age of 13 years.

For each site, a composite ACE score was created for the number of ACEs experienced
during the participant’s childhood for individuals with complete ACEs data on the basis

of available indicators. Composite scores were grouped into 0, 1, 2, and =3 ACEs on

the basis of the general distribution of ACE frequency in the study population and for
comparability within this analysis and across other studies. Sensitivity analyses examining
other groupings of cumulative scores (0-1, 2, =3; 0, 1, 2, 3, =4) evaluated the impact of
ACE score categorization on strength of associations. In each of the 2 combined data sets,
only ACE variables that were available and identical for all grouped sites (North Dakota/
South Dakota, 7=10; Kansas/Michigan/Rhode Island, 7=7) were included in the ACE score
calculation for combined analyses.

The study obtained information on participant age, race/ethnicity, education level, parity,
plurality, marital status, adequacy of prenatal care (either Kotelchuck or Kessner index
scored ‘adequate’),*243 and neonatal indicators (small for gestational age [birth weight
<10th percentile for gestational age], large for gestational age [birth weight >90th percentile
for gestational age], low birth weight [<2,500 grams], preterm birth [<37 weeks gestation])
from the linked birth-certificate data. Participants who reported Hispanic ethnicity of any
race were categorized as Hispanic. Participants who did not report Hispanic ethnicity were
categorized as non-Hispanic White, non-Hispanic Black, non-Hispanic American Indian/
Alaska Native, or non-Hispanic another race on the basis of reported race. The another race
category included participants reporting Asian or Pacific Islander racial identity or multiple
races owing to small sample size. Health insurance coverage for prenatal care (private,
Medicaid, other, none) was from the PRAMS questionnaire, as were indicators for unwanted
pregnancy, cigarette smoking during the last 3 months of pregnancy, experience of physical
abuse during pregnancy, gestational diabetes, hypertensive disorders of pregnancy (HDP)
(gestational hypertension/pre-eclampsia/eclampsia), depression during pregnancy, and ever
breastfeeding.*44°

Statistical Analysis

Missing data were addressed through pairwise deletion; the percentage of missing data

for variables of interest was low, ranging from 0 to 12.7% missing. Descriptive and
bivariate analyses were conducted for combined groups (Kansas/Michigan/Rhode Island;
North Dakota/South Dakota) and individual sites. Prevalence and 95% Cls were calculated
for respondent characteristics and individual/cumulative ACEs as well as pregnancy-related
behaviors, experiences, health risks, and birth indicators among participants experiencing =3
versus those experiencing 0 ACEs, testing for differences using chi-square tests. Poisson
regression with robust SEs was conducted for combined groups to generate adjusted
prevalence ratios examining the associations between ACE score (1, 2, =3) and PIH
indicators, with 0 ACEs as the ref. To examine the direct impacts of ACEs on PIH
indicators (Appendix Figure 1, available online), model covariates included participant
age, race/ethnicity, marital status, parity, health insurance status (as a proxy for income),
and educational attainment. On the basis of a priori knowledge, substantial differences in
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the associations between ACEs and membership in a racial/ethnic minority group were
anticipated for many of the indicators explored. To confirm this, effect modification was
investigated by testing for interaction between ACE score and race/ethnicity for each
examined outcome and examining stratified results. Unfortunately, given the small sample
size of select minority groups in study states (e.g., non-Hispanic Black participants in North
Dakota/South Dakota; non-Hispanic American Indian/Alaska Native participants in Kansas/
Michigan/Rhode Island), the estimates generated were unstable (as determined by a relative
Cl width >130% and relative SE >30%) and could not be presented in this analysis.*6:47

All analyses accounted for complex survey design using SAS, Version 9.4, and R, Version
4.2.0.4849

In total, 14,510 participants were included. Table 1 provides the weighted percentages

of demographic characteristics for combined and individual sites. Across sites, most
respondents were non-Hispanic White, were aged 25-34 years, were married, were privately
insured, and completed more than a high school education. Approximately 60% of the
participants were multiparous, and the majority had singleton infants.

