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A B S T R A C T

Objective: The goal of this study was to examine physiological reactivity during parent-child interactions in
children with and without a history of suicidal ideation (SI), a group known to be at increased risk for suicidal
thoughts and behaviors in the future. We also examined the potential moderating role of parental expressed
emotion-criticism (EE-Crit) to determine whether the presence of parental criticism may help to identify a
subgroup of children with a history of SI most at risk for physiological dysregulation.
Method: Participants were 396 children (age 7–11; 54% male, 71.7% Caucasian) and their biological parent.
Children’s levels of high frequency heart rate variability (HF-HRV) were assessed during a resting baseline period
followed by a positive and negative discussion with their parent. Additionally, parents completed the Five-
Minute Speech Sample to determine levels of EE-Crit toward their child, and children completed an interview
assessing their history of SI.
Results: Consistent with our hypothesis, we found that exposure to parental criticism moderated the relation
between a child’s history of SI and their HF-HRV reactivity to the discussions. Specifically, while most children
exhibited the typical pattern of HF-HRV suppression from baseline to both interactions, the highest risk children
(i.e., children with a history of SI who also had highly critical parents) did not display any change in HF-HRV
across the tasks, suggesting a failure to engage a typical psychophysiological response during emotional con-
texts.
Conclusions: These results suggest a specific physiological mechanism that may place these children at risk for
suicidal thoughts and behaviors in the future.

Suicide is the third leading cause of death among 10–14 year olds
(Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control, 2015) and rates of suicide have increased over
the last couple of decades. Indeed, the 2014 suicide rate for 10–14 year
old non-Hispanic white females is more than three times higher than
the rate in 1999, and suicide rates for non-Hispanic white males in-
creased by 57% between 1999 and 2014 (Curtin, Warner, & Hedegaard,
2016). In addition, a large survey of high school students found that, in
the last year, 17% had seriously considered suicide, 14% had made a
suicide plan, and 8% had attempted suicide at least once (Kann et al.,
2016). Another large study examining rates of suicidality in 13–18 year
olds found lifetime prevalence rates of 12.1% for suicidal ideation
(Nock et al., 2013). Although the prevalence of suicidal thoughts and
behaviors among adolescents has been well established, research ex-
amining suicidal thoughts and behaviors in younger children has been
more limited. However, one study examining suicidal ideation (SI) in a
community sample of 6–12 year old children found that rates of current
SI across European countries ranged from 9.9% to 26.84 (Kovess-

Masfety et al., 2015). Indeed, there is evidence that children as young
as three years old report SI (Whalen, Dixon-Gordon, Belden,
Barch, & Luby, 2015) and, though rare, death by suicide does occur in
children younger than 10 years old (for a review, see
Durand &McGuinness, 2016). Understanding factors associated with SI
in children is of great importance because there is evidence that in-
dividuals (including children and adolescents) with a history of SI are at
increased risk for future SI and suicide attempts (Nock et al., 2013;
Shaffer et al., 1996; Whalen et al., 2015).

One potentially important factor in the development of SI is the
ability to regulate affective and physiological responses in emotional or
stressful contexts (cf. Coryell & Schlesser, 2001; Jokinen &Nordström,
2009; Wilson et al., 2016). Indeed, there is growing evidence for the
link between difficulties in emotion regulation and suicidality in adults
and adolescents (Kudinova et al., 2015; Pisani et al., 2013; Rajappa,
Gallagher, &Miranda, 2012; Rodriguez & Kendall, 2014). However, re-
latively little is known about this relation in children. In addition, the
majority of prior research has focused on self-report assessments of

http://dx.doi.org/10.1016/j.biopsycho.2017.10.003
Received 9 November 2016; Received in revised form 9 October 2017; Accepted 9 October 2017

⁎ Corresponding author at: Department of Psychology, Binghamton University (SUNY), Binghamton, NY 13902-6000, USA.
E-mail address: kjames16@binghamton.edu (K.M. James).

Biological Psychology 130 (2017) 22–29

Available online 13 October 2017
0301-0511/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/03010511
https://www.elsevier.com/locate/biopsycho
http://dx.doi.org/10.1016/j.biopsycho.2017.10.003
http://dx.doi.org/10.1016/j.biopsycho.2017.10.003
mailto:kjames16@binghamton.edu
http://dx.doi.org/10.1016/j.biopsycho.2017.10.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopsycho.2017.10.003&domain=pdf


emotion regulation, which may be subject to response bias. More recent
research, therefore, has focused on more objective measures of emotion
regulation. One of these measures is respiratory sinus arrhythmia
(RSA), which is thought to index one’s capacity for emotion regulation
(Beauchaine, 2001; Beauchaine, 2012; Porges, Doussard-Roosevelt,
Portales, & Greenspan, 1996). Specifically, RSA is a marker of auto-
nomic nervous system functioning, accounting for the impact of both
parasympathetic and sympathetic activity on cardiac rhythm. Accord-
ingly, RSA reflects parasympathetic cardiac vagal control (e.g.,
Berntson et al., 1997; Porges, 2007; Porges et al., 1996). According to
the Polyvagal theory’s concept (Porges, 1995; Porges, 2007; Porges
et al., 1996), the vagal system is integral to the maintenance of phy-
siological homeostasis so that an individual can preserve resources at
rest and respond flexibly and appropriately to external stressors. The
theory distinguishes resting RSA from RSA reactivity in response to
demanding or stressful experiences by suggesting that resting RSA re-
flects an individual’s capacity for maintaining homeostasis while RSA
reactivity reflects an individual’s vagal regulation in response to a
stressor. Indeed, RSA suppression (i.e., decreases in RSA from baseline)
during difficult circumstances, such as experiences of interpersonal
stress or a sad mood induction, is considered a normal, adaptive phy-
siological response (Lovallo, 2015), and is associated with better ca-
pacity for emotion regulation (Gentzler, Santucci, Kovacs, & Fox, 2009;
Porges et al., 1996).

Consistent with this research, a recent meta-analysis examining RSA
in children found that greater RSA suppression was associated with
fewer internalizing problems and that children from clinical/at-risk
samples exhibited less RSA suppression in response to challenging tasks
(e.g., negative mood inductions, cognitive tasks, social tasks) than
children from community samples (Graziano & Derefinko, 2013; but see
also Beauchaine, 2015). Similarly, another meta-analysis found that,
during dyadic social interactions, whereas children without psycho-
pathology exhibited RSA suppression during social disengagement,
children at risk for psychopathology and those currently exhibiting high
levels of psychopathology did not exhibit this RSA suppression
(Shahrestani, Stewart, & Quintana, 2014). These results suggest that
failure to exhibit RSA suppression in challenging contexts is a marker of
risk in youth, perhaps due to problems with emotional dysregulation.
Indeed, there is research examining physiological reactivity during a
conflict discussion via changes in RSA as an index of capacity for
emotion regulation in adolescents with depression (e.g., Crowell et al.,
2014); however, to our knowledge, no study has examined changes in
physiological reactivity during a conflict discussion of children who are
suicidal or have a history of SI.

To date, however, only a handful of studies have examined the
specific relation between RSA and suicidality. Further, the findings
from these studies are mixed. For example, in terms of resting RSA,
there is evidence that the presence of suicidal ideation in adults with
major depression is associated with lower levels of resting RSA (Chang
et al., 2012; Rottenberg et al., 2002). In terms of RSA reactivity, there is
evidence that adults with a history of suicide attempt exhibit less RSA
suppression in response to a stressor than non-suicidal controls (Wilson
et al., 2016). In contrast, one study examining RSA reactivity in ado-
lescents found that adolescents ages 14–18 with a history of either SI or
non-suicidal self-injury (NSSI) had greater RSA suppression following a
negative mood induction than adolescents without a history of either SI
or NSSI (Crowell et al., 2005). Therefore, although these studies pro-
vide preliminary evidence for a relation between RSA reactivity and
suicidality, the direction of this relation remains unclear. Given the
mixed results of the extant literature, it is possible that there are con-
textual moderators of RSA reactivity for those individuals with a history
of suicidal ideation or attempt.

One potentially important moderator, particularly for children, is
the presence of parental criticism. Indeed, theories of the development
of emotion regulation highlight the role of negative family environ-
ments suggesting that such environments may impact the development

of children’s ability to effectively regulate their response to stressful
situations. For example, Repetti, Taylor, and Seeman (2002) proposed
that chronic exposure to the stress of a negative family environment
may result in increased activation of the sympathetic adrenal medulla
system, which may, in turn, have a lasting impact on sympathetic and
parasympathetic functioning, both of which are reflected by RSA. Fo-
cusing more specifically on the role of parental criticism, theorists have
suggested that the development of dysfunctional emotion regulation
may mediate the link between parental criticism and later negative
mental and physical health outcomes (Morris, Silk, Steinberg,
Myers, & Robinson, 2007). Supporting these theories, there is evidence
that exposure to negative parenting behaviors, including parental cri-
ticism, disapproval, and derision, is associated with autonomic indices
of emotion dysregulation, including lower levels of RSA suppression
among 2–5 year old children (Hastings, Nuselovici, Utendale, & Coutya,
2008). Further, research in children ages 3–4 years of age suggests that
negative parenting behaviors in early childhood may shape the devel-
opment of a child’s biological systems that are involved in self-regula-
tion (Rothbart, Sheese, Rueda, & Posner, 2011). In particular, the ex-
perience of negative parenting behaviors during infancy is linked to
lower RSA and greater emotion dysregulation in children ages 5–12
(Williams &Woodruff-Borden, 2015). To date, however, no study, of
which we are aware, has examined whether parental criticism moder-
ates the link between SI and RSA in children.

