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A B S T R A C T   

Substance use in pregnancy, including alcohol use, drug use, or smoking, is associated with poor health outcomes for both the mother and her unborn child. Building 
on previous research that has examined the cumulative impact of Adverse Childhood Experiences (ACEs) on maternal binge drinking and alcohol use in pregnancy, 
the current study sought to examine the association between maternal ACEs and substance use in pregnancy more broadly, including alcohol use, binge drinking, 
smoking, and drug use. Furthermore, we also examined how different adversity subtypes, including sexual abuse, family violence (physical abuse, emotional abuse), 
and household dysfunction, differentially predict maternal substance use behavior. A sample of 1994 women were recruited between 2008 and 2011 from a 
community-based pregnancy cohort in Calgary, Canada. Self-reported information on exposure to ACEs prior to the age of 18 years and maternal substance usewere 
collected. Examining ACE subtypes, medium effects were observed for the role of household-dysfunction on binge drinking, drug use, and smoking in pregnancy, 
while only small effects were observed for family violence on binge drinking, drug use, and smoking. There were no significant effects for sexual abuse after 
controlling for covariates. A dose-response association between the number of ACEs and substance use in pregnancy was also demonstrated. Increased support prior 
to, and in pregnancy, particularly for women with a history of childhood adversity, is needed to reduce substance use behaviors in pregnancy.   

1. Introduction 

Substance use in pregnancy, including alcohol use, drug use, or 
smoking, is a critical public health concern as it is associated with 
pregnancy complications (Kennare et al., 2005), birth complications (e. 
g., prematurity, low birth weight (Kennare et al., 2005; Smith et al., 
2016)), as well as postpartum mental health difficulties, such as post-
partum depression (Ross and Dennis, 2009). Maternal substance use in 
pregnancy is also associated with poor perinatal outcomes as well as 
long-term behavioral and emotional difficulties for children who are 
exposed (Ruisch et al., 2018). Elucidating the understanding of early 
precursors of substance use in pregnancy is paramount for identifying 
mothers at potential risk. Equipped with this information, health pro-
fessionals can provide support and preventive interventions to mitigate 
risk to mothers and their unborn children. 

1.1. Adverse childhood experiences and substance use in pregnancy 

Several risk factors for substance use in pregnancy have been 

identified, including low maternal education, substance use habits prior 
to pregnancy, and an unplanned pregnancy (McDonald et al., 2014). 
Recently, one risk factor that has received particular attention is expo-
sure to adverse childhood experiences (ACEs), including abuse, neglect, 
and household dysfunction (Frankenberger et al., 2015). Exposure to 
abuse in childhood can lead to alterations in brain development and be 
linked to the development of mental health difficulties, such as 
depression or post-traumatic stress disorder (Atzl et al., 2019; Seng 
et al., 2014). Women with post-traumatic stress disorder have been 
shown to be at risk of increased substance use in pregnancy, conceptu-
alized as a coping behavior for managing the mental health sequalae of 
childhood trauma (Seng et al., 2008). Given that pregnancy is a time of 
increased emotional, physical, and biological change (Slade and Sadler, 
2018), women who struggle to manage and regulate their emotional 
states may use substances to cope with stress (Latuskie et al., 2019). 
Considered together, exposure to ACEs can trigger a cascade of negative 
events that lead to substance use in pregnancy and ultimately poor 
health and mental health outcomes. 

Previous research has shown that women who experienced a greater 
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number of ACEs in childhood are at increased risk for binge drinking 
(Currie et al., 2020), alcohol use (Frankenberger et al., 2015; Hicks 
et al., 2014), and drug use in pregnancy (Chung et al., 2010). Specif-
ically, studies of community-based samplesin North America have 
shown that women who had 4 or more ACEs were nearly three times 
more likely to binge drink and five times more likely to drink alcohol in 
pregnancy, as compared to women who did not experience any adver-
sities (Currie et al., 2020; Frankenberger et al., 2015). While the asso-
ciation between ACEs and alcohol use in pregnancy has been well- 
established, considerably less research has examined the association 
between ACEs and other forms of substance use such as smoking or drug 
use. Thus, the first goal of the current study was to examine whether 
ACEs were associated with smoking and drug use in pregnancy, as well 
as binge drinking and alcohol use in a community-based pregnancy 
cohort recruited between 2008 and 2011. 

1.2. Differential prediction by childhood adversity subtypes 

An important contribution of the ACEs literature has been the 
emphasis on both the cumulative influence of ACEs as well as the dose- 
response relationship that has been demonstrated with various out-
comes (Hughes et al., 2017). Stemming from a well-established litera-
ture on cumulative risk and allostatic load (Evans et al., 2013; Rutter, 
1978), recent research on ACEs has demonstrated that compounding 
exposure to stressful and negative experiences, particularly in child-
hood, exert a physiological “wear and tear” on the body that can lead to 
poor physical and mental health later in life (Felitti et al., 1998). 
Although the cumulative impact of ACEs has been well-documented, an 
emerging literature has pointed to the importance of considering how 
different types of adversity may influence health outcomes. Specifically, 
different types of adversity may differentially impact brain develop-
ment, thereby leading to different health and mental health outcomes. 
For example, previous work has demonstrated differential associations 
with maternal mental health for tmaltreatment (e.g., physical or sexual 
abuse) iversus household dysfunction in childhood (e.g., parent with a 
mental health or substance use problem) (Atzl et al., 2019). Further-
more, previous research has demonstrated that sexual abuse may be a 
particularly salient predictor of mental health difficulties in pregnancy 
(Seng et al., 2014; Seng and Sperlich, 2008), which may contribute to an 
increased need for using coping behaviors such as substance use. Thus, a 
second goal of the current study was to examine how different types of 
maternal ACEs (Ford et al., 2014) predict maternal substance use be-
haviors, including alcohol use, binge drinking, smoking, and drug use, in 
a community-based pregnancy cohort. 

