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Background: Adverse childhood experiences (ACE) are associated with an array of health consequences in later life,
but few studies have examined the effects of ACEs on women'’s birth outcomes.

Methods: We analyzed data gathered from a sample of 1848 low-income women who received services from
home visiting programs in Wisconsin. Archival program records from a public health database were used to create
three birth outcomes reflecting each participant's reproductive health history: any pregnancy loss; any preterm
birth; any low birthweight. Multivariate logistic regressions were performed to test the linear and non-linear effects
of ACEs on birth outcomes, controlling for age, race/ethnicity, and education.

Results: Descriptive analyses showed that 84.4% of women had at least one ACE, and that 68.2% reported multiple
ACEs. Multivariate logistic regression analyses showed that cumulative ACE scores were associated with an
increased likelihood of pregnancy loss (OR=1.12; 95% Cl = 1.08-1.17), preterm birth (OR=1.07; 95% Cl=1.01-1.12),
and low birthweight (OR =1.08; 95% Cl =1.03-1.15). Additional analyses revealed that the ACE-birthweight
association deviated from a linear, dose-response pattern.

Conclusions: Findings confirmed that high levels of childhood adversity are associated with poor birth outcomes.
Alongside additive risk models, future ACE research should test interactive risk models and causal mechanisms
through which childhood adversity compromises reproductive health.
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Background

Adverse childhood experiences (ACEs) are a prevalent
class of acute or recurring stressors that have long-
lasting health consequences. Research in the U.S. has
shown that most adults report at least one ACE, and
that a higher number of ACEs increases the risk of vari-
ous disorders and diseases in adulthood [1-6]. Due to
their prevalence and influence, ACEs have come to be
recognized as a major public health problem that should
be monitored through population surveys such as the
Behavioral Risk Factor Surveillance System [7].
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ACEs like emotional neglect, physical abuse, and sex-
ual abuse have been linked to an increased risk of poor
birth outcomes such as pregnancy loss and preterm
birth [8, 9]. Yet, despite the surge of ACE research over
the last two decades, surprisingly few studies have exam-
ined the cumulative impact of ACEs on birth outcomes.
Seminal findings from the Adverse Childhood Experi-
ences Study did show that higher ACE scores were asso-
ciated with an increased risk of fetal death [10].
Extending these findings, the National Child Develop-
ment Study in Great Britain documented a positive
graded relationship between a greater number of child-
hood hardships and the likelihood of preterm birth [11].
These results were reinforced by a recent Canadian
study that found two or more ACEs roughly doubled the
risk of preterm birth [12]. Although ACEs have been
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linked to preterm birth, and preterm birth is known to
be a leading cause of low birthweight in developed coun-
tries [13], research on the ACE-birthweight connection
has produced mixed results. Some studies have reported
that greater childhood adversity increases the risk of low
birthweight [11, 14], though one study found that birth-
weight was unrelated to the frequency of traumatic
events [15].

Another lingering question in the literature pertains to
whether a higher number of ACEs incrementally
increases the probability of negative consequences. Re-
search has frequently uncovered a linear, or dose-
response, association between the number of ACEs and
the risk of poor health outcomes. However, some studies
have found that the effects of maltreatment and other
adversities follows a non-linear function [16—19]. The
underlying reasons for non-linear effects are uncertain,
though it may be that the risk of certain conditions does
not increase significantly until a critical threshold of ad-
versity has been exceeded [20].

The present study attempts to advance the literature
by examining the effects of ACEs on reproductive health
in a low-income sample of women. We hypothesized
that our analyses would uncover a dose-response rela-
tionship between ACEs and three birth outcomes: (1)
pregnancy loss, (2) preterm birth, and (3) low birth-
weight. In addition to testing linear associations, we ex-
plore whether the relationship between ACEs and birth
outcomes is non-linear, the hypothesis being that effects
are observable only once participants are exposed to a
high number of ACEs.

Methods

Study and Sample Design

The present study is a secondary analysis of longitudinal
data collected from low-income women with children in
Wisconsin, United States. All participants received ser-
vices within a statewide network of evidence-based
home visiting programs that are supported by the federal
Maternal Infant and Early Childhood Home Visiting
Program [21]. Agencies in the network serve women
who are pregnant or recently gave birth and who meet
one or more risk factors (e.g., household poverty, sub-
stance use). Approximately 98% of the women served
were at or below 200% of the federal poverty line or
were eligible for federal means-tested benefits.

