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Abstract

BACKGROUND: Maternal history of trauma is a risk factor for distress
during pregnancy. The purpose of this paper was to examine the theorized
differential impact of a cognitive behavioral intervention (Mothers and
Babies Personalized; MB-P) on maternal distress and emotional regulation
for those with = 1 adverse childhood experiences (ACEs; vs no ACEs) from
pregnancy to 3 months postpartum.

METHODS: Between August 2019 and August 2021, eligible pregnant
individuals aged = 18 years, < 22 weeks’ gestation, and English-speaking
were recruited from 6 university-affiliated prenatal clinics. Participants

(N =100) were randomized to MB-P (n = 49) or control (n = 51). Analyzable
data were collected for 95 participants. Analyses tested progression of
change (slope) and at individual timepoints (panel analysis) for perinatal
mental health outcomes.

RESULTS: The majority of participants (n = 68, 71%) reported experiencing
>1 ACE (median =1, range: O-11). Participants demonstrated significant
differential effects for depressive symptoms in absence of ACEs
(standardized mean differences [SMD] = 0.82; 95% confidence interval [Cl]
= [0.13-1.51]) vs in presence of ACEs (SMD = 0.39; 95%

Cl =[-0.20 to 0.97]) and perceived stress in absence of ACEs (SMD = 0.92;
95% Cl = [0.23-1.62]) vs in presence of ACEs (SMD = -0.05; 95%

Cl =[-0.63 to 0.53]). A panel analysis showed significantly reduced
depressive symptoms postintervention and increased negative mood
regulation at 3 months postpartum for individuals with ACEs.

CONCLUSIONS: Findings support effectiveness of the MB-P intervention to
reduce prenatal distress for all pregnant individuals. Preliminary exploration
suggests the possibility that individuals with ACEs may benefit from
enhanced trauma-informed content to optimize the effects of a perinatal
intervention.
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Introduction

A history of trauma, including adverse childhood
experiences (ACEs: abuse, neglect, household
challenges) are an important root contributor of
negative outcomes across the life span.' In partic-
ular, these adverse experiences are associated with
increased risk for distress (anxiety, depression, and
stress) during the perinatal period.>® Research on
prevalence of ACEs reported by pregnant people
varies greatly, with past studies indicating between
41% and 84% of pregnant individuals experience
>1 ACE.*® The high prevalence of ACEs among
pregnant people and the possible implications of
these experiences for maternal and child health
underscore the need to include information on indi-
viduals’ history of childhood adversity in prenatal
care.’

Emotional dysregulation is a common, yet often
overlooked consequence of early childhood adver-
sity.® Difficulties in emotional regulation associ-
ated with ACEs are linked to poor mental health
outcomes (eg, depression, pregnancy-specific
anxiety, overall psychological distress®) and mediate
the relationship between ACEs and adult psycho-
logical distress.'® Furthermore, prenatal exposure to
distress indirectly confers risk from maternal ACEs
to poor perinatal and birth outcomes,* including
preterm birth, low birth weight in the offspring,

and antenatal and postpartum depression." Other
studies have found that having any ACEs (= 1) vs
no ACEs is a meaningful difference and is associ-
ated with a higher number of mental and behav-
ioral health outcomes (eg, anxiety and depressive
disorders, depressive symptoms, prenatal substance
use) during early pregnancy.? Moreover, pregnant
women reporting 1-2 ACEs compared to none have
2.42 higher odds of depressive symptoms.'® Past
research has also shown that maternal distress

can impair parental behaviors, such as responsive-
ness and bonding,* highlighting the importance of
considering the intergenerational impact of ACEs.
As such, maternal distress, including depressive and
anxiety symptoms and perceived stress, are key
targets for preventive and treatment interventions
among perinatal individuals.!>"®

Mothers and Babies (MB), an evidence-based inter-
vention providing cognitive behavioral therapy
(CBT) plus mindfulness enhancement and delivered
during the prenatal and postpartum period®"® was
recommended as one of the effective interventions
aimed at preventing perinatal depression in the
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2019 US Preventive Services Task Force report.'”

