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Background: Rumination has been thought to relate to deficits in core executive functions (EFs),

but the empirical findings for this idea are mixed. The aim of the present study is to synthesize

existing literature to clarify these relations.

Methods:Acomprehensive literature search revealed 34published aswell as unpublished studies

on the associations between rumination and core EF. These studies report on 3,066 participants.

The effect size in the meta-analyses was obtained by the z transformation of correlation coeffi-

cients.

Results: Analysis revealed significant negative associations between rumination and both inhibi-

tion (r = –.23) and set-shifting (r = –.19). There was no significant association between rumina-

tion and working memory. These associations were not moderated by age, sex, type of sample

(depressed or healthy), type of outcomemeasure (accuracy vs. reaction time), or affective content

of the task, although statistical power for these tests was limited.

Conclusions: We found significant negative associations between rumination and inhibition or

set-shifting. There was no significant association between rumination and working memory.

Future research should adopt multiple measures of EF to provide clear evidence on the associ-

ations between EF and rumination. A better understanding of this relationship may have impor-

tant implications for intervention of rumination, such as training programs to improve EF or teach

compensatory strategies tomitigate the effects of EF impairments.
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1 INTRODUCTION

Rumination is often defined as repetitive thinking about negative per-

sonal concerns and/or about the implications, causes, and meanings

of a negative mood state (Nolen-Hoeksema, Wisco, & Lyubomirsky,

2008). Individuals are engaged in depressive rumination because they

believe that ruminating about their mood and symptoms will help

to understand themselves better (Koster, De Lissnyder, Derakshan,

& De Raedt, 2011). However, rather than leading to increased self-

understanding, rumination can intensify negative thoughts and affect

by highlighting one’s current negative mood (Lyubomirsky & Nolen-

Hoeksema, 1995). Moreover, accumulating evidence points toward

rumination being an important vulnerability factor in the development

of depression (Joormann & Quinn, 2014). Recently, rumination has

been acknowledged as a transdiagnostic process (Nolen-Hoeksema

& Watkins, 2011) that contributes to a variety of psychopathological

conditions or behaviors, including anxiety (Mellings & Alden, 2000),

substance abuse (Nolen-Hoeksema, Stice, Wade, & Bohon, 2007), and

self-injurious behavior (Hilt, Cha, & Nolen-Hoeksema, 2008).

1.1 Rumination and executive function

Because of its pervasive maladaptive consequences, both theoretical

and empirical research has explored the underlying mechanisms that

promote and maintain rumination. Rumination is different from neg-

ative automatic thoughts because rumination is a style of thought,

rather than just negative content in thoughts (Joormann &Vanderlind,

2014). As an unproductive style of thinking, rumination is difficult to

control or stop (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). This

perseverative nature has led researchers to postulate that there may

be links between individual differences in rumination and in execu-

tive function (EF). Broadly speaking, EF is an umbrella term for higher
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level cognitive processes that control and regulate lower level pro-

cesses (e.g., perception, motor responses) to effortfully guide behav-

ior toward a goal, especially in nonroutine situations (Banich, 2009).

According to a highly influential framework proposed by Miyake et al.

(Friedman et al., 2008; Miyake et al., 2000), EF is a general ability

comprising three interrelated core processes. In the present study, we

employ the term ‘‘EF’’ in reference to only the general factor of EF

(i.e., the general latent ability enabling performance across EF task

domains), and use core EF names only in reference to each specific

function (Shields, Bonner, & Moons, 2015). The first core EF is inhibi-

tion, which involves suppressing or resisting a prepotent (automatic)

response in favor of producing a less automatic but task-relevant

response. The second EF, set-shifting, involves switching between task

sets or response rules. The third EF, working memory, involves inte-

grating new information with old information and maintaining it over

time.

Theories of the relation between EFs and rumination agree that

rumination should be associated with greater impairments in core EFs

(Hertel, 2004; Koster, De Lissnyder, Derakshan, & De Raedt, 2011;

Linville, 1996; Mor & Daches, 2015; Whitmer & Gotlib, 2013). Linville

(1996) was the first to propose that deficits in the attentional mech-

anism of inhibition may underlie rumination. Deficits in inhibition, as

argued by Linville, will increase the likelihood that internal thoughts

will become repetitive, for example, by facilitating the retrieval of no

longer relevant information from long-term memory and making it

more difficult for ruminators to remove these thoughts from working

memory.

