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ABSTRACT

There are competing theoretical hypotheses regarding the consequences of early adversity, such as childhood maltreatment, for
individuals’ autonomic nervous system activity. Research examining potential implications of child maltreatment for sympathetic
nervous system activity, specifically, is scarce. In this preregistered study, we examined whether childhood maltreatment history
is associated with pregnant adults’ sympathetic responses to different stressors. This population is particularly relevant, given
potential intergenerational consequences of pregnant individuals’ physiological responses to stress. Pregnant women’s (N = 162)
electrodermal levels were recorded while completing the Trier Social Stress Test (TSST), which elicits social-evaluative threat, and
while watching a video of an unfamiliar infant crying, which was intended to activate the attachment system. Pregnant women’s
retrospective reports of childhood maltreatment were negatively associated with their electrodermal reactivity to the TSST and
to the video of the infant crying. Follow-up analyses indicated that these associations were specific to reported experiences
of childhood abuse and not childhood neglect. Altogether, these findings indicate that self-reported childhood maltreatment
experiences, and childhood abuse in particular, may result in blunted activity of the sympathetic nervous system in response
to multiple types of stressors.

1 | Introduction

Childhood maltreatment has harmful consequences across key
developmental domains, including social skills, academic perfor-
mance, emotional well-being, and physical health, that endure
across the lifespan (Cicchetti and Toth 2005; Fergusson, Boden,
and Horwood 2008; Gilbert et al. 2009; Nivison et al. 2024).
One of the potential mechanisms underlying these effects is
alterations to individuals’ neurobiological development, includ-
ing their autonomic nervous system responses to stressful events
(Cicchetti 2016; Holochwost et al. 2021; Young-Southward et al.
2020). There are several gaps in the research literature on this

topic. First, compared to research examining the parasympathetic
branch of the autonomic nervous system, there are relatively
few studies investigating the consequences of childhood maltreat-
ment for sympathetic nervous system activity (e.g., Holochwost
et al. 2021; Sigrist et al. 2021; Wesarg et al. 2022). Second,
there are competing theoretical claims regarding the expected
direction of the association between childhood maltreatment
and individuals’ sympathetic nervous system responses to chal-
lenges (Hammen, Henry, and Daley 2000; Juster, McEwen,
and Lupien 2010). Third, there is a lack of research investigat-
ing the possibility that the effects of childhood maltreatment
on sympathetic nervous system activity may depend on the
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psychological demands of a given task (Bourassa and Sbarra 2022;
Gunnar 2016).

The current study addressed these gaps by examining associ-
ations between pregnant women’s self-reported experiences of
childhood maltreatment and their sympathetic nervous system
responses to two psychologically distinct tasks. The Trier Social
Stress Test (TSST; Kirschbaum, Pirke, and Hellhammer 1993) was
selected because it is commonly used in the health psychology
literature to assess individuals’ physiological responses to stress,
and a videotaped observation of an unfamiliar infant crying
also was selected because this stimulus is used in the develop-
mental psychology literature to assess individuals’ physiological
responses to an attachment-related challenge (e.g., Ablow et al.
2013; Groh and Roisman 2009; Leerkes et al. 2015). Electrodermal
activity, which is a marker of the sympathetic nervous system, was
measured during both tasks. In this way, the current study tested
whether childhood maltreatment is associated with sympathetic
nervous reactivity in adulthood and evaluated the possibility that
the direction of the association may differ across tasks.

1.1 | Maltreatment and Sympathetic Nervous
System Activity

Of the two branches of the autonomic nervous system, the sym-
pathetic nervous system may be especially impacted by childhood
maltreatment, given the sympathetic nervous system’s role in
mobilizing the body to respond to perceived threats (Koss and
Gunnar 2018). However, there is a relative lack of research focused
on examining the implications of maltreatment for sympathetic
nervous system outcomes compared to the extensive number
of studies examining the parasympathetic nervous system (e.g.,
Sigrist et al. 2021; Wesarg et al. 2022). In addition, many other
studies use nonspecific measures of the autonomic nervous
system such as heart rate or blood pressure (e.g., Ford et al.
2010; Gooding et al. 2016; Hill et al. 1989; Koopman et al. 2004;
Leitzke, Hilt, and Pollak 2015; MacMillan et al. 2009). Because
these measures are influenced by both the sympathetic and
parasympathetic branches of the nervous system, they do not
provide clear insights regarding the effects of maltreatment on the
sympathetic nervous system specifically.

1.2 | Theoretical Perspectives

There are also conflicting theoretically driven hypotheses about
the direction of the effect of childhood experiences of adversity
on autonomic nervous system activity. The stress sensitization
perspective suggests that experiencing early adversity programs
the autonomic nervous system to exhibit heightened reactions
to later stressful events (Hammen, Henry, and Daley 2000;
Holochwost et al. 2021). Specifically, this model suggests that
early adversity results in increased levels of vigilance to threat,
which causes heightened autonomic responses to environmental
challenges (Holochwost et al. 2021).