MB is effective in reducing depressive and anxiety
symptoms and preventing new cases of prenatal
and postpartum depression.® Other studies have
also demonstrated the benefits of CBT and mind-
fulness interventions during pregnancy on longer-
term effects?® Of note, there is limited evidence on
the effectiveness of these interventions on maternal
regulation of stress and emotions for pregnant
people who have had experiences of ACEs.?! The
present study tested the effect of ACEs on interven-
tion response to an adapted version of the MB inter-
vention that was enhanced via personalized text
messaging and responsive to real-time stress moni-
toring in the perinatal period (Mothers and Babies
Personalized; MB-P).%?

PURPOSE

The primary aim of this paper was to examine the
theorized differential impact of the MB-P intervention
on maternal mental health outcomes of distress (eg,
depressive symptoms, stress, anxiety symptoms) and
emotional regulation (eg, negative mood regulation
and behavioral activation for depression) outcomes
for individuals with ACEs presence ( 21 ACEs) vs
absence (O ACEs) from pregnancy through 3 months
postpartum. The authors examined differential effects
via longitudinal trajectories and contrasts at discrete
time points via panel analysis (ie, cross-sectional and
time series data), comparing those with and without
ACEs. The authors hypothesized the MB-P interven-
tion would show improvement for all participants.

In these novel analyses, the authors also hypothe-
sized that history of ACEs would be associated with
differential intervention response. In particular, the
hypothesis was that women without ACEs would
benefit more from the intervention than those with
ACEs exposure. The authors based this on evidence
that there is a dose-response relationship between
ACEs and adverse mental health outcomes, and those
with ACEs exposure may have greater difficulty with
regulation of distress and negative emotions.>® To the
authors’ knowledge, this is the first direct exploration
of whether women with a maternal history of ACEs
relative to those without ACEs exposure have a differ-
ential response to a perinatal intervention.

Methods

This exploratory analysis was adjunctive to the
Promoting Healthy Brain Project: Wellness for 2
Study, a randomized controlled trial, examining
the feasibility of conducting the MB-P interven-
tion augmented by personalized just-in-time text
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messaging and mindfulness content among preg-
nant and postpartum women. The institutional
review board at Lurie Children’s Hospital approved
all study procedures. Details on MB-P are published
elsewhere.??

RECRUITMENT

Between August 2019 and August 2021, preg-
nant individuals were recruited from 6 prenatal
clinics affiliated with a large, urban Midwestern
university-based hospital. Clinic-based recruiters
and print advertisements were initially used to
recruit potential participants. In-person recruit-
ment was suspended during the COVID-19
pandemic. During this time, clinic recruitment
staff shared information about potential partic-
ipants using a secure institutional email system.
Social media platforms were also used to advertise
throughout the recruitment phase.

PARTICIPANTS

Pregnant individuals were eligible for study partic-
ipation if they were at least 18 years old, under

22 weeks gestation, English speaking, had access
to a smartphone and wireless network, were
willing to wear a wireless adhesive biosensor to
measure physiological stress for 12 weeks,?* and
agreed to have their infant participate in neurode-
velopmental assessments during the first 2 years
of life. Exclusion criteria included having a known
pregnancy complication or medical condition that
may place their infant at risk for neurologic disor-
ders, to exclude conditions that might contribute
to neurodevelopmental atypicality outside of the
stress pathway that the randomized controlled
trial sought to experimentally change, or having

a major maternal mental health disorder, which
could interfere with study adherence.

To confirm eligibility after recruitment, an online
screener and informed consent form were emailed
to interested individuals via Research Electronic
Data Capture (REDCap). After consenting and
completing baseline surveys, participants

(N =100) were randomized into a personalized
mobile health-enhanced cognitive behavioral
intervention with mindfulness enhancement (ie,
the MB-P intervention; n = 49) or stress moni-
toring plus usual prenatal care (n = 51). Stratified
randomization was conducted to oversample

for current stress levels via baseline perceived
stress (PSS-10) sum scores, with a score of 16 as
a comparison point ( > 16 = stressed, < 16 = not
stressed) using the REDCap randomization
function.

Following randomization, participants were imme-
diately notified by research assistants whether they
would participate in the MB-P intervention.

