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Co-rumination is a form of interpersonal emotion regulation wherein dyads engage in extensive, cyclical con-
versations regarding the causes and consequences of problems and associated negative emotions. In the pres-
ent investigation, we leveraged the biopsychosocial model of challenge and threat to elucidate the
intrapersonal costs and interpersonal benefits of co-rumination. To do so, we developed the first direct experi-
mental manipulation of co-rumination using a multimethod, dyadic approach to test the effects of co-rumination
on both dyad members. Friend dyads (N = 172) engaged in conversation during which one dyad member
(i.e., the discloser) divulged and discussed their most stressful, extradyadic problem with their friend (i.e.,
the responder). Dyads either engaged in co-rumination or talked about the problem as they would naturally.
Validating the experimental paradigm, results revealed a pattern of intrapersonal costs (stressed/upset feel-
ings and rumination) and interpersonal benefits (perceived partner responsiveness) of co-rumination that
replicated and extended past research. Regarding challenge and threat, results indicated that female disclo-
sers in the co-rumination (vs. natural) condition exhibited physiological responses corresponding to greater
psychological threat (i.e., greater total peripheral resistance). This research contributes to a growing body of
literature identifying co-rumination as a vulnerability factor that exacerbates stress, potentially leading to
poor downstream health outcomes. Furthermore, these results highlight the importance of examining co-
rumination from a dyadic perspective, as inter- and intrapersonal effects varied as a function of whether
individuals were disclosing or responding during the problem talk discussion.
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Close friendships serve as a primary context for emotion regula-
tion (Gross et al., 2006). Self-disclosure within close relationships
promotes intimacy (Berndt, 2002) and perceived social support
following disclosure of negative events or emotions can buffer
against the effects of stress (Marroquin, 2011; Uchino, 2006).
However, research on co-rumination suggests that when self-
disclosure becomes ruminative in nature, the benefits of social
support on stress are attenuated (Guarneri-White et al., 2015). Co-
rumination is characterized by extensive, cyclical conversations
about causes and consequences of problems and associated nega-
tive emotions (Rose, 2002). Fundamentally, co-rumination is an
interpersonal emotion regulation strategy wherein individuals le-
verage the support of others with the intent of gaining insight into
their problems and assuaging negative affect (Dam et al., 2014;
English & Eldesouky, 2020). However, these efforts are largely
ineffective; Although those who co-ruminate tend to experience
the interpersonal benefits of self-disclosure that reinforce the
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behavior, individuals also experience the intrapersonal costs of
rumination.

To better understand the costs and benefits of co-rumination for
both members of a friendship dyad, the current research integrates
the literature on interpersonal emotion regulation with the biopsy-
chosocial model of challenge and threat (Blascovich & Mendes,
2010) and examines stress appraisal processes stemming from
experimentally manipulated co-rumination. To this end, we utilized
a self-disclosure paradigm wherein close friends engaged in a con-
versation in the laboratory during which one dyad member (i.e., the
discloser) divulged and discussed their most stressful, ongoing
problem with their friend (i.e., the responder). Moreover, we devel-
oped a novel experimental manipulation in which we assigned
dyads to either engage in co-rumination (co-rumination condition)
or talk about the problem as they naturally would (natural condi-
tion). This novel experimental paradigm directly manipulated co-
rumination to assess the effects of co-rumination above and beyond
the effects of unprompted, problem-focused conversations.

Co-Rumination and Stress Appraisals

Co-rumination lies at the intersection of rumination and self-
disclosure and is associated with the interpersonal benefits of
self-disclosure and the intrapersonal costs of rumination (Rose, 2002).
Although individuals aim to downregulate their negative emotions
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via co-rumination (Dam et al., 2014), the ruminative nature of co-
rumination is associated with increases in depressed mood (White
& Shih, 2012), greater emotional exhaustion and burnout (Boren,
2013, 2014), and onset and exacerbation of psychopathology (Rose
et al., 2017; Stone et al., 2011). Furthermore, co-rumination leads to
other maladaptive coping strategies downstream such as intrapersonal
rumination (Aldrich et al., 2019) and precludes more adaptive strat-
egies such as problem solving (Waller et al., 2014). At the same time,
co-rumination fosters prorelationship qualities through self-disclosure
that reinforce the behavior such as trust (Dam et al., 2014) and emo-
tional intimacy (Rose, 2002; Rose et al., 2014) and leads to increases
in friendship quality over time (Rose et al., 2007).

Both the ruminative and self-disclosure components of co-
rumination have implications for stress appraisal processes, which are
integral to downstream physiological stress responses. Ruminative
qualities of co-rumination such as perseveration, speculation regarding
causes and consequences of problems, and negative valence may
result in greater perceived situational demands (e.g., perceptions
of required effort, uncertainty, danger) and fewer coping resour-
ces (e.g., perceptions of skills/ability, knowledge, and familiar-
ity). Additionally, those who engage in ruminative thought and
conversation tend to view their problems as more upsetting and
harder to solve (Lyubomirsky et al., 1999; Lyubomirsky &
Nolen-Hoeksema, 1995), they report lower self-confidence
(Davidson et al., 2014), and are more sensitive to rejection (Car-
lucci et al., 2018). Thus, co-rumination may lead individuals to
believe that they are less capable of dealing with the problem
they are facing. Regarding self-disclosure, although disclosure of
thoughts and emotions is a key predictor of increases in relation-
ship intimacy over time, self-disclosure also includes inherent
risk of rejection from others due to revealing personal informa-
tion that reflects core aspects of the self (Laurenceau et al.,
1998). Taken together, the ruminative and self-disclosure proc-
esses underlying co-rumination may lead disclosers to appraise
greater demands and fewer resources going into a conversation
where co-rumination occurs.

Although co-rumination should result in greater demands and
fewer resources for disclosers, it is less clear how co-rumination
may affect responders. Emotion regulation primarily occurs in
social contexts, yet researchers have only recently begun to recom-
mend dyadic approaches to studying the inter- and intrapersonal
outcomes associated with specific emotion regulation strategies
(English & Eldesouky, 2020). Research on expressive suppression,
for example, has shown that attempts by one dyad member to reg-
ulate their own emotions can impact the physiological, affective,
and behavioral outcomes of responders (e.g., Peters & Jamieson,
2016; Peters et al., 2019; Peters et al., 2014).