This investigation uses child and caregiver data that
are collected by home visiting personnel and entered
into a state-administered public health database. During
routine prenatal and postpartum assessments, home visi-
tors routinely gather information about client ACEs,
pregnancy history, and birth outcomes. The study sam-
ple is composed of 1848 women who received home vis-
iting services between July 2015 and January 2018.
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Women were included in the sample if they (a) were at
least 16 years old at program enrollment, (b) completed
an assessment of ACEs with home visiting staff, and (c)
had valid prenatal and postpartum assessment records.
Access to participant records was granted by the Wis-
consin Department of Children and Families pursuant to
a data sharing agreement and approval by a university
institutional review board.

Measures

Birth outcomes

We used archival program records to measure three di-
chotomous indicators of reproductive health: (1) any
pregnancy loss, (2) any premature birth, and (c) any low
birthweight infant. A measure of any pregnancy loss de-
notes whether a sample member ever had a miscarriage
(ie, pregnancy loss <20weeks gestation) or stillbirth
(ie, pregnancy loss >20weeks gestation). Premature
birth indicates whether a participant ever gave birth
prior to the 37th week of pregnancy. Low birthweight
indicates whether a participant ever gave birth to an in-
fant weighing less than 2500 g, or 5.5 pounds.

Adverse childhood experiences (ACEs)

Self-reported ACE histories were collected from partici-
pants by home visiting staff, typically within 90 days of
program enrollment, using the Childhood Experiences
Survey, a 19-item assessment that has demonstrated
good internal consistency, test-retest reliability, and pre-
dictive validity [22]. Following conventions in the litera-
ture, a total ACE score was created by summing 10
dichotomous ACE indicators: physical abuse, sexual
abuse, emotional abuse, physical neglect, emotional neg-
lect, household substance abuse, household mental ill-
ness, household crime, domestic violence, and divorce/
separation. We also created mutually exclusive groups
based on the number of ACEs each participant reported:
(1) no ACEs, (2) one or two ACEs, (3) three or four
ACEs, and (4) five or more ACEs.

Covariates

All multivariate analyses included participant age, race/
ethnicity, and educational attainment as covariates. Age
was calculated at the date when home visiting staff gath-
ered reproductive health data during a prenatal assess-
ment. Race/ethnicity was coded into five categories,
including Hispanics and four non-Hispanic groups:
American Indian; African American, Caucasian, and
Other race/ethnicity. Educational attainment was mea-
sured as dichotomy indicating if participants had any
record of postsecondary education, meaning that they
had received at least one college course credit or voca-
tional training after high school.
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Statistical analyses

A descriptive analysis was performed to assess the mean,
standard deviation, and frequency of study variables.
Next, multivariate logistic regressions were conducted to
test whether cumulative ACE scores were associated
with a linear increase in the risk of pregnancy loss, pre-
term birth, and low birthweight while controlling for
maternal age, race/ethnicity, and education. We then
disaggregated the total ACE score into categorical pre-
dictors, as described in the measures section above.
Multivariate analyses were repeated whereby independ-
ent groups of participants with 1-2 ACEs, 3—4 ACEs, or
5 or more ACEs were compared to a reference group
with 0 ACEs. All analyses were conducted using IBM
SPSS 25 statistical software.

Results

Table 1 presents descriptive values for sample character-
istics and key study variables. The mean age of partici-
pants was 25.5 (SD =5.9). The racial/ethnic composition
of the sample was 41.1% Caucasian, 24.0% African
American, 23.2% Hispanic, 7.1% American Indian, and
4.9% Other race/ethnicity. Approximately 29.7% of par-
ticipants had completed some postsecondary education.

