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Abstract

Previous studies have examined the moderating effect of respiratory sinus arrhythmia (RSA) on the association between marital
conflict and externalizing problems, however the findings were inconsistent. One possible reason is that the covariation of
internalizing problems in externalizing problems. Therefore, the present study aimed to examine this issue. Participants were
332 Chinese adolescents (54.5% boys) age from 13 to 15 years old. At T1, electrocardiogram monitoring was performed on
adolescents during the resting state and stressor tasks (a speech task and a mental arithmetic task) to obtain RSA data. The
Chinese version of the Achenbach Youth Self-Report-2001 (YSR-2001) and the Chinese version of the Children’s Perception of
Interparental Conflict scale were used to assess adolescents’ externalizing and internalizing problems and their perception of
marital conflict, respectively. Adolescents’ problem behaviors were assessed again in the second and third waves of data
collection, with a 1-year lag among each wave. The results revealed that the 3- interactions of marital conflict x RSA reactivity
in speech task x sex significantly predicted the trajectory of externalizing problems when controlling for internalizing problems
from externalizing problems. Specifically, girls with greater RSA suppression to the speech task reported low and stable
externalizing problems, however, boys with the same pattern were associated with slightly increased levels of externalizing
problems. While, RSA augmentation to the speech task predicted the increase in externalizing problems among both girls and
boys in high marital conflict families over time. However, this interaction effects were not significant when not partial out
internalizing problems from externalizing problems. The findings highlight the importance of controlling for the covariation of
internalizing problems when examining the interaction effects of person and environment on the development of adolescents’
externalizing problems.

Keywords Externalizing problems - Marital conflict - Respiratory sinus arrhythmia - Adolescent - Controlling for internalizing
problems

Externalizing problems (e.g., aggression and disruption) are
common in children and adolescents and predict various mal-
adaptive outcomes (e.g., Achenbach et al. 2016). The person-
environment interaction framework (e.g., Cicchetti 2008) pro-
poses that environmental risk factors and individual vulnera-
bility factors interactively contribute to children and adoles-
cents’ maladjustment such as externalizing problems. Among
environmental risk factors, marital conflict has been regarded
as a robust family stressor and is associated with externalizing
problems (Cummings and Davies 2010; Grych and Fincham
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1990). Respiratory sinus arrhythmia (RSA) activity as an in-
dividual characteristic is considered a physiological marker of
emotional self-regulation, and it has been found to be related
to externalizing problems (Dietrich et al. 2007; Graziano and
Derefink 2013). Moreover, several studies have found that
RSA activity, including both baseline RSA and RSA reactiv-
ity, interacted with marital conflict to predict children’s and
preadolescents’ externalizing problems (El-Sheikh et al. 2011;
Katz and Gottman 1997; Obradovi¢ et al. 2011). However,
some others have failed to find this moderating effect in chil-
dren (Eisenberg et al. 2012; El-Sheikh and Whitson 2006;
Whitson and El-Sheikh 2003).

One possible explanation for these inconsistent findings is
that externalizing problems generally covary with internaliz-
ing problems (Achenbach et al. 2016; Keiley et al. 2003;
Lilienfeld 2003), externalizing problems usually overlap with
internalizing problems in other words. More importantly,
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RSA activities have different roles in the development of ex-
ternalizing problems and internalizing problems (Graziano
and Derefink 2013). It is possible that the moderating effect
of RSA activity on the association between marital conflict
and externalizing problems might be affected by the covari-
ance of internalizing problems. However, few existing studies
control for internalizing problems when examining the asso-
ciations among marital conflict, RSA activity, and externaliz-
ing problems. Thus, the present study aimed to explore this
issue among a sample of Chinese adolescents.

Marital Conflict and Externalizing Problems

Marital conflict is defined as any difference, disagreement, or
argument regarding an issue of family life, and it includes all
kinds of psychological and physical conflicts between couples
(Cummings and Davies 2010). Marital conflict can be consid-
ered a chronic stressor and serves as a developmental risk factor
for children and adolescents. Several influential models eluci-
date the potential mechanisms and processes regarding how
marital conflict affects child functioning. In the cognitive-
contextual framework (Grych and Fincham 1990), children
and adolescents’ distorted social cognitive and behavioral pat-
terns, such as dysfunctional attributions and negative self-rep-
resentation, are proposed to mediate the link between parental
conflict and their psychopathology. The emotional security hy-
pothesis (Cummings and Davies 2010) proposes that marital
conflict might affect children and adolescents’ emotional secu-
rity and emotional regulation ability, further increasing the risk
of problem behaviors such as externalizing problems. In addi-
tion to undermining cognitive, behavioral and emotional as-
pects, marital conflict also has a negative effect on children
and adolescents’ adaptation by compromising physiological
function. Previous studies have suggested that chronic physio-
logical and emotional arousal elicited by frequent marital con-
flict may result in allostatic load and stress vulnerability to the
environment; such a process could be an important mechanism
in the development of psychopathology (El-Sheikh and Erath
2011). Large bodies of cross-sectional and longitudinal studies
have suggested that marital conflict is associated with an in-
creased risk of children and adolescents’ maladjustment, in-
cluding externalizing problems (Cummings and Davies 2010;
Grych and Fincham 2001; Tu et al. 2016).