INTERVENTION CONDITIONS

Trained facilitators delivered MB-P intervention
sessions to participants individually in person,

by phone, or via Zoom. Intervention participants
received MB-P, a 12-session, manual-based interven-
tion based on principles of CBT, attachment theory,
and psychoeducation.'®®* This novel intervention
was designed to support and encourage pregnant
and postpartum individuals to engage in enjoyable
activities, adopt healthy thought patterns, seek
social support, and practice mindfulness, in addi-
tion to developing and strengthening the parental
bond with the baby. The MB-P curriculum is divided
into 3 sections: 1) engaging in pleasant activities,

2) identifying and reframing unhelpful thought
patterns, and 3) establishing positive relationships
with others. Throughout each module, participants
receive skills training to manage stress and mood

in addition to mindfulness as a strategy to help
facilitate the practice of core CBT skills. The key
principles of the MB-P intervention were reinforced
through personalized just-in-time adaptive interven-
tion (JITAI) text messaging via a smartphone. JITAI
messages provided participants with supplementary
mindfulness content and encouraged the practice of
skills that were learned that week. JITAl messages
were prompted by an algorithm that was based on
a combination of an objective measure of physio-
logical stress assessed continuously via a biosensor,
which was worn daily, and monitored heart rate vari-
ability (ie, electrocardiogram signals) and motion
(ie, accelerometer data) in addition to a subjective
measure of self-reported perceived stress assessed
throughout the day using ecological momentary
assessment (EMA; up to 5 surveys per day). The
control group received prenatal care services as
usual, along with stress monitoring in which they
wore biosensors and responded to EMAs but did
not receive MB-P or JITAI messages.

DATA COLLECTION

Participant data for the current investigation were
collected via REDCap through a secure email link,
in person during laboratory visits, or by phone

at baseline, at postintervention, and at 3, 7-9, 12,
and 24 months postpartum. This analysis focused
on data collected from baseline to 3 months
postnatal to reflect intervention effects from
pregnancy through early postpartum. Maternal
distress was assessed through 3 self-report survey
measures indicating depressive symptoms, state
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anxiety symptoms, and perceived stress at 4 data
collection time points: baseline, postintervention
(M = 4.7 months from baseline, standard devia-
tion [SD] = 3.2), 1 month postnatal, and 3 months
postnatal. Emotion regulation was assessed
through 2 self-report survey measures indicating
negative mood regulation and behavioral acti-
vation at 3 data collection time points: baseline,
postintervention, and 3 months postnatal.

ACEs Questionnaire

The ACEs questionnaire, assessing ACE exposures
prior to 18 years of age, included 10 questions
about abuse (emotional, physical, and sexual),
neglect (physical and emotional), and house-
hold challenges (parental divorce or separation,
substance use, mental illness, violent treatment
of mother or stepmother, and incarceration of a
household member).! Three additional ACE items
assessed bullying, community violence, and foster
care.?®> A composite ACE score for each partic-
ipant was calculated from binary (yes or no)
responses, with higher scores indicating greater
ACE exposures. Due to the lack of variability of
ACEs in this sample, the ACE score was dichoto-
mized as ACEs presence ( 2 1) vs ACEs absence
(0).

Patient-Reported Outcomes Measurement
Information System Depression

The Patient-Reported Outcomes Measure-

ment Information System (PROMIS) Depression
Short Form 8b includes 8 questions related to
depressed mood in the past 7 days.?® Responses
were measured on a 5-point Likert scale ranging
from 1 (never) to 5 (always). [tems were automat-
ically scored using item response theory and the
REDCap PROMIS autoscoring feature, with higher
T-scores indicating greater symptomology.?’

State-Trait Anxiety Inventory

The 20 state-related item State-Trait Anxiety Inven-
tory was administered to assess maternal anxiety.?
Only the state anxiety inventory items were used
for this analysis. The State-Trait Anxiety Invento-
ry-S evaluated feelings of apprehension, tension,
nervousness, and worry that participants were expe-
riencing at the time of survey administration. Partic-
ipants responded on a 4-point scale from 1 (almost
never) to 4 (almost always). Higher scores indicated
higher levels of state anxiety.
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Perceived Stress Scale

The 10-item Perceived Stress Scale (PSS-10)
assessed the perception of an individual’s stress
based on how unpredictable, uncontrollable, or
overloaded they feel their life has been over the past
month.?° Responses were measured on a 5-point
Likert scale from O (never) to 4 (very often), with
higher scores indicating greater perceived stress
levels.