Like expressive suppression, co-rumination is an inherently
dyadic emotion regulation strategy wherein attempts by disclosers
to co-ruminate directly influence responders. For example, res-
ponders of those who engage in greater co-rumination tend to ex-
perience empathic concern, leading to distress as if the problem
were their own (Smith & Rose, 2011), which could account for the
transmission of internalizing symptoms observed within friendship
dyads (Schwartz-Mette & Rose, 2012). In terms of stress apprais-
als, responders may take on the emotional and cognitive burden of
disclosers’ problems leading to increases in situational demands
such as upset feelings, pressure to provide effective social support,
or cognitive load due to problem-solving attempts. Yet, when
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compared to disclosers, these demands are likely to be less salient
for responders because ultimately, they are not experiencing the
problem firsthand, and they do not necessarily have the additional
demands associated with self-disclosure and the accompanying
risk of rejection.

Co-Rumination and the Biopsychosocial Model of
Challenge and Threat

The biopsychosocial model of challenge and threat provides a
theoretical framework for assessing stress appraisal processes dur-
ing peak physiological reactivity of a stressful conversation. This
theory posits that during acute stress, appraisals of situational
demands and coping resources determine downstream activation
of the sympathetic—adrenal-medullary (SAM) and hypothalamic—
pituitary—adrenal (HPA) axes, which interact to mobilize meta-
bolic resources to cope with the stressor (Blascovich & Mendes,
2000, 2010; Seery, 2011; Tomaka et al., 1997). Consequently, car-
diovascular measures can be used to distinguish between adaptive
(challenge) and maladaptive (threat) responses to acute stress.
Challenge responses occur when perceived coping resources meet
or exceed situational demands, whereas threat responses occur
when perceived situational demands outweigh coping resources.
Challenge and threat are anchors on a continuum of stress
responses with appraisals of demands and resources moving indi-
viduals along the continuum toward either challenge or threat.

Both challenge and threat responses are characterized by SAM
activation, which results in increased heart rate and ventricular
contractility (VC). Demonstrating SAM activation via increases in
VC is a prerequisite for assessing challenge and threat. In challenge
responses, the accompanying release of catecholamines such as epi-
nephrine causes vasodilation in skeletal muscles, decreasing vascu-
lar resistance—indexed by total peripheral resistance (TPR)—and
increasing cardiac output (CO)—the volume of blood ejected from
the heart in a given period of time. In threat responses, the HPA
axis modulates SAM activation by inhibiting the release of epineph-
rine and its effects, resulting in relatively higher TPR and little (or
no change in) CO (Blascovich & Tomaka, 1996; Brownley et al.,
2000; Seery, 2011).

In the current research, we utilize the biopsychosocial model of
challenge and threat to elucidate how stress processes elicited dur-
ing the first minute of co-rumination occur within dyads and
whether these processes differ between disclosers and responders.
For individuals engaging in greater co-rumination, the combination
of greater demands (e.g., perceiving problems as more upsetting
and difficult to solve) and fewer resources (e.g., lower self-confi-
dence and less effective problem solving) should be associated with
greater threat (less challenge) responses. Additionally, this associa-
tion between greater co-rumination and greater signs of threat
should be particularly evident for disclosers (relative to responders)
who have the added demands of disclosing their most stressful,
ongoing problem. Only one study to date has examined physiologi-
cal measures of stress associated with co-rumination (Byrd-Craven
et al., 2008, 2011). Researchers found that in a problem-focused
conversation between friends greater observed co-rumination was
associated with higher salivary cortisol (the product of the HPA
axis). This relationship was not found in a nonproblem talk compar-
ison group. These results provide preliminary correlational evidence
that co-rumination may lead to greater physiological indicators of
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threat, as physiological indicators of HPA axis activation and cardi-
ovascular indices of threat have aligned in other dyadic emotion
regulation paradigms (Peters & Jamieson, 2016).

Sex Differences in Co-Rumination

The potential effect of sex is relevant to this investigation, as
extant literature has emphasized sex differences in behavior and out-
comes of co-rumination. Several influential studies have documented
a pattern of costs and benefits for females (Calmes & Roberts, 2008;
Rose, 2002; Smith & Rose, 2011), which has spurred a body of liter-
ature examining co-rumination using exclusively female samples
(e.g., Byrd-Craven et al., 2008, 2011; Byrd-Craven & Massey, 2013;
Starr & Davila, 2009). Although a meta-analysis showed that females
do engage in co-rumination more frequently, which accounts for
greater costs and benefits of co-rumination (Spendelow et al., 2017),
findings for males were mixed. Some researchers suggest that these
mixed findings may be due to constraining the operational definition
of co-rumination to only same-sex friendship dyads (Calmes & Rob-
erts, 2008; Rose, 2002; Smith & Rose, 2011). However, the context
in which co-rumination is measured is important, as preferred confi-
dants vary according to sex, with males confiding more frequently in
different-sex friends (Barstead et al., 2013). When co-rumination is
not constrained to same-sex friendships, the sex differences in the
tendency to co-ruminate do not emerge (Barstead et al., 2013). Given
these mixed findings and measurement confounds, research that uti-
lizes samples of same- and different-sex dyads and that distinguishes
between effects for males and for females is needed to understand
more thoroughly who is at risk of negative outcomes of co-rumination.
As detailed in the data analytic plan, we explore the effect of sex on
outcomes of co-rumination, focusing specifically on females given the
sex distribution of the sample.

Current Research

In this study, we conceptualized co-rumination as an interpersonal
emotion regulation strategy, integrating the biopsychosocial model of
challenge and threat to better understand the interpersonal and intra-
personal consequences of experimentally induced co-rumination for
both members of a friendship dyad. Close friends engaged in a con-
versation during which one dyad member (the discloser) disclosed
and discussed their most stressful, ongoing problem with their
friend (the responder). Dyads either engaged in co-rumination
(co-rumination condition) or talked about the problem as they
naturally would (natural condition). The primary aims of this study
were to (a) validate the experimental paradigm used to manipulate
co-rumination and (b) assess the effect of co-rumination on cardio-
vascular stress responses.