Koster, De Lissnyder, Derakshan, and De Raedt (2011) proposed

the impaired disengagement hypothesis to explain the control deficits

exhibited by trait ruminators. This account posits that deficits in atten-

tional control increase individuals’ susceptibility to rumination when

they are in a negative mood (Whitmer & Gotlib, 2013). More specifi-

cally, this account suggests that the vicious cycle of ruminative thinking

and negative mood is maintained by an impaired ability to exert con-

trolwhen facedwithnegative stimuli andan inability todisengage from

negative thoughts (Mor &Daches, 2015).

Additionally, a resource depletion account of rumination would

predict that rumination would predict widespread difficulties on EF

tasks (Philippot&Brutoux, 2008;Watkins&Brown, 2002). Ruminative

thoughtsmayoccupyattentional resources, thereby reducing available

EF capabilities and impairing performance on concurrent tasks that

require effortful processing.

Despite theoretical conceptualizations of rumination converge in

positing that rumination should be associated with greater impair-

ments in aspects of EFs, results have been inconsistent in studies

examining working memory and set-shifting: some studies have found

significant negative correlations between working memory or set-

shifting and rumination (Altamirano, Miyake, & Whitmer, 2010; Bern-

blum & Mor, 2010; Davis & Nolen-Hoeksema, 2000; De Lissnyder,

Koster, Derakshan & De Raedt, 2010, 2012; Dickson, 2015; Fox-

worth, 2014; Wagner, Alloy, & Abramson, 2015; Whitmer & Banich,

2007; Vergara-Lopez, Lopez-Vergara, & Roberts, 2016), whereas oth-

ers found no correlation (Connolly et al., 2014; Demeyer, De Lissny-

der, Koster, & De Raedt, 2012; Onraedt & Koster, 2014; Pe, Raes &

Kuppens, 2013; Quinn & Joormann, 2015; Von Hippel, Vasey, Gonda,

& Stern, 2008). Hence, it is still unclear if rumination is linked to

set-shifting and working memory. In contrast, the negative associa-

tion between rumination and inhibition is slightly more established

(Berman et al., 2011; Daches & Mor, 2015; De Lissnyder, Derakshan,

De Raedt, & Koster, 2011; Fawcett et al., 2015; Goeleven, De Raedt,

Baert, & Koster, 2006; Hertel & Gerstle, 2003; Joormann, 2006; Joor-

mann, Dkane, & Gotlib, 2006; Joormann & Gotlib, 2008; Joormann

& Tran, 2009). Nonetheless, the strength of this relationship varies

from low to medium across different studies (Harfmann, 2013; Joor-

mann &Gotlib, 2010; Joormann et al., 2010; Lau, Christensen, Hawley,

Gemar, & Segal, 2007; Vanderhasselt, Kühn, & De Raedt, 2011; Whit-

mer & Banich, 2010; Zetsche & Joormann, 2011; Zetsche, D’Avanzato,

& Joormann, 2012). Taken together, no clear conclusions have yet been

drawn.

Meta-analysis is an ideal method for addressing discrepancies

between conflicting studies. In this paper, we performed a meta-

analysis of the associations between rumination and core EFs to deter-

mine the true associations between rumination and core EFs.

1.2 Measuring rumination and core EFs

The most common questionnaire instrument used to measure rumi-

nation is the Ruminative Response Scale (RRS; Nolen-Hoeksema &

Morrow, 1991), which requires respondents to indicate the degree to

which they experience ruminative symptoms when feeling upset. Fac-

tor analyses of the RRS have identified two distinct subtypes of rumi-

nation (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). The first sub-

type, reflective pondering, is a purposeful turning inward to engage

in cognitive problem solving in order to alleviate depressive symp-

toms. The second, depressive brooding, is characterized by a passive

comparison of one’s current situation with some unachieved stan-

dard. Although the vast majority of studies have used the RRS to

measure rumination, investigators have also used other self-report

questionnaires (Whitmer & Gotlib, 2013), such as the Anger Rumi-

nation Scale (ARS), which assesses rumination about experiences of

anger (Sukhodolsky, Golub, & Cromwell, 2001), the Rumination sub-

scale of the Rumination-Reflection Questionnaire (rumin-RRQ), which

assesses rumination about past events regardless of affective state

(Trapnell & Campbell, 1999), and the Rumination subscale of the

Children’s Response Styles Questionnaire (CRSQ), which assesses

self-focused responses to sad mood (Abela, Vanderbilt, & Rochon,

2004).

