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Abstract

Youth with callous-unemotional (CU) traits are at high risk for aggression and antisocial behavior. 

Extant literature suggests that CU traits are related to abnormal autonomic responses to negatively-

valenced emotional stimuli, although few studies have tested autonomic responding specifically 

during social interactions. To address this knowledge gap, the current study tested whether CU 

traits were related to autonomic activity, assessed via respiratory sinus arrhythmia (RSA), during 

several parent–child interaction tasks designed to provoke negative emotion. The sample was 162 

clinically referred youth (M age = 12.03, SD = .92; 47% female). Using piecewise latent growth 

models, we estimated individual differences in RSA during three semi-structured social interaction 

tasks (reading aloud to a parent and research assistant; a recovery period from the reading task; 

and a parent–child conflict discussion) and tested whether CU traits were related to patterns of 

RSA responding across tasks. Overall, youth showed expected RSA decreases during the reading 

period, increases in RSA during recovery, and further decreases during the conflict discussion. 

However, youth with clinically-elevated CU traits had a different pattern of RSA change across 

tasks, such that CU traits were related to significantly less RSA change during reading and 

recovery. Findings suggest that less RSA engagement during social interactions and less RSA 

recovery may be a biomarker of CU traits. Future research is needed to examine whether this 

inflexibility contributes to the development of CU traits beginning early in childhood.
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Introduction

Conduct problems (CP) are the primary reason for child referrals to mental health services 

(Kazdin et al., 2006), predicting persistent antisocial behavior across the lifespan, as well as 

poor physical health, mental health, and economic outcomes (Rivenbark et al., 2018). CP are 

heterogeneous in etiology and prognosis, which hinders effective diagnosis and treatment 

(Hyde et al., 2014). To parse this heterogeneity, researchers have identified a subgroup of 

children with CP and callous-unemotional (CU) traits, who show low empathy, low guilt, 

lack of concern about performance, and insensitivity to others’ emotions (Frick et al., 2014; 

Waller et al., 2020). CU traits predict risk for severe and chronic aggression and violence, 

beyond risk associated with existing CP (Frick et al., 2014; Waller et al., 2020). Etiological 

models posit that youth with CU traits are at heightened risk for antisocial behavior because 

of reduced sensitivity to cues of threat, emotion, and affiliation, which would typically signal 

the need for behavior change to avoid punishment, prevent harm to others, or promote social 

bonding (Frick et al., 2014; Waller & Wagner, 2019). This hyposensitivity to cues of threat, 

emotion, or affiliation is thought to undermine the ability of youth high on CU traits to 

flexibly adapt and respond appropriately within different social and environmental contexts 

(Waller & Wagner, 2019).

Adaptive responding to and processing of threat, emotion, or social cues appears to be 

related, in part, to functioning of the autonomic nervous system (ANS) (Porges & Furman, 

2011). The central nervous system adjusts ANS outputs to support ongoing environmental 

and behavioral demands (Porges, 2007). Branches of the ANS include the sympathetic 

nervous system (SNS) and parasympathetic nervous system (PNS). The SNS is central to the 

body’s stress-response system, mobilizing fight-or-flight responding to threats or challenges 

(Fowles, 1988). In contrast, the PNS helps conserve energy during an absence of threat 

or challenge by lowering cardiovascular activity, and is theorized to facilitate recovery and 

adaptive behavior following emotional reactions (Fowles, 1988; Porges, 2007; Porges & 

Furman, 2011). One index of PNS activity is respiratory sinus arrhythmia (RSA), which 

refers to the degree of variability in the timing of heartbeats as a function of breathing 

rates (Beauchaine, 2001, 2015). During exhalation, parasympathetic signals, transmitted 

largely via the vagus nerve, slow heart rate, whereas during inhalation, these influences 

lessen and confer increases in heart rate (Beauchaine, 2015). Higher resting RSA reflects 

greater vagal control of the heart, which has been linked to positive psychosocial outcomes, 

such as better emotion regulation and higher prosociality (Beauchaine, 2001; Wagner et 

al., 2018). An important role of PNS activity is to change vagal influences over the 

heart following behavioral challenges, with subsequent restoration of resting activity. Thus, 

small-to-moderate decreases in RSA in response to everyday challenges facilitate adaptive 

orientation, engagement, and attention (Calkins & Keane, 2004; Porges, 2007). In contrast, 

large decreases in RSA, while adaptive in the context of acute threat, may be maladaptive 
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under everyday circumstances (Beauchaine, 2015). Likewise, after a challenge or threat 

has passed, RSA increases to return to resting levels, with exaggerated increases thought 

to contribute to active disengagement or ignoring (Porges, 2007). Together, this pattern of 

decreasing and increasing RSA, which we refer to as “RSA flexibility”, constitutes a system 

that coordinates an adaptive response to environmental inputs, limits energy during times 

of rest, expends energy in response to threat or social demands, and varies in patterns and 

intensity between individuals (Calkins & Keane, 2004; Hastings & Kahle, 2019).

