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Objective: High co-occurrence of externalizing and internalizing problems could underlie inconsistent findings regarding the relation between heart
rate (HR) and psychopathology. In this study, HR measures were examined in relation to a general dysregulation profile studied from variable- and
person-centered approaches.

Method: The sample (N ¼ 182) consisted of 8- to 12-year-old children referred for externalizing behaviors and typically developing children (mean
age 9.70, SD 1.26; 75.8% boys). Resting HR (HRrest) was assessed during a 3-minute resting period. HR reactivity (HRreactivity) was assessed during an
emotionally evoking go/no-go task.

Results: From a variable-centered approach, a bifactor model was fitted with a general factor of dysregulation underlying symptoms of anxiety/
depression, aggression, and attention problems. HRrest was positively associated with dysregulation and specific aggression. From a person-centered
approach, a latent profile analysis was used to identify different psychopathology classes: normative (n ¼ 92), predominantly aggressive (n ¼ 69),
and dysregulated (n ¼ 14). The latter was characterized by co-occurring increased levels of anxiety/depression, aggression, and attention problems.
HRrest was increased in the predominantly aggressive class and HRreactivity was increased in the dysregulated class.

Conclusions: High HRrest, or (trait-like) over-arousal, seems to be associated with dysregulation rather than uniquely associated with low externalizing
or high internalizing symptomatology. In addition, HRrest predicted greater aggression and HRrest was increased in the predominantly aggressive class.
High HRreactivity, or enhanced emotional reactivity, might be characteristic for a clinically relevant dysregulated subgroup. Assessment of HR could
provide additional knowledge on individual differences that can help refine diagnostics and intervention efforts.

Key words: autonomic nervous system, comorbidity, stress reactivity, arousal, psychopathology

J Am Acad Child Adolesc Psychiatry 2019;-(-):-–-.
T

Journal of t
Volume - /
he autonomic nervous system (ANS), one of the
main human stress-regulating systems, indexes
physiologic reactivity and is considered a major
component of emotion regulation.1,2 ANS dysfunction is
evident in many psychiatric disorders, but it is unclear to
what extent associations are general or specific to certain
forms of psychopathology. Such knowledge could elucidate
underlying mechanisms of psychopathology. Two main
indices of ANS functioning have been studied in relation to
psychopathology: resting heart rate (HRrest), that is, the
number of heart beats per minute (bpm) when a child is in a
relaxed position and without distractions, reflecting rela-
tively stable individual differences in baseline (trait-like)
levels of arousal; and heart rate reactivity (HRreactivity), that
is, the amount of change in HR in response to a stressor
(usually referring to increasing arousal from baseline,
he American Academy of Child & Adolescent Psychiatry
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indexing individual differences in emotional reactivity, or
state-like arousal in response to experimental stimuli).3-6

Lower HRrest has often been associated with external-
izing behaviors (eg, aggressive, antisocial, conduct prob-
lems),4,5,7 and higher HRrest has been associated with
internalizing behaviors (eg, anxiety, posttraumatic symp-
toms).3,8-11 HRreactivity has been studied far less, with avail-
able evidence suggesting that lower HRreactivity is related to
aggression and delinquency,12-17 whereas higher HRreactivity

has been linked to internalizing symptoms.18,19 These find-
ings are often explained in terms of over- and under-arousal.
Aggressive children are believed to be under-aroused, which
they experience as an unpleasant state, prompting them to
seek stimulating activities (sensation-seeking theory),20 and
not fearing the social consequences (eg, punishment, rejec-
tion) of their aggressive actions (fearlessness theory).21 In
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contrast, disorders from the internalizing spectrum, such as
anxiety, are believed to indicate behavioral (over-)inhibi-
tion3,22 or enhanced stress reactivity,10 which could be
expressed as “over-aroused” fear and anxiety.

However, this field of research has shown in-
consistencies, with numerous studies failing to find
divergent autonomic patterns for externalizing and
internalizing behaviors.16,23-26 One potential explanation
for these conflicting findings is that although externalizing
and internalizing behaviors are often considered opposite
ends of a spectrum, in reality, they are strongly related.
Children who present co-occurring externalizing and
internalizing behavioral problems are the norm rather
than the exception.27,28 These children have recently
been described as “dysregulated,”29 because they are
believed to have self-regulatory deficits across multiple
domains (ie, affect, attention, and behavior).29-31 The
Child Behavior Checklist–Dysregulation Profile (CBCL-
DP)31 is increasingly used to describe co-occurring af-
fective, behavioral, and cognitive dysregulation. The DP
cuts across categorical disorders such as attention-deficit/
hyperactivity disorder and oppositional defiant disorder
as diagnosed using the DSM.32 Therefore, it fits
well within recent efforts to describe psychopathology
dimensionally in terms of dysregulation and dysfunction
(Research Domain Criteria [RDoC]).33 One of the hall-
marks of the RDoC project is examining the underlying
physiology of psychopathology to better understand un-
derlying mechanisms and eventually improve children’s
outcomes by improving diagnostics and intervention ef-
forts.34 Although physiologic studies are challenging to
conduct in childhood samples, let alone in clinically
referred samples, such studies are essential for enhancing
insights into (neurobiological) mechanisms of childhood
psychopathology. Because physiological measures might
divulge unique insights into children’s emotional func-
tioning, it is valuable to examine physiology early in
development when early intervention could defer children
from chronic problematic developmental trajectories.

