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Abstract

Trait dysphoric rumination is a transdiagnostic factor associated with depression and anxiety that
has also been linked with blunted respiratory sinus arrhythmia (RSA), an index of reduced
emotion regulation capacity. However, the autonomic correlates of state dysphoric rumination
remain unclear. We examined the physiological correlates of state dysphoric rumination and the
potential repairing effects of savoring on autonomic functioning. To provide a comprehensive
assessment of autonomic correlates, we examined changes in parasympathetic (RSA) and
sympathetic (cardiac pre-ejection period, PEP; and electrodermal activity, EDA) arousal
independently, as well as autonomic coordination among indices. Eighty-two women (ages 18-25)
completed laboratory physiological assessments, including rumination and savoring tasks, and
self-report measures of trait rumination. Dysphoric rumination was associated with sympathetic
activation (i.e., decreases in PEP, increases in EDA), and subsequent Savoring following a
recovery period also corresponded with decreases in PEP. Trait rumination did not predict
autonomic changes during state rumination. However, higher trait rumination was associated with
greater sympathetic coordination (PEP-EDA correspondence) during savoring. In summary,
dysphoric rumination co-occurred with sympathetic activation, and subsequent savoring
successfully recruited sympathetic activity (PEP) redirected on positive moods and events. Results
also emphasize the utility of examining sympathetic and parasympathetic indices, and
coordination among autonomic indices to delineate autonomic activity associated with emotion
regulation strategies.
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1. Introduction

Dysphoric rumination is a transdiagnostic factor (McLaughlin & Nolen-Hoeksema, 2011;
Watkins, 2009) implicated in the etiology of depression and anxiety (e.g., Fresco, Frankel,
Mennin, Turk, & Heimberg, 2002; Gibb, Grassia, Stone, Uhrlass, & McGeary, 2012;
Mellings & Alden, 2000; Nolen-Hoeksema, 2000; Nolen-Hoeksema, Wisco, &
Lyubomirsky, 2008). Rumination reflects the tendency to respond to dysphoric moods by
repetitively and passively dwelling on negative moods and symptoms, their causes and
implications (Nolen-Hoeksema, 1991). Instead of relieving distress, rumination has the
effect of amplifying depressive and anxious moods (Blagden & Craske, 1996; Mclaughlin,
Borkovec, & Sibrava, 2007; Morrow & Nolen-Hoeksema, 1990; Nolen-Hoeksema &
Morrow, 1993). Thus, one mechanism by which dysphoric rumination may foster risk is by
altering emotion regulation capacity over time.

Lower resting parasympathetic nervous system (PNS) tone, as indexed by reduced resting
respiratory sinus arrhythmia (RSA) is proposed to reflect impaired emotion regulation
capacity, and is linked to multiple forms of psychopathology, including depression and
anxiety (Beauchaine, 2015). Trait ruminative tendency has also been associated with blunted
RSA in the laboratory (e.g., Ottaviani et al., 2016; Williams et al., 2017; Woody, McGeary,
& Gibb, 2014) and in daily life using ambulatory physiology (Carnevali, Thayer, Brosschot,
& Ottaviani, 2018; Cropley et al., 2017). Thus, trait dysphoric rumination may reduce
regulatory capacity via reductions in PNS activity. However, less is understood about the
immediate effects of ruminating. Depression and anxiety disorders are characterized by
emotion regulation deficits (Amstadter, 2008; Cisler, Olatunji, Feldner, & Forsyth, 2010;
Joorman & Siemer, 2014; Rottenberg, 2005). Isolating the autonomic concomitants of state
dysphoric rumination in non-clinical samples may clarify how this maladaptive emotion
regulation strategy impacts ANS functioning, conferring risk for psychopathology.
Therefore, the primary goal of the current study was to identify the autonomic correlates of
state dysphoric rumination.

Although the majority of research focuses on a single physiological index, ANS assessments
should ideally incorporate both the PNS and sympathetic nervous system (SNS), as there is
evidence that changes within each branch are not necessarily always reciprocal and can
occur independently (Berntson et al., 1994; Berntson, Cacioppo, & Quigley, 1991; Berntson,
Norman, Hawkley, & Cacioppo, 2008). RSA, which is commonly indexed by the high
frequency heart rate variability metric (HF-HRV), reflects parasympathetically-mediated
variation between heartbeats that ebbs and flows across the respiration cycle (Katona & Jih,
1975). At rest, higher RSA (indicating greater parasympathetic activity) enables a range of
flexible responses to environmental context suggesting greater emotion regulation capacity,
whereas lower resting RSA tends to be associated with rigid or exaggerated responses
(Porges, 2007). In response to stimuli, RSA withdrawal or augmentation may occur; the
adaptiveness of RSA response is determined by the environmental context. For example, in
reaction to a specific environmental context such as threat, RSA withdrawal (typically
coupled with sympathetic augmentation), is viewed as the most adaptive response, as it
enables the individual to engage in a ‘fight or flight” response (Porges, 2007). Conversely, in
a safe, relaxing environment, RSA augmentation would be the most adaptive response. Both

Physiol Behav. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stone et al.

Page 3

pre-ejection period (PEP) and electrodermal activity (EDA) are thought to be relatively pure
measures of sympathetic activity. PEP measures sympathetically-mediated beta-adrenergic
influences on cardiac control, reflecting the time between left ventricular depolarization and
ejection of blood through the aorta (Berntson et al., 1994). PEP is inversely related to SNS
control (i.e., lower values representing greater sympathetic activity). In contrast, EDA
captures skin conductance of sweat (Dawson, Schell, & Filion, 2007) and primarily involves
cholinergic neurotransmission (Fowles, 1986; Shields, MacDowell, Fairchild, & Campbell,
1987). Therefore, to capture comprehensive changes in autonomic functioning, assessments
of emotion regulation strategies should ideally monitor changes in RSA, PEP as well as
EDA.

