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Background: Adverse childhood experiences (ACEs) may negatively affect prenatal mental health. However, the use of a cumula-
tive ACEs score may obscure the identification of which specific types of adversity are most strongly associated with unfavorable
mental health outcomes.
Aim: This study aims to evaluate the association between ACEs and prenatal symptoms of depression and anxiety using a
cumulative score, a person-centered approach, and the dimensional model of adversity and psychopathology (DMAP).
Methods: Data were collected from 1887 pregnant women in the French Etude des Déterminants du développement et de la santé
de l’ENfant (EDEN) cohort. To operationalize our exposure, we calculated a cumulative ACE score, threat and deprivation scores,
and conducted latent class analysis (LCA). Depressive and anxious symptoms were assessed with the Center for Epidemiologic
Studies-Depression Scale (CES-D) and the State-Trait Anxiety Inventory state subscale (STAI-S) questionnaires, using cutoffs of 16
and 38 indicating high symptoms. Participants were categorized into four outcome groups: (1) no symptoms, (2) high depressive
symptoms only, (3) high anxious symptoms only, and (4) comorbid high symptoms. Multinomial regressions were performed.
Results: LCA identified three ACE classes: low-risk, family discordance, and multidimensional adversity. Women reporting two or
more ACEs had higher odds of depressive and comorbid symptoms, compared to those with zero ACEs. Compared to the low-risk
class, women in the family discordance class had increased odds of high depressive symptoms (adjusted odds ratios [aOR] 95%
confidence interval [CI]= 1.80 [1.33, 2.56]) and comorbid high symptoms (aOR [95% CI]= 2.04 [1.43, 2.89]). Threat experiences
were significantly linked to high depressive symptoms (aOR [95% CI]= 1.48 [1.22, 1.79]) and comorbid high symptoms (aOR
[95% CI]= 1.53 [1.25, 1.87]).
Conclusion: Using the DMAP and LCA approaches, we found that ACEs related to the familial environment and relationships
during childhood were most strongly associated with prenatal high depressive and comorbid symptoms. This highlights the
importance of operationalizing ACEs beyond a cumulative score to better capture their role in the development of prenatal mental
health difficulties.
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1. Introduction

Adverse childhood experiences (ACEs) are potentially trau-
matic events occurring before the age of 18. These events
encompass a wide range of exposures, including experiencing
or witnessing physical, emotional, or sexual abuse, experienc-
ing physical or emotional neglect, and growing up in a dysfunc-
tional household characterized by issues such as substance
abuse, mental health problems, parental separation, or the
incarceration of a family member [1]. Additionally, adverse
events within the child’s community, such as racism, living in
an unsafe neighborhood, living in poverty, and bullying, can
also be considered ACEs [2, 3].

Adversity during critical windows of heightened brain
plasticity may have enduring negative effects on neurodeve-
lopment [4] increasing the risk of mental health difficulties
later in life, whichmay persist into adulthood [5, 6]. These altera-
tions include dysregulated stress responses (e.g., impairment of
hypothalamic–pituitary–adrenal (HPA) axis feedback) [7], high
inflammation states [8], imbalance between excitatory/inhibitory
neurotransmission systems and microglial alteration [9], and
delayed synaptic maturation [10]. Depending on their nature,
ACEs may independently shape brain development with differ-
ential effects on mental health. According to the dimensional
model of adversity and psychopathology (DMAP) framework
[11], threat experiences (regarding interpersonal violence or
that cause harm or threat of harm to the child) are expected to
influence emotional reactivity and regulation as well as fear learn-
ing through neural changes in the hippocampus, amygdala, and
ventromedial prefrontal cortex. On the other hand, deprivation
experiences (involving the absence of expected caregiver inputs
or social and cognitive stimulation) can lead to disruption in the
synaptic pruning process and global decreases in gray matter
volume [12, 13]. Additionally, these types of events can alter
hippocampal–cortical connectivity, which may lead to worse
executive functioning and language development [13].

Recently, attention has broadened to the potential mental
health consequences that ACEs may have during pregnancy.
The prenatal period is a sensitive time for both maternal and
fetal well-being [14], marked by physiological, psychological,
and sociofamilial changes, which increase vulnerability to
mental health issues. Hence, assessing past experiences dur-
ing pregnancy is crucial, as traumatic childhood memories
may become particularly salient during this time. As women
transition to parenthood and consider how they will care for
their baby, these memories may resurface, influencing their
mental health and emotional well-being [14, 15]. Indeed, a
meta-analysis found that ACEs were positively associated
with prenatal depressive and anxious symptoms [15]. Addi-
tionally, ACEs have been associated with certain unfavorable
psychosocial factors in adulthood, such as low income and
lack of stable relationships [16], which may further exacer-
bate prenatal depression and anxiety. Children of mothers

with a history of ACEs may also be affected, as maternal
mental health difficulties are linked to increased risk of emo-
tional, behavioral, and developmental challenges in chil-
dren [17–20].

The prevailing method for studying the consequences of
ACEs consists of summing individual events into a cumula-
tive score [1]. A dose–response relationship between the
number of ACEs and the likelihood of experiencing prenatal
depressive and anxious symptoms has been demonstrated
[15]. However, this approach obscures the identification of
which specific types of adversity might be most strongly
associated with unfavorable outcomes [21] and limits under-
standing on the underlying mechanisms that link ACEs and
mental health difficulties, thereby hindering the identifica-
tion of specific targets for intervention [11]. To overcome
these limitations, recent studies have focused on the person-
centered approach using latent class analysis (LCA) [21, 22].
LCA consists of evaluating the co-occurrence of different
events to identify combinations of adversities that might
differentially confer an increased risk for the development
of mental health problems. For instance, a recent study
found that pregnant women belonging to the “childhood
abuse/neglect” class reported higher levels of stress and men-
tal health symptoms compared to women in the “low expo-
sure” class, whereas women in a “childhood neglect only”
class were similar to the “low exposure” class [23]. Other
ACE research is based on the DMAP framework [11] men-
tioned earlier. Few studies have examined the relationship
between dimensions of threat and deprivation experienced in
childhood and mental health during pregnancy [24–26]. Yet,
one of them showed that severe childhood threat, but not
deprivation, was associated with more depressive symptoms
during pregnancy [26].

A limited number of studies in the broader literature
have compared different operationalizations of ACEs in rela-
tion to mental health outcomes [27–29], showing that asses-
sing ACEs beyond a cumulative score provides a more
nuanced understanding of their health consequences. How-
ever, to our knowledge, none of these comparative studies
has focused on pregnant populations. In the French context,
the study of ACEs and mental health has primarily examined
adolescents [30, 31] and young adults [32], relying mostly on
cumulative scores. Meanwhile, prenatal psychosocial factors
[33] have received comparatively less attention. Understand-
ing the role of ACEs in contributing to prenatal depression
and anxiety is essential for informing early interventions that
support both maternal and child health. Given these gaps in
the literature, the aim of this study was to evaluate the asso-
ciations of ACEs with subsequent prenatal symptoms of
depression and anxiety in the French EDEN cohort using
the three outlined approaches (cumulative score, LCA, and
DMAP).We hypothesized that there would be a dose–response
relationship for the cumulative score, with higher ACE scores

2 Depression and Anxiety



associatedwith a greater risk of prenatal depressive and anxious
symptoms. For the LCA approach, we expected that the class
identified as having the highest risk of childhood adversity
would exhibit higher levels of depressive and anxiety symptoms
during pregnancy compared to the class with the lowest risk.
Finally, in the DMAP approach, we hypothesized that partici-
pants who experienced threatening events would be at an
increased risk of developing prenatal depressive and anxious
symptoms. In addition, we hypothesized that ACEs would have
a stronger effect on comorbid depressive and anxious symp-
toms than on depressive and anxious symptoms in isolation.

2. Materials and Methods

2.1. Study Sample. Data were obtained from the French
cohort Etude des Déterminants du développement et de la
santé de l’ENfant (EDEN), which examines the prenatal and
early postnatal determinants of child health and develop-
ment [34]. Between 2003 and 2006, pregnant women with
a gestational age of less than 24 weeks were recruited at two
study centers: the university hospitals of Nancy and Poitiers
(France). Exclusion criteria were multiple pregnancies, pre-
pregnancy diabetes, inability to speak French, and plans to
change residence within the next 3 years. During pregnancy,
biomedical data, sociodemographic characteristics, and
information about the participants’ childhood were collected
through obstetrical records, self-administered question-
naires, and face-to-face interviews. A total of 2002 women
accepted to participate, provided written consent, and were
enrolled in the cohort. The longitudinal EDEN cohort
received ethical approval from the Ethical Research Commit-
tee of Bicêtre Hospital and the French Data Protection
Authority. Written informed consent was obtained from
mothers at the time of enrollment for themselves and their
newborns after delivery. All research was conducted per the
Declaration of Helsinki.

2.1.1. Current Study. The current study presents primary
analyses of the French mother–child cohort EDEN. For these
analyses, we included participants who provided information
on childhood adversity, completed at least 80% of the prena-
tal depression and anxiety symptoms questionnaires and
were 18 years old or older. These inclusion criteria resulted
in a sample of 1887 participants (Figure 1).

2.2. Measures

2.2.1. Exposure: ACEs. Between 24 and 28 weeks of preg-
nancy, participants responded to the following questions in
a face-to-face interview: “We are going to talk about situa-
tions that some people have experienced in their childhood
or adolescence. Have you yourself (1) suffered material dep-
rivation?, (2) had an out-of-home placement by the govern-
mental assistance programs?, (3) been followed by child
protective services?, (4) had a very serious conflict with
one or both of your parents?, (5) witnessed severe tension
or violence between your parents?, and (6) been subjected to
abuse or repeated beatings?”. Events were coded as 1 if they
had experienced them and as 0 if they had not. In addition,
participants answered open-ended questions regarding their

parents’ occupations and their living situation when they
were 14 years old. Despite that these items were not expressly
asked in the ACE questionnaire, we were able to extract
further information on (7) parental divorce or separation,
(8) death of a parent, and (9) low socioeconomic status
(SES) of the household. For the creation of this last variable,
we used information on the occupation of the parents by
using the ESeG classification [35]. We categorized the SES
of the household into upper class, middle class, and working
class [36], by selecting the parent with the highest class. For
the creation of the binary indicator, we grouped the middle-
and upper-class groups to be compared with the working-class
group. Thus, in total, we had information on nine different
indicators of childhood adversity, modeled as binary vari-
ables: material deprivation (yes/no), out of home placement
(yes/no), child protective services (yes/no), serious conflict
with parents (yes/no), severe tension or violence between
parents (yes/no), subjected to abuse or beatings (yes/no),
parental divorce or separation (yes/no), death of a parent
(yes/no), and low SES of the household (yes/no).

