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Abstract

Childhood abuse is a potent risk factor for psychopathology, including posttraumatic stress disorder (PTSD). Research has shown
high resting vagal tone, a measure of parasympathetic nervous system function, protects abused youth from developing inter-
nalizing psychopathology, but potential mechanisms explaining this effect are unknown. We explored fear extinction learning as
a possible mechanism underlying the protective effect of vagal tone on PTSD symptoms among abused youth. We measured
resting respiratory sinus arrhythmia (RSA) and skin conductance responses (SCR) during a fear conditioning and extinction task
in youth with variability in abuse exposure (N = 94; aged 6—18 years). High RSA predicted lower PTSD symptoms and enhanced
extinction learning among abused youths. In a moderated-mediation model, extinction learning mediated the association of abuse
with PTSD symptoms only among youth with high RSA. These findings highlight extinction learning as a possible mechanism

linking high vagal tone to decreased risk for PTSD symptoms among abused youth.
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Introduction

Exposure to childhood abuse, such as physical, sexual, and
emotional abuse, is a potent risk factor for child psychopathol-
ogy (McLaughlin et al. 2012), including posttraumatic stress
disorder (PTSD) (McLaughlin et al. 2013). Although abuse re-
flects a severe traumatic stressor, epidemiological and longitu-
dinal studies show that only 15-30% of youth develop PTSD
following abuse exposure (McLaughlin et al. 2013). This vari-
ability in response to abuse suggests the presence of individual
differences that may buffer or magnify risk for PTSD.
Identifying protective factors and associated underlying mecha-
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nisms is essential for developing novel prevention and interven-
tion approaches. High vagal tone, an index of parasympathetic
nervous system function, has consistently been shown to buffer
youth from developing psychopathology following exposure to
stress and adversity (El-Sheikh and Whitson 2006), including
abuse (McLaughlin et al. 2014a; 2015; Porges 2007); yet the
mechanism of this protective factor is unknown. Given animal
work demonstrating that stimulation of the vagal nerve facili-
tates extinction learning (i.e., attenuation of freezing responses
during repeated presentation of the conditioned stimulus in the
absence of the unconditioned stimulus; Childs et al. 2017; Pefia
etal. 2014), the present study investigated whether the protective
effect of vagal tone on PTSD symptoms following abuse is
mediated by enhanced fear extinction learning.

Autonomic nervous system (ANS) functioning has been
shown to moderate the association of adversity and abuse with
youth psychopathology in numerous studies (El-Sheikh et al.
2001; El-Sheikh and Whitson 2006; McLaughlin et al.
2014a). The ANS activates in response to environmental
changes and challenges that require adaptation by the organ-
ism (Lucini et al. 2005; Porges 1995, 2007). The ANS is a
dynamic system that plays an integral role in coordinating the
function of multiple organs, including the heart, lungs, kid-
neys, salivary glands, and facial muscles. Two branches of the
ANS include the sympathetic nervous system (SNS), respon-
sible for mobilizing physiological resources in response to
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environmental challenge, and the parasympathetic nervous
system (PNS), which promotes growth and restoration during
times of rest and facilitates a return to baseline following
stress. Vagal tone is an aspect of the ANS that represents tonic
PNS control over heart rate (Berntson et al. 1997; Porges
2007). Vagal tone reflects the actions of the vagus nerve,
which originates in the brain stem and terminates at the sino-
atrial node of the heart, and has tonic inhibitory influences that
produce a heart rate that is lower than the basal firing rate of
the sino-atrial node (Allen et al. 2007; Berntson et al. 1997,
Porges 2007). The polyvagal theory posits the mammalian
“vagal brake,” or myelinated portion of the vagus nerve, is
responsible for regulating the dual demands of mobilizing
resources during threat by decreasing inhibitory control of
the heart and facilitating social communication and behaviors
by increasing this control during rest (Porges 1995, 2007). As
vagal tone cannot be measured directly, respiratory sinus ar-
rhythmia (RSA) is a noninvasive measure used to estimate
vagal tone that reflects the normal variation in heart rate oc-
curring during a respiration cycle (i.e., inhalation compared to
exhalation) (Allen et al. 2007; Berntson et al. 1993). High
resting RSA has been conceptualized as a marker for flexible
and contextually appropriate modulation of ANS activity and
has been associated with a wide range of psychosocial pro-
cesses (Beauchaine 2001; Porges 2007; Thayer et al. 2012).
Indeed, high RSA has been linked to a variety of adaptive
emotional, behavioral, and social outcomes across develop-
ment including better social and emotional regulation skills
(Calkins and Keane 2004; Eisenberg et al. 1995; Fabes et al.
1993), low negative emotionality (Calkins and Keane 2004),
enhanced executive functioning and attention regulation
(Mezzacappa et al. 1998), and lower levels of internalizing
and externalizing problems (Calkins et al. 2007; Pine et al.
1998; Shannon et al. 2007; however see review by Raine
1996 showing evidence for the association between high
vagal tone and behavioral disinhibition as an exception).
Given the association between vagal tone and improved func-
tioning across multiple domains, it has also been investigated
as a protective factor for psychopathology following exposure
to adversity (Katz and Gottman 1995; McLaughlin et al.
2014a; 2015). Specifically, studies have shown that high
RSA buffers youth exposed to parental conflict from
exhibiting externalizing (EI-Sheikh et al. 2001; Katz and
Gottman 1995) and internalizing (El-Sheikh et al. 2001; EI-
Sheikh and Whitson 2006) psychopathology. Similarly,
McLaughlin and colleagues showed high resting vagal tone
protected adolescents from experiencing internalizing symp-
toms following numerous forms of childhood adversity, in-
cluding abuse, community violence, poverty, and peer victim-
ization (McLaughlin et al. 2014a; 2015). While vagal tone
appears to protect abused youth from experiencing internaliz-
ing symptoms broadly, we are unaware of prior research ex-
amining this buffering effect in relation to PTSD, a common
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mental health consequence of abuse (McLaughlin et al. 2013).
Additionally, the underlying mechanism explaining the pro-
tective effect of high resting vagal tone remains unclear.