Core EFs can be assessed using multiple performance tasks. For

example, a common inhibition task in the rumination literature is the

negative affective priming task, which requires participants to respond

to a target stimulus by classifying it according to its valence (e.g., happy

or sad) while ignoring a distractor stimulus (Joormann et al., 2010). If

participants are actively inhibiting the distractors as instructed, they

will typically exhibit a negative priming effect wherein they exhibit

longer response latencies to a target stimulus presented as a distrac-

tor on a preceding trial than to a stimulus not presented on a pre-

ceding trial. The bias scores (composite averages of response laten-

cies) are indicators of inhibitory difficulty. A common set-shifting
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measure is the internal shift task that requires participants to perform

a count depending on condition (emotional or gender; Demeyer, De

Lissnyder, Koster, & De Raedt, 2012). For example, the emotion condi-

tion requires participants to count faces based on emotional features

(e.g., number of angry or neutral), and the gender condition requires

participants to count faces based on gender (the number of male and

female). Participants press a button to indicate completion of the count

for each trial. The switch cost,which is definedas thedifference in reac-

tion time between switch and no-switch trials, is an index of shifting

impairment. Finally, a typical working memory task in the rumination

literature is the n-back task, in which participants indicate if the stim-

ulus (usually a letter or number) matches the stimulus n (e.g., 3) items

back.

1.3 The present study

A number of studies have investigated the associations between rumi-

nation and one or more core EFs. Although a number of theoretical

reviewshavebeenwritten inhopesof elucidating reasonsbehind these

associations, no unbiased, data-driven analyses of these effects has

been conducted if these associations do, in fact, exist and what condi-

tions these effects might depend upon. Thus, our first aim is to aggre-

gate these results using meta-analytic techniques to clarify the extent

to which rumination is related to core EFs.

Whether or not there are significant associations between rumina-

tion and core EFs may depend on moderating factors. The moderators

that we considered in this meta-analysis included sample size; partic-

ipant age, sex, and depressive status; whether the task included an

affective component; and whether the outcome was a reaction time-

or performance-basedmeasure. Hence, our second aimwas to investi-

gatewhether the aforementionedpotentialmoderators influenced the

magnitude of the associations between rumination and core EFs.

This meta-analysis expands and extends prior research in several

important ways. First, although researchers have made significant

advances identifying anddelineating theassociationsbetween rumina-

tion andEF (Koster, De Lissnyder, Derakshan, &DeRaedt, 2011;Mor&

Daches, 2015), no work has been done to synthesize these findings by

meta-analysis. Second, this meta-analysis offers a comprehensive and

data-driven evaluation of the associations between rumination and

core EFs from all studies that provided information about these asso-

ciations. Additionally, an extensive coding scheme was applied that

extracted a great deal of information from the study reports about

participant sample and EF task characteristics. Furthermore, newly

developedmeta-analytic techniques were applied to address the com-

plexity and diversity of the correlations between rumination and core

EFs reported in these studies. Given the multifaceted nature of EF,

most studies often report more than one outcome for any given task

that makes use of a core EF. Within any participant sample, these

multiple outcomes are not statistically independent and, as such, cre-

ate problems if analyzed together (Hedges, Tipton, & Johnson, 2010,

Tanner-Smith, Wilson, & Lipsey, 2013). Rather than eliminate informa-

tive outcomedata,wehave retained all the associations between rumi-

nation and core EFs from each study in the analyses and applied the

meta-analytic techniqueof robust varianceestimation (RVE), a random

effects meta-regression that can account for dependence between

effect size estimates (Tipton, 2015).

2 MATERIALS AND METHODS

2.1 Search strategy and inclusion criteria

Three systematic search strategies (conducted between July 2014 and

January 2015 and an updated search was conducted in April 2016)

were used to obtain a representative sample of studies of associa-

tions between rumination and core EFs. First, key electronic databases

(ISI Web of Knowledge, PubMed, and ProQuest Theses and Disser-

tations) were systematically searched for relevant studies using the

keyword “rumination” pairedwith “executive function,” “cognitive con-

trol,” “workingmemory,” “inhibition,” “shifting,” or “switching” for stud-

ies published in English at any time prior to the search date. Second, to

confirm no studies had been overlooked, the same search terms were

used to examine key journals (Journal of Abnormal Psychology, Cognition

and Emotion, Emotion) in the field. Third, we created an alert on Google

Scholar using the keyword rumination, and this strategy allowed us

to obtain new studies on rumination before conducting the final data

analysis.