VARIABLE- AND PERSON-CENTERED
APPROACHES TO STUDY DYSREGULATION
Dysregulation has been studied from a variable-centered
approach and a person-centered approach using mostly 3
key syndrome scales (Anxious/Depressed [AD], Aggressive
Behavior [AGG], and Attention Problems [AP]) from the
externalizing and internalizing domains of the CBCL.29-31

Variable-centered analyses focus on relations among vari-
ables within a given population. Our previous variable-
centered work35,36 demonstrated that a bifactor model
(Figure 1) best described the DP. In this bifactor model,
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a general factor of dysregulation reflects what is common
among symptoms from the externalizing and internalizing
spectra. Three additional specific factors of AD, AGG, and
AP (representing the 3 DP scales)35,36 explain the unique
coherence among the items within these scales. A bifactor
model might be especially useful in determining the speci-
ficity of HRrest and HRreactivity in relation to psychopa-
thology, because links with specific anxiety/depression,
aggression, and attention problems and general underlying
dysregulation can be estimated simultaneously. As such, the
bifactor model might help clarify previously reported in-
consistencies in links between ANS functioning and
psychopathology.

In addition to a variable-centered approach, dysregulation
has been operationalized from a person-centered approach, in
which groups (classes) of individuals with similar profiles on
certain variables are identified. Latent profile analysis has been
used to derive homogeneous subgroups (or classes) with
different psychopathology profiles, such as youths with
normative scores on all scales, youths with higher scores
within the externalizing or internalizing domain only, and
youths with co-occurring externalizing and internalizing
problems. The latter group is often referred to as “dysregu-
lated,”30,37 because these children display concurrent distur-
bances in regulating attention, behavior, and mood.29,30

Latent profile analysis is a person-centered approach that re-
sults in empirically derived distinct groups (classes) with
similar profiles on several variables. This empirical and holistic
person-centered approach is of high clinical and practical use
because it acknowledges heterogeneity within the population
by identifying clusters of children with similar psychopa-
thology patterns that might show divergent patterns of ANS
dysfunction and potentially benefit from different or differ-
entiated treatments.

Thus, variable- and person-centered operationalizations
of dysregulation have distinct theoretical bases. The
variable-centered approach to psychopathology focuses on
commonalities between different forms of psychopathology,
and with a complementary person-centered approach, we
look for subgroups of children characterized by similar
psychopathology patterns. Applying these two approaches
in one study could result in a richer and more compre-
hensive understanding of ANS dysfunction and dysregula-
tion. In summary, the present study examined two different
measures of ANS functioning, HRrest and HRreactivity, in
relation to dysregulation from a variable-centered approach
(DP bifactor model) and a person-centered approach (latent
profile analysis) in a predominantly clinically referred sam-
ple of children 8 to 12 years of age. Because the DP has
been found to be highly stable and heritable,38,39 examining
markers of ANS functioning might help explain the etiology
Journal of the American Academy of Child & Adolescent Psychiatry
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FIGURE 1 Graphic Representation of the Bifactor Dysregulation Profile (DP) Model
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PSYCHOPHYSIOLOGY OF DYSREGULATION
of dysregulation versus more specific forms of psychopa-
thology. For the variable-centered approach, we expected
that HRrest and HRreactivity would be positively associated
with general dysregulated psychopathology and specific anx-
iety/depression and negatively associated with specific
aggressive behavior and attention problems. For the person-
centered approach, we expected to identify a group of dys-
regulated children who would show increased HRrest and
HRreactivity and a group of “predominantly aggressive” chil-
dren who would show decreased HRrest and HRreactivity (and a
normative group with scores between those of the dysregu-
lated and predominantly aggressive groups).