Negative Mood Regulation Scale

The 30-item Negative Mood Regulation (NMR)
Scale assessed affective self-regulation ability and
the degree to which participants believed that

their behavior or cognition could alleviate negative
moods.*® Responses were measured on a 5-point
Likert scale, from 1 (strongly disagree) to 5 (strongly
agree), with higher scores indicating a stronger
belief in altering one’s negative mood.

Behavioral Activation for Depression Scale

A 9-item Behavioral Activation for Depression Short
Form (BADS-SF) assessed behaviors hypothesized
to underlie depression, specifically targeting any
changes in mood over the past week.’' Responses
are measured on a 7-point scale ranging from O (not
at all) to 6 (completely), with higher scores indi-
cating greater frequency of behavioral activation.

ANALYSIS PLAN

The aim of this study was to examine whether
women who had experienced ACEs responded
differently to the MB-P intervention during preg-
nancy and up to 3 months postpartum compared
to those without ACEs. The analysis involved 2
approaches: 1) examining longitudinal trajectories
to identify differential effects, and 2) using panel
analysis to compare individual time points between
those with and without ACEs. All participants who
were randomized and had at least one measure-
ment were included in the analysis, and missing
data were handled using a mixed-effects model.*?
Demographic and key measures, including ACE
status and maternal mental health indicators, were
analyzed at baseline using descriptive statistics. The
standardized mean difference (SMD) of the slopes
between the intervention and control groups was
calculated for each outcome to assess the progres-
sion of change over time. The Chow test was used
to determine the differential effect in slopes for
each outcome relative to ACEs absence vs pres-
ence.®® Panel analysis was used to graphically plot
the adjusted marginal means, which were derived
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from three-way interactions (time point x interven-
tion group x ACE status) via general linear mixed
models, comparing those with and without ACEs.
Adjusted mean differences were assessed to better
understand the change in each outcome between
time points for the ACEs absence and presence
subgroups, respectively.

Covariate adjustment using propensity score
weighting is commonly performed in subgroup
randomized clinical trial analyses as a method for
addressing covariate confounding.>* For this anal-
ysis, a pool of clinically relevant variables were
selected, including maternal age, race/ethnicity,
education, relationship status, and income-to-need
ratio. Generalized Boosted Modeling, an auto-
mated algorithm for iteratively forming a collection
of simple regression tree models, estimated the
propensity scores by simultaneously considering
multiple covariates.>>%® Once the propensity weights
were determined, they were incorporated into the
model to account for covariate imbalances and
provide a more accurate assessment of treatment
effects in the subgroup analyses. All analyses were
performed using Stata version 17 (StataCorp LLC).*’
Statistical significance was assessed at P < 0.05.

Results

PARTICIPANT FLOW

Of the 344 individuals who were referred by clinic
recruiters and contacted by the research team,
164 met the eligibility criteria and 121 individuals
provided informed consent, of which 11 declined
participation and 10 could not be reached. One
participant withdrew consent and data, which
resulted in a sample size of 99 participants, and

4 participants were excluded due to 21 ACE items
being missing, resulting in an analytic sample of
95 (47 intervention, 48 control) participants.

PARTICIPANT CHARACTERISTICS

Table 1 shows the participant demographics

and baseline characteristics for this analysis by
ACEs absence and presence. Within the entire
analytic sample (N = 95), the majority of partici-
pants reported being non-Hispanic White (n = 83,
69.5%); married, engaged or living with a partner
(n =93, 97.9%); having a graduate or professional
degree (n = 58, 61.1%); mean (M) and standard
deviation (SD) of total household size of

2-3 people (M =2.8,SD = 1.1); and a highly
resourced income-to-need ratio (M = 5.6,

SD = 3.3). Nearly three-quarters (n = 68, 71.6%)

of the participants reported =21 ACEs with a mean
and standard deviation of (M = 2.94, SD = 2.30)
and median score of 2 (range = 0-11). The control
group (n = 48, 57.4%) had a median score of 2
ACEs, whereas the intervention group (n = 47,
42.6%) had a median score of 1 ACE, with a trend
toward significance in the difference between the
study groups (P = 0.059).