We included articles in the analysis if they met the following crite-

ria (the flow chart of the article selection process is depicted in Fig. 1):

(1) an explicit sample size; (2) the data were complete, consisting of

an explicit report on the Pearson’s product–moment correlation coef-

ficient or a t or F-value that could be transformed into r; (3) at least one

measure of rumination; (4) at least one experimental measure of core

EFs; and (5) replicated data would be used only if it also appeared in an

academic journal. In all, 34 articles (31 of which were published) satis-

fied the selection criteria.

2.2 Research coding

Tasks relying onEFprocesseswere first categorized as one of the three

core EFs (inhibition, set-shifting, or working memory) on the basis of

previous theory and/or empirical findings, indicating that a given task

loaded primarily on one of the factors.

Next, three basic study features were coded as continuous vari-

ables, including sample size, average age of participants, and percent-

age of females in the sample. If mean participant agewas not reported,

median participant agewas used; if neither statisticwas presented, the

midpoint of the reported age range was used.

Furthermore, three potential moderators were dummy coded: (1)

the affective component of EF tasks (tasks were considered to include

an affective component if the task employed affective characteris-

tics or if the task incorporated faces as stimuli), (2) the outcome

of EF tasks (reaction time- or performance-based measure); and

(3) depressive status of the sample (depressed vs. nondepressed).

Because of the diversity of depression measures reported and the

lack of detailed depression reporting inmany studies, continuousmea-

sures of depressive symptoms could not be analyzed. Instead, the pres-

ence of depression or depressive symptoms in the sample was coded
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F IGURE 1 Flowchart of the results of the literature search

as a categorical variable (Snyder, Kaiser, Warren, & Heller, 2015). The

sample was coded as containing individuals with co-occurring depres-

sion or depressive symptoms if (1) participants were reported to have

a depressive disorder or (2) mean depressive symptoms on a standard

depression questionnaire were reported to be in the clinical range.

The sample was coded as containing participants without depression

only if neither of these prerequisites were met. The clinical range was

defined as follows, using published cut-point norms: Beck Depression

Inventory (>9; Beck, 1978), Beck Depression Inventory II (>13; Beck,

Steer, & Brown, 1996), Center for Epidemiological Studies Depression

Scale (>16; Poulin, Hand, & Boudreau, 2005), and Children’s Depres-

sion Inventory (>12; Kovacs, 1983).

Finally, the study quality was assessed using the quality of the jour-

nal the study was published in. As an approximation of study qual-

ity, the journal caliber was categorized into top, middle, and low tier

using the quartile that journals belong to in the 2014 Journal Citation

Reports of ISI Web of Knowledge (quartile 1 as top tier; quartile 2 as

middle tier; quartile 3 or 4 and unpublished studies as low tier).

2.3 Data processing and analysis

The meta-analysis method of related coefficients was adopted to ana-

lyze the selected studies. Toward this purpose, we used the Pear-

son’s product–moment correlation coefficient r as the effect size, with

r transformed through Fisher’s z transformation. If r values were

not reported, we used t or one-way F statistics to calculate r. The

above processeswere conducted using ComprehensiveMeta-Analysis

Version 2 (Borenstein, Hedges, Higgins, & Rothstein, 2005).

Then, z-transformed correlation coefficients and potential pre-

dictors were analyzed using meta-regression models with the RVE

approach and small sample adjustments (Tipton, 2015). We employed

the robu() function of the robumeta package in R, version 3.2.2, to con-

duct these analyses. To account for dependency between the effect

sizes, 𝜌 was set to the recommended .80 (Tanner-Smith, Wilson, &

Lipsey, 2013). The Satterwaite approximationwas used to estimate the

degrees of freedom for all analyses, where df = 2/cv2 and cv repre-

sents the coefficient of variation, as simulation studies have indicated

that this method of estimating degrees of freedom is most analytically

valid with the RVEmeta-analytic technique (Shields, Bonner, &Moons,

2015).

3 RESULTS

3.1 Study characteristics and assessment of

publication bias

In total, 34 studies including 3,066 participants were analyzed in this

meta-analysis. Each of these studies is represented bym. Themean age

of all participants was 28 years. Most of the studies (91%) were pub-

lished in peer-reviewed journals, with an average publication date of

2011 (Table 1 contains detailed characteristics of these studies). There

were 82 total effect sizes, each of which is represented by k. Of these
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studies, 21 assessed inhibition (k = 49), 11 assessed set-shifting (k =
24), and 8 assessed workingmemory (k= 9).

A mixed effects meta-regression model in the metafor package in

R was used to conduct the publication bias test on each core EF indi-

vidually. The test for publication bias returned nonsignificant for inhi-

bition, Z = –.95, P = .34; set-shifting, Z = –1.45, P = .15; and work-

ing memory, Z = 0.27, P = .79, indicating a lack of observed bias. In

addition, we conducted a trim and fill analysis in order to estimate the

number of missing studies and their effect sizes. The trim and fill anal-

yses estimated no missing studies on either side of the distribution

for each EF (see Fig. 2). These results indicated stability and reliabil-

ity in the associations between rumination and core EFs in the current

meta-analysis.

3.2 Primary analyses

3.2.1 Inhibition

To establish themagnitude of the association between rumination and

inhibition, we analyzed effects presented in 21 studies. The estimated

meta-analytic correlation between rumination and inhibitionwas –.23,

95% CI [–.31 to –.15] (Fig. 3), and this effect was significantly greater

than zero, t(19.0) = –6.25, P < .001. There was moderate heterogene-

ity within studies, I2 = 54%, with relatively low between-study het-

erogeneity, 𝜏2 = .02. This heterogeneity indicates that the correlation

of rumination and inhibition was relatively consistent both within and

between studies.

Weperformedameta-regression analysis to examinepotential con-

tinuous moderators of the association between inhibition and rumina-

tion. Sample size, average participant age, and percentage of females in

the sample were not significant moderators of this association (all ps>

.23; Table 2).

We then focused on identifyingwhether themagnitude of this asso-

ciation varied as a function of potential categorical moderators. As

shown in Table 3, the magnitude of the association for samples with

possible depression was nonsignificantly larger than that for samples

without depression (r = –.22 vs. –.19, respectively), t(13.82) = .14,

P = .89. The magnitude of the association for inhibition tasks not

employing an affective component was nonsignificantly larger than

that for inhibition tasks employing an affective component (r= –.28 vs.

–.20, respectively), t(9.6)=1.61, P= .14. Finally, comparison of the out-

comeof inhibition tasks using reaction-timemeasures relative to those

that used performance-based measures revealed no significant differ-

ences, t(9.1)= .17, P= .88.

3.2.2 Set-shifting

To establish themagnitude of the association between rumination and

set-shifting, we analyzed effects presented in 11 studies. The esti-

mated meta-analytic correlation between rumination and set-shifting

was –.19, 95%CI [–.32 to –.05] (Fig. 4), and this effect was significantly

greater than zero, t(9.57) = –3.00, P < .05. There was substantial het-

erogeneitywithin studies, I2 =77%, albeitwith relatively lowbetween-

study heterogeneity, 𝜏2 = .03. This level of heterogeneity indicates

that correlations between rumination and set-shiftingwere discrepant
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F IGURE 2 Funnel plot displaying effect sizes by SEs

F IGURE 3 Forest plot of inhibition study-average effect sizes by weight

within but not across studies, as relatively similar correlations were

observed between studies. There were no significant moderators of

the effect size (Tables 2 and 3).

On the basis of the suggestions offered by Valentine, Pigott and

Rothstein (2010), we found that the power to detect an effect with a

small correlation coefficient of r= .10with our average sample size and

moderate heterogeneity was .56, and .84 to detect an effect of r = .14.

Thus, we expected reasonable power to detectmedium, and to a lesser

certainty small effects.

3.2.3 Workingmemory

Analyzing only the effect sizes related to working memory (m = 8,

k = 9) revealed a negligible effect, r = –.05, 95% CI [–.19 to .10],

t(6.24) = –.77, P = .47 (Fig. 5). There was moderate heterogeneity

within studies, I2 = 68%, with low between-study heterogeneity, 𝜏2 =
.02. This heterogeneity illustrates that the correlation of rumination

and working memory is relatively consistent both within and between

studies. There were no significant moderators of the effect size

(Tables 2 and 3).

We found that the power to detect an effect with a small correla-

tion coefficient of r = .10 and moderate heterogeneity was low (< .50).