One potential mechanism through which vagal tone could
exert a protective effect on psychopathology following stress
and adversity is by influencing associative learning processes
involved in the extinction of conditioned fear. The acquisition
of conditioned fear involves the pairing of a neutral stimulus
such as a shape (the conditioned stimulus, or CS) with an
aversive stimulus such as a shock or loud noise (the uncondi-
tioned stimulus, or US). With repeated pairings, the CS begins
to elicits a fear response through associative learning mecha-
nisms (LeDoux 2014). After fear conditioning, fear extinction
occurs when the CS is presented repeatedly in the absence of
the US. Fear extinction reflects new learning of a CS-no US
association that competes with the original fear memory
(Milad and Quirk 2012). In rodents, vagus nerve stimulation
when delivered with the CS+ during fear extinction learning
promotes more rapid extinction to threat stimuli following fear
conditioning (i.e., reduced freezing behaviors) (Pefa et al.
2013). Furthermore, this enhanced extinction response is me-
diated by plasticity within the infralimbic cortex-amygdala
pathway (Pefia et al. 2014). The circuitry underlying fear con-
ditioning and extinction is highly conserved across species;
the infralimbic cortex in rodents corresponds to the ventrome-
dial prefrontal cortex (PFC) in humans and inhibits the amyg-
dala during extinction learning and retrieval (Milad and Quirk
2012). Enhanced fear extinction following a conditioned fear
response is associated with decreased risk for PTSD (Milad
and Quirk 2012; Vouimba and Maroun 2011). Together, this
evidence suggests that high resting vagal tone may be associ-
ated with enhanced extinction learning and, in turn, lower risk
for PTSD. This is consistent with a recent conceptualization of
vagal tone as reflecting flexible modulation of the amygdala
by the medial PFC (Thayer et al. 2012). To date, no studies
have investigated these associations in humans or the potential
for high resting vagal tone to protect youth with a history of
abuse from PTSD symptoms via enhanced fear extinction.

The present study served as a preliminary investigation of
several research questions in a sample of youth with and with-
out abuse exposure. First, we were interested in whether rest-
ing vagal tone, as measured by RSA, moderates the associa-
tion between abuse exposure and PTSD symptoms in youth.
We aimed to extend prior work demonstrating that high RSA
buffers abused youth from internalizing symptoms
(McLaughlin et al. 2014a), to determine whether this protec-
tive effect is also present for PTSD symptoms. Next, we con-
ducted analyses to determine whether high RSA might buffer
youth with a history of abuse as compared to non-abused
youth from poor fear extinction learning (i.e., enhanced ex-
tinction learning will be observed among abused youth with
high versus low RSA). In addition, we examined whether
enhanced fear extinction was associated with lower PTSD
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symptoms. Finally, we conducted formal moderated media-
tion analyses (Hayes 2013) to explore whether RSA moderat-
ed the indirect effect of abuse exposure on PTSD symptoms
via fear extinction learning. We predicted that high RSA
would be associated with lower PTSD symptoms via fear
extinction learning in youth with a history of abuse. Given
evidence showing unique patterns of risk across PTSD symp-
tom clusters (Asmundson and Stapleton 2008; Glover et al.
2011; Stewart et al. 1999), we examined associations with
total PTSD severity and each symptom cluster (i.e., avoid-
ance, re-experiencing, and arousal) throughout all analyses.

Method
Participants

Participants were 94 youths aged 6 to 18 years old. Data col-
lection occurred between February 2014 and February 2015.
As the purpose of the study was to examine emotional learn-
ing as a function of child abuse, recruitment efforts were
aimed at enrolling youth with and without abuse exposure.
As such, we recruited from schools, after-school programs,
medical clinics, and the general community as well as neigh-
borhoods with high levels of violent crime, clinics that serve
predominantly low-SES clients, and agencies that work with
families exposed to violence (e.g., domestic violence shelters,
programs for parents mandated to receive intervention from
Child Protective Services) in Seattle, WA.

