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Abstract

Depression often is characterized by inflexible autonomic and metacognitive processes that 

interfere with effective self-regulation. However, few studies have integrated these factors to 

improve the prediction of which individuals are at greatest risk for depression. Among 134 

undergraduates, we evaluated whether parasympathetic inflexibility (a lack of reduction in 

respiratory sinus arrhythmia) in response to a sadness induction involving loss would 

prospectively predict symptoms of depression across four waves of follow-up over twelve weeks. 

Furthermore, we evaluated whether metacognitive components of perseverative cognition (PC) and 

decentering (identified by a principal component analysis) would moderate this relationship in 

opposite directions. Multilevel modeling demonstrated that the relationship between 

parasympathetic inflexibility and prospective symptoms of depression was exacerbated by PC, but 

attenuated by decentering. Furthermore, individuals with parasympathetic inflexibility, PC, and 

low decentering were at greatest risk for symptoms of depression across follow-up. These results 

support the utility of integrating autonomic and metacognitive risk factors to identify individuals at 

risk for depression.
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Major Depressive Disorder (MDD) is the most common mental disorder (Kessler, Chiu, 

Demler, Merikangas, & Walters, 2005). It is associated with tremendous impairment and 

considerable comorbidity with other psychiatric conditions, resulting in major personal, 

economic, and societal costs (Kessler et al., 2006; Kessler & Wang, 2009). Given these 

debilitating effects, research has aimed to identify possible mechanisms and risk factors for 

MDD that might serve as targets for prevention or treatment (Alloy et al., 2017). Broadly, 

MDD is associated with a loss of biological and behavioral flexibility (Kashdan & 

Rottenberg, 2010; Stange, Alloy, & Fresco, in press). Specifically, MDD is characterized by 

inflexible physiological responses (Bylsma, Salomon, Taylor-Clift, Morris, & Rottenberg, 

2014), difficulty disengaging from perseverative thinking processes such as rumination, and 

with mentally distancing oneself from one’s negative thinking (Nolen-Hoeksema, Wisco, & 

Lyubomirsky, 2008; Fresco et al., 2007a; Bernstein et al., 2015). Furthermore, healthy 

individuals who are inflexible in response to changes in environmental or emotional context 

also may be susceptible to developing depression (Stange et al., in press). However, not all 

individuals who are inflexible in one domain necessarily develop depression, suggesting that 

the identification of risk factors in isolation may be an overly simplistic representation of 

risk. Thus, research has sought to integrate biological and behavioral factors that confer risk 

for depression, and examine how they might interact, in the service of improving the 

prediction of which individuals are at greatest risk for depression.

One biological index of flexibility relevant to depression is parasympathetic nervous system 

activity, which can facilitate adaptive behavioral and emotional responses to meet contextual 

demands (Beauchaine, 2001; Kashdan & Rottenberg, 2010; Porges, 2007; Thayer & Lane, 

2009). Parasympathetic flexibility can be measured as the extent to which individuals show 

contextually-appropriate changes in parasympathetic activity across different environmental 

or emotional cues. One index of parasympathetic flexibility is respiratory sinus arrhythmia 

(RSA), a measure of variability in heart rate that occurs over the respiration cycle. During 

periods of rest, the medial prefrontal cortex (mPFC) typically exerts inhibitory control over 

the amygdala, indirectly enhancing cardiac control via the vagus nerve, and resulting in 

elevated resting RSA (Thayer & Lane, 2009; Thayer, Åhs, Fredrikson, Sollers, & Wager, 

2012). However, during periods of emotional or environmental challenge (e.g., stressors, 

sadness, attention to salient stimuli), the parasympathetic nervous system typically 

withdraws its inhibitory control over heart rate, which results in reductions in RSA, allowing 

the body to mobilize resources needed to flexibly respond to the challenge (Beauchaine, 

2001).

RSA has been proposed as a biological index of the capacity for effective emotion regulation 

(Beauchaine & Thayer, 2015; Thayer et al., 2012). Indeed, extensive literature has 

documented that lower levels of RSA at rest are associated with maladaptive emotion 

regulation and MDD (Kemp et al., 2010; Rottenberg, 2007). However, recent work has 

suggested that RSA reactivity (vagal withdrawal) in response to sadness might be an index 

of regulatory flexibility that is particularly relevant to understanding depression and 

depression risk (for recent reviews, see Hamilton & Alloy, 2016; Stange et al., in press). 

Indeed, MDD appears to be characterized by a lack of RSA reactivity in response to sadness 

(Bylsma et al., 2014; Rottenberg, Clift, Bolden, & Salomon, 2007a), and individuals who 

have lower RSA reactivity (or vagal withdrawal) may be at risk for the onset of symptoms of 

Stange et al. Page 2

Behav Res Ther. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



depression and a poorer course of MDD (Panaite et al., 2016; Rottenberg et al., 2005; Stange 

et al., 2017). However, few such prospective studies have been conducted to evaluate the 

extent to which low RSA reactivity confers risk for future depression. Furthermore, beyond 

identifying parasympathetic inflexibility as a general risk factor, there is a need to identify 

contexts – such as other known risk factors – which could work synergistically with the 

parasympathetic nervous system in risk for depression (e.g., Aldao, 2013; Stange et al., in 

press).