Althoughwe achieved .77 power assumingmoderate heterogeneity to

detect an effect that was still small but not near negligible, r = .15, and

.82 power to detect effects of r = .16. Thus, it is possible we failed

to detect very small correlations in working memory analyses (e.g.,

r between –.01 and –.15) due to a lack of power, but overall we had suf-

ficient power to detect most effects of interest.
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TABLE 2 Covariate effects on the relationships between rumination and core EFs

Variable B 𝜷

Point estimate
(SE; Controlling for Covariate) t df P

Inhibition

Sample size .002 .05 1.37 5.01 .23

Range: 21–128 −.24 (.04) −6.23 18.79 <.001

Percent female participants .004 .05 1.05 4.67 .34

Range: 25.9–86.5 −.22 (.04) −5.81 16.91 <.001

Participant age −.002 −.03 −0.96 2.14 .40

Range: 19–82.2 −.22 (.05) −4.57 13.77 <.001

Set-shifting

Sample size <.001 .10 2.32 1.74 .17

Range: 30–486 −.19 (.05) −3.75 8.57 .01

Percent female participants .002 .03 0.74 2.45 .52

Range: 33.6–87.5 −.20 (.09) −2.79 6.73 .03

Participant age −.013 −.12 −1.00 1.40 .46

Range: 12.4–42.5 −.20 (.10) −2.29 4.60 .08

Workingmemory

Sample size <−.001 −.02 0.42 1.92 .72

Range: 34–486 −.05 (.07) −0.73 5.89 .50

Percent female participants .002 .02 0.38 3.17 .73

Range: 52.7–87.5 −.02 (.07) −0.34 4.56 .75

Participant age <−.001 −.01 −0.09 1.20 .94

Range: 12.4–82.2 −.06 (.07) −0.78 4.71 .48

Notes: B, unstandardized slope; 𝛽 , standardized slope; Point estimate, effect size; SE, standard error of the effect size; t, t-test statistic for test determining
whether the effect size differs from zero; df, degrees of freedom for t-test; P, P-value for t-test. If df< 4, there is up to a 10% risk of Type I error, given how df
are estimated. Linear associations are reportedwithout controlling for quadratic effects.

4 DISCUSSION

4.1 Inverse associations between rumination and

core EFs

To our knowledge, this is the first comprehensive meta-analysis of

associations between rumination and core EFs. Pooling data across

34 studies revealed significant inverse relationships between rumi-

nation and both inhibition and set-shifting. No significant association

was observed between rumination andworkingmemory.Weobserved

lowheterogeneity between studies (albeitwithmoderatewithin-study

heterogeneity), indicating that the observed associations were largely

consistent across studies. Thus, we observed remarkable consistency

in the associations between rumination and core EFs.

These effects seem to coincidewith previous accounts that rumina-

tion is related to inhibition deficits. As a cognitive gatekeeper, inhibi-

tion limits access to consciousness of irrelevant information or inter-

nal thoughts that compete for attention while pursuing a goal. Deficits

in inhibitory control and consequent difficulty in preventing rumina-

tive thoughts from entering consciousness might result in inefficient

processing of one’s current task due to ruminative thinking (Linville,

1996). Joormann and colleagues (Joormann, 2005; Joormann&Quinn,

2014, Joormann & Vanderlind, 2014) provided a detailed perspec-

tive on the role of multiple inhibitory processes (Friedman & Miyake,

2004) in rumination. Deficits in the application of inhibitory processes

to control the contents of working memory may cause individuals to

more easily attend to previously ignored content and to experience

difficulties in both combating interference from information that is no

longer relevant and halting prepotent responses. This, in turn, fosters

rumination.

A growing number of studies have examined the associations

between rumination and set-shifting and working memory. Deficits in

set-shifting can impair switching to a new train of thought, thus con-

tributing to becoming stuck in a set of recurring thoughts—oftenwith a

common, emotionally charged theme (Altamirano,Miyake, &Whitmer,

2010). Our results, indicating that set-shifting abilities are inversely

related to rumination, support this idea.