To validate the experimental paradigm, we first examined the
extent to which individuals engaged in co-rumination in each condi-
tion. We hypothesized (Hypothesis 1a) that both self- and observer-
reports would indicate greater co-rumination in the co-rumination
(vs. natural) condition. Additionally, we expected a successful
manipulation of co-rumination to result in a pattern of intrapersonal
costs and interpersonal benefits like extant findings in the literature.
Thus, we examined intra- and interpersonal outcomes as a function
of condition (co-rumination vs. natural) and role (discloser vs. re-
sponder). Specifically, we hypothesized that (Hypothesis 1b) co-
rumination would result in greater negative affect (stressed and
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upset feelings), greater use of generally maladaptive intrapersonal
coping strategies (rumination), and greater interpersonal benefits
(perceived partner responsiveness) in the co-rumination (vs. natu-
ral) condition (i.e., a condition effect). Although extant research has
yet to distinguish the effects of role in co-ruminative conversations,
we expected that (Hypothesis 1c) across conditions, disclosers
would report greater stressed and upset feelings, rumination, and
perceived partner responsiveness than responders (i.e., a role effect)
due to experiencing the problem firsthand and eliciting prorelation-
ship behavior from responders through disclosure.

To test the effect of our co-rumination manipulation on stress ap-
praisal processes, we utilized cardiovascular indices of challenge and
threat that peak during the first minute of the conversation. We
hypothesized that during this time, individuals in the co-rumination
(vs. the natural condition) would exhibit a cardiovascular profile indic-
ative of greater threat and less challenge (increases in TPR and little
or no change in CO). However, due to greater and more salient
demands associated with disclosing a problem as opposed to respond-
ing to it, we expected that (Hypothesis 2) the positive association
between co-rumination and threat would be exacerbated for disclosers
(i.e., a condition X role interaction). Finally, given the mixed findings
in the co-rumination literature regarding sex differences, the heavy
emphasis extant co-rumination research has placed on effects of co-
rumination for females, and limitations in the sex distribution of the
sample (see Data Analytic Plan section for more details) we explore
Hypotheses 1 and 2 above specifically with regard to females.

Method

Power Analysis

A series of Monte Carlo simulations were conducted with equality
constraints for the paths modeling effects of each dyad (Lane &
Hennes, 2018; Mehl & Connor, 2012) using past dyadic data sets
with similar physiological measures to approximate effects (Peters
et al., 2014, 2018, 2019; Peters & Jamieson, 2016). Focusing on
hypothesized interaction effects with an estimated small-to-medium
effect size (r =~ .20), 120 dyads were needed to achieve sufficient
power (>.80). After obtaining the target sample size, we continued
collecting data through the end of the academic semester to account
for cases that might be removed due to unforeseen validity concerns.

Participants

Friendship dyads were recruited from a population of under-
graduates at a Midwestern university. Dyads were eligible to par-
ticipate if both participants were 18 to 30 years of age, did not
have a cardiac pacemaker, considered themselves to be close or
best friends, and were not in a romantic relationship with each
other. Questionnaires contained two attention check items (e.g.,
“Select 2 for this item”)—one before and one after the conversa-
tion. For those who failed an attention check (N = 5), questionnaire
data for that portion of the study were removed. The final sample
consisted of 344 individuals (266 females, 72 males; M, = 18.86,
SD = 1.30, range = 18-30 years) in 172 dyads (see Tables 1 and 2
for descriptive statistics). Demographic information for six indi-
viduals was missing due to computer error. Individuals were com-
pensated with their choice of course credit or $16 US.
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Age and Friendship Length for Full Sample and Split by Condition

Full sample Natural condition Co-rumination condition
Variable M SD M SD M SD
Age 18.86 1.30 18.81 1.32 18.91 1.29
Friendship length (months) 28.44 41.84 26.48 37.84 30.18 45.13

Note. N =344. Data missing for 6 cases (1.7%).

Procedure

Data from this investigation have not been published elsewhere.
All study procedures were conducted after review and approval from
the Ohio University Institutional Review Board. Upon entering the
laboratory, research assistants escorted participants to private testing
rooms. After confirming eligibility for the study and completing
the informed consent process, participants completed the prob-
lem-generation questionnaire (see the Measures section). Trained
research assistants then affixed physiological sensors to each partici-
pant and instructed them to relax for a 5-min resting autonomic base-
line period. After baseline, participants received instructions for the
problem-focused conversation wherein one member of the dyad (the
discloser) was randomly assigned to discuss one of the extradyadic
problems they disclosed in the problem-generation questionnaire.
The other member of the dyad (the responder) was assigned to
respond to their friend. Severity items (see the Measures section)
were summed for each problem and the discloser’s most severe prob-
lem was assigned by the experimenter for discussion.

Additionally, dyads were assigned to one of two conditions. In the
co-rumination condition (N = 90 dyads), participants were instructed
to do the following: stay on topic, go over the problem multiple
times, speculate about the causes and consequences of the problem,
and uncover and dig into negative emotions. In the natural condition
(N = 82 dyads), participants were instructed to talk about the problem
as they naturally would (see the online supplemental material for full
manipulation instructions). In both conditions, participants received

Table 2
Demographic Information for Full Sample and Split by Condition

cards to remind them of the instructions. Next, experimenters told
participants to “gather their thoughts” for 3 min in their private test-
ing rooms before instructing them to complete a short questionnaire
regarding their appraisals of demands and coping resources for the
upcoming conversation. After both participants finished the question-
naire, a foldable, sound-insulated wall separating the two private par-
ticipant rooms was collapsed, and dyads engaged in an eight-minute,
video-recorded conversation. After the conversation, the wall was
closed and participants answered a series of questionnaires regarding
co-rumination, stressed and upset feelings, rumination, and perceived
partner responsiveness during the conversation (see the Measures
section). Participants completed additional tasks and questionnaires
not germane to the current investigation (see the online supplemental
materials for full procedure). At the conclusion of the study, research
assistants removed the physiological sensors and participants com-
pleted a demographic questionnaire.

Measures
Problem-Generation Questionnaire

The problem-generation questionnaire (Rose et al., 2005)
prompted participants to write about two extradyadic problems
they were experiencing at that time. Extradyadic problems were
defined as personal problems that did not include the friend that
they brought with them to the study. Participants then responded
to seven items that assessed the severity of the problem on a scale

Co-rumination

Full sample Natural condition condition
Variable N % N % N %

Self-reported sex at birth

Male 72 20.93 36 21.95 36 20.00

Female 266 77.33 126 76.83 140 717.78
Dyad sex composition

Both female 119 69.19 58 70.73 61 67.78

Both male 23 13.37 13 15.85 10 11.11

Male and female 26 15.12 10 12.20 16 17.78
Race

White 270 78.49 129 78.66 141 78.33

Black, African American 33 9.59 24 14.63 9 5.00

Asian 13 3.78 2 1.22 11 6.11

Mixed 15 4.36 6 3.66 9 5.00

Other 7 2.03 1 0.61 6 3.33
Hispanic origin

No, Hispanic 326 94.77 157 95.73 169 93.89

Yes, Hispanic 12 3.49 5 3.05 7 3.89
Note. N = 344. Demographic information missing for 6 cases (1.7%).
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from 1 (not at all) to 7 (very much). This method of generating
conversation topics has been used in the co-rumination literature
to generate an extradyadic problem discussion (e.g., Byrd-Craven
etal., 2011; Rose et al., 2014).

Paradigm Validation

Self-Reported Co-Rumination. After the conversation, par-
ticipants reported the extent to which they agreed with four state-
ments pertaining to co-ruminative behavior they engaged in during
the conversation on a scale from 1 (strongly disagree) to 7 (strongly
agree). Items included “I kept us on topic,” “I encouraged us to go
over the problem multiple times in order to understand the problem
better,” “I encouraged us to talk about the causes and consequences
of the problem,” and “I encouraged us to talk about negative emo-
tions.” Items were averaged to create a self-reported co-rumination
score (o = .833) for each dyad member.

Observer-Reported Co-Rumination. Trained research assis-
tants who were blind to condition assignment and study hypothe-
ses coded participants’ co-rumination behavior using a coding
scheme adapted from Rose (2002). For each individual in the
interaction, coders scored quality (0 = not at all, 5 = very high)
and quantity (0 = not at all, 5 = nearly the whole time) for each of
the following dimensions of co-rumination in 1-min epochs: stay-
ing on topic (intraclass correlation coefficient [ICC] = .956; ICC =
.948), going over the problem multiple times (ICC = .585; ICC =
.682), speculating about causes and consequences of the problem
(ICC = .743; ICC = .822), and discussing negative emotions
(ICC = .703; ICC = .816). Scores were averaged across the con-
versation to create an observer-reported co-rumination score for
each member of the dyad. See the online supplemental materials
for more details regarding coding of quality and quantity of each
dimension.

Stressed and Upset Feelings. Two face-valid items assessed
the extent to which participants felt stressed and upset by the problem
conversation, “To what extent did you find the conversation stress-
ful?” and “To what extent were you upset during the conversation?”
These items were measured on a scale from 1 (not at all) to 7 (very
much) and averaged to create a composite score (o = .735).

Rumination. Four items (i.e., “My thoughts and emotions
were preventing me from focusing on finding possible solutions,”
“I kept going over and over the same thing,” “I was getting stuck
on the causes of problems rather than the solutions,” and “I kept
thinking about why this was a problem”) adapted from prior
research on rumination (Gratz & Roemer, 2004; Low et al., 2019;
Nolen-Hoeksema, 1987, 1991) assessed the extent to which indi-
viduals ruminated during the conversation on a scale ranging from
1 (strongly disagree) to 7 (strongly agree). Items were averaged to
create a rumination score for each dyad member (o = .725).

Perceived Partner Responsiveness. After the conversation,
perceived partner responsiveness was measured by the items ““To what
extent do you agree or disagree that you feel ... (1) understood/vali-
dated by your friend? (2) cared for/loved by your friend?”, adapted
from Gable et al. (2012) and Reis et al. (2018), rated on a scale rang-
ing from 1 (strongly disagree) to 7 (strongly agree), (o. = .821).

Cardiovascular Reactivity

Cardiovascular signals were acquired during the autonomic
baseline and conversation. Electrocardiography (ECG), impedance
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cardiography (ICG), and momentary blood pressure (BP) were
collected to derive ventricular contractility (VC), cardiac output
(CO), and total peripheral resistance (TPR). ECG electrodes were
affixed in a lead II configuration and ICG hardware (NICO100C,
Biopac Systems, Inc.) with band sensors was used to measure im-
pedance magnitude (Z;) and its derivative (dZ/dt). Signals were
amplified using a Biopac MP160 system and recorded using Acq-
knowledge 5.0 software. BP readings were initiated and recorded
from a separate control room using an ambulatory monitoring sys-
tem (ColinT105, Colin Medical Instruments, San Antonio, TX)
with a cuff placed on the participant’s dominant arm. BP readings,
including systolic, diastolic, and mean arterial pressure were col-
lected every 2 min.

ECG and ICG signals were scored in one-minute epochs by
trained personnel who were blind to condition assignment. Signals
were visually examined for artifacts and ensemble averages were an-
alyzed using MindWare software (IMP v3.2.4; MindWare Technol-
ogies, Gahanna, OH). B-points in the dZ/dt wave (opening of aortic
valve) and Q-points in the ECG wave (start of left ventricle contrac-
tion) were calculated using the maximum slope change method. R-
points in the ECG wave (left ventricle contraction) were detected by
MindWare software. Researchers visually examined all B, Q, X, and
R points and made manual corrections when necessary, before deriv-
ing VC, CO, and TPR. VC was derived by computing the interval
between the Q and B points and multiplying by —1, such that greater
values correspond to greater sympathetic nervous system arousal.
CO was derived using the following equation: CO = stroke volume
* heart rate. Stroke volume is the volume of blood ejected per heart-
beat and is computed by Mindware analytic software using the
Kubicek equation. Finally, TPR was derived using the equation:
TPR = CO * mean arterial pressure / 80. Mean arterial pressure
(MAP) values used to calculate TPR were measured directly, as
opposed to calculated from systolic and diastolic blood pressure.
Reactivity scores for VC, CO, and TPR were computed by subtract-
ing scores obtained during the last minute of baseline from scores
during the first minute of the conversation (Llabre et al., 1991). Extant
research indicates that cardiovascular reactivity scores are highly reli-
able (Cronbach’s as > .8) (Kelsey et al., 2007). See Table 3 for de-
scriptive statistics of dependent variables.