METHOD
Sample
Data were derived from a larger study (2004–2012) on
individual differences in neural and psychophysiologic
correlates of self-regulation.40,41 The study was approved
by the research ethics board of the University of Toronto.
Children 7 to 12 years of age (n ¼ 117) referred for
externalizing behavior by mental health professionals,
teachers, and/or parents were recruited from 2 commu-
nity mental health agencies in Canada. In addition,
(generally) typically developing children 7 to 18 years of
age (n ¼ 103) were recruited through newspaper ads.
Journal of the American Academy of Child & Adolescent Psychiatry
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Parents and children lacking sufficient English-language
skills and children with significant cognitive impairment
were excluded. Children 7 years or at least 13 years of age
were excluded to have a more homogeneous age group of
children 8 to 12 years old, representing middle
childhood.

The final study sample consisted of 182 children (mean
age 9.70, SD 1.26; 75.8% boys), of whom 115 were clin-
ically referred (63.2%) and 67 were recruited through
newspaper ads (36.8%). Children lived mostly with both
biological parents (40.9%) or with their mother only
(35.2%). The sample was relatively diverse for race, with the
majority being Canadian-European (62.3%) and the second
largest group being African/Caribbean-Canadian (15.4%).
Educational levels for mothers and fathers, respectively,
were 33% and 41.9% for high school or less, 33.5% and
26.4% for community college, and 30.7% and 29.5% for
university degree or higher. A social adversity index was
created (similar to that of Raine et al.42) with 1 point each
for father uneducated (13.7% with no high school diploma;
29.7% missing), mother uneducated (12.1% with no high
school diploma; 3.3% missing), low income (38.5% with
annual income <40,000 Canadian dollars; 6.6% missing),
and child living with both parents versus other (57.1%;
3.3% missing).
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All measures reported in this study were taken 2 weeks
before the start of treatment (combined parent management
and child-focused cognitive behavioral therapy). At this
time, 44 of the clinically referred children (24.2% of all
children, data were missing for 10 participants) received
psychopharmacotherapy, mostly stimulants (n ¼ 31).

Procedure
Children visited the university research laboratory with their
mother, where parental consent and child assent were ob-
tained. Children first completed a series of computer tasks
(see Woltering et al.43), while mothers completed ques-
tionnaires. Next, children and their mothers discussed
neutral and emotional issues (reported in Woltering
et al.41). They were asked to discuss, in this exact order, a
randomly assigned positive topic of 2 topics (“You will be
taken to live on an island paradise that has nothing on it—
you can take anything you want with you—use your
imagination to talk about what you would take”; “you have
won the lottery, what are you both planning to do with the
money?”); a personally relevant negative topic that the
parent and child independently listed using a modified
version of the Issues Checklist44 that provoked anger and
had not been resolved; and another positive topic. Two
minutes before the end of the discussions, a research assis-
tant knocked on the door and reminded the subjects that
there were 2 minutes left and that they should “try to end
on a positive note” (which was explained to participants
beforehand). During these discussions, mother and child
were connected to the electrocardiographic (ECG) acquisi-
tion unit, but HR data collected during these discussions
were not used in the present study (see Woltering et al.41 for
more details). After a brief break of several minutes, the
researcher would ensure good connectivity of the equipment
and explain the HRrest procedure. After another short break,
ECG measures were continued, and children were fitted
with an electroencephalographic net (results not reported in
this study) and seated in front of a computer to complete a
go/no-go task.43 From this task, HRreactivity was derived.

Measures
Child Behavior Checklist–Dysregulation Profile. Dysre-
gulation was assessed with the CBCL-DP, consisting of
items from the AD (13 items; a ¼ 0.84), AGG (18 items;
a ¼ 0.94), and AP (10 items; a ¼ 0.89) scales from the
CBCL,45 using the 2007 scale assignments. T scores were
computed according to the method of Achenbach.45

Early Adolescent Temperament Questionnaire–Revised. To
validate the person-centered latent profile solution, mean scale
scores derived from the parent-reported Early Adolescent
4 www.jaacap.org
Temperament Questionnaire–Revised (EATQ-R)46 were
used. The EATQ-R consists of 62 items divided into 10 scales:
Activation Control (7 items; a ¼ 0.82), Affiliation (6 items;
a¼ 0.70), Aggression (7 items; a¼ 0.82), Attention (6 items;
a ¼ 0.84), Depressive Mood (5 items; a ¼ 0.76), Fear
(6 items; a ¼ 0.52), Frustration (6 items; a ¼ 0.80), Inhib-
itory Control (5 items; a ¼ 0.71), Shyness (5 items;
a ¼ 0.83), and Surgency (9 items; a ¼ 0.62).

Physiology Measures. A BIOPAC MP150 psychophysio-
logic recording system (Biopac Systems Inc., Goleta, CA)47

was used to acquire ECG data at a sampling rate of 1,000
Hz. Electrodes were positioned diagonally across the heart
according to a standard lead II configuration. Data were
processed with ANSLab software48 and scored at 1-minute
intervals.