We did not find a significant relationship between rumination and

working memory. This result does not support the resource deple-

tion account (Philippot & Brutoux, 2008; Watkins & Brown, 2002),

since this suggests that the use of executive resources for rumina-

tion will cause widespread difficulties on EF tasks. However, this find-

ing should be interpreted with caution, given only eight studies were

included in the analysis. Nonetheless, a significant inverse association

between set-shifting and rumination emerged with only 11 studies

included in the analysis, lending credence to the idea that the asso-

ciation between working memory and rumination is weak, if it exists

at all.
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TABLE 3 Moderator analyses of the relationships between rumina-
tion and core EFs

Variable Point Estimate SE df P m k

Inhibition

Emotive task

Nonemotive –.28 .02 4.48 < .001 6 11

Emotive –.20 .05 13.4 < .01 15 38

Reaction time versus accuracy

Reaction time –.23 .04 13.2 < .001 15 37

Accuracy –.24 .09 4.85 < .05 6 12

Depressiona

Absent –.19 .08 9.84 < .05 10 26

Possible –.22 .05 7.58 < .001 9 19

Set-shifting

Emotive task

Nonemotive –.18 .08 6.83 .05 8 15

Emotive –.16 .05 3.20 < .05 5 9

Reaction time versus accuracy

Reaction time –.12 .05 4.69 .09 7 14

Accuracy –.18 .10 4.95 .13 6 10

Depressiona

Absent –.08 .05 5.22 .15 7 17

Possibleb — — — — — —

Workingmemory

Emotive task

Nonemotive –.02 .08 3.66 .86 5 6

Emotive –.04 .11 1.00 .80 2 2

Reaction time versus accuracy

Reaction timeb — — — — — —

Accuracy –.02 .06 5.45 .70 7 8

Depressiona

Absent –.05 .07 5.48 .50 7 8

Possibleb — — — — — —

Notes: B, unstandardized slope; 𝛽 , standardized slope; Point estimate, effect
size; SE, standard error of the effect size; t, df, and P refer to a test of effect
size against 0;m, number of studies in the analysis, k, number of effect sizes
in the analysis. If df < 4, there is up to a 10% risk of Type I error, given how
df are estimated. Linear associations are reported without controlling for
quadratic effects.
aDepression possible indicates average depressive symptom questionnaire
scores in clinical range or individuals with diagnosis of any depressive dis-
order. Depression absent indicates average depressive symptom question-
naire scores below clinical range and no participants with a diagnosed
depressive disorder.
bCannot be analyzed because of just one effect size.

Altogether, this meta-analysis suggested that ruminators may have

specific deficits in inhibition or set-shifting. As an unproductive style of

thinking, rumination is difficult to control or stop. This perseverative

nature led researchers to postulate that EF deficits may contribute to

ruminative thinking (Joormann & Vanderlind, 2014; Nolen-Hoeksema,

Wisco, & Lyubomirsky, 2008). The results of thismeta-analysis support

this idea, and further suggest that difficulty shifting attention between

different cognitive representations or halting prepotent responses and

resisting interference fromtask-irrelevant informationmaybeparticu-

larly related to this perseverative nature, whereas integrating new and

old information andmaintaining it, posited to be reflected in the work-

ingmemory facet (Miyake et al., 2000), is less related.

4.2 Discussion ofmoderators

To further illuminate contextual factors that may influence the associ-

ations between rumination and core EFs, this meta-analysis examined

the effects of additionalmoderators, including age, sex, depressive sta-

tus of the sample, outcome measure of EF tasks, and type of stimuli

(emotional or nonemotional). Noneof these variables emergedasmod-

erators of the associations we observed (see Tables 2 and 3).

For example, meta-regression analysis was conducted to investi-

gate moderating effects of sex. We found almost identical effect size

estimates after controlling for the percentage of female participants.

This result suggests that the associationsbetween rumination and core

EFs do not vary based on the presence of male or female gender. Simi-

larly, we found no significant evidence for an effect of age on the mag-

nitude of associations between rumination and core EFs, though there

was little variability in the range of average participant ages across

studies.

We did not find evidence indicating that depression moderates the

association between rumination and inhibition. Although there was a

larger effect size for samples with a depression diagnosis or clinically

elevated depressive symptoms, this difference did not reach signifi-

cance levels. Therefore, depression does not account for the relation-

ship between rumination and inhibition. This finding should be inter-

pretedwith caution, given that the lackofdepression reporting inmany

studies meant that there were only a few studies (k = 9) including par-

ticipants with depression. These concerns also apply to samples exam-

ining set-shifting andworkingmemory.