1.3. The current study 

Building on previous research that has examined the cumulative 
impact of ACEs on maternal binge drinking and alcohol use in preg-
nancy, as well as the dose-response relation between ACEs and alcohol 
use in pregnancy, the current study sought to examine the association 
between maternal ACEs and substance use in pregnancy more broadly, 
including alcohol use, binge drinking, smoking, and drug use. Further-
more, we also examined how different adversity subtypes (Ford et al., 
2014), including sexual abuse, family violence (physical abuse, 
emotional abuse), and household dysfunction, may convey risk for 
maternal substance use in pregnancy. Based on previous research 
(Currie et al., 2020; Frankenberger et al., 2015), it was hypothesized 
that maternal ACEs would be positively associated with maternal sub-
stance use in pregnancy. It was also hypothesized that childhood expe-
riences of maltreatment, such as physical and sexual abuse, as well as 
household dysfunction, would be positively associated with substance 
use in pregnancy. Findings from the current study have the potential to 
inform public health initiatives, such as education and screening prior to 
conception, that aim to reduce maternal substance use in pregnancy and 
optimize the health and development of offspring. 

2. Material and methods 

2.1. Participants and procedures 

Women included in the current study were part of a community- 
based, longitudinal pregnancy cohort of women, the All Our Families 
(AOF) Study, conducted in Calgary, Alberta, Canada (McDonald et al., 
2013; Tough et al., 2017). Data from this cohort are available for use 
from Policy Wise, SAGE Metadata Catalog (Policy Wise, 2020). Partic-
ipants were recruited from medical laboratories and primary health-care 
clinics. Baseline questionnaire data were collected between 2008 and 
2011. Women included in the current study were enrolled prior to 25 
weeks of pregnancy, were over the age of 18 years, were able to com-
plete a written questionnaire in English, and provided a report of their 
adverse childhood experiences when their child was 36 months of age. 
Women provided informed consent to participate and ethics approval 
was obtained from the Conjoint Health Research Ethics Board at the 
University of Calgary. Additional information on the cohort is reported 
elsewhere (McDonald et al., 2013; Tough et al., 2017). When compared 
to women in Alberta and Canada more broadly, women in the AOF study 
are more likely to have annual family incomes above $60,000 and to be 
married (Tough et al., 2017). Women in the AOF study are comparable 
to women in the province of Alberta and Canada with regards to edu-
cation and likelihood of being born outside of Canada (Tough et al., 
2017). 

2.2. Measures 

2.2.1. Demographic variables 
Women completed a demographic questionnaire that measured age 

(in years), ethnicity, income, education, and reproductive history. 
Annual household family income was self-reported using an 11-item 
scale ranging from less than $10,000 to over $100,000 in increments 
of $10,000. Maternal education was self-reported using a 6-item scale 
ranging from “some elementary school or high school” to “completed 
graduate school”. 

2.2.2. Outcomes: maternal substance use in pregnancy 
Women were asked to self-report on their substance use behaviors 

during pregnancy when they were between 34 and 36 weeks pregnant. 
Binge drinking during pregnancy was assessed by the question “Since 
becoming pregnant, including before you knew you were pregnant, did 
you ever drink 5 or more drinks on any one occasion?”. Drinking any 
alcohol in pregnancy was operationalized using the question “Since 
becoming pregnant, including before you knew you were pregnant, did 
you drink any alcohol?”. Use of drugs during pregnancy was oper-
ationalized using the question “Since becoming pregnant, including 
before you knew you were pregnant, have you used street drugs?”. 
Smoking during pregnancy was operationalized using the question 
“Since becoming pregnant, including before you knew you were preg-
nant, have you smoked cigarettes?”. All self-report questions were 
answered using yes (1) or no (0) responses. Self-report of substance use 
in pregnancy has been deemed to be more accurate than retrospective 
report and has shown predictive validity with child neurobehavioral 
outcomes (Jacobson et al., 2002). 

2.3. Exposure: adverse childhood experiences (ACEs) 

2.3.1. Individual maternal ACE types 
The ACEs modules used in the current study to assess maternal 

adversity in childhood included 11 questions that assessed 8 areas of 
abuse and household dysfunction prior to the age of 18 years, based on 
the original ACE checklist (Center for Disease Control and Prevention, 
2020). The questionnaire used in the current study has been published 
elsewhere (McDonald et al., 2019; Racine et al., 2018b). Measures of 
maternal maltreatment in childhood included physical abuse (1 
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variable), emotional abuse (1 variable), exposure to domestic violence 
(1 variable), and sexual abuse (3 variables). Measures of household 
dysfunction included living with someone who abused substances 
(alcohol: 1 variable, drugs: 1 variable), living with someone with a 
mental health problem (1 variable), having an incarcerated family 
member (1 variable), and parental separation or divorce (1 variable). 
The sexual abuse items were combined to obtain a dichotomous variable 
of whether or not sexual abuse had occurred. To examine individual 
ACEs subtypes, all variables were coded as either 0-no or 1-yes. 

2.3.2. ACE subtypes 
Based on previous research using confirmatory factor analysis based 

on a general population sample (Ford et al., 2014), as well as research 
with a prenatal sample (Racine et al., 2018b), three adversity subtype 
variables were created: family violence (physical abuse, emotional 
abuse, and exposure to domestic violence), sexual abuse (i.e., being 
touched sexually, being forced to touch someone sexually, or forced 
sex), and household dysfunction (i.e., parent mental illness, parent 
alcohol problem, parent drug problem, parent incarceration, divorce/ 
separation). Mean scores for each of these subtypes were calculated. For 
the physical/emotional abuse and sexual/abuse subtypes, the items 
were scores as 1-never, 2-once, and 3-more than once and thus mean 
scores ranged from 1 to 3. The household dysfunction items were coded 
as 0-no and 1-yes and therefore the mean ranged from 0 to 1. 

2.3.3. Cumulative ACEs 
A sum of the 8 adversity types was created (ranging from 0 to 8) and 

participants were categorized as having exposure to 0, 1, 2, 3, or 4 or 
more adversities, which has been done in previous research (Currie 
et al., 2020; Frankenberger et al., 2015; Racine et al., 2020). In the 
current study, 37.5% had experienced no ACEs, 23.3% had experienced 
one ACE, 13.7% had experienced 2 ACEs, 10.3% had experienced 3 
ACEs, and 14.7% had experienced 4 or more ACEs. 

3. Statistical analyses 

All statistical analyses were conducted in SPSS Version 25. The 
prevalence of substance use behaviors in pregnancy were calculated by 
examining the number of women who endorsed a given substance use 
behavior. To examine the association between individual ACE variables 
and maternal substance use in pregnancy, odds-ratios (ORs) were 
computed. Using multivariable logistic regression, unadjusted (OR) and 
adjusted odds ratios (AORs), as well as 95% confidence intervals, were 
calculated to quantify the association of different ACEs subtypes 
(entered as means) with maternal substance use in pregnancy (dichot-
omous). Adjusted models were assessed for confounding by maternal 
age, income, and education, when the confounding variable had a sig-
nificant association with the outcome. Finally, to examine the dose 
response relationship between maternal cumulative ACEs and substance 
use in pregnancy, logistic regression with ACEs as a categorical variable 
was used to assess the odds of substance use in pregnancy as a function 
of a 5-category ACEs score (no ACEs, 1 ACE, 2 ACEs, 3 ACEs, and 4+
ACEs), where each category of maternal ACEs was compared to the 
reference group (no ACEs exposure). Based on guidelines for interpret-
ing the magnitude of effect size of an odds ratio (Chen et al., 2010), ORs 
of 1.68, 3.47, and 6.71 were considered to be equivalent to small, me-
dium, and large effect sizes, respectively. 

4. Results 

4.1. Demographic characteristics 

The sociodemographic characteristics of women included in the 
current study are reported in Table 1. 

4.2. ACEs subtypes and substance use in pregnancy 

4.2.1. Alcohol use in pregnancy 
The risk of using any alcohol in pregnancy by ACE type is reported in 

Table 2. Nearly half of women in the AOF sample reported using alcohol 
in pregnancy (45.3%) with the majority reporting low consumption (i.e. 
40% reported having one drink at any given time or at a special occasion 
or prior to pregnancy recognition). Only childhood experiences of 
household dysfunction significantly predicted alcohol use in pregnancy 
after adjusting for covariates (OR = 3.06, 95%CI = 1.94, 4.81). 

4.2.2. Moderate to high alcohol use prior to pregnancy recognition 
Only 2.6% of women reported using moderate to high alcohol con-

sumption after pregnancy recognition (See Table 2). No ACE subtypes 
predicted moderate to high use of alcohol after pregnancy recognition 
once covariates were included in the model (See Table 3). 

4.2.3. Binge drinking in pregnancy 
Approximately 10% of women in the current study reported drinking 

5 or more alcoholic beverages on any one occasion during pregnancy 
(See Table 2). Family violence and household dysfunction significantly 
predicted binge drinking in pregnancy after controlling for covariates. 

4.2.4. Drug use in pregnancy 
Only 3% of women in the AOF sample reported illicit drug use in 

pregnancy (See Table 2). Family violence and household dysfunction 
subtypes significantly predicted drug use in pregnancy. 

Table 1 
Distribution of demographic characteristics of the sample (N = 1994).  

Characteristic n (%) Mean (SD) 

Ethnicity   
Other 352 (17.7)  
White 1631 

(81.8)  
Missing 11 (0.6)  

Marital status   
Married/common law 1895 

(95.0)  
Single 88 (4.4)  
Missing 11 (0.6)  

Born in Canada   
Born in Canada 1627 

(81.6)  
Not born in Canada 358 (18.0)  
Missing 9 (0.5)  

Household income   
Less than $60,000 annually 264 (13.2)  
More than $60,000 annually 1653 

(82.9)  
Missing 77 (3.9)  

Education, post-secondary   
Some high-school, high school, some post- 
secondary 

162 (8.1)  

Completed post-secondary or graduate school 1821 
(91.3)  

Missing 11 (0.6)  
Maternal age  30.87 

(4.40) 
<35 years 1552 

(77.8)  
>35 years 389 (19.5)  
Missing 53 (2.7)  

Parity   
No previous births 994 (49.8)  
Previous birth 979 (49.1)  
Missing 21 (1.1)  

ACEs subtypes   
Family violence 845 (42.4)  
Sexual abuse 267 (13.3)  
Household dysfunction 881 (44.2)   
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4.2.5. Smoking in pregnancy 
Only 8% of women in the AOF sample reported smoking in preg-

nancy (See Table 2). Family violence and household dysfunction sub-
types significantly predicted smoking in pregnancy. 

4.3. Cumulative ACEs and substance use in pregnancy 

The associations between cumulative adversity exposure and 
maternal substance use in pregnancy are presented in Table 4. 

Generally, a dose-response relation was observed, with the odds of 
engaging in risky health behaviors in pregnancy increasing with the 
cumulative exposure to ACEs. 

5. Discussion 

Maternal substance use in pregnancy is associated with increased 
morbidity for both the mother and her unborn child (Guille and Aujla, 
2019). The current study builds on existing literature by demonstrating 
the association between ACEs and multiple types of substance use in 
pregnancy, including alcohol use, binge drinking, drug use, and smoking 
in a community-based cohort. Furthermore, in line with literature sug-
gesting that adversity subtypes may have differential associations with 
maternal health and mental health outcomes (Racine et al., 2018b), we 
examined the associations between adversity subtypes in childhood (i.e., 
family violence, sexual abuse, and household dysfunction), as well as 
cumulative adversity, and maternal substance use in pregnancy. Results 
for each of these findings will be discussed in turn below. 