In contrast, the allostatic load model proposes that chronic
exposure to adverse childhood experiences downregulates the
various stress response systems, including the autonomic nervous
system (McEwen 1998). Specifically, the allostatic load model
suggests that repeated exposure to childhood adversity results

in wear and tear on the physiological systems that underlie
stress reactivity, which ultimately results in a blunted autonomic
response to later stressful events to help maintain physiological
homeostasis (Juster, McEwen, and Lupien 2010).

A third possibility is that the consequences of maltreatment
for sympathetic nervous system activity may differ across tasks.
Gunnar (2016) argued that measures of stress physiology are
not simply “emotion juice” (p. 179), and that the psychological
and behavioral implications of a physiological measure depend
on the nature of the stressor used to elicit the physiological
response (see also Bourassa and Sbarra 2022). Holochwost et al.
(2021) also suggested that the direction of the associations
between maltreatment and autonomic nervous system reactivity
may depend on the type of task used to measure individuals’
autonomic responses to stress. That said, we are not aware of
any studies that have directly tested this idea by examining the
associations between maltreatment and individuals’ sympathetic
nervous system responses to different types of stressors. That is
the primary goal of our study.

1.3 | The TSST

One common way of assessing individuals’ physiological
responses to stress is with the TSST (Kirschbaum, Pirke, and
Hellhammer 1993). During the TSST, individuals are asked to pre-
pare and deliver a speech and complete a verbal arithmetic task
in front of a group of unfamiliar research assistants who remain
affectively neutral. The TSST elicits a social-evaluative threat
because completing the task generally is experienced as threaten-
ing to individuals’ perceived self-efficacy (Dickerson and Kemeny
2004). Children and adults typically respond to the TSST and sim-
ilar tasks with increases in sympathetic nervous system activity,
including measures of electrodermal activity (Gilissen et al. 2008;
Man et al. 2023; Reinhardt et al. 2012; Seddon et al. 2020; Shiban
et al. 2016; Weissman and Mendes 2021). However, individuals
who have experienced childhood maltreatment or similar adverse
childhood experiences generally respond to the TSST and other
social-evaluative tasks with less pronounced (i.e., blunted)
sympathetic nervous system increases (Busso, McLaughlin, and
Sheridan 2017; Heleniak et al. 2016; Leitzke, Hilt, and Pollak
2015; McLaughlin, Sheridan, et al. 2014; McLaughlin et al. 2015;
c.f., McLaughlin, Alves, and Sheridan 2014). The findings from
the extant literature are consistent with the allostatic load model
(Juster, McEwen, and Lupien 2010; McEwen 1998) and suggest
that experiences of childhood maltreatment may result in the
downregulation of sympathetic nervous system activity, at least
in response to social-evaluative threats. Specifically, individuals’
sympathetic nervous systems may adapt to persistent and/or
severe stress during childhood by becoming less sensitive to these
social-evaluative stressors to buffer them from the potentially
damaging effects of chronic stress.

Importantly, although these studies utilized measures of sympa-
thetic nervous system activity, none assessed electrodermal activ-
ity. Electrodermal activity is a unique measure of sympathetic
nervous system activity because it is innervated by cholinergic
nerve fibers as opposed to adrenergic fibers (Stern, Ray, and
Quigley 2001). In addition, electrodermal activity is theorized
to reflect behavioral inhibition and therefore may be especially
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responsive to cues of punishment (Fowles 1980; Matthys et al.
2004; Young-Southward et al. 2020). For these reasons, childhood
maltreatment may have an especially pronounced impact on
electrodermal responses to stressors later in life.

1.4 | Attachment-Related Stressors

A second common method of eliciting a physiological response
is with tasks that activate individuals’ attachment systems.
Examples of these tasks include asking adults to discuss their
childhood memories of attachment-relevant experiences (Dozier
and Kobak 1992; Roisman, Tsai, and Chiang 2004), participate in
conflict discussions with romantic partners (e.g., Raby et al. 2015;
Roisman 2007), and view or listen to recordings of emotionally
distressed infants (e.g., Ablow et al. 2013; Groh and Roisman
2009; Leerkes et al. 2015). These interpersonally focused tasks
are thought to activate individuals’ mental representations of
attachment relationships. Indeed, individuals with highly secure
attachment representations tend to exhibit minimal changes in
electrodermal activity during these tasks, whereas individuals
with insecure attachment representations typically respond to
these attachment-relevant stressors with heightened electroder-
mal responses (Ablow et al. 2013; Dozier and Kobak 1992;
Groh and Roisman 2009; Roisman 2007; c.f., Leerkes et al.
2015). Because maltreatment undermines individuals’ feelings of
safety and security (Cyr et al. 2010; Egeland and Sroufe 1981;
Nivison et al. 2021; Raby et al. 2017; Roisman et al. 2017), it
is plausible that individuals who have experienced childhood
maltreatment may respond to these attachment-relevant tasks
with heightened electrodermal responses. However, we are aware
of only two studies that have directly tested the association
between childhood maltreatment and electrodermal responses to
attachment-relevant stimuli (Casanova et al. 1994; Reijman et al.
2014), and both these studies focused on nonpregnant women
with young children. It is important to examine the implica-
tions of childhood maltreatment for sympathetic nervous system
activity during pregnancy given that there are marked changes
in women’s physiological responses to stress during pregnancy
(Christian 2012). Moreover, individual differences in pregnant
women’s physiological stress responses may be harbingers for
subsequent health outcomes for the mother and child (Christian
2012; Davis and Narayan 2020).