2.2.2. Outcome: Prenatal Symptoms of Depression and Anxiety.
Prenatal symptoms of depression and anxiety were assessed
through validated self-reported questionnaires between the 24
and 28 weeks of gestation. The Center for Epidemiologic
Studies-Depression Scale (CES-D) is a 20-item questionnaire
used for assessing depressive symptoms in the general popula-
tion [37]. The CES-D has been translated and validated in the
French population [38], and a recent study shows the validity
of this scale during pregnancy [39]. Participants responded on
a 4-point Likert scale for each item about depressive symptoms
experienced in the past week. Scores range from 0 to 60, with
higher scores indicating greater symptoms. In our sample, the
CES-D score exhibited a Cronbach’s alpha of 0.88 (95% CI
0.87, 0.89), indicative of the scale’s internal consistency and
reliability. To denote high depressive symptoms, a binary vari-
able was created using a score of ≥16 as a cutoff [37], which is
usually used for identification of individuals with clinical
depression.

The State-Trait Anxiety Inventory (STAI) is an appro-
priate instrument for the study of anxiety in research and
clinical settings [40], having been adapted and validated in
the French population [41]. This scale measures two types of
anxiety: state anxiety, which assesses the current emotional
state, and trait anxiety, which evaluates relatively stable
aspects of anxiety or how the participant “generally feels.”
For this study, we used the STAI state subscale (STAI-S)
items, which asked participants on a 4-point Likert scale
about their feelings at the moment they were filling in the
questionnaire. The Cronbach’s alpha for STAI-S was of 0.91
(95% CI 0.90, 0.92), with scores ranging from 20 to 80. Since
there is a lack of consensus in the literature regarding a cutoff
for the French-adapted STAI-S, the threshold of ≥38 (80th
percentile of our sample distribution) was used to dichoto-
mize the variable, indicating high levels of prenatal anxiety.
As part of sensitivity analyses, we re-ran the statistical mod-
els using a threshold of ≥40 which has been previously used
internationally [42, 43].
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Based on their binary classifications of depression and
anxiety symptoms, participants were categorized into four
groups: (1) no symptoms of depression or anxiety (CES-D
< 16 and STAI-S< 38), (2) high depressive symptoms only

(CES-D≥ 16 and STAI-S< 38), (3) high anxious symptoms
only (CES-D< 16 and STAI-S≥ 38), and (4) comorbid high
depressive and anxious symptoms (CES-D≥ 16 and STAI-S
≥ 38).

Participants (recruited at
15 weeks of amenorrhea

in average) included in the
EDEN cohort

(n = 2002)

Participants who
responded to the

questionnaires at 24–28
weeks of pregnancy

(n = 1980)

Participants with data on
childhood adversity and

80% of the items in CES-D
and STAI questionnaires

(n = 1895)

Included sample for
subsequent analyses

(n = 1887)

Lost to follow-up
(n = 22)

Missing information on
childhood adversity (face-

to-face interview)
(n = 10)

Missing data on
more than 20% of items in
CES-D and/or STAI (auto-

questionnaires)
(n = 21)

Missing information on
both measures

(n = 54)

Participants who were
under 18 years old at the

time of their last menstrual period
(n = 8)

FIGURE 1: Flowchart of the inclusion of the study sample.
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2.2.3. Covariates. First, with the help of a directed acyclic
graph, potential confounders were considered if they were
found in the literature to be associated with both exposure
(ACEs) and outcome (prenatal depressive and anxious
symptoms) and were available in the EDEN cohort. Since
this study comprises several years between the exposure
(which occurred at different points during childhood and
adolescence—some before the age of 14 and others extend-
ing up to 18 years) and the outcome during pregnancy (≥18
years old), the considered confounders were limited to those
retrospectively measured during the childhood and adoles-
cence of the participants. Including adulthood covariates in
the statistical model may lead to inclusion of potential med-
iators of the relationship between ACEs and prenatal mental
health [44] leading to underestimation of the total effect. To
determine inclusion in the final models, we then tested asso-
ciations between these covariates, ACEs, and prenatal
depressive and anxious symptoms. Covariates were retained
if they were statistically significant (p <0:20) with either the
exposure or the outcome or identified in the literature as
major confounders. Thus, the following covariates were
selected: age at pregnancy (years), migrant status (none, sec-
ond generation, and first generation), primary education
only (yes/no) as a proxy for socioeconomic status [45], being
born preterm (yes/no) [46], and tobacco use of their mothers
during pregnancy (yes/no) [47]. The study center was also
included to increase precision.

2.3. Statistical Analyses

2.3.1. Cumulative ACE Score. For the creation of the cumu-
lative ACE score, we summed all the binary indicators of
childhood adversity, leading to a score ranging from 0 to 9.
Given the small proportion of participants in the highest
ACEs count, the cumulative ACE score was winsorized,
resulting in a categorical score whose values were 0, 1, 2,
and ≥3.