RSA and Externalizing Problems

Based on theoretical and empirical work (Beauchaine et al.
2007; Porges 1995, 2007), individual RSA activity, which is
conceptualized as a physiological index of emotional and be-
havioral regulation, plays an important role in individual dif-
ferences in externalizing problems. RSA refers to rhythmic

fluctuations in an individual’s heart rate corresponding to the
natural respiratory cycle. RSA during the resting state (base-
line RSA) and changes in RSA in response to environmental
challenges (RSA reactivity) are both processes of parasympa-
thetic nervous system (PNS) functioning in the heart via the
vagus nerve (Porges 1995, 2007). Baseline RSA reflects the
individual’s ability to maintain homeostasis and a calm state,
and a high baseline RSA is proposed to be associated with
adaptive functioning (Calkins et al. 2007; Porges 1995, 2007).
Generally, RSA suppression (decreased RSA) during stress or
a high-challenge context supports the ability to modulate
arousal and to facilitate the mobilization of physiological re-
sources to flexibly adapt to environmental demands (Calkins
et al. 2007; Graziano and Derefink 2013; Porges 1995, 2007).
However, in a low-risk or low-challenge context, such a de-
crease in RSA is considered unnecessary and may not repre-
sent adaptive physiological regulation (Davis et al. 2016;
Hastings et al. 2008). In contrast, RSA augmentation (in-
creased RSA) during stress may reflect deficits in the capacity
to flexibly respond to demanding environments and may rep-
resent vulnerability (Graziano and Derefink 2013; Porges
1995, 2007; Mcquade and Breaux 2017). However, evidence
regarding direct links between baseline RSA/RSA reactivity
and externalizing problems among children is inconsistent. It
has been suggested that RSA activity only confers risk for
externalizing problems under certain conditions. As previous
studies suggested, the bivariate relation between RSA activity
and externalizing problems may be moderated by other fac-
tors, such as environmental factors (El-Sheikh and Erath
2011; Graziano and Derefink 2013).

Marital Conflict, RSA and Externalizing
Problems

The person-environment interaction framework proposes that
an individual’s maladjustment is not determined alone by en-
vironmental factors or individual characteristics, and both en-
vironmental factors and individual characteristics interactively
contribute to an individual’s maladjustment (e.g., Cicchetti
2008). Furthermore, there are different perspectives regarding
the nature of the interaction between environmental factors
and individual characteristics when predicting developmental
outcomes. The diathesis-stress model emphasizes that individ-
uals who possess vulnerability characteristics are at higher risk
of psychopathology in the context of environmental stressors
(Monroe and Simons 1991). The differential susceptibility
model (Belsky and Pluess 2009) proposes that individuals
with susceptible characteristics are more sensitive to both neg-
ative and positive environments and thus are prone to malad-
justment or positive adjustment. Based on these theories, em-
pirical studies have explored the extent to which marital con-
flict and RSA activity interact to predict children’s
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externalizing problems; however, the findings are mixed.
Some studies have found that baseline RSA moderated the
association between marital conflict and children’s externaliz-
ing problems (El-Sheikh et al. 2001; El-Sheikh et al. 2011;
Katz and Gottman 1997). For example, El-Sheikh et al. (2001)
found that high baseline RSA buffered 8- to 12-year-old chil-
dren against the negative effect of marital conflict, whereas
low baseline RSA and marital conflict interactively predicted
more externalizing problems. Others have failed to find this
moderating effect in children (Eisenberg et al. 2012; El-
Sheikh and Whitson 2006; Whitson and El-Sheikh 2003).
Similarly, some studies have found that RSA reactivity to
stress tasks moderated the association between marital conflict
and children’s externalizing problems (El-Sheikh et al. 2001;
El-Sheikh et al. 2011; Obradovi¢ et al. 2011). For example,
Obradovi¢ et al. (2011) found that 4- to 6-year-old children
who showed greater RSA suppression in response to interper-
sonal task were less affected by marital conflict, while chil-
dren who showed RSA augmentation exhibited more exter-
nalizing problems in the context of marital conflict. Other
studies have shown that RSA reactivity to stress tasks such
as listening to the mock adult argument task did not moderate
the association between marital conflict and children’s exter-
nalizing problems (El-Sheikh and Whitson 2006; Whitson
and El-Sheikh 2003).

Taken together, the findings regarding the interaction effect of
RSA activity and marital conflict on externalizing problems were
inconsistent. There may be several reasons. One probable reason
lies in the comorbidity or covariation of externalizing and inter-
nalizing problems. A large body of literature has demonstrated
that externalizing and internalizing problems are closely related
and often involve covariation and codevelopment during child-
hood and adolescence (Achenbach et al. 2016; Angold and
Costello 1993). According to the bifactor model (Chen et al.
2006; Wang et al. 2016 and Wang, Eisenberg, Valiente, &
Spinrad, 2016), the externalizing problems and the mixed profile
of externalizing problems (i.e. including covariation of external-
izing and internalizing problems) may have different anteced-
ents, correlates, developmental pathway, and outcomes.
Several studies have found that different patterns of externalizing
problems are related to differential patterns of physiological re-
activity, including RSA reactivity (e.g., Calkins et al. 2007). For
example, Calkins et al. (2007) found that children at risk for a
mixed profile of externalizing problems displayed the greatest
RSA suppression in response to environmental challenges, while
children with a pure externalizing problem displayed the least
RSA suppression in response to environmental challenges. Thus,
the contribution of RSA activity to externalizing problems may
be affected by the covariance of externalizing and internalizing
problems. In samples of children and adolescents, a lower base-
line RSA was reported to be positively (Bosch et al. 2009;
Dietrich et al. 2011), negatively (Blood et al. 2015; Pang and
Beauchaine 2013), or nonsignificantly (Koenig et al. 2016)
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related to internalizing problems. Meanwhile, a lower baseline
RSA was reported to be positively (Beauchaine et al. 2007) or
negatively (Dietrich et al. 2007; Xu et al. 2014) related to exter-
nalizing problems. Similarly, either greater RSA suppression
(Graziano and Derefink 2013) or RSA augmentation(Thayer
and Lane 2000) in response to stressors has been found to be
linked with more internalizing problems and RSA augmentation
has been found to be linked with more externalizing problems
(Davis et al. 2016; Mcquade and Breaux 2017). Considering that
the direction of the associations between RSA activity (baseline
RSA and RSA reactivity) and internalizing and externalizing
problems may be different, the role of RSA activity in the rela-
tionship between marital conflict and externalizing problems
might be confused and even offset by the covariance of exter-
nalizing and internalizing problems. Therefore, as previous stud-
ies suggested (Achenbach et al. 2016; Keiley et al. 2003;
Lilienfeld 2003), more precise conclusions could have been
drawn regarding the moderating effect of RSA activity (baseline
RSA and RSA reactivity) on the association between marital
conflict and externalizing problems when controlling for inter-
nalizing problems.