Resting Heart Rate. HRrest was measured during a
3-minute resting period after a 14-minute period of
mother–child discussions. During these discussions, mother
and child were connected to the ECG acquisition unit; HR
data collected during these discussions were not used in the
present study (see Woltering et al.41). The protocol for the
mother–child discussions was completed by 118 mother–
child pairs (64.8%). After 35 participants completed the
study, HRrest assessment was added to the study; thus, data
were available for 83 participants (45.6%). After a small
break, children were told to relax and sit still in a chair in an
observation room with the parent present, during which
HRrest was assessed. Video recordings were coded for
movements, talking, or other behaviors that might affect the
HR assessment. The large majority of children sat quietly
and calmly during the 3 minutes. One child was reluctant to
participate and kicked feet and yelled, after which the
assessment was stopped. For this child, available HRrest data
were recoded as missing. Paired-samples t tests indicated
that mean HR did not differ significantly between the
1-minute segments and was highly stable (r > 0.95 for all
comparisons). Mean HRrest was 88.92 bpm (range 65.17–
121.81, SD 10.80). HRrest did not significantly differ across
sex (t80 ¼ �0.1484, p ¼ .142) or medication status
(t71 ¼ �1.220, p ¼ .227).

Heart Rate Reactivity. HRreactivity was assessed during an
adapted version of a previously developed emotion induc-
tion go/no-go task.49 The task was programmed using E-
Prime software.50 Children were shown a series of letters
and were instructed to press a button on a response pad
with their index finger as fast as possible whenever a letter
appeared on the screen (go condition) and withhold
responding when the same letter appeared twice in a row
(no-go condition). To ensure engagement and motivation,
children received performance feedback periodically on
Journal of the American Academy of Child & Adolescent Psychiatry
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screen and were told beforehand that if they accumulated
enough points they could pick a prize (such as large action
figures). A practice block was followed by 3 blocks (A, B, C)
that each lasted 3 minutes. A dynamic adjustment of
stimulus times based on performance was used to make the
task challenging for all ages (for more details, see Woltering
et al.43). In block A (200 trials, 66 no-go trials), children
steadily gained points; in block B (150 trials, 40 no-go
trials), they immediately began losing all or almost all
their points (intended to induce negative emotion) because
of a change in the point-adjustment algorithm and shorter
stimulus times (as such, the task deviated from the typical
go/no-go task in which generally no manipulation takes
place). In block C (200 trials, 66 no-go trials), the algo-
rithms went back to normal and children were awarded
their prize (see Supplement 1, available online, for more
details). Analysis of manipulation checks confirmed that the
go/no-go task was emotionally evoking, because during
block B (when children lost all their points) perceived
negative emotions significantly increased and positive
emotions decreased (Figure S1, available online).

HRreactivity data were available for 149 participants
(81.9%). HR increased significantly from 87.91 bpm in
block A to 88.68 bpm in block B (t146 ¼ �2.980,
p ¼ .003) and then to 91.11 bpm in block C
(t145 ¼ �9.468, p < .001). The difference between HR in
the first minute of block B (the emotion induction block)
and the last minute of block B (when participants were
typically losing all their points and were most upset) was
taken as an indication of HRreactivity, with higher scores
indicating a greater increase in HR during block B sug-
gesting greater HRreactivity, a procedure in line with a pre-
vious study on this sample.43 HRreactivity did not
significantly differ across sex (t144 ¼ 0.965, p ¼ .336) or
medication status (t144 ¼ �1.805, p ¼ .073).

RESULTS
Variable-Centered Approach
Bifactor Model. Using confirmatory factor analysis in
Mplus 851 with the WLSMV estimator for categorical in-
dicators, a bifactor model (see Deutz et al.35) was estimated
using available item-level CBCL data (n ¼ 160, 12.1%
missing). Each item loaded on a general DP factor and on 1
orthogonal specific factor of AD, AGG, or AP (Figure 1).
Fit indices for this model were good (c2

738 ¼ 977.513, root
mean square error of approximation 0.045, comparative fit
index 0.966, Tucker-Lewis index 0.963). Based on in-
spection of modification indices, item 41 (“impulsive or acts
without thinking”; part of AP) was allowed to cross-load on
AGG, which significantly improved model fit (Dc2

1 ¼
22.482, p < .001). Model fit indices for the final model
Journal of the American Academy of Child & Adolescent Psychiatry
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were c2
737 ¼ 952.964, root mean square error of approx-

imation 0.043, comparative fit index 0.970, Tucker-Lewis
index 0.966. All factor loadings (Table S1, available on-
line) on the general DP factor were significant (most
>0.60). Factor loadings on the specific factors were
generally lower, and 10 of 41 loadings (of which 7 were
for AGG) were not statistically significant. Factor scores
were subsequently saved to use as input for regression
analyses.

Regression Analysis. Children with and without HRrest or
HRreactivity data did not differ significantly in age, sex, social
adversity, factor scores from the bifactor DP model or on
CBCL-DP T scores. Therefore, regression analyses were
conducted in Mplus 8 with saved factor scores using full
information maximum likelihood to optimally handle
missing data and use the full sample. Bootstrapping (5,000
replications) was used for all analyses because of the rela-
tively small sample. HRrest and HRreactivity were examined as
predictors of DP, AD, AGG, and AP factor scores from the
DP bifactor model (simultaneously; Table 1). For the
covariates, sex negatively predicted DP and AGG, meaning
that boys had higher (factor) scores on these variables.
Higher social adversity predicted higher DP only. Medica-
tion use predicted higher DP. Controlling for covariates,
higher HRrest predicted higher DP and higher AGG.
HRreactivity was not a significant predictor for DP, AD,
AGG, or AP. HRrest and HRreactivity were not significantly
related (r ¼ �0.005, p ¼ .963); hence, results did not differ
when HRrest and HRreactivity were examined separately.
Covariates did not affect patterns of results. R2 values were
0.298 for DP (p < .001) and 0.186 for AGG (p < .05). No
significant variance was explained in AD (0.062, p ¼ .267)
or AP (0.085, p ¼ .096). Cohen f 2 effect size values
(calculated as R2 divided by 1 � R2) were small for AD
(0.07) and AP (0.09), medium for AGG (0.23), and large
for DP (0.42). As suggested by an anonymous reviewer,
post hoc analyses were performed to examine whether sex
interacted with HRrest and HRreactivity in predicting psy-
chopathology in the variable-centered approach. No sig-
nificant interactions with sex emerged.

Person-Centered Approach
Latent Profile Analysis. To examine whether, and how
many, homogeneous latent subgroups with different psy-
chopathology profiles could be distinguished, latent profile
analysis was performed. Continuous T scores for the AD,
AGG, and AP scales (n ¼ 175, 3.8% missing) were used
rather than item-level data because of sample size limita-
tions. Given high intercorrelations between CBCL T scores,
covariances among latent profile indicators were allowed.
Model fit was evaluated with the Lo-Mendell-Rubin (LMR)
www.jaacap.org 5
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TABLE 1 Regression Coefficients (SEs; STDYX Standardized) of Resting Heart Rate (HRrest) and Heart Rate Reactivity (HRreactivity)
Predicting Factors in the Dysregulation Profile (DP) Bifactor Model

DP AD AGG AP
Sex L0.157* (0.079) 0.089 (0.076) L0.199* (0.085) L0.167 (0.087)
Age L0.036 (0.075) L0.003 (0.083) L0.072 (0.080) L0.116 (0.070)
Social adversity index 0.257** (0.076) 0.092 (0.080) L0.037 (0.084) 0.108 (0.088)
Medication status 0.310*** (0.083) 0.061 (0.095) 0.108 (0.104) 0.148 (0.086)
HRrest 0.285* (0.119) L0.217 (0.136) 0.342** (0.115) 0.060 (0.125)
HRreactivity L0.011 (0.089) 0.044 (0.109) 0.081 (0.103) L0.022 (0.093)

Note: Anxious/depressed (AD), aggressive behavior (AGG), and attention problems (AP) refer to factor scores derived from the bifactor DP model.
*p < .05; **p < .01; ***p < .001.

DEUTZ et al.
test, with significant values indicating better fit compared
with a model with k � 1 profiles,52 lower values on the
sample size adjusted Bayesian information criterion (Adj-
BIC), and entropy levels of at least 0.80. LMR results
indicated that a 3-class solution fit best statistically and had
good entropy (0.90) and lower AdjBIC values (3,751.323)
than a 1-class solution (3,807.037) and a 2-class solution
(3,783.682). Although the 4-class solution showed lower
AdjBIC (3,746.611), results of the LMR test indicated that
the 4-class solution fit significantly worse (p ¼ .108 by
LMR test). Because the 4-class solution also consisted of 2
very small classes (of 9 and 4 participants), the 3-class so-
lution was chosen as the final solution. The classification of
individuals in the 3-class solution was good because the
average probabilities for the most likely class were high
enough (>0.924) and probabilities for the other 2 classes
were low enough (<0.076).

