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Abstract
Background: Research suggests that maternal exposure to childhood adversity is associated with substance use during pregnancy and poor infant outcomes
(i.e., premature birth, low birth weight). However, to date, no systematic review has synthesised the effect of ACEs on these three outcomes.

Method: The framework for this review will be adapted from the guidelines laid out in the Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) 2015 statement. The electronic databases to be searched will include: PubMed, SCOPUS, PsycInfo, Web of Science, and CINAHL and
will be carried out by one reviewer. Studies that �t the pre-speci�ed eligibility criteria will be screened, assessed, and extracted independently by two reviewers
with discrepancies to be resolved by a third reviewer. The Newcastle-Ottawa Scale (NOS) for cross-sectional and cohort studies will be used to critically
evaluate the methodological quality of the selected studies. If a su�cient number of studies are found to be comparable, a meta-analysis will be conducted
using a random effects model.

Discussion: This review will provide supporting evidence on the body of literature exploring the long-term and intergenerational consequences of adverse
childhood experiences. The results of the review can help inform policies and interventions related to maternal health as well as early childhood development.
The gaps identi�ed in the review can also help inform recommendations for future research.

Introduction
The Centers for Disease Control and Prevention (CDC) (2019; 7) de�ne adverse childhood experiences (ACEs) as ‘potentially traumatic events that occur in
childhood (0-17 years) such as experiencing violence, abuse, or neglect; witnessing violence in the home; and having a family member attempt or die by
suicide’. Its associations with health and development is signi�cant and well documented. ACEs associations with poor health outcomes across the life course
include: anxiety/depressive symptoms, post-traumatic stress disorder, borderline personality disorder, suicidality (Angelakis et al., 2019; Dube et al., 2003;
Grasso et al., 2016; Herzog & Schmahl, 2018; Kessler et al., 2005; Widom et al., 2006); obesity and type-2 diabetes (Danese & Tan, 2014; Thomas et al., 2008);
cancer and chronic diseases (Felitti et al., 1998) and premature mortality (D. W. Brown et al., 2009). Moreover, ACEs have been linked with adverse behavioural
outcomes such as behavioural disorders (Freeman, 2014), risky sexual behaviours during adolescence (Brown et al., 2015a; Hillis et al., 2004), intimate partner
aggression (Brown, et al., 2015b)  and substance disorders in adolescence (Dube et al., 2006), adulthood (Dube et al., 2003) , and in pregnancy (Appleyard,
Berlin, Rosanbalm, and Dodge, 2011).

Given its signi�cant associations with health and development throughout the lifespan, it is unsurprising that there is growing body of evidence to support
that adversity can be transmitted to the subsequent generation (Moog et al., 2016). Speci�cally, studies suggest a linkage between mothers' experiences of
childhood adversity and poor infant outcomes and adverse child development mediated through biological and behavioural pathways (Buss et al., 2017;
Madigan et al., 2017). For example, transmission through biological pathways primarily occur through the bilateral effects of maternal ACEs on the maternal-
placental-foetal gestational biology that interact during the process of foetal programming. Alterations in the two major biological pathways (endocrine and
the immune-in�ammatory physiology), affected by ACEs, pour over into gestational biology and cascade into embryonic and foetal development (Moog et al.,
2016).  On the other hand, behavioural mechanisms such as substance use during pregnancy (Blalock et al., 2011; Widom et al., 2006) are found to mediate
maternal exposure to childhood adversity and adverse infant outcomes. For example, a prospective cohort study involving 2,303 pregnant women from the
United States found that perinatal smoking and illicit drug use had a mediating effect on maternal adverse childhood experiences and offspring low birth
weight and early gestational age (Smith, Gotman, and Yonkers; 2016). Speci�cally, after adjusting for ethnicity, perinatal smoking accounted for 9.48 grams
decrease in birth weight (CI -14.48, -5.67) and a 0.020 decrease in weeks in gestational age (CI -.044, -.007) for each unit of increase of ACEs; while illicit drug
use accounted for 2.73 grams decrease in birth weight (CI -5.82, -0.64). Similarly, Gavin, Hill, Hawkins, and Maas (2011) involved three generations of
participants (N = 132) from two longitudinal studies (Seattle Social Development Project) and found that antenatal cigarette smoking and heavy alcohol use
(B = -.26, p-value = <.001) mediated the association between childhood maltreatment and offspring low birth weight. Given the substantial burden of adversity
on the individual, it is important to understand the scope of in�uence maternal experiences of childhood adversity have on their infant's health and
development. Although the evidence base on ACEs and its impact on adult health outcomes are well established, there are still limited primary studies which
assessed the risk of intergenerational transmission of adversity (Su, D'Arcy, and Meng; 2020).