Table 1 Sample Characteristics (N = 1848)
Study Measures

Mean (SD) or n (%)

Demographic

Characteristics
Age 255 (5.9)
Any postsecondary 549 (29.7)
education

Race/Ethnicity
American Indian 131 (7.1)
Caucasian 760 (41.1)
African American 444 (24.0)
Hispanic 428 (23.2)
Other race/ethnicity 91 (4.9)

Adverse Childhood

Experiences
Total ACE score 32 (26)
0 ACEs 288 (15.6%)
1 or 2 ACEs 557 (30.1%)
3 or 4 ACEs 453 (24.5%)
5 or more ACEs 550 (29.8%)

Outcomes
Any pregnancy loss 505 (27.3%)
Any preterm birth 270 (14.8%)
(> 3 weeks early)
Any low birthweight 220 (12.0%)

(< 5.5 pounds)

Abbreviation: ACE Adverse childhood experience
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On average, participants endorsed 3.2 ACEs (SD = 2.6);
84.4% of subjects reported at least one ACE, 68.2%
reported two or more ACEs (not shown), and 29.8%
reported 5 or more ACEs. Results showed that 27.3%
participants had at least one pregnancy loss, 14.8% of
women had given birth prematurely, and 12.0% had
given birth to a low birthweight infant.

Multivariate analyses presented in Table 2 indicated that,
as hypothesized, the 10-item ACE index was associated with
a significant increase in the odds of having experienced a
pregnancy loss (OR=112; 95% CI=1.08-1.17). Higher
ACE scores also were significantly associated with an
increased likelihood of preterm birth (OR = 1.07; 95% CI =
1.01-1.12) and low birthweight (OR =1.08; 95% CI = 1.03—
1.15). Put another way, the results suggest that each
additional ACE was associated with a 12% increase in the
odds of pregnancy loss, a 7% increase in the odds of preterm
birth, and an 8% increase in the odds of low birthweight.

When we modeled ACEs as categorical indicators, re-
sults showed that there were no significant differences in
birth outcomes between participants with 0 ACEs and
participants with 1-2 ACEs or 3—-4 ACEs. Having 5 or
more ACEs was associated with an increase in the odds
of pregnancy loss (OR =1.80; 95% CI = 1.28-2.52) while
associations with preterm birth (OR=1.46; 95% CI=
0.95-2.26) and low birthweight (OR=1.39; CI=0.88—
2.19) did not reach statistical significance.

Figure 1 shows the unadjusted (i.e., observed) means
for all three study outcomes based on the number of
ACEs endorsed. The relationship between cumulative
ACE scores and pregnancy loss appeared to be approxi-
mately linear, while associations between ACEs and both
preterm birth and low birthweight appeared to deviate
from linearity. To formally test for non-linear effects, we
ran supplemental analyses that added a quadratic term
to the multivariate logistic regressions. Results showed
that the quadratic term in the low birthweight model
was significant (OR =1.02, 95% CI = 1.00—1.04), suggest-
ing the relationship was non-linear. The quadratic term
was not significant in either the pregnancy loss (OR =
1.01, 95% CI = 0.99-1.02) or preterm birth models (OR =
1.01, 95% CI = 0.99-1.03).

Discussion

Results from this study indicated that a large majority
(84.4%) of low-income women receiving home visiting
services had at least one ACE, and over two-thirds
(68.2%) reported multiple ACEs. We also confirmed that
elevated levels of childhood adversity undermine repro-
ductive health, as higher ACE scores were associated
with a greater likelihood of pregnancy loss, preterm
birth, and low birthweight. Multivariate analyses showed
that each additional ACE was associated with a 12% in-
crease in the odds of pregnancy loss, a 7% increase in
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Table 2 Reproductive health outcomes regressed on adverse childhood experiences

Any pregnancy loss (n=1848)