Table 2 provides the weighted prevalence of ACEs for the combined and individual site
participants. On the basis of combined data for 10 ACEs assessed by both South Dakota

and North Dakota, parental separation or divorce was the most common ACE (40.8%; 95%
Cl1=38.8%, 42.7%). A quarter of participants reported experiencing emotional abuse (24.5%;
95% CI1=22.8%, 26.2%), exposure to substance use (28.8%; 95% C1=27.0%, 30.6%), or
mental illness (25.4%; 95% CI1=23.6%, 27.1%) in their home. Six in 10 North Dakota/South
Dakota respondents (60.6%; 95% CI1=58.6%, 62.5%) reported experiencing at least 1 of the
10 assessed ACEs, and more than a quarter (29.1%; 95% CI=27.3%, 30.9%) experienced =3
ACEs.

On the basis of combined data for the 7 ACEs assessed by Kansas, Michigan, and Rhode
Island, parental separation or divorce was the most common ACE (34.8%; 95% CI1=33.5%,
36.2%); 17.7% (95% Cl=16.5%, 18.8%) of participants reported exposure to substance
use in their home, and 14.7% (95% CI1=13.7%, 15.8%) reported housing instability. One
half (49.6%; 95% Cl1=48.2%, 51.0%) of the Kansas/Michigan/Rhode Island participants
experienced 1 or more of the 7 assessed ACEs, and 13.6% (95% CI=12.6%, 14.7%)
experienced =3 ACEs.

When comparing PIH indicators for participants experiencing =3 ACEs versus those
experiencing 0 ACEs, most bivariate analysis findings were similar across combined site
groupings (Tables 3 and 4). A significantly higher proportion of participants with >3 ACEs
reported unwanted pregnancy, physical abuse during pregnancy, smoking during pregnancy,
depression during pregnancy, and HDP than of participants without ACEs. A significantly
lower proportion of participants with 23 ACEs reported adequate prenatal care and ever
breastfeeding than of participants without ACEs. There was variation in some indicators
among individual sites; however, findings for pregnancy-related behaviors and experiences
(e.g., smoking, physical abuse, and depression during pregnancy) were consistent across
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individual and combined sites. Pregnancies with small for gestational age infants did not
demonstrate significant associations with increased ACEs in combined or individual sites.
Mixed results were observed for preterm birth, low birth weight, and large-for-gestational-
age infants across combined and individual sites.

Table 5 presents the adjusted associations between pregnancy and birth indicators by ACE
score. Participants with 1, 2, or 23 ACEs in both combined groups had 1.3-3.5 times
higher prevalence of depression during pregnancy and 1.9-4.2 times higher prevalence

of smoking during pregnancy than participants without ACEs. Participants with 22 ACEs
in North Dakota/South Dakota and participants with =1 ACE in Kansas/Michigan/Rhode
Island had 1.4-2.2 times higher prevalence of reporting an unwanted pregnancy and 2.2-7.9
times higher prevalence of experiencing abuse during pregnancy than participants without
ACEs. Participants who experienced =3 ACEs in Kansas/Michigan/Rhode Island had 1.4
times higher prevalence of reporting HDP during pregnancy than participants without
ACEs. Participants reporting 2 ACEs in North Dakota/South Dakota had 1.6 times higher
prevalence of small-for-gestational-age infants than participants without ACEs. Sensitivity
analyses did not find any significant differences in the strength of associations when
examining other groupings of cumulative ACE scores.

DISCUSSION

This study uses large population-based samples to examine the associations between
ACEs and PIH indicators. ACEs were highly prevalent; over 50% of participants with a
recent live birth reported 21 ACEs, and 12.5%-30.6% reported =3 ACEs. Experiencing
>3 ACEs was associated with several negative PIH indicators; consistent with previous
studies, individuals who reported exposure to ACEs experienced an increased prevalence
of unwanted pregnancy,°? abuse during pregnancy,®! prenatal depression,29 and smoking
during pregnancy.3152-55 For the most part, associations between higher ACE scores and
negative PIH indicators were consistent across combined state groups, despite state-based
differences in ACE indicators.

Associations between cumulative ACEs and pregnancy-related conditions and neonatal
outcomes were mixed. High ACEs were only significantly associated with small- or
large-for-gestational-age infants and gestational hypertension in 1 combined state group.
This is not inconsistent with existing literature, where associations between ACEs and
pregnancy and infant biological outcomes have been more modest3°8 than associations
with behavioral outcomes.31:52 Unlike 2 smaller studies showing higher odds of spontaneous
preterm birth among individuals experiencing =2 ACEs,2426 no evidence of direct
associations between experiencing ACEs and preterm birth was found. However, the study
found significant associations between participants’ ACEs and several known risk factors
for preterm birth—including smoking during pregnancy, gestational depression, and abuse
during pregnancy—suggesting that the relationship between ACEs and preterm birth may
occur more indirectly through mediators.23

ACESs’ impact can be felt across one’s lifetime and reverberate across future generations.
Child abuse, neglect, and other adversities show intergenerational continuity—the cycle
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of violence.>”-%9 Indeed, parental ACE scores are a strong predictor of children’s ACE
scores,%0:61 and ACEs can be experienced in utero before a child is born.52 The intersections
between ACEs and PIH highlight a potentially powerful nexus for early prevention to
improve PIH and reduce intergenerational transmission of ACEs.