EFFECT SIZE DIFFERENCES IN SLOPES

Figure 1 shows the effect size differences in linear
slope trajectories between the intervention and
control groups for those with an absence or pres-
ence of ACEs. These analyses are assessing progres-
sion over time (ie, slope) and testing whether
intervention effects were different based on ACE
status. Improvements in maternal distress are
indicated as decreases in depression, perceived
stress, and anxiety and increases in negative mood
regulation and behavioral activation. The ACEs
absence group demonstrated statistically significant
between-group differences using the SMD of the
slopes between the intervention and control groups
in depressive symptoms, perceived stress, and nega-
tive mood regulation. Moderating effects for ACEs
absence vs presence were statistically significant in
depressive symptoms at P < 0.01 and for perceived
stress at P < 0.001. Participants demonstrated
differential rates of improvement in linear trajec-
tories from baseline to 3 months postpartum for
depressive symptoms ACEs absence (SMD = 0.82;
95% confidence interval [CI] = 0.13-1.51) vs ACEs
presence (SMD = 0.39; 95% C| = -0.20 to 0.97) and
perceived stress ACEs absence (SMD = 0.92; 95%

Cl = 0.23-1.62) vs ACEs presence (SMD = -0.05; 95%
Cl = -0.63 to 0.53). Participants without ACEs also
had statistically significant increased negative mood
regulation (SMD = 0.69; 95% CI = 0.01-1.36). Those
without ACEs demonstrated larger effect size differ-
ences in the slope trajectories of all outcomes as
compared to those with ACEs.

CONTRASTS BETWEEN INDIVIDUAL TIME POINTS
Cross-sectional panel analysis for maternal distress
(Figure 2) and emotional regulation (Figure 3)
display the adjusted marginal means for each
outcome at discrete time points for those with and
without ACEs. Whereas trajectory analyses exam-
ined patterns over time, the panel analyses exam-
ined group differences for each time point. Results
are summarized below for the statistically significant
adjusted mean differences (AdjMD) for contrasts
between time points in the intervention group by
ACEs absence and presence.
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Characteristic ACEs absence (n = 27) ACEs presence (n = 68) P value
Study group, n (%)
Control 9 (33.3%) 39 (57.4%) 0.059
Intervention 18 (66.7%) 29 (42.6%)
Maternal age
Mean (SD) 32.7 (3.46) 34.1(5.00) 0.109
Median [min, max] 31.9[28.6, 40.8] 33.7 [19.2, 45.3]
Gestational age (weeks)
Mean (SD) 16.3 (3.24) 16.1(3.64) 0.727
Median [min, max] 171[10.3, 22.3] 16.4 [9.86, 22.7]
Maternal race, n (%)
White 21(77.8%) 45 (66.2%) 0.037
Asian 6 (22.2%) 4 (5.9%)
Black 0 (0%) 1 (16.2%)
More than 1race 0 (0%) 3 (4.4%)
Native American/Alaskan Native 0 (0%) 1(1.5%)
Other 0 (0%) 2 (2.9%)
Missing, n (%) 0 (0%) 2 (2.9%)
Maternal ethnicity, n (%)
Hispanic/Latina 1(3.7%) 1 (16.2%) 0.191
Non-Hispanic 26 (96.3%) 57 (83.8%)
Maternal education, n (%)
High school diploma/GED or less 0 (0%) 3 (4.4%) 0.324
College degree 7 (25.9%) 26 (38.2%)
Graduate or professional degree 20 (74.1%) 38 (55.9%)
Prefer not to answer 0 (0%) 1(1.5%)
Maternal relationship status, n (%)
Married, engaged and/or living with partner 27 (100%) 66 (97.1%) 0.667
No romantic partner/single 0 (0%) 1(1.5%)
Romantic partner, not living together 0 (0%) 1(1.5%)
Household size
Mean (SD) 2.74 (110) 2.76 (1.20) 0.926
Median [min, max] 2.00 [2.00, 6.00] 2.00 [1.00, 7.00]
Income-to-need ratio
Mean (SD) 5.55 (3.23) 5.51(3.44) 0.956
Median [min, max] 4.73 [1.50, 17.4] 4.73 [0.859, 17.7]
Missing, n (%) 0 (0%) 3 (4.4%)
ACEs, baseline
Mean (SD) 0 (0) 2.94 (2.30) < 0.001
Median [min, max] 0 [0, 0] 2.00 [1.00, 11.0]
BADS, baseline
Mean (SD) 36.7 (8.49) 36.4 (8.31) 0.878
Median [min, max] 36.0 [15.0, 51.0] 36.0 [19.0, 53.0]
NMR, baseline
Mean (SD) 110 (12.7) 110 (13.5) 0.977