Through a brief scope of the literature, three systematic reviews were identi�ed which explored the impact of ACEs on preterm birth and low birth weight. A
doctoral dissertation by Wiggan (2019) explored the impact of maternal adverse childhood experiences as the exposure and preterm birth as the outcome. The
study yielded ten studies (nine from the US and one from Germany), eight of which found a statistically signi�cant relationship between the predictor and the
outcome variable. Further, four studies suggest that substance use during pregnancy played a mediating role between the two variables.  Similarly, Wosu,
Gelaye, and Williams (2015) conducted a systematic review on studies with preterm birth as the outcome variable but limited the predictor variable to maternal
history of child sexual abuse. The review yielded six studies and overall, the �ndings were inconsistent. Of the six (two from the US and one from Germany),
only three studies reported a statistically signi�cant correlation between child sexual abuse and preterm birth (See Stevens-Simon 1994; Noll, 2007; and
Leeners, 2010). More broadly, Nesari and colleagues (2018) conducted a systematic review with meta-analysis on maternal history of abuse (i.e., at any time
in life prior to pregnancy) and its impact on preterm birth and low birth weight. The review included sixteen studies (ten from the US and six from Europe) and
found that abuse prior to pregnancy increased the odds of preterm delivery by 1.28 (CI 1.12 – 1.47) and low birth weight by 1.35 (CI 1.14 – 1.59). Further,
childhood abuse increased the risk of low birth weight by 57% (CI 0.99 – 2.49).

With a broader scope, three reviews focussed on the impact of parental ACEs on the subsequent generation’s development. Su, D’Arcy & Meng (2020)
quantitatively synthesised twelve studies (seven from North America, four from Europe and one from Asia) which explored the intergenerational impact of
maternal childhood maltreatment on their children’s psychopathology and found that maternal ACEs had small but statistically signi�cant adverse
consequence on the child’s mental health. The study found that maternal depression and ethnicity moderated relations of the former and the latter suggesting
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that non-Caucasians were more vulnerable to the transmission.  A meta-analysis by Madigan and colleagues (2019) which examined 142 studies (94 from
North America, 26 from Europe, 7 from South America, 7 from New Zealand and Australia and 8 from Africa and Asia)  found a signi�cant albeit modest
association of intergenerational maltreatment (d = .41 CI  .33 - .49) suggesting that parents with exposure to childhood maltreatment are more likely to have
children who are victimised by maltreatment. Similarly, Greene, Haisley, Wallace, and Ford (2020) quantitatively synthesised 97 studies (6 from Asia, 1 from
South America, and 90 from North America and Europe)  investigating the impact of parental childhood maltreatment on parenting behaviours (positive and
negative) and found that exposure to violence at home had a cumulative effect and increased risk for abusive or neglectful parenting.

Reviews exploring the linkage between maternal childhood adversity and substance use during pregnancy are much sparser. For example, Skagerstróm,
Chang, and Nilsen (2011) conducted a review on the predictors of drinking during pregnancy. Three studies out of the fourteen included found that exposure to
violence is a predictor of perinatal alcohol consumption; however, the time of abuse prior to pregnancy was not speci�ed in all three studies ( see Harrison &
Sidebottom, 2009; Leonardson, Loudenburg, and Struck, 2007; Meschke, Hellerstedt, Holl, and Messelt 2008). Similarly, Petruccelli, Davis, and Berman (2019)
conducted a systematic review and meta-analysis on ACEs and associated adult health outcomes. Of the 96 articles included in the review, 13 studies
included tobacco use, while 12 and 7 studies explored alcohol problem and illicit drug use as the health outcome, respectively. Pooled unadjusted odds ratio
suggests a stepwise gradient between ACEs and the outcomes stated above. Only 2 studies explored the impact of substance use in pregnancy (see
Christiaens, Hegadoren, and Olson , 2015; Frankenberger, Clements-Nolle, and Yang 2015). To the best of the reviewers’ knowledge, no systematic review has
been carried out which synthesised the effects of ACEs on all three outcomes: maternal substance use during pregnancy, and infant low birth weight and
prematurity. Additionally, most of the reviews on the outcomes of interest are no longer recent and there is a lot of additional evidence published in the
subsequent years given the rise of studies exploring ACEs. This review can also assist in mapping out the aetiology and pathways of ACE-related disease risk
which are important factors that help shape prevention and intervention strategies. Moreover, a meta-analysis will allow us to pull together the quantitative
results of primary studies and produce a pooled estimate of the associations of the variables of interest that could help inform national and international
policies involving child protection, violence prevention, maternal health, and early childhood development. A meta-analysis will also allow us to explore the
moderating role of study-level factors such as location of study and publication status and evaluate whether the same inferences can be drawn regardless of
publication status or country setting.