1.5 | The Present Study

The central aim of the present study is to examine whether
childhood maltreatment is associated with pregnant adults’ sym-
pathetic nervous system responses to stress and test whether the
direction of the association varies for different types of stressful
tasks. To accomplish these aims, we examined individuals’
electrodermal responses to: (1) the TSST, which is commonly used
in clinical and health psychology and elicits social-evaluative
stress, and (2) a video of an infant crying, which is an attachment-
related stressor commonly used in developmental psychology
research and is intended to draw on the individual’s sense of
security in close relationships. To our knowledge, no study
has directly tested sympathetic nervous system responses to
different types of stressful tasks among the same sample of
adults. Therefore, a unique feature of the current study is the
ability to test whether maltreatment has differential associations

with sympathetic nervous system responses (as assessed by
electrodermal activity) to a social-evaluative versus an attach-
ment stressor among the same group of individuals. A positive
association between childhood maltreatment and electrodermal
activity during both tasks would lend support for the stress
sensitization perspective (Hammen, Henry, and Daley 2000;
Holochwost et al. 2021), whereas a negative association between
childhood maltreatment and electrodermal activity during both
tasks would lend support for the allostatic load model (Juster,
McEwen, and Lupien 2010). A significant association between
childhood maltreatment and electrodermal activity during only
one task (or significant associations in opposite directions in the
two tasks) would lend support to the idea that the consequences
of maltreatment for sympathetic nervous system reactivity are
task-specific.

A second unique feature of this study is our measurement
of electrodermal responses among pregnant women. As we
previously noted, all studies examining associations between
childhood maltreatment and individuals’ sympathetic nervous
system responses have focused on nonpregnant individuals,
though one study has assessed the association between pregnant
women’s adverse childhood experiences more generally and their
sympathetic nervous system responses to an attachment-related
task (see Oosterman et al. 2019). It is important to examine
the implications of childhood maltreatment for sympathetic ner-
vous system activity among this population because pregnancy
represents a unique stage of the adult lifespan and because of
potential intergenerational consequences of the stress response.
Pregnant women’s electrodermal responses to stress may alter
their developing fetus’ neurological and physiological develop-
ment (Barker 2007; Glover 2011; Gluckman and Hanson 2006).
Additionally, pregnant women’s electrodermal responses to these
tasks may predict their later parenting behaviors (e.g., Badovinac
et al. 2023) and their children’s socioemotional development (e.g.,
Speck et al. 2023).

In addition to examining the sympathetic nervous system
consequences of overall childhood maltreatment, we investi-
gated whether distinct experiences of childhood maltreatment,
such as abuse and neglect, were associated with pregnant
women’s electrodermal responses to each task. Although this
aim was exploratory, it was based on the idea that threaten-
ing experiences, such as childhood abuse, and experiences of
deprivation, such as childhood neglect, represent two distinct
dimensions of early adversity that may have unique impacts
on individuals’ development (McLaughlin and Sheridan 2016).
Because the sympathetic nervous system has a central role
in mobilizing responses to threats and challenges, it may be
especially susceptible to the effects of early experiences of
abuse. The study’s aims and methods were preregistered with
the Open Science Framework (https://osf.io/sg9qm/?view_only=
242441ba272b4dd2a4d9881820cd3b7f).

2 | Methods
2.1 | Participants

Third-trimester pregnant women (N = 162) participated in this
study. Women were recruited through flyers, brochures, and
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https://osf.io/sg9qm/?view_only=242441ba272b4dd2a4d9881820cd3b7f

TABLE 1 | Demographic characteristics of participating women.

Average age in years (SD) 29.0(5.2)
Race/Ethnicity (%)
White/Non-Hispanic 53.7
Hispanic 25.3
Asian 9.3
Native American or Alaskan Native 2.5
Black 1.2
Native Hawaiian or Pacific Islander 1.2
Other 6.8
Relationship status (%)
Married 76.9
Single and never married 16.9
Separated or divorced 6.3
Educational attainment (%)
Less than a high school degree 31
High school degree or GED 13.2
Some college 321
Baccalaureate degree 321
Postbaccalaureate degree 19.5
Household income (%)
Less than $9000 4.4
$9000-$14,999 5.7
$15,000-$24,999 6.9
$25,000-$39,999 14.5
$40,000-$79,999 35.7
$80,000-$99,999 10.7
$100,000 or more 15.1
Refused to answer or unsure 7.0

Abbreviation: GED, general education development.

social media posts, and women of color were intentionally over-
sampled. In addition, women with high scores on the Difficulties
in Emotion Regulation Scale (DERS) (Gratz and Roemer 2004)
were intentionally oversampled to achieve a uniform distribution
of emotion dysregulation, which was a central focus of the
grant for which these data were collected. Because most women
report low to moderate levels of emotion dysregulation, this
recruitment strategy resulted in the current sample having an
average DERS score that was higher than a typical community
sample. Specifically, the average score on the DERS in the current
sample was 80.19 (range of 36-155), which is higher than the mean
score of 77.99 reported by Gratz and Roemer (2004). Additional
information on recruitment criteria is further described in (Lin
et al. 2019). This study was approved by the University of
Utah Institutional Review Board. Table 1 contains participants’
demographic information. With this sample size, the study had
80% power to detect an effect of r = 0.21, which is approximately
a medium-sized effect according to Funder and Ozer (2019).