Importantly, low baseline RSA (i.e., at rest or during neutral activities) and dysregulated 

RSA responding have been implicated in a variety of psychiatric disorders, including 

externalizing disorders (for a review, see Beauchaine, 2015). Further, prior research 

demonstrates that children with high CP display minimal decreases in RSA when faced 

with stressful challenges or emotional stimuli (Beauchaine et al., 2001; Fanti et al., 2019; 

Fortunato et al., 2013; Gatzke-Kopp et al., 2015). These associations have also been 

established via longitudinal studies (El-Sheikh & Hinnant, 2011; Patriquin et al., 2015). 

For example, in a longitudinal study of 413 children assessed at ages 8, 9, 10, and 11, lower 

levels of RSA withdrawal to a frustrating laboratory task predicted increases in externalizing 

symptoms over time specifically among boys (El-Sheikh & Hinnant, 2011). However, other 

studies have reported the opposite, including associations between childhood CP and greater 

increases in RSA to emotional challenge or elicitation tasks (Hinnant & El-Sheikh, 2009; 

Pang & Beauchaine, 2013; Tabachnick et al., 2020).

One explanation for these mixed findings is that studies have not consistently accounted for 

the presence CU traits among children with CP. For example, a meta-analysis of 95 studies 

investigated the relations of electrodermal activity (EDA; a marker of SNS functioning) with 

aggression, CP, and psychopathic traits among children and adults, reporting that increased 

EDA reactivity was positively associated with aggression and CP, but negatively associated 

with psychopathic traits (Lorber, 2004). The results of this meta-analysis, albeit from studies 

of EDA, highlight that investigating RSA among youth with CP and low versus high 

CU traits can significantly enhance our understanding of heterogeneity in developmental 

pathways to CP, and give insight into differential patterns of RSA flexibility among distinct 

subgroups.

In one of the few existing studies on RSA functioning and CU traits, baseline RSA was 

significantly lower among 15-month-old children with elevated CU traits compared to 

children with CP alone (Mills-Koonce et al., 2015). Further, among 12-to 15-year-old 

children, baseline RSA was lower among those with elevated CU traits (de Wied et al., 

2012). Low baseline RSA and high CU traits were also independently associated with 

greater risk for aggressive behavior among 9-to-11 year-olds (Thomson & Centifanti, 2018). 

In addition, in a longitudinal birth cohort study, lower baseline RSA at 15 months predicted 

later CU traits assessed at ages 6–7 (Mills-Koonce et al., 2015). Finally, a study of 108 

preschoolers found that CU traits at age 2 predicted increases in CP by age 4, but only 

among toddlers with lower RSA reactivity to social threat (Wagner et al., 2017). However, 

no prior studies have examined whether CU traits are related to reduced RSA flexibility (i.e., 

less RSA change across contexts) when faced with changing task demands. Further, no prior 
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studies have specifically examined whether individual differences in RSA flexibility during 

social interactions are associated with CU traits.

One vital source of social inputs during development comes via interactions with parents. 

More broadly, extant research has established the importance of the parenting environment 

to both the emergence and maintenance of CU traits (Waller et al., 2013). Because Porges’ 

polyvagal theory specifies that flexible change in RSA to social cues can facilitate adaptive 

social behavior (Porges & Furman, 2011), and youth with CU traits are known to be 

characterized by aberrant social functioning (Waller & Wagner, 2019), including in their 

interactions with parents (Waller et al., 2013), it is plausible to hypothesize associations 

between aberrant RSA responding and CU traits in such contexts. However, as established 

in a recent review, a paucity of studies exist that have examined RSA reactivity specifically 

during social interactions with parents (Wagner & Waller, 2020). Thus, it is critical to 

investigate RSA responding during parent–child interactions when the situation requires 

adaptive responding to changing social demands that provide an ecologically valid index of 

typical daily experiences and interactions of youth in everyday life, including how variation 

in RSA responding is related to CU traits.