The second reason of the inconsistent finding is partly due to
sex differences in associations among marital conflict, RSA,
and externalizing problems. For example, some studies have
found that marital conflict predicted increases in externalizing
problems over time, especially among boys with lower baseline
RSA or less RSA suppression (El-Sheikh et al. 2001; El-Sheikh
and Erath 2011). Thus, the present study also aimed to examine
whether the associations between RSA activity, marital conflict
and externalizing problems when controlling for internalizing
problems differ by sex. This may further delineate sex-specific
pathways underlying such associations.

Lastly, as previous studies suggested, the types of stressor
tasks used to evoke RSA reactivity, might affect the moderat-
ing effect of RSA reactivity on the relationship between fam-
ily environment and psychological adaptation among children
and adolescents (Cui et al. 2015; Obradovi¢ et al. 2011).
Consequently, the present study measured RSA reactivity dur-
ing speech task and mental arithmetic task to further clarify the
moderating effect of RSA reactivity on the association be-
tween marital conflict and externalizing problems. The speech
task and mental arithmetic task are widely used to obtain stress
responses (Dickerson and Kemeny 2004; Lii et al. 2016). Due
to the task characterized with social-evaluative threat and un-
controllability, the speech task is known as a stressful situation
or high-challenge task (Dickerson and Kemeny 2004; Palatini
et al. 2011). In this context, greater RSA suppression, which
reflects physiological arousal and the potential ability to cope
effectively in response to social stressors, may represent an
adaptive physiological response and thus may moderate the
association between marital conflict and adolescents’ exter-
nalizing problems when controlling for internalizing prob-
lems. The mental arithmetic task, which is classified as one
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of the cognitive tasks, is designed to evoke a stress response
by testing participants’ cognitive function. Because this task
has been suggested to represent a low-challenge context
(Dickerson and Kemeny 2004; Palatini et al. 2011), greater
RSA suppression in response to such task may be unnecessary
and may not fully reflect individual’s capacity to modulate
physiological and emotional states in coping with stress such
as marital conflict. Thus, greater RSA suppression in response
to mental arithmetic task may not moderate the association
between marital conflict and adolescents’ externalizing prob-
lems when controlling for internalizing problems.

In addition, most studies that examined the effect of the inter-
action between RSA activity and marital conflict on externaliz-
ing problems were conducted in children. However, few studies
have examined the effect of this interaction among early adoles-
cents. Previous studies have suggested that early adolescence is
regarded as a critical period during which family relationships,
individuals’ psychological states and stress physiology systems,
including the PNS, undergo marked developmental changes as
well as a period of increased vulnerability (McCormick et al.
2010). Hence, it is important to examine the association among
marital conflict, RSA activity and the development of external-
izing problems among early adolescents.

The Present Study

In summary, the main aim of the present study was to examine
the interaction of RSA activity and marital conflict on the
development of adolescents’ externalizing problems when
controlling for internalizing problems. The present study used
a longitudinal design with three waves of data collection
among Chinese adolescents. Latent growth curve model
(LGCM) was used in the present study to explore the trajec-
tory of externalizing problems. This method allows for the
identification of levels of externalizing problems, changes in
externalizing problems over time and how marital conflict and
RSA activity interact to predict the trajectory of externalizing
problems (Martinstorey et al. 2018; Singer and Willett 2003).

Considering that the role of marital conflict and RSA activity
(including baseline RSA and RSA reactivity) might be confused
or offset by the covariance of externalizing and internalizing
problems, we hypothesized that the interaction of marital conflict
and RSA activity on the development of adolescents’ external-
izing problems might vary with whether internalizing problems
are controlled for. Based on previous study (Calkins et al. 2007),
we hypothesized that when controlling for internalizing prob-
lems (i.e. removing the impact of the covariance of internalizing
problems), marital conflict and RSA activity (baseline RSA and
RSA reactivity) could predict the development of adolescents’
externalizing problems. Whereas, when not controlling for inter-
nalizing problems, the interaction of marital conflict and RSA
activity on externalizing problems were not significant.

Furthermore, adolescents’ sex and the type of challenge task
might moderate the associations among marital conflict, RSA
activity, and adolescents’ externalizing problems. We anticipated
that these associations would be stronger among boys than girls
on the basis of existing empirical evidence (El-Sheikh et al.
2001; El-Sheikh and Erath 2011). Moreover, we anticipated
RSA reactivity in response to speech task other than mental
arithmetic task may moderate the association between marital
conflict and adolescents’ externalizing problems when control-
ling for internalizing problems.

Method
Participants

The data were collected as part of a larger project designed to
explore the effects of family environment and adolescent char-
acteristics on the development of adolescents’ problem behav-
iors. The longitudinal design consisted of three annual measure-
ment occasions, with retention rates of 90% and 92%. We re-
cruited adolescents when they were in grade seven (the first year
in junior high school) from one ordinary junior high school in a
city of northwestern China via flyers. The inclusion criteria were
as follows: no diagnosis of a pervasive developmental disorder
or chronic illness, and parents living together for three or more
years at recruitment. During the first assessment (T1), 332 junior
high school students (181 boys, M, = 13.7 years, standard
deviation (SD) = 0.8) participated in the study. During the sec-
ond assessment (T2) and third assessment (T3), 298 (149 boys,
Mg, =148 years, SD = 0.5) and 274 (143 boys, M = 15.6 years,
SD = 0.6) adolescents again reported their externalizing and
internalizing problems. Almost all participants (95%) were of
Chinese Han ethnicity, and all participants spoke mandarin. All
the participants’ parents were not divorced and lived together
with the participated adolescent.