Autonomic correlates of state dysphoric rumination remain unclear, as prior research has
been inconsistent in methodological approaches and operationalization of rumination.
Perseverative cognition, which encompasses rumination, has been associated with lower
RSA compared to mind wandering when induced in laboratory assessments (Ottaviani,
Shapiro, & Couyoumdjian, 2013) and assessed via electronic diary of daily life (Ottaviani et
al., 2015). Engaging in abstract rumination (largely evaluative, less concrete, unclear
thinking) following a traumatic video has been associated with greater increases in heart rate
compared to concrete thinking or distraction (Ehring, Szeimies, & Schaffrick, 2009).
Conversely, ruminating on a future, unattained goal did not lead to a decrease in RSA, but
was still associated with lower RSA compared to a mindfulness exercise (Gilbert & Gruber,
2014). Further, ruminating on a recent laboratory stressor has been associated with RSA
withdrawal (LeMoult, Yoon, & Joormann, 2016) and poor cardiac recovery compared to
controls, as measured by blood pressure (Robinette & Charles, 2016). Further, emotion
reactivity studies did not find changes in RSA during self-reported rumination following the
presentation of negative stimuli (Aldao, Mennin, & McLaughlin, 2013; Gentzler, Wheat,
Palmer, & Burwell, 2013). Taken together, state rumination studies have largely focused on
RSA or non-specific ANS indices such as heart rate and blood pressure (which can have
both PNS and SNS influences). To our knowledge research has not yet examined SNS and
PNS changes concurrently during state dysphoric rumination.

In contrast, research on state rumination that amplifies anger has revealed a largely
consistent ANS pattern. This may be a result of consistent methodology across studies,
which typically involve instructions to ruminate on an anger-inducing situation or past
interpersonal transgressions. As opposed to dysphoric rumination which tends to induce
sadness specifically (Morrow & Nolen-Hoeksema, 1990), these tasks tend to induce anger as
well as a range of negative affect, including sadness and anxiety (Witvliet, DeYoung,
Hofelich, & DeYoung, 2011). State ruminating tasks that induce anger have been associated
with PNS withdrawal (decreases in RSA; da Silva, Witvliet, & Riek, 2016; Ottaviani &
Shapiro, 2011; Ottaviani, Shapiro, Davydov, & Goldstein, 2008; Witvliet et al., 2011;
Witvliet, Knoll, Hinman, & DeYoung, 2010) and SNS activation including decreases in PEP
(Ottaviani & Shapiro, 2011; Ottaviani et al., 2008; Ray, Wilhelm, & Gross, 2008) and
increases in EDA (Witvliet, Ludwig, & Vander Laan, 2001). However, other studies failed to
find a significant change in PEP (da Silva et al., 2016) or RSA (Ray et al., 2008). Taken
together, results indicate that subtypes of rumination that induce anger correspond with
reciprocal effects between PNS withdrawal and SNS activation. This ANS reciprocal
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reactivity between PNS and SNS branches has long been viewed as an adaptive biological
response to external stressors and threats, but is thought to reflect an ineffective use of
resources in the absence of external stressors (Porges, 2007).

There is reason to believe that the physiological underpinnings of angry vs. dysphoric
rumination may qualitatively differ, which underscores the need for research that
comprehensively assesses autonomic processes underlying dysphoric rumination. Anger has
been associated with greater general autonomic arousal compared to sadness (diastolic blood
pressure), whereas sadness has been associated with greater SNS arousal as indexed by EDA
specifically (Cacioppo, Berntson, Larsen, Poehlmann, & Ito, 2000). This is consistent with
theoretical models that conceptualize anger as an approach emotion that motivates
behavioral activation (Carver & Harmon-Jones, 2009). In contrast, sadness and anxiety are
associated with behavioral avoidance. EDA has established links to stimuli that induce
avoidance such as threats of punishment (Barlow, 2002; Bitterman & Holtzman, 1952; Lader
& Wing, 1964) and thus has been conceptualized as an index of passive avoidance and
behavioral inhibition (Dawson et al., 2007; Obradovi¢ & Boyce, 2012). Thus, anger appears
to have greater activating effects on autonomic arousal, but we may anticipate that dysphoric
rumination should also be associated with SNS activation, especially via EDA.