Any preterm birth (n =1823) Any low birthweight (n = 1837)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
OR OR OR OR OR OR
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age 1.07%* 1.07** 1.08** 1.08** 1.06** 1.06**
(1.05-1.09) (1.05-1.08) (1.05-1.10) (1.05-1.10) (1.03-1.08) (1.03-1.08)
Race/Ethnicity'
American Indian 0.65 0.66 0.63 0.64 0.53 0.55
(041-1.02) (042-1.04) (035-1.12) (0.36-1.14) (0.28-1.00) (0.29-1.03)
Caucasian 0.93 0.94 0.83 0.85 0.60* 061*
(0.71-1.22) (0.72-1.23) (0.60-1.16) (0.61-1.19) (0.42-0.85) (0.43-0.87)
Hispanic 0.70* 0.69* 0.51* 0.51* 0.49* 048
(0.51-0.96) (0.51-0.95) (0.34-0.77) (0.34-0.77) (0.32-0.74) (0.32-0.74)
Other race/ethnicity 0.65 063 0.67 067 0.75 0.73
(037-1.12) (0.36-1.09) (0.34-1.32) (0.34-1.31) (0.38-147) (0.37-142)
Any postsecondary education 1.05 1.05 0.73* 0.73* 0.84 0.84
(0.83-1.32) (0.83-1.32) (0.54-0.99) (0.54-0.98) (0.61-1.16) (0.61-1.16)
Total ACE score 1.02%* 1.07** 1.08**
(1.08-1.17) (1.01-1.12) (1.03-1.15)
1 or 2 ACEs 093 122 0.98
(0.66-1.31) (0.79-1.89) (0.62-1.56)
3 or 4 ACEs 1.27 1.29 1.22
(0.89-1.80) (0.82-2.02) (0.76-1.96)
5 or more ACEs 1.80** 146 1.39
(1.28-2.52) (0.95-2.26) (0.88-2.19)

Abbreviations: OR odds ratio, C/ Confidence interval. *p <.05; **p < .01

the odds of preterm birth, and an 8% increase in the
odds of low birthweight. Taken at face value, the find-
ings point to a dose-response relationship between the
number of adverse childhood experiences and the risk of
adverse birth outcomes.

When ACEs were modeled as categorical groupings
rather than as a cumulative index, however, a more nu-
anced pattern of association emerged. The observed

relationship between ACE scores and pregnancy loss ap-
peared to follow a largely continuous function, whereas
associations between ACE scores and both preterm birth
and low birthweight clustered at the most extreme levels
of adversity. Multivariate analyses confirmed that the re-
lationship between a total ACE score and low birth-
weight fit a quadratic model, denoting a significant
deviation from linearity. The results suggest that ACEs

-
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Fig. 1 Mean of observed negative birth outcomes by the number of adverse childhood experiences
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are associated generally with poor birth outcomes, but
that certain outcomes may only manifest once an indi-
vidual has been exposed to profound adversity. Support-
ing this interpretation, a long line of research on
cumulative risk has sometimes uncovered similar thresh-
old effects [20, 23].

A corollary to the above explanation is that outcomes
may differ in sensitivity to less extreme gradations of ad-
versity. One potential reason is that the relative propor-
tion of variance explained by genetic and environmental
causes differ across outcomes [24]. A significant amount
of variability in preterm birth, for example, is attribut-
able to genetic factors [25]. Theoretically, as the propor-
tion of environmental influence on a given outcome
decreases, the magnitude of effect associated with ACEs
must increase to alter the outcome. This could partly ex-
plain why the effects of ACEs on preterm birth and low
birthweight appeared to be concentrated at the highest
levels of adversity.

The impact of ACEs also may vary by the developmen-
tal timing of the outcome. Other studies have docu-
mented robust associations between ACE scores and
poor outcomes in later life, whereas we uncovered statis-
tically significant, yet comparatively modest associations
between a cumulative ACE index and reproductive
health outcomes in early adulthood. It is possible that
the effects of ACEs on physical health may increase over
time due to the wear and tear of stress processes that
are catalyzed by early adversity [26, 27]. The effects of
ACEs may accrue over time through psychosocial mech-
anisms as well [28].

The results also should be interpreted considering cer-
tain methodological features of the study, including the
low-income sampling frame. Participants who were ex-
posed to few ACEs still may have experienced poor birth
outcomes due to their experiences of poverty and other
associated risks [29, 30]. As a result, the estimated mag-
nitude of ACEs on birth outcomes may be smaller than
those that would likely emerge from a more
generalizable or advantaged sample [31]. In addition, cu-
mulative ACE scores are imprecise instruments that do
not account for the discrete effects of specific ACEs or
the combinative effects of certain ACE constellations.
Additive ACE scores ignore various aspects of adversity
such as its type, timing, or severity, which may contrib-
ute to differential health outcomes. In addition, future
ACE research will be advanced by measuring adversity
prospectively and by measuring more precise birth out-
comes, including specific thresholds of preterm birth
(e.g., moderate-to-late; very; extremely) and low birth-
weight (e.g., very; extremely). Moreover, ACEs and birth
outcomes were measured using self-report data, which
may introduce measurement error due to underreport-
ing or misreporting. Finally, our statistical models did
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not include variables that could otherwise account for
the observed effects of ACEs, including genetic, epigen-
etic, biological, psychological, and behavioral factors.