2.3.2. LCA. To identify different patterns of co-occurrence of
ACEs, a person-centered approach was implemented by per-
forming LCA. LCA is a form of finite mixture modeling
useful for identification of mutually exclusive and exhaustive
unobserved subgroups in a population, accounting for the
patterns of response of the indicator variables [22, 48]. For
construction of the latent classes, data were derived from
participants who had information for at least one of the
nine adversity indicators. Parameters were estimated by
maximum likelihood using an expectation–maximization
(EM) type procedure. Missing data are handled in this pro-
cedure, assuming data to be missing at random (MAR) [22].
To evaluate the convergence of each model and to avoid
suboptimal local maxima of the likelihood function, 1000
random starting values were used for each model. Model
selection was guided by fit indices including Akaike informa-
tion criterion (AIC) and Bayesian information criterion
(BIC) [49]. In addition, the bootstrap likelihood ratio test
(BLRT) [50, 51] was used, where a low p-value indicates
that the model with k classes has a better fit then the model
with k-1 classes. Entropy close to 1.00 was also considered for

precision of the model using the individual posterior proba-
bilities of class membership. In addition to fit statistics,
model selection was also dependent on theoretical meaning-
fulness, good distinction between the classes, and the per-
centage of the sample in each of the classes. PROC LCA
version 1.3.2 was used in SAS version 9.4.

2.3.3. Dimensional Approach.Using the same events as in the
person-centered approach, we further evaluated the number
of experiences related to dimensions of threat and depriva-
tion. Exposure to threat experiences was assessed through
the following indicators: subjected to abuse or beatings, con-
flict with parents, and severe tension/violence between par-
ents. We summed these three measures and created an
overall threat score ranging from 0 to 3. We assessed the
dimension of deprivation through indicators of parental
absence (parental separation and parental death), material
deprivation, out-of-home placement, low SES household,
and having had child protective services from the govern-
ment. The sum of these indicators leads to the creation of an
overall deprivation score ranging from 0 to 5. For the dimen-
sional approach and following the methodology previously
outlined by Stein et al. [52], the threat and deprivation scores
were winsorized given the sparse observations in the upper
tail, resulting in variables whose values were 0, 1, and ≥2.

2.3.4. Descriptive Statistics. The prevalence of individual ACEs,
sociodemographic characteristics, and prenatal depressive and
anxious symptoms were described for the overall sample.
Additionally, these characteristics were described by ACE
score, latent class, and threat and deprivation scores. For the
study sample description, Pearson’s chi-squared test was used
for categorical variables, Fisher’s exact test was applied for
continuous variables, and the Kruskal–Wallis rank sum test
was employed for continuous variables that did not follow a
Gaussian distribution.

2.3.5. Multinomial Logistic Regressions. In a first exploratory
step, we ran separate unadjusted multinomial logistic regres-
sions using each individual ACE (presence vs. absence) as the
independent variable and prenatal depressive and anxious
symptoms as the outcome (reference group: “no symptoms
of depression or anxiety"). To isolate the effect of each ACE,
we then adjusted the model by including all other ACEs
along with the confounders.

Subsequently, multinomial logistic regressions were used
to study the relationship between ACEs and prenatal depres-
sive and anxious symptoms comparing the three different
approaches (overall cumulative ACE score, latent classes of
adversity, and threat/deprivation scores). Prenatal symptoms
of depression and anxiety were the outcome variable in all
the performed regressions. Covariates that were found to be
significantly related to both the outcome and the exposure
were included in the adjusted models. In the model evaluat-
ing cumulative ACEs, we used the categorical score (0, 1, 2,
≥3) as the independent variable. When assessing the person-
centered approach, latent classes of adversity (low risk for
adversity, family discordance, and multidimensional adver-
sity) served as the independent variable.
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Regarding the dimensional approach, regressions were
performed separately for threat and deprivation experiences
as the independent variables. Then, to isolate the effect of each
dimension, we included each variable in the other respective
model as a covariate. To handlemissing data, all analyses were
performed on multiple imputed databases using the MICE
package on R studio. Table S1 shows the number and percent-
age of missing data for each variable. All statistical analyses
were conducted using R Studio (version 2023.12.0+369; R
Core Team).

Sensitivity analyses were conducted using adjusted mul-
tinomial logistic regressions based on complete case analyses,
which included only observations without missing values
across all variables of interest. In addition, sensitivity analy-
ses were conducted using an alternative cutoff of ≥40 for
high anxious symptoms on the STAI-S.

3. Results

3.1. Characterization of ACE Latent Classes. Preliminary to
our main analyses, we first characterized ACEs according to
latent classes of adversity. Table S2 presents the fit statistics
utilized for model selection from 1 to 4 latent classes. While
the four-class solution had a lower AIC, lower BIC, and the
BLRT indicated that this model had a better fit than the
three-class model, it presented several small classes, which
might be an issue for external generalization [53]. In addi-
tion, their theoretical meaningfulness was not adequate,
given that only one indicator (death of a parent) determined

one of the classes and its high entropy (0.88) might be due to
overfitting of the model. Taken together, the three-class
model was selected as the most suitable solution, presenting
adequate fit statics with high entropy (0.84) and good theo-
retical interpretability. Figure 2 provides a graphical repre-
sentation of the patterns of the three classes of ACEs along
with the item probabilities and class names.