Prior to a fuller discussion of study findings, it should be noted that 
the self-reported prevalence of binge drinking (9.2%), drug-use (3.1%), 
and smoking (8.4%) identified in the current study are consistent with 
previous large-scale population-based studies examining maternal sub-
stance use in pregnancy in North America (Public Health Aegency of 
Canada, 2008; Lange et al., 2018). However, there are two notable 
differences in the current study: 1) a higher proportion of women re-
ported using alcohol prior to pregnancy recognition or during pregnancy 
(45.3%) and 2) higher household family income than the national 
average in Canada and in the United States. The higher prevalence of 
alcohol use in pregnancy in the current study may be attributed to the 
fact that pregnant women were queried as to any alcohol consumption, 
including prior to pregnancy recognition. In addition, response choices 
allowed for minimal (i.e., <1) amounts per occasion and per timeframe. 
Previous research has demonstrated that the majority of women 
significantly reduce their alcohol intake after pregnancy recognition 
(McDonald et al., 2014). In the current study, only 3% of women 

Table 2 
Percentage of women who engaged in substance use by whether they had or had not experienced an ACE subtype.   

Any alcohol % (N) Moderate/high alcohol after recognition % (N) Binge drinking % (N) Drug use % (N) Smoking % (N) 

Overall      
Yes 45.3 (904) 2.6 (52) 9.2 (184) 3.1 (62) 8.4 (168) 
No 49.0 (977) 87.9 (1752) 84.3 (1680) 95.9 (1912) 85.9 (1713) 
Missing 5.7 (113) 9.5 (190) 6.5 (130) 1.0 (20) 5.7 (113) 

Physical abuse      
Yes 48.3 (156) 2.6 (8) 14.7 (47) 4.4 (15) 14.9 (48) 
No 47.9 (745) 3.0 (44) 8.9 (137) 2.9 (47) 7.7 (119) 

Sexual abuse      
Yes 50.8 (127) 3.4 (8) 12.4 (31) 6.5 (17) 14.0 (35) 
No 47.5 (772) 2.8 (44) 9.4 (151) 2.6 (45) 8.1 (131) 

Emotional abuse      
Yes 50.9 (344) 3.1 (20) 14.0 (94) 5.2 (37) 15.2 (103) 
No 46.3 (556) 2.8 (32) 7.5 (89) 2.0 (25) 5.3 (63) 

Parent mental illness      
Yes 56.8 (259) 4.1 (18) 15.0 (68) 4.7 (23) 14.9 (68) 
No 45.1 (642) 2.5 (34) 8.2 (116) 2.6 (39) 7.0 (99) 

Parent alcohol problem      
Yes 56.4 (193) 3.6 (12) 14.5 (49) 6.2 (22) 17.3 (59) 
No 46.1 (708) 2.7 (40) 8.9 (135) 2.5 (40) 7.0 (108) 

Parent drug problem      
Yes 53.6 (82) 5.3 (8) 20.4 (31) 7.5 (12) 20.9 (32) 
No 47.5 (819) 2.7 (44) 9.0 (153) 2.8 (50) 7.8 (135) 

Parent incarceration      
Yes 59.3 (32) 1.9 (1) 18.5 (10) 5.4 (3) 29.6 (16) 
No 47.6 (869) 2.9 (51) 9.6 (174) 3.1 (59) 8.3 (151) 

Parent separation/divorce      
Yes 55.6 (244) 4.1 (17) 16.5 (72) 6.1 (28) 16.4 (72) 
No 45.7 (657) 2.5 (35) 7.9 (112) 2.3 (34) 6.6 (95) 

Domestic violence      
Yes 51.1 (143) 3.4 (9) 15.9 (44) 5.1 (15) 16.1 (45) 
No 47.4 (757) 2.8 (43) 8.8 (139) 2.8 (47) 7.6 (122)  

Table 3 
Childhood adversity subtypes and maternal substance use in pregnancy.   

Unadjusted OR (95% 
CI) 

Adjusted OR (95% 
CI)a 

Any alcohol use in pregnancy   
Family violence 1.12 (0.95–1.32) 1.17 (0.99–1.39) 
Sexual abuse 1.09 (0.84–1.42) 1.09 (0.84–1.47) 
Household dysfunction 2.92 (1.91–4.47) 3.41 (2.18–5.35) 

Moderate/high use after 
recognition   
Family violence 1.11 (0.69, 1.78) 1.04 (0.64, 1.68) 
Sexual abuse 1.33 (0.67, 2.65) 1.20 (0.60, 2.40) 
Household dysfunction 3.07 (1.05, 9.00) - 

Binge drinking in pregnancy   
Family violence 1.81 (1.43–2.28) 1.65 (1.29–2.10) 
Sexual abuse 1.15 (0.76–1.74) 0.92 (0.59–1.43) 
Household dysfunction 6.26 (3.48–11.25) 3.92 (2.10–7.33) 

Drug use in pregnancy   
Family violence 1.87 (1.29–2.70) 1.50 (1.01–2.23) 
Sexual abuse 2.25 (1.38–3.66) 1.68 (1.0–2.83) 
Household dysfunction 8.18 (3.32–20.09) 3.47 (1.30–9.24) 

Smoking in pregnancy   
Family violence 2.37 (1.88–3.00) 2.13 (1.65–2.73) 
Sexual abuse 1.83 (1.28–2.61) 1.39 (0.94–2.07) 
Household dysfunction 12.41 (6.86–22.44) 6.92 (3.59–13.37)  

a ORs are adjusted for confounding variables including maternal age, income, 
and education, if variables were found to significantly predict the outcome. 

N. Racine et al.                                                                                                                                                                                                                                  



Preventive Medicine 141 (2020) 106303

5

consumed moderate to high amounts of alcohol after pregnancy recog-
nition. Women who do not reduce their alcohol consumption in preg-
nancy may have been engaging in higher levels of use prior to pregnancy 
(McDonald et al., 2014). Future research specifically addressing preg-
nancy intention and changes in substance use prior to pregnancy 
recognition may further help elucidate associations between maternal 
substance use and ACEs. 