This study found associations between increased ACEs and PIH indicators across the
reproductive spectrum, from wantedness of pregnancy to pregnancy-associated health
behaviors. Previous studies have shown that the relationship between ACEs and negative
PIH is moderated by high levels of resilience3! or positive influences in childhood,2?
suggesting that efforts to build resilience in childhood®3 and beyond may mitigate the
negative impacts of ACEs on individuals who have already experienced them. Studies have
shown that individuals with high ACEs have improved pregnancy and birth outcomes if they
have a strong support system in place.® For those who have experienced ACEs, providing
needed mental and behavioral health care, facilitating concrete and social supports, and
promoting resilience are important strategies to buffer against the negative impacts of ACEs.

This study adds to the growing body of literature suggesting that ACEs be included as

part of a larger, comprehensive trauma-informed approach to reproductive care.32 Within
the reproductive healthcare setting, inquiring about ACEs and social determinants of
health, particularly in the context of concurrent stressors,32 may help providers identify
individuals with barriers to care and mitigate increased risk for reproductive and pregnancy
complications. Such strategies include referring survivors of ACEs to effective services and
support, particularly mental and behavioral health care, and encouraging help seeking in
clinical settings before, during, and after pregnancy.

Poor PIH indicators are a serious public health issue with far-reaching consequences.
ACESs may be a contributing factor to these indicators, but they are preventable. By
adopting and promoting appropriate, evidence-based policies, social norms, programmatic
strategies, and approaches that prevent ACEs, indicators may be improved for current and
future generations. These strategies include addressing underlying social determinants such
as housing, food, and economic insecurity; neighborhood safety; and access to quality
health care and education. This may involve legislative support for policies that address
socioeconomic conditions and adult stressors that can put people at risk of pregnancy
complications.13:31

This study is not without limitations. First, the study was limited to 5 Midwestern

and Northeastern states that self-selected to include ACEs measures on their PRAMS
surveys. As such, results are not generalizable beyond participating states. Second, because
measures were based on self-report, the extent of overreporting or underreporting of

ACEs is unknown. In addition, the included ACE measures did not measure the severity,
frequency, or duration of adverse experiences. ACE items from Kansas, Michigan, and
Rhode Island were limited to nonviolent experiences in the first 13 years of life and

likely underrepresent the true prevalence of ACEs. Moreover, the ACEs measured were

a select subset of potentially traumatic childhood experiences and do not fully capture the
full range of negative experiences that may happen to children. For example, ACEs of
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racism® and discrimination are particularly salient for racial and ethnic minority groups—
with demonstrated impacts on pregnancy and neonatal health—but these ACEs were not
assessed by these states. Fourth, on the basis of the instability of estimates for participants
from certain racial and ethnic minority groups in the study population, stratified results were
unable to be presented. Exploring the contributions of ACEs to disparities among racial and
ethnic minority groups may help to identify prevention strategies that decrease inequities

in PIH indicators. Owing to inequities in structural determinants of health, because of both
current and historical factors (e.g., racism, economic policy), ACEs often disproportionately
affect members of racial and ethnic minority groups.% Further analyses using additional
data years are planned to explore the differences in the prevalence of ACEs and associations
with PIH indicators by race and ethnicity. Finally, PRAMS only captures live births and
select pregnancy risk behaviors, limiting the ability to examine the associations between
ACEs and other pregnancy outcomes and behaviors (e.g., stillbirth, substance use). Further
research would enable a better understanding of how the types and characteristics of ACEs
impact PIH indicators. Despite these limitations, the findings from this study have important
implications for the way clinicians, researchers, policy makers, and the public understand
the intersections between exposure to adversity and PIH.

CONCLUSIONS

ACEs are significantly associated with a host of PIH indicators, including unwanted
pregnancy, smoking, physical abuse, and depression during pregnancy. Preventing and
mitigating ACEs may be an important strategy to improve PIH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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