A secondary aim was to determine if an adaptive emotional regulation strategy, savoring, can
repair the physiological and affective effects of state dysphoric rumination by focusing on
positive events and upregulating positive affect. Savoring reflects the tendency to attend to,
focus on, recall, appreciate and look forward to positive affect and events, which results in
amplifying the intensity or duration of positive affect (Bryant & Veroff, 2007). Whereas
rumination is associated with a reduction in positive affect (Mclaughlin et al., 2007),
savoring enhances positive affect in the short term (McMakin, Siegle, & Shirk, 2011) and
predicts greater happiness in daily life (Jose, Lim, & Bryant, 2012), even when fewer
positive events occur (Hurley & Kwon, 2013). Importantly, savoring may be distinguished
from other adaptive regulation strategies such as positive reappraisal, which involves
reinterpreting a stressful or threatening event in a new, potentially beneficial light.
Reappraisal focuses on downregulating negative affect (Gross, 1998), but may also induce
positive affect (Butler, Gross, & Barnard, 2014; Shiota & Levenson, 2012). Mindfulness,
which involves attending to the present (as opposed to past or future events) is a necessary
precursor to either savoring or positive reappraisal (Garland, Farb, Goldin, & Fredrickson,
2015). We focus on the utility of savoring specifically as regulation strategy with cognitive
and affective components incompatible with dysphoric rumination. High trait dysphoric
ruminators report a greater tendency to dampen positive affect (Feldman, Joormann, &
Johnson, 2008), thus their tendency to savor may be infrequent, and/or may be bolstered.
Savoring has been examined as a treatment target in depression (McMakin et al., 2011), and
similarly, recalling positive autobiographic memories can also reduce dysphoric affect, a
process that has been termed mood repair (Daches, Yaroslavsky, & Kovacs, 2019). Given
that savoring may repair the effects on dysphoric rumination on negative moods, and
positive moods augment RSA levels, it is reasonable to predict that savoring may also effect
changes in ANS functioning, particularly in the PNS.
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Research on the ANS correlates of savoring is limited, yet there is reason to suspect that
savoring may ameliorate the effects of dysphoric ruminating. In reaction to negative events
and transgressions, positive reappraisal has been associated with higher or increased PNS
control compared to ruminating (da Silva et al., 2016; Witvliet et al., 2011; Witvliet et al.,
2010). Focusing on positive images and past experiences such as appreciating someone or
meditating on love and kindness have consistently been linked with PNS augmentation
(Garland, Bryan, Nakamura, Froeliger, & Howard, 2017; Kok et al., 2013; McCraty,
Atkinson, Tiller, Rein, & Watkins, 1995). Unfortunately, the bulk of prior research has not
assessed the impact on these regulation strategies on the SNS. PEP may be a particularly
relevant index for savoring, as PEP has been found to be sensitive to reward tasks and
anticipation, and thus has been conceptualized as an index of behavioral approach (Brenner,
Beauchaine, & Sylvers, 2005; Fowles, 1988; Obradovi¢ & Boyce, 2012). To our knowledge,
research has yet to examine changes in PEP during savoring. Since savoring is a regulation
strategy that enhances positive moods, which increases motivation for behavioral approach,
savoring should correspond with sympathetic activation captured by PEP specifically, not
EDA. Taken together, if dysphoric rumination is associated with PNS withdrawal, then
savoring may aid in the subsequent mood repair process via RSA augmentation. Although
savoring may not be associated with SNS changes in EDA, successful savoring should lead
to SNS arousal associated with positive affect via PEP.

In sum, the autonomic concomitants of state dysphoric rumination have not been clearly
defined. It is also unknown whether ANS effects may be repaired by savoring. In addition to
extending prior research by examining independent changes in RSA, PEP, and EDA, we also
examine coordination between ANS indices. The autonomic space model acknowledges that
changes in PNS and SNS branches may occur independently (uncoupled) or in coordination
over time (coupled) (Berntson et al., 1994; Berntson et al., 1991). Autonomic coordination
measures the extent to which changes in each of the two branches are coupled, or coincide
over time, and thus may be a more meaningful predictor of ANS functioning than assessing
each branch independently (Bauer, Quas, & Boyce, 2002; Berntson, 2019). Coordinated
change can take two forms: reciprocal and non-reciprocal. Inverse changes follow the
traditional reciprocal ANS model whereby withdrawal in one branch (e.g., PNS) is coupled
with activation in the other (SNS). Conversely, non-reciprocal changes occur when both
branches co-regulate, or change in the same direction (co-activation or co-inhibition). In
addition to examining whether PNS changes (in RSA) across state dysphoric rumination and
savoring tasks correlated with SNS (PEP and EDA), we also examined coordination with the
SNS across tasks (changes between EDA and PEP). Because trait rumination is more
common among women, we recruited female participants. Building from anger rumination
and savoring enhancement protocols (McMakin et al., 2011; Ottaviani et al., 2008),
participants were asked to focus on a recent event associated with sadness and joy
respectively. We hypothesized that dysphoric rumination would evoke SNS activation,
especially via EDA, as well as PNS withdrawal (decrease in RSA), but we did not have a
specific hypothesis for PEP. We also examined whether savoring following dysphoric
rumination would repair PNS via RSA augmentation, and significant SNS activation via
decreases in PEP specifically. Finally, given that trait rumination has been linked with ANS
alterations and dampening of positive affect, we also considered whether ANS functioning
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differed according to trait rumination. We expected that higher trait rumination would be
associated with more pronounced ANS changes during state rumination vs. less pronounced
recovery ANS changes during savoring.

2. Methods

2.1 Participants

Undergraduate women between 18 and 25 with no history of cardiovascular conditions were
recruited from the research participant pool (7= 122). Fifteen participants were excluded for
failing to meet inclusion criteria for the following reasons: taking medications known to
influence cardiovascular functioning (antihistamines/inhalers, 7=8), recent caffeine or
nicotine intake (7= 5), or falling asleep during the physiological assessments (7=2). An
additional 25 participants were removed in the artifact correction stage for the following
reasons: abnormal ECG data due to arrhythmia or ectopic beats (/7= 2); or data loss due to
logistical failure to capture clear ECG (n=5), EDA (n= 2) or dz/dt (=18) signal across all
five tasks. Thus, analyses reported here focus on a final sample of 82 women (Age: M=
19.81, SD=1.10). The majority identified as Caucasian (77%) followed by Multi-racial
(10%), African American (9%) and Asian (4%); with 5% Hispanic or Latino ethnicity.
Participants received course credit as compensation. We did not exclude for oral
contraceptive use, and 36 participants (43.9% of the sample) reported taking oral
contraceptives. The University’s Institutional Review Board approved all study procedures.

2.2 Procedure

Participants were instructed to refrain from food and caffeine for an hour and alcohol for 48
hours prior to the laboratory visit. Participants taking antihistamines or using inhalers daily
were asked to refrain for 24 hours. At the laboratory visit, informed consent was first
obtained. Then, after completing a brief demographic survey, physiological sensors were
placed, and participants were seated in a comfortable chair. Next there was a 10-minute
habituation period during which participants completed questionnaires, followed by the
physiological protocol.