Although small odds ratios were generally observed for individual 
ACEs, a different pattern emerged when examining ACE’s subtypes in 
childhood. Specifically, medium-sized odds ratios were observed for the 
role of household-dysfunction on binge drinking, drug use, and smoking 
in pregnancy, while only small odds ratios were observed for family 
violence. There were no significant odds ratios for sexual abuse, after 
controlling for covariates. It is interesting to consider why exposure to 
household dysfunction in childhood, including exposure to caregiver 
mental illness, caregiver substance use, parent incarceration, and sep-
aration/divorce, would be most strongly associated with substance use 
in pregnancy. First, there is some evidence for the intergenerational 
transmission of substance use across generations, particularly for 
smoking, both via genetic and environmental pathways (Knight, 
Menard, Simmons, 2013; Kendler, Chen, Dick, 2012). That is, children of 
parents with substance use difficulties are at higher risk of engaging in 
problematic use themselves and environmental influences can perpet-
uate these patterns. Second, and in regard to environmental influences 
in particular, previous research has found that experiences of threat (i.e. 
physical, sexual abuse, or witnessing domestic violence) and deprivation 
(i.e., neglect, incarcerated caregiver) differentially impact developing 
systems within the body (Sheridan et al., 2017). While threat experi-
ences result in changes to fear and affective brain circuitry, experiences 
of deprivation, as would be commonly experienced with household 
dysfunction, have an impact on the development of cognitive skills, such 
as executive functions, which are used both in affect regulation and in 
problem solving (Sheridan and McLaughlin, 2014). Thus, exposure to 
the chaos and lack of supportive guidance associated with household 
dysfunction may lead to disruptions in the development of cognitive 
abilities to plan, organize, and adaptively deal with stress, putting an 
individual at increased risk of using maladaptive coping, such as sub-
stance use (DeBellis, 2002; Giancola and Mezzich, 2003). Third, sub-
stance use is often used as a coping strategy to reduce strong emotions 
and to deal with internal and external stressors, which may be increased 
during pregnancy (Latuskie et al., 2019; Lopez et al., 2011; Sheffler 
et al., 2020; Tull et al., 2015). Future research examining mechanisms 
by which adversity in childhood influences maternal health risk 
behavior in pregnancy are needed to inform when and for whom in-
terventions may be most helpful. 

In the current study, sexual abuse was associated with drug use in 
pregnancy prior to controlling for maternal age, income, and education. 
However, this association dissipated after controlling for these con-
founders. This lack of association is in contrast to some previous liter-
ature indicating that women who have experienced childhood sexual 
abuse are more likely to use substances in pregnancy (Leeners et al., 
2010). Our lack of findings may be attributed to a highly educated and 
high-income sample, where these factors may mitigate the mental health 
sequalae that are often associated with exposure to childhood sexual 
abuse, such as post-traumatic stress disorder. We would anticipate 

finding this association among samples with greater prevalence of 
poverty and instability. 

Consistent with previous research (Chung et al., 2010; Frank-
enberger et al., 2015), our findings demonstrated a dose-response as-
sociation between the number of ACEs and risk for substance use in 
pregnancy, with medium associations for binge drinking, drug-use and 
smoking. These findings highlight the critical importance of considering 
cumulative exposure to adversity above and beyond any one individual 
predictor. Ultimately, cumulative risk provides an understanding of how 
multiple exposures compound to lead to poor physical and mental health 
outcomes. While individual adversity subtypes may have differential 
associations with different outcomes, cumulative risk has been hy-
pothesized to contribute to a “central integrative factor” that increases 
the risk of poor outcomes (Atkinson et al., 2015). Identification of pro-
motive and resilience factors that can disrupt these negative cascades 
are needed for the development of prevention and intervention 
strategies. 

5.1. Study limitations 

There are some limitations to the current study that should be 
considered. First, our findings apply to a community-based sample and 
are not representative of clinical samples or of women with substance 
use disorder. Women in the current study were also more likely to be 
married and had higher family incomes than women of young children 
in the province of Alberta and Canada, which may influence the 
generalizability of these findings to lower income samples. Second, as is 
common with most large-scale epidemiologic studies, we relied on 
maternal retrospective report of both adversity in childhood and sub-
stance use in pregnancy. Previous research has demonstrated that there 
may be bias in these reports (Hardt and Rutter, 2004; Reuben et al., 
2016), and thus this must be considered in the interpretation of our 
findings. Specifically, pregnant women may be more inclined to under 
report both early adversity and substance use in pregnancy, indicating 
that the results we present here are conservative estimates. Lastly, 
maternal reports from the current study were obtained in the context of 
a research paradigm, not in clinical practice, and as such similar esti-
mates or prevalence for both substance use and childhood adversity may 
not be obtained in a clinical setting. 

6. Conclusion 

The current findings point to the importance of broad public health 
initiatives to provide information about the importance of reducing 
substance use when women become pregnant (Cook et al., 2017; Wong 
et al., 2011), as well as discussing the risks associated with substance use 
in pregnancy during routine medical visits, preferably prior to concep-
tion or consideration of trying to get pregnant. Trauma-informed ap-
proaches to patient care have the potential to mitigate risk behaviors, 
address patient distress during a potentially turbulent transition to 
parenthood, and identify supports and healthy coping strategies for 
pregnant women, particularly for those who have a history of adversity 
(Racine et al., 2019). Identification of past and current protective fac-
tors, such as social support, may be helpful for (Racine et al., 2018a) 
reducing maternal stress and increasing coping strategies in pregnancy 

Table 4 
Cumulative adversity and risk of substance use in pregnancy.  

ACEs Alcohol use Alcohol after pregnancy recognition Binge drinking Drug use Smoking 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

0 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 1.0(referent) 

1 1.41 1.11–1.79 1.08 0.51, 2.26 2.22 1.39, 3.54 1.32 0.54, 3.21 1.75 1.02–3.00 
2 1.25 0.94–1.66 1.05 0.43, 2.55 2.89 1.74, 4.79 3.31 1.47, 7.48 3.10 1.80–5.35 
3 1.48 1.07–2.04 0.84 0.28, 2.51 3.59 2.11, 6.11 3.13 1.28, 7.67 3.70 2.08–6.95 
4+ 1.73 1.31–2.30 1.62 0.76, 3.48 3.94 2.45, 6.33 4.96 2.35, 10.49 6.67 4.11–10.81  
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(Narayan et al., 2018) and the postpartum (Hetherington et al., 2020; 
Madigan et al., 2016). Policies that promote reductions in family stress 
in the childbearing years as well as increasing the capacity for members 
of neighborhoods to provide support to individuals within it are needed. 