Methodology
The framework for this systematic review will be adapted from the guidelines laid out in the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
 (Stroup et al., 2000) as well as the  Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) 2015 statement the Updating
guidance for reporting systematic reviews: development of the PRISMA 2020 statement (Page et al., 2021)This systematic review protocol will be registered on
PROSPERO.

Review Question and Objectives

This systematic review and meta-analysis aims to address the gap in the literature by exploring the interrelationships of maternal exposure to childhood
adversity, substance use during pregnancy, and subsequent poor infant outcomes. 

Speci�cally, the research questions are:

i) What is the evidence of the association between ACEs and substance use during pregnancy? 

ii) What is the evidence of the association between ACEs and preterm birth? 

iii) What is the evidence of the association between ACEs and low birth weight?

iv) Does substance use during pregnancy play a mediating role between maternal ACEs and infant preterm birth and/or low birth weight?

v) Do study-level factors such as publication status, methodological quality, and location of study moderate the effect of these associations?

De�nitions:

The de�nition of ‘children’ used in this review follows that on the Conventions on the Right of the Child: ‘A child is any person under the age of 18’ (UN General
Assembly, 1989). The de�nition of infant follows that of the Centers for Disease Control and Prevention (2021) which are children below 13 months.

 ‘Adverse childhood experiences’ used for this review refers to: ‘potentially traumatic events that occur in childhood (0 – 17 years) such as experiencing
violence, abuse, or neglect; witnessing violence in the home; and having a family member attempt or die by suicide. Also included are aspects of the child’s
environment that can undermine their sense of safety, stability, and bonding such as growing up in a household with substance misuse, mental health
problems, or instability due to parental separation or incarceration of a parent, sibling or other member of the household’ (CDC,   2019; 7). In addition, this
review will include studies related to ACEs that occur outside the household, including exposure to peer violence, community violence, war and collective
violence (World Health Organization, 2018). Table 1 exhibits the different types of ACEs included in this review.

By ‘substance use during pregnancy’ we refer to teratogens consumed at any point during pregnancy that may cause malformations on the embryo. These
include: tobacco products, alcoholic beverages, cannabis, cocaine, amphetamine, inhalants, sedatives, hallucinogens, or opioids (WHO ASSIST Working Group,
2002). It is worthy to note that the CDC (2005) cautions against any alcohol consumption due to the signi�cant risks to foetal and later child development.



Page 4/9

By ‘preterm birth’ we follow the broad de�nition as births with fewer than 37 weeks completed during pregnancy or less than 259 completed days from the
mother’s last menstrual period (World Health Organization, 2012a). By ‘low birth weight’ we follow the de�nition of World Health Organization (2012b) as birth
weight less than 2.5 kilograms.

Table 1: Adverse Childhood Experiences (Adapted from World Health Organization’s [2018] Adverse Childhood Experiences International Questionnaire

Category Written Question
Physical abuse Did a parent, guardian or other household member spank, slap, kick, punch or beat you up?

 
Did a parent, guardian or other household member hit or cut you with an object, such as a
stick (or cane), bottle, club, knife, whip etc?

Emotional abuse Did a parent, guardian or other household member yell, scream or swear at you, insult or
humiliate you?
 
Did a parent, guardian or other household member threaten to, or actually, abandon you or
throw you out of the house?

Sexual Abuse Did someone touch or fondle you in a sexual way when you did not want them to?
Did someone make you touch their body in a sexual way when you did not want them to?
 
Did someone attempt oral, anal, or vaginal intercourse with you when you did not want them
to?
 
Did someone actually have oral, anal, or vaginal intercourse with you when you did not want
them to?

Alcohol and/or drug abuser in the
household

Did you live with a household member who was a problem drinker or alcoholic, or misused
street or prescription drugs?

Incarcerated household member Did you live with a household member who was ever sent to jail or prison?
Someone chronically depressed, mentally ill,
institutionalized or suicidal

Did you live with a household member who was depressed, mentally ill or suicidal?
 