Median [min, max]

1M1 [85.0, 133]

12 [74.0,143]

PROMIS Depression, baseline

Table 1: Participant demographics and baseline characteristics by Adverse Childhood Experiences absence and presence (N = 95) (Continued)
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Table 1: Continued
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Characteristic ACEs absence (n = 27) ACEs presence (n = 68) P value
Mean (SD) 50.0 (7.57) 47.7 (710) 0.182
Median [min, max] 49.2 [371,69.4] 48.4 [371, 66.0]

Missing, n (%) 1(3.7%) 1(1.5%)

PSS-10, baseline
Mean (SD) 14.0 (6.01) 15.0 (6.78) 0.485
Median [min, max] 13.0 [4.00, 32.0] 15.5 [1.00, 27.0]

Missing, n (%) 1(3.7%) 0 (0%)

SAIl, baseline
Mean (SD) 14.2 (9.29) 15.4 (9.78) 0.602
Median [min, max] 12.0 [1.00, 44.0] 15.0 [0, 45.0]

Missing, n (%) 1(3.7%) 0 (0%)

Note: Income-to-needs ratio was calculated based on income reported by enrolled participants at baseline and on household size (total size and number of children in home) report-

ed at baseline, using federal poverty guidelines.

ACE = Adverse Childhood Experience; BADS = Behavioral Activation for Depression Scale; GED = General Education Development; max = maximum; min = minimum; NMR = Nega-
tive Mood Regulation; PROMIS = Patient-Reported Outcomes Measurement Information System; PSS = Perceived Stress Scale; SAIl = State Anxiety Index; SD = standard deviation.

For individuals without ACEs, these data exhibited a
decrease in depressive symptoms (AdjMD = -4.02,
standard error [SE] = 1.49, P = 0.01) from baseline
to 3 months postpartum and decreases in anxiety
symptoms (AdjMD = -3.72, SE = 1.9, P = 0.05) and
perceived stress (AdjMD = -2.73, SE = 1.26, P = 0.03)
from postintervention to 3 months postpartum.
Those without ACEs also demonstrated improve-
ment in negative mood regulation (AdjMD =10.15,
SE =217, P = 0.001) from baseline to 3 months
postpartum.

For individuals with ACEs, depressive symptoms
decreased (AdjMD = -3.44, SE = 1.53, P = 0.03) from
baseline to postintervention yet was not sustained
at 1 and 3 months postnatal. Negative mood regu-
lation increased for those with ACEs (AdjMD = 7.75,
SE = 217, P = 0.001) from baseline to 3 months
postpartum. Behavioral activation did not show any
notable changes over time for either those with or
without ACEs.

Discussion

Given the consistent evidence that ACEs have
negative long-term effects on both maternal and
child outcomes,*®**" an exploratory analysis was
performed to examine the extent of which the inter-
vention addressed the psychological needs of indi-
viduals with a history of ACEs. Although this sample
was relatively small and well resourced, the present
analyses were an important first step in examining
this question while taking advantage of real-time

personalization of the intervention delivery based
on maternal EMA and physiologic indicators. Consis-
tent with the authors’ hypothesis, there were mean-
ingful differences between participants with and
without ACEs in the rate of growth in intervention
impact on maternal outcomes that can generate
further hypotheses for future trials testing stress
reduction interventions in perinatal individuals over
time. In contrast, there were no differences by ACE
status at the timepoint level in the overall model.