Procedures

Cardiac data and questionnaires about abuse exposure and
psychopathology were collected from all participants prior to
completion of the fear conditioning task. Heart period data
were acquired during a 10-min period in which participants
were asked to sit quietly without moving.

Participants completed a fear conditioning task validated
for children (see Supplemental Fig. 1; Shechner et al. 2015).
In this task, blue and yellow bell images were used as CS+ and
CS- and were counterbalanced across participants. The US
was an aversive 96 dB alarm noise. The task included three
phases: preconditioning, conditioning, and extinction. During
preconditioning phase, participants viewed the CS+ and CS-
without the US (four trials each). During the conditioning
phase, the CS+ and CS- were presented for 10 trials each,
and the CS+ co-terminated with the US in 80% of trials. The
extinction phase involved the CS+ and CS- presented without
the US (eight trials each). The inter-trial interval ranged from 8
to 12 s (mean = 10 s). Equipment malfunctions resulted in loss
of physiological data from two participants. One participant
declined the task, and one participant discontinued during the
conditioning phase. The final analytical sample included 90

participants. Differences between youth with and without
abuse exposure during the conditioning and extinction phases
of the task have been previously published (McLaughlin et al.
2016).

Due our specific interest in the role of fear extinction learn-
ing, we focused specifically on responses to the CS+ (i.e., the
threat cue) during the early fear extinction phase of the task, as
fear responses returned by baseline by the later phase of fear
extinction (McLaughlin et al. 2016). Moreover, early extinc-
tion learning captures the phase of the task where participants
exhibit the most variability in the magnitude of fear responses,
and is typically the focus in studies of extinction learning
(Milad et al. 2009; Milad and Quirk 2002).

Youth completed questionnaire measures to assess for
PTSD symptomatology. Informed consent was obtained from
the parent or guardian who attended the session with the par-
ticipant, and assent was provided by all youth participants.
Participants were paid for participation. All procedures were
approved by the Institutional Review Board at the University
of Washington and performed in accordance with the ethical
standards as outlined in the 1964 Declaration of Helsinki.

Measures
Child Abuse

We focused on experiences of child abuse that qualify as a
Criterion A traumatic stressor in DSM-5, including physical
abuse, sexual abuse, and witnessing domestic violence. Child
abuse was assessed using the Childhood Experiences of Care
and Abuse interview (CECA; Bifulco et al. 1994) and the self-
report Childhood Trauma Questionnaire (CTQ: Bernstein et
al. 1997). The CECA is an interview that assesses caregiving
experiences, including physical and sexual abuse. We modi-
fied the interview to additionally assess for experiences of
witnessing domestic violence (i.e., directly observing violence
directed towards caregiver). Inter-rater reliability for reports of
abuse is excellent, and there is high agreement between sib-
lings on experiences of abuse (Bifulco et al. 1994). The CTQ
is composed of 28 items assessing frequency of abuse during
childhood, including physical and sexual abuse. The CTQ
exhibits strong convergent and discriminant validity
(Bernstein et al. 1997), and demonstrated good internal con-
sistency within the present study (x=.79).

A composite (yes/no) indicator of abuse was created from
the CECA and the CTQ. Participants were considered abused
if they reported (a) physical abuse, sexual abuse, or witnessing
more than 2 incidents of domestic violence during the CECA
interview or (b) scores on the CTQ physical and sexual abuse
subscales that exceed a validated threshold (Walker et al.,
1999). Child reported abuse experiences were verified by par-
ent report. A total of 38 (40.4%) participants were classified as
abused. Control group participants had no abuse exposure.
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They were not excluded for exposure to other potential traumas,
such as accidents, injuries, and witnessing community violence.

Vagal Tone

Continuous cardiac measures were recorded noninvasively
according to accepted guidelines (Sherwood et al. 1990).
Electrocardiogram (ECG) recordings were obtained with a
Biopac ECG amplifier (Goleta, CA) using a modified Lead
IT configuration (right clavicle, left lower torso, and right leg
ground). Biopac MP150 hardware and Acknowledge software
were used to acquire the ECG data (sampled at 1.0 kHz). ECG
data were scored by trained professionals blind to group sta-
tus. Signals were visually inspected and scored using
Mindware Heart Rate Variability (HRV) Software
(Mindware Technologies, Gahannah, OH).

RSA was calculated from interbeat interval time series using
spectral analysis conducted in Mindware HRV Software. RSA
was calculated for the frequency band .12—.40 Hz.