Did you see or hear a parent or household member in your home being slapped, kicked,
punched or beaten up?

Household member treated violently Did you see or hear a parent or household member in your home being yelled at, screamed at,
sworn at, insulted or humiliated?
 
Did you see or hear a parent or household member in your home being hit or cut with an
object, such as a stick (or cane), bottle, club, knife, whip, etc.?

One or no parents, parental separation or
divorce

Were your parents ever separated or divorced?
 
Did your mother, father or guardian die?

Emotional neglect Did your parents/guardians understand your problems and worries?
 
Did your parents/guardians really know what you were doing with your free time when you
were not at school or work?

Physical neglect Did your parents/guardians not give you enough food even when they could easily have done
so?
 
Were your parents/guardians too drunk or intoxicated by drugs to take care of you?
 
Did your parents/guardians not send you to school even when it was available?

Bullying Were you bullied?
Community violence Did you see or hear someone being beaten up in real life?

 
Did you see or hear someone being stabbed or shot in real life?
 
Did you see or hear someone being threatened with a knife or gun in real life?

Collective violence Were you forced to go and live in another place due to any of these events?
 
Did you experience the deliberate destruction of your home due to any of these events?
 
Were you beaten up by soldiers, police, militia, or gangs?
Was a family member or friend killed or beaten up by soldiers, police, militia, or gangs?

The elements of the review question are as follows: 

Population: mothers who have experienced adversity during the �rst 18 years of life and their infants (0-1 year of age) 

Exposure: maternal ACEs 

Comparators: mothers who have no or low experience of childhood adversity

Outcomes of interest: maternal substance use during pregnancy, infant low birth weight, and infant prematurity

Study designs: observational studies (cohort, case-control cross-sectional)

Inclusion Criteria

The review proposes to include studies if: 

i) the studies are observational (i.e., cohort, case-control, cross-sectional);

ii) included measurement of maternal exposure to adversity (including any of the categories of ACEs mentioned in the de�nition section) during childhood
(<18 years); 
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iii) included a measure on substance use during pregnancy

iv) included a measure of offspring prematurity and low birth weight

v) a linkage between maternal ACEs and substance use during pregnancy was assessed

vi) a linkage between maternal ACEs and preterm birth and/or low birth weight was assessed;

vii) the study made use of prospective or retrospective study design to assess associations;

viii) studies conducted between 1998 - 2021[1];

ix) studies are in English  

Exclusion Criteria:

The review proposes to exclude:

i) Book chapters, case series studies, case reports, and editorials;

ii) Qualitative studies or studies with no quantitative data;

iii) Studies focussing on pregnancy that occurred during adolescence;

iv) Studies that focus on the biological transmission of adversity (e.g., stress);

v) Studies that focus on maternal exposure to adversity (e.g., abuse, household dysfunction) beyond 18 years of age

Search Strategy

This review will aim to be comprehensive in its approach. It will include both published and unpublished studies which will be identi�ed through computerised
searches. Electronic databases to be searched will include: PubMed, SCOPUS, Psycinfo, Web of Science, and CINAHL. Additionally, freely accessible web
search engines such as Google Scholar, TRIP database, and Sumsearch2 will be examined. Footnote chasing, forward citation searches, and hand searching
non-indexed relevant journals will also be conducted. To limit publication bias, Grey Literature Report, OpenGrey, Virtual Health Library ProQuest Dissertations
& Theses databases will be searched as well as WHO country reports, pre-print servers, conference proceedings, and reports by international & national
governmental organisations. The search process will be carried out by one reviewer (CH). 

Search Terms

The search strings for the academic databases for the study are as follows: 

Search String 

('maternal' OR 'mother* or wom*n) OR ('childhood' OR 'child*) AND ('advers*' OR ‘ACEs’ OR 'maltreatment’ OR ‘violence’ OR ‘abuse’ OR ‘household dysfunction’
OR ‘neglect’ OR ‘negligent treatment’ OR ‘bully*’ OR ‘war’ OR ‘con�ict’) AND (‘substance’ OR ‘alcohol’ OR ‘tobacco’ OR ‘smoking’ OR  ‘cannabis’ OR ‘cocaine’ OR
‘amphetamine’ OR ‘inhalants’ OR ‘sedatives’ OR ‘hallucinogens’ OR ‘opioids’ AND ‘during pregnancy’ OR (‘perinatal’ OR ‘prenatal’) OR ('infant' OR ‘neonatal’ OR
‘offspring’) OR ('outcomes' OR 'health') OR (‘low birth weight’) OR (‘preterm birth’ or ‘prematurity’) 

Preliminary search was conducted in the proposed databases and the search terms used are outlined in Appendix A which includes more speci�c search terms
relevant to the databases.

Screening and Extraction

After carrying out the initial searches, the list of references will be loaded to Covidence a systematic review management software. Before conducting formal
review, a calibration exercise will be conducted to pilot and re�ne the eligibility criteria (Centre for Reviews and Dissemination, 2008). Then, the review will
follow a 2-phased screening process. First, titles will be screened, then abstracts will be sifted to determine whether they meet the inclusion criteria of the
review. Two reviewers (SCW and CT) will take part in this process. Second, papers that meet the criteria and papers with insu�cient information on the
abstract will be retrieved and reviewed for full-text screening by three reviewers (CH SCW and CT). Any disagreement related to the inclusion criteria will be
resolved by the three reviewers and with guidance from FM DB and ALM. The PRISMA �ow diagram will be used to visualise the study selection process to
specify the total number of articles found, reviewed, included and excluded and the reasons why.

SCW and CT will extract information which will include: general information (authors, article title, citation, type of publication, year of the study, summary,
limitations of the study); study characteristics (sample size, geographical location, research question(s), study design, study inclusion/exclusion criteria);
participant characteristics (age, ethnicity, socio-economic status, type of measurement of ACEs); Outcome data/results (unit of analysis, measurement/tool
used, statistical techniques used, results of study analysis[substance use during pregnancy, infant premature birth, infant low birth weight], confounders). All
extracted information will be shared in an online Excel �le.

Assessment of Methodological Quality



Page 6/9

The Newcastle-Ottawa Scale (NOS) for cohort studies and case-control will be used to assess the methodological quality of the studies (Wells et al., 1999).
These scales assess three domains: sample selection, comparability of cohorts, and outcomes. A score of 6-8 stars indicate high quality, 4-5 for moderate, and
fewer than 4 indicating poor quality. The adapted NOS for cross-sectional studies (Modesti et al., 2016) will be used to assess the methodological quality of
cross-sectional studies. This scale assesses the same three domains but has a maximum of 10 stars. Two reviewers (CH and CT) from the team will conduct
the assessment of methodological quality concurrently with data extraction.

Evidence Synthesis

Extracted data will be synthesised using a narrative summary. To address the lack of transparency, which is a common criticism for this approach (Dixon-
Woods, Agarwal, Jones, Young, and Sutton, 2016), the Guidance on the Conduct of Narrative Synthesis in Systematic Reviews (Popay et al., 2006) will be
closely followed.

Meta-analysis will be conducted if there are at least 5 studies judged to be su�ciently comparable in conceptual and design terms. Quantitative results from
the selected studies will be synthesised using the ‘Metafor’ package (Viechtbauer, 2010) for R statistical software (R Core Team, 2013). It will be supplemented
by a narrative summary to synthesise data not captured in the statistical analyses (Tufanaru et al., 2020). Studies will be pooled into subgroups (e.g., type of
design, type of outcomes) and moderator analysis will be conducted to test if the location of the studies moderate the associations between ACEs and the
speci�ed health outcomes. Additionally, to investigate if publication status plays a moderating role, statistical tools such as the funnel plot and the trim and
�ll method will be utilised (Duval, 2005; Sterne & Egger, 2005). Finally, A random-effects model will be utilised comparing both adjusted and unadjusted
effects. 

[1] The rationale behind the delimiter on the timeline of studies is that the pioneering ACE study by Felitti and colleagues was �rst published in 1998 and the
succeeding years saw an exponential rise in research on this topic including the advent of relevant theories (e.g., Life Course Theory).

Discussion
This systematic review protocol maps out the proposed steps to be taken to assess the associations of maternal adverse childhood experiences and
substance use during pregnancy as well as poor infant outcomes in the form of low birth weight and infant prematurity. There is currently no systematic
review carried out which synthesised the effects of maternal ACEs on all three outcomes. It is the aim of this study to �ll that gap. The results of the review
can help inform policies and interventions related to maternal health as well as early childhood development. Additionally, it will allow for a more precise
estimate of the associations than could be possible using any primary study to date, identify overall quality of evidence in the �eld and identify speci�c and
common methodological weaknesses, and evidence gaps (i.e., where there are few studies covering a topic). This review could inform future research to
advance knowledge in this area.
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