2.3 Physiological Protocol

Participants completed 5 tasks in the following order while physiological signals were
recorded: baseline, rumination, recovery 1, savoring, recovery 2. To minimize the possibility
of rumination or savoring during the baseline, participants watched a nature video (\Woody;,
Burkhouse, Birk, & Gibb, 2015) for 5 minutes. The dysphoric rumination task was modified
from an established angry rumination task (Ottaviani et al., 2008). Instead of asking
participants to “focus on the causes or consequences of a recalled episode in intense anger or
rage ”, participants were instructed to “recall a recent time when you felt intense sadness and
think about the causes and consequences of ‘the event” for 3 minutes. Participants were
asked to write a brief description of the event (1-2 sentences) in order to code the severity of
the event. Next there was a 3-minute recovery period during which participants were asked
to sit quietly while the next task was set-up. Then, for the savoring task, participants were
asked to “recall a recent time when you felt intense joy or pride and think about the causes
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and consequences of ‘theevent’ for three minutes. Finally, participants were asked to sit
quietly for a 3-minute recovery period.

2.4 Self-report Data

Trait rumination was assessed via the 10-item Ruminative Response Scale, which has two
subscales, reflection and brooding (RRS-B: Treynor & Gonzalez, 2003). We focused on the
5-item brooding subscale (a. = .78), given that brooding has consistently been found to be
the more maladaptive component associated with psychopathology risk (Treynor &
Gonzalez, 2003).

Depressive symptoms were assessed with the 20-item Center of Epidemiologic Studies
Depression scale, which was designed to assess depression symptoms in the general
population (CES-D: Radloff, 1977). Internal reliability in our sample was excellent (a
=.89). Summary scores ranged from 0—44, with 24% of the sample scoring at or above the
cut-off (21) for moderate depressive symptoms among college aged samples (Shean &
Baldwin, 2008).

Positive and negative affect were assessed via visual analogue scales (VAS) six times: prior
to baseline and then following each task. Participants rated their levels of happiness, sadness,
and anxiety and calmness on four VAS. For example, participants were asked to rate their
happiness on a non-hatched VVAS scale marked at one end “not at all happy”and at the other
“very happy”. Scores were measured in mm with higher numbers indicating higher
emotional intensity.

Rumination and savoring were assessed via self-report following the tasks where these were
elicited. To capture whether participants continued to ruminate, at the end of Recovery 1
participants were also asked to rate on a VAS scale ‘ How much were you just thinking about
the event that made you sad? . Similarly, to assess whether participants continue to engage
in savoring, following Recovery 2 we asked them to rate * How much were you just thinking
about the event that made you happy? on a VAS scale.

2.5 Physiological Data Acquisition and Preprocessing

All physiological data was recorded at 500Hz via BioLab 3.1 acquisition software
(Mindware Technologies, Gahanna, OH). Electrocardiogram (ECG) signals were sampled
with three disposable, pregeled electrodes placed in a Lead-11 configuration (right clavicle,
right and left lower rib-cage). Impedance cardiography was derived from the dz/dt signal
obtained via a four-lead configuration, with two electrodes placed at the top and bottom of
the sternum (between the collar bones and where the rib cage meets, respectively), and two
electrodes on the back of the torso (one-inch above and below the corresponding front
electrodes). Electrodermal activity was obtained via two disposable Ag/AgCl electrodes
placed bilaterally on the palmar surface of participants’ non-dominant hand.

2.5.1 Respiratory Sinus Arrhythmia (RSA)—We used Mindware HRV 3.2 software
to process the ECG data to derive RSA. Each 1-minute segment was inspected visually to
ensure accurate R-wave detection. On rare occasions, suspected artifacts were corrected
manually (< 1% of all beats). To calculate RSA, spectral power analysis was conducted via
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Fast Fourier transformations, with RSA (high frequency heart rate variability) defined as
power in the 0.12 — 0.40 Hz spectral bandwidth (ms?) (see Task Force of the European
Society of Cardiology and the North American Society of Pacing Electrophysiology, 1996).
RSA was calculated per each one-minute segment, then averaged for each task.

2.5.2 Pre-ejection period (PEP)—We used Mindware IMP 3.2 to process impedance
cardiography signals and derive PEP, which is computed as the time between electrical
invasion of the ventricular myardium (Q-wave of the ECG) to the opening of the aortic valve
(B-point of the dz/dt waveform). Due to a lack of clear and visible B points across all
participants, an algorithm was used to automatically place B points at a set percentage of
time between ECG and IMP wave peaks with a change in +C=4 (Lozano et al., 2007). The
waveforms were visually inspected and cleaned in 1-minute segments to remove poorly
defined signals from analysis, and any segment with over 30% of unusable data was
removed. Individuals with less than 60% clear segments per task were excluded from
analysis. PEP values were derived from the ensemble averages of each one-minute interval.
Average PEP was then computed across each task.

2.5.3 Electrodermal Activity (EDA)—We used Mindware EDA 3.2 software to
process the electrodermal signals. Data were collected at 500 Hz and processed with the
rolling filter. All data were visually inspected in 30 second segments to ensure that phasic
components (or sudden 0.05 uS changes in amplitude) were identified prior to calculation of
tonic-SCL. Segments with poorly defined signal were removed from analysis. Individuals
with less than 60% clear segments per task were excluded from analysis. Tonic skin
conductance level (SCL) was computed as the average microsiemens level (uS) per minute
then averaged across each task.

2.6 Data Analytic Plan

First, we examined whether rumination and savoring tasks induced expected changes in
negative (i.e., sadness, anxiety) and positive affect (i.e., happiness, calmness). Four repeated
measures ANOVA examined within subject effects across the six VAS probes (i.e., pre-
baseline, post-baseline, rumination, recovery 1, savoring, recovery 2). To determine whether
affect changes differed according to trait rumination, brooding rumination was entered as a
continuous, between-subjects variable in both models. When significant within-person
(Task) effects were found, Bonferroni pairwise post hoc comparisons were conducted to
identify significant changes across tasks. Three similar repeated measures ANOVAS were
run to examine changes in parasympathetic (RSA) and sympathetic (EDA and PEP) arousal
across the five tasks. Given evidence that the effect of dysphoric rumination may differ
between depressed and non-depressed individuals (Lyubomirsky & Nolen-Hoeksema, 1995;
Morrow & Nolen-Hoeksema, 1990; Nolen-Hoeksema & Morrow, 1993) all models were re-
run covarying for current depressive symptoms to determine whether effects were driven by
current psychopathology. Trait rumination tends to be strongly associated with depression
status, which raises the potential for multicollinearity in multivariate models. The correlation
coefficient cut-off for avoiding multicollinearity is typically r= .80 (Berry & Feldman,
1985). The correlation between CESD and state rumination was 7= .63, p< .001. Due to
expected relationships among study variables, we also examined multicollinearity
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diagnostics by testing the variance inflation factor (VIF) of both variables in one of the
sympathetic concordance regressions. The VIF were low for CESD, VIF = 1.67, and Trait
Rumination VIF = 1.63, indicating a low risk for multicollinearity (VIF<4; see O’Brien,
2007).

To examine autonomic coordination, we conducted eight multi-variate regressions to
determine whether PNS changes (RSA) co-occurred with SNS changes (EDA and then
PEP), across tasks. Because delta change scores are particularly problematic with
physiological data, we used residual difference scores (Meyer, Lerner, De Los Reyes, Laird,
& Hajcak, 2017). The primary predictor in each model was RSA residual difference scores
(residuals after covarying for prior task RSA). Changes in the dependent variable (e.g.,
EDA) were captured by covarying for EDA levels during the prior task. To examine SNS
coordination between EDA and PEP, four identical models were run, except residual
difference scores was computed for EDA to examine changes in PEP. To determine whether
autonomic and sympathetic coordination differed as a function of trait rumination,
moderation models were tested using PROCESS SPSS Macro version 3.3 (Hayes, 2018) by
entering continuous brooding rumination as a moderator of RSA residual change (autonomic
coordination) or EDA residual difference scores (sympathetic coordination) in Model 1.
Significant interactions were probed by examining coordination at +/— 1 SD (high and low
trait rumination).

Although we were careful to remove known sources of variance on ANS activity from the
sample, we also explored potential covariates. There is some evidence that ANS functioning
differs according to hormonal status such as use of oral contraceptives (Armbruster,
Kirschbaum, & Strobel, 2017; Milan, de Oliveira Plassa, de Abreu PhD, & Gomes, 2015),
but see also (Schallmayer & Hughes, 2010; Snieder, Van Doornen, Boomsma, & Thayer,
2007; Wilczak et al., 2013). Given this mixed literature, in preliminary exploratory analyses
we examined whether current oral contraceptive use (binary coded, 1=yes, 0=no) was
associated with RSA, PEP, and EDA levels via independent samples #tests. None were
statistically significant (lowest p=.178). Thus, in the interest of model parsimony, we did
not covary for oral contraceptive use in the final models.

3. Results

We first examined the presence of missing data as well as variable distribution in our survey
measures. A few survey items had missing data (< 2%). To justify data imputation via
maximum likelihood estimation, we examined if their data was missing at random (Schafer
& Graham, 2002). Little’s missing completely at random test was non-significant,
X2(428):435.324, p=.394, supporting the imputation of missing values (Little & Rubin,
1987). As the CESD was skewed, a square root transformation was applied. Descriptive
statistics for all variables are presented in Table 1, with raw scores presented for clarity.

3.1 Manipulation Check: Self-reported Affect following Dysphoric Rumination and
Savoring Manipulations

As a manipulation check of our rumination and savoring inductions, we first examined
changes in self-reported affect (see Table 2 and Figure 1). None of the Task x Trait
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Rumination interactions were significant. As expected, dysphoric rumination was associated
with upregulation specifically in sadness, not anxiety. Conversely, savoring was associated
with upregulation of happiness. Importantly, happiness during savoring was significantly
higher than baseline, p=.001, indicating the savoring task induced positive affect and was
not merely a return to baseline following rumination.

3.1.1 Validity Check: Self-reported Trait Rumination and State Rumination
Associations—If the dysphoric rumination induction was successful, we would expect to
see individuals high on trait ruminative tendency continue to ruminate at the end of the task
(during recovery 1) and thus maintain sadness. As expected, trait rumination was associated
with greater reported rumination during recovery 1 (r=0.40, p< .001). During recovery 1,
reported state rumination did not interact with task to predict changes in sadness, but was
associated with greater sadness, A1,80) = 38.97, p< .001, n? = .33. Both effects were
maintained after covarying for depressive symptoms.

We also expected that trait rumination would be associated with lower reported savoring and
happiness during recovery 2. Trait rumination was also associated with higher reported
savoring during recovery 2 (r=0.27, p=.014). During recovery 2, reported state savoring
did not predict changes in happiness, but was associated with slightly higher happiness,
A1,80) = 3.98, p=.049, n2 = .05, but this effect did not maintain significance after
covarying for depressive symptoms.

3.2 PNS and SNS Activity During Rumination and Savoring Tasks

All three models (RSA, PEP, EDA) are displayed in Table 2, with the pattern of results
exhibited in Figure 2. None of the trait rumination or the Task x Rumination effects were
significant. Focusing first on RSA, the effect of Task was also not significant. Thus, RSA
levels did not significantly change across tasks or differ according to trait rumination.

For PEP there was a significant effect of Task. Pairwise comparisons revealed significant
changes across the first four tasks (all ps< .001). Specifically, PEP decreased (indicating
sympathetic activation) during the rumination task, increased during recovery 1 (indicating
sympathetic withdrawal) and decreased again during the savoring task.

For EDA, there was a significant effect of Task. Pairwise comparisons revealed that EDA
increased during the rumination task and again during recovery 2. The pattern of results for
RSA, PEP and EDA did not change when covarying for depressive symptoms.

Self-reported rumination and savoring did not predict changes in or levels of RSA, PEP, or
EDA during recovery 1 or recovery 2 respectively

3.3 Autonomic Coordination across State Rumination and Savoring Tasks

RSA residuals did not predict changes in PEP across any of the tasks (lowest p = .246).
Similarly, RSA residuals did not predict changes in EDA across tasks (lowest p=.630).
Trait rumination did not moderate any of these associations (lowest p=.191).
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3.4 SNS Coordination across State Rumination and Savoring Tasks

Next, we examined SNS coordination by testing whether EDA residuals predicted changes
in PEP across tasks. Significant effects emerged during two tasks: Recovery 1, and Savoring.
During Recovery 1, there was a significant effect of residual EDA on PEP, = -0.08, ¢=
-2.95, p=.004, semi-partial correlation sr= —0.32 indicating increases in one index
corresponded with decreases in the other. Since there was a decrease in sympathetic arousal
during Recovery 1 as indexed by PEP, we can infer this association indicates concordant
sympathetic withdrawal (increases in PEP corresponded with decreases in EDA). During
savoring, the residual EDA x Rumination interaction trended to significance, g=-0.09, {=
-2.02, p=.047. Probing the interaction there was a negative association between PEP and
EDA changes during savoring among high trait ruminators, g= -0.47, t=-2.34, p=.022.
Given PEP significantly decreased during savoring, we may infer that sympathetic co-
activation occurred among high-trait ruminators (greater decreases in PEP corresponded
with larger increases in EDA). Among low trait-ruminators, there was no significant
association between changes in EDA and PEP, g=0.14, = 0.87, p=.386. When covarying
for depressive symptoms, the EDA x Rumination interaction reached statistical significance,
p=.038.

4. Discussion

Dysphoric rumination is a transdiagnostic factor implicated in anxiety and depressive
disorders, and has maladaptive effects on emotion regulation capacity, which may be
captured via ANS assessment. Clarifying the biological underpinnings of dysphoric
rumination may advance etiology and maintenance models of internalizing disorders. To
date though, the autonomic correlates of state dysphoric rumination has been largely limited
to PNS assessments. The aim of the current study therefore, was to carry out a
comprehensive ANS assessment of state dysphoric rumination on PNS and SNS, and
examine the potential repairing effects of post-rumination savoring in a non-clinical sample.
We extend prior research by assessing individual changes in RSA, PEP, and EDA, as well as
ANS and SNS coordination, as a function of trait rumination and post-rumination savoring.
State dysphoric rumination corresponded with SNS activation via both EDA and PEP.
Cholinergic-driven sympathetic activity (EDA) was maintained for the remainder of the
laboratory protocol. In contrast, savoring resulted in sympathetic activation driven by beta-
adrenergic neurotransmission (PEP). The current results highlight the utility of
comprehensive ANS assessments for delineating the effects of specific emotion regulation
strategies, such as dysphoric rumination, and results indicate that sympathetic effects may be
at least redirected towards savoring.

The autonomic correlates of state dysphoric rumination we observed partially aligned with
hypotheses. We had expected dysphoric rumination to coincide with SNS activation driven
by EDA. Instead, we found SNS activation across both measures (i.e., there was a large
association between decreases in PEP as co-occurring with increases in EDA). SNS
activation associated with dysphoric rumination aligns with prior research supporting
decreases in PEP during angry rumination (Ottaviani & Shapiro, 2011; Ottaviani et al.,
2008; Ray et al., 2008). To our knowledge, this is the first study to simultaneously assess
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EDA and PEP during laboratory-induced dysphoric rumination. Thus, finding activation
across both indices extends prior research by indicating that dysphoric rumination is
associated with sympathetic activation driven by both beta-adrenergic and cholinergic
neurotransmission. The lack of PNS changes during dysphoric rumination contrasts prior
research demonstrating PNS withdrawal during rumination inductions that upregulate anger
(da Silva et al., 2016; Ottaviani & Shapiro, 2011; Ottaviani et al., 2008; Witvliet et al., 2011,
Witvliet et al., 2010) and rumination following a laboratory stressor (LeMoult et al., 2016).
We found that state dysphoric rumination was associated with upregulation of sadness
specifically (i.e., not anxiety), which is consistent with prior work that dysphoric rumination
amplifies sadness, not anxiety or hostility (Morrow & Nolen-Hoeksema, 1990). One
potential explanation is that dysphoric rumination is not as activating as rumination that
amplifies anger. Another possibility is that the effects of dysphoric rumination are more
salient when currently dysphoric or anxious. Future research is needed to assess the ANS
correlates of dysphoric rumination following a negative mood induction to determine
differential effects with rumination that amplifies anger.

To examine autonomic correlates of mood repair processes, we also examined the
physiological effect of savoring following dysphoric rumination. We found that savoring a
positive autobiographical event corresponded with decreases in PEP (i.e., increases in SNS
activation), but no changes in RSA or EDA. PEP levels had increased during the recovery
period following rumination and was higher than baseline levels prior to savoring. The
current pattern of results aligns with research supporting that PEP indexes sympathetic
activity in response to rewards (Brenner et al., 2005; Fowles, 1988; Obradovi¢ & Boyce,
2012) and provides initial evidence that following dysphoric rumination, savoring is
effective at recruiting beta-adrenergic driven sympathetic activity among both high and low
trait ruminators.

The lack of change in RSA is more puzzling and contrasts prior evidence that related
strategies such as mindfulness meditations corresponds with RSA activation (Ditto, Eclache,
& Goldman, 2006; Garland et al., 2017; Kok et al., 2013; McCraty et al., 1995). Prior work
indicates that positive reappraisal of transgressions is associated with higher HRV compared
to rumination that induces anger, but rumination in these inductions was associated with
HRV withdrawal (da Silva et al., 2016; Witvliet et al., 2011; Witvliet et al., 2010). Our
results suggest that savoring, as a mood repair process may be less effective at recruiting
PNS activation following dysphoric rumination. Rather, perhaps RSA is only amplified
during savoring when it results in enhancing an already positive mood state.

The current study is the first to assess PEP changes associated with savoring, and our
observation that PEP decreases during savoring suggests that post-ruminative savoring is
associated with SNS arousal driven by beta-adrenergic neurotransmission (Larsen,
Schneiderman, & Pasin, 1986). Given that savoring increased happiness above baseline
levels, the current results correspond with literature conceptualizing PEP as an index of
behavioral approach (Brenner et al., 2005; Gendolla, 2012; Kelsey, 2012) and reward
sensitivity (Obradovi¢ & Boyce, 2012). We also observed PEP decreasing during dysphoric
rumination, which co-occurred with increased sadness, an emotion typical of behavioral
inhibition. Taken together, this pattern may suggest that PEP functioned as a general index
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of emotional arousal (i.e., not valence specific) that is associated with personally significant
emotionally laden events in the current study. After an initial increase during dysphoric
rumination, EDA levels were maintained across the remaining tasks. Thus, we may either
infer that savoring was not effective at reducing cholinergic-driven SNS activation, or that a
longer recovery period was needed to capture EDA’s return to baseline following dysphoric
rumination.

In addition to examining changes within RSA, EDA and PEP, we also examined whether
changes in ANS indices co-occurred across tasks. There was a marginal effect, such that
savoring was associated with SNS coordination among individuals higher in trait
rumination, exhibiting concordance between decreases in PEP and increases in EDA. In
contrast, SNS coordination did not occur among lower trait ruminators. This pattern should
be interpreted with caution pending replication but has potential implications. Competitive
coordination between parasympathetic and sympathetic branches has been conceptualized as
adaptive vs. ineffective expenditure of resources, depending on the demands of the task
(Gatzke-Kopp & Ram, 2018). We extend this rationale to coordination within the
sympathetic branch during savoring. We suggest that SNS concordance displayed by high
trait ruminators may reflect a less effective attempt to up-regulate positive affect as it
required multiple sources of sympathetic activation. In contrast, low trait ruminators who
may be better at savoring positive affect were able to enhance positive affect by recruiting
specific sympathetic resources (increases in PEP only). SNS concordance also occurred
among everyone in this non-clinical sample during the first recovery period, supporting
concordant changes in sympathetic withdrawal (increases in PEP and decreases in EDA). In
this non-clinical sample, we suggest that general SNS withdrawal may reflect adaptive
recovery from rumination and may differ in depressed individuals. However, research is
limited on sympathetic coordination, and future work is needed to interpret adaptive vs.
ineffective coordination within the SNS.

We were surprised to find that trait rumination was not associated with differences in SNS or
PNS arousal during state dysphoric rumination in the laboratory. Prior research has linked
trait rumination with exaggerated PNS withdrawal in non-clinical samples (Borelli, Hilt,
West, Weekes, & Gonzalez, 2014; Woody et al., 2015) vs. augmentation in clinical and high-
risk samples (Aldao et al., 2013; Gentzler et al., 2013) in reaction to negative stimuli.
Results of the current study indicate that trait dysphoric rumination does not explain
parasympathetic or sympathetic variance during dysphoric rumination. However, we
recruited a general sample (rather than high vs. low ruminators). Thus, it is possible that
moderation analyses were underpowered due to relatively low levels of trait rumination in
our sample (only 22% of participants reported a mean of three or higher on the RRS,
indicating a tendency to frequently ruminate). Further, there is evidence that the impact of
dysphoric rumination on negative affect differs according to depression status (Lyubomirsky
& Nolen-Hoeksema, 1995; Morrow & Nolen-Hoeksema, 1990; Nolen-Hoeksema &
Morrow, 1993). Therefore, an important next step will be to examine differences in the
autonomic correlates of dysphoric rumination among depressed and non-depressed samples.

One of the most novel aspects of the current study was our examination of autonomic
coordination of PNS and SNS across dysphoric rumination and post-ruminative savoring.
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The lack of significant results was surprising. It is likely that the null results of autonomic
coordination in the current sample is due to lack of variance in RSA across tasks. Prior
research on angry rumination supports individual changes in both PNS and SNS arousal
(RSA withdrawal and PEP activation) (Ottaviani & Shapiro, 2011; Ottaviani et al., 2008).
Thus, we may expect cooperative coordination between changes in RSA and PEP/EDA
during dysphoric rumination (such that greater SNS withdrawal corresponds with greater
sympathetic activation), but coordination cannot be assumed based on changes in individual
branches. This is the first study to examine autonomic coordination during dysphoric
rumination and savoring. Null results should be interpreted cautiously pending replication.

The current study benefitted from a comprehensive ANS assessment that included RSA,
PEP and EDA. ANS functioning was delineated by examining changes within individual
indices, as well as coordination between PNS and SNS branches and coordination within
SNS. That said, there are several limitations worth emphasizing. First, to assess natural
perseverative rumination during the first recovery period, we used a general thought probe
that did not distinguish between rumination subtypes. Thus, it is possible that participants
engaged in reflective as well as brooding rumination. Replication studies may assess internal
thought content via recently validated state rumination procedures (Marchetti, Mor, Chiorri,
& Koster, 2018). Second, as we were interested in savoring as a mood repair process, we did
not counterbalance the savoring and rumination tasks. Therefore, future research with
comprehensive autonomic assessments are needed to delineate the autonomic correlates of
savoring across a variety of contexts. Third, we recruited a general sample of undergraduate
women. Future research may further clarify ANS correlates of dysphoric rumination by
comparing distinct populations (e.g., individuals high or low on trait rumination), clinical
populations (depressed vs. non-depressed) given evidence that rumination functions
differently when currently depressed (Nolen-Hoeksema & Morrow, 1993), as well as age
and biological sex differences. Fourth, as there is evidence that parasympathetic tone as
measured by HF-HRV is impacted by hormonal changes during women’s menstrual cycle
phase (Schmalenberger et al., 2020; Schmalenberger et al., 2019), future research should
assess factors such as pregnancy, breastfeeding status, menstruation timing, and use of oral
contraceptives on ANS functioning. Further, as there is evidence of biological sex
differences in resting HF-HRV (Jarczok et al., 2018; Koenig & Thayer, 2016), as well as
links between HF-HRV and emotion regulation difficulties and neural activation in limbic
regions implicated in emotional reactivity (Nugent, Bain, Thayer, Sollers, & Drevets, 2011;
Williams et al., 2019), research should examine biological sex differences in autonomic
coordination during rumination and savoring.