Class 1, labeled family discordance, is characterized by
having high probabilities of exposure to severe tension or
violence between parents (79%) and moderate probabilities
to major conflict with parents (51%). Respondents in this
class had the highest probability of being exposed to parental
separation/divorce (46%) compared to the other two classes.
Class 2, labeled multidimensional adversity, is characterized
by having moderate probabilities of conflict with parents and
tension or violence between parents. This class was differen-
tiated by the family discordance class by exhibiting moderate
probabilities (42%–55%) for exposure to abuse or repeated
beatings, material deprivation, out of home placement, and
child protective services. Class 3, labeled low risk for adver-
sity, is characterized by low probabilities (<10%) of exposure
to any ACEs.

3.2. Descriptive Statistics. Table 1 shows the sample charac-
teristics of the overall sample and by different adversity cat-
egories using the cumulative score, latent classes, and threat
and deprivation scores. Women were on average 29 years
old, 7% completed primary education only, almost 4%
were first-generation migrants, and around 10% were second
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generation migrants. Among women, 6.5% were born pre-
term, and 10% of their mothers smoked during pregnancy.
From the study sample, 61.7% of participants reported no
ACE, while 16.9% reported experiencing one event, 10.7%
reported two events, and 10.7% reported three or more
events. Regarding the latent classes, 15.3% of the study sam-
ple were allocated to the family discordance class. The multi-
dimensional adversity class represents 4%, and the low risk
for adversity class represents 80.7%. Regarding specific
dimensions of adverse experiences, 11.4% of the sample indi-
cated having experienced two or more threat-related events,
while 7.7% reported two or more deprivation-related events.
When testing the sociodemographic characteristics of the
participants, those who had higher scores of the cumulative
ACEs, threat, and deprivation scores and those who were
classified as having multidimensional adversity were youn-
ger, had lower educational attainment, and were more likely
to be born preterm or have a mother who smoked during
pregnancy, compared to those reporting no ACEs or classi-
fied as low-risk for adversity. Table S3 shows the statistical
tests between the participants’ characteristics and prenatal
depressive and anxious symptoms.

The proportion of participants exposed to each of the ACEs
is also shown in Table 1. In this sample, major tension between
parents was the most reported ACE (21.0%), followed by paren-
tal divorce or separation (15.0%) and conflict with parents
(12.0%). The least reported ACEs were out-of-home placement
(3.0%) and child protective services (2.6%). Participants exhibit-
ing only high depressive symptoms accounted for 15.0% of the
sample, while those with only high anxiety symptoms repre-
sented 6.1%. Additionally, 13.0% of the participants experienced
both high levels of depressive and anxious symptoms.

Compared to those who were included in the sample,
excluded participants had fewer years of education and

were more likely to have a first- or second-generation migra-
tion background (Table S4).

3.3. Cumulative ACE Score and Prenatal Depressive and
Anxious Symptoms. Table 2 shows the results from the mul-
tinomial regressions examining the association between
cumulative ACE score and prenatal depressive and anxious
symptoms. Participants exposed to two ACEs had the highest
odds of presenting prenatal high depressive symptoms only
(adjusted odds ratios [aOR] 95% confidence interval [CI]=
2.82 [1.92, 4.16]) compared to those with no ACE exposure.
Furthermore, the odds of comorbid high symptoms of
depression and anxiety increased for participants exposed
to two ACEs (aOR [95% CI]= 2.07 [1.35, 3.16]) and three
or more ACEs (aOR [95% CI]= 2.31 [1.55, 3.46]). No signif-
icant associations were found between ACEs and prenatal
high anxiety symptoms only.

3.4. Latent Classes of Adversity and Prenatal Depressive and
Anxious Symptoms. Table 3 provides the results of multino-
mial linear regressions assessing the association between the
three latent ACE classes and prenatal depressive and anxious
symptoms. Compared to the low-risk class, the family discor-
dance class presents higher odds of developing high depres-
sive symptoms only (aOR [95% CI]= 2.01 [1.44, 2.81]) and
comorbid high symptoms (aOR [95% CI]= 2.04 [1.44, 2.87])
during pregnancy when adjusting for confounders. Mean-
while, the participants in the multidimensional adversity class
had a higher probability of developing comorbid high symp-
toms (OR [95% CI]= 2.59 [1.47, 4.58]); however, this associ-
ation was no longer significant after adjustment. None of the
exposed classes was associated with prenatal high anxious
symptoms only. The indicator with the highest probability
in the family discordance class was “Witnessing severe ten-
sion or violence between the parents.” This event was also the

TABLE 2: Associations between cumulative ACE score and prenatal mental health outcomes in the French EDEN cohort (n= 1887)

High depressive symptoms only High anxious symptoms only Comorbid high symptoms

Cumulative ACE Score OR (95% CI) aOR (95% CI)a OR (95% CI) aOR (95% CI)a OR (95% CI) aOR (95% CI)a

0 — — — — — —

1 1.49 (1.05, 2.12) 1.48 (1.04, 2.11) 1.38 (0.84, 2.27) 1.38 (0.83, 2.28) 1.28 (0.88, 1.86) 1.23 (0.84, 1.80)
2 2.97 (2.03, 4.34) 2.82 (1.92, 4.16) 1.58 (0.84, 2.97) 1.50 (0.80, 2.85) 2.25 (1.48, 3.41) 2.07 (1.35, 3.16)
≥3 2.01 (1.33, 3.05) 1.81 (1.18, 2.78) 1.28 (0.65, 2.49) 1.05 (0.53, 2.11) 2.87 (1.96, 4.20) 2.31 (1.55, 3.46)

Note: In bold, statistically significant associations (p<0:05).
Abbrevitions: aOR, adjusted odds ratios; CI, confidence interval; OR, odds ratio.
aMultinomial regressions adjusting for age, migrant status, educational level, study center, prematurity, and mother smoked during pregnancy.