2.2 | Procedures

After consenting to participate in the study, pregnant women
completed a battery of online questionnaires. Later, participants
visited a university research laboratory where they were fitted
with electrodes to collect electrodermal and electrocardiogram
data. Participants completed a 10-min resting baseline, followed
by the TSST (Kirschbaum, Pirke, and Hellhammer 1993). The
TSST included three elements. First, participants were given
3 min to prepare a speech for a panel of “behavioral coding
experts” on their qualifications for a job of their choice. Second,
after preparing their speech, they spoke for 5 min to two research
assistants who wore white lab coats and observed with neutral
expressions without providing feedback. Third, participants com-
pleted a difficult verbal arithmetic task in front of the research
assistants for 5 min. After the TSST, participants rested for 9 min,
which was intended to allow their physiological responses to
recover. Next, participants watched a series of 1-min videos. This
included a video of a seascape, which was intended to elicit a
relaxed state; a video of an unfamiliar female infant playing with
a female adult caregiver, which was intended to be a neutral
stimulus; a video of the same infant sitting alone on the floor
crying, which was intended to elicit an attachment-relevant stress
response; and the seascape video once more.

2.3 | Measures
2.3.1 | Electrodermal Activity

Skin conductance level (SCL) data were collected by placing
two electrodes with a 0.5% NaCl solution to the thenar and
hypothenar eminences of each individual’s nondominant hand.
These data were collected continuously during the initial base-
line, the three episodes of the TSST, the recovery period, and the
infant video stimuli. Electrodermal activity data were sampled at
500 Hz using MindWare Technology’s mobile devices (MindWare
Technologies Ltd.; Biolab software version 3.1). The SCL data
were monitored throughout the task to ensure accurate data
collection. After data collection, MindWare Technology’s electro-
dermal activity analysis software was used to score the data. The
software automatically flagged peaks and troughs in the electro-
dermal signals, which then were visually inspected for accuracy
(and edited as needed) by trained research assistants. When edits
were made, the data were splined to preserve the amplitude of
the data while removing unwanted phasic components. SCL was
calculated by averaging the SCL in microsiemens across each 30-
s epoch of each task. The SCL data were manually reviewed for
outliers, which were identified as cases that had any epoch of
data that was more than two standard deviations above or below
the mean. When outliers were identified, they were referred to
our physiology team lead, who then closely inspected the raw
electrodermal signal for any anomalous features, such as signs of
poor sensor connection. If the signal was deemed compromised,
then the data were excluded. If the signal quality was appropriate,
then the physiology team lead cleaned the data themselves to
maximize our confidence in the accuracy of the data.

SCL reactivity to each portion of the TSST was individually
calculated, as well as an overall TSST reactivity variable. First,
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reactivity to the speech preparation portion of the TSST was
calculated by subtracting participants’ average SCLs during the
speech preparation task from their average levels during the
initial 10-min baseline task, then reactivity to the speech task was
calculated by subtracting participants’ average SCLs during the
speech task from their average levels during the baseline, and
finally, participants’ reactivity to the math task was calculated
by subtracting participants’ average SCLs during the math task
from their average levels during the baseline. Then, overall
reactivity to the TSST was separately calculated by (1) averaging
SCLs during the three stressful episodes of the TSST (i.e., the
speech prep, speech, and math episodes) and (2) subtracting the
average SCL during the initial 10-min baseline from that overall
averaged value. In addition to the TSST reactivity scores, two
SCL reactivity scores for the infant videos were created. One was
created by subtracting women’s average SCL during the initial
10-min baseline that was completed prior to the TSST from their
average levels during the mother-infant play video, and the other
was created by subtracting their average levels during the infant
cry video from the baseline task.

2.3.2 | Self-Reported Childhood Maltreatment Experi-
ences

Women’s retrospective reports of their childhood maltreat-
ment experiences were assessed using the Childhood Trauma
Questionnaire—Short Form (CTQ-SF; Bernstein et al. 2003). The
CTQ-SF is a 28-item questionnaire designed to assess five types of
childhood maltreatment experiences: emotional abuse, physical
abuse, sexual abuse, emotional neglect, and physical neglect.
Each type of maltreatment was measured with five items. The
CTQ-SF also includes three items that measure minimization and
denial of abuse, which were not used in the current study. All
items were scored on a five-point scale (1 = Never True to 5 = Very
Often True). The 25 items used were averaged to create an overall
childhood maltreatment score (o = 0.94). In addition, a measure
of childhood abuse was created by averaging the 15 items related
to emotional, physical, and sexual abuse (& = 0.93), and a measure
of childhood neglect was created by averaging the 10 items related
to emotional and physical neglect (o = 0.89).