A graphic representation of the classes is presented in
Figure 2. The largest class (n ¼ 92), with mean T scores in
the normative range on AD, AGG, and AP, was referred to
as the normative class. The second largest class (n ¼ 69) had
mean T scores in the clinical range for AGG, the subclinical
range for AP, and the normative range for AD and was
labeled the predominantly aggressive class. The third class
(n ¼ 14) had mean T scores in the clinical range for AD,
AGG, and AP and was labeled the dysregulated class, in line
with previous studies.37,53

To examine the validity of the latent profile solution, the
3 classes were compared on means on 10 temperament di-
mensions (Figure 3). The 3 classes did not differ significantly
on affiliation, shyness, and surgency. For 5 scales, the 3
classes differed significantly from one another, with dysre-
gulated children scoring highest on depressive mood, fear,
and frustration and lowest on activation control and atten-
tion. The predominantly aggressive and dysregulated classes
did not differ significantly on aggression and inhibitory
control. These results confirmed the validity of the profile
6 www.jaacap.org
solution because the degree of adjustment of the 3 classes
was normative > predominantly aggressive > dysregulated.

Profile Comparisons. To compare the latent profiles on
means (ie, HRrest, HRreactivity, and covariates), the BCH
procedure in Mplus was used for continuous variables and the
DCATEGORICAL option was used for categorical vari-
ables.51 Mean T scores of AD, AGG, and AP differed
significantly between classes, except levels of AGG that did
not significantly differ between the predominantly aggressive
and dysregulated classes. There were no sex and age differ-
ences between classes. Children in the normative class had
lower social adversity scores (0.982) compared with those in
the predominantly aggressive class (1.491; c2 ¼ 7.778,
p < .01) and the dysregulated class (1.887; c2 ¼ 13.791,
p < .001) and they were less likely to use medication (0.033
probability) compared with the predominantly aggressive class
(0.495 probability; c2 ¼ 38.690, p < .001) and the dysre-
gulated class (0.527 probability; c2 ¼ 9.020, p < .01).

Next, the 3 psychopathology classes (normative, pre-
dominantly aggressive, and dysregulated) were compared on
mean levels of HRrest and HRreactivity. The predominantly
aggressive group had significantly higher HRrest (93.30, SE
2.12) compared with the normative group (HRrest ¼ 86.07,
SE 1.61; c2 ¼ 6.917, p < .01), whereas the dysregulated
group (HRrest ¼ 88.03, SE 1.86) did not differ significantly
from either group.

HRreactivity did not differ between the predominantly
aggressive (HRreactivity ¼ 2.31, SE 0.42) and the normative
(HRreactivity¼ 1.65, SE 0.46) group but was significantly higher
in the dysregulated group (HRreactivity ¼ 4.39, SE 92)
compared with the normative group (c2¼ 7.147, p< .01) and
the predominantly aggressive group (c2 ¼ 4.117, p < .05).
DISCUSSION
In this study, we examined HRrest and HRreactivity, 2
different markers of ANS (dys-)function, in relation to
Journal of the American Academy of Child & Adolescent Psychiatry
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FIGURE 2 Graphic Representation of Average T scores of the Anxious/Depressed, Aggressive Behavior, and Attention
Problems Syndrome Scales of the Child Behavior Checklist, Graphed for the 3 Latent Profile Groups
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psychopathology in a sample of 8- to 12-year-old children,
predominantly clinically referred for externalizing problem
behavior. We used 2 approaches of considering common-
alities between internalizing and externalizing behavior
problems: a variable-centered approach and a person-
centered approach. For the variable-centered approach, we
FIGURE 3 Means on the Subscales of the Early Adolescent Tempe
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estimated a bifactor model with a general psychopathology
factor of dysregulation underlying externalizing and inter-
nalizing symptomatology that exists next to specific factors
of AD, AGG, and AP. For the person-centered approach,
we used latent profile analysis to derive groups with
different psychopathology profiles. The person-centered
rament Questionnaire–Revised Across the 3 Psychopathology
sive, n ¼ 69; and Dysregulated, n ¼ 14)

c

b

c

a a

b

a

c

a a
a a

ab

a

b
a

a

ab
a

b
a

Normative (n = 92)

Dysregulated (n = 14)

a
Predominantly Aggressive (n = 69)

ustration Inhibitory Control Shyness Surgency

m one another as indicated by c2 equality tests of means across classes using the
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latent profile analyses showed 3 distinct groups of children
with different psychopathology profiles: normative, pre-
dominantly aggressive, and dysregulated (characterized by
co-occurring anxiety/depression, aggression, and attention
problems). These psychopathology profiles differed signifi-
cantly on temperament dimensions, which confirmed that
the normative group was well adapted, whereas the dysre-
gulated group was the least well adapted (more so than the
predominantly aggressive group). The dysregulated group
showed an overall temperamental pattern of increased
negative affect (aggression, depressive mood, frustration),
decreased effortful control (attention, activation control),
and increased fear. This is in line with previously reported
patterns of personality pathology predicted in late adoles-
cence by early childhood DP.39

Because our relatively small sample in relation to
model complexity prohibited formal statistical compari-
sons of the variable- and person-centered approaches,
only convergent findings across the approaches can be
interpreted with some degree of certainty, and differences
must be interpreted with caution because they could
result from model differences.