The current study, therefore, had two primary goals. The first was to
examine levels of physiological reactivity in children with and without
a history of SI. Second, we examined the potential moderating role of
exposure to parental criticism with the goal of determining whether
contextual factors, such as the presence of parental criticism, may help
to explain the mixed findings in the RSA literature. In examining the
potential moderating role of parental criticism, our goal was to de-
termine whether we could identify a subgroup of children with a his-
tory of SI who is at greatest risk for exhibiting physiological dysregu-
lation. Also, because parental criticism is a modifiable risk factor, such
research might help to identify a promising target for reducing phy-
siological dysregulation in youth with a history of suicidality. In our
study, we focused interviewer-coded levels of expressed emotion-criti-
cism rather than parent or child self-reports of parental criticism to
minimize any potential response bias associated with self-report. In
addition, to provide a stronger evaluation of contextual influences on
children’s RSA, we assessed RSA levels during three tasks: (i) a resting,
baseline period, (ii) a positive parent-child discussion, and (iii) a ne-
gative discussion. Specifically, because there is heterogeneity in what
might be experienced as a stressor, particularly for children with a
critical parent, we considered the potential moderating influence of the
context in which RSA was measured (i.e., during a resting state task
versus during a parent-child interaction task). Indeed, children with a
critical parent may experience any interaction with their parent as a
challenging social engagement, regardless of the nature of the inter-
action, whereas children without a critical parent may not experience
simply interacting with their parent as demanding or stressful, and
instead be more affected by the nature of the interaction (i.e., positive
versus negative). Despite the limited and mixed literature on RSA re-
activity and suicidality and the lack of any previous research on RSA
reactivity and SI in children, the broader literature strongly suggests
that lack of RSA suppression during challenge is associated with psy-
chopathology in children. Thus, we predicted that children with a
history of SI would exhibit less RSA suppression than other children
while interacting with their parents. Moreover, we hypothesized that
parental criticism would moderate this relation, such that children with
a history of SI who are also exposed to parental criticism would exhibit
less RSA suppression than children with a history of SI, but no parental
criticism. Because the present study is the first to examine RSA re-
activity in children with SI during multiple types of parent-child in-
teractions, we did not make hypotheses about differences in RSA levels
between the two discussion tasks.
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1. Method

1.1. Participants

Participants were 396 children ages 7–11 and their biological par-
ents recruited from the community who were participating in a larger
study focused on correlates of psychopathology in children. This age
range was selected because it provides an opportunity to examine the
described constructs prior to the surge in rates of suicidality that occurs
during adolescence (Bolger, Downey, Walker, & Steininger, 1989;
Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control, 2015; Hawton, Saunders, & O’Connor, 2012).
Exclusion criteria were the presence of developmental disabilities in the
child that would preclude study participation (per parent report) and
parent history of bipolar or psychotic disorder assessed via diagnostic
interview. Children participated in the study with either their mother or
their father. Of the participating dyads, 89.6% were mother-child pairs
while the remaining dyads were father-child pairs. For children in our
sample, the average age was 9.39 years (SD = 1.48) and 46% were
female. In terms of children’s race/ethnicity, 71.7% were Caucasian,
13.5% were African American, 13.5% were multiracial, and the re-
maining children were from other racial/ethnic groups. The average
age of parents in our sample was 36.98 years (SD = 6.27, Range = 24-
71) and, as mentioned above, 89.6% were female. In terms of parents’
race/ethnicity, 75.4% were Caucasian, 15.9% were African American,
2.4% were multiracial, and the remainder were from other racial/
ethnic groups. Of the parents, 52.3% were married and 13.5% were
divorced. In terms of education completed, 93.0% of the parents had
completed high school and 49.4% had received a college degree (as-
sociates or bachelors). The median annual family income was $30,000-
$35,000.

1.2. Measures

The Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-
I; First, Spitzer, Gibbon, &Williams, 1995) was used to assess for par-
ents’ psychiatric diagnoses. As noted above, none of the parents in this
sample met criteria for a bipolar or psychotic disorder. However, 22
(5.6%) of parents met criteria for current MDD and 58 (14.7%) met
criteria for a current anxiety disorder (Generalized Anxiety Disorder:
n = 12; Post Traumatic Stress Disorder: n = 6; Obsessive Compulsive
Disorder: n = 8; Social Anxiety Disorder: n = 31). To assess for chil-
dren’s history of psychopathology, parents and their children were in-
terviewed separately using the Schedule for Affective Disorders and
Schizophrenia for School-Age Children − Present and Lifetime Version
(K-SADS-PL; Kaufman et al., 1997). Two (0.5%) of the children met
criteria for current MDD and 17 (4%) met criteria for a current anxiety
disorder (Generalized Anxiety Disorder: n= 4; Post Traumatic Stress
Disorder: n= 1; Obsessive Compulsive Disorder: n = 3; Social Anxiety
Disorder: n = 10; Separation Anxiety Disorder: n = 7). Interviewers for
this project were trained to reliability standards and interviews were
videotaped so that inter-rater reliability could be calculated. To assess
inter-rater reliability, a subset of 20 SCID-I and 20 K-SADS-PL inter-
views from this project was coded by a separate rater and kappa coef-
ficients for depression and anxiety diagnoses in parents (κs = 0.89 and
0.86, respectively) and children (κs = 1.0 and 1.0, respectively) were
good.