Perseverative cognition (PC; Brosschot, Gerin, & Thayer, 2005; Brosschot, Gerin, & Thayer, 

2006; Ottaviani et al., 2016) is one factor that may worsen the role of parasympathetic 

inflexibility in conferring risk for depression. PC refers to metacognitive capacities 

characterized by repetitive, negatively-valenced, and self-referential mental activity 

(Watkins, 2008; Mennin & Fresco, 2013; Ottaviani et al., 2016). Although some forms of 

self-referential thought can promote concrete processing and adaptive engagement with 

current circumstances (e.g., Mennin & Fresco, 2013; Morin, 2017), PC involves an abstract 

level of construal that may exacerbate negative affective states (e.g., Segerstrom et al., 2000; 

Watkins, 2008). Two exemplars of PC that have received considerable empirical attention 

are depressive rumination, a way of responding to distress that involves repetitively and 

passively focusing on symptoms of distress and on the possible causes and consequences of 

these symptoms (Nolen-Hoeksema et al., 2008), and worry, a relatively uncontrollable and 

negatively-valenced chain of thoughts and images representing an attempt to engage in 

mental problem-solving of an issue of uncertain outcome (Borkovec, Robinson, Pruzinsky, 

& DePree, 1983). Although differing in content (e.g., loss vs. threat) and temporal 

orientation (e.g., past vs. future orientation), rumination and worry are correlated and have 

many similarities, including mental activity that is self-referential and perseverative, 

primarily diffuse and abstract in thinking style, and both have been associated with cognitive 

inflexibility and difficulty disengaging attention from negative stimuli (e.g., Fresco et al., 

2002; Nolen-Hoeksema et al., 2008; Watkins, 2008). Importantly, PC also confers risk for 

emotional disorders such as MDD (Abela & Hankin, 2011; Aldao, Nolen-Hoeksema, & 

Schweizer, 2010; Marchetti, Koster, Klinger, & Alloy, 2016; Nolen-Hoeksema et al., 2008; 

Olatunji et al., 2013; Roelofs, Huibers, Peeters, Arntz, & van Os, 2008; Spasojevic & Alloy, 

2001; Stange et al., 2016). Furthermore, the cognitive representation of stressors embodied 

in PC may cause a “fight-or-flight” action response, triggering withdrawal of 

parasympathetic activity that persists during times when it may not be necessary or adaptive 

for a response to environmental demands (Brosschot, 2010; Brosschot et al., 2006, 2007; 

LeMoult, Yoon, & Joormann, 2016; Ottaviani, Medea, Lonigro, Tarvainen, & 

Couyoumdjian, 2015). Therefore, individuals who engage in PC who also demonstrate 

inflexible parasympathetic responses to sadness might have a “double load” of risk for 

depression in that both sets of characteristics represent inappropriate responses to contextual 

demands and may interfere with effective self-regulation.

In contrast with PC, decentering is a form of metacognition defined as the ability to “step 

outside of one’s immediate experience, thereby changing the very nature of that experience” 

(Safran & Segal, 1990, p. 117). Decentering refers to a set of characteristics involving three 

related metacognitive processes (Bernstein et al., 2015): meta-awareness, an awareness of 

one’s subjective experience in consciousness, such as feeling and thinking (e.g., “I am 
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having the thought that I am stupid” rather than “I am stupid”); disidentification from 

internal experience, the experience of internal states as being separate from one’s self (e.g., 

“I am having a feeling of sadness” rather than “I am sad”); and reduced effects of thought 

content on other mental processes, such as attention and emotion. Interestingly, decentering 

is inversely associated with PC (Fresco et al., 2007a; Kaiser, Andrews-Hanna, Metcalf, & 

Dimidjian, 2015), and experimental studies have demonstrated that low decentering 

mediates the relationship between rumination and negative thinking in depression (Lo et al., 

2014). Decentering is attenuated in individuals with MDD relative to healthy individuals 

(Fresco et al., 2007a) and predicts better outcomes in psychotherapy (Teasdale et al., 2001, 

2002; Fresco et al., 2007b). As meta-awareness is an integral component of mindfulness and 

decentering (Bernstein et al., 2015), mindfulness-based treatments such as mindfulness-

based cognitive therapy (MBCT; Segal, Williams, & Teasdale, 2012) present one avenue of 

improving the ability to engage in decentering. Furthermore, mindfulness treatments that 

target meta-awareness also may improve parasympathetic flexibility (Delgado-Pastor, 

Perakakis, Subramanya, Telles, & Vila, 2013; Krygier et al., 2013), suggesting that 

decentering and parasympathetic flexibility may work hand-in-hand to facilitate self-

regulation and protect against depression. In contrast, it also is possible that decentering 

would protect against the depressogenic effects of parasympathetic inflexibility. However, 

few studies have evaluated contextual factors such as decentering or PC that may moderate 

the degree to which parasympathetic inflexibility confers risk for depression.

At a neurobiological level, the role of the default mode network (DMN) in parasympathetic 

flexibility, PC, and decentering provides reason to suspect potentially synergistic 

relationships between these characteristics. For example, Thayer et al. (2012) have proposed 

that RSA represents an index of how well top-down appraisals of stimulus threat shape 

parasympathetic responses to the environment. Modulation of RSA with these appraisals is 

thought to occur via the mPFC, a key node in the default mode network. In addition to 

modulating RSA, the mPFC (and the DMN more generally) appears to play a role in 

processing the degree to which beliefs are self-relevant, and for internally-focused thought 

that is perceived as self-relevant, such as PC (Whitfield Gabrieli & Ford, 2012; Marchetti et 

al., 2012; Hamilton et al., 2011). Relatedly, a recent neuroanatomical and processing model 

(Paulus & Stein, 2010) for emotional disorders posited that individuals at risk for anxiety 

and depression exhibit a reduced signal to noise ratio of interoceptive afferents via the 

mPFC, such that bodily signals are excessively perceived as having motivational 

significance. As a consequence, compensatory recruitment of cognitive control regions (e.g., 

dorsal anterior cingulate, dorsolateral prefrontal cortex) is required to effectively 

discriminate between relevant and irrelevant sensations. This increased cognitive activity 

may result in processes such as worry and rumination, which are aimed at improving 

predictions of the relevance of bodily sensations (Paulus & Stein, 2010). Ironically, however, 

PC may serve to further tax mental resources, impeding disengagement from PC or 

distancing oneself from one’s thoughts (Whitfield Gabrieli & Ford, 2012; Marchetti, Koster, 

Sonuga-Barke, & De Raedt, 2012; Bernstein et al., 2015). In contrast, it is possible that 

decentering would improve the signal to noise ratio of interoceptive afferents, thus reducing 

the likelihood of PC and facilitating healthy parasympathetic activity.
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Consistent with these hypotheses, MBCT may reduce excessive connectivity within the 

default mode network (Farb et al., 2007, 2011; Taylor et al., 2013), possibly reflecting 

strengthened present-moment awareness (e.g., Fresco et al., 2007b). Similarly, Fresco et al. 