2.3.3 | Covariates

Self-report measures of childhood adversity may be biased by par-
ticipants’ current mental state (Roisman, Fortuna, and Holland
2006). Specifically, current levels of distress, as well as experiences
of stress related to socioeconomic status may alter participants’
reports of prior trauma, and similarly, current mental health
and emotion regulation difficulties may also bias these reports.
Individuals’ emotional states and current stress levels may also
affect their physiological responses to laboratory tasks (Reuben
et al. 2016). For these reasons, we preregistered that we would
include two covariates in the current study. The first was women’s
self-reported family socioeconomic status, which was calculated
by averaging the standardized variables for women’s education
levels, household income, and ratings of household occupational
prestige (Hout, Smith, and Marsden 2016; o = 0.61). The second
was women’s self-reported emotion dysregulation, collected via
the DERS (Gratz and Roemer 2004).

2.4 | Missing Data

Three women (2% of the total sample) were missing self-reported
childhood maltreatment data, and approximately 2% of the SCL
data was missing (0% for TSST baseline, 1% for TSST speech
preparation, 3% for TSST speech, 2% for TSST math, 3% for the
seascape video baseline, 6% for the mother-infant play video,
and 3% for the infant cry video). For the covariates, no women
were missing socioeconomic status data, but 1% was missing
DERS data. Missing data were managed using Full Information
Maximum Likelihood in Mplus.

3 | Results
3.1 | Preliminary Analyses

A series of paired samples t-tests were conducted to assess
changes in women’s average SCLs across the laboratory visit
(see Figure 1). SCLs increased from baseline to speech prep
(#161) = 17.44, p < 0.001) and increased from speech prep
to speech (#(161) = 9.54, p < 0.001). Although SCLs did not
significantly change from the speech to the math episode of
the TSST (t(161) = 1.24, p = 0.22), they did increase across the
TSST as a whole when comparing baseline SCL to math SCL
(#(161) = 20.50, p < 0.001). SCLs decreased from the math episode
of the TSST to the post-TSST recovery rest (t(161) = —6.60,
p < 0.001), and they did not significantly change from the post-
TSST resting period to the pre-cry seascape video (#(161) = —0.25,
p = 0.81). In the context of the infant videos, SCLs decreased from
the post-TSST seascape video to the mother-infant play video
(#(161) = —10.25, p < 0.001) and increased from the mother-infant
play video to the infant cry video (#(161) = 2.03, p = 0.04). They
subsequently decreased from the mother-infant cry video to
the seascape recovery video (£(161) = —4.60, p < 0.001). In other
words, participants exhibited a sympathetic nervous system
response to the infant cry video but not the mother-infant play
video. These findings align with results reported in 2023 which
utilized data from a smaller subset of the same sample.

See Table 2 for descriptive statistics and correlations among study
variables. Importantly, adults’ self-reported experiences of abuse
and neglect were positively correlated, which reflects the fact that
these adverse childhood experiences often co-occur. Additionally,
the various measures of SCL reactivity were positively correlated
with one another. Experiences of maltreatment were negatively
correlated with SCL reactivity to the TSST speech prep, and expe-
riences of abuse were also negatively correlated with SCL reactiv-
ity to the TSST speech prep task as well as overall TSST reactivity.
Experiences of neglect, however, were not significantly correlated
with SCL reactivity to any of the tasks. Socioeconomic status was
negatively correlated with maltreatment, and DERS was posi-
tively correlated with overall maltreatment, abuse, and neglect.

3.2 | IsSelf-Reported Childhood Maltreatment
Associated With Sympathetic Nervous System
Reactivity to the TSST?

An initial set of ordinary least squares regression was conducted
to test whether self-reported childhood maltreatment experiences

50f12

85U8017 SUOWLIOD 8A11E81D) 8|qeot[dde auy Aq peusenob ke sajole YO ‘88N JO SaINJ 0} Akeuq18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIBYW0Y™AB | 1M AlRIq U1 |UO//SNY) SUORIPUOD pue swie | 8y 88S *[520z/80/22] Uo AriqiTauliuo A[1m ‘Uein JO AiseAlun Aq €622 A8p/z00T 0T/I0pwod Ae | im Al jpuljuo//sdny Wwolj pepeoiumod ‘. ‘vZ0Z ‘Z0EZ860T



15 o
3%
13 +
*%
s
% *% **
o111
=1 *
<
=]
% * %
S 94
%
5 t } t t } t t t
Resting TSST TSST TSST Resting Seascape Mother-Infant Infant Crying ~ Seascape
Baseline Speech Speech Math Period Baseline Play Video Recovery
Preparation Video

FIGURE 1 | Pregnant women’s average skin conductance levels during the laboratory visit. TSST, Trier Social Stress Test. *p < 0.05, **p < 0.01.