Electrodermal Activity

Electrodermal activity (EDA) was continuously acquired
throughout the fear conditioning task and served as the primary
measure of fear extinction learning. EDA was obtained with a
Biopac galvanic skin response module (Goleta, CA). Two Ag-
AgCl electrodes filled with sodium chloride gel were attached to
the distal phalanges of the index and middle finger of the non-
dominant hand after the phalanges were cleaned with rubbing
alcohol and abraded. The sampling rate was 250 Hz. EDA was
analyzed using AcqKnowledge 4.0 software (Biopac Systems,
Goleta, CA). Skin conductance responses (SCR) were calculated
following standard procedures (Cacioppo et al. 2007; Dawson et
al. 2007) as the difference from a 1-s pre-CS baseline to peak
response to the CS+ in the 1-4 s following stimulus onset, with a
minimum response of 0.02 microsiemens (LLs) averaged across
trials. The latency window of 1-4 s to identify the SCR peak
response following stimulus onset is standard practice in order to
obtain the peak SCR response to the CS without inadvertently
capturing a non-specific or spontaneous SCR that is not related
to the presented stimulus (Cacioppo et al. 2007; Dawson et al.
2007). This latency window also ended before presentation of
the US, ensuring that SCR changes were related to the CS and
not the US. Seven participants were non-responders during the
conditioning phase of the task based on this threshold and were
evenly distributed across the abused (7 =4) and control groups
(n=3). Non-responders were removed from all analyses as ex-
tinction learning cannot occur if fear conditioning has not first
been established. The pattern of results was unchanged when
non-responders were included. Raw SCR data for the pre-con-
ditioning, conditioning, and extinction phases of the task for
each group are reported in previously published work on this
dataset (see Supplemental Table 2; McLaughlin et al. 2016).
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PTSD Symptoms

Child-report version of the UCLA PTSD Reaction Index
(PTSD-RI) (Steinberg et al. 2004) were used to calculate
PTSD symptoms. The PTSD-RI is made up of a 13-item trau-
ma screen that was used to create a composite index of non-
abuse trauma exposure and assess the following PTSD symp-
toms specifically related to the child abuse: re-experiencing,
avoidance/numbing, and hyper-arousal. The PTSD-RI pro-
duces a PTSD symptom severity score and exhibits good in-
ternal consistency and convergent validity (Steinberg et al.
2013). Internal consistency for the overall measure in the pres-
ent study was excellent (o« =.95) with good internal consis-
tency observed among the subscales (all &> .74).

Data Analysis

To evaluate whether resting RSA moderated the indirect asso-
ciation between abuse and PTSD symptoms through fear ex-
tinction learning, we first performed linear regression analyses
using the SPSS PROCESS macro (Hayes 2013) to test the
following pathways of the full model: 1) Main effects and
interaction of abuse and resting RSA predicting PTSD symp-
toms; 2) Main effects and interaction of abuse and resting
RSA predicting SCR during fear extinction learning; 3)
Main effect of SCR during fear extinction learning predicting
PTSD symptoms. Average SCR was computed during the
early extinction phase of the fear conditioning task (trials 1—
8). A square-root transformation was performed on SCR prior
to analysis. We examined total PTSD symptoms as well as re-
experiencing, avoidance/numbing, and hyper-arousal
separately.

Significant interactions were explored following Hayes’
(2013) guidelines for testing regions of significance according
to the Johnson-Neyman (J-N) technique (Bauer and Curran,
2005). This procedure uses regression parameters to derive
values of a continuous moderator (i.e., resting RSA) at which
the conditional effect of the focal predictor (i.c., child abuse)
on the dependent variable (i.e., PTSD symptoms or SCR dur-
ing fear extinction learning) transitions from nonsignificant to
significant. Applied to the present study, the J-N technique
indicated at what degree of resting RSA those with or without
abuse exposure differ significantly in their level of PTSD
symptoms or SCR during fear extinction. For all linear regres-
sion models, we conducted additional moderation analyses to
examine whether effects varied by age. No significant moder-
ation occurred across any regression model, so age was not
included as a moderator.

For all significant linear regression models, we used
PROCESS (Hayes 2013) to formally test for moderated me-
diation using a bootstrapping approach with 10,000 bootstrap
resamples that provides confidence intervals for the moderat-
ed indirect effects (Hayes 2013). We also conducted additional
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sensitivity analyses for the final models by adjusting for socio-
economic status (i.e., whether the family’s income was below
the poverty line) to determine whether any associations were
the result of confounding by socio-demographics. Neither age
nor sex were associated with our primary variables of interest,
so we did not adjust for either in our final models (see
Supplemental Table 1).

Results
Descriptive Statistics and Preliminary Analyses

Demographic information and descriptive statistics for all pri-
mary variables separated by abuse exposure are presented
(Table 1). Abused and non-abused youths did not differ on
sex (p=.56), race (p=.30), age (p =.66), or baseline SCR
(i.e., pre-conditioning trials), post-conditioning SCR (i.e., fi-
nal trial during the conditioning phase), and SCR during ex-
tinction learning (ps > .47). Abused youths were more likely
to be living in poverty (p =0.006) and had greater PTSD
symptoms (ps < 0.001). Raw data Zero-order correlations be-
tween primary variables of interest and covariates are present-
ed in Supplemental Table 1.

Child Abuse and PSTD Symptoms Moderated by RSA

We first examined whether resting RSA moderated the asso-
ciation between abuse and total PTSD symptoms (Table 2A).
We found a main effect of abuse, such that youth with greater
exposure to abuse were more likely to experience PTSD
symptoms (b =46.60, p=0.01). RSA moderated the associa-
tion between abuse and total PTSD symptoms at a trend level
(b=—4.60, p =0.08). Due to our a priori interest regarding this
interaction term, we conducted exploratory post-hoc J-N test-
ing that indicated the association between abuse and PTSD
symptoms only emerged (p < 0.05) at average to low levels of
RSA (i.e., < 7.94), but was not significant for youth with high
resting RSA (i.e., >7.69) (Fig. 1A).

We found a similar pattern when examining moderation of
the association between abuse and PTSD avoidance symp-
toms by resting RSA (Table 2B). We found a main effect of
abuse such that youth with greater exposure to abuse were
more likely to experience PTSD avoidance symptoms (b =
26.90, p<0.001). RSA significantly moderated the associa-
tion between abuse and total PTSD avoidance symptoms (b =
—3.03, p=0.002). Post-hoc J-N testing indicated that the as-
sociation between abuse and PTSD avoidance symptoms only
emerged (p <0.05) at average to low levels of resting RSA
(i.e., < 8.01), but was not significant for youth with high rest-
ing RSA (i.e., >8.01) (Fig. 1B). There were no interactions
between abuse and RSA in predicting re-experiencing (Table
2C) or arousal (Table 2D) symptoms (ps >.21).

In sum, these findings show youth exposed to abuse only
experienced greater PTSD symptoms at low levels of RSA
and had similar levels of PTSD symptoms compared to con-
trol youth at high levels of RSA.

Child Abuse and Fear Extinction Moderated by RSA

We examined whether resting RSA moderates the association
between abuse and SCR during the early extinction phase
(Table 2E). Abuse predicted reduced extinction learning
(i.e., higher SCR to CS+) (b=.26, p=0.03). We also found
a significant interaction between abuse and resting RSA
predicting SCR to the CS+ during early extinction (b=

—0.04, p = 03). Post-hoc J-N testing indicated a negative asso-
ciation between abuse and SCR to the CS+ during early ex-
tinction at high (i.e., >8.46, p < 0.05) levels of RSA and pos-
itively associated at the trend level for low levels of RSA (i.e.,
<5.20, p<0.08), but was not significant for moderate levels
of RSA (i.e., 4.45-8.45; Fig. 1C). Results suggest youth ex-
posed to abuse experience enhanced extinction learning only
those with high levels of RSA. In contrast, control youth may
experience enhanced extinction learning only at low levels of
RSA.

Fear Extinction and PTSD Symptoms

We investigated whether SCR during the early fear extinction
phase was directly associated with PTSD symptoms. There
were no significant associations between either SCR to CS+
or CS- and PTSD total, avoidance, arousal, or re-experiencing
symptoms (ps >.15).

Moderated Mediation Models

As a final test of our hypothesis that associations among
abuse, fear extinction learning, and PTSD symptoms were
moderated by resting RSA, we conducted formal moderated
mediation analyses. Because we showed significant associa-
tions only when examining total and avoidance PTSD symp-
toms, we conducted a formal test of moderation of indirect
effects by RSA separately for each of these outcomes.

Total PTSD Symptoms

The combined model with abuse, SCR to the CS+ during early
fear extinction learning, and resting RSA accounted for 33%
of the variance in total PTSD symptoms (R2 =.33,F4,78)=
9.42, p=<0.001). There was a marginal effect of RSA mod-
erating the indirect association between abuse and total PTSD
symptoms via early fear extinction learning (b = .98, 90% CI:
.16, 2.57). Specifically, the indirect association between abuse
and total PTSD symptoms through early fear extinction learn-
ing was significant only at high (+1 SD) (b=1.22, 90% CI:
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Table 1 Distribution of socio-
demographics and primary vari-

Abused (n=38)

Controls (n=156)

ables of interest by child abuse

exposure %
Sex
Female 52.6
Male 473
Race
White 42.1
Black 26.3
Hispanic 15.8
Asian 7.9
Biracial or other 7.9
Poverty 51.4
M
Age 13.77
PTSD Symptoms
PTSD Severity 19.63
Avoidance 7.02
Re-experiencing 542
Hyper-arousal 7.18
Resting RSA 7.17
Early Extinction CS+ 11

N % N x2 P-value
35 .56
20 46.4 26
18 53.6 30
4.89 .30
16 57.1 32
10 10.7
6 12.5
3 12.5
3 7.1
18 19.6 11 7.59 0.006
(SD) M (SD) t-Value P-value
348 13.44 18.65 45 .66
17.21 6.07 9.92 4.84 <0.001
6.81 1.93 3.84 4.63 <0.001
6.65 1.66 3.09 3.77 <0.001
5.89 248 3.81 4.70 <0.001
1.10 7.12 1.06 26 .80
.16 12 .20 .37 Al

Abbreviations: RSA =respiratory sinus arrhythmia; CS + = conditioned stimulus paired with aversive noise;
PTSD = posttraumatic stress disorder. Poverty was assessed as percent of families living below the poverty line.
PTSD symptoms were assessed with the UCLA PTSD Reaction Index (PTSD-RI), child report

.15, 3.09), but not mean (b=.17, 90% CI: —.52, 1.12) or low
(-1 SD) (b=—.87, 90% CI: -3.24, 0.08) levels of RSA.
Findings suggest abused youth with high levels of RSA expe-
rience enhanced fear extinction learning, which then predicts
lower PTSD symptoms.