Children’s history of SI was assessed using questions from K-SADS-
PL and the Children’s Depression Inventory (CDI; Kovacs, 1981). Spe-
cifically, as part of the K-SADS interview, both parents and children
were asked, “Sometimes children who get upset or feel bad think about
dying or even killing themselves. Have you [your child] ever had these
types of thoughts?” On the CDI, children’s SI was assessed with item 9
and children responding, “I think about killing myself but would not do
it” or “I want to kill myself” were coded as having SI. Both assessment
methods were included because previous research suggests that some

individuals may feel more comfortable reporting SI in one format versus
the other (Koplin & Agathen, 2002). Thus, we used a multi-method as-
sessment approach to maximize the likelihood of identifying suicidal
children who may feel more comfortable responding to one assessment
format than the other. We should also note that parents of children
reporting current suicidal ideation were informed of the child’s
thoughts and offered a list of referrals in the area. If a child endorsed SI
on either measure, the interviewer asked follow-up questions to ensure
that the child was specifically endorsing thoughts of suicide and not
thoughts of death more generally (i.e., considering doing something to
kill themselves rather than only thinking that they may be better of
dead). Children who endorsed passive thoughts of death, but not active
suicidal ideation were excluded from the SI group. Children who in-
dicated they had a history of SI on either measure were included in the
SI group (n = 71).1 This rate of SI (17.9%) is similar to that observed in
other community-based studies of youth (Bolger et al., 1989; Kann
et al., 2016; Klimes-Dougan, 1998; Kovess-Masfety et al., 2015; Nock
et al., 2013).

Children’s depressive and anxiety symptoms were assessed using the
Children’s Depression Inventory (CDI; Kovacs, 1981) and Multi-
dimensional Anxiety Scale for Children (MASC; March, Parker,
Sullivan, Stallings, & Conners, 1997). Both the CDI and MASC demon-
strated good internal consistency (α = 0.88 and α= 0.83, respec-
tively).

The Five Minute Speech Sample (FMSS; Magaña et al., 1986) was
used to assess parents’ levels of expressed emotion-criticism (EE-Crit).
For the FMSS, the parent is asked to speak for five uninterrupted
minutes about the child and how the parent and child get along to-
gether. The response is audiotaped and coded by an independent rater
for levels of EE-Crit. Parents are rated as high on EE-Crit if any of the
following three criteria are met: Their initial statement about the child
is negative, they report a negative relationship, or they report one or
more criticisms as defined by the FMSS coding system. Parents are rated
as borderline critical if they express dissatisfaction with the child not
severe enough to be rated as a criticism. Responses to the FMSS were
assigned values of 2, 1, and 0 to reflect high, borderline-high, and low
EE-Crit respectively. A number of studies have supported the reliability
and validity of the FMSS EE-Crit subscale (e.g., Asarnow, Tompson,
Woo, & Cantwell, 2001; Burkhouse, Uhrlass, Stone, Knopik, & Gibb,
2012; Magaña et al., 1986; McCarty, Lau, Valeri, &Weisz, 2004;
Rogosch, Cicchetti, & Toth, 2004; Silk et al., 2009), including con-
current validity with observer’s ratings of parent criticism in a separate
interaction task (Calam& Peters, 2006; Moore & Kuipers, 1999). In this
study, the FMSS was coded by individuals trained to reliability stan-
dards by the creator of the FMSS (Ana Magaña-Amato) and coding was
consistent with the creator’s framework. Coders were blind to the other
study variables and all samples were independently coded by two
raters. When discrepancies arose, a third rater was consulted and a
consensus rating was reached. Inter-rater reliability for EE-Crit ratings,
which was assessed with a subset of 40 (10.1%) of the speech samples,
was good (κ = ⋅90)⋅ Consistent with recommendations based on evi-
dence that the FMSS, if anything, tends to under-identify high EE in-
dividuals (Hooley & Parker, 2006), and with previous studies of EE-Crit
(Gar &Hudson, 2008; Kershner et al., 1996), responses were dichot-
omized such that parents exhibiting borderline or high EE-Crit were
classified as critical (n = 103), while parents exhibiting low EE-Crit
were classified as not critical (n= 293).

Children and their parents also completed a standardized Discussion
Paradigm, which included positive and negative interactions
(Robin & Foster, 1989). Before the Discussion Paradigm, each parent

1 Twenty-four children (or their parent) endorsed SI only during K-SADS, 32 children
endorsed SI only on the CDI, and 20 children endorsed SI on both the K-SADS and the CDI.
Of the children (or their parent) who endorsed SI during the K-SADS, 21 endorsed current
SI, while the remainder endorsed past SI.
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and child separately completed an Issues Checklist, which lists several
common topics of disagreement (homework, bedtime, chores, etc.) and
were asked to endorse the frequency and intensity of their conflicts over
each topic. Then, they completed the Discussion Paradigm. First, par-
ticipants engaged in a 2-min rest period during which they watched a
nature video featuring landscape scenes from Olympic National Park.
Then, they completed a 4-min Vacation-planning task, for which they
were asked to plan a “dream vacation” for the two of them. Following
this conversation, the issue from the checklist that was mutually en-
dorsed with the highest frequency and intensity ratings was selected for
a 6-min Issues Discussion, during which they were asked to talk about
the issue, describe a recent disagreement, and attempt to come up with
a resolution.