(2017) examined the associations between pretreatment neural patterns of intrinsic 

functional connectivity in hubs within the DMN to treatment-related changes in worry and 

decentering in generalized anxiety disorder patients (with and without MDD) receiving 

emotion regulation therapy (e.g., Fresco, Mennin, Heimberg, & Ritter, 2013; Mennin, 

Fresco, Ritter, & Heimberg, 2015). Findings revealed that treatment linked gains in 

decentering, as well as reductions in worry were predicted by reduced functional 

connectivity between the anterior mPFC and a cluster in occipital lobe, as well as by greater 

connectivity between DMN hubs and regions of the salience network. Although we did not 

evaluate the DMN in the present study, it is possible that parasympathetic flexibility, PC, and 

decentering reflect related measures of a self-regulatory system that could work together 

synergistically to contribute risk for, or protection against, depression. For example, 

individuals who demonstrate parasympathetic inflexibility, high levels of PC, and low 

decentering could have particular dysfunction in the DMN, and hence, might be especially at 

risk for depression. In contrast, individuals with at least one protective factor (e.g., high 

decentering in the context of parasympathetic inflexibility and PC) might be able to step 

back from excessive internal processing, facilitating re-engagement with the world, and 

therefore, might be at relatively lower risk for depression.

In the present study, we conducted the first prospective test of the integration of 

parasympathetic and metacognitive factors in risk for depression. We evaluated 

parasympathetic and metacognitive factors at baseline, and symptoms of depression at five 

waves across a twelve-week follow-up period. We expected that less RSA withdrawal (less 

parasympathetic flexibility) in response to a sad mood induction would predict higher levels 

of depressive symptoms across follow-up, after accounting for baseline symptoms. 

Furthermore, we hypothesized that PC and decentering would moderate this relationship in 

different directions, such that PC would exacerbate the relationship between 

parasympathetic inflexibility and depression, whereas decentering would protect against this 

relationship.

Method

Participants and Procedure

Participants were undergraduate students at Temple University ranging in age from 18 to 65. 

For inclusion, participants had normal or corrected-to-normal vision and were fluent in 

English. Participants were recruited from undergraduate psychology classes using the 

department’s online listing of studies and from the diverse student body via flyers posted 

around campus. Students received psychology course credit and/or were compensated in 

cash for participation. All participants completed informed consent approved by the 

University’s Institutional Review Board. The sample included 178 participants (Mage = 

21.94, SD = 5.71) and was 57.9% female, 9.0% Hispanic or Latino, 20.2% African 

American/Black, 64.0% Caucasian/White, 12.4% Asian, 0.6% Pacific Islander, 1.1% Native 

American, and 6.2% “other” race.
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At Wave 1, participants completed a laboratory assessment that involved completing 

questionnaires in an online survey and watching videos while heart rate and respiration were 

assessed. Every three weeks after Wave 1, participants completed follow-up assessments 

remotely that included measures of current symptoms of depression experienced in the prior 

three weeks (Waves 2–5). To qualify for inclusion in the present multi-wave analyses (see 

Data Analysis), participants were required to have completed at least two of the four 

possible follow-up assessments, as using fewer than two observations could result in 

unreliable estimates of levels of depressive symptoms across follow-up. This yielded a final 

sample size of 134. Participants included in the present analyses did not differ from 

participants excluded from analyses (n = 44) on any study variables or demographic 

characteristics (ps > .08).

Measures

RSA Reactivity—At the Wave 1 assessment, participants were seated comfortably in a 

small assessment room and the experimenter attached cardiovascular sensors. After a five-

minute rest period to become acclimated to the room and sensors, participants watched a 

series of video clips, which were presented on a desktop computer approximately 24 inches 

in front of them. Film selection was based on criteria recommended by Rottenberg et al. 

(2007b). To establish physiological parameters during a neutral baseline film, participants 

first viewed a two-minute nature film clip (a documentary on Denali National Park), 

followed by a film depicting a boy who is distraught at the death of his father (the movie The 

Champ), which has been demonstrated to elicit sadness (Rottenberg et al., 2007b). 

Participants completed a brief self-report measure of affect before and after each film.