Procedure

T1 The present study was approved by the XXX university
research ethics committee. Written informed consent was ob-
tained from all participants and their parents prior to data
collection, and the participants were informed of the nature
of'the study and their right to withdraw from the investigation
at any time. The participants came to the laboratory at the
scheduled appointment times (ranging from 2:00 p.m. to
6:00 p.m. for four weeks). Before the formal test was conduct-
ed, detailed instructions were provided to ensure that the par-
ticipants clearly understood the experimental procedures. To
eliminate the risk of any exogenous effects on the physiolog-
ical measures, all participants were instructed to refrain from
performing physical exercise or consuming any caffeine or
alcohol for two hours before the experiment. After completing
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the questionnaires, the adolescents participated in the labora-
tory tasks during which their physiological data were mea-
sured. First, electrocardiogram (ECG) recording electrodes
were attached to the participants. The participants were then
given 10 min to acclimate to the laboratory and to relax. Then,
the formal physiological experiment began, with all instruc-
tions for the experimental procedure being simultaneously
presented on a computer screen.

The entire physiological experiment included five phases
(see Fig. 1). First, the participants were instructed to look at a
neutral picture shown on the computer screen (a picture of a
cup selected from the International Affective Picture System,
IAPS; Lang et al. 2005) to calculate their 5-min baseline RSA
values. Then, the participants were instructed to complete a
mental arithmetic task and to perform a speech task to induce
stress responses. Between the two tasks, the participants rested
for 5 min, during which they were instructed to relax and look
at neutral pictures. After each phase, the participants were
asked to rate their subjective emotional experience (SEE),
including nervousness and anxiety, on two 5-point scales
ranging from 0 (“relaxed”) to 4 (“nervous” or “anxious”).
The sequences of the two stressor tasks were balanced to
eliminate the impact of order effects.

T2 and T3 The adolescents were invited back to the re-
search laboratory at T2 and T3, and they completed the ques-
tionnaire again. All participants were compensated ¥60 (ap-
proximately $10) for their participation.

Stress Tasks
Mental Arithmetic Task

The participants were informed that their mathematical skills
would be evaluated based on their performance in the task, in
which they were asked to repeatedly subtract 13 from four-
digit numbers presented on a computer (Diamond et al. 2012).
The participants were asked to state the results of their calcu-
lation before the correct answer was displayed every 4.5 s on
the monitor after the beep. To avoid social-evaluative threat,
the two research assistants who were present with them left the
experiment room when the participants performed the mental
arithmetic task.

Speech Task

The participants were told to give a speech for a mock class leader
election, and two research assistants served as live interviewers.
The participants were provided with the following instructions
(originally given in Chinese): “You will deliver a speech for a
class leader election, for which you have 2 min to prepare; then,
you will have 5 min to state the type of position you are running
for, as well as the reasons you are qualified for this position. Your
performance will be evaluated by the research assistants in terms
of overall content, clarity, and delivery.” After the preparation
phase, the participants delivered their 5 min speech to the two
assistants. Whenever the participants paused for more than 10 s,
they were prompted to continue. The validity of the speech task
has been verified in previous studies (Lii et al. 2016).

Measures
Marital Conflict (Measured at T1)

The conflict characteristic subscale of the Chinese version of the
Children’s Perception of Interparental Conflict scale (Grych and
Fincham 1990; Chi and Xin 2003) was used to measure marital
conflict. This 19-item subscale includes three dimensions: con-
flict frequency (six items; e.g., “I often see my parents arguing”),
conflict intensity (seven items; e.g., “When my parents have an
argument, they yell a lot”), and conflict resolution (six items; e.g.,
“Even after my parents stop arguing, they stay mad at each
other”). The three dimensions are summed to create a single
overall measure of marital conflict, with higher scores indicating
greater marital conflict. Responses are given using a 5-point scale
ranging from 1 (“never”) to 5 (“always”). The scale was found to
have adequate internal consistency reliability (o« = 0.81).

Externalizing Problems and Internalizing Problems (Measured
atT1, T2 and T3)

The Chinese version of the Achenbach Youth Self-Report-2001
was used to assess adolescents’ externalizing and internalizing
problems (Achenbach and Rescorla 2001; Wang et al. 2016 and
Wang, Eisenberg, Valiente, & Spinrad, 2016). The 33-item ex-
ternalizing problem subscale measures aggression and

Initial period Stress 1 Stress 2
l— Smin j i_ Smin —l l— Smin i
>
IUmm “mln “tmn
Baseline Recovery 1 Recovery 2

Fig. 1 Time-line of experimental session
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disruption. The 27-item internalizing problem subscale measures
withdrawal/depression, anxiety/depression, and somatic com-
plaints. The item scores are summed to create overall measures
of externalizing and internalizing problems, with higher scores
indicating more externalizing and internalizing problems.
Responses are provided using a 3-point scale ranging from 0
(“not true”) to 2 (“very true or often true”). The externalizing
and internalizing problem subscale had adequate internal consis-
tency reliability at T1, T2 and T3 (x = 0.82 and 0.84; & = 0.80
and 0.82; o« = 0.79 and 0.81, respectively).

Physiological Data (Measured at T1)

The ECG data were continuously recorded using the SOMNO
touch™ RESP (SOMNO medics, Germany), with a sampling
rate of 256 Hz. The ECG data were then transferred into
DOMINO light software 1.4.0 (SOMNO medics, Germany)
for the automatic detection of artifacts. Based on the smooth-
ness prior approach, the R—R intervals were resampled at 4 Hz
and detrended (Tarvainen et al. 2002). Then, RSA was quan-
tified via a high-frequency interbeat-interval power spectrum
(0.22-0.40 Hz for adolescents aged 13 years and 0.20-
0.40 Hz for adolescents aged 14; Shader et al. 2018) corre-
sponding to the respiratory cycle, and the values were natural-
log-transformed (In) to fit the assumption of linear analyses,
yielding In units (ms?). During each task, RSA was calculated
by subtracting the average RSA during the baseline period
from the average RSA during the specified task. Thus, nega-
tive scores correspond to significant decreases from baseline
(RSA suppression), and positive scores correspond to signif-
icant increases from baseline (RSA augmentation).

Missing Data and Imputation

The adolescents with missing data were not different from the
other adolescents in the sample in terms of any research variable
(ts < 1.23, ps > 0.20). We used multiple imputation (MI; Schafer
and Graham 2002) procedures available in Mplus version 7.4 to
address the missing data. The MI procedures used the study
variables and auxiliary variables to create 20 imputed datasets.
After the MI procedures, each missing value was replaced by a
mean of the 20 imputed values for that participant. Finally,
datasets from the participants were used for statistical analyses.

Data Analysis Plan

Following guidelines established for LGCM (Singer and
Willett 2003), we fit unconditional linear growth models at
T1, T2, and T3 as the observed variables. The latent intercept
is interpreted as the mean value of externalizing at T1, and the
latent slope regression parameters were fixed at 0, 1, and 2.
Because of having only 3 time points, a quadratic model was
not tested (Singer and Willett 2003).

After determining that significant individual differences
existed in the growth parameters of externalizing problems,
predictors were added one at a time to the unconditional
models to examine the interaction between marital conflict
and RSA activity. We added the main effect, two-way inter-
actions, and three-way interactions to the growth model.
Moreover, we entered internalizing problems as covariates
into the model. Because internalizing problems were mea-
sured at each time point, they can be considered time-
varying covariates. The fit of the growth models was assessed
using the chi-square statistic, the comparative fit index (CFI),
the Tucker—Lewis index (TLI), and the root mean square error
of approximation (RMSEA). Hu and Bentler (1999) sug-
gested that a well-fitting model has a CFI or TLI greater than
0.95 and an RMSEA less than 0.06. The Johnson-Neyman
technique (Bauer and Curran 2005) was used to plot a simple
effect graph to better understand the interaction effects on the
intercept of externalizing problems. Moreover, the interac-
tions on the slope of the externalizing problems can further
be illustrated by using the well-established procedure of con-
structing prototypical plots (Singer and Willett 2003).

Results
Preliminary Analyses

The means and standard deviations of the variables are pro-
vided in Table 1.! During the speech task,” 110 (33.1%) ado-
lescents displayed RSA augmentation, and 222 (66.9%) ado-
lescents displayed RSA suppression. During the mental arith-
metic task,® 130 (39.2%) adolescents displayed RSA

! T-tests revealed significant sex differences in externalizing problems and
internalizing problems at T3, boys had significantly higher scores on the ex-
ternalizing problems compared to girls, #(330) =3.01, p < 0.01, and boys had
significantly lower scores on the internalizing problems compared to girls,
#(330) =2.26, p < 0.05.

2 Regarding the speech task, the repeated measures ANOVA also showed that
the main effects of social stressors were significant for the SEE (F[1.84,
6.6.41] = 160.91, p < 0.001, 777, = 0.33) and RSA (F[1.74, 541.12] = 90.86,
»<0.001, ngp = 0.23). Pairwise comparisons (Bonferroni) showed that the
RSA score in the challenge task was significantly lower than in the baseline
and recovery periods (p < 0.001). There was no significant difference in the
SEE and RSA scores between baseline and recovery (p > 0.05). These findings
showed that using a speech task was effective in inducing changes in individ-
uals’ subjective and RSA reactivity.

3 Regarding the mental arithmetic task, the repeated measures ANOVAs
showed that the main effects of cognitive stressors were significant for the
SEE (F[1.99, 655.32] = 75.91, p < 0.001, n°, = 0.19) and RSA (F[1.739,
535.04] = 53.76, p < 0.001, nzp = 0.15). Pairwise comparisons (Bonferroni)
showed that the SEE and RSA scores in the challenge task were significantly
lower than in the baseline and recovery periods (p < 0.001). There was no
significant difference in the SEE and RSA scores between baseline and recov-
ery (p > 0.05). These results showed that using a mathematical challenge task
was effective in inducing changes in individuals’ subjective and RSA
reactivity.
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Table 1 Descriptive statistics and correlations among variables
1 2 3 4 5 6 7 8 9 10 11
1 Sex 1
2 Marital conflict —0.04 1
3 Baseline RSA —0.04 0.01 1
4 RSAR (mental arithmetic task)  0.05 -0.07 =041%% 1
5 RSAR (speech task ) 0.04 —0.05 —0.42%*  0.62%% 1
6 T1 Internalizing problem —-0.07 0.22%* 0.05 0.05 -0.01 1
7 T2 Internalizing problem —-0.09 0.17%*  —0.05 0.08 0.04 046** 1
8 T3 Internalizing problem -0.15%  0.26%* 0.01 0.04 0.03 0.47%% 0.50%* 1
9 T1 Externalizing problem 0.08 0.25%*% 0.05 0.08 0.04 0.74%%  0.34%*  032%* ]
10 T2 Externalizing problem 0.10 0.28*%*  —0.09 0.16%*%  0.17**  0.36%*  0.63**  046** 042%*% 1]
11 T3 Externalizing problem 0.18%*%  0.28*%%  —0.07 0.13* 0.17#%  0.28*  031*%%  0.66*%* 039*%* 0.58*%* 1
Mean - 40.21 6.33 -0.10  —0.11 12.01 14.35 15.66 9.15 9.70 11.40
SD - 10.75 1.14 0.56 0.55 8.40 9.38 9.92 7.03 7.76 6.84

#p < 0.05, *#%p < 0.01, #** p < 0.001

augmentation, and 202 (60.8%) adolescents displayed RSA
suppression.