Resting Heart Rate
Results from the variable-centered analyses showed that,
as expected, HRrest was positively related to dysregula-
tion, suggesting that high(-er) HRrest might reflect a more
general predisposition for developing psychopathology
rather than being a precise marker for specific internal-
izing symptomatology. Bifactor models, in which a gen-
eral factor of dysregulation or psychopathology explains
common interrelatedness between externalizing and
internalizing symptomatology, have been recognized as
highly useful in variable-centered psychopathology
research, especially because they offer a refined way to
disentangle shared versus specific associations with etiol-
ogies and outcomes.54,55 Using this approach our study
demonstrated shared biopsychological mechanisms and
showed that higher HRrest indicates increased emotional
arousal that might affect a broad expression of psycho-
pathologic symptoms going beyond the internalizing
spectrum. HRrest was not significantly increased in the
dysregulated class, but the relatively large coefficient size
suggests that the small group (n ¼ 14) could have affected
the non-significance of this result.

Unexpectedly, HRrest also was positively associated with
specific aggression and it was increased in a subgroup of
children characterized as predominantly aggressive.
Although low HRrest is often described as a biomarker for
antisocial behavior,4,7 several studies have failed to
demonstrate links between low HRrest and externalizing
8 www.jaacap.org
behaviors.16,23-26 There are several possible explanations for
our findings. First, the AGG scale from the CBCL consists
of a heterogeneous set of behaviors, and it has been pro-
posed that low HRrest is an autonomic risk factor for pro-
active (goal-directed, intentional) psychopathic-like
aggression rather than for reactive (or impulsive, emotional)
aggression.42,56,57 Autonomic over-arousal has been associ-
ated with internalizing subtypes of conduct disorder58 and
has been suggested to explain the co-occurrence between
reactive aggression and anxiety.59 In our study, given the
high degree of comorbid internalizing problems in children
referred for externalizing behaviors, this implies that the
aggressive behaviors reported might have been primarily
reactive. Another explanation can be found in sample
characteristics, with several other clinical studies also
reporting that children with disruptive behavior disorders
had higher HRrest compared with controls.56,60,61 Our
convergent findings from 2 different approaches to examine
(comorbid) psychopathology substantiate a previous notion
that the link between low HRrest and externalizing behavior
link might be primarily encountered in community
samples.8

Because comorbidity of internalizing problems in
children with disruptive behavior disorders is generally
high,62 comorbid anxiety might drive increased HRrest,
which shows the usefulness of measures such as the DP
that cut across spectra. Our findings corroborate previous
reports of neural hypervigilance in externalizing disor-
ders,22,63 in line with a theoretical model proposing that
anxiety, typically associated with too much inhibitory
control, is not merely an auxiliary phenomenon, but
rather drives and maintains aggression.64 Larger clinical
samples would offer the opportunity to identify addi-
tional subtypes of externalizing behavior with different
neurobiological correlates, potentially identifying a sub-
group of “aggressive-only” children for whom fearlessness
would be a key differentiating symptom. Including chil-
dren with internalizing disorders in such studies could
further refine results.

Heart Rate Reactivity
HRreactivity as a marker of ANS dysfunction has received
much less attention in research, with the few available
studies suggesting under-reactivity is associated with exter-
nalizing behaviors12-17 and over-reactivity is associated with
internalizing behaviors.18,19 Our findings showed that
HRrest and HRreactivity were not related. Relations with
HRreactivity and psychopathology did not converge across the
variable- and person-centered analyses, and therefore find-
ings should be interpreted cautiously. No associations
emerged between HRreactivity and psychopathology in the
Journal of the American Academy of Child & Adolescent Psychiatry
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variable-centered approach. For the person-centered
approach, a distinct group of dysregulated children
appeared to have slight increased HRreactivity in response to
emotional induction (losing points during a game in the
present study). This could point to greater emotional
reactivity, especially downregulating negative emotions such
as anger and frustration, in dysregulated children, in line
with studies demonstrating greater ANS reactivity in chil-
dren with comorbid disorders.65 Our predominantly
aggressive group did not show the previously reported
blunted HRreactivity,