Data Analytic Plan

Following the guidelines by Kenny et al. (2006) for dyadic data
analysis, we conducted a series of multilevel models in SPSS 26
using the MIXED procedure. These models use a heterogeneous
compound symmetry covariance structure to account for the inher-
ent dependency within distinguishable dyads (Kenny et al., 2006).
To test our hypotheses, in Model 1 we regressed dependent varia-
bles on the fixed effects of condition, role, and condition X role. To
test whether the pattern of results held for females specifically, in
Model 2 we regressed dependent variables on condition, role, sex,
condition X role, sex X condition, sex X role, and sex X condition
X role. Members of each dyad were distinguished by role. Contrast
codes indexed condition (—1 = natural, 1 = co-rumination) and role
(—1 = responder, 1 = discloser) and a dummy code indexed sex (0 =
female, 1 = male). We chose to dummy code sex rather than use a
contrast code because of the sex imbalance in the sample, resulting
in a lack of power to test interactions with sex. By dummy coding
(as opposed to excluding male participants altogether), our analytic


https://doi.org/10.1037/emo0001151.supp

publishers.

ychological Association or one of its allied

ghted by the American Ps

t=4

This document is copyri
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

OUTCOMES OF MANIPULATED CO-RUMINATION

Table 3

1195

Descriptive Statistics for Variables of Interest for Full Sample and Split by Condition

Full sample Natural condition Co-rumination condition
(N =344) (N=164) (N =180)
Variable M SD M SD M SD

Observed co-rumination 4.88 1.2 4.38 1.2 5.34 1.01
Self-reported co-rumination 2.56 0.54 2.40 0.56 2.70 0.49
Stressed/upset feelings 2.28 1.54 1.92 1.28 2.62 1.68
Rumination 3.29 1.26 3.12 1.29 3.44 1.23
Responsiveness 6.34 0.75 6.24 0.82 6.44 0.66
VvC 6.67 9.75 6.82 11.45 6.53 7.90
CcO —0.02 0.48 0.00 0.51 —0.04 0.45
TPR 233.93 392.46 224.79 381.29 242.44 403.60

Note. VC = ventricular contractility; CO = cardiac output; TPR = total peripheral resistance.

approach for Model 2 conservatively limits our interpretations and
conclusions to female partici-pants, while retaining data from differ-
ent-sex dyads (N = 26) and including sex interaction terms. All zero-
order correlations between the primary study variables for the full
sample and split by sex are presented in Tables SI and S2 in the
online supplemental materials. For interested readers, in the online
supplemental materials we also present models where systolic, dia-
stolic, and mean arterial pressure are used as the dependent variables.

Results

Paradigm Validation
Hypothesis 1a: Co-Rumination Behavior

We hypothesized that according to both self- and observer-
reports, disclosers and responders in the co-rumination (vs. natu-
ral) condition would engage in greater co-rumination. Supporting
our hypothesis, results from Model 1 revealed that individuals in
the co-rumination (vs. natural) condition reported engaging in sig-
nificantly more co-rumination. Similarly, individuals in the co-
rumination (vs. natural) condition were reported by observers to
have engaged in significantly more co-rumination. In addition to
the hypothesized condition effect, observers also reported that dis-
closers co-ruminated more than responders. Results from Model 2
revealed the same pattern of results as Model 1, for females. Full
results for this section can be viewed in Table 4.

Hpypothesis 1b and I1c: Costs and Benefits of Co-Rumination

We hypothesized that (H1b) co-rumination would result in
greater stressed and upset feelings, rumination, and perceived part-
ner responsiveness in the co-rumination (vs. natural) condition.
Additionally, we expected that (H1c) across conditions, disclosers
would report greater stressed and upset feelings, rumination, and
perceived partner responsiveness than responders (i.e., a role
effect). Full results for this section can be viewed in Table 4.

As expected, analyses from Model 1 revealed that individuals
rated the conversation as more stressful and upsetting and reported
engaging in greater ruminative thought when in the co-rumination
(vs. natural) condition and when in the discloser (vs. responder) role.
Individuals perceived their partner to be more responsive in the co-
rumination (vs. natural) condition and in the discloser (vs. responder)

role. These effects were qualified by a condition X role interaction
(see Figure 1), such that disclosers perceived their partners (respond-
ers) to be engaging in high levels of responsiveness regardless of
condition assignment (B = .03, 95% CI [—.09, .14], t = 45, p = .654,
r = .03), whereas responders perceived their partners (disclosers) to
be more responsive in the co-rumination (vs. natural) condition (B =
.17,95% CI[.06, .29], t = 3.07, p = .003, r = .23).

Analyses from Model 2 revealed the same pattern of results for
females, with one exception. A significant condition X role inter-
action on self-reported rumination (see Figure S6 of the online
supplemental materials) indicated that female disclosers reported
engaging in high levels of rumination regardless of condition
assignment (B = —.03, 95% CI [—.24, .19], t = —.27, p = .786, r =
.02), whereas female responders reported engaging in greater
rumination in the co-rumination (vs. natural) condition (B = .26,
95% CI [.06, .47],t=2.51,p=.013,r=.19).

Overall, these findings provide evidence that we successfully
manipulated co-rumination. Both self- and observer-reports indicate
that on average, those in the co-rumination condition were engaging
in more co-ruminative behavior than those in the natural condition.
Additionally, the co-rumination (vs. natural) condition resulted in
greater intrapersonal costs (i.e., greater stressed and upset feelings
and intrapersonal rumination) for both dyad members and greater
interpersonal benefit (i.e., greater perceived partner responsiveness)
for responders. Results of Model 2 indicate that these findings hold
for females, aside from self-reported rumination where the effect of
condition varied based on role in the conversation.

Hypothesis 2: Cardiovascular Indicators of Challenge
and Threat

Our second aim was to use cardiovascular indicators of chal-
lenge and threat to examine stress appraisal processes occurring as
a result of experimentally manipulated co-rumination. Full results
for this section can be viewed in Table 5. As a prerequisite for
assessing challenge and threat, we tested whether individuals dis-
played an increase in ventricular contractility from baseline
(Seery, 2011). Results from Model 1 revealed that, on average,
participants exhibited a significant increase in VC (i.e., greater
sympathetic arousal) from baseline, justifying the use of CO and
TPR as indicators of psychological challenge and threat.

We hypothesized an effect of condition qualified by a condition X
role interaction such that individuals in the co-rumination (vs. natural
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Table 4
Effects of Condition, Role, and Sex on Self- and Observer-Reported Co-Rumination, Stressed and Upset Feelings, and Rumination
Model 1 Model 2
Variable B SE t r B SE t r
Self-reported co-rumination
Condition 0.48 0.06 7.47%% 0.50 0.50 0.07 6.81%* 0.45
Role —0.03 0.06 —0.51 0.04 —0.01 0.06 —0.17 0.01
Condition X Role —0.04 0.06 —0.74 0.06 —0.04 0.15 —0.25 0.01
Sex —0.10 0.06 —1.56 0.12
Condition X Sex —0.13 0.15 —0.82 0.05
Role X Sex —0.08 0.14 -0.53 0.03
Condition X Role X Sex 0.29 0.14 2.05* 0.13
Observer-reported co-rumination
Condition 0.15 0.03 4.45%# 0.33 0.15 0.04 4,120 0.29
Role 0.16 0.02 8.96%* 0.57 0.15 0.02 7.34%% 0.49
Condition X Role 0.01 0.02 0.33 0.03 —0.10 0.07 —1.45 0.08
Sex 0.00 0.02 0.13 0.01
Condition X Sex —0.03 0.07 —0.46 0.03
Role X Sex 0.06 0.05 1.20 0.09
Condition X Role X Sex 0.02 0.05 0.34 0.02
Stressed/upset feelings
Condition 0.35 0.09 3.80%* 0.28 0.35 0.10 3.44%% 0.24
Role 0.38 0.06 5.97%* 0.42 0.36 0.07 4.88%* 0.35
Condition X Role 0.08 0.06 1.31 0.1 0.01 0.07 0.13 0.01
Sex —0.09 0.20 —0.46 0.03
Condition X Sex —0.04 0.20 —-0.19 0.01
Role X Sex 0.14 0.17 0.87 0.06
Condition X Role X Sex 0.39 0.17 2.36% 0.16
Rumination
Condition 0.16 0.07 2.16% 0.17 0.12 0.08 1.42 0.10
Role 0.30 0.06 5.15%* 0.37 0.28 0.07 4.09%* 0.30
Condition X Role —0.11 0.06 —1.87 0.15 -0.15 0.07 —2.18* 0.16
Sex 0.02 0.17 0.10 0.01
Condition X Sex 0.17 0.17 0.98 0.06
Role X Sex 0.13 0.15 0.81 0.05
Condition X Role X Sex 0.14 0.15 0.93 0.06
Perceived partner responsiveness
Condition 0.10 0.05 2.14% 0.16 0.07 0.05 1.47 0.11
Role 0.08 0.03 2.54% 0.19 0.10 0.04 2.68%* 0.20
Condition X Role —-0.07 0.03 —2.22% 0.17 —-0.10 0.04 —2.64%* 0.20
Sex -0.29 0.10 —2.86%* 0.16
Condition X Sex 0.10 0.10 0.93 0.05
Role X Sex —0.05 0.09 —0.54 0.04
Condition X Role X Sex 0.12 0.09 1.39 0.09

Note.
female, 1 = male.
*p<.05. **p<.0l

condition) would exhibit a cardiovascular profile consistent with greater
threat and less challenge (i.e., increases in TPR, little or no change in
CO) and that this relationship would be exacerbated for disclosers.
Results from Model 1 supported our hypothesis; individuals in the dis-
closer (vs. responder) role exhibited greater TPR reactivity, however,
this was qualified by a condition X role interaction (see Figure 2). Tests
of simple slopes indicated that within the co-rumination condition,
disclosers (vs. responders) exhibited greater TPR reactivity (B =
114.69, 95% CI [58.53, 170.85], t = 4.03, p < .001, r = .30), whereas
in the natural condition, TPR reactivity did not vary as a function of
role (B = 19.03, 95% CI [-39.11, 77.17], t = .65, p = 519, r = .05).
Additionally, there was an effect for role on CO; disclosers (vs. res-
ponders) exhibited greater decreases in CO (B = —.06, 95% CI
[—.11, —.00], t = —2.00, p = .048, r = .15). Model 2 analyses

Condition was contrast coded —1 = natural, 1 = co-rumination. Role was contrast coded —1 = responder, 1 = discloser. Sex was dummy coded 0 =

revealed that the cardiovascular pattern observed in Model 1
remained in Model 2. Additionally, tests of simple slopes indicate
that female disclosers in the co-rumination (vs. natural) condition
exhibited greater TPR reactivity (B = 76.64, 95% CI [7.63, 145.65],
t=2.20,p=.030, r=.18).

Supplemental Analyses and Alternative Explanations

Although we attribute greater threat (less challenge) in the
co-rumination vs. natural condition for disclosers to condition
and role assignment, there are possible alternative explanations
for these findings such as the complexity of the task instructions
or prompting participants to behave in a way that is not natural
to them. To test these alternative explanations, we reran Models



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

OUTCOMES OF MANIPULATED CO-RUMINATION 1197

Figure 1
Perceived Partner Responsiveness by Condition and Role
A. Model 1 B. Model 2
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Note. Model 1 (Panel A) represents the interaction between condition and role on per-
ceived partner responsiveness for the full sample. Model 2 (Panel B) represents the same
interaction for females only. Error bars represent = 1 standard error.

1 and 2 predicting TPR (the primary distinguishing variable
between challenge and threat) controlling for self-reported
instruction demands and trait co-rumination separately. After
controlling for these potential confounding variables, our key
result (i.e., the condition X role interaction) remained. There-
fore, we retain our original interpretation of our findings as we
believe our a priori explanations for the findings are the most
parsimonious and grounded in the co-rumination and self-

disclosure literatures. For a full discussion of these supplemental
analyses, see the online supplemental materials. Additionally, at
the request of a reviewer, we explored cardiovascular reactivity
across minutes to assess challenge and threat across the conver-
sation. Results presented in the online supplemental materials
highlight the rapid habituation exhibited by those most threat-
ened during the first minute of the conversation (i.e., female dis-
closers in the co-rumination condition).