Conclusion

The current study adds to emerging evidence that ACEs
are deleterious to reproductive health. Results showed
that exposure to a greater number of ACEs increased
the risk of pregnancy loss, preterm birth, and low birth-
weight. The relationship between ACEs and pregnancy
loss largely followed a dose-response pattern, while the
associations between ACEs and both preterm birth and
low birthweight appeared to be at least partly non-linear.
The latter findings signify potential threshold effects,
meaning that some poor birth outcomes may emerge
only when an individual is exposed to a critical level of
adversity. The findings also justify further inquiry into
non-additive and interactive effects of ACEs as well as
the extent to which the timing, frequency, severity, and
duration of adverse experiences yield differential
outcomes.

Our work also adds to a growing interest in applying a
life course perspective to the study of maternal and child
health [32, 33]. A large body of research has shown that
birth outcomes can be affected by proximal stressors
such as domestic violence [33], yet few studies have ex-
amined whether adverse and traumatic events in child-
hood are associated with similar consequences. In
addition to investigating main-effect associations, we en-
courage other researchers to explore the causal mecha-
nisms through which ACEs lead to poor birth outcomes.
For example, ACEs may affect reproductive health
through any number of biological changes that are em-
bedded during childhood, including compromised neu-
roendocrine and immune functions [33, 34]. Birth
outcomes also may be influenced indirectly by ACEs
through psychosocial pathways, including elevated levels
of stress and anxiety [35—-37], tobacco and substance use
[38-40], and exposure to adverse adult experiences [28].
Insights into the processes through which adverse expe-
riences lead to adverse birth outcomes may help to in-
form interventions such as home visiting programs that
have the potential to mitigate the effects of ACEs and
promote reproductive health.
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ACE: Adverse childhood experience; Cl: Confidence interval; OR: Odds ratio

Acknowledgments

The authors would like to thank the Wisconsin Department of Children and
Families and the Wisconsin Department of Health Services for assistance
with accessing public health records and program data used in this study.

Authors’ contributions

JM was responsible for the study design and data collection. JM also
conceptualized the research questions, interpreted the results, and drafted
the manuscript. CP carried out the data coding and statistical analysis,



Mersky and Lee BMC Pregnancy and Childbirth (2019) 19:387

assisted with the interpretation of results, and drafted all study tables and
figures. JIM and CP completed a full review of the manuscript and approved
its final contents.

Funding

This research was supported with funding from the U.S. Department of
Health and Human Services, Health Resources and Services Administration
(Awards: XTOMC311790100; X10MC295120100). The sponsor had no role in
the study design, data collection, analysis and interpretation, or writing the
manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the institutional review board at University of
Wisconsin-Milwaukee (FWA# 00006171). Informed consent was waived con-
sidering the deidentified, population-based data used. No identifying infor-
mation about individual subjects was reported.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 11 September 2018 Accepted: 15 October 2019
Published online: 28 October 2019

References

1. Bynum L, Griffin T, Riding DL, Wynkoop KS, Anda RF, Edwards VJ,
Strine TW, Liu Y, McKnight-Eily LR, Croft JB. Adverse childhood
experiences reported by adults-five states, 2009. MMWR Morb Mortal
Wkly Rep. 2010;59:1609-13.

2. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, Koss
MP, Marks JS. Relationship of childhood abuse and household dysfunction
to many of the leading causes of death in adults. The adverse childhood
experiences (ACE) study. Am J Prev Med. 1998;14(4):245-58.

3. Green JG, McLaughlin KA, Berglund PA, Gruber MJ, Sampson NA, Zaslavsky
AM, Kessler RC. Childhood adversities and adult psychiatric disorders in the
national comorbidity survey replication I: associations with first onset of
DSM-IV disorders. Arch Gen Psychiatry. 2010,67(2):113-23.

4. Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton C, Jones L,
Dunne MP. The effect of multiple adverse childhood experiences on health:
a systematic review and meta-analysis. Lancet Public Health. 2017;2(8).e356-
66.