Sensitivity Analyses

The moderated indirect effect continued to be significant at a
trend level once adjusting for poverty status such that the
indirect association between abuse and total PTSD symptoms
through early fear extinction learning was marginally signifi-
cant only at high (+1 SD) (b=1.07, 90% CI: 0.02, 3.07), but
not mean (b =0.06, 90% CI: —.68, .86) or low (=1 SD) (b=
—.94,90% CI: -3.55, 0.08) levels of RSA.

PTSD Avoidance Symptoms

The combined model with abuse, SCR during early fear ex-
tinction learning to CS+, and resting RSA accounted for 40%
of the variance in PTSD avoidance symptoms (R* = .40, F(4,
78)=12.80, p =<0.001). RSA significantly moderated the in-
direct association between abuse and PTSD avoidance symp-
toms via early fear extinction learning (b = .51, 95% CI: 0.05,
1.39). Specifically, the indirect association between abuse and
PTSD avoidance symptoms through early fear extinction
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learning was significant at high (+1 SD) (b=.63, 95% CI:
0.04, 1.63), but not mean (b=0.09, 95% CI: —.46, .53) or
low (=1 SD) (b=-.45, 95% CI: -1.72, .18) levels of RSA
(Fig. 2). This suggests abused youth with high levels of
RSA experience enhanced fear extinction learning, and this
moderated mediation effect then predicts lower PTSD avoid-
ance symptoms.

Sensitivity Analyses

The moderated indirect effect predicting PTSD avoidance
symptoms remained significant when controlling for poverty
status such that the indirect association between abuse and
avoidance symptoms through early fear extinction learning
was significant at high (+1 SD) (b=.66, 95% CI: .17, 1.62)
but not mean (b=0.03, 95% CI. —.47, .39) levels of RSA.
Additionally, adjusting for poverty resulted in an additional
moderated indirect effect at low (—1 SD) (b=-.59, 95% CI.: -
1.79, —0.02) levels of RSA.

Discussion
Childhood abuse is strongly associated with PTSD

(McLaughlin et al. 2013). While high vagal tone has been
shown to buffer the negative effects of stress and adversity
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Table 2 RSA by child abuse predicting PTSD symptoms (A-D) and early fear extinction learning (E)

Predictor (SE ) 95% CI D
A. Prediction of PTSD total symptoms by abuse and RSA
Intercept 12.54(12.11) [-11.53, 36.61] .30
Abuse 46.60(18.59) [9.66, 83.54] 0.01
Resting RSA —.91(1.68) [-4.25,2.44] .59
Abuse x RSA —4.59(2.57) [-9.71, 0.51] 0.08
B. Prediction of PTSD avoidance symptoms by abuse and RSA
Intercept 1.29(4.54) [-7.73,10.32] 78
Abuse 26.90(6.97) [13.05, 40.75] <.001
Resting RSA 0.08(.63) [-1.17,1.33] .90
Abuse x RSA —3.03(.96) [-4.94, -1.11] 0.002
C. Prediction of PTSD re-experiencing symptoms by abuse and RSA
Intercept 4.06(4.39) [4.67, 12.79] .36
Abuse 12.27(6.74) [-1.13,25.67] 0.07
Resting RSA —.33(.61) [-1.54, .88] .59
Abuse x RSA —1.19(.93) [-3.04, .66] 21
D. Prediction of PTSD arousal symptoms by abuse and RSA
Intercept 7.19(4.44) [-1.64, 16.02] A1
Abuse 7.44(6.81) [-6.11, 20.98] 28
Resting RSA —.66(.62) [-1.88, .57] 29
Abuse x RSA —.38(.94) [-2.25,1.49] .69
E. Prediction of early fear extinction response by abuse and resting RSA
Intercept .94(.07) [.80, 1.09] <0.001
Abuse .26(.12) [0.02, .51] 0.03
Resting RSA 0.02(.01) [-0.004, 0.04] 12
Abuse x RSA —0.04(0.02) [-0.07, —0.004] 0.03

Abbreviations: RSA = respiratory sinus arrhythmia

on psychopathology (El-Sheikh et al. 2001; Katz and Gottman
1995; McLaughlin et al. 2014a), little research has examined
factors that may underlie this association. The present study
examined extinction learning as a potential mechanism
explaining the protective effects of high vagal tone on PTSD
symptoms among children exposed to abuse. We replicated
previous literature by demonstrating that high vagal tone was
associated with lower PTSD symptoms among abused youths,
and we provided novel evidence by showing this association
was mediated by enhanced fear extinction learning (i.e.,
lower SCR during the early phase of extinction learning),
particularly for avoidance symptoms. Unexpectedly, we
found better extinction learning among control youth with
low RSA compared to abused youths. Together, these find-
ings highlight a potential mechanism—enhanced fear ex-
tinction learning—underlying the protective effect of high
vagal tone on psychopathology following childhood adver-
sity that may inform the development of prevention and
intervention approaches.