Table 5
Effects of Condition, Role, and Sex on Cardiovascular Reactivity (VC, CO, and TPR)
Model 1 Model 2
Variable B SE t r B SE t r
vC
Intercept 6.67 0.55 12.13%* 0.69 6.12 0.61 9.99%* 0.61
Condition —0.14 0.55 —0.26 0.02 0.07 0.61 0.12 0.01
Role —0.09 0.55 —0.17 0.01 —-0.22 0.63 —0.35 0.03
Condition X Role 0.09 0.55 0.17 0.01 0.25 0.63 0.40 0.03
Sex 2.22 1.34 1.67 0.11
Condition X Sex —1.25 1.34 —0.94 0.06
Role X Sex —-0.07 1.36 —0.05 0.00
Condition X Role X Sex —1.10 1.36 —0.80 0.05
CO
Intercept —0.02 0.02 —0.76 0.06 —0.01 0.03 —0.36 0.03
Condition —-0.02 0.02 —-0.97 0.08 —0.01 0.03 —0.39 0.03
Role —0.06 0.03 —2.00* 0.15 —0.04 0.03 —1.30 0.10
Condition X Role —0.01 0.03 —0.28 0.02 —0.01 0.03 —-0.40 0.03
Sex —0.05 0.06 —-0.87 0.06
Condition X Sex —0.08 0.06 —1.32 0.09
Role X Sex —0.09 0.07 —1.38 0.08
Condition X Role X Sex 0.01 0.07 0.09 0.01
TPR
Intercept 234.36 23.54 9.95%%* 0.61 252.42 26.11 9.67%* 0.59
Condition 8.95 23.54 0.38 0.03 10.61 26.11 0.41 0.03
Role 66.86 20.46 3.27%%* 0.25 67.14 23.28 2.88%* 0.22
Condition X Role 47.83 20.46 2.34% 0.18 66.03 23.28 2.84%* 0.21
Sex —85.94 56.15 —1.53 0.10
Condition X Sex —4.06 56.15 —0.07 0.00
Role X Sex 6.58 52.62 0.13 0.01
Condition X Role X Sex —83.28 52.62 —1.58 0.11

Note. Condition was contrast coded —1 = natural, 1 = co-rumination. Role was contrast coded —1 = responder, 1 = discloser. Sex was dummy coded 0 =
female, 1 = male. VC = ventricular contractility; CO = cardiac output; TPR = total peripheral resistance.

*p < 05 *p< 0l
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Figure 2
TPR Reactivity by Condition and Role
A. Model 1
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B. Model 2

EResponder

ODiscloser

Natural Co-Rumination

Condition

Model 1 (Panel A) represents the interaction between condition and role on TPR

reactivity for the full sample. Model 2 (Panel B) represents the same interaction for females
only. TPR = total peripheral resistance. Error bars represent =1 standard error.

Discussion

In the present investigation we examined co-rumination as an
interpersonal emotion regulation strategy using the biopsychoso-
cial model of challenge and threat to examine the intrapersonal
costs and interpersonal benefits of experimentally manipulated
co-rumination. We developed a novel paradigm to experimen-
tally test the effect of co-rumination on outcomes for both dyad
members and used a combination of self-reports, physiological
responses, and behavioral observations to test predictions. Pri-
mary aims for the study included validating the experimental
manipulation of co-rumination and examining stress appraisals
as a function of condition (co-rumination vs. natural) and role in
the conversation (discloser vs. responder).

Results provide preliminary evidence for the validity of the ex-
perimental manipulation of co-rumination. Individuals in the co-
rumination (vs. natural) condition engaged in greater co-rumination
according to both self- and observer-reports. Additionally, results
revealed a pattern of intrapersonal costs (stressed/upset feelings and
rumination) and interpersonal benefits (perceived partner respon-
siveness) of co-rumination like that found in existing research.
Notably, some of these findings were limited to responders, which
provides insight into how co-rumination influences outcomes for
both dyad members. This is the first investigation of co-rumination
to distinguish between problem disclosers and responders in a
dyadic experimental paradigm. Our research reveals that responders
may experience costs due to co-rumination such as intrapersonal
rumination and may be the key drivers of the interpersonal benefits
resulting from co-rumination. Responders perceived disclosers as
more responsive when instructed to co-ruminate, whereas disclosers
perceived responders to be highly responsive regardless of condi-
tion assignment. This may be due to a ceiling effect, as disclosers
were discussing their most stressful ongoing problem, which would
naturally elicit responsive behavior from their close or best friend.
However, it is also possible that this finding may be capturing a
mechanism by which the cycle of co-rumination is perpetuated
within dyads. Research indicates that disclosers who express emo-
tion (which is integral to co-rumination) are perceived to be more
responsive by responders and, in turn, responders are more likely to
engage in reciprocal self-disclosure (Greene et al., 2006; Lauren-
ceau et al., 1998). Therefore, individuals who respond to their
friend’s disclosure and co-rumination may be more likely to recip-
rocate by disclosing and co-ruminating about their own problem in
the future, which would reinforce and maintain the relationship

(Reis & Shaver, 1988; Rusbult et al., 2006). Because self-disclosure
processes are reciprocal in nature, it is important to examine per-
ceived partner responsiveness for both members of a relationship
dyad to better understand how particular interpersonal emotion reg-
ulation strategies influence this prorelationship cycle. The present
research may inform future longitudinal work examining how co-
rumination cycles develop over time and how partner responses can
influence outcomes for both individuals.

The development of a novel, experimental manipulation of co-
rumination is significant because extant co-rumination research has
relied heavily upon nonexperimental approaches. Of the few studies
that have utilized experimental paradigms to study co-rumination
(Byrd-Craven et al., 2008, 2011), none have directly manipulated
co-rumination in a dyadic context, opting instead to manipulate the
conversation context more broadly (e.g., providing an opportunity
for problem talk vs. a nonproblem talk control condition). Pitting
co-rumination against a natural problem talk condition provides a
conservative test of our findings because individuals in the natural
condition could have naturally engaged in co-rumination. Thus, the
results presented here represent the effect of co-rumination above
and beyond natural problem talk behavior.