5. Kalmakis KA, Chandler GE. Health consequences of adverse childhood

experiences: a systematic review. J Am Assoc Nurse Pract. 2015;27(8):457-65.

6. Kessler RC, Davis CG, Kendler KS. Childhood adversity and adult psychiatric
disorder in the US National Comorbidity Survey. Psychol Med. 1997,27(5):
1101-19.

7. Centers for Disease Control and Prevention. Behavioral Risk Factor
Surveillance System Survey ACE Data, 2009-2014. Atlanta: Department of
Health and Human Services, Centers for Disease Control and Prevention;
2015.

8. Freedman AA, Cammack AL, Temple JR, Silver RM, Dudley DJ, Stoll BJ,
Varner MW, Saade GR, Conway D, Goldenberg RL, et al. Maternal exposure
to childhood maltreatment and risk of stillbirth. Ann Epidemiol. 2017,27(8):
459-65.

9. Leeners B, Rath W, Block E, Gorres G, Tschudin S. Risk factors for unfavorable
pregnancy outcome in women with adverse childhood experiences. J
Perinat Med. 2014,42(2):171-8.

10. Hillis SD, Anda RF, Dube SR, Felitti VVJ, Marchbanks PA, Marks JS. The
association between adverse childhood experiences and adolescent
pregnancy, long-term psychosocial consequences, and fetal death.
Pediatrics. 2004;113(2):320-7.

11. Harville EW, Boynton-Jarrett R, Power C, Hypponen E. Childhood hardship,
maternal smoking, and birth outcomes: a prospective cohort study. Arch
Pediatr Adolesc Med. 2010;164(6):533-9.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

Page 6 of 7

Christiaens |, Hegadoren K, Olson DM. Adverse childhood experiences are
associated with spontaneous preterm birth: a case-control study. BMC Med.
2015;13:124.

Hodnett ED, Fredericks S, Weston J. Support during pregnancy for women
at increased risk of low birthweight babies. Cochrane Db Syst Rev. 2010,6:
CD000198.

Smith MV, Gotman N, Yonkers KA. Early childhood adversity and pregnancy
outcomes. Matern Child Hlth J. 2016;20(4):790-8.

Blackmore ER, Putnam FW, Pressman EK, Rubinow DR, Putnam KT, Matthieu
MM, Gilchrist MA, Jones I, O'Connor TG. The effects of trauma history and
prenatal affective symptoms on obstetric outcomes. J Trauma Stress. 2016;
29(3):245-52.

Dong MX, Giles WH, Felitti VJ, Dube SR, Williams JE, Chapman DP, Anda RF.
Insights into causal pathways for ischemic heart disease - adverse
childhood experiences study. Circulation. 2004;110(13):1761-6.

Flaherty EG, Thompson R, Litrownik AJ, Zolotor AJ, Dubowitz H, Runyan DK,
English DJ, Everson MD. Adverse childhood exposures and reported child
health at age 12. Acad Pediatr. 2009;9(3):150-6.

Horan JM, Widom CS. Cumulative childhood risk and adult functioning in
abused and neglected children grown up. Dev Psychopathol. 2015;27(3):
927-41.

Lamela D, Figueiredo B. A cumulative risk model of child physical
maltreatment potential: findings from a community-based study. J Interpers
Violence. 2018;33(8):1287-305.

Patwardhan |, Hurley KD, Thompson RW, Mason WA, Ringle JL. Child
maltreatment as a function of cumulative family risk: findings from
the intensive family preservation program. Child Abuse Negl. 2017;70:
92-9.

Health Resources Service Administration: Maternal, Infant, and Early
Childhood Home Visiting Program [https://mchb.hrsa.gov/maternal-child-
health-initiatives/home-visiting-overview].

Mersky JP, Janczewski CE, Topitzes J. Rethinking the measurement of
adversity: moving toward second-generation research on adverse childhood
experiences. Child Maltreat. 2017,22(1):58-68.

Rutter M. Protective factors in children's responses to stress and
disadvantage. Ann Acad Med Singap. 1979;8(3):324-38.