TABLE 2 | Descriptive statistics and correlations among study variables.
Variable M SD 1 2 3 4 5 6 7 8 9 10 11
1. Self-report childhood 1.58  0.65 —
maltreatment
2. Self-report childhood  1.52 0.72  0.93** —
abuse
3. Self-report childhood  1.67 0.74 0.83**  0.57** —
neglect
4. SCL reactivity to the 509 371 -0.20* —-023* -—-o011 —
TSST speech preparation
5. SCL reactivity to the 712 426 -0.07 -—-011 -0.04 0.79** —

TSST speech

6. SCL reactivity to the 733 451 -011 -014 -0.04
TSST math

7. SCL reactivity to the 651 389 -013 -0.16" -0.06
TSST

8. SCL reactivity to the 1019 6.65 —-0.10 -011 -0.05
mother-infant play
video

9. SCL reactivity to the 10.53 742 —-0.12 -014 -0.06
infant cry video

10. Socioeconomic status 0.04 0.83 —-0.16* -0.15 -0.13
11. DERS 80.10 26.70 0.27** 0.24*%  0.24**

0.76**  0.89** —

0.89** 0.96** 0.95** —

0.63** 0.70** 0.75** 0.74** —

0.62**  0.66™* 0.70** 0.71** 0.91** —

0.04 -0.06 -0.03 —-0.03 —-0.03 —-0.05 —
0.05 0.09 0.10 0.09 0.11 012 -0.16* —

Note: N =162.

Abbreviations: DERS, difficulties in emotion regulation score; SCL, skin conductance level; TSST, Trier Social Stress Test.

*p < 0.05; **p < 0.01.

were associated with SCL reactivity to the TSST after accounting
for covariates. Results indicated that self-reported childhood
maltreatment was associated with blunted overall reactivity to the
TSST (see Table 3, Model 1). Follow-up analyses were conducted
predicting SCL reactivity to each episode of the TSST. Results

indicated that women who reported high levels of childhood
maltreatment exhibited blunted SCL reactivity to the speech
preparation portion of the TSST. The associations between mal-
treatment and SCL reactivity to the speech and math episodes of
the TSST were not statistically significant (see Table 3).
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TABLE 3 | Ordinary least squares analyses predicting skin conductance reactivity during the Trier Social Stress Task.

Overall TSST TSST speech preparation TSST speech TSST math
B (SE) r B (SE) p B (SE) p B (SE) r
Model 1
Maltreatment —0.18 0.029 — 0.25(0.08)** 0.002 —0.13(0.08) 0.115 —0.16 (0.08) 0.052
(0.08)*
Socioeconomic —0.04 (0.08) 0.622 0.02 (0.08) 0.772 — 0.10 (0.08) 0.225 —0.03 (0.08) 0.697
status
DERS 0.14 (0.08) 0.090 0.13 (0.08) 0.120 0.12 (0.08) 0.152 0.15 (0.08) 0.078
Model 2
Abuse —-0.22 0.025 —0.27 (0.09)** 0.004 —0.15(0.10) 0.114 -0.21 0.031
(0.10)* (0.10)*
Neglect 0.03 (0.10) 0.802 0.01(0.10) 0.935 0.01(0.10) 0.896 0.04 (0.10) 0.691
Socioeconomic —0.04(0.08)  0.615 0.02 (0.08) 0775 —0.10(0.08) 0220 —0.03(0.08) 0.690
status
DERS 0.14 (0.08) 0.095 0.13 (0.08) 0.129 0.12 (0.08) 0.159 0.14(0.08)  0.083
Note: N =162.

Abbreviations: DERS, difficulties in emotion regulation score; TSST, Trier Social Stress Test.

*p < 0.05; **p < 0.01.

A second set of additional ordinary least squares regressions
was conducted to determine whether self-reported childhood
experiences of abuse or neglect were uniquely associated with
SCL reactivity to the TSST after accounting for covariates. Results
indicated that self-reported childhood abuse, but not neglect, was
negatively associated with overall SCL reactivity to the TSST (see
Table 3, Model 2). Follow-up analyses indicated that women who
reported high levels of childhood abuse (but not neglect) exhib-
ited blunted SCL reactivity to the speech preparation and math
episodes of the TSST. Neither abuse nor neglect was significantly
associated with SCL reactivity to the TSST speech episode.

3.3 | IsSelf-Reported Childhood Maltreatment
Associated With Sympathetic Nervous System
Reactivity to Attachment-Relevant Stressors?

A third set of ordinary least squares regression analyses was
conducted to test whether self-reported childhood maltreatment
experiences were associated with women’s SCL responses to the
attachment-related videos after accounting for covariates (see
Table 4, Model 1). Results indicated that self-reported childhood
maltreatment experiences were associated with blunted SCL
reactivity to the video of the infant crying alone but were not
significantly associated with SCL reactivity to the video of the
mother-infant play interaction.