The suggestion from the longitudinal analyses is that
women with ACEs vs those with no ACEs exposure
may benefit in a less comprehensive and sustained
way from the perinatal intervention. This points to

the need for replication and extension in larger, more
representative trials that can generate and test the
hypothesis that pregnant individuals with ACEs expo-
sure may benefit from trauma-informed enhancement
of evidence-based interventions. Rates of improvement
for women'’s ability to regulate mood were greater

for those with no history of ACEs as compared to
those with ACEs exposure. In addition, those with
ACEs exhibited improvements in depressive symp-
toms at postintervention, which were not sustained in
postpartum.

These exploratory results partially confirm the
authors’ hypotheses. The study sample as a whole
improved in well-being based on participation in
the MB-P intervention. The authors’ hypothesis
that those without ACEs would benefit more was
partially supported by greater improvement in the
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Subgroup and Scale

SMD (95% CI)

ACEs Absent

PROMIS Depression L 0.82(0.13, 1.51) *
Perceived Stress Scale B 0.92(0.23, 1.62) *
State Anxiety Index 5 0.49 (-0.18, 1.16)
Negative Mood Regulation i 0.69 (0.01, 1.36)
Behavioral Activation = 0.41 (-0.26, 1.07)
ACEs Present

PROMIS Depression — 0.39 (-0.20, 0.97) *

Perceived Stress Scale — -0.05(-0.63, 0.53) *
State Anxiety Index 1 — 0.46 (-0.13, 1.05)
Negative Mood Regulation —— 0.55 (-0.04, 1.14)
Behavioral Activation —— 0.29 (-0.29, 0.87)
0.31(-0.27, 0.89)
| |
3, 0 2

Treatment Declines

Treatment Improves

Figure 1: Forest plot of the standardized mean difference of the effect size in the slopes between the inter-
vention and control groups for participants with an absence or presence of ACEs. Effect size differences for
depression, perceived stress, and anxiety were reversed from negative to positive to demonstrate improve-
ment, ensuring that all of the scales were pointing in the same direction. The between-group statistical signif-
icance is indicated in bold, whereas the differential effect between ACEs absence vs presence for depressive
symptoms and perceived stress is indicated with an asterisk. ACE = Adverse Childhood Experience; Cl = con-
fidence interval; PROMIS = Patient-Reported Outcomes Measurement Information System; SMD = standard-

ized mean differences.

intervention group over time. However, the hypoth-
esis was not supported in analyses that examined
these patterns cross-sectionally. This suggests the
possibility that it is in the rate and sustainment of
effects that differences may exist. Maternal distress
outcomes may show less consistent improvement
and be more challenging to maintain in the long
term for individuals with a history of ACEs expo-
sure who may already be experiencing difficulties in
managing distress and regulating stress responses.

The current data demonstrating differential effects
of the intervention on depressive symptoms and
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perceived stress between those with and without
ACEs emphasize the possible importance of
considering ACEs exposure when designing inter-
ventions and examining their effects on perinatal
mental health outcomes. These findings must be
understood as a first step in light of the limitations
of the present study, including a relatively small
sample size and a well-resourced sample. Extant
research on the longstanding impact of childhood
experiences on adulthood outcomes highlight
the importance of understanding both current
and historical experiences of pregnant people,
which may impact individuals’ present-day
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Figure 2: Panel analysis of adjusted marginal means for PROMIS Depression, PSS, and SAI for individuals with
ACEs absence or presence. Decreasing scores indicate improvement. Time points are designated as: 1 = base-
line; 2 = postintervention; 3 = 1 month postnatal; 4 = 3 months postnatal. ACE = Adverse Childhood Experi-
ence; PROMIS = Patient-Reported Outcomes Measurement Information System; PSS = Perceived Stress Scale;
SAIl = State Anxiety Index.
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Figure 3: Panel analysis of adjusted marginal means for NMR Scale and BADS for those with ACEs absence
and presence. Increasing scores indicate improvement. Time points are designated as: 1 = baseline; 2 = postin-
tervention; 3 = 3 month postnatal. ACE = Adverse Childhood Experience; BADS = Behavioral Activation for
Depression Scale; NMR = Negative Mood Regulation.

experience and capacity for self-soothing and health and well-being and better perinatal
regulation and ability to benefit from supports.*® outcomes.**