Repetti RL, Taylor SE, Seeman TE. Risky families: family social environments
and the mental and physical health of offspring. Psychol Bull. 2002;128(2):
330-66.

Zhang G, Feenstra B, Bacelis J, Liu X, Muglia LM, Juodakis J, Miller DE,
Litterman N, Jiang PP, Russell L, et al. Genetic associations with gestational
duration and spontaneous preterm birth. N Engl J Med. 2017,377(12):1156—
67.

Shonkoff JP, Garner AS. Committee on psychosocial aspects of C, family H,
committee on early childhood a, dependent C, section on D, behavioral P:
the lifelong effects of early childhood adversity and toxic stress. Pediatrics.
2012;129(1):e232-46.

Solis CB, Kelly-Irving M, Fantin R, Darnaudery M, Torrisani J, Lang T, Delpierre
C. Adverse childhood experiences and physiological wear- and-tear in
midlife: findings from the 1958 British birth cohort. Proc Natl Acad Sci USA.
2015;112(7):E738-46.

Mersky JP, Janczewski CE, Nitkowski JC. Poor mental health among low-
income women in the US: the roles of adverse childhood and adult
experiences. Soc Sci Med. 2018;206:14-21.

Kane JB, Harris KM, Siega-Riz AM. Intergenerational pathways linking
maternal early life adversity to offspring birthweight. Soc Sci Med. 2018;207:
89-96.

Miller GE, Culhane J, Grobman W, Simhan H, Williamson DE, Adam EK, Buss
C, Entringer S, Kim KY, Garcia-Espana JF, et al. Mothers’ childhood hardship
forecasts adverse pregnancy outcomes: role of inflammatory, lifestyle, and
psychosocial pathways. Brain Behav Immun. 2017;65:11-9.

Thompson R, Flaherty EG, English DJ, Litrownik AJ, Dubowitz H, Kotch JB,
Runyan DK Trajectories of adverse childhood experiences and self-reported
health at age 18. Acad Pediatr. 2015;15(5):503-9.

Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-
course perspective. Matern Child Health J. 2003;7(1):13-30.
Margerison-Zilko CE, Strutz KL, Li Y, Holzman C. Stressors across the life-
course and preterm delivery: evidence from a pregnancy cohort. Matern
Child Health J. 2017;21(3):648-58.

Danese A, McEwen BS. Adverse childhood experiences, allostasis, allostatic
load, and age-related disease. Physiol Behav. 2012;106(1):29-39.


https://mchb.hrsa.gov/maternal-child-health-initiatives/home-visiting-overview
https://mchb.hrsa.gov/maternal-child-health-initiatives/home-visiting-overview

Mersky and Lee BMC Pregnancy and Childbirth (2019) 19:387 Page 7 of 7

35. Ding XX, Wu YL, Xu SJ, Zhu RP, Jia XM, Zhang SF, Huang K, Zhu P, Hao JH,
Tao FB. Maternal anxiety during pregnancy and adverse birth outcomes: a
systematic review and meta-analysis of prospective cohort studies. J Affect
Disorders. 2014;159:103-10.

36.  Goldenberg RL, Culhane JF, lams JD, Romero R. Preterm birth 1 -
epidemiology and causes of preterm birth. Lancet. 2008;371(9606):75-84.

37. Lobel M, Cannella DL, Graham JE, DeVincent C, Schneider J, Meyer BA.
Pregnancy-specific stress, prenatal health behaviors, and birth outcomes.
Health Psychol. 2008,27(5):604-15.

38.  Anda RF, Croft JB, Felitti VJ, Nordenberg D, Giles WH, Williamson DF,
Giovino GA. Adverse childhood experiences and smoking during
adolescence and adulthood. JAMA. 1999;282(17):1652-8.

39. Campbell JA, Walker RJ, Egede LE. Associations between adverse childhood
experiences, high-risk behaviors, and morbidity in adulthood. Am J Prev
Med. 2016;50(3):344-52.

40. Chung EK, Nurmohamed L, Mathew L, Elo IT, Coyne JC, Culhane JE. Risky
health behaviors among mothers-to-be: the impact of adverse childhood
experiences. Acad Pediatr. 2010;10(4):245-51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study and Sample Design
	Measures
	Birth outcomes
	Adverse childhood experiences (ACEs)
	Covariates

	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