Electrocardiogram (ECG) and respiration signals were assessed with a three-lead 

electrocardiogram and BioPac BioHarness, and were continuously recorded on a PC with 

AcqKnowledge 4.3 software (equipment and software from Biopac Instruments Inc., Goleta, 

CA), sampled at 1000Hz. Cloth base disposable Ag/AgCl electrodes were placed in a 

modified Lead-II configuration on the chest. ECG signals were amplified with a Biopac 

MP150 with an ECG100 amplifier. We measured respiration rate (RR) with an RSP100C 

amplifier with a TSD100C respiratory transducer, which was placed around the chest, 

crossing under the armpits and on top of the breastbone. Respiration data were high-pass 

filtered and visually inspected for artifacts and corrected when needed, following established 

procedures outlined elsewhere (Grossman et al., 1990; Rottenberg et al., 2007b). HR data 

were manually visually inspected for artifacts with the aid of a channel that computed 

momentary inter-beat interval, and artifacts were manually adjusted as necessary (< 1% of 

heartbeats required adjustment). RSA was calculated using the well-validated peak-valley 

method (Grossman et al., 1990); the maximum heart rate during the expiration window of 

respiration was subtracted from the minimum heart rate during the inspiration window of 

respiration. RSA was computed in milliseconds with higher values reflecting greater vagal 

tone (or parasympathetic activity). Average RSA was computed separately for each film 

epoch (neutral film, sad film). To assess RSA reactivity, analyses evaluated the effect of 

RSA during the sad film after controlling for RSA during the neutral film; thus, higher levels 

of RSA during the sad film represented residual change in RSA, with higher scores 
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reflecting smaller decreases in RSA (less vagal withdrawal, less parasympathetic flexibility) 

during the sad film relative to the neutral film.

Beck Depression Inventory (BDI-II; Beck et al., 1996)—The BDI-II assessed the 

severity of cognitive, affective, and somatic symptoms of depression during the previous 

three weeks. It is the most commonly-used self-report measure of depressive symptoms and 

has demonstrated good internal consistency and validity in undergraduate samples (Storch et 

al., 2004; Dozois et al., 1998). In the present study, αs = .87–.90 at Waves 1–5.

Ruminative Response Scale (RRS; Treynor, Gonzalez, & Nolen-Hoeksema, 
2003)—The RRS is a 10-item self-report measure that assesses two components of 

rumination: brooding and reflective pondering. The measure consists of five brooding items 

(e.g., “think about a recent situation, wishing it had gone better”) and five reflection items 

(e.g., “analyze recent events to try to understand why you are depressed”), which are scored 

on a Likert scale ranging from 1 (almost never) to 4 (almost always). It has excellent internal 

consistency and validity (Armey et al,. 2009; Treynor et al., 2003). In the present study, α = .

74 for brooding, and α = .76 for reflective pondering.

Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 
1990)—The PSWQ is a 16-item inventory designed to assess trait worry and to capture the 

generality, excessiveness, and uncontrollability characteristics of pathological worry (e.g., 

“my worries overwhelm me” and “I worry all the time”). Items are rated on a 1 (not at all 
typical of me) to 5 (very typical of me) Likert scale. Among samples of college 

undergraduates, the PSWQ has repeatedly demonstrated good internal consistency and good 

test-retest reliability over intervals as long as ten weeks (Meyer et al., 1990; Fresco et al., 

2002). In this sample, the PSWQ demonstrated excellent internal consistency (α = .95).

Experiences Questionnaire (EQ; Fresco et al., 2007a)—The decentering subscale 

of the EQ is an 11-item self-report instrument that assesses the ability to mentally distance 

oneself from one’s thoughts and feelings. Participants respond to items (e.g., “I can observe 

unpleasant feelings without being drawn into them”) on a scale ranging from 1 (never) to 5 

(all the time). Items are summed, with higher scores representing greater decentering. The 

measure has demonstrated good validity and internal consistency (Fresco et al., 2007a,b; 

Teasdale et al., 2002; Bernstein et al., 2015); in the present study, α = .88.

Metacognitive Awareness Questionnaire (MAQ)—The MAQ is a nine-item self-

report instrument that assesses the degree to which individuals see that their negative 

thoughts and feelings when sad might not reflect actual realities, an important component of 

decentering (Teasdale et al., 2001). Individuals respond to items (e.g., “when I get low, I 

remind myself that I may be seeing things as more negative than they really are”) on a Likert 

scale ranging from 1 (totally disagree) to 7 (totally agree). Higher scores represent greater 

problems with metacognitive awareness, or lower levels of decentering. The MAQ has 

demonstrated adequate internal consistency (Teasdale et al., 2001). In the present study, α 
= .64.
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Positive and Negative Affect Scale (PANAS), Brief Version (Mackinnon et al., 
1999)—The PANAS – Brief version is a brief, 10-item version of the original self-report 

measure (Watson, Clark, & Tellegen, 1988) that assesses current emotions and affective 

experiences. It was administered as a manipulation check before and after each of the film 

and rest periods in the study to evaluate shifts in affect. Participants indicate the extent to 

which a number of different affective words describe their current state. It contains two 

subscales, each with five items: positive affect (inspired, alert, excited, enthusiastic, 

determined) and negative affect (afraid, upset, nervous, scared, distressed). The PANAS is a 

commonly-used measure of affect in experimental studies, and it has excellent validity and 

reliability (Crawford & Henry, 2004; Watson et al., 1988). In the present study, the PANAS 

had excellent internal consistency across the experimental periods (before and after each 

film): positive affect α = .84–.91, negative affect α = .90–.97.

Data Analysis

Given the nested structure of the data (multiple observations of depressive symptoms within 

each person), multilevel modeling (MLM) was used (Raudenbush & Bryk, 2002). MLM is 

advantageous in terms of maximizing data usage because it can flexibly handle cases with 

missing data, so participants with missing data (e.g., participants who miss a follow-up visit) 

are not eliminated from the data analyses. To avoid problems with unreliable estimates of 

levels of depressive symptoms across follow-up as might occur with only one measurement 

of BDI, participants were included in analyses if they had completed at least two of the four 

possible waves of follow-up (Waves 2–5). Analyses were conducted with the Mplus 6.12 

statistical software package (Muthen & Muthen, 2011), which allowed for use of full 

information maximum likelihood (FIML) estimation of data (Enders & Bandalos, 2001), 

using maximum likelihood estimation with robust standard errors.

To reduce the number of component cognitive measures, we first conducted a principal 

component analysis (PCA), hypothesizing that the cognitive measures would load onto 

components representing PC and decentering. Next, we used MLM to evaluate whether the 

relationship between low RSA reactivity to the sad film and higher levels of prospective 

depressive symptoms would be moderated by the components and by the original cognitive 

measures. Significant interactions were probed at +/− 1 standard deviation from the mean of 

the moderator (Aiken & West, 1991). For ease of interpretation, Level 2 variables (RSA, the 

components, and the cognitive measures) were Z-standardized at the between-subjects level. 

Depressive symptoms at Wave 1 served as a Level 2 covariate, so that results are interpreted 

as Wave 1 variables predicting future levels of depressive symptoms beyond the influence of 

baseline symptoms. Each of the primary analyses included an interaction term between RSA 

during the sad film and one of the components, RSA during the neutral film and one of the 

components, and the main effects of these variables. Thus, rather than computing difference 

scores representing change in RSA from the neutral to sad films, the value of RSA during 

the sad film is interpreted as residual change in RSA after accounting for RSA during the 

neutral film. An example MLM equation is provided in the Appendix.
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Results

Preliminary Analyses

First, we conducted manipulation checks to evaluate the extent to which the sad film induced 

the intended emotions. As expected, compared to the neutral baseline film, there was an 

increase in negative affect following the sad film (t = −9.87, p < .001, d = .59), as well as a 

decrease in positive affect (t = 10.36, p < .001, d = .53). As expected, participants showed 

decreases in RSA (t = 4.52, p < .001, d = .19) from the neutral film to the sad film.

Overall, participants had relatively low symptoms of depression (Wave 1 BDI Mean = 8.57, 

SD = 7.47; Wave 2 BDI Mean = 7.37, SD = 7.34; Wave 3 BDI Mean = 6.37, SD = 7.46; 

Wave 4 BDI Mean = 6.12, SD = 7.42; Wave 5 BDI Mean = 4.84, SD = 5.90). Including the 

baseline assessment, a total of 592 observations were completed (Wave 1 n = 134; Wave 2 n 
= 122; Wave 3 n = 122; Wave 4 n = 112; Wave 5 n = 102). Number of assessments 

completed was not related to any study variables except for Wave 1 compensation type (cash 

vs. course credit); individuals who received cash for Wave 1 completed more assessments 

(M = 4.86) than participants who received course credit (M = 4.37), t = 4.04, p < .01.1

The intra-class correlation for an empty model predicting BDI was .651, indicating that 

65.1% of the variance in depressive symptoms occurred at the between-subjects level (Level 

2), whereas 34.9% of the variance occurred at the within-subjects level (Level 1).

Principal Component Analysis

Given that the cognitive measures were correlated with one another as expected, we 

performed a PCA with varimax rotation to reduce the number of variables in the primary 

analyses. We did not restrict the number of components identified, which were selected 

based on having eigenvalues ≥ 1. The PCA yielded a two-component solution. Component 1 

had an eigenvalue of 2.28 and accounted for 45.59% of the variance, whereas Component 2 

had an eigenvalue of 1.12 and accounted for an additional 22.32% of the variance. The 

rotated component matrix and coefficient matrix (loadings), displayed in Table 2, suggested 

that Component 1 was characterized primarily by brooding, reflective pondering, and worry, 

which we labeled as the perseverative cognition (PC) component. Component 2 appeared to 

be characterized primarily by the two decentering measures, and thus was labeled as the 

decentering component. For interpretability, we reverse-scored Component 2 so that higher 

levels represent higher levels of decentering.

Correlations among study variables are presented in Table 1. Most of the cognitive variables 

were correlated with one another, whereas most were not correlated with RSA reactivity. 

Surprisingly, PC was not significantly correlated with RSA reactivity; however, higher 

reflective pondering was associated with less vagal withdrawal (less RSA reactivity) during 

the sad film.

1However, these groups did not differ on any other study measures.
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Do Cognitive Factors Moderate the Relationship between RSA and Prospective Symptoms 
of Depression?2

Results of MLM analyses using components yielded by the PCA are presented in Table 3. 

There was a significant interaction between PC (Component 1) and RSA, such that lower 

RSA reactivity predicted significantly higher prospective depressive symptoms among 

individuals with greater levels of PC (t = 2.42, p = .02), but not among individuals with 

lower levels of PC (t = −1.29, p = .20; Figure 1a). In addition, there was a significant 

interaction between decentering (Component 2) and RSA, such that lower RSA reactivity 

predicted significantly higher prospective depressive symptoms among individuals with 

lower levels of decentering (t = 2.70, p < .01), but not among individuals with higher levels 

of decentering (t = −1.40, p = .16; Figure 1b).

Next, to evaluate the relative strength of PC and decentering as moderators, we ran a 

combined component model that included RSA, PC, decentering, and the RSA × PC and 

RSA × Decentering interaction terms (Table 3). Both interactions remained significant. 

Finally, we evaluated possible synergistic effects of high PC and low decentering on RSA, 

by testing whether decentering would moderate the RSA × PC interaction. This model was 

similar to the combined model described above, with the addition of a PC × Decentering 

interaction term, and the three-way PC × Decentering × RSA interaction term. As 

hypothesized, the three-way interaction term was significant (Figure 2). Thus, we proceeded 

to test the RSA × PC two-way interaction term at high and low levels of decentering (Aiken 

& West, 1991). At high levels of decentering, the two-way RSA × PC interaction was not 

significant (t = −1.26, p = .21). However, at low levels of decentering, the RSA × PC 

interaction was significant (t = 3.02, p < .005), so we further decomposed this two-way 

interaction term at low levels of decentering. Among individuals low in decentering who 

also had low PC, RSA reactivity did not predict prospective levels of depressive symptoms (t 
= −0.77, p = .44), suggesting a possible protective effect of decentering on the risk conferred 

by PC and low RSA reactivity. In addition, supportive of the hypothesized synergistic effects 

of PC and low decentering, among individuals low in decentering who also had high PC, 

RSA reactivity predicted significantly higher prospective depressive symptoms (t = 4.71, p 
< .001).

As a secondary step, to investigate which measures might be driving the interactive effects 

between RSA and the two components identified in the PCA, we evaluated interactions 

between RSA and brooding, reflective pondering, worry, and decentering (on the EQ and 

MAQ), in five separate multilevel models (Table 4). Each of these five cognitive variables 

significantly moderated the relationship between RSA and prospective depressive 

symptoms. As expected, the form of these interactions was such that lower RSA reactivity 

predicted higher prospective depressive symptoms among individuals with higher levels of 

brooding (t = 2.69, p < .01), reflective pondering (t = 2.26, p = .02), or worry (t = 2.19, p = .

03), or lower levels of decentering (EQ: t = 2.58, p = .01; MAQ: t = 2.33, p = .02); however, 

lower RSA reactivity did not predict prospective depressive symptoms among individuals 

2All results were consistent when controlling for other factors that may influence parasympathetic activity, including age, race, body 
mass index, and use of antidepressants and other psychiatric medications (Kemp et al., 2010).
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with lower levels of brooding (t = −1.58, p = .11), reflective pondering (t = −0.34, p = .73), 

or worry (t = −0.93, p = .35), or higher levels of decentering (EQ: t = −1.32, p = .19; MAQ: t 
= −0.98, p = .33). Thus, the interactions between RSA and the components identified by the 

PCA did not seem to be driven by only a subset of the measures that comprised the 

components.

In these models, the main effects of PC appeared to account for a larger proportion of 

variance (R2) and had larger effect sizes (f2) than the main effects of decentering and RSA; 

the main effect of PC also was a significant predictor of prospective depressive symptoms in 

each of the models involving PC. In contrast, decentering and RSA reactivity individually 

predicted relatively less variance and were less consistently significant as main effects.

Discussion

In the present study, we integrated multiple components of metacognition with an 

established biological correlate and possible risk factor for depression in a multi-wave study. 

Parasympathetic inflexibility (less withdrawal of RSA in the context of a sad film) was 

associated with greater prospective symptoms of depression across twelve weeks of follow-

up. However, this effect was moderated by two principal components of metacognition: 

perseverative cognition (PC), which appeared to exacerbate the relationship between 

parasympathetic inflexibility and future symptoms of depression, and decentering, which 

attenuated the relationship between parasympathetic inflexibility and symptoms of 

depression. Furthermore, in a fully integrated model, decentering also moderated the 

interaction between parasympathetic inflexibility and PC predicting depression, such that 

individuals with greater parasympathetic inflexibility, greater brooding, and lower 

decentering were at greatest risk for depressive symptoms across follow-up. Together, these 

results suggest that integrating these components enables the identification of potentially 

synergistic relationships between cognitive and physiological risk factors for depression, and 

may lead to greater specificity in identifying individuals at risk compared to when evaluating 

these factors in isolation.

Individuals who frequently engage in PC may exhibit chronic activation of a stress response, 

with numerous maladaptive downstream consequences for physiological, cognitive, and 

behavioral flexibility (Brosschot et al., 2006, 2007, 2010; LeMoult, Yoon, & Joormann, 

2016; Ottaviani et al., 2015, 2016). When combined with a lack of parasympathetic 

flexibility in response to a sad film, which may represent difficulty appropriately engaging 

with relevant stimuli, individuals may have a “double load” of difficulty adapting to 

situational demands. This physiological and cognitive burden could interfere with effective 

self-regulation (e.g., Yaroslavsky et al., 2016) and make them more susceptible to 

experiencing symptoms of depression when adaptation becomes necessary. Although the 

study did not evaluate neural networks, it is possible that difficulty with flexibly disengaging 

from self-referential thinking and attending to task-relevant stimuli are driven in part by 

dysfunctional activity within the default mode network. Excessive connectivity within the 

default mode network, or a lack of connectivity between the default mode and cognitive 

control network, may interfere with the ability to flexibly balance orientation toward 

internally- and externally-generated demands (Marchetti et al., 2012; Mennin & Fresco, 
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2013; Whitfield-Gabrieli & Ford, 2012). This could lend itself to excessive PC and to 

inflexible parasympathetic responses to sad stimuli, and could interfere with the effective 

regulation of negative affect. Interestingly, each of the scales comprising PC – brooding, 

pondering, and worry – appeared to have similar effects in terms of exacerbating the 

relationship between parasympathetic inflexibility and future symptoms of depression. This 

suggests that the specific content of PC may be less important than the perseverative nature 

of the cognition itself. In conjunction with parasympathetic inflexibility, these factors could 

lead synergistically to difficulty engaging with the environment, which could have a variety 

of undesirable consequences. For example, given the difficulty they may experience with 

mentally engaging with the environment, individuals with both risk factors might withdraw 

from social situations in which positive reinforcement otherwise might be available; for 

some, this could lead to a downward spiral into depression.

In contrast with PC, the decentering component (and each of the scales comprising the 

component) appeared to protect against the effects of parasympathetic inflexibility on future 

symptoms of depression. Furthermore, decentering also attenuated the risk conferred by the 

synergistic effects of parasympathetic inflexibility and PC. This suggests that even if 

individuals have two important risk factors that prevent the flexible and effective 

engagement with the environment, the ability to distance oneself from one’s thinking could 

be powerful enough to prevent this risk from spiraling into depression. These results are 

consistent with the idea that having a meta-awareness of one’s thoughts and the ability to 

distance oneself from them may reduce the emotional impact of perseverative thinking 

processes (Fresco et al., 2007a,b). By having greater space between one’s thoughts and 

one’s behavior, decentering may allow for behavioral and emotional responses that are less 

automatic and more deliberate, allowing one to notice unpleasant perseverative thoughts 

while being less reactive to them, and thereby facilitating self-regulation and protecting 

against depression risk (e.g., Kang, Gruber, & Gray, 2013). In contrast, in the present study, 

individuals who were most at risk for depression were those who had all three risk factors – 

parasympathetic inflexibility, high levels of PC, and low levels of decentering. Lacking the 

ability to decenter in the context of the other risk factors might mean that individuals have 

difficulty stepping back and disengaging from PC, which, in conjunction with 

parasympathetic inflexibility may make them less able to adapt to a variety of situations. 

This could lead individuals to miss important contextual information (e.g., awareness of 

one’s negative affect, that a current regulatory strategy has not been effective, or of 

opportunities for reward in the environment) that might signal that a change would be useful 

(e.g., Aldao, Sheppes, & Gross, 2015; Bonanno & Burton, 2013; Cheng, 2001; Gross, 2015; 

Kato, 2012; Stange et al., in press).

Although the primary results of interest involved interactions between these putative risk 

factors, each of the models involving PC also involved a significant main effect of PC on 

prospective symptoms of depression, which accounted for a relatively greater proportion of 

variance in symptoms of depression compared to either decentering or RSA. This pattern of 

results may indicate that PC may be the strongest risk factor for depression, and hence, 

arguably the most important to target clinically. However, our results suggest that the degree 

to which PC confers risk for depression may be exacerbated by the absence of decentering 

and by the presence of parasympathetic inflexibility. These results could help refine existing 
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models of risk to more specifically identify which individuals with PC are at greatest risk for 

depression. These results also can inform treatments for individuals carrying these multiple 

risk factors, who may benefit from treatments that plausibly influence each of these factors 

(e.g., mindfulness-based approaches) or for adjunctive treatments that target these multiple 

risk factors separately (e.g., adding RSA biofeedback to treatments targeting PC and 

decentering). In addition, it was surprising that PC was not associated with decreases in RSA 

in our study, given that experimental studies have documented that experimentally-induced 

“state” PC is associated with acute decreases in RSA (Ottaviani et al., 2016). One possible 

explanation may be that the current study measured “trait” PC, as opposed to “state” PC that 

participants were using during the sad film; we also did not experimentally manipulate PC 

by instructing individuals to ruminate or worry, which could help to account for differences 

between studies.

Although the present study involved a non-clinical sample, these results have several 

important clinical implications. First, decentering and related processes such as mindfulness 

are involved in several treatments for depression (Mennin, Ellard, Fresco, & Gross, 2013), 

including MBCT (Bieling et al., 2012; Fresco et al., 2007b; Segal et al., 2012), emotion 

regulation therapy (ERT; Mennin & Fresco, 2013b; Mennin et al., 2015), acceptance and 

commitment therapy (Hayes, Luoma, Bond, Masuda, & Lillis, 2006), dialectical behavior 

therapy (Linehan, 2014), and metacognitive therapy (Wells et al., 2012). It is possible that 

training individuals in decentering would reduce the tendency to engage in PC or would 

improve parasympathetic flexibility. For example, some prior studies have demonstrated that 

mindfulness training reduces PC (Chambers, Lo, & Allen, 2008; Feldman, Greeson, & 

Senville, 2010; Jain et al., 2007), improves intrinsic connectivity between the DMN and 

hubs in the cognitive control network (Creswell et al., 2016; King et al., 2016), and may 

improve resting levels of parasympathetic activity (e.g., Krygier et al., 2013). Alternatively, 

even if training in mindfulness or decentering does not directly alter these risk factors, the 

results of this study suggest that improving decentering could de-automatize emotional 

reactions to PC, and might reduce the risk conferred by PC and parasympathetic 

inflexibility. In addition, several existing treatments explicitly target PC, including 

rumination-focused CBT (Watkins et al., 2011; Jacobs et al., 2016), ERT (Mennin & Fresco, 

2013b; Mennin et al., 2015), metacognitive therapy (Wells, 2012), and cognitive control 

training (Siegle et al., 2014). It is possible that these treatments also could be tailored for 

prevention to apply to individuals who are at risk, but do not have a history of depression. 

Indeed, a recent study showed that targeting PC with cognitive-behavioral training may be 

effective in preventing subsequent depression and anxiety, even in non-clinical, never-

depressed samples (Topper et al., 2017). Finally, biofeedback is an intervention tool that 

holds promise for helping individuals to improve parasympathetic activity in response to 

different stimuli (Karavidas et al., 2007; Siepmann et al., 2008). Emerging wearable 

technologies also have enabled the use of momentary assessment of parasympathetic 

functioning (Valenza et al., 2014, 2015). It is possible that in the future, these tools could be 

used to provide biofeedback in ecologically valid contexts, perhaps in combination with 

interventions to implement decentering or reduce PC during periods of extended vagal 

withdrawal.
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Despite the strengths of integrating measures of parasympathetic flexibility with various 

metacognitive characteristics, several limitations of the present study must be noted. First, 

we evaluated PC and decentering as traits, but not “state” levels of these constructs in 

response to the sad film; thus, we are unable to determine whether people were engaging in 

these strategies during the film or how state levels of these strategies would affect RSA 

responses to the film. It is possible that evaluating “state” PC or decentering would yield 

significant relationships with parasympathetic flexibility that were not observed in the 

present study, and that might suggest mediational relationships between these constructs. 