ACEs are inalterable life experiences, yet the

psychosocial and behavioral consequences of One may theorize based on these preliminary
ACEs are modifiable, and, in turn, improvement findings that a trauma-informed intervention
in these factors may lead to improved maternal may enhance intervention responsiveness for
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individuals with a history of ACEs. Elucidating
the mechanism by which ACEs may reduce inter-
vention responsiveness would be important for
any enhancements to be tested. Bolstering the
intervention components conducive to emotional
regulation in pregnancy is critical to reduce the
intergenerational impact of ACEs and to increase
resilience for the next generation.® Although peri-
natal interventions are designed to target the
pregnant individual, these interventions will likely
have intergenerational impact because of their
potential positive impact on parental capacity
for bonding, attunement, and creation of a safe
and stable environment for their child, as well

as protecting against deleterious effects of peri-
natal exposure to stress on early self-regulation
in offspring.*>*® As such, increased awareness of
the prevalence and impact of ACEs on birthing
populations is a first step in responding with two-
generation strategies that can improve mental
health and promote affect regulation to increase
lifelong positive parent-child interactions.?’

STUDY LIMITATIONS

Several limitations are noted. The study sample
was well educated and predominately White,
raising caution about the generalizability of study
findings. This was a post hoc analysis of a primary
study that was not explicitly designed to examine
the impact of the intervention among individ-

uals experiencing ACEs. Multiple testing was not
adjusted for in the model, and the overall sample
was small to be examining three-way interactions,
as was the number of individuals without ACEs.
Further, we did not distinguish between different
types of ACEs that may have impacted individuals
differently. It is also possible that social desirability

populations and greater socioeconomic and ACEs
exposure heterogeneity are needed to elucidate
whether and how perinatal interventions should be
tailored for those with ACEs. Ideally, these future
studies would compare pathways across a range
of evidence-based interventions to assess whether
patterns are generalizable, as well as testing these
pathways in individuals from historically margin-
alized communities who are likely to have experi-
enced substantially more ACEs in addition to other
trauma exposures. If these findings are replicated,
perinatal populations with varying ACEs exposure
may benefit from additional trauma-specific inter-
ventions. Certainly, the present findings point to
the importance of assessing maternal ACEs within
the context of perinatal stress reduction trials.

MB-P uniquely incorporates JITAI personalized
text messaging that is individualized and respon-
sive to objective and subjective reports of stress.
This innovative aspect of the intervention could
be further leveraged to mitigate against less
benefit for individuals with ACEs by incorporating
content that is specifically resilience- and trauma-
informed, including self-regulation skills that

are biologically based (eg, tracking, resourcing,
grounding), and can help to restore the natural
balance of the nervous system.*®4° It will also be
important to design studies that test the impact of
protective factors (eg, positive childhood experi-
ences), as well as ACE consequences (eg, health-
compromising coping behaviors and multiple
interacting forms of disadvantage on intervention
effectiveness).

Conclusion

bias may have been present due to self-report
assessments. Last, confounders and life circum-
stances may have been unaccounted for in this
study’s measurement, particularly those related to
traumatic birth events and postpartum recovery,
and may have influenced the authors’ findings.
These limitations highlight the need for more
robust and focused studies specifically designed
to elucidate mechanisms by which a history of
ACEs may influence intervention response.

FUTURE DIRECTIONS

The present analysis provides a glimpse of the
role that a pregnant person’s history of ACEs may
have on the influence of intervention responsive-
ness, yet the generalizability and mechanisms

of these patterns must be established. Future
large perinatal intervention studies with diverse

Maternal perinatal stress reduction interventions
are effective and may benefit from enhancements
based on maternal characteristics and history.
Findings from this study are an important step
for informing the possibility of larger trials and
can help us to understand how to use a person’s
ACE history to support maternal mental health
and well-being in routine prenatal care. Future
studies that are adequately powered and designed
to examine differences among individuals with
varying levels and types of ACEs are critically
needed to generate more robust evidence on
whether and how ACEs shape the effects of MB-P
and other interventions delivered to pregnant
individuals and new parents with a history of
ACEs exposure. In this way, we can tailor peri-
natal interventions that have outsized impact on
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intergenerational health and well-being to have
maximal impact on individuals with varied lived
experience.

Data-Sharing Statement

Data are available upon request. Readers may
contact the corresponding author to request
underlying data.
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