The present study is the first to integrate co-rumination with the
biopsychosocial model of challenge and threat. Results indicated that
female disclosers in the co-rumination (vs. natural) condition exhibited
increases in TPR during the first minute of the conversation, a
response consistent with greater psychological threat. Female respond-
ers did not differ in TPR reactivity as a function of condition despite
receiving the same manipulation instructions as disclosers, meaning
that being presented with relatively more complicated and demanding
instructions compared to the natural condition was not sufficient to
elicit greater threat. These results suggest that co-rumination influences
appraisals underlying physiological stress responses. For female dis-
closers, the physiological findings suggested that situational demands
outweighed coping resources when starting a conversation after being
instructed to co-ruminate. It is worth noting that supplemental analyses
revealed that these cardiovascular responses were short-lived, which is
consistent with existing studies using in-lab active coping tasks (Blas-
covich, 1992). These short-lived stress responses prevent conclusions
being drawn regarding how co-rumination influences appraisal proc-
esses and physiological arousal as conversations unfold over time
because decreases in physiological arousal may be due to habituation
to the stressor or to the interpersonal processes occurring as a result of
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co-rumination. Future research using physiological measures that are
less subject to rapid habituation is needed.

These results are consistent with existing literature that provides
preliminary, correlational evidence that co-rumination is a vulnerabil-
ity factor that exacerbates stress (Starr & Davila, 2009) and leads
individuals to view their problems as more upsetting and harder to
solve (Lyubomirsky et al., 1999; Lyubomirsky & Nolen-Hoeksema,
1995). These results highlight the importance of examining relation-
ships between co-rumination and downstream cognition, behavior,
and health outcomes as co-rumination is linked to the development
of somatic complaints in vulnerable populations (Byrd-Craven &
Massey, 2013; Guarneri-White et al., 2015; Miiller et al., 2019) and
cardiovascular threat has been associated with physiological and cog-
nitive dysfunction over time (Dienstbier, 1989; Jefferson et al., 2010;
Kassam et al., 2009; Matthews et al., 1997; Wang et al., 2016). Lon-
gitudinal studies using biomarkers such as salivary cortisol should be
conducted to examine the long-term effects of co-rumination on
stress response systems.

Although we found support for our primary hypothesis that the
effect of co-rumination on TPR reactivity would be more pro-
nounced for disclosers (vs. responders), it is interesting that res-
ponders did not exhibit greater TPR reactivity in the co-rumination
condition relative to the natural condition. While it is possible that
co-rumination does not influence the acute physiological stress
responses of responders, it may be that this result is due to experi-
mental manipulation of co-rumination. For responders, having
instructions for the conversation may have served as a resource,
providing a framework for the conversation and guidance on how
to respond to their friend, thereby reducing the burden of providing
support and reducing uncertainty regarding how the conversation
would unfold. It may also be the case that co-rumination affects
stress responses of responders over time and that acute responses in
the lab to one instance of co-rumination is not a context in which
these effects can be observed.

Strengths, Limitations, and Caveats

The current research had several strengths that enhance our confi-
dence in the results. We maximized experimental control by
directly manipulating co-rumination and restricting problem disclo-
sure to one member of the dyad. This allowed us to draw stronger
conclusions regarding the potential causal effects of co-rumination
on intra- and interpersonal outcomes. Additionally, despite being an
inherently interpersonal emotion regulation strategy, co-rumination
research has almost exclusively used data from only one individual,
typically the discloser, or analyzed data at the dyad level, neglecting
relevant within-dyad variability. The present study advances the lit-
erature by taking an interpersonal, dyadic approach, and specifically
testing how co-rumination differentially impacts disclosers and res-
ponders. Moreover, we used multiple methods to draw these con-
clusions, pulling from self-report, behavioral, and physiological
methods. Ultimately, the evidence provided by this research is a
first step at integrating the biopsychosocial model of challenge and
threat with the co-rumination literature.

Despite these strengths, we acknowledge the limitations of the
present study. First, given the mixed findings regarding sex differ-
ences associated with co-rumination in the literature (Barstead
et al., 2013), the lack of power to test sex interactions limits the
generalizability of these findings, as interpretations and conclusions
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must be limited to females. As co-rumination has been shown to
vary based on dyad composition (i.e., same- or different-sex dyads)
and type of relationship (i.e., familial, platonic, romantic) for both
sexes (Barstead et al., 2013; Calmes & Roberts, 2008), future stud-
ies should attempt to replicate these findings across different rela-
tionship types and contexts. Second, although we maximized
experimental control by only having one person disclose their prob-
lem, this control comes at the cost of ecological validity as problem
talk discussions typically involve reciprocal self-disclosure (Greene
et al., 2006). Along these lines, although using reactivity scores to
assess physiological responses to acute stress is useful for assessing
challenge and threat, examining these short-lived responses does
not inform how stress responses are influenced by co-rumination
over time or how partner responses to disclosure can affect these
physiological responses. Third, this study used a convenience sam-
ple of healthy college students, which may limit external validity.
Little is known about co-rumination across the life span, as extant
research has primarily been conducted using adolescent or young
adult samples, thus it is unclear whether effects would replicate in
an older sample for whom health concerns are particularly relevant.
As clinical samples may differ in stress responses (Salomon et al.,
2009), more research is needed to understand how co-rumination is
related to physiological outcomes in these populations. Finally,
although we attribute greater threat for disclosers to our manipula-
tion of co-rumination and conversation role, we acknowledge that
we cannot fully account for all potential confounding variables.
Future work is needed using other control manipulations (e.g.,
sham instructions or problem solving) to fully understand how out-
comes of experimentally manipulated co-rumination compare to
other interpersonal emotion regulation strategies.

Conclusion

In this study, we examined the intrapersonal costs and interper-
sonal benefits of experimentally manipulated co-rumination using
a combination of self-reports, physiological measures, and behav-
ioral observations. We leveraged the biopsychosocial model of
challenge and threat to better understand how experimentally
manipulated co-rumination influences stress appraisal processes
within dyads. We found that females who disclosed their most
stressful, ongoing problem to their close friend and engaged in co-
rumination (vs. natural problem talk), exhibited a physiological
response consistent with greater psychological threat and less chal-
lenge. Finally, we provided evidence for the validation of a new
manipulation of co-rumination between friends in the laboratory.
These results contribute to a growing body of literature linking co-
rumination to poor physical health outcomes and lays the founda-
tion for future experimental studies to examine the long-term
effects of co-rumination on health and relationship outcomes.
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