A fourth and final set of ordinary least squares regressions was
conducted to determine whether self-reported childhood abuse
or neglect predicted SCL reactivity to the video of the infant
crying when accounting for covariates. Results indicated that
self-reported childhood abuse (but not neglect) was significantly
associated with blunted SCL reactivity to the video of the infant
crying (see Table 4, Model 2). In other words, pregnant women
who reported higher levels of childhood abuse tended to exhibit
less SCL activity in response to the infant cry video. The analyses

predicting SCL reactivity to the video of the mother-infant
playing interaction were not statistically significant.

4 | Discussion

The overarching purpose of this preregistered study was to
address competing theoretically informed hypotheses regarding
the direction of the effect of early experiences of adversity on
autonomic nervous system activity. Results were in alignment
with the allostatic load model (Juster, McEwen, and Lupien
2010; McEwen 1998). Specifically, childhood maltreatment was
associated with blunted electrodermal responses to both the
TSST (i.e., a social-evaluative stressor) and the video of an
infant crying (i.e., an attachment-related stressor). Addition-
ally, exploratory analyses indicated that both associations were
specific to women’s reported experiences of childhood abuse
rather than neglect. These associations were significant only
when controlling for women’s socioeconomic status and self-
reported emotion dysregulation, which highlights the utility of
controlling for these potential sources of bias in retrospective
reports of childhood maltreatment. Nonetheless, these findings
contribute meaningfully to the existing body of literature on
enduring consequences of childhood maltreatment in several
ways. First, a sympathetic nervous system measure was explored
(electrodermal responding) because of the relatively sparse
research assessing associations between maltreatment and the
sympathetic nervous system compared to the parasympathetic
nervous system (Sigrist et al. 2021; Wesarg et al. 2022). Second, two
psychologically distinct tasks were used to address the possibility
that the direction of the association between maltreatment and
sympathetic nervous system reactivity may differ across tasks.
To our knowledge, this is the first study to assess individuals’
electrodermal responses to both types of stressors within the same
sample.
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TABLE 4 | Ordinary least squares analyses predicting skin conductance reactivity during attachment-related video stimuli.

Infant crying video Mother-infant play video
B (SE) P B (SE) r
Model 1
Maltreatment —0.18 (0.08)* 0.022 —0.14 (0.08) 0.070
Socioeconomic —0.05(0.08) 0.527 —0.04 (0.08) 0.591
status
DERS 0.16 (0.08)* 0.049 0.16 (0.09) 0.063
Model 2
Abuse —0.19(0.10)* 0.047 —0.15(0.10) 0.124
Neglect —0.01(0.10) 0.897 —0.01(0.10) 0.887
Socioeconomic —0.05(0.08) 0.524 —0.04 (0.08) 0.588
status
DERS 0.16 (0.08) 0.051 0.15 (0.09) 0.065
Note: N =162.

Abbreviation: DERS, difficulty with emotion regulation score.
*p < 0.05.

Evidence from this study indicated that pregnant women who
reported experiencing frequent and/or severe childhood abuse
exhibited blunted electrodermal activity in response to the TSST
and the video of the infant crying. This suggests that the woman’s
sympathetic nervous system responses may have adapted to the
chronic stress of childhood abuse by downregulating when faced
with stressful events later in life. These findings are generally
consistent with predictions from the allostatic load model (Juster,
McEwen, and Lupien 2010; McEwen 1998), as well as previous
research indicating that individuals who have been maltreated
exhibited blunted sympathetic nervous system responses to the
TSST (Busso, McLaughlin, and Sheridan 2017; Heleniak et al.
2016; Leitzke, Hilt, and Pollak 2015; McLaughlin, Sheridan, et al.
2014; McLaughlin et al. 2015).

That said, the finding that childhood maltreatment was
associated with blunted electrodermal responses to the video of
the infant crying was somewhat unexpected considering some
prior research on consequences of maltreatment for sympathetic
responses to attachment-based challenges (Buisman et al. 2018,
2019; Oosterman et al. 2010). There could be many explanations
for these discrepant findings. The few studies that have identified
a positive association between childhood maltreatment and sym-
pathetic nervous system reactivity to attachment-related stressors
focused on pre-ejection period (Buisman et al. 2018, 2019;
Oosterman et al. 2010; c.f., Oosterman et al., 2019). In contrast,
the current study focused on electrodermal activity. Although
both measures reflect sympathetic nervous system activity,
electrodermal activity is a general measure of sympathetic
activity that is innervated by cholinergic nerve fibers (Stern, Ray,
and Quigley 2001). In contrast, pre-ejection period is specific to
cardiac sympathetic control and is innervated by adrenergic fibers
(Stern, Ray, and Quigley 2001). This suggests that both measures
serve unique biological functions. Additionally, electrodermal
activity and the pre-ejection period may serve different psycholog-
ical and behavioral functions. Electrodermal activity is thought
to be particularly sensitive to cues of punishment, whereas pre-
ejection period may be particularly sensitive to reward valuation

(Young-Southward et al. 2020). Given these different underlying
biological and psychological processes, future work should fur-
ther investigate the association between childhood maltreatment
and electrodermal and pre-ejection period responses to various
stressors.