During each phase of the Discussion Paradigm, electrocardiogram
(ECG) data were obtained simultaneously for the parent and child using
Biopac BioNomadix wireless systems and recorded with Acqknowledge
v4.2 software. ECG was recorded via a standard 3-electrode (lead II)
set-up and ECG data were sampled at 1000 Hz. MindWare HRV 3.0.12
was used to inspect, transform, and analyze the ECG signal. ECG data
were visually inspected for artifacts (e.g., temporary loss of signal, large
movements, or an unusual R–R interval) and artifacts were corrected
manually. Consistent with previous research (Woody, Feurer, Sosoo,
Hastings, & Gibb, 2016), epochs with more than 10% artifacts (i.e., 10%
of R-waves estimated within an epoch) were excluded, and tasks (i.e.,
rest, vacation-planning, or issues discussion tasks) with more than 50%
epochs were counted as missing. Also consistent with previous research
(e.g., Wilson et al., 2016), RSA was estimated using high frequency
heart rate variability (HF-HRV; Berntson et al., 1997). To calculate HF-
HRV, spectral power analyses were performed with a fast Fourier
transformation. Consistent with Steve Porges’ (1986) recommendations
for children, HF-HRV was defined as power density in the 0.12-1.00 Hz
frequency band and was calculated by averaging across the 30-s sec-
tions from each interaction task, resulting in separate HF-HRV averages
for the 2-min rest period, 4-min Vacation-planning task, and the 6-min
Issues Discussion.

Finally, participants rated their state sadness and anxiety using a
Visual Analog Scale (VAS). Specifically, parents and children in-
dependently rated how they were feeling from “very happy” to “very
sad” and from “very calm” to “very anxious” on a scale measuring
100 mm after each phase of the Discussion Paradigm (rest, vacation-
planning, issues discussion). To calculate VAS sadness and anxiety
scores, participants’ ratings were measured from left to right on the
100 mm scale, and each respective sadness and anxiety rating from 1 to
100 was recorded with higher numbers indicating greater state sadness
and anxiety.

1.3. Procedure

Upon arrival at the laboratory, parents were asked to provide in-
formed consent and children were asked to provide assent to be in the
study. Immediately after consent/assent, the parent completed the
FMSS. Following the FMSS, parents and their children separately
completed the diagnostic interview and questionnaire assessments in
adjacent interview rooms. As noted above, the parent and child were
interviewed separately using K-SADS-PL. Questionnaires, including the
CDI, were read aloud to children to ensure complete comprehension of
the items. Finally, participants completed the Discussion Paradigm
during which HF-HRV and VAS ratings were collected. As part of the
larger study, parents were compensated $80 and children received a
$10 gift card to a local store. All study procedures were approved by the
University’s Institutional Review Board.

1.4. Analysis plan

As a first step in our analyses, we conducted two separate 2 (SI: yes,
no) × 2 (EE-Crit: low, high) × 3 (Task: resting, vacation, issues) re-
peated measures ANOVAs with VAS ratings serving as the dependent
variable to examine changes in state affect across the Discussion
Paradigm. Separate analyses were conducted for VAS sadness and for
VAS anxiety. Next, to test our primary hypotheses regarding differences
in children’s HF-HRV levels across the Discussion Paradigm, we con-
ducted a 2 (SI: yes, no) × 2 (EE-Crit: low, high) × 3 (Task: resting,
vacation, issues) repeated measures ANOVAs with HF-HRV levels ser-
ving as the dependent variable. Significant interactions were followed
by post hoc tests. Finally, a series of exploratory analyses were con-
ducted to examine the potential moderating effects of children’s age,
children’s sex, and parents’ sex.

2. Results

A preliminary inspection of the data revealed the presence of some
missing data with up to 11.3% missing for any given variable (i.e.,
11.3% for HF-HRV Issues, 9.6% for HF-HRV Rest, 7.1% for HF-HRV
Vacation). Given the presence of missing data, we examined whether
the data were missing at random, thereby justifying the use of data
imputation methods for estimating missing values (cf.
Schafer & Graham, 2002). Little’s missing completely at random (MC-
AR) test, for which the null hypothesis is that the data are MCAR
(Little & Rubin, 1987) was nonsignificant, χ2(769) = 750.24, p = 0.68,
providing support for the imputation of missing values. Given these
results, maximum likelihood estimates of missing values were created

Table 1
Means and Standard Deviations for Study Variables for Each Group of Children.