Availability of data and materials 

The datasets generated and analyzed during the current study are 
form the All Our Babies/Families Study (http://allourbabiesstudy.com) 
have been made available in the SAGE repository by the senior author 
(Dr. Tough) and are available at https://policywise.com/initiati 
ves/sage/current-data-assets/ 

Funding 

The All Our Babies (AOB) study was funded by Alberta Innovates 
Health Solutions Interdisciplinary Team grant #200700595, Calgary, 
Alberta, Canada. Research support was provided to Dr. Madigan by the 
the Canada Research Chairs program. Dr. Racine was supported by a 
Postdoctoral Trainee Award from Alberta Innovates. Funding sources 
had no role in publication related decisions. 

Author statement 

Suzanne Tough is the lead investigator of the All Our Families study 
and contributed to conceptualization, data curation, funding acquisi-
tion, methodology, project administration, supervision, and review & 
editing of the draft. Sheri Madigan contributed to conceptualization, 
formal analysis, funding acquisition, supervision, writing of the original 
draft, and review/editing of the draft. Sheila McDonald is the lead sci-
entist of the All Our Families study and contributed to conceptualiza-
tion, data curation, funding acquisition, methodology, project 
administration, supervision, and review & editing of the draft. Nicole 
Racine contributed to conceptualization, formal analysis, funding 
acquisition, writing of the original draft, and reviewing/editing the 
draft. Kathleen Chaput contributed to conceptualization, formal anal-
ysis, and review/editing of the written draft. 

Declaration of Competing Interest 

None. 

Acknowledgements 

We would like to thank the All Our Families team and the mothers 
and families who participated in the study. The All Our Babies (AOB) 
study was funded by Alberta Innovates Health Solutions Interdisci-
plinary Team grant #200700595, Calgary, Alberta, Canada. Research 
support was provided to Dr. Madigan by the Alberta Children’’s Hospital 
Foundation and the Canada Research Chairs program. Dr. Racine was 
supported by a Postdoctoral Trainee Award from Alberta Innovates. 
Funding sources had no role in publication related decision. 

References 

Atkinson, L., Beitchman, J., Gonzalez, A., Young, A., Wilson, B., Escobar, M., et al., 2015. 
Cumulative risk, cumulative outcome: a 20-year longitudinal study. PLoS One 10 (6), 
e0127650. 

Atzl, V.M., Narayan, A.J., Rivera, L.M., Lieberman, A.F., 2019. Adverse childhood 
experiences and prenatal mental health: type of ACEs and age of maltreatment onset. 
J. Fam. Psychol. 33 (3), 304–314. 

Center for Disease Control and Prevention, 2020. BRFSS Adverse Childhood Experience 
(ACE) Module. 

Chen, H., Cohen, P., Chen, S., 2010. How big is a big odds ratio? Interpreting the 
magnitudes of odds ratios in epidemiological studies. Commun. Statist. Simul. 
Comput. 39 (4), 860–864. 

Chung, E.K., Nurmohamed, L., Mathew, L., Elo, I.T., Coyne, J.C., Culhane, J.F., 2010. 
Risky health behaviors among mothers-to-be: the impact of adverse childhood 
experiences. Acad. Pediatr. 10 (4), 245–251. 

Cook, J.L., Green, C.R., de la Ronde, S., Dell, C.A., Graves, L., Morgan, L., et al., 2017. 
Screening and management of substance Use in Pregnancy: a review. J. Obstet. 
Gynaecol. Can. 39 (10), 897–905. 

Currie, C.L., Sanders, J.L., Swanepoel, L.M., Davies, C.M., 2020. Maternal adverse 
childhood experiences are associated with binge drinking during pregnancy in a 
dose-dependent pattern: findings from the All Our Families cohort. Child Abuse 
Negl. 101, 104348. 

DeBellis, M., 2002. Developmental traumatology: a contrinutory mechanism for alcohol 
and substance use disorders. Psychoneuroendocrinology 27 (1–2), 155–170. 

Evans, G.W., Li, D., Whipple, S.S., 2013. Cumulative risk and child development. 
Psychol. Bull. 139 (6), 1342–1396. 

Felitti, V.J., Anda, R.F., Nordenberg, D., Williamson, D.F., Spitz, A.M., Edwards, V., et al., 
1998. 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. 14 (4), 245–258. 

Ford, D.C., Merrick, M.T., Parks, S.E., Breiding, M.J., Gilbert, L.K., Edwards, V.J., et al., 
2014. Examination of the factorial structure of adverse childhood experiences and 
recommendations for three subscale scores. Psychol. Violence 4 (4), 432–444. 

Frankenberger, D.J., Clements-Nolle, K., Yang, W., 2015. The association between 
adverse childhood experiences and alcohol use during pregnancy in a representative 
sample of adult women. Womens Health Issues 25 (6), 688–695. 

Giancola, P.R., Mezzich, A.C., 2003. Executive functioning, temperament, and drug use 
involvement in adolescent females with a substance use disorder. J. Child Psychol. 
Psychiatry 44 (6), 857–866. 

Guille, C., Aujla, R., 2019. Developmental consequences of prenatal substance use in 
children and adolescents. J. Child Adolesc Psychopharmacol. 29 (7), 479–486. 

Hardt, J., Rutter, M., 2004. Validity of adult retrospective reports of adverse childhood 
experiences: review of the evidence. J. Child Psychol. Psychiatry 45 (2), 260–273. 

Hetherington, E., McDonald, S., Williamson, T., Tough, S., 2020. Trajectories of social 
support in pregnancy and early postpartum: findings from the All Our Families 
cohort. Soc. Psychiatry Psychiatr. Epidemiol. 55 (2), 259–267. 

Hicks, M., Tough, S., Johnston, D., Siever, J., Clarke, M., Sauve, R., et al., 2014. T-ACE 
and predictors of self-reported alcohol use during pregnancy in a large, population- 
based urban cohort. Int. J. Alcohol Drug Res. 3 (1), 51–61. 

