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H I G H L I G H T S

• Repetitive negative thinking (RNT) is a major risk factor for mood and anxiety disorders.

• Deficits in cognitive control have been discussed as a mechanism underlying RNT.

• This meta-analysis shows that RNT is associated with deficits in only one cognitive control function.

• RNT is associated with deficits in discarding no longer relevant material from working memory.
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A B S T R A C T

Individuals who experience recurrent negative thoughts are at elevated risk for mood and anxiety disorders. It is
thus essential to understand why some individuals get stuck in recurrent negative thinking (RNT), whereas
others are able to disengage eventually. Theoretical models propose that individuals high in recurrent negative
thinking suffer from deficits in controlling the contents of working memory. Empirical findings, however, are
inconclