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Depressive disorders that onset in the juvenile years have been linked to far reaching adverse
consequences, making it imperative to elucidate key mechanisms and contributory factors.
Excessive use of regulatory responses that exacerbate sadness (maladaptive mood repair) or
insufficient use of regulatory responses that reduce it (adaptive mood repair) may reflect
behavioral mechanisms of depression risk. Cardiac vagal control, indexed by patterns of
respiratory sinus arrhythmia (RSA), has received attention as a putative physiological risk factor
for depression. Although mood repair and RSA are related, the nature of this relationship is not
well characterized in the context of depression risk. Therefore, we tested alternative models of the
relationships between RSA patterns (at rest and in response to a sad film), trait mood repair, and
the effectiveness of a mood repair response in the laboratory (state mood repair) among
adolescents with depression histories (n=210) and emotionally healthy peers (n=161). In our data,
a mediation model best explained the association between the key constructs: Adolescents with
normative RSA patterns exhibited lower levels of depression and trait maladaptive mood repair,
and benefited more from instructed (state) mood repair in the laboratory. By contrast, adolescents
with atypical RSA patterns exhibited higher levels of depression and dispositional maladaptive
mood repair, which, in turn, mediated the relations of RSA patterns and depression symptoms.
Atypical RSA patterns also predicted reduced benefits from laboratory mood repair.
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Depressive disorders, which onset in the juvenile years, have been linked to greater
functional impairment later in life (Zisook et al., 2007), higher rates of episode recurrence
(Lewinsohn, Clarke, Seeley, & Rohde, 1994), and increased risk for nonaffective disorders
(Birmaher et al., 1996; Zisook et al., 2007) relative to depressions that first onset in
adulthood. Experiencing a clinical depression during childhood or adolescence interferes
with normative development in multiple functional domains and predicts worse subsequent
educational and economic achievement (Birmaher et al., 1996; Fergusson, Boden, &
Horwood, 2007; Zisook et al., 2007), as well as impaired social and marital relationships
(Birmaher et al., 1996; Gotlib, Lewinsohn, & Seeley, 1998). Given the generally chronic
course and wide reaching adverse consequences of juvenile-onset depressions, it is vital to
elucidate related mechanisms and contributory factors. Indeed, several behavioral and
physiological processes have already been identified as contributors to early onset
depression (e.g., Goodman, 2007; Stewart, Bismark, Towers, Coan & Allen, 2010), but there
is scant information about how such processes interact, which is critical to a better
understanding of psychopathology (Cuthbert & Insel, 2010). Thus, the central goal of the
present study was to test alternative interactive models of behavioral (mood repair) and
physiological (cardiac vagal control) processes as putative mechanism in juvenile onset
depressive disorders.
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Mood repair, the processes whereby individuals attenuate sadness and dysphoria (Josephson,
Singer & Salovey, 1996)1, has received increased attention as a behavioral mechanism
central to depression (Gross & Munoz, 1995; Joormann, Cooney, Henry, & Gotlib, 2012;
Kovacs, Joormann & Gotlib, 2008; Kovacs & Yaroslavsky, 2014). Problems with mood
repair have indeed been documented in depressed youths, those remitted from prior
depression, and those at high familial risk of future depression (Bylsma et al., 2015; Garber,
Braafladt & Weiss, 1995; Silk, Shaw, Skuban, Oland, & Kovacs, 2006; Thompson et al.,
2010). Studies that used self-report measures (which typically quantify usual or “trait”
response tendencies) have revealed that one aspect of problematic mood repair is the
excessive use of regulatory responses such as depressive rumination that prolong or worsen
distress (maladaptive responses) rather than the underuse of adaptive responses that can
attenuate it (Bylsma et al., 2015; Ehring, Fischer, Schnülle, Bösterling, & Tuschen-Caffier,
2008; Garber, Braafladt, & Weiss, 1995; Gentzler, Santucci, Kovacs, & Fox, 2009; Kovacs,
Rottenberg, & George, 2009; Thompson et al., 2010). Notably, maladaptive mood repair not
only distinguishes depression-prone and emotionally well controls, but also predicts
recurrence of depressive episodes both among youths and adults with juvenile onset
depression histories (Kovacs, Rottenberg, & George, 2009; Stone, Hankin, Gibb, & Abela,
2011). Thus, maladaptive mood repair is a plausible mechanism in depressive
psychopathology.
Conversely, the expectation that employing regulatory responses that attenuate sadness, such
as neutral reinterpretation of depressogenic stimuli (adaptive mood repair), should protect
against depression is generally not born out in previous studies. A growing literature
suggests that depressed, high-risk, and emotionally healthy youths do not differ in their
1While emotion regulation refers to altering the intensity or duration in any direction of any emotion (Thompson, 1994), mood repair
focuses specifically on processes by which people attenuate sadness and dysphoria (Josephson, Singer, & Salovey, 1996).
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deployment of adaptive mood repair responses (Bylsma et al., 2015; Kovacs & Yaroslavsky,
2014; Thompson et al., 2010), nor does adaptive mood repair predict risk of depression
symptoms and disorders over time (Aldao & Nolen-Hoeksema, 2012; Kovacs et al., 2009).
Further, according to laboratory studies, in which individuals are instructed to implement a
specific adaptive mood repair response after sadness induction, depression-prone youths or
young adults and healthy controls often report similar subjective benefits (Joormann et al.,
2012; Kanske, Heissler, Schonfelder, & Wessa, 2012). Thus, there is currently scant support
for a mechanistic role for habitual (trait) or experimentally manipulated (state) adaptive
mood repair in affective psychopathology. Nevertheless, as a central therapeutic goal of
cognitive-behavioral interventions is to increase depressed individuals’ adaptive mood repair
repertoires, it is important to identify contextual factors, such as physiological states, that
may influence the effectiveness of adaptive mood repair responses.
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Cardiac vagal control, one of the physiological parameters that has been implicated in
depression risk (Rottenberg, 2007), has received attention in studies of young vulnerable
offspring and already depressed youths (e.g., Blom, Olsson, Serlachius, Ericson, & Ingvar,
2010; Jones et al., 1998). Cardiac vagal control is a widely used index of the functioning of
the parasympathetic nervous system; it reflects individual differences in internal
physiological reserves along with physiological flexibility (Porges, 2007). More specifically,
activation of the vagal nerve, which has a direct input into the sinoatrial node of the heart
(Berntson et al., 1997), serves to slow heart rate. High resting levels of cardiac vagal control
is desirable and reflects the ability to conserve energy (Porges, 2007). In response to most
external challenges, vagal control typically is decreased (withdrawn), which allows heart
rate to increase as needed and to direct internal resources to responding to the stimulus
(Porges, 2007).
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Cardiac vagal control is typically quantified as the magnitude of heart rate variability at the
respiratory frequency (respiratory sinus arrhythmia or RSA) during resting states or in
response to an external stimulus (Berntson et al., 1997). High resting RSA, as well as
moderate RSA withdrawal to sadness induction together represent normative RSA activity
(see Beauchaine, 2001; Overbeek, van Boxtel, & Westerink, 2012), and are associated with
fewer depression symptom in children and adolescents (Blom et al., 2010; Gentzler et al.,
2009; but see Byrne et al., 2010; Crowell et al., 2005). Conversely, low resting RSA, blunted
RSA reactivity, or increased RSA (RSA augmentation) to certain prompts are associated
with higher levels of depression symptoms in children (Gentzer et al., 2009; Graziano &
Derefinko, 2013; Jones et al., 1998). More recently, atypical RSA patterns, such as
combinations of RSA augmentation in response to negative mood prompts and high resting
RSA (or low resting RSA and RSA withdrawal during negative mood prompts) were
associated with heightened risk for familial depression and elevated depression symptom
trajectories across childhood and adolescence (Yaroslavsky, Rottenberg, & Kovacs, 2014).
Atypical RSA patterns also predict internalizing symptoms during childhood and
adolescence (Hinnant & El-Sheikh, 2009; 2013). These findings extend to older ages, with
atypical RSA patterns in depression-prone adults signaling higher levels of depressive
symptoms and a history of juvenile onset depression (Yaroslavsky et al., 2013a; 2013b).
Thus, atypical RSA characteristics constitute a plausible physiological mechanism that
facilitates depression symptoms and disorders.
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Affect regulation and RSA have been linked both in theory (Beauchaine, 2001, 2015;
Porges, 2007; Rottenberg, 2007; Thayer & Lane, 2009) and empirical studies (Geisler,
Kubiak, Siewert, & Weber, 2013; Ingjaldsson et al., 2003; O’Connor, Allen, & Kaszniak,
2005; Sloan & Epstein, 2005; Volokhov & Demaree, 2010). For example, adults with
normative RSA are more likely to use adaptive mood regulatory responses, including
attention refocusing, reappraisal, distraction, and seeking social support (Geisler et al., 2013;
Volokhov & Demaree, 2010) and obtain greater subjective benefit from their use (O’Connor
et al., 2005; Sloan & Epstein, 2005). In turn, adults with atypical RSA activity are
characterized by extensive use of maladaptive regulatory strategies both in the laboratory
(Ingjaldsson et al., 2003) and in daily life (Geisler et al., 2013). Such associations are
plausible given that RSA has been connected closely to the experience and regulation of
affect (see Kreibig, 2010; Thayer & Lane, 2009). Further, RSA processes have been linked
to neural circuits associated with the experience of emotions (limbic regions) and their
cognitive regulation (prefrontal regions) (Allen, Jennings, Gianaros, Thayer, & Manuck,
2015; Beauchaine, 2015; Porges, 2007; Thayer, Åhs, Fredrikson, Sollers, & Wager, 2012;
Thayer & Lane, 2009). Although RSA and mood repair are clearly associated, the exact
nature of their interrelationship in the context of depression is not well characterized,
particularly in the juvenile years. Consequently, little is known about how various patterns of
association between RSA and RSA reactivity might increase or attenuate the risk of
depression symptoms among youth. The goal of our study was to fill these critical gaps.
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Although there are various possible interrelations between RSA and mood repair, for
heuristic purposes, we focused on two that appear relatively plausible pathways to
depression. First, RSA may be linked to depression indirectly via problematic mood repair.
That is, atypical RSA may potentiate problematic mood repair, which, in turn increases the
risk of depression symptoms. Second, RSA may directly moderate the consequences of
mood repair responses and thereby influence depression risk. That is, atypical RSA may
enhance the depressogenic effects of maladaptive mood repair. The just noted associations
represent alternate mediation and moderation models linking the three constructs of interest,
which may compete, or be complementary.
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To test the mediation model, we focused on dispositional (trait) mood repair. We
hypothesized that atypical RSA patterns will predict lower levels of trait adaptive and higher
levels of maladaptive mood repair repertoires that, in turn, will mediate the effects of
atypical RSA on depression. To test the moderation model, we focused first on mood repair
as a disposition (trait). We hypothesized that atypical RSA patterns will enhance the negative
effects of trait maladaptive mood repair, and attenuate the potentially beneficial effects of
adaptive mood repair on depression symptoms. We then examined a moderated-mediation
model involving trait mood repair that combined the two models described above. Finally, as
an alternative way to examine moderation, we focused on the subjective consequences of
instructed mood repair in the laboratory (state mood repair). We hypothesized that atypical
RSA patterns will reduce the subjective benefits of deploying an adaptive mood repair
response in the laboratory.
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Methods
Participants

Trait mood repair mediation and moderation models used data from 371 school-age youths
in Hungary (M = 16.50 years, SD = 1.85), 64% male and 97% Caucasian (3% were multiracial, Roma, or “other” racial category). A subset of this sample was previously diagnosed
with Major Depressive Disorder (probands, n = 210). Remaining subjects were free of lifetime major mental disorders (controls, n = 161). Probands were on average 1 year older,
t(369) = 6.20, p < .001) but did not differ from controls in sex distribution. Eighty-two
probands (39%) had a history of anxiety disorders, and 37% had a history of externalizing
disorders. At the time of this study, 14% of probands were in a depressive episode and 7%
had a current anxiety disorder. Three-percent (3%) were prescribed psychotropic
medications (n=1 antidepressants, n=2 anxiolytics, n=2 stimulants, n=1 antipsychotic).
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The state mood repair moderation model used laboratory data from those subjects (n=183)
who were assigned to complete an instructed attention refocusing mood repair task. Of these
participants, n = 57 did not report sadness after the negative mood induction (described
below). Given that some dysphoria must be present in order to examine mood repair, these
participants were excluded from analyses, yielding a final sample of n = 126 .2 Probands and
controls in this subsample did not significantly differ in reported levels of post-film
dysphoria, Probands M = 1.43 SD = 1.05; Controls M = 1.79 SD =1.13, t (124) = 1.82, p < .
07.
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Recruitment, clinical assessment, and diagnostic procedures have been described in detail
elsewhere (Bylsma et al., 2015; Rottenberg et al., 2014; Kovacs et al., 2015). Briefly,
probands were originally recruited from 23 child mental health and guidance facilities across
Hungary for a prior genetic study on childhood depression (Kiss et al., 2007); controls for
the current study were selected from medium size public elementary and secondary schools
in the 3 cities where most probands resided (Budapest, Pecs, and Szeged). Subjects
underwent a stringent assessment procedure that included: a) standardized psychiatric
diagnostic evaluations using a semi-structured interview (each involving the child and a
parent informant) by trained interviewers who generated DSM-IV mood-disorder diagnoses
and b) independent verification of the diagnosis by pairs of trained child psychiatrists, using
“best estimate” diagnostic consensus guidelines (Maziade et al., 1992).
Overall Procedures

Author Manuscript

Study visits included a psychiatric-psychosocial evaluation by a clinician, the completion of
self-rated questionnaires by parents and children, and a psychophysiological protocol. All
procedures, schedules, rating scales, and instruments were first developed in English,
translated into Hungarian, and then back-translated by bilingual child psychiatrists and
clinical psychologists: an iterative procedure was used to resolve any discrepancies.

2Subjects who were excluded for their non-response to the mood induction procedure were approximately 9 months younger than
those who were retained in the analysis (t(181) = 2.57, p <.05), but did not differ in their depression symptoms, dispositional mood
repair, or RSA levels.
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Clinical Evaluation—Youths were evaluated by trained child psychologists and
psychiatrists via the Interview Schedule for Children and Adolescents: Diagnostic version
(ISCA-D), a DSM-IV-based, semi-structured diagnostic interview, which has been shown to
have good symptomatic interrater reliability (Kiss et al., 2007). The ISCA-D requires
separate interviews with the parent and offspring about the offspring; the final rating for
each symptom reflects the interviewer’s judgment based on both sources of information. For
this study, clinically impairing (threshold) major depressive disorder (MDD) symptoms
during the month prior to the assessment, including the assessment day, were aggregated as
one indicator of the latent depression factor (Weighted Kappa = .84). Parents also responded
to a structured interview, which included questions about offspring’s cigarette smoking and
psychotropic medication use.
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Self-Rated Questionnaires—Youths completed the Children’s Depression Inventory-2nd
edition (CDI-2), a validated and reliable measure (α=.89 in this study) of symptoms during
the prior 2 weeks (Kovacs & MHS Staff, 2011). The CDI-2 score served as the second
indicator of youths’ latent depression levels. Physical activity was measured using the
Physical Activity History questionnaire (adapted from the Youth Risk Behavior
Surveillance-United States, Centers for Disease Control and Prevention), which has good
psychometric properties (Rottenberg et al., 2014).
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The Feelings and Me/Feelings and My Child (FAM) questionnaires survey a wide range of
common responses to sadness (Kovacs et al., 2009). Both the youth and parent-rated
versions contain the same 54-items (Bylsma et al., 2015; Tamas et al., 2007), each of which
is rated on 3-point scale to indicate the extent to which use of the target response
characterizes the individual. The two major FAM scores reflect adaptive responses (e.g.,
“when I am sad, I look for a teacher or other adult to talk to”) and maladaptive responses
(e.g., “when I am sad, I throw, kick, or hit things”); each includes 3 sub-scores mirroring
cognitive, behavioral, and social response domains. Information on validity and reliability of
the FAM scores has been reported elsewhere (e.g., Bylsma et al., 2015; Tamas et al., 2007).
The FAM is associated with remission status (Tamas et al., 2007), and distinguishes controls
from youths with depression histories (Bylsma et al., 2015). The scales displayed good-toadequate internal consistency in this sample (Child report: Maladaptive cognitive α=.79,
behavioral, α=.58, & social α=.64; Adaptive cognitive α=.75, behavioral, α=.72, & social
α=.73; Parent report: Maladaptive cognitive α=.83, behavioral, α=.64, & social α=.70;
Adaptive cognitive α=.78, behavioral α=.67, & social α=.68).
Psychophysiological procedures

Author Manuscript

As summarized elsewhere (Kovacs et al., 2015), our protocol probed physiological and
psychological reactions to various stimuli/tasks, lasted about 1 hour, and included sadness
induction followed by mood repair tasks. Potential order effects were minimized by
counterbalancing task order. In this article, we report on the portions of the protocol that
included a baseline rest period, sad mood induction, and subsequent instructed mood repair
using an attention-refocusing task. The resting baseline was a 180 second task during which
respiration was paced at 12 breaths per minute. Sadness was induced via a 164 second clip
from the Champ (dubbed in Hungarian) (Gross & Levenson, 1995), which was pilot tested
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with Hungarian youth (see Kovacs et al., 2015). The mood repair task, which lasted about
2.5 minutes, involved looking through a kaleidoscope and was adapted from a pediatric
study (Carlson, Broome, & Vessey, 2000). After the subject was handed the kaleidoscope
and asked to keep turning it, the experimenter posed standardized questions (e.g., “What
shapes do you see?) to facilitate task engagement. Prior work demonstrates the importance
of cognitive engagement for attention re-focusing tasks (e.g., Erber & Tesser, 1992; Van
Dillen & Koole, 2007).

Affect ratings were collected at baseline, after sad mood induction, and after the mood repair
task, using Likert scales from 0 (not at all) to 7 (very much). Affects rated included sad,
blue, and happy, interspersed with items such as interested, upset, and angry. Our dysphoria
index was the average of the ratings of the “sad” and “blue” items, similar to the approach
taken by others (e.g., Joormann, Siemer, & Gotlib, 2007).
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RSA data acquisition and reduction—Physiological data were recorded continuously
via electrocardiogram (ECG) using Mindware BioLab software. The ECG signal was
acquired according to published guidelines (Berntson et al., 1997) using Ag/AgCl electrodes
that were placed in a modified Lead II configuration on the chest. R-waves were sampled
online at 1000Hz using the Mindware Bionex system (MindWare Technologies, Ltd.,
Gahanna, OH). RSA was calculated using MindWare HRV 3.0.21 software (MindWare
Technologies, Ltd., Gahanna, OH). R-wave markers in the ECG signal were processed with
the MAD/MED artifact detection algorithm, and signals were manually inspected and
suspected artifacts were corrected (Berntson et al., 1997). The interbeat interval (IBI) series
was resampled, linearly detrended, and tapered using a Hanning window. Heart rate
variability (HRV) was calculated using Fast Fourier transformation analysis of the IBI series,
with spectral power values determined in ms2/Hz (Berntson et al., 1997). Our index of
cardiac parasympathetic activity, RSA, was defined as the log transformed high frequency
(HF) power band of HRV (.15-.40 Hz range; see Berntson et al., 1997). Hereafter we refer to
HF-HRV as RSA, since HF-HRV is the power band of HRV that occurs in the typical range
of respiration.
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The paced breathing baseline and sad film clip were processed in single 180 and 164 second
epochs. Mean heart rate during the paced breathing baseline was 74.43 (SD = 11.52) and
69.70 (SD = 10.30) during the sad film, respectively. Resting RSA was derived from the
paced breathing task. RSA reactivity to the sad film mood induction task was computed by
subtracting the task RSA values from the paced breathing RSA values. Thus, positive RSA
reactivity values represent RSA Withdrawal (RSA was lower during the sad film) and
negative values represent RSA Augmentation (RSA was higher during the sad film). RSA
patterns reflect the statistical interaction between zero-centered resting RSA and RSA
reactivity levels.
Statistical Analyses Overview
Descriptive analyses were conducted in SAS version 9.3 software (SAS Institute Inc., 2013),
and latent variable and regression models were fit in Mplus v. 7.11 software (Muthén &
Muthén, 1998 - 2012). Robust Full Information Maximum Likelihood was used to adjust
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parameter estimates for missing values on outcome variables that comprised less than 2% of
the sample. Following Hu and Bentler (1999), CFI values of .95 or greater and RMSEA of .
06 or lower indicated excellent model fit, and CFI greater than .90 and RMSEA below .07
was indicative of acceptable fit (Browne & Cudeck, 1993; Steiger, 2000). Smoking, physical
activity, and psychotropic medication use were explored as covariates given their known
effects on RSA (Rottenberg, 2007).
Models Involving Trait Mood Repair
Measurement Models

Author Manuscript

Latent Depression: To reduce measurement error (see Bollen, 1989), a latent depression
factor was estimated using CDI-2 scores and ISCA-D depression symptom counts. Given
that most subjects were free of threshold depression symptoms at the time of the study
procedures (78%), ISCA-D depression symptom counts were modeled using a zero-inflated
negative binomial distribution. While the use of symptom counts precluded an evaluation of
relative model fit indices (CFI & RMSEA), high factor loadings from the latent factor to the
two indicators suggested good model fit (λ = .78-1.00, p < .001).3
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Latent Trait Mood Repair: A latent multi-trait multi-method (MTMM) approach was
taken to estimate latent adaptive and maladaptive mood repair factors from parents’ and
youths’ FAM cognitive, social and behavioral subscale scores. Latent MTMM models can
account for measurement error and method effects associated with self- and parental reports
of youths’ characteristics (e.g., Najman et al., 2001). Residual variance of youths’ and
parents’ reports were allowed to covary to accommodate reporting bias associated with each
informant (correlated uniqueness model, see Kenny & Kashy, 1992). This model displayed
an acceptable fit to the data (CFI = .97, RMSEA = .07). Our use of two rather than a single
mood repair factor reflects substantial work showing low-to-no associations between
measures of adaptive and maladaptive mood repair responses (Gentzler et al., 2009; Tamas
et al., 2007; Yaroslavsky et al., 2013b)
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Structural Models—Nested structural equation models (SEMs) were fit to test the
hypothesized mediation and moderation models. These models reflected (1) the direct effect
of RSA patterns on depression symptoms (Figure 1, path C), (2) the mediated (indirect)
effects of RSA patterns on depression via trait adaptive and maladaptive mood repair factors
(Figure 1, paths A1-2 & B1-2), and (3) RSA patterns’ moderation of trait adaptive and
maladaptive mood repair on depression (Figure 1 Paths D1-D2). The model containing all AD paths is a moderated-mediation model within which our hypothesized mediation and
moderation models are nested. This model tests the combination of moderation and
mediation relationships between RSA patterns, trait mood repair, and depression symptoms.
The nesting structure of this model allows us to directly compare the fits of the mediation
and moderation models to the moderated-mediation model via likelihood ratio tests, as well

3Since Mplus does not provide relative model fit indices (i.e., CFI & RMSEA) in the presence of count variables, depression factor
scores were used as proxies for the latent depression variable to estimate relative fit of measurement and structural models. Depression
factor scores were a good approximation of the latent depression factor (r = .97).
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as to indirectly compare the fit of the mediation and moderation models by examining their
respective Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC).
Confidence intervals around significant indirect effects were estimated using the
PRODCLIN program (MacKinnon, Fritz, Williams, & Lockwood, 2007), which is robust in
moderate sample sizes (Fritz & MacKinnon, 2007). Moderation effects were tested via
Latent Moderated Structural (LMS) equations to accommodate the use of latent variables in
the interaction (see Klein & Moosbrugger, 2000). These models tested three-way
interactions between resting RSA, RSA reactivity, and each mood repair factor. Incremental
value of the three-way interaction terms were evaluated through Wald χ2 tests. Following
Aiken and West (1991) resting RSA and RSA reactivity were zero-centered.
Models Involving State Mood Repair
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The effectiveness of experimentally manipulated mood repair (state mood repair) was
quantified as the difference in dysphoria rating after the sad film clip versus after the
kaleidoscope task. Higher scores indicated greater (more effective) mood repair. Two
regression models were fitted to test first- and second-order effects of resting RSA and RSA
reactivity on mood repair effectiveness. Significant second-order effects of the two RSA
indices would indicate that RSA patterns modify the degree to which subjects reduced their
distress while engaging in attention refocusing. RSA indices were zero-centered, as before,
when predicting mood repair scores (Aiken & West, 1991).

Results
Sample Characteristics and Covariates

Author Manuscript

Descriptive statistics and bivariate associations among study variables are presented in Table
1. As noted previously (Bylsma et al., 2015), girls reported using more mood repair
strategies than did boys, partly mirroring parental reports of their children’s mood repair
responses. Proband youths reported using fewer adaptive but a higher number of
maladaptive mood repair responses relative to control youths.
Participants on average reported greater dysphoria after watching the sad film clip,
MΔsad/blue= .73, SD = 1.23, t(370) = 11.39, p <.001, Cohen’s d = .61. The sad clip also
elicited vagal withdrawal for the majority of participants, MΔRSA =.76, SD =.84, t(366) =
17.40, p < .001, Cohen’s d = 1.82, although 19% (n=70) of subjects showed increased RSA
over resting RSA levels (vagal augmentation).

Author Manuscript

Of the variables known to affect RSA (i.e., active depression episodes, physical activity,
smoking, and psychotropic medication use), none predicted resting RSA and only
psychotropic medication use was associated with greater RSA reactivity, F(1,365) = 8.17, p
< .01, η2 = .02. Thus, psychotropic medication use, along with sex and group status
(proband vs. control), were included as predictors in all models. Given previously observed
relationships between sadness intensity and RSA (e.g., Dywan, Mathewson, Choma,
Rosenfeld, & Segalowitz, 2008), a change score in dysphoria ratings from baseline to the sad
film clip was added as an additional predictor in the state mood repair models.4 Finally, task
order was entered as a covariate in all models.
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To answer this question, we first examined the effects of RSA patterns on depression in two
SEMs, in which the latent depression factor was regressed on the first- and second-order
effects of resting RSA and RSA reactivity (Figure 1, path C). In the first-order model,
neither resting RSA nor RSA reactivity predicted depressive symptoms. In contrast, in the
second-order model, RSA patterns predicted depressive symptoms, βRSA = .03, ns; βΔRSA =
−.03, ns; βRSAxΔRSA = −.10, p <.05, ΔR2 = .02 (see Figure 2). Simple slope analyses of the
interaction effect revealed that normative RSA patterns predicted lower depressive symptom
severity, β = −.12, whereas atypical RSA patterns predicted greater depression symptom
severity, β = .18 (see Figure 3). In both models, proband status was a consistent predictor of
depression symptoms, β = 1.43-1.44, ps < .001, ΔR2 = .47-.48.

Author Manuscript

Next, a series of SEMs were estimated to test the effects of RSA patterns on the mood repair
factors (Figure 1 paths A1 & A2), and mood repair effects on depression symptoms (Figure 1
paths B1 & B2; Figure 3). The first-order effects model fit the data well (CFI = .93, RMSEA
= .06). In the first-order model, neither resting RSA nor RSA reactivity predicted adaptive
mood repair. Surprisingly, higher resting RSA levels were associated with greater
maladaptive mood repair repertoires, βRSA = .14, p0 < .5, ΔR2 = .02. However, this main
effect was qualified by the predicted interaction of resting RSA and RSA reactivity (see
below). Of the variables in the model, only adaptive and maladaptive mood repair factors
predicted youths’ depression symptoms, βAMR = −.35, p < .05, ΔR2 = .08; βMMR = .87, p < .
01, ΔR2 = .81.
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Second-order effects of the two RSA indices were then added to the first-order model to test
the incremental utility of RSA patterns on dispositional mood repair. As hypothesized, the
second-order model displayed improved fit to the first-order counterpart, which suggests that
RSA patterns explained incremental variance in the mood repair factors (CFI=.93,
RMSEA=.06, AIC = 23345.39, BIC = 23720.30, Wald χ2(1) = 5.38, p <.05,). The
interaction of resting RSA and RSA reactivity predicted the use of dispositional maladaptive
mood repair strategies, βRSAxΔRSA = −.10, p =.02, ΔR2 = .01, but not adaptive mood repair
responses, βRSAxΔRSA = −.06, p =.40. In other words, RSA patterns were predictive of the
frequency with which adolescents deployed maladaptive mood repair responses (Figures 1 &
4, path A1). Simple slopes analyses of the interaction revealed that high resting RSA was
associated with an increased use of maladaptive responses as a function of RSA
augmentation, and a modestly lower use of these strategies as a function of RSA withdrawal
(see Figure 5). These findings support the idea that normative (i.e., high resting RSA + RSA
withdrawal) and atypical (i.e., high resting RSA + RSA augmentation) RSA patterns show
differential associations with maladaptive mood repair. This pattern of associations set the
stage to test whether RSA patterns indirectly predict depression via maladaptive mood
repair.

4We also examined models that did not control for subjects’ reactivity to the sad film. Results of these models did not alter our major
findings, and in fact strengthened the association between RSA patterns and mood repair effectiveness (βRSA = .11, ns; βΔRSA = .00,
ns; βRSAxΔRSA = .18, p <.01).
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Consistent with expectations, the effects of RSA patterns on depression symptoms were
mediated by maladaptive repair, βMMR, RSA × ΔRSA = −.09, 95% CI: −.01 - −.17, ΔR2 = .01.
Specifically, indirect effects analysis of the simple slopes revealed that, in the context of
RSA augmentation, resting RSA predicted greater levels of maladaptive mood repair and
depression, β = .28, whereas RSA withdrawal predicted lower levels of maladaptive mood
repair and reduced depression, β = −.03. Thus, atypical RSA patterns were associated with
increased maladaptive repair, and with more severe depressive symptoms.5 It is noteworthy
that the effects of RSA patterns were independent of proband status, which robustly
predicted maladaptive mood repair, β = .75, p < .001, ΔR2 = .47, but not adaptive mood
repair.
Do atypical RSA patterns enhance the negative effects of trait maladaptive mood repair,
and attenuate the effects of trait adaptive mood repair on depression symptoms?

Author Manuscript

To answer this question, we added third-order effects of resting RSA, RSA reactivity, and
the two mood repair factors to the mediation models described above (D paths in Figure 1),
while removing the direct effects of RSA patterns on the two mood repair factors (A paths in
Figure 1). Contrary to our expectation, RSA patterns failed to moderate the effects of the
two mood repair factors on depression (ps = .16-87).
Are the effects of atypical RSA patterns on trait mood repair best captured by a combined
moderated-mediation model?

Author Manuscript
Author Manuscript

To test whether RSA patterns predict mood repair and influence its effects on depression, we
estimated a moderated-mediation model within which our proposed mediation and
moderation models are nested (full model depicted in Figure 1). Thus we were able to
compare whether the hypothesized relationships between RSA patterns, mood repair, and
depression are best accounted for by a mediation, moderation, or a combined moderatedmediated model. In this moderation -mediation model, the third-order effects between
resting RSA, RSA reactivity, and the two mood repair factors were added to the mediation
model described above (D paths in Figure 1). According to the results, the moderation
effects of RSA patterns on mood repair were not significant (ps = .25-.74), and did not
improve the model’s fit to the data relative to the mediation model (ΔLogLikelihood (6) =
1.65, p = .95; Mediation model AIC = 23345.39, BIC = 23720.30 vs. Moderated-Mediation
model AIC = 23356.35, BIC = 23754.69). Next, we examined the fit of a “pure” moderation
model by removing the predictive effects of RSA patterns on the mood repair factors (A
paths in Figure 1). The fit of the “pure” moderation model did not significantly change
relative to the moderated-mediation model (ΔLogLikelihood (2) = 3.55, p = .17; Moderation
model AIC = 23355.48, BIC = 23746.02 vs. Moderated-Mediation model AIC = 23356.35,
BIC = 23754.69). Given this pattern of findings, including lower information criteria, greater
parsimony, and no difference in absolute model fit relative to the moderated-mediation
models, the mediation model shows a superior ability to account for the functional
relationships between RSA patterns, dispositional mood repair, and depression.

5These results were replicated when we used adolescents’ self-reports; maladaptive mood repair mediated the effects of RSA patterns
on depression symptoms, (RSA patterns → MMR: βRSA = .11, p <. 05; βΔRSA = −.09, ns; βRSAxΔRSA = −.09, p <.05; indirect
effect = −.08, 95% CI −.009 - −.13).
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Do atypical RSA patterns reduce the beneficial effects of implementing an adaptive mood
repair response in the laboratory?
As an alternate test of our trait moderation model, we examined whether in vivo (state)
adaptive mood repair outcome is adversely affected by atypical RSA. Mood repair success
was defined as the difference in dysphoria rating after mood induction and the instructed
mood repair task. These change scores then were regressed on first- and second-order effects
of resting RSA and RSA reactivity in a series of regression models that controlled for
experimental task order, psychotropic medication use, proband status, depressive symptoms,
and subjects’ reactivity to the mood induction relative to their baseline ratings (see Figure 6).

Author Manuscript

First-order effects of resting RSA and RSA reactivity did not predict mood repair
effectiveness. However, consistent with our hypothesis, addition of the second-order effects
of the two RSA metrics improved model fit, Wald χ2 (1) = 3.88, p <.05, and predicted the
degree of laboratory mood repair, βRSAxΔRSA = .08, p < .05, ΔR2 =.01. Simple slopes
analyses of the interaction term revealed that the normative RSA pattern of high resting RSA
and RSA withdrawal was associated with more effective laboratory mood repair, β = .18,
relative to the atypical RSA pattern of high resting RSA and RSA augmentation, β = −.07
(Figure 7). These effects were independent of proband status, which was associated with
lower levels of mood repair, β = −.29, p < .05, ΔR2 = .01.

Discussion

Author Manuscript

We tested three competing models of the nature of the relationship between RSA patterns
and mood repair in the context of depression risk among adolescents. We found that a
mediational (rather than a moderational or moderated-mediational) model best represented
the association between trait maladaptive mood repair, RSA patterns, and depression
symptoms. Youths with atypical RSA patterns (e.g., high resting RSA+RSA augmentation to
the sad film) reportedly engaged in more frequent use of maladaptive mood repair responses
than youths with normative RSA patterns (e.g., high resting RSA + RSA withdrawal to the
sad film). In turn, the extent of maladaptive mood repair accounted for the association
between RSA patterns and depression symptoms. However, although RSA patterns were
unrelated to trait adaptive mood repair, they moderated the subjective benefits of in vivo
adaptive mood repair (state mood repair). In other words, normative RSA patterns predicted
greater success at reducing sadness in the laboratory via attention refocusing, while atypical
RSA patterns reduced the usual benefits of attention refocusing.

Author Manuscript

Although our mediation model findings should be viewed cautiously owing to the crosssectional nature of the data, they may speak to key processes that have been implicated in
depression risk. Namely, while atypical RSA patterns are more prevalent among youths at
familial risk for depression than among low-risk peers, and such patterns predict elevated
depression symptom trajectories in adolescence (Yaroslavsky et al., 2014), the path whereby
atypical RSA patterns lead to depression has not yet been elucidated. Together with results
from studies showing that maladaptive mood repair is a robust predictor of depression risk
(Bylsma et al., 2015; Ehring et al., 2010; Garber et al., 1995; Gentzler et al., 2009; Kovacs et
al., 2009; Thompson et al., 2010) and new incidence of depressive episodes (Kovacs et al.,
2009; Stone et al., 2011), the present results suggest that problematic mood repair could be
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one pathway of risk for depression in youths. Indeed, the relationship between atypical RSA
patterns and habitual maladaptive mood repair in the present study mirrors results in a
sample of adults with and without histories of juvenile onset depression (Yaroslavsky et al.,
2013b).

Author Manuscript

It is noteworthy that we found no support for a mediational model regarding adaptive mood
repair. Namely, RSA patterns failed to predict the habitual use of adaptive mood repair
responses, also mirroring prior results on adults (Yaroslavsky et al., 2013b). Such findings
may reflect that adaptive and maladaptive mood repair are subserved by different
psychological and physiological processes and are therefore characterized by different
precursors and outcomes. It also may be that the use and consequences of adaptive mood
repair strategies are essentially context dependent (Aldao & Nolen-Hoeksema, 2012).
Supporting this possibility, we found that the benefits of adaptive mood repair in the
laboratory were influenced by RSA patterns: RSA patterns constitute individual differences
in physiology that reflect one kind of context.
Intriguingly, RSA did not moderate trait adaptive mood repair, but did predict state adaptive
mood repair. One possible explanation of this apparent discrepancy is that our measures of
state and trait focused on different facets of mood repair. Our in vivo index of state mood
repair reflected the success of a specific adaptive response to reduce sadness in the
laboratory, whereas our trait mood repair measures indexed the historical and typical use of
a broad range of mood repair responses. By definition, accounts of trait mood repair
therefore are divorced from the contexts of their use. Clarifying the relationship between
state and trait mood repair should be an important consideration in future models of the role
of RSA in mood repair outcomes.

Author Manuscript

While little is known about the pathways through which atypical RSA patterns relate to
mood repair deficits (and hence depression risk), reduced attention flexibility may be one
route. Namely, high resting RSA and context-appropriate RSA withdrawal have been linked
to the flexible allocation of attention (Park, Van Bavel, Vasey, & Thayer, 2012; Park, Vasey,
Van Bavel, & Thayer, 2013) and good executive functioning (Hansen, Johnsen, & Thayer,
2003; Marcovitch et al., 2010). Conversely, excessive RSA withdrawal in response to
stimuli, particularly in conjunction with low resting RSA, may reflect autonomic
hyperarousal that is likely to interfere with the flexible allocation and control of attention
processes (Beauchaine, Gatzke-Kopp, & Mead, 2007). Insufficient vagal withdrawal has also
been linked to reduced executive functioning (Marcovitch et al., 2010). Elucidating causal
links between attention flexibility, RSA patterns, and mood repair may shed light on key
processes implicated in depression risk (see Kovacs & Yaroslavsky, 2014).

Author Manuscript

It is noteworthy that, in our models, RSA patterns, rather than individual RSA indices, were
associated with mood repair and depressive symptoms. These findings suggest that using a
single index of a physiological system may not reveal the true extent of inter-individual
differences (Lacey, 1959; see also El-Sheikh & Erath, 2011). However, much of the work on
RSA patterns has been largely data driven, with relatively little explicit theorizing about the
responsible mechanisms (but see Beauchaine, 2015). Thus, there is a need for additional
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theory as well as further empirical work to connect RSA patterns to self-regulation outcomes
(e.g., neural underpinnings).

Author Manuscript

An important aspect of our findings is that proband status consistently signaled higher levels
of depression, more extensive maladaptive mood repair response repertoires, and less
adaptive mood repair use and success. However, notwithstanding growing evidence that
atypical RSA patterns also are more common among depressed and high-risk individuals
than among controls (Yaroslavsky et al., 2014), the effects of RSA patterns in the present
adolescent sample were neither unique to, nor accentuated, among subjects with depression
histories. Given similar findings on adults (Yaroslavsky 2013a, 2013b), it therefore appears
that the potential mechanistic roles of RSA and mood repair in depression are not
constrained by age, clinical history, or risk status. In turn, the existence of a biobehavioral
construct that spans developmental spectrums should help to better characterize the
continuity of juvenile-onset depression into the years of adulthood.

Author Manuscript

These results therefore have implications for the assessment and treatment of depressive
disorders. First, the findings highlight the need to integrate physiologic parameters into a
comprehensive characterization of mental disorders (e.g., Cuthbert & Insel, 2010). Second,
the results document the empirical utility of cardiac indices of PNS activity (Beauchaine,
2015; Porges, 2007; Thayer & Lane, 2009) among youths with depression histories and
other types of internalizing disorders (De Los Reyes & Aldao, 2015). Third, given that
atypical RSA patterns predicted maladaptive mood-regulatory responses, “normalization” of
RSA may possibly improve mood repair and thereby lower the risk for depressive disorders.
Indeed, there is evidence that RSA can be altered through meditation (Tang et al., 2009), and
that vagal nerve stimulation has some efficacy in treatment-refractory depression
(O’Reardon, Cristancho, & Peshek, 2006). Fourth, our finding that atypical RSA patterns
reduced the benefits of an adaptive mood repair response suggests that there may well be a
(partial) physiological explanation when depressed patients report limited gains from
deploying adaptive mood repair strategies.

Author Manuscript

Our findings should be interpreted in the context of several limitations. Because we did not
control for respiration in our assessment of RSA, we cannot rule out the possibility that
respiration influenced the results. This concern is partly minimized by our use of a wellvalidated, paced breathing task to establish a resting baseline RSA. The fact that we did not
consider the effects of psychiatric comorbidity or sympathetic nervous system activity on the
association between RSA, mood repair, and depression also limits the findings. Further, as
we have previously noted (Kovacs et al., 2015), while we attained, on average, a medium-tolarge mood induction effect by Cohen’s standards (Cohen, 1992), a notable portion of our
subjects, particularly those with depression histories, failed to respond to the negative mood
induction. While the reasons for this are not entirely clear, the non-response rate is in the
range reported by an early review of mood induction studies (Gerrards-Hesse, Spies, &
Hesse, 1994). Another limitation is the use of cross-sectional data, which constrains our
ability to specify causal relationships between RSA patterns, mood repair, and depression.
Finally, our experimental findings are limited by focusing only on one form of instructed
mood repair (attention refocusing).
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However, the strengths of the present study outweigh its limitations. Importantly, we used a
multi-trait, multi-method analytic approach, and structural equation modeling, which
attenuated measurement error and self-report biases and increased the precision of the
findings. Further, this is the first study to combine survey and laboratory measures of mood
repair to examine the effects of parasympathetic nervous system activity on emotion and
depression outcomes. Finally, to our knowledge, this study was the first to investigate how
RSA level and RSA reactivity jointly predict the use and effectiveness of mood regulation
strategies in the laboratory, implicating mood repair as one mechanism through which
physiological vulnerabilities adversely affect mental health.
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General Scientific Statement
Results of this study suggest that patterns of parasympathetic nervous system (PNS)
activity are related to depression symptoms and the use and effectiveness of regulatory
responses to dysphoric affect. We found that atypical patterns of PNS activity predict the
use of ineffective affect regulatory responses that, in turn, predict depression. Atypical
PNS patterns also relate to reduced ability to attenuate sadness in the laboratory.
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Figure 1.

Conceptual model of the effects of RSA patterns on depression (DEP) via adaptive (AMR)
and maladaptive mood repair (MMR). RSA patterns = second-order interaction of resting
RSA & RSA reactivity, and take into account the first-order effects of the two RSA indices.
C = direct effect of RSA patterns on depression symptoms, A = direct effects of RSA
patterns on mood repair, B = direct effects of mood repair on depression symptoms, A*B =
indirect effects of RSA patterns on depression symptom via mood repair. D = RSA pattern
moderation of mood repair effects on depression symptoms.
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Figure 2.

Author Manuscript

Standardized First- and Second-order SEMs of RSA patterns’ effects on depression. Effects
of categorical predictors standardized with respect to the outcome variable. Parameters
within parentheses are from the first-order effects model. Parameters outside parentheses are
from the second-order effects model. Bold parameters significant at p < .05. Prob = proband
group membership, RSA =RSA during paced breathing, ΔRSA = change score from paced
breathing RSA to RSA during the sad film, RSAxΔRSA = second order effects of RSA
indices, Rx =prescription medication use, Sex = high value represents males, T. Order = task
order, Rx = high values represent psychotropic medication use, CDI-2 = self-report Child
Depression Inventory-2, MDDSx = threshold symptom counts on the ISCA-D.
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Figure 3.

RSA reactivity moderation of resting RSA effects on latent depression symptoms.
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Figure 4.
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Standardized First- and Second-order SEMs of latent mood repair mediating RSA patterns
effects on depressive symptoms. Residual covariances (correlated uniqueness) for self-report
and parent-report FAM scales and non-significant regression paths omitted to improve
interpretability. Effects of categorical predictors standardized with respect to the outcome
variable. Parameters within parentheses are from the first-order effects models. Parameters
outside parentheses are from the second-order effects models. Bold parameters significant at
p < .05. Prob = proband group membership, P- = parent report, Y- = youth self-report,
Mcog-Msoc = Feelings and Me Maladaptive Cognitive, Behavioral and Social mood repair
subscales, Acog-Asoc = Feelings and Me Adaptive Cognitive, Behavioral, and Social mood
repair subscales, RSA =RSA during paced breathing, ΔRSA = change score from paced
breathing RSA to RSA during the sad film, RSAxΔRSA = second order effects of RSA
indices, MMR= latent maladaptive repair factor, AMR= latent adaptive repair factor, Rx
=prescription medication use, Sex = high value represents males, T. Order = task order,
CDI-2 = self-report Child Depression Inventory-2.
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Figure 5.

RSA reactivity moderation of resting RSA effects on latent maladaptive mood repair.
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Figure 6.

Author Manuscript

Standardized First- and Second-order regression models of RSA patterns predicting mood
repair during an attention refocusing task. Effects of categorical predictors standardized with
respect to the outcome variable. Parameters within parentheses are from the first-order
effects models. Parameters outside parentheses are from the second-order effects models.
Bold parameters, significant at p < .05; and non-significant effects omitted to improve
interpretability. Prob = proband group membership, RSA =RSA during paced breathing,
ΔRSA = change score from paced breathing RSA to RSA during the sad film, RSAxΔRSA =
second order effects of RSA indices, Sad R. =change from baseline to post-film average sad/
blue ratings, CDI-2 = self-report Child Depression Inventory-2, Dysphoria Repair = change
from post-film to post repair task average sad/blue ratings, Rx =prescription medication use,
T. Order = task order.
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Figure 7.
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RSA reactivity moderation of resting RSA effects on mood repair effectiveness during
attention re-focusing for mood repair.
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