The current study addressed these knowledge gaps by assessing dynamic patterns of RSA 

functioning during social interactions with a parent. We also investigated whether CU 

traits were related to relatively inflexible RSA patterns. Critically, research has employed 

various approaches to characterize RSA activity over time and across various psychological 

tasks (Hastings & Kahle, 2019). RSA reactivity is typically computed as the change from 

RSA during a resting/baseline period and a task (Beauchaine et al., 2019). However, 

arithmetic change scores lack the ability to describe RSA reactivity over time in a 

fluctuating environment (de Wied et al., 2012; Miller et al., 2013; Wagner et al., 2018). 

One approach, latent growth curve modeling (LGCM), provides information about within-

person and between-person change in RSA across multiple measurement occasions (Ram & 

Grimm, 2007). A handful of studies have employed LGCM among children to characterize 

changes in autonomic activity over time (e.g., Miller et al., 2013, 2016). However, standard 

LGCM imposes one functional form over time (i.e., one linear or quadratic slope), whereas 

experimental protocols (and real social interactions) include multiple phases, tasks, or 

demands that necessitate a constantly changing pattern of RSA reactivity and recovery. 

Thus, piecewise LGCM represents a more effective way to accurately model patterns of 

RSA flexibility during multiple differing social demands (Ram & Grimm, 2007). Piecewise 

models combine multiphase regression models, specifying a fixed number of change-points 

(i.e., knot-points) to indicate when environmental changes occur, including changes that are 

specified a priori to match an experimental protocol (Ram & Grimm, 2007). Within this 

framework, RSA slopes at or near zero across several changing situations would index ANS 

“inflexibility”. One prior study employed piecewise LGCM to model ANS flexibility in 

youth, showing that 3-year-old children with better emotion regulation showed greater ANS 

flexibility, as demonstrated by significant patterns of RSA decreases and increases during 

and after a frustration-induction period (Kahle et al., 2016). Thus, an LGCM approach 

is well-suited to test patterns of youth ANS flexibility versus inflexibility during social 

interactions, which can help to advance knowledge of potential difficulties with responding 
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to changing social cues that might be specifically implicated in etiological pathways to CU 

traits.

In the current study, we first used piecewise LGCM to quantify within-individual changes 

in RSA across three sequential parent–child interactions: a reading-aloud task with a parent 

and research assistant present that was intended to be engaging and require attentional 

orientation (Tobia et al., 2016); a recovery period with a parent and research assistant 

present; and a parent–child conflict discussion with only a parent present. Consistent with 

polyvagal theory (Porges, 2007), we hypothesized that overall youth would show decreases 

in RSA during reading, increases in RSA during recovery, and decreases in RSA during 

conflict. Such a finding would not only validate that our tasks worked as expected, but 

would provide confirmatory evidence of dynamic RSA responding in the face of shifting 

environmental demands. Second, we tested whether CU traits were associated with a 

different pattern of RSA responding, hypothesizing that CU traits would be related to 

RSA inflexibility, characterized by less RSA change across the distinct elements of the 

experimental protocol (i.e., less of a decrease, then an increase, and then a decrease in RSA). 

To test this hypothesis, we examined patterns of RSA both dimensionally and across groups 

categorized according to whether youth met criteria for clinically-elevated CU traits, using 

clinical cut-offs (Baroncelli et al., 2018; Fanti et al., 2013). To establish that the effects 

were specific to CU traits, and not accounted for by comorbid psychiatric symptoms or 

demographic variables, we included a measure of CP as a covariate, as well as age, sex, 

minority status, and verbal IQ.

Method

Participants

Participants were 162 youth, aged 10.60–14.10 years old (M = 12.03, SD = 0.92 years; 47% 

female; 60% racial/ethnic minority) and their parents (88% biological mothers) recruited 

from pediatric primary care clinics or ambulatory psychiatric treatment clinics within a 

large, Mid-Atlantic urban, academic hospital-based setting (Vine et al., 2020). All youth 

were receiving treatment for mood or behavior problems (see Table 1 for diagnostic 

information). Any youth with an IQ estimate < 70 (n = 5), not currently in treatment for 

a mood or behavior problem (n = 4), with an organic neurological medical condition (n = 

1), diagnosed with an autism spectrum disorder or in a current manic or psychotic episode 

were excluded. All caregivers had primary custody (> 50% of the time). Sixty-four percent 

of households had at least one employed parent, 19% reported an annual household income 

of $20,000–$39,000, and 31% reported an annual income < $20,000.

Procedure

Youth and parents completed questionnaires and three interaction tasks, during which 

multiple physiological indices were recorded. All study procedures were approved by 

the Human Research Protection Office (HRPO) at the University of Pittsburgh and 

the University’s Clinical and Translational Science Institute (CTSI) pediatric practice-

based research network. Youth and parents provided written informed consent and were 

compensated for their time.
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Measures

RSA During Three Social Interaction Tasks—Youth RSA was assessed continuously 

during: (1) 4-min reading period (2-min where youth listened to their parent read aloud a 

news article on a scientific project, and 2-min of youth reading aloud a news article on 

a different scientific project, both to their parent and the research assistant); (2) 2-min 

recovery period; and (3) 8-min parent–child conflict discussion. To identify topics of 

conflict, parents and youth completed a 25-item questionnaire indicating whether various 

common areas of conflict had occurred in the last month (e.g., behavior toward siblings or 

behavior in school). For each conflict, they reported the frequency (1 = once in past month 

to 6 = more than once per day) and intensity (1 = not at all bad to 5 = extremely bad). 

Research assistants identified two topics that had high frequency (M = 5.23; SD = 1.13) and 

severity (M = 3.99; SD = 0.92) ratings from both members of the dyad. Dyads were then 

asked to discuss these topics with a goal of resolving disagreements in the future during the 

8-min conflict discussion task.

Electrocardiogram signals were obtained from youth via Ag/Ag–Cl spot electrodes 

positioned in a modified leadII configuration using Mindware BioLab software (MindWare 

Technologies, Ltd., Gahanna, OH). Two trained scorers visually inspected each recorded 

waveform (Berntson et al., 1997) and manually corrected artifacts using Mindware HRV 

3.1.4 software (MindWare, Gahanna, OH). The interbeat interval (IBI) series was resampled 

in equal 250 ms intervals, linearly detrended, and tapered using a Hanning window. Heart 

rate variability (HRV) was calculated using Fast Fourier transformation analysis of the IBI 

series. RSA was estimated from high-frequency HRV. Following guidance from standards 

(Berntson et al., 1997), a bandwidth for high-frequency HRV was selected based on 

the respiratory rates observed from respiratory changes in the impedance cardiography 

collected concurrently. A wide bandwidth (0.12 to 0.5 Hz) was dictated by the observed 

respiratory rates, as 33% of the sample showed respiratory rates in excess of the 0.4 Hz 

upper limit commonly used in adult studies while 17% of the participants showed rates 

slower than that typical for their age (i.e., slower than 0.25 Hz). Figures S1, S2 show the 

sample wide distribution of peak respiration rates across all three study tasks. Consistent 

with recommended guidelines (Berntson et al., 1997), RSA was computed separately for 

each minute of each task, for a combined total of fourteen 1-min increments. For more 

information about the justification and rationale for this approach see the Supplemental 

Methods and see Byrd et al., 2020 for another example of this approach in the current 

sample. In the current study analyses, 157 youth had usable physiological data (n = 5 lost to 

equipment failure) (Table S2 and Fig. S1).

Callous-Unemotional (CU) Traits—CU traits were assessed via parent reports on 

the 24-item Inventory of Callous-Unemotional Traits (ICU, Frick, 2004), which assesses 

callousness (e.g., “unconcerned about feelings of others”), uncaring (“always tries best”), 

and unemotionality (“hides feelings”) with items rated on a 4-point Likert-scale (0 = not at 

all true to 3 = definitely true) (α = 0.89). Age and sex-specific clinical cut-off scores have 

been established for the parent-reported version of the ICU (Baroncelli et al., 2018; Fanti et 

al., 2013), which we used to create subgroups with clinically-significant (n = 29) versus low 

(n = 115) levels of CU traits in our sample. RSA values for youth missing the ICU (n = 13) 
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did not differ from youth with the ICU for the majority of the RSA intervals (12 of the 14 

min; Table S3).

Covariates—To establish specificity in associations between within-individual changes 

in RSA and CU traits, we accounted for psychiatric and demographic covariates. (1) 
Conduct Problems (CP) were assessed using parentreports on the Child Behavior Checklist 

(CBCL, (Achenbach & Edelbrock, 1983) and youth reports on the Youth Self-Report (YSR, 

Achenbach & Edelbrock, 1983), which include DSM-referenced scales for oppositional-

defiant and conduct disorder symptoms with items rated on a 3-point Likert scale (0 = not 

true to 2 = very true). To create CP scores, we took the maximum-reported item rating 

across each informant and computed a sum of oppositional-defiant and conduct disorder 

items (Bird et al., 1991; Robinson et al., 2019), with high reliability for the resulting 

cross-informant CP scale (α = 0.90). (2) Youth Demographics were youth age, sex, minority 

status (1 = racial/ethnic minority vs. 0 = not racial/ethnic minority), and verbal IQ, which 

was assessed using standard test scores on the Peabody Picture Vocabulary Test Fourth 

Edition (PPVT-4) (Dunn & Dunn, 2007).1 Supplemental analyses also included measures 

of anxiety, attention deficithyperactivity disorder (ADHD) symptoms, and socioeconomic 

status. For more information on covariates see the Supplemental Methods.

Data Analytic Plan

Analyses were conducted in Mplus vs. 7 (Muthén & Muthén, 1998). We used Full 

Information Maximum Likelihood (FIML) with robust standard errors (MLR) to handle 

missing data. We fit a three-piece piecewise LGCM to examine RSA change across the 

three parent–child interactions (Fig. 1). We estimated latent factors for RSA at the beginning 

of the tasks (intercept) and change in RSA (slope) for each of the three pieces. Model fit 

was evaluated using standard criteria for chi-square, Comparative Fit Index (CFI, Bentler, 

1990), Tucker-Lewis Index (TLI, Gerbing & Anderson, 1992), and the Root Mean Square 

Error of Approximation (RMSEA, Browne & Cudeck, 1993). Next, we tested whether CU 

traits were related to variation in the piecewise LGCM. We regressed the intercept and each 

of the three slopes onto CU traits, as well as the psychiatric and demographic covariates. 

We ran two models – one using a binary, clinically-informed measure of CU traits defined 

using established clinical cut-offs, and one using a dimensional measure of CU traits as 

the predictor in the regression model (i.e., full spectrum of CU traits). To probe significant 

pathways, we used a multigroup approach to compare the piecewise LGCM for youth above 

and below the CU traits clinical cut-off. We used the Satorra-Bentler scaled chi-square test 

statistic to compare fit for a model in which all parameters were specified to vary for youth 

above versus below the clinical cut-off to a model where parameters were constrained to be 

equal. We conducted additional tests comparing the freed model with models in which each 

of the latent factors (i.e., pieces of the model) were individually fixed and freed, enabling 

us to determine any specific pieces of the LGCM where youth with clinically-elevated CU 

traits differed.

1Three participants had missing data for the PPVT. These assessments were invalid due to lack of child engagement at the baseline 
assessment. Subsequently, we completed an alternative assessment (the Expressive Vocabulary Test [EVT]; Williams, 1997) which 
yielded valid scores (based on participant engagement) of an estimated IQ above the cutoff. Given that the PPVT and EVT are 
different assessments, we elected to be more conservative and coded the baseline PPVT score as missing for those participants.
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Results

Modeling Dynamic RSA Activity

The three-piece piecewise LGCM model showed good-to-excellent model fit (χ2(82) = 

130.29, p < 0.001, CFI = 0.98, TLI = 0.97, RMSEA = 0.06; Fig. 2), with a significant 

intercept (M = 6.78, p < 0.001) and significant mean slopes for each of the three pieces: 

reading (M = −0.08, p < 0.001), recovery (M = 0.12, p < 0.001), and conflict (M = −0.01, p 
< 0.05). Consistent with hypotheses, youth showed significant decreases in RSA during the 

reading period, increases in RSA during the recovery period, and further decreases in RSA 

during the conflict discussion (albeit to a lesser extent). There was significant variability 

in the intercept and conflict discussion slope factor suggestive of individual differences in 

initial levels of RSA and RSA change specifically during conflict (Fig. 2).

Relationships Between RSA and CU Traits

Descriptive statistics for all study variables and bivariate correlations are presented in 

Table 2. We tested whether CU traits were related to the LGCM factors, accounting for 

demographic and psychiatric covariates. In support of hypotheses, the clinically-informed 

binary CU traits variable was related to the slope of the reading (B = 0.14, SE = 0.06, β = 

0.79, p < 0.01) and recovery (B = −0.18, SE = 0.08, β = −0.57, p < 0.05) (Table 3). That 

is, youth with clinically elevated CU traits did not show changes in RSA responding across 

the first two tasks when compared to youth with low CU traits. No significant relationships 

between CP or any of other covariates and any of the LGCM factors emerged. Within the 

continuous model, CU traits were not significantly related to any of the LGCM factors 

(Table S4). To assess for potential moderation by CP, we created an interaction term between 

dimensionally-assessed CU traits and CP to assess. There were no significant moderation 

effects in the prediction of any of the LGCM factors (Table S5).

We probed significant pathways between the clinically-informed binary CU traits variable 

and the slopes for reading and recovery using a multi-group approach comparing the fit 

of the unconditional piecewise LGCM model for youth with clinically-significant CU traits 

versus youth (n = 29) with low CU traits (n = 115). The multi-group model with all 

parameters freely estimated showed good fit (χ2(196) = 314.07, p < 0.001, CFI = 0.94, 

TLI = 0.95 RMSEA = 0.09) and fit marginally better than a fully constrained model where 

all parameters were fixed to be equal across groups (Δχ2 = 8.93, p = 0.06). The freely 

estimated model also fit significantly better than a model in which only the slope of the 

reading period was fixed (Δχ2 = 4.88, p < 0.05), and a model in which only the slope of 

the recovery period was fixed (Δχ2 = 4.12, p < 0.05), suggesting, in line with the regression 

findings, that RSA change was different in youth with clinically-significant CU traits during 

these two pieces of the model (Table S6). For youth with low CU traits, slope factors were 

similar to those estimated in the full sample. In contrast, youth with clinically-significant CU 

traits displayed no significant decreases in RSA during the reading period and no significant 

increases during the recovery period (Table S7; Fig. 3). Note that although we focus on 

models using the clinical-cut off for the ICU (Baroncelli et al., 2018; Fanti et al., 2013), we 

also ran post hoc tests to explore whether there were group differences when youth were 
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divided into groups based on a median split for ICU scores. No significant differences in 

RSA patterns emerged when youth were split using a median cut-off (Tables S8 and S9).

Finally, to determine the specificity of these results, we ran additional post hoc tests using 

a multi-group approach to compare the fit of the unconditional piecewise LGCM model for 

youth who met diagnostic criteria for 1) conduct disorder (CD, [CD diagnosis, n = 24; no 

CD diagnosis, n = 107]) and 2) for boys (n = 86) versus girls (n = 76). In contrast to the 

findings for the CU traits grouping, youth with CD displayed significantly greater decreases 

in RSA during the reading period than youth without CD, and significantly greater increases 

in RSA during the recovery period than those without CD (Supplemental Results; Tables 

S10 and S11). There were no moderating effects of sex (Supplemental Results; Tables S12 

and S13).

Discussion

This study is the first to characterize how youth respond to changing social expectations 

across three semi-structured parent–child interaction tasks. We leveraged piecewise LGCM 

to more accurately map onto theoretical models of change that postulate distinct change 

points at which growth is hypothesized to change direction, accelerate, decelerate, and/or 

level off (Collins, 2006). We established significant decreases in RSA across a reading 

period, increases in RSA during a recovery period, and further decreases in RSA during a 

conflict discussion. This pattern of RSA change over three distinct behavioral tasks reflects 

a general ability of youth to regulate PNS functioning and, physiologically, to adapt to 

changes in the environment, specifically in supporting social interactions with a parent 

across tasks that require attention, engagement, and social interaction. Thus, our findings 

show that, overall, youth show flexible PNS adaptation, which is theorized to mediate 

affective processing and regulate social and emotional behavior (i.e. facial expression, 

vocalization, and listening) (Porges, 2007).

However, RSA flexibility was different among youth with clinically-significant CU traits. 

Both the regression and multi-group models suggested that CU traits were related to a lack 

of RSA change, specifically minimal decreases in RSA during reading or increases in RSA 

during recovery. Our results are consistent with prior studies reporting associations between 

lower decreases in RSA and conduct problems among preschoolers with CU traits (Wagner 

et al., 2017), as well as the finding that more prosocial behavior (i.e., negatively correlated 

with CU traits) is related to greater RSA flexibility during parent–child interactions (Cui et 

al., 2015; Miller et al., 2016). Thus, RSA inflexibility may be an important biomarker of 

clinically-significant CU traits (Beauchaine, 2015). This interpretation is consistent with a 

theoretical model proposing that CU traits arise from reduced sensitivity to cues of social 

bonding and engagement (Waller & Wagner, 2019). CU traits have also been linked to 

deficits in responding to others’ emotions (Moore et al., 2019), and reduced attention to 

social features (Bedford et al., 2015). The current findings contribute to this literature by 

identifying aberrant physiological processes that might underpin these deficits, especially 

within the context of parent–child interactions, which are known to have gone awry among 

youth with CU traits (Waller et al., 2018). Moreover, while prior studies have investigated 

blunted tonic/phasic activity/reactivity in ANS and CNS measures among youth with CP 
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(Fortunato et al., 2013; Lorber, 2004; Pang & Beauchaine, 2013; Viding et al., 2012), as 

well as reduced amygdala reactivity (Jones et al., 2009), they have largely focused only on 

single simuli that represent cues of threat, distress, and fear in others, rather than capturing 

RSA change during social interactions with a parent. Our results suggest that youth high 

on CU traits may make more errors when attending and responding to more complex social 

responding of others due to reduced physiological sensitivity to cues of social engagement 

or social challenge.

Importantly, the pattern of reduced RSA flexibility among youth with clinically-significant 

CU traits was the opposite to that found for youth with a CD diagnosis who showed 

significantly greater decreases in RSA during the reading period and significantly greater 

increases in RSA during the recovery period than youth without CD. Thus, the present 

findings speak to the importance of the CU traits subgrouping approach for delineating 

a subgroup of antisocial youth, who have a distinct RSA profile characterized by a lack 

of change in RSA responding to shifting social demands. This profile differs from youth 

with CD who are low on CU traits, who show heightened RSA change in response to 

social demands, including greater decreases in RSA during the reading period and greater 

increases in RSA during recovery. At the same time, the cross-sectional nature of our study 

does not allow us to disentangle cause and effect. Inflexible RSA functioning could be 

related to increased risk for social deficits observed in youth with CU traits. However, 

the reverse could also be true, such that reduced responsiveness to others over time might 

ultimately contribute to decreases in RSA flexibility. Moreover, our results do not rule out 

the possibility that youth with CU traits were more disengaged from the task and their 

parents at the outset, contributing to nonsignificant changes in RSA during subsequent tasks. 

In addition, given that youth with clinically significant CU traits displayed RSA change that 

was actually trending in the opposite direction of youth with low levels of CU traits, future 

research is needed to clarify whether these youth are indeed being non-responsive, or if they 

are being “incorrectly” responsive or context-inappropriate in their responses.

It is also notable that the pattern of physiological inflexibility only emerged when comparing 

youth above and below the ICU clinical cut-off (i.e., delineating the most severe presence 

of CU traits). That is, continuous CU traits scores were unrelated to any LGCM factors and 

no group differences emerged in RSA patterns with a median split. These model differences 

provide preliminary evidence in support of the recently-established clinical cut-off for the 

ICU (Baroncelli et al., 2018; Fanti et al., 2013; Kimonis et al., 2008) and many prior studies 

of clinical and at-risk samples that utilized a similar grouping approach (Cecil et al., 2018; 

Sharf et al., 2014). At the same time, we, among others, have argued that CU traits should 

be considered dimensionally (Waller et al., 2020). One potential explanation for the findings 

is that our recruitment strategy prioritized the sampling of youth with mood and behavior 

problems and high levels of affective instability (Table S1). This strategy may have resulted 

in a sample characterized by greater emotion dysregulation and physiological sensitivity 

than is typically found in studies of youth with CU traits or CP (Baroncelli et al., 2018; Fanti 

et al., 2013). Future studies need to clarify the continuity or discontinuity of CU traits and 

examine relationships with RSA flexibility in a range of samples, including among youth 

from the community and youth specifically clinic-referred for CP.
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Our study had a number of strengths, including use of a latent variable approach, an 

ecologically valid paradigm, and multiple informants. However, we note several limitations. 