Children with both SI and EE-Crit
(n = 20)

Children with SI and No EE-Crit
(n = 51)

Children with EE-Crit and No SI
(n = 83)

Children with No EE-Crit and No SI
(n= 242)

Child Age 8.89 (1.27) 8.91 (1.34) 9.42 (1.50) 9.54 (1.52)
Child Sex (% girls) 35% 44.2% 32.5% 51.9%
Child Race (% Caucasian) 75.0% 82.7% 73.5% 70.1%
Family Income (Median) $35K-$40 K $30K-$35 K $40K-$45 K $25K-$30 K
CDI 4.79 (4.34) 4.92 (4.52) 9.00 (6.27) 10.37 (10.49)
MASC 42.83 (14.99) 41.63 (18.87) 51.28 (17.05) 40.94 (15.36)
HF-HRV: Rest 7.85 (1.29) 7.54 (1.22) 7.75 (1.13) 7.79 (1.19)
HF-HRV: Vacation 7.75 (1.08) 7.19 (0.97) 7.43 (1.05) 7.53 (1.05)
HF-HRV: Issues 7.74 (1.04) 7.08 (0.88) 7.24 (1.05) 7.33 (1.01)
VAS Sadness: Rest 16.05 (17.45) 14.88 (16.35) 20.07 (26.13) 12.38 (9.55)
VAS Sadness: Vacation 13.03 (17.75) 11.07 (15.57) 15.46 (19.81) 14.50 (19.09)
VAS Sadness: Issues 19.50 (22.66) 18.32 (20.80) 19.72 (26.55) 30.29 (39.38)
VAS Anxiety: Rest 17.71 (22.84) 16.46 (22.92) 23.43 (28.12) 27.88 (31.34)
VAS Anxiety: Vacation 16.80 (21.33) 13.78 (21.72) 27.50 (33.62) 21.25 (29.42)
VAS Anxiety: Issues 19.09 (23.35) 21.68 (27.49) 27.89 (32.43) 23.85 (28.96)

Note: CDI = Children’s Depression Inventory. MASC = Multidimensional Anxiety Scale for Children. HF-HRV = High Frequency Heart Rate Variability. VAS = Visual Analog Scale.
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and used in all subsequent analyses (see Schafer & Graham, 2002).
Means and standard deviations for all study variables are presented in
Table 1. To facilitate comparison with other studies, values presented in
the table are based on untransformed data.

Preliminary analyses were then conducted to examine differences in
state affect during the tasks. Specifically, we conducted two separate 2
(SI: yes, no) × 2 (EE-Crit: low, high) × 3 (Task: resting, vacation, is-
sues) repeated measures ANOVAs with VAS ratings serving as the de-
pendent variable. Separate analyses were conducted for VAS sadness
and for VAS anxiety. In these analyses, there was a significant main
effect of SI on VAS anxiety, F(1, 392) = 6.10, p= 0.01, ηp2 = 0.02,
with children who had a history of SI reporting higher levels of anxiety
across the tasks than children without a history of SI. There was also a
significant main effect of task on VAS anxiety, F(2, 784) = 3.60,
p = 0.03, ηp2 = 0.01, with posthoc tests revealing that anxiety levels
were significantly lower in vacation planning than during the issues
discussion (p = 0.005). None of the other comparisons were significant
for VAS anxiety (lowest p= 0.14). None of the other effects were sig-
nificant for VAS anxiety and there were no significant main or inter-
active effects for VAS sadness (lowest p = 0.22).

Next, to test our primary hypothesis, we conducted a 2 (SI: yes,
no) × 2 (EE-Crit: low, high) × 3 (Task: resting, vacation, issues) re-
peated measures ANOVA with children’s HF-HRV serving as the de-
pendent variable. The three-way SI × EE-Crit × Task interaction was
significant, F(2, 784) = 3.14, p= 0.04, ηp2 =0.01. Examining the form
of this interaction, we assessed change in HF-HRV from baseline to each
of the discussion tasks separately in the two EE-Crit groups as a function
of children’s SI history (see Fig. 1).

Among adolescents with low EE-Crit parents, there was a significant
main effect of Task, F(2, 582) = 58.29, p < 0.001, ηp2 = 0.17, with
children exhibiting a significant reduction in RSA from baseline to the
vacation discussion and a further reduction from the vacation to the
issues discussion (all ps< 0.001). In contrast, the main effect of SI, F(1,
291) = 3.36, p = 0.07, ηp2 =0.01, and the SI × Task interaction, F(2,
582) = 0.66, p = 0.52, ηp2 =0.002, were both nonsignificant. Among
adolescents with high EE-Crit parents, although the main effect of SI
was nonsignificant, F(1, 101) = 1.39, p = 0.24, ηp2 =0.01, there was a
significant main effect of Task, F(2, 202) = 10.33, p < 0.001,
ηp

2 =0.09, which was qualified by a significant SI × Task interaction, F
(2, 202) = 4.09, p= 0.02, ηp2 =0.04. Examining this relation further,
we found that, among children with a high EE-Crit parent without a
history of SI, the main effect of task was significant, F(2, 164) = 34.39,
p < 0.001, ηp2 =0.30. These children exhibited similar reductions in

HF-HRV from baseline to the vacation discussion to the issues discus-
sion as was seen in children of low EE-Crit parents (all ps < 0.001). In
contrast, among children of high EE-Crit parents with a history of SI,
the main effect of task was not significant, F(2, 38) = 0.56, p = 0.58,
ηp

2 =0.03, indicating no change in HF-HRV from the baseline to either
of the discussions.

Looking at the significant SI × EE-Crit × Task interaction a dif-
ferent way, we tested the SI × EE-Crit interaction in each task sepa-
rately. Although the SI × EE-Crit interaction was not significant for
children’s HF-HRV during rest, F(1, 392) = 1.11, p = 0.29,
ηp

2 = 0.003, it was significant for the vacation, F(1, 392) = 4.66,
p = 0.03, ηp

2 = 0.01, and issues, F (1, 392) = 6.70, p = 0.01,
ηp

2 = 0.02, discussions. Breaking this interaction down further, we
found that EE-Crit was associated with children’s HF-HRV in the va-
cation task for children with a history of SI, F(1, 69) = 4.40, p = 0.04,
ηp

2 = 0.06, but not for children without a history of SI, F(1, 323)
= 0.54, p = 0.46, ηp2 = 0.002. Similarly, in the issues discussion, EE-
Crit was associated with HF-HRV for children with a history of SI, F(1,
69) = 7.43, p < 0.01, ηp2 = 0.10, but again not for children with no
history of SI, F(1, 323) = 0.51, p = 0.48, ηp2 = 0.002. Therefore, al-
though there were no HF-HRV differences at baseline, children with a
history of both SI and EE-Crit exhibited the highest levels of HF-HRV
during the both the vacation planning and issues discussion.

Examining the robustness of these results, we found that the group
difference in HF-HRV (i.e., children with SI and EE-Crit versus all other
children) was maintained when statistically controlling for the influ-
ence of children’s current symptoms of depression (CDI) and anxiety
(MASC), and VAS sadness and anxiety ratings during the issues dis-
cussion, F(1,390) = 5.07, p= 0.04, ηp

2 = 0.01, but not during the
vacation task, F(1,390) = 1.10, p = 0.29, ηp

2 = 0.003. Finally, we
tested to see if the relations were moderated by children’s age, chil-
dren’s sex, or parent’s sex. None of the analyses were significant.

3. Discussion

The primary goal of this study was to examine the association be-
tween children’s history of SI and their levels of RSA during parent-
child discussions, and to determine if this relation was moderated by
two different contextual factors: children’s exposure to parental criti-
cism and the context in which RSA was measured. In doing so, our goal
was to evaluate whether presence of parental criticism would help us
determine which children with a history of SI would be most likely to
exhibit disrupted physiological activity during parent-child

Fig. 1. Children’s HF-HRV levels as a function of SI and EE-Crit across the
three tasks. SI = Suicidal ideation. EE-Crit = Expressed emotion-criti-
cism. EE-Crit and SI: n = 20. No EE-Crit and SI: n= 52. EE-Crit and No SI:
n = 83. No EE-Crit and No SI: n = 241. Error bars represent± 1standard
error of the mean.
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interactions. We found that the prototypical response of children in our
study was to exhibit RSA suppression from the baseline to each of the
interaction tasks, with greater suppression during the issues than the
vacation planning discussion. However, children with history of SI who
also had a critical parent failed to display this typical physiological
response. Rather, these children maintained their baseline level of RSA
across the two discussion tasks. Indeed, whereas there were no group
differences during the baseline rest period, children with a history of SI
and a critical parent exhibited higher RSA levels than all other children
during the vacation planning and issues tasks. Thus, the fact that there
were significant group differences during both the vacation and issues
discussions, but not the resting baseline task, suggests that for children
with a history of SI, simply interacting with a critical parent may result
in a disrupted physiological response, not just interactions intended to
address conflict. These findings were maintained when we statistically
controlled for self-reported state sadness and anxiety, suggesting that
they are at least partially independent of the child’s current mood
during the issues discussion, but not during the vacation-planning task.
These results suggests that, although children with a history of SI and a
critical parent may exhibit physiological dysregulation during interac-
tions with their parent, the content of the interaction (i.e. an issues
discussion compared to a vacation planning task) may influence the
robustness of this effect. This type of investigation in children is im-
portant given the increasing rates of death by suicide over the last
couple of decades. Identification of a specific physiological mechanism
that may place children at risk for suicidal thoughts and behaviors in
the future may be crucial to the development of effective intervention
that can be implemented prior to the surge in rates of suicidality that
occurs during adolescence.

These findings are consistent with previous literature suggesting
that parental criticism is associated with autonomic indices of emotion
regulation such as RSA, which have shown that children exposed to
parental criticism display less RSA suppression than children who are
not exposed to parental criticism (Hastings et al., 2008). The current
results also support research suggesting that a history of suicidality is
associated with deficits in the ability to regulate physiological re-
sponses to stress (Wilson et al., 2016). Finally, the findings are con-
sistent with research suggesting that greater RSA suppression is asso-
ciated with better emotion regulation in children (Gentzler et al., 2009)
in that only the highest risk children (those with SI and a critical
parent) failed to display RSA suppression during the task. The fact that
this dysregulated stress response was only present for children with
both a history of SI and a critical parent, but not for children with only
one of these risk factors, indicates that a history of SI and exposure to
parental criticism may combine to increase children’s vulnerability for
emotion dysregulation and subsequent physiological stress response.

Although the current results are consistent with previous research
suggesting a lack of RSA suppression in children with psychopathology
(for reviews, see Graziano & Derefinko, 2013; Shahrestani et al., 2014)
and those with suicidality (Wilson et al., 2016), they contradict the
findings of one previous study suggesting that adolescents with a his-
tory of SI or NSSI have greater decreases in RSA following a negative
mood induction than adolescents without a history of either SI or NSSI
(Crowell et al., 2005). Although the exact reason for the difference in
findings is not clear, our results suggest that the relation between youth
SI and RSA is moderated by family contextual variables, such as high
levels of criticism, which were not included in the Crowell et al. (2005)
study. It is also possible that patterns of RSA suppression differ in re-
sponse to a mood induction versus an interaction task with one’s par-
ents. As noted above, we observed group differences in RSA despite no
significant change in sad or anxious affect across the discussion para-
digm. Also, our results are consistent with previous research suggesting
that reduced, rather than greater, RSA suppression is associated with
greater risk in children (Graziano & Derefinko, 2013; Shahrestani et al.,
2014).

The current results may also have implications for the types of

laboratory-based contexts used to examine the relation between sui-
cidality and physiological reactivity in children. Specifically, previous
studies in this area have focused on physiological reactivity to a ne-
gative mood induction. However, such tasks may not induce the type of
interpersonal stress most salient to children. Instead, given the strong
evidence for the link between parental criticism and suicidality in
adolescents (Wedig & Nock, 2007), an issues discussion with a parent
might be a more salient stressor for a child with a history of SI, parti-
cularly those with a critical parent. As noted above, these differences in
methodology (i.e., the use of negative mood induction vs. parent-child
interaction) may be one possible explanation for the discrepant findings
between the current study and those from Crowell et al. (2005).

The current study displayed several strengths, including the rela-
tively large sample size, the multi-method assessment of children’s SI
history, the use of interviewer-coded levels of EE-Crit and the focus on
RSA during actual parent-child interactions. Despite its strengths, there
were some limitations in this study that highlight areas for future re-
search. The primary limitation is the cross-sectional design of the study.
Therefore, we cannot determine whether RSA disruption is a cause,
consequence, or merely correlate of children’s SI (or parental criticism).
Although we predict that this physiological dysregulation increases
children’s future risk for suicidal thoughts and behavior, additional
prospective research is needed to test this hypothesis. Another limita-
tion is the lack of standardization of conversations across participants
during the interaction task. Accordingly, it is possible that interactions
involving a critical parent were more negative or less interactive than
those that did not involve a critical parent, which may have contributed
to altered RSA reactivity.

It is also important to note that, although we assessed physiological
reactivity using HF-HRV, respiration rate data are not available.
Therefore, we were unable to confirm whether participants were
breathing in the defined spectral range of HF-HRV. Future research
should examine physiological reactivity accounting for respiration rate
data in addition to other indices of emotion (dys)regulation in children
with a history of suicidal thoughts or behaviors. Another important
consideration is that active SI can range from normative to impairing,
consuming, or life threatening. The current sample comprised children
with all forms of active SI. By these standards, approximately 18% of
the sample endorsed active SI, which is consistent with the rates re-
ported in previous studies of community youth (Bolger et al., 1989;
Kann et al., 2016; Klimes-Dougan, 1998; Kovess-Masfety et al., 2015).
Future research with larger sample sizes should assess the impact of
severity of SI on this relation. Another potential limitation is that, al-
though we observed significant group differences, many of the effect
sizes are small. Future studies are needed, therefore, to identify addi-
tional moderators of these relations. Related to this, given our sample
size, our power to examine the potential moderating role of child sex
was limited; the moderating role of child sex should be examined in
future research. Finally, although there are a number of important in-
fluences on child functioning, including childhood adversity (e.g.,
physical, sexual, emotional abuse and neglect by parent or caregivers,
peer violence, witnessing community violence, and exposure to col-
lective violence), the present study was not designed to thoroughly
examine these factors. Future research including these factors is war-
ranted.

In conclusion, the current results suggest that children with a his-
tory of SI, specifically those who are also exposed to parental criticism,
exhibit a blunted physiological response during parent-child interac-
tions. If replicated and extended in longitudinal studies, these results
could provide a better understanding of the mechanisms by which a
history of SI and exposure to parental criticism increase risk for the
development of future suicidality in children and adolescents. This line
of research could also lead to more targeted interventions for at-risk
youth.
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