High vagal tone has been shown to protect against broad-
band internalizing and externalizing psychopathology among

children exposed to interpersonal stressors including parental
marital conflict, abuse, and other forms of victimization (EI-
Sheikh et al. 2001; El-Sheikh and Whitson 2006; Katz and
Gottman 1995; McLaughlin et al. 2014a; 2015). We extended
this literature by showing high resting RSA was associated
with lower PTSD symptoms among abused youths, a com-
mon sequela of abuse exposure (McLaughlin et al. 2012,
2013). Similar to past work, our findings fit within the
polyvagal theory that argues flexible and rapid vagal regula-
tion via the vagal brake facilities contextually appropriate be-
havior in response to environmental challenge that may pro-
mote a return to baseline following stress (Porges 2007).
Appropriate engagement of this vagal brake may be a partic-
ularly important protective factor for PTSD symptoms given
research showing increased susceptibility to environmental
stressors experienced by individuals with preexisting ANS
dysregulation, such as SNS reactivity (Busso et al. 2014,
Friedman 2007; Guthrie and Bryant 2005; Pole et al. 2009),
and improved psychological outcomes following interven-
tions targeting ANS function among trauma survivors
(Descilo et al. 2010).
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Fig. 1 Association between child abuse exposure and child reported (a)
PTSD total and (b) avoidance symptoms and (c) skin conductance
response (SCR) to the CS+ during early fear extinction learning across

Animal research has suggested that enhanced vagal func-
tion may be related to associative learning processes, includ-
ing fear extinction (Pefia et al. 2013, 2014). Our findings are
the first to provide evidence in humans that high vagal tone is
associated with enhanced fear extinction learning, but only
among youth who have experienced significant trauma.
Specifically, we demonstrated that youth with a history of
abuse extinguished fear to previously conditioned threat cues
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more quickly if they had high RSA versus low RSA. These
findings are consistent with conceptual models positing that
high vagal tone reflects the ability of the medial PFC to flex-
ibly modulate amygdala reactivity (Thayer et al. 2012), a cir-
cuit well-documented to underlie fear extinction and other
emotion regulation processes (Lane et al. 2009; Milad and
Quirk 2012; Neumann et al. 2006). Specifically, ventromedial
PFC recruitment serves to inhibit the amygdala and promote

Fig. 2 Moderated mediation
model showing indirect effect of Resting SCR during Early
child abuse on posttraumatic RSA Extinction Learning
stress disorder (PTSD) avoidance
symptoms via skin conductance b=-13.64, p=.05
response (SCR) during early fear
extinction learning is moderated Index of Moderated Mediation: .60, 95% CI: .18, 1.45
by resting respiratory sinus
arrhythmia (RSA) adjusting for Indirect effect of SCR at high levels of RSA: .66; 95% CI: .17, 1.62
poverty status
PTSD Avoi
Child Abuse SS voidance
ymptoms
b=-3.55, p=.001
Resting
RSA
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extinction and better retention of associative learning between
previously threatening cues and the absence of threat (Milad
and Quirk 2012). Of note, previously published work in this
sample demonstrated that youth exposed to abuse demonstrate
reduced SCR to the CS+ during conditioning than youth who
had not been abused (McLaughlin et al. 2016). It is possible
that differences in the magnitude of initial conditioning con-
tribute to the patterns observed here. However, because the
present study examined vagal tone as a moderator of the link
between abuse and extinction learning, abuse-related differ-
ences during conditioning are unlikely to have a meaningful
impact on the interpretation of the present findings. While our
findings support research suggesting close integration be-
tween vagal tone and mPFC-amygdala circuitry, future work
examining these processes across multiple levels (i.e., neural,
ANS, behavioral function) are necessary to determine how
robust these associations are and whether the links between
vagal tone and extinction learning only emerge in the context
of trauma and adversity exposure.

When examining abuse history, fear extinction learning,
RSA, and PTSD symptom outcomes within an omnibus mod-
erated mediation model, we found extinction learning mediated
the association between abuse and PTSD only among youth
with high vagal tone. This finding was robust when adjusting
for poverty status and was particularly strong when predicting
PTSD avoidance symptoms. Exposure-based therapies, the pri-
mary treatment modality for PTSD, rely heavily on extinction
based mechanisms, as avoidance of feared stimuli is tied to the
inability to extinguish fear due to lack of habituation to the
feared stimulus (Dorsey et al. 2011). Vagus nerve stimulation
during fear extinction has been associated with enhanced ex-
tinction learning and retention as well as increased neural plas-
ticity in mPFC-amygdala circuitry in rodents (Pefia et al. 2013).
In humans, vagus nerve stimulation has been studied as a treat-
ment for depression (Daban et al. 2008) and shown to increase
PFC-amygdala connectivity compared to sham treatment
among depressed adults (Liu et al. 2016). While results
predicting PTSD avoidance symptoms were encouraging,
models predicting total PTSD symptoms were significant only
at the 90th percentile confidence interval with and without
adjusting for poverty. Given the preliminary nature of this re-
search question, relatively small sample size, and number of
paths being examined in the moderated mediation models, larg-
er samples may be necessary to observe significant effects.
Nevertheless, the present study offers evidence that vagus nerve
stimulation, or other methods for increasing vagal tone (e.g.,
mindfulness training, yoga; Descilo et al. 2010; Ditto et al.
2006), as an adjunct to exposure therapy among individuals
with PTSD may be a promising area of future research.