TABLE 3: Associations between latent classes of adversity and prenatal mental health outcomes in the French EDEN cohort (n= 1887)

High depressive symptoms only High anxious symptoms only Comorbid high symptoms

Latent classes OR (95% CI) aOR (95% CI)a OR (95% CI) aOR (95% CI)a OR (95% CI) aOR (95% CI)a

Low risk for adversity — — — — — —

Multidimensional adversity 1.63 (0.85, 3.10) 1.34 (0.68, 2.65) 1.12 (0.39, 3.20) 0.80 (0.27, 2.40) 2.59 (1.47, 4.58) 1.79 (0.97, 3.32)
Family discordance 2.13 (1.53, 2.96) 2.01 (1.44, 2.81) 1.26 (0.73, 2.18) 1.19 (0.68, 2.06) 2.21 (1.58, 3.09) 2.04 (1.44, 2.87)

Note: In bold, statistically significant associations (p<0:05).
Abbreviations: CI, confidence interval; OR, odds ratio.
aMultinomial regressions adjusting for age, migrant status, educational level, study center, prematurity, and mother smoked during pregnancy.
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only one that remained significant with high depressive symp-
toms (aOR [95% CI]= 1.72 [1.20, 2.47]) in the adjusted mul-
tinomial regressions exploring the effects of individual ACEs
(Table S5). Additionally, it was associated with comorbid high
depressive and anxious symptoms (aOR [95% CI]= 1.78
[1.22, 2.60]).

3.5. Threat and Deprivation Experiences and Prenatal Depressive
and Anxious Symptoms. For the dimensional approach, Table 4
shows the results from multinomial regressions evaluating the
associations of threat and deprivation experiences on depressive
and anxious symptoms during pregnancy. Threat experiences
were significantly associated with high depressive symptoms
only (aOR [95% CI]=1.50 [1.23, 1.82]) and comorbid high
symptoms (aOR [95% CI]= 1.57 [1.29, 1.92]) after adjustment
for confounders and experiences of deprivation. No significant
associations were observed between threat or deprivation experi-
ences and high anxious symptoms only.

3.6. Sensitivity Analyses. Results from multinomial logistic
regressions using complete cases are shown in Table S6.
For theses analyses, 1547 observations were retained. The
overall direction of these results was consistent with analyses
using imputed datasets. Results from the multinomial logistic
regressions using a cutoff of ≥40 for the STAI-S question-
naire are provided in the Table S7. Effect sizes were mini-
mally attenuated, and the statistical significance of the results
remained unchanged.

4. Discussion

The aim of our study was to evaluate the relationship
between ACEs and maternal depressive and anxious symp-
toms during pregnancy in the French EDEN cohort using
different approaches to operationalize ACEs. Other studies
conducted in France [32] and other high-income countries
have found that around 60%–70% of adults report at least 1
ACE [54]. In our sample, women reported fewer ACEs, with
only 40% reporting at least one. This difference could be
attributed to variations in how ACEs were measured and
the specific types of ACEs assessed. In the EDEN cohort,
we did not evaluate neglect or sexual abuse, potentially lead-
ing to an underestimation of the ACE prevalence in this
sample. Despite this potential underestimation, and with
the use of a cumulative ACE score, a LCA, and the DMAP

approach, we found that women exposed during childhood
to multiple adverse experiences, particularly to intrafamilial
conflict or violence, were at higher risk for developing pre-
natal high depressive symptoms and comorbid high depres-
sive and anxious symptoms, compared to unexposed women.

Our results align with previous research showing that
ACEs are associated with an increased likelihood of depres-
sive symptoms during pregnancy [15, 55] and comorbid
symptoms of anxiety and depression [56, 57]. However, con-
trary to our hypothesis, we did not find an association between
ACEs and the “high anxious symptoms only” group. While we
identified a significant association with ACEs and the co-
occurrence of high depressive and anxious symptoms, this
may primarily reflect the influence of depressive symptoms, as
the odds ratios were similar to the “high depressive symptoms
only” group. A systematic review showed that childhood mal-
treatment was consistently associated with perinatal depression
and post-traumatic stress disorder, but less so with anxiety [58],
with fewer than half of the reviewed studies finding a significant
positive association. The discrepancy may result from the simul-
taneous study of both depression and anxiety. For instance, in a
clinical sample of depressed pregnant women, childhood trauma
did not predict anxiety levels [59]. Conversely, others studies
have shown that a higher number of ACEs is significantly asso-
ciated with both anxiety and depressive disorders, though with-
out accounting for comorbidity [60, 61]. Another possible
explanation for our findings could be the method of anxiety
measurement. The STAI-S may not fully capture prenatal anxi-
ety, whereas pregnancy-specific anxietymeasuresmight bemore
sensitive [62]. For instance, a cross-sectional study using a
pregnancy-related anxiety questionnaire found that individuals
with a high level of childhood adversity also had higher levels of
anxiety [63]. Moreover, the lack of effect of ACEs on prenatal
anxiety could also be influenced by the timing of assessment.
Research suggests that maternal anxiety, as measured by the
STAI, fluctuates throughout pregnancy, with higher scores typi-
cally observed in the third trimester [62]. In our study, however,
anxious symptoms were assessed during the second trimester,
whichmay have contributed to the absence of a significant effect.
Future studies should further explore the relationship between
ACEs and pregnancy related anxiety taking these considerations
into account.