The unconditional externalizing problem model fit the data
well (x2(df) =1.42(1), CFI1 = 0.997, TLI = 0.991, RMSEA =
0.037). The means for both the intercept and slope were sig-
nificant (intercept M = 9.03, SE = 0.39, p < 0.001; slope M =
1.28, SE=0.23, p < 0.001), indicating that, on average, exter-
nalizing problems increased over time. The correlation be-
tween the slope and the intercept was not significant (r =
0.04, p > 0.05). The variances of the intercept ($° = 28.00,
SE = .6.43, p < 0.001) and slope (S° = 8.70, SE = 2.87, p < 0
.01) were significant.

Conditional Models

Examinations of Interactions between RSA Reactivity (Speech
Task) and Marital Conflict

The parameter estimates for the final fitted model fit the data
well (x2 (df) =17.31(14), CF1 = 0.995, TLI = 0.989, RMSEA
=0.023). As shown in Table 2 and Fig. 2, the two-way inter-
action between RSA reactivity (speech task) and marital con-
flict was a significant predictor of the intercept of externaliz-
ing problems when controlling for baseline RSA and internal-
izing problems (B = 0.52, SE= 0.25, p < 0.05). The Johnson—
Neyman technique revealed that (see Fig. 3) there were sig-
nificant positive relationships between marital conflict and
adolescents’ externalizing problems when RSA reactivity
was greater than —0.48 (—0.68 Z).

The three-way interaction between RSA reactivity
(speech task), marital conflict and sex was a significant
predictor of the slope of externalizing problems when con-
trolling for baseline RSA and internalizing problems (B =
—0.32, SE = 0.16, p < 0.05).

@ Springer

Prototypical Plots

Figure 4a-b present prototypical plots of growth in exter-
nalizing problems for girls and boys exposed to lower and
higher levels of marital conflict. The two-way interaction
significantly predicted the intercept, and the three-way in-
teraction significantly predicted the slope. For girls and
boys experiencing higher marital conflict, those exhibiting
RSA augmentations have the highest levels of externalizing
problems at each time point. For girls in high-conflict
homes, those exhibiting RSA suppression showed the low-
est and stable externalizing problems (p > 0.05). For boys
in low-conflict homes, those exhibiting RSA suppression
showed a slight increase (p < 0.05), while for boys in
high-conflict homes, those exhibiting RSA suppression
showed a significant increase over time (p < 0.001).

As shown in Table 3, the two-way interaction between
RSA reactivity (speech task) and marital conflict and the
three-way interaction between RSA reactivity (speech task),
marital conflict and sex did not significantly predict either the
intercept or the slope of externalizing problems when not con-
trolling for internalizing problems (ps > 0.05).

Examinations of the Interactions between Baseline RSA/RSA
Reactivity (Mental Arithmetic Task) and Marital Conflict

As shown in Table 2, two interactions between baseline RSA
or RSA reactivity to the mental arithmetic task and marital
conflict and the three-way interactions between baseline
RSA or RSA reactivity to the mental arithmetic task, marital
conflict and adolescents’ sex did not significantly predict
growth in externalizing problems when controlling for inter-
nalizing problems (ps > 0.05).
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Table 2  Estimates for predictors of externalizing problems trajectory (control for internalizing problems)
Model 1 Intercept (M = 1.66, SE = 0.44) Slope(M =1.63, SE = 0.35)

B SE t B SE t
Main effects
Sex 091 0.25 3.50%%* 0.47 0.16 2.85%%*
Marital conflict 0.93 0.26 3.52%%%* 0.06 0.19 0.31
Baseline RSA —0.03 0.26 —-0.09 -0.25 0.17 —-1.50
2-way interactions
Marital conflict x Baseline RSA —-0.13 0.25 -0.51 —0.04 0.17 -0.36
Sex x Marital conflict 0.52 0.25 2.03* —0.03 0.17 -0.24
Sexx Baseline RSA -0.31 0.25 -1.23 0.13 0.16 0.81
3-way interaction
Marital conflict x Baseline RSAx Sex -0.28 0.24 —-1.15 0.21 0.16 1.36
Residual variance 5.69 1.82
R 25.8% 18.8%
Model 2 Intercept (M = 1.75, SE = 0.44) Slope (M =1.60, SE = 0.34)

B SE t B SE t
Baseline RSA 0.31 0.28 1.10 —0.17 0.19 —0.89
Main effects
Sex 0.90 0.25 3.62%%%* 0.45 0.17 2.73%%*
Marital conflict 0.97 0.26 3.70%%* 0.08 0.19 0.43
RSA reactivity (speech task) 0.63 0.28 2.25% 0.25 0.19 1.36
2-way interactions
Marital conflict x RSA reactivity (speech task) 0.52 0.25 2.04* —0.06 0.16 -0.34
Sex x Marital conflict 0.53 0.25 2.14* —-0.02 0.16 —0.16
Sexx RSA reactivity (speech task) 0.36 0.25 1.10 —-0.04 0.16 -0.22
3-way interaction
Marital conflict x RSA reactivity (speech task)x Sex 0.28 0.25 1.17 —0.32 0.16 —1.98*
Residual variance 421 1.12
R 39.6% 35.6%
Model 3 Intercept (M = 1.72, SE = 0.44) Slope (M =1.61, SE = 0.35)

B SE t B SE t
Baseline RSA 0.23 0.28 0.83 -0.26 0.19 —-1.38
Main effects
Sex 0.89 0.25 3.55%% 0.47 0.17 2.74%
Marital conflict 0.94 0.26 3.60%** 0.07 0.19 0.36
RSA reactivity (mental arithmetic task) 0.47 0.29 1.62 0.06 0.18 0.93
2-way interactions
Marital conflict x RSA reactivity (mental arithmetic task) 0.42 0.30 1.37 -0.07 0.21 -0.34
Sex x Marital conflict 0.51 0.25 2.01* —-0.03 0.16 -0.21
Sexx RSA reactivity (mental arithmetic task) 0.24 0.26 0.93 0.01 0.17 0.06
3-way interaction
Marital conflict x RSA reactivity (mental arithmetic task)x Sex 0.54 0.30 1.81 —0.18 0.19 -0.96
Residual variance 4.89 1.68
R 332% 19.7%