While results were generally consistent with the broader
literature, two unexpected findings emerged. First, we ob-
served a cross-over interaction where high RSA not only buff-
ered abused youths against poor fear extinction learning, but

actually enhanced extinction learning compared to control
youth. Furthermore, we observed a marginal effect for better
extinction learning among control youth with Jow RSA. While
caution is warranted in interpreting this pattern until replicat-
ed, associations between low RSA and positive psychological
or behavioral outcomes may relate to contextual factors
pursuant to a differential susceptibility framework (Belsky
and Pluess 2009). The differential susceptibility framework
posits that characteristics may function as a protective or risk
factor depending on the individual’s context (i.e., abusive ver-
sus non-abusive environments). Indeed, one study found bet-
ter mental health outcomes among children with low vagal
tone only in the context of little marital conflict (El-Sheikh
etal. 2001). Relatedly, previous studies have typically utilized
simple slope methodology in favor of the more sensitive and
specific J-N regions of significance testing when probing in-
teractive effects of RSA and environmental stress. It is possi-
ble that future work may indeed find differential effects of
high/low RSA dependent upon environmental context when
utilizing regions of significance probing techniques Second,
while we did not find a direct association between fear extinc-
tion learning and PTSD symptoms within in our sample, there
is a robust literature showing extinction learning recall, (i.e.,
response to the CS+ on a subsequent day), is disrupted among
those with PTSD as opposed to the initial extinction learning
itself (Milad and Quirk 2012). The present study did not in-
clude a measure of extinction learning recall on a subsequent
day, so we were unable to examine whether extinction recall
may also underlie the association between high vagal tone and
lower PTSD symptoms among maltreated youth. Future re-
search utilizing both extinction learning and recall phases fol-
lowing fear conditioning along with replication of this effect
in larger samples is clearly warranted.

While the present investigation represents a novel contribu-
tion to our understanding of the mechanisms underlying the pro-
tective effects of vagal tone, our findings should be interpreted in
light of several limitations. The primary limitation is our use of a
cross-sectional study design that does not allow us to determine
the temporal associations among abuse exposure, vagal tone, fear
extinction and PTSD symptoms. Replication of these findings in
prospective studies is needed. Additionally, our relatively small
sample size may have hindered our ability to find significant
moderated indirect effects when predicting total PTSD symp-
toms, particularly after adjustment for covariates. Given the over-
lap between poverty and trauma exposure, these sensitivity anal-
yses are important to isolate the effects of trauma that are inde-
pendent of other forms of adversity that are strongly linked to
poverty (McLaughlin and Sheridan 2016; McLaughlin et al.
2014b). This overlap presents challenges in disentangling the
unique effects of particular forms of adversity in small samples,
however. Our sample was recruited based on exposure to trauma,
including abuse and domestic violence. We did not have suffi-
cient variability in other forms of trauma to determine whether
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the pattern of findings was similar for less severe traumatic
events. Determining whether these findings extend to other forms
of trauma and adversity is a key question for future research.
While we utilized self-report versus verified reports (i.c., police
or child protective service reports) of child abuse exposure to
determine group classification, relying on documented reports
of abuse also carries limitations including substantial
underreporting of abuse (Widom, Weiler, & Cottler, 1999). In
order to reduce the risk of misclassifying youth, we relied on
multiple assessment methods (i.e., validated cut-offs on self-
report and interview) as well as verified any child-reported abuse
exposure with a caregiver. Finally, we utilized a symptom-based
measure of PTSD as opposed to a diagnostic interview.
Determining whether our findings are replicated in studies that
examine PTSD disorder onset is another important goal for future
research.

The present study represents the first investigation of fear
extinction learning as a potential mechanism underlying the pro-
tective effect of vagal tone on PTSD symptoms among youth
exposed to abuse. We replicated and extended prior research by
showing that high vagal tone was associated with lower PTSD
symptoms, particularly avoidance symptoms, among abused
youth. We provided novel evidence that abused children and
adolescents with high RSA demonstrate enhanced fear extinction
learning. We also found better extinction learning among control
youth with low RSA compared to abused youths which may be
related to potential differential susceptibility processes. Finally,
we showed a significant moderated indirect effect such that more
rapid fear extinction learning was associated with lower PTSD
symptoms, particularly avoidance symptoms, among youth with
both an abuse history and high RSA. Interventions that improve
vagal tone, especially when paired with existing evidence-based
interventions targeting fear extinction mechanisms (e.g., trauma-
focused cognitive behavioral therapy), may bolster the effects of
existing approaches for treating and preventing PTSD among
abused children.
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