First, we did not assess RSA during a traditional baseline period, characterized by no 

stimulation or while watching a neutral video (Beauchaine et al., 2019). Future studies are 

needed that incorporate a true baseline prior to modeling RSA change. Second, we were not 

able to account for pubertal timing, which is known to influence RSA (El-Sheikh, 2005). 

Third, to include all observed respiratory rates, we purposefully used a wide high-frequency 

band (range = 0.12–0.50 Hz), which exceeds that typically used in other studies. Thus, 

while our range accurately encompassed all respiratory-related variability, the width may 

have made it more likely that some non-respiratory influences were inadvertently included 

within analyses. Future work would benefit from defining narrower respiratory ranges 

and assessing RSA within those ranges (e.g., autoregressive methods and cross spectral 

approaches). A discussion of the specification of respiration in developmental studies, as 

well as analytic suggestions, can be found in Shader et al., 2018. Fourth, prior research 

suggests that overly long tasks produce less RSA reactivity (Beauchaine et al., 2019). Thus, 

the relatively reduced slope estimate we obtained for the conflict piece of the model may 

have reflected the fact that this task was double the length of the prior reading and recovery 

tasks. Relatedly, we found no significant differences in RSA responding during the conflict 

discussion between the CU traits groups, which may have been because of the relatively 

reduced overall slope estimate arising from the task length. To address this issue, future 

research could incorporate dynamic models, such as non-linear models, or models that 

capture partner (i.e., parent) dependent change (actor-partner models) during briefer periods 

within parent–child conflict discussions.

In sum, we established significant, dynamic changes in RSA during parent–child 

interactions in a sample of clinically referred youth. These changes were less evident when 

youth had clinically-significant CU traits, reinforcing theory that CU traits are related to 

relatively inflexible physiological responding to social cues, in particular that of a parent. 

Our results provide preliminary support for the recently-established ICU clinical cut-off and 

support the utility of demarcating youth with elevated levels of CU traits, who may need 

tailored assessments and interventions that target their specific physiological profile.
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Fig. 1. 
Piecewise LGCM of min-by-min RSA activity during three different social interactions

Perlstein et al. Page 16

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Fitted piecewise LGCM estimating RSA change across three different social interactions. χ2 

= 130.29, CFI = .98, RMSEA = .06. a. Intercept (M = 6.78, p < 0.001); b. reading, 4-min 

(M = −0.08, p < 0.001); c. recovery, 2-min (M = .12, p < 0.001); d. conflict discussion, 

8-min (M = −0.01, p < 0.05). There was significant variance for the intercept (s2 = .84, p < 

0.001) and conflict discussion slope (s2 = .003, p < 0.05). The intercept was not significantly 

correlated with the slope of recovery (r = 0.20, p = 0.45) or conflict discussion (r = −0.10, 

p = 0.50). The recovery conflict discussion slopes were significantly correlated (r = −0.58, 

p < 0.01). Initial model output had revealed a linear dependency for the reading slope (i.e., 

estimated residual error variance for this factor was negative). To support estimation of an 

error-free model, we fixed the variance for the first slope factor to zero
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Fig. 3. 
Piecewise LGCM estimating RSA change across three different social interactions. 

Statistically significant differences emerged between groups for reading, b. (Δχ2 = 4.88, 

p < 0.05) and recovery, c. (Δχ2 = 4.12, p < 0.05). For youth with CU traits above the ICU 

clinical cut-off none of the slopes (i.e., b., c., and d.,) different significantly from zero
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Table 1

Sample Prevalence of DSM-5 Diagnoses

Disorder % with Diagnosis

Attention Deficit Hyperactivity Disorder 62%

Oppositional Defiant Disorder 45%

Borderline Personality Disorder 33%

Major Depressive Disorder 31%

Generalized Anxiety Disorder 23%

Separation Anxiety Disorder 19%

Conduct Disorder 18%

Disruptive Mood Dysregulation Disorder 17%

Social Phobia 9%

Post-traumatic Stress Disorder 3%

Panic Disorder 1%

The Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS-PL), a semi structured interview for youth aged 6–18 and their 
caregivers, was used to assess the presence and severity of affective and other child psychiatric disorders (Kaufman et al., 1997). Questions 
begin with a screen interview that covers all diagnostic categories, then continue using specific diagnostic supplements as indicated when screen 
thresholds are met. Ten percent of interviews were double-scored from video tapes, showing strong inter-rater reliability using a two-way model 
with consistency type (avg ICC = .88)
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