Hughes, K., Bellis, M.A., Hardcastle, K.A., Sethi, D., Butchart, A., Mikton, C., et al., 2017. 
The effect of multiple adverse childhood experiences on health: a systematic review 
and meta-analysis. Lancet Public Health 2 (8), e356–e366. 

Jacobson, S.W., Chiodo, L.M., Sokol, R.J., Jacobson, J.L., 2002. Validity of maternal 
report of prenatal alcohol, cocaine, and smoking in relation to neurobehavioral 
outcome. Pediatrics 109 (5), 815–825. 

Kendler, K.S., Chen, X., Dick, D., Maes, H., Gillespie, N., Neale, M.C., Riley, B., 2012 Jan 
26. Recent advances in the genetic epidemiology and molecular genetics of 
substance use disorders. Nat Neurosci. 15 (2), 181–189. https://doi.org/10.1038/ 
nn.3018. PMID: 22281715; PMCID: PMC3297622.  

Kennare, R., Heard, A., Chan, A., 2005. Substance use during pregnancy: risk factors and 
obstetric and perinatal outcomes in South Australia. Aust. N. Z. J. Obstet. Gynaecol. 
45 (3), 220–225. 

Knight, K.E., Menard, S., Simmons, S.B., 2014 Feb. Intergenerational continuity of 
substance use. Subst Use Misuse 49 (3), 221–233. https://doi.org/10.3109/ 
10826084.2013.824478. Epub 2013 Aug 21.  

Lange, S., Probst, C., Rehm, J., Popova, S., 2018. National, regional, and global 
prevalence of smoking during pregnancy in the general population: a systematic 
review and meta-analysis. Lancet Glob. Health 6 (7), e769–e776. 

Latuskie, K.A., Andrews, N.C.Z., Motz, M., Leibson, T., Austin, Z., Ito, S., et al., 2019. 
Reasons for substance use continuation and discontinuation during pregnancy: a 
qualitative study. Women Birth 32 (1), e57–e64. 

Leeners, B., Stiller, R., Block, E., Gorres, G., Rath, W., 2010. Pregnancy complications in 
women with childhood sexual abuse experiences. J. Psychosom. Res. 69 (5), 
503–510. 

Lopez, W.D., Konrath, S.H., Seng, J.S., 2011. Abuse-related post-traumatic stress, coping, 
and tobacco use in pregnancy. J. Obstet. Gynecol. Neonatal. Nurs. 40 (4), 422–431. 

Madigan, S., Wade, M., Plamondon, A., Jenkins, J.M., 2016. Neighborhood collective 
efficacy moderates the association between maternal adverse childhood experiences 
and marital conflict. Am. J. Community Psychol. 57 (3–4), 437–447. 

McDonald, S.W., Lyon, A.W., Benzies, K.M., McNeil, D.A., Lye, S.J., Dolan, S.M., et al., 
2013. The All Our Babies pregnancy cohort: design, methods, and participant 
characteristics. BMC Pregnancy Childbirth 13 (Suppl. 1), S2. 

McDonald, S.W., Hicks, M., Rasmussen, C., Nagulesapillai, T., Cook, J., Tough, S.C., 
2014. Characteristics of women who consume alcohol before and after pregnancy 
recognition in a Canadian sample: a prospective cohort study. Alcohol. Clin. Exp. 
Res. 38 (12), 3008–3016. 

McDonald, S.W., Madigan, S., Racine, N., Benzies, K., Tomfohr, L., Tough, S., 2019. 
Maternal adverse childhood experiences, mental health, and child behaviour at age 
3: the all our families community cohort study. Prev. Med. 118, 286–294. 

Narayan, A.J., Rivera, L.M., Bernstein, R.E., Harris, W.W., Lieberman, A.F., 2018. 
Positive childhood experiences predict less psychopathology and stress in pregnant 
women with childhood adversity: a pilot study of the benevolent childhood 
experiences (BCEs) scale. Child Abuse Negl. 78, 19–30. 

Public Health Aegency of Canada, 2008. Canadian Perinatal Health Report. Ottawa, 
Canada. 

Racine, N., Madigan, S., Plamondon, A., Hetherington, E., McDonald, S., Tough, S., 
2018a. Maternal adverse childhood experiences and antepartum risks: the 
moderating role of social support. Arch. Womens Ment. Health 21 (6), 663–670. 

Racine, N., Madigan, S.L., Plamondon, A.R., McDonald, S.W., Tough, S.C., 2018b. 
Differential associations of adverse childhood experience on maternal health. Am. J. 
Prev. Med. 54 (3), 368–375. 

N. Racine et al.                                                                                                                                                                                                                                  

http://allourbabiesstudy.com
https://policywise.com/initiatives/sage/current-data-assets/
https://policywise.com/initiatives/sage/current-data-assets/
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0005
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0005
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0005
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0010
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0010
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0010
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0015
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0015
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0020
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0020
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0020
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0025
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0025
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0025
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0030
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0030
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0030
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0035
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0035
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0035
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0035
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0040
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0040
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0045
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0045
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0050
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0050
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0050
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0050
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0055
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0055
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0055
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0060
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0060
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0060
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0065
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0065
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0065
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0070
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0070
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0075
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0075
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0080
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0080
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0080
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0085
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0085
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0085
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0090
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0090
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0090
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0095
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0095
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0095
https://doi.org/10.1038/nn.3018
https://doi.org/10.1038/nn.3018
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0100
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0100
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0100
https://doi.org/10.3109/10826084.2013.824478
https://doi.org/10.3109/10826084.2013.824478
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0105
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0105
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0105
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0110
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0110
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0110
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0115
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0115
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0115
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0120
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0120
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0125
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0125
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0125
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0130
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0130
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0130
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0135
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0135
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0135
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0135
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0140
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0140
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0140
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0145
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0145
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0145
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0145
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0150
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0150
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0155
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0155
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0155
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0160
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0160
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0160


Preventive Medicine 141 (2020) 106303

7

Racine, N., Killam, T., Madigan, S., 2019. Trauma-informed care as a universal 
precaution: beyond the adverse childhood experiences questionnaire. JAMA Pediatr. 
1–2. 

Racine, N., Zumwalt, K., McDonald, S., Tough, S., Madigan, S., 2020. Perinatal 
depression: the role of maternal adverse childhood experiences and social support. 
J. Affect. Disord. 263, 576–581. 

Reuben, A., Moffitt, T.E., Caspi, A., Belsky, D.W., Harrington, H., Schroeder, F., et al., 
2016. Lest we forget: comparing retrospective and prospective assessments of 
adverse childhood experiences in the prediction of adult health. J. Child Psychol. 
Psychiatry 57 (10), 1103–1112. 

Ross, L.E., Dennis, C.L., 2009. The prevalence of postpartum depression among women 
with substance use, an abuse history, or chronic illness: a systematic review. 
J. Women’s Health (Larchmt) 18 (4), 475–486. 

Ruisch, I.H., Dietrich, A., Glennon, J.C., Buitelaar, J.K., Hoekstra, P.J., 2018. Maternal 
substance use during pregnancy and offspring conduct problems: a meta-analysis. 
Neurosci. Biobehav. Rev. 84, 325–336. 

Rutter, M., 1978. Family, area and school influences in the genesis of conduct disorders. 
In: LA, B.M. Hersov, Shaffer, D. (Eds.), Aggression and Anti-Social Behavior in 
Childhood and Adolescence. Pergamon, Oxford, pp. 95–113. 

Seng, J.S., Sperlich, M., 2008. Survivor Moms: Women’s Stories of Birthing, Mothering, 
and Healing after Sexual Abuse. Motherbaby Press. 

Seng, J.S., Sperlich, M., Low, L.K., 2008. Mental health, demographic, and risk behavior 
profiles of pregnant survivors of childhood and adult abuse. J. Midwifery Womens 
Health 53 (6), 511–521. 

Seng, J.S., D’Andrea, W., Ford, J.D., 2014. Complex mental health sequelae of 
psychological trauma among women in prenatal care. Psychol. Trauma 6 (1), 41–49. 

Sheffler, J., Stanley, I., Sachs-Ericsson, N., 2020. ACEs and mental health outcomes. In: 
Asmundson, G.A. (Ed.), Adverse Childhood Experiences. Elsevier Inc., London, UK, 
pp. 47–69. 

Sheridan, M.A., McLaughlin, K.A., 2014. Dimensions of early experience and neural 
development: deprivation and threat. Trends Cogn. Sci. 18 (11), 580–585. 

Sheridan, M.A., Peverill, M., Finn, A.S., McLaughlin, K.A., 2017. Dimensions of 
childhood adversity have distinct associations with neural systems underlying 
executive functioning. Dev. Psychopathol. 29 (5), 1777–1794. 

Slade, A., Sadler, L., 2018. Pregnancy and ifnant mental health. In: Zeanah, C. (Ed.), 
Handbook of Infant Mental Health. Guilford Press, New York, New York.  

Smith, M.V., Gotman, N., Yonkers, K.A., 2016. Early childhood adversity and pregnancy 
outcomes. Matern. Child Health J. 20 (4), 790–798. 

Tough, S.C., McDonald, S.W., Collisson, B.A., Graham, S.A., Kehler, H., Kingston, D., 
et al., 2017. Cohort profile: the all our babies pregnancy cohort (AOB). Int. J. 
Epidemiol. 46 (5), 1389–1390k. 

Tull, M.T., Bardeen, J.R., DiLillo, D., Messman-Moore, T., Gratz, K.L., 2015. 
A prospective investigation of emotion dysregulation as a moderator of the relation 
between posttraumatic stress symptoms and substance use severity. J. Anxiety 
Disord. 29, 52–60. 

Wise, P., 2020. SAGE MetaData. http://sagemetadata.policywise.com/nada/index.php/ 
catalog/1. 

Wong, S., Ordean, A., Kahan, M., Maternal Fetal Medicine, C., Family Physicians 
Advisory, C., Medico-Legal, C., et al., 2011. Substance use in pregnancy. J. Obstet. 
Gynaecol. Can. 33 (4), 367–384. 

N. Racine et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0165
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0165
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0165
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0170
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0170
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0170
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0175
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0175
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0175
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0175
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0180
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0180
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0180
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0185
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0185
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0185
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0190
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0190
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0190
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0195
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0195
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0200
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0200
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0200
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0205
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0205
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0210
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0210
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0210
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0215
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0215
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0220
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0220
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0220
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0225
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0225
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0230
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0230
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0235
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0235
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0235
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0240
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0240
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0240
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0240
http://sagemetadata.policywise.com/nada/index.php/catalog/1
http://sagemetadata.policywise.com/nada/index.php/catalog/1
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0250
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0250
http://refhub.elsevier.com/S0091-7435(20)30327-3/rf0250

	Maternal substance use in pregnancy: Differential prediction by childhood adversity subtypes
	1 Introduction
	1.1 Adverse childhood experiences and substance use in pregnancy
	1.2 Differential prediction by childhood adversity subtypes
	1.3 The current study

	2 Material and methods
	2.1 Participants and procedures
	2.2 Measures
	2.2.1 Demographic variables
	2.2.2 Outcomes: maternal substance use in pregnancy

	2.3 Exposure: adverse childhood experiences (ACEs)
	2.3.1 Individual maternal ACE types
	2.3.2 ACE subtypes
	2.3.3 Cumulative ACEs


	3 Statistical analyses
	4 Results
	4.1 Demographic characteristics
	4.2 ACEs subtypes and substance use in pregnancy
	4.2.1 Alcohol use in pregnancy
	4.2.2 Moderate to high alcohol use prior to pregnancy recognition
	4.2.3 Binge drinking in pregnancy
	4.2.4 Drug use in pregnancy
	4.2.5 Smoking in pregnancy

	4.3 Cumulative ACEs and substance use in pregnancy

	5 Discussion
	5.1 Study limitations

	6 Conclusion
	Availability of data and materials
	Funding
	Author statement
	Declaration of Competing Interest
	Acknowledgements
	References