In conclusion, the current study extends research on the ANS correlates of dysphoric
rumination and potential repairing effects of savoring. Results indicate that dysphoric
rumination coincides with cholinergic and beta-adrenergic driven SNS activation.
Subsequent savoring was associated with successful recruitment of beta-adrenergic SNS
activation and increase in positive affect. The pattern of SNS activation across rumination
and subsequent savoring highlights that changes in SNS arousal is driven by multiple
underlying sources. Thus, SNS assessments should ideally include PEP as well as EDA. We
also found SNS coordination differed according to trait rumination during savoring. This
pattern highlights the need for future research to include assessments of ANS and SNS
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coordination, as coordination cannot be inferred from changes across individual indices. The
changes in SNS arousal specifically are linked to an emotion regulation strategy implicated
in depression and anxiety disorders risk and maintenance. Future research on dysphoric
rumination and savoring is needed to determine how the influence on ANS functioning over
time and to examine whether ANS patterns differ in clinical samples.
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Highlights

. State dysphoric rumination corresponded with sympathetic activation (EDA
and PEP)

. Post-rumination savoring led to sympathetic activation (PEP), successful
mood repair

. Dysphoric rumination and savoring did not induce parasympathetic change
(RSA)

. Autonomic assessments should include multiple indices
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Figure 1:

Estimated marginal means for self-reported happiness, sadness and anxiety across tasks
based on visual analogue scales. Error bars represent standard error of the means. Significant
change between tasks (p < .05): a= Sadness, = Anxiety, ¢ = Happiness, d= Calm
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Estimated marginal means for: RSA = Respiratory Sinus Arrhythmia, EDA = Electrodermal
Activity, PEP = Pre-Ejection Period across tasks. Error bars represent standard errors of the

mean.
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Table 1
Correlations and Descriptive Statistics
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 RRS-B —
2 CESD 62
3
BaseRSA -1 -8 -
4BasePEP 04 -10 -06  —
> 10 17 09 -14 —
BaseEDA : : ' .
6 84
RumRSA -4 =20 . 03 01 —
91
7RumPEP .10 -03 -16 o-  -18 -08 —
8 94
RUMEDA 05 11 13 -1 22X o3 -1 —
9 84 87
Recovirsa 17 16 wew 08 01 e A7 .01 —
10 89 97
RecovipEp 10 -0l -18 L -17 0 -07 L, -18 -17 —
11 91 96
FecovleDa 08 16 A1 -—13 L 04 -19 ) 01 -18 —
12 -25 76 87 87
SavorRSA -18 * *okH -.08 -12 Aok -.20 -.10 ok -.20 -.09 —
égvorPEP 1 -0 -15 NV 45 —oa Y _1g -4 B 45 -6 —
égvorEDA 01 06 16 -20 B o3 -24 B g3 _ggr B _g5  _23 _
15 75 78 84 87
Recov2RSA  —21 —16 Ll —07 -16 0 e —160 -15 0 L —17 0 =16 L -1 -13 —
16 89 95 97 98 -
Recov2PEP 09 -03 -18 HAA -.16 -.06 A -.18 =15 e -.16 -.18 oA -.24 7 -
%écoszDA 04 10 17 -18 8 o3 - B o -1 B _g -19 B ‘51 -20 —
Mean 1145 1595 658 9380 875 671 9115 1024 658 9555 1043 653 9166 1008 642 9203 1076
SD 339 966 107 933 413 097 880 406 092 853 403 102 855 38 10l 846 408

Note: RRS-B = trait brooding rumination; CESD= depressive symptoms; Base= baseline task; Rum= state rumination task; Recoverl: recovery
following rumination task.; Savor= state savoring task; Recov2= recovery following savoring task. RSA = Respiratory Sinus Arrhythmia; PEP=
cardiac pre-ejection period; EDA= electrodermal activity.

HokA

p<.001

Hok

p<.01

*
p<.05
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Repeated Measures ANOVAS testing Affective and Autonomic Changes across Tasks

Table 2

é\f;ect Predictor Type F df p 77
Sad Task w 368 5 .003 .04
Trait Rumination B 2519 1 .000 .24
Task x Trait Rumination M 120 5 307 .02
Anxious  Task W 063 5 675 .01
Trait Rumination B 158 1 .213 .02
Task x Trait Rumination M 041 5 842 .01
Happy Task w 353 5 .004 .04
Trait Rumination B 793 1 .000 .09
Task x Trait Rumination M 140 5 225 .02
Calm Task w 068 5 .638 .01
Trait Rumination B 960 1 .003 .11
Task x Trait Rumination M 111 5 35 .01
ANS DV
RSA Task W 002 4 999 .00
Trait Rumination B 290 1 .092 .04
Task x Trait Rumination M 037 4 831 .01
PEP Task W 6.10 4 .000 .07
Trait Rumination B 064 1 427 .01
Task x Trait Rumination M 081 4 518 .01
EDA Task W 494 4 001 .06
Trait Rumination B 022 1 .639 .00
Task x Trait Rumination M 128 4 .276 .02

Note: Type: Within (W), Between Subjects (B), Mixed (M) predictor.
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