12-17 possibly because of their increased
levels of anxiety/depression and subclinical levels of atten-
tion problems. Attenuated HRreactivity could be specific for
proactive aggression,66 but a subtype of children displaying
only proactive aggression is quite rare. Another explanation
might lie in task characteristics. A wide range of stimulus
types has been used to measure HRreactivity in previous
research, such as psychosocial stress tasks in which partici-
pants need to deliver a speech,12,13 or games aimed to elicit
stress or frustration14,16 and peer provocations,15 which
could influence the relation between HRreactivity and psy-
chopathology.67 In our study, HRreactivity was measured
during an emotionally evoking go/no-go task, in which
children were led to believe they would not receive a
desirable gift. Future studies with preferably a more exten-
sive HRreactivity protocol with different tasks or stimuli are
needed.3

Strengths of this study concern examination of auto-
nomic dysfunction in relation to dysregulation, rather
than with externalizing and internalizing problems sepa-
rately. HRrest and HRreactivity proved to be unrelated in-
dependent measures and including them simultaneously
exposed unique insights into autonomic dysfunction of
dysregulation. By using variable- and person-centered
approaches to operationalize dysregulation, this study
showed differentiated associations with autonomic func-
tioning depending on operationalization. This finding has
important implications because variable-centered and
person-centered approaches have been used in previous
research, often without acknowledging how such ap-
proaches differ. This presents a drawback in current
research and limits the ability to draw comparisons among
studies.35 Research into formal comparisons of person-
and variable-centered approaches to dysregulation is
required to determine the impact of the different
approaches.

Limitations of our study also need to be considered.
Ideally HRrest reflects autonomic activity in the absence
of any affecting external stimuli. In our study, we cannot
rule out that the presence of the parent affected the child.
Journal of the American Academy of Child & Adolescent Psychiatry
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However, meta-analytic evidence showed that the relation
between HRrest and aggression was highly generalizable
across different study designs and samples. This relation
also was not affected by method of HR assessment and a
range of other potential covariates such as age,4,7 body
mass index, pubertal stage and physical health status,8

and crying and muscle tone of the child during the
HRrest assessment.68 Regarding the role of medication use
in ANS functioning, in our study HRrest and HRreactivity

were not significantly different for children with and
without medication (similarly to Schoorl et al.56 and De
Wied et al.61). Furthermore, adding medication status as
a covariate in the regression analyses did not affect the
results. However, to rule out effects of medication
completely, participants would need to refrain from
medication use before assessment. However, this was
ethically not feasible in this clinical sample. Another
limitation is the relatively small sample overall, which
prohibited formal comparisons of the results from the
variable-centered and person-centered approaches. In
addition, especially the small size of the dysregulated
subgroup (which consisted of only 14 children) weakened
power to detect group differences. Nonetheless, very few
studies have examined ANS functioning in clinical sam-
ples, especially in children, and we look forward to future
research to complement our findings. Causality cannot be
determined from this study. However, it seems that
altered ANS functioning predicts subsequent psychiatric
problems rather than vice versa9 because it is generally
stated that HRrest not only co-occurs with psychopa-
thology but also precedes it.7

It must be noted that associations between HRrest and
psychopathology were relatively modest. Future research
should focus further on elucidating underlying mecha-
nisms of ANS dysfunction in dysregulation, because these
are still poorly understood. For example, it is unclear
whether HRrest might be a marker of other processes that
are implicated in dysregulated behavior such as prefrontal
cortex dysfunction,6 or whether HRrest and dysregulation
are influenced by the same genetic factors because they
are (at least in part) genetically determined. Because our
study shows that ANS dysfunction is especially related to
dysregulated behavior, early patterns of disrupted ANS
functioning could constrain the acquisition of self-
regulatory abilities. More research is needed, especially
in younger samples given their higher neural plasticity.
Future research in larger samples could further examine
potential differences between boys and girls.

To conclude, this study offers new insights into
links between ANS (dys-)function and externalizing,
www.jaacap.org 9
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internalizing, and underlying dysregulated symptom-
atology. Rather than considering higher HRrest, or (trait-
like) over-arousal, as a unique risk factor for low
externalizing and high internalizing symptomatology, we
might better conceptualize such HR characteristics as a
general risk factor for the development of psychopathol-
ogy. In addition, high HRreactivity, or enhanced emotional
reactivity, might be characteristic for a clinically relevant
subgroup of dysregulated children. Our findings are
exploratory rather than explanatory, and replication in
different samples is needed. HR can be assessed with
relatively inexpensive and easy-to-use equipment and
could provide incremental knowledge on individual dif-
ferences that can help refine diagnostic assessments and
intervention efforts.
10 www.jaacap.org
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