% < 0.05, *%p < 0.01, ¥ p < 0.001

Discussion

The main aim of the present study was to examine the interac-
tion of marital conflict and RSA activity on the development of

externalizing problems when controlling for internalizing prob-
lems among Chinese adolescents. Consistent with the hypoth-

esis, the present study found that marital conflict and RSA
reactivity to the speech task interact to predict the initial level
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Marital
conflict X Sex

Marital conflict

RSA reactivity
(speech task)

Marital conflict X
RSA reactivity

Sex

Marital conflict X
RSA reactivity X Sex

Fig. 2 Structural equation model examining interaction role of marital
conflict and RSA reactivity (speech task) on adolescents’ externalizing
problems. Parameter estimates for the structural paths are unstandardized

of externalizing problems when controlling for internalizing
problems. Moreover, the present study found that marital con-
flict, RSA reactivity to the speech task, and adolescents’ sex
interactively predicted the development of externalizing prob-
lems when controlling for internalizing problems. However, the
interactions were not significant when internalizing problems
were not controlling for.

As expected, the present study suggested that the contribu-
tion of marital conflict and RSA activity to externalizing prob-
lems might be affected by the covariance of externalizing and
internalizing problems. Comorbidity or covariation of exter-
nalizing problems and internalizing problems are at a greater
rate than expected by chance during childhood and adoles-
cence (Achenbach et al. 2016; Angold and Costello 1993).
Thus, it has been suggested that for better understanding of

Fig. 3 The simple slope of
marital conflict on the intercept of
externalizing problems in 4t
adolescents. Dotted lines
represent upper and lower 95%
confidence intervals of the simple
slope. The shaded areas represent
the region of significance. RSA =
respiratory sinus arthythmia

EXTI €61+ F*— INT1
EXT2 €= 48%*F— INT2
EXT3 (427 — INT3

path. EXT = externalizing problems, INT = internalizing problems, RSA
= respiratory sinus arrhythmia. Note: *p < 0.05, *** p < 0.001

the etiology and development of externalizing problems, the
covariation of externalizing and internalizing problems should
be considered. Consistent with prior studies (e.g., Calkins
et al. 2007), the present study further demonstrated that dif-
ferent patterns of externalizing problems were related to dif-
ferential patterns of RSA reactivity to environmental chal-
lenges. When controlling for internalizing problems, which
was aimed to remove the impact of the covariance of exter-
nalizing and internalizing problems, the moderating effect of
RSA reactivity to the speech task on the association between
marital conflict and externalizing problems was significant.
Therefore, it is necessary to partial out the impact of covaria-
tion of externalizing problems and internalizing problems
when examining the associations among RSA activity, marital
conflict and externalizing problems.

Simple slopes of marital conflict on
the intercept of externalizing problems

@ Springer
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Fig. 4 a-b Change in externalizing problems (control for internalizing
problems) over time for prototypical boys and girls in the population at
high and low values (M = 1 £+ SD) of RSA reactivity (speech task) and

The present study found that marital conflict, RSA reactiv-
ity to the speech task, and adolescents’ sex interactively pre-
dict the development of externalizing problems over time
when controlling for internalizing problems. Specifically,
lower RSA suppression or RSA augmentation in response to
the speech task combined with marital conflict contributed to
both girls” and boys’ high level of concurrent and prospective
externalizing problems. While, in the context of marital con-
flict, girls with greater RSA suppression in response to the
speech task reported low and stable externalizing problems.
For boys with the same pattern, their externalizing problems
slightly increased in the context of low marital conflict. These
findings were consistent with the perspective of the diathesis-
stress model (Monroe and Simons 1991) that dual risks, in-
cluding marital conflict and RSA augmentation in response to
stress, had the worst impact on adolescents’ developmental
outcomes, and such influence was demonstrated to be persis-
tent (i.e., the current dual risks may increase the likelihood of
future externalizing problems). Resilience characteristics,
such as greater RSA suppression in response to stress, atten-
uated the negative impact of the adverse family environment
on adolescents’ behavioral outcomes. As mentioned above,
greater RSA suppression in response to stress reflected an
individual’s ability to modulate their physiological state suf-
ficiently and flexibly. Thus, girls with greater RSA suppres-
sion in response to the speech task were more likely to form an
organized response and regulate emotion and behavior adap-
tively; therefore, over time, girls with greater RSA suppres-
sion could experience fewer detrimental effects of chronic
physiological arousal induced by frequent marital conflict
(Calkins et al. 2007; El-Sheikh and Erath 2011; Graziano
and Derefink 2013). In addition, contrary to the hypotheses,
the present study found that the protective effect of RSA sup-
pression in response to the speech task was stronger among
girls than boys. The less protective effect of RSA suppression
among boys might be partly due to the significant increase in

(CONTROL FOR INT)

EXTERNALIZING PROBLEMS
IS

TIMES

marital conflict. The three-way interaction (RSA reactivity, Marital
Conflict and Sex) predicts the slope (p < 0.05). RSA = respiratory sinus
arrhythmia

externalizing problems than that of girls during early adoles-
cence (Ullsperger and Nikolas 2017). This finding further
suggested that the same physiological response (RSA sup-
pression) might have different protective effects on girls’
and boys’ externalizing problems in risk environments (EI-
Sheikh et al. 2011; Graziano and Derefink 2013).

The present study did not find that RSA reactivity to the
mental arithmetic task interacts with marital conflict to predict
the development of externalizing problems, regardless of
whether internalizing problems were controlled for. As prior
studies suggested, the types of stressor tasks used to evoke
RSA reactivity might affect the moderating effect of RSA
reactivity on the relationship between family environment
and psychological adaptation among children and adolescents
(Cui et al. 2015; Obradovi¢ et al. 2011). Under low-challenge
context, such as simple mental arithmetic tasks, RSA suppres-
sion might not represent adaptive physiological regulation
(Davis et al. 2016; Hastings et al. 2008), which may account
for the null finding.