A second possible explanation may be the fact that the cur-
rent study focused exclusively on pregnant women. Pregnancy
induces significant changes to individuals’ physiological func-
tioning to accommodate the developing fetus (Soma-Pillay et al.
2016). Women may also be especially sensitive to infants’
attachment-related cues, including the infant cry videos, during
pregnancy (Pearson, Lightman, and Evans et al. 2011). More work
is needed to evaluate whether pregnancy alters the direction of
the association between maltreatment and sympathetic nervous
system responses to attachment-related challenges. A third pos-
sible explanation is that there may have been potential carryover
effects from the TSST in our sample. Although there was a 9-min
rest period between the TSST and the presentation of the infant
videos, it is nonetheless possible that the psychological stress
elicited by the TSST affected individuals’ sympathetic nervous
system responses to the video of the infant crying. One solution
to this issue would be to counterbalance the task order in future
studies.

Heightened sympathetic nervous system responses to
attachment-related tasks, rather than blunted activity, are
generally expected to be associated with poor caregiving
and child outcomes (e.g., Ham and Tronick 2006; Speck
et al. 2023). That said, there is no consistent evidence that
sympathetic responses (including electrodermal activity) are
associated with parenting outcomes (Badovinac et al. 2023). It
may be that electrodermal blunting is associated with poorer
parenting and child development outcomes under certain
conditions, such as less effective parasympathetic nervous
system functioning (Leerkes et al. 2017; Leerkes et al. 2023).
Blunted autonomic activity more broadly has been associated
with poorer physical health, including worse self-reported
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health, higher inflammation levels, faster biological aging,
and higher risk for early mortality (Bourassa et al. 2021).
These findings raise the possibility that associations between
stress reactivity and subsequent functioning are nonlinear.
According to the adaptive calibration model (Del Giudice, Ellis,
and Shirtcliff 2011), both the “unemotional profile”—which is
characterized by low sympathetic nervous system (as well as
parasympathetic nervous system and hypothalamic-pituitary—
adrenal axis) responses to environmental stressors—and the
“vigilant profile”—which is characterized by hyperactivity of
these physiological systems—are associated with emotional
and behavioral outcomes traditionally associated with poorer
psychological functioning. Carroll et al. (2017) proposed a similar
model with a focus on physical health outcomes. It may be
fruitful for future research to examine the possibility of nonlinear
associations between electrodermal responses to stressors and
later psychological, behavioral, and health outcomes.

In our study, we captured retrospective reports of childhood
maltreatment. Retrospective reports of maltreatment have well-
established limitations, including the possibility that the events
in question have been forgotten or that adults’ reports could be
biased by current mental health or relationships (Widom 2019).
Prospective measures of childhood maltreatment also have their
own limitations, including the possibility that not all experiences
of maltreatment are detected by others and reported to Child
Protective Services (Newbury et al. 2018). Having recognized that,
retrospective reports of maltreatment experiences correlate pos-
itively with prospective assessments of childhood maltreatment
(Baldwin et al. 2019), although the magnitude of the association
between the two measures of maltreatment is modest. In the
current study, we attempted to minimize some potential biases
associated with retrospective reports by statistically controlling
for sources of psychological and environmental stress. However,
a critically important direction for future research will be to
attempt to replicate these findings using alternative measures of
childhood maltreatment, such as interview measures or prospec-
tively gathered measures of maltreatment. In addition, although
the current study’s focus on adult populations is useful for
understanding potential long-term effects of childhood maltreat-
ment, future research should investigate these processes among
younger age groups. This will allow for a better understanding
of when the effects of childhood maltreatment on sympathetic
nervous system reactivity first appear.

The present study focused on a community sample of pregnant
women, a majority of whom identified as White/non-Hispanic.
A byproduct of our focus on pregnant individuals in this sample
is that all participants were biological females. Participants in
this study also reported slightly higher rates of childhood mal-
treatment than a typical community sample (Scher et al. 2001),
which likely is because pregnant women who exhibited high
levels of emotion dysregulation were intentionally oversampled
in this study (Lin et al. 2019). That said, participants’ rates
of childhood maltreatment were lower than rates reported in
clinical samples (Chaney et al. 2014; Grilo and Masheb 2002;
Huh et al. 2017). Additional research that includes participants
who are members of more diverse groups in terms of biological
sex, self-identified gender, race, ethnicity, and risk status would
be valuable in determining the generalizability of these findings.
Research focused on the potential associations between fathers’

experiences of childhood maltreatment and their sympathetic
nervous system responses to various types of stressors is especially
needed.

In summary, the current study offers novel evidence that self-
reported experiences of childhood maltreatment, particularly
childhood abuse, are associated with blunted electrodermal
responses to social-evaluative and attachment stressors. To our
knowledge, this is the first study to test the association between
childhood maltreatment and pregnant women’s electrodermal
activity to two psychologically distinct stressors. These results
address a gap in the literature regarding the effects of mal-
treatment on sympathetic nervous system activity. By utilizing
a measure of electrodermal activity, which is a robust indicator
of sympathetic nervous system activity, and by integrating two
commonly used but psychologically distinct tasks, the present
study provides much needed evidence for the potential long-term
effects of childhood maltreatment on sympathetic nervous system
responses among pregnant women.
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