Finally, the emotionality of EF tasks was also not a significant mod-

erator of the relationships between rumination and core EFs. Although

our analysis cannot fully clarify if rumination is related to biases in

the processing of emotional material, our results showed that rumina-

tion is inversely associated with inhibition and set-shifting regardless

of whether the task involves an affective component or not. This result

does not support the impaired disengagement hypothesis (Koster,

DeLissnyder,Derakshan,&DeRaedt, 2011), since this valence-specific

account suggests that a tendency to ruminate is related to difficulty

controlling attention to emotionally negative, but not neutral or posi-

tive, information. Future research should take further steps to examine

thedistinctionbetweenglobal EF impairments andEF that is specific to

negative (or self-relevant) content in their effect on ruminative think-

ing. Clarifying this issue has important implications for understanding

general links between cognition and emotion.

The substantial heterogeneity of within-study effect sizes suggests

moderation by additional variables. However, formal moderation test-

ing did not yield any significant results, indicating that other variables

not considered here may moderate associations between rumination

and EFs. Nonetheless, our analyses were based on a medium-sized

sample of studies (m= 34) and that many covariates were unbalanced,
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F IGURE 4 Forest plot of set-shifting study-average effect sizes by weight

possibly leading topower issues (Tanner-Smith,Wilson,&Lipsey, 2013;

Tipton, 2015; Zahn et al., 2016). Additionally, we could not test the

effects of all possible variables for the rumination-core EFs connec-

tion. For instance, it is important to note that the substantial variety

in EF tasks remains a methodological challenge mostly due to task

impurity (Miyake et al., 2000). EF measures differ in complexity as

a result of different amount of loadings on executive and nonexec-

utive processes (Friedman et al., 2008). However, this meta-analysis

does not provide a well-defined framework to categorize EF tasks

by taking into account these levels of complexity. In sum, although

small between-study heterogeneity in the analyses alleviates the con-

cern of substantial heterogeneity of within-study effect sizes, fur-

ther studies are needed to systematically examine the moderate fac-

tors that may influence the associations between rumination and

core EFs.

4.3 Limitations and implications

Several limitationsmust be consideredwhen interpreting the results of

ourmeta-analysis. First, therewere small study set sizes that should be

kept in mind when making inferences about the associations between

rumination and set-shifting andworkingmemory. Themoderator anal-

yses were limited by the small number of studies that reported data

on certain variables, and sometimes by low variance in these moder-

ators. Therefore, we need to be cautious in understanding the associ-

ations between rumination and set-shifting or working memory. Sec-

ond, the diversity of tasks that make use of core EFs throughout the

studies may have obscured potential effects on a specific task (Shields,

Bonner, &Moons, 2015). Third, somemight argue the need to examine

different core EFs, as it is possible that different results may emerge

from a different analytic strategy. However, the core EFs chosen for

analysis are those detailed in a recent major review of EF (Diamond,

2013); consequently, although it is possible that a different analytical

strategy may have produced different results, the strategy chosen for

the present analysis is themost theoretically supported. Still, we could

not examine a different approach due to a paucity of studies examining

associations of alternative measures of EF—such as verbal fluency or

problem solving–with rumination, and it is possible that a different

relation than that seen in this analysis exists between these types of

EF tasks and rumination. Fourth, co-occurring depression was coded

as a categorical variable. This was necessary because the primary liter-

ature reports a variety of depression measures that cannot be easily

converted into a single continuous measure (Snyder, Kaiser, Warren,

& Heller, 2015). The categorical depression measure provides a con-

servative test that demonstrates that the inverse association between

running and inhibition or set-shifting is present in nondepressed indi-

viduals. However, this categorical measure limits the ability to detect

the extent to which co-occurring depression might contribute to this

association. Finally, as this meta-analysis could not determine the

causal direction of observed effects, future longitudinal or experimen-

tal studies should focus on this topic. Clarifying the causal direction of

the relationships between rumination and core EFs will have impor-

tant implications for both clinical understanding of and interventions

for rumination.
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F IGURE 5 Forest plot of workingmemory study-average effect sizes by weight

5 CONCLUSION

The present meta-analysis revealed significant negative associations

between rumination and inhibition and set-shifting. There was no sig-

nificant association between rumination and working memory. Future

research should adopt multiple measures of EF to provide clear evi-

dence on the associations between EF and rumination. A better

understanding of this relationship may have important implications

for intervention of rumination, such as training programs to improve

EF or teach compensatory strategies to mitigate the effects of EF

impairments.
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