The present study did not find that baseline RSA had direct
and moderating effects on externalizing problems regardless
of whether internalizing problems were controlled for. This
aligned with a previous study that showed a nonsignificant
relationship between baseline RSA and children’s concurrent
pure externalizing problems (Calkins et al. 2007). As previous
studies have proposed that the pattern of the relationships
between externalizing problems and baseline RSA is less con-
sistent for RSA suppression (Eisenberg et al. 2012), the find-
ings further suggested that baseline RSA might not be a robust
correlate of externalizing problems. It was well known that
one of the most replicated biological markers of externalizing
problems in adolescence was a low resting heart rate, which
was influenced by both the sympathetic nervous system and
PNS (Ortiz and Raine 2004; Raine 2002). Thus, the physio-
logical vulnerability of externalizing problems might be
regarded as a complex co-functioning of the resting
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Table 3 Estimates for predictors of externalizing problems trajectory (not control for internalizing problems)

Model 1 Intercept (M = 9.04, SE = 0.37) Slope (M = 1.28, SE = 0.23)

B SE t B SE t
Main effects
Sex 0.62 0.37 1.68 0.34 0.22 1.50
Marital conflict 2.01 0.38 5.27#%* 0.03 0.24 0.13
Baseline RSA 0.08 0.38 0.21 -0.32 0.23 —-1.40
2-way interactions
Marital conflict X Baseline RSA —0.54 0.37 —1.44 —0.07 0.23 -0.26
Sex x Marital conflict 0.77 0.38 2.05% —-0.19 0.22 —0.86
Sex x Baseline RSA -0.48 0.37 -1.29 0.09 0.22 041
3-way interaction
Marital conflict x Baseline RSA x Sex —-0.05 0.36 —-0.13 0.08 023 0.33
Residual variance 22.04 731
R’ 17.8% 4.5%
Model 2 Intercept (M = 9.03, SE = 0.36) Slope (M = 1.28, SE = 0.23)

B SE t B SE t
Baseline RSA 0.53 0.41 1.31 -0.21 0.25 —-0.83
Main effects
Sex 0.61 0.36 1.68 0.31 0.22 1.41
Marital conflict 2.07 0.38 5.52%% 0.04 0.24 0.18
RSA reactivity (speech task) 091 0.41 2.20% 0.28 0.25 1.10
2-way interactions
Marital conflict x RSA reactivity (speech task) 045 0.37 1.20 0.03 023 0.12
Sex x Marital conflict 0.80 0.37 2.16* -0.21 023 -1.02
Sex x RSA reactivity (speech task) 1.15 0.37 3.12%* -0.23 0.22 -0.95
3-way interaction
Marital conflict x RSA reactivity (speech task) x Sex 0.36 0.37 1.06 -0.36 023 —1.54
Residual variance 19.24 6.32
R 25.1% 8.5%
Model 3 Intercept (M = 9.01, SE = 0.37) Slope (M = 1.30, SE = 0.23)

B SE t B SE t
Baseline RSA 0.54 0.41 1.34 -0.35 0.25 -1.39
Main effects
Sex 0.58 0.37 1.57 0.32 0.23 1.43
Marital conflict 2.02 0.38 5.35% k% 0.04 0.24 0.18
RSA reactivity (mental arithmetic task) 0.96 0.42 2.20% -0.07 0.27 -0.25
2-way interactions
Marital conflict x RSA reactivity (mental arithmetic task) 0.64 0.45 1.43 0.05 0.27 0.17
Sex x Marital conflict 0.73 0.37 1.96 -0.20 0.22 —-0.90
Sex x RSA reactivity (mental arithmetic task) 0.72 0.38 1.89 -0.14 0.23 —0.64
3-way interaction
Marital conflict x RSA reactivity (mental arithmetic task) x Sex 0.60 0.44 1.37 —0.18 0.28 -0.65
Residual variance 20.1 6.92
R 23.4% 5.5%

% < 0.05, *%p < 0.01, *** p < 0.001

sympathetic nervous system and PNS. However, this specu-
lation must be further explored in the future.

To our knowledge, this was the first longitudinal study to
examine the interaction between marital conflict and RSA

@ Springer

activity on externalizing problems when controlling for inter-
nalizing problems among Chinese adolescents. Consistent
with the findings in the Western context, studies in Chinese
culture, which prefered avoidant, subtle, and indirect



J Psychopathol Behav Assess (2021) 43:518-531

529

approaches to conflict resolution (Bond and Wang 1983), also
found that marital conflict is associated with adolescents’ ex-
ternalizing behavior. Furthermore, adolescents’ PNS regula-
tion could moderate this association. Therefore, interventions
in Western contextual studies that focusing on reducing mar-
ital conflict and improving children’s and adolescents” PNS
function could also alleviate Chinese adolescents’ externaliz-
ing problems.

Limitations

Several limitations of the present study should be considered.
First, low marital conflict did not necessarily indicate a sup-
portive and nurturing environment; further studies should ex-
plore whether issues exist in positive family environments.
Second, externalizing and internalizing problems and marital
conflict scores were obtained through adolescents’ self-re-
ports, and more comprehensive, multi-informant assessments
should be included in future research to fully evaluate the
effect of family environments and RSA activity on
adolescents.

Conclusions and Implications

Despite these limitations, this study provided an important
step toward further understanding how marital conflict and
RSA activity may contribute to adjustment problems in ado-
lescence. Consistent with the polyvagal theory (Porges 1995,
2007), this finding suggested that adaptive PNS regulation
may provide the resources necessary for meeting environmen-
tal demands and may be protective against adverse family
environments. However, maladaptive PNS evoked in the fam-
ily conflict context may extend to multiple domains of ado-
lescents’ adjustment, including the development of external-
izing problems over time. Importantly, the present study
highlighted the importance of considering the covariation of
externalizing and internalizing problems when trying to un-
derstand the interaction effects between PNS functioning and
family stressors in the prediction of externalizing problems.
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