Second, although the sadness induction in response to the film is a validated and commonly-

used procedure (Rottenberg et al., 2007b), the ecological validity of the task for responses to 

sadness or other types of stimuli outside of the lab is not clear. In addition, the study sample 

was composed of university students; thus, the results cannot necessarily be extended to the 

general public or to clinical populations.

We also examined fluctuations in symptoms of depression rather than clinically-significant 

depressive episodes. Although evaluating depression on a dimensional level may improve 

potential power to detect nuanced effects and is consistent with evidence supporting the 

dimensional structure of depression (e.g., Liu, 2016), the clinical significance of the present 

results is not immediately clear (although results with RSA reactivity in clinical samples 

have paralleled those in the present study; e.g., Fraguas et al., 2007; Panaite et al., 2016; 

Rottenberg, Kasch, Gross, & Gotlib, 2002; Rottenberg, Salomon, Gross, & Gotlib, 2005). 

Future studies also should consider evaluating depression severity and perseverative 

cognition using interviewer-based methods that may be less susceptible to reporter bias than 

self-report scales. Although the present study integrated psychophysiological and self-report 

scales in evaluating depression risk, in the future, researchers should consider using 

additional methods of assessment to reduce shared variance between constructs that is 

attributable primarily to the method of assessment. Next, individuals who chose to receive 

cash (as opposed to course credit) completed more follow-up assessments; thus, it is possible 

that the results are more applicable to these individuals who had fewer follow-up data points 

estimated, although it is not clear how this one difference would have influenced the results 

given that these individuals did not differ on any other study measures. It also is possible that 

the relatively low internal consistency of the self-report measures, particularly the MAQ, 

obscured or attenuated some relationships that truly exist, despite the use of the principal 

component analysis to reduce the noise associated with any given measure. Finally, although 

the present study evaluated risk for depression, RSA, PC, and decentering represent 

promising transdiagnostic factors that may be implicated in other types of psychopathology, 

including anxiety disorders (Beauchaine & Thayer, 2015; Bernstein et al., 2015; Nolen-

Hoeksema et al., 2008; Watkins, 2008).

In conclusion, the present study represents the first prospective test of the integration of 

parasympathetic and metacognitive factors in risk for depression. The results supported an 

integrated model, suggesting that perseverative cognition may exacerbate the effects of 

parasympathetic inflexibility on future symptoms of depression, whereas decentering may 

protect against these effects. These results suggest the presence of synergistic relationships 

between cognitive and physiological factors in conferring risk for depression, and that 
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integrating these factors may lead to an improved ability to identify individuals who are at 

risk.
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Appendix A

Structure of hierarchical linear models predicting prospective symptoms of depression, using 

Model 1 (Table 3) as an example.

Level 1 (Within-Subjects) Model:

BDIti(t) = π0i + eti

Level 2 (Between-Subjects) Model:

π0i = β00 + β01*(BDIt1i) + β02*(RSAneutrali) + β03*(RSAsadi) + β04*(PCi) + 

β05*(RSAneutrali)*(PCi) + β06*(RSAsadi)*(PCi) + r0i

Legend:

BDIt1i = Beck Depression Inventory score at Wave 1

RSAneutrali = RSA during neutral film

RSAsadi = RSA during sad film

PCi = Perseverative cognition component score

π0i = Regression coefficient for Level 2 predictors of BDI at Waves 2–5

eti = Level 1 error term

β00 = Level 2 intercept of BDI at Waves 2–5

β01 = Regression coefficient of BDI at Wave 1 predicting BDI at Waves 2–5

β02 = Regression coefficient of RSA during neutral film predicting BDI at Waves 2–5

β03 = Regression coefficient of RSA during sad film predicting BDI at Waves 2–5

β04 = Regression coefficient of PC predicting BDI at Waves 2–5

β05 = Regression coefficient for interaction between RSA during neutral film and PC 

predicting BDI at Waves 2–5

β06 = Regression coefficient for interaction between RSA during sad film and PC 

predicting BDI at Waves 2–5

r0i = Level 2 residual for intercept of BDI at Waves 2–5
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• Depression often is characterized by inflexible autonomic and metacognitive 

processes.

• Few studies have integrated these factors to improve the prediction of risk for 

depression.

• The relationship between parasympathetic inflexibility and prospective 

depression was exacerbated by perseverative cognition (PC), but attenuated 

by decentering.

• Individuals with parasympathetic inflexibility, PC, and low decentering were 

at greatest risk.

• These results support the utility of integrating autonomic and metacognitive 

risk factors to identify individuals at risk for depression.
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Figure 1. 
Two-way interactions between respiratory sinus arrhythmia (RSA) reactivity to sad film and 

(a) perseverative cognition (PC) and (b) decentering, predicting symptoms of depression at 

waves 2–5, controlling for symptoms of depression at wave 1 (error bars represent standard 

errors of the relationship between RSA reactivity and symptoms of depression, for each 

level of the moderator).

Stange et al. Page 23

Behav Res Ther. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Three-way interaction between respiratory sinus arrhythmia (RSA) reactivity to sad film, 

perseverative cognition (PC), and decentering, predicting symptoms of depression at waves 

2–5, controlling for symptoms of depression at wave 1 (error bars represent standard errors 

of the relationship between RSA reactivity and symptoms of depression, for each level of the 

moderators).
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Table 2

Rotated Component Matrix and Coefficient Matrix (Loadings) for Two-Component Solution Identified by 

Principal Component Analysis

Rotated Component Matrix Coefficient Matrix

Component: 1 2 1 2

Brooding .83 .26 .39 .06

Reflective Pondering .79 −.33 .47 −.40

Worry .77 .35 .34 .15

Decentering (EQ) −.40 −.67 −.09 −.47

Decentering (MAQ) −.06 .77 −.17 .63

Note. EQ = experiences questionnaire;

MAQ = metacognitive awareness questionnaire.
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