In line with previous studies and our hypotheses, using a
cumulative ACEs score showed that individuals with two or

TABLE 4: Associations between dimensions of adversity and prenatal mental health outcomes in the French EDEN cohort (n= 1887)

High depressive symptoms only High anxious symptoms only Comorbid high symptoms

Dimensions of
adversity

OR (95%
CI)

aOR (95%
CI)a

aOR (95%
CI)b

OR (95%
CI)

aOR (95%
CI)a

aOR (95%
CI)b

OR (95%
CI)

aOR (95%
CI)a

aOR (95%
CI)b

Threat score
1.60 (1.34,

1.91)
1.55 (1.29,

1.86)
1.50 (1.23,

1.82)
1.21 (0.91,

1.60)
1.15 (0.86,

1.54)
1.15 (0.84,

1.57)
1.70 (1.42,

2.03)
1.59 (1.32,

1.91)
1.57 (1.29,

1.92)

Deprivation score
1.39 (1.14,

1.69)
1.31 (1.06,

1.61)
1.10 (0.88,

1.38)
1.17 (0.86,

1.59)
1.07 (0.77,

1.47)
1.01 (0.71,

1.43)
1.45 (1.19,

1.77)
1.26 (1.02,

1.56)
1.03 (0.82,

1.30)

Note: In bold, statistically significant associations (p<0:05).
Abbreviations: aOR, adjusted odds ratios; CI, confidence interval; OR, odds ratio.
aMultinomial regressions adjusting for age, migrant status, primary education only, study center, prematurity, and mother smoked during pregnancy.
bMultinomial regressions adjusting for age, migrant status, primary education only, study center, prematurity, mother smoked during pregnancy, deprivation
score (for threat as main exposure), and threat score (for deprivation as main exposure).
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more events were more likely to develop prenatal depressive
symptoms and comorbid symptoms of anxiety and depres-
sion, compared to those with one or no ACE exposure, with a
dose–response relationship for comorbid symptoms [64].
These findings indicate that the accumulation of multiple
ACEs increases the risk of future prenatal mental health
problems more than a single ACE does, supporting theories
of allostatic load and toxic stress that may lead to neurode-
velopmental alterations [65]. Cumulative exposure of ACEs
may lead to repeated coping adaptations, which can activate
multisystem (e.g., neurological and endocrinological) responses.
Over time, this process contributes to the accumulation of phys-
iological and psychological “wear-and-tear” on the body’s sys-
tems [66, 67].

However, to better understand the role of ACEs in prenatal
mental health, it is crucial to determine whether any additional
ACE generally has a harmful effect or if specific patterns of ACEs
exacerbate this risk. Indeed, when evaluating individual events,
only witnessing severe tension or violence between parents was
significantly associated with prenatal depressive symptoms and
comorbid symptoms. This suggests that not all ACEs contribute
equally to mental health outcomes [11, 68]. The LCA and the
DMAP approaches allowed for a more detailed decomposition
of childhood adversity in our sample.

LCA allowed us to identify three different classes of
childhood adversity. Previous studies in the general popula-
tion have typically identified between three and four latent
ACE classes [21]. These usually include a low-risk class, a
high-risk class with multiple adversities, and one or two
classes characterized by specific ACEs with higher probabili-
ties, in our study witnessing severe tension or violence
between their parents and major conflict with their parents
being the ones with the highest probabilities. Contrary to
most studies that associate a multiple ACE class with the
most severe negative mental health outcomes, individuals
in our multidimensional class did not show significantly
higher odds for depressive or anxiety symptoms, compared
to the low risk for adversity class. This is likely because only
4% of our sample belonged to this multidimensional class,
resulting in insufficient statistical power to detect a signifi-
cant association. Additionally, certain types of ACEs that
have been previously evaluated in other studies, such as sex-
ual abuse, were not included in the current study. These have
been shown to play a role in the development of prenatal
depressive symptoms [69, 70].

Nevertheless, other studies have found that the multiple
adversity class is not always the one conferring the highest
risk [71, 72]. Specifically, our study found that the family
discordance class was more strongly associated with high
levels of depressive symptoms and comorbid symptoms of
anxiety and depression during pregnancy. Research indicates
that adults who were exposed to intimate partner violence
during childhood show higher odds of depression [73] and
low mental well-being [74]. Our findings indicate that the
combination of different types of disagreements inside the
family, and not only tension between the parents, may fur-
ther increase the probability of high depressive symptoms
and comorbid depressive and anxious symptoms. Although

we are not aware of studies linking these types of events to
prenatal mental health, Hemady et al. [71] found that
mothers who experienced childhood emotional and physical
abuse, and particularly those exposed to intrafamilial vio-
lence, were more likely to have babies with low birth weight
compared to those belonging to a “low household dysfunc-
tion or abuse” class.

Using the DMAP approach, we observed that childhood
threat experiences were associated with high depressive
symptoms and comorbid depressive and anxiety symptoms
during pregnancy. In contrast, deprivation experiences showed
these associations only in unadjusted analyses. These findings
align with previous work implementing the DMAP framework.
For instance, Penner et al. [26] found that childhood abuse, but
not neglect, was associated with greater depressive symptoms in
pregnancy. Similar resultswere found in different socioeconomic
and cultural settings. For example, one study in Pakistan found
no relationship between childhood neglect and depressive symp-
toms in the perinatal period, whereas different forms of violence
were associatedwith these symptoms [45]. Although research on
the mental health impacts during pregnancy of the interplay
between these adversities is limited, recent studies show that
frequent interparental conflict is linked to parent–child conflict,
which in turn increases the risk of depressive symptoms in both
children [75] and adolescents [76]. It is possible that these early
mental health problems continue into adulthood.

4.1. Research and Clinical Implications. To move beyond the
use of a cumulative ACE score and gain a deeper understand-
ing of how ACEs impact prenatal mental health, we
employed both a theoretical (DMAP) and methodological
approach (LCA) to capture adversity. Our findings showed
that certain types and combinations of ACEs—particularly
those related to the familial environment and relationships
during childhood—were most strongly associated with pre-
natal mental health problems. Notably, for our study sample,
both the DMAP framework and the LCA approach con-
verged in highlighting the role of interparental tension or
violence and major conflict with parents as key adverse
experiences, corresponding to the concept of threat-related
adversity. Despite their potential significance, these specific
types of ACEs remain underexplored in relation to perinatal
outcomes and warrant greater attention in future studies,
including those focused on understanding on the underlying
mechanisms linking ACEs to mental health difficulties.

Our results suggest that childhood conflictive relation-
ships within the family may act as a potential risk factor for
mental health difficulties during pregnancy. This insight
could help identify specific leverage points for intervention.
Screening for ACEs within antenatal care could enable
healthcare providers to better identify pregnant women at
higher risk of mental health issues due to a history of child-
hood adversity [77]. Identifying these women is crucial, as
evidence suggests that women previously exposed to ACEs
are also at increased risk of experiencing abuse during preg-
nancy [78], further compounding themental health challenges
they may face [23, 79]. In addition, a more comprehensive
understanding of the role of ACEs during the prenatal period
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may provide insight into how to better support women with a
high-risk profile through trauma-informed care, which might
be beneficial for both the expectant mother and their children.
A recent study evaluated the implementation of ACE screening
in obstetric settings in the United States and found that such
interventions offer practitioners a more holistic understanding
of their patients’ health [80].

4.2. Limitations and Strengths. Our results have to be inter-
preted within the limitations of our study. First, the child-
hood adversity questionnaire was not a validated instrument
and did not explicitly measure certain important items, such
as neglect and sexual abuse. However, these experiences
might be partly captured through related items, such as
out-of-home placement and requirement of child protective
services. Additionally, we were able to extract further infor-
mation on ACEs through questions about participants’ living
situations at age 14. Nevertheless, some ACEs occurring
between the ages of 15 and 18 may not have been captured.
In addition, our approach to proxying child poverty and SES
with parental occupation may not have allowed us to identify
the most deprived households. These factors might have led
to an overall underreporting of the ACEs experienced.

Second, the questions were asked retrospectively, which
could lead to memory bias. Retrospective measures of ACEs
may be inconsistent over time, as they can be influenced by
psychological distress linked to childhood experiences. For
instance, participants who develop high levels of depression
or psychological distress in adulthood may be more likely to
report or remember ACEs [81, 82]. However, it has been
reported that prospective and retrospective measures of
ACEs have moderate agreement and are both associated
with adult health outcomes [83]. Also, it has been found
that changes in depressive symptoms are not associated
with recall of ACEs [84]. Moreover, this type of questions
may also be subjected to nonresponse and social desirability
bias, particularly when asked in the presence of an inter-
viewer, which can alter data accuracy.

Despite these limitations, our study also possesses multi-
ple strengths. First, we were able to adjust for confounders
that occurred during the childhood of the participants, ensur-
ing that we did not include variables that may act as mediators
in the relationship between ACEs and prenatal mental health.
Second, we used validated instruments for depressive symp-
toms during pregnancy, enhancing the accuracy and reliabil-
ity of our measurements. Another strength is the comparison
of multiple approaches, as we considered methods that
account for the theoretical aspects of adversity in childhood.

5. Conclusion

Our study underscores the importance of employing approaches
what go beyond a cumulative score to comprehensively capture
the complex interplay of ACEs on prenatal mental health out-
comes. Our results show differential effects of latent classes of
ACEs and threat and deprivation adversity dimensions on
maternal depressive symptoms during pregnancy. In our sam-
ple, we consistently observed that threatful childhood events
related to intrafamilial discord, such as conflict between parents

or other family members, may pose a significant risk for devel-
oping mental health problems in adulthood, with a notable
impact during pregnancy. The use of amore nuanced approach
can provide complementary insights that may inform the
development of targeted screening instruments and trauma-
informed care in antenatal settings. Future research should
explore the mechanisms underlying these relationships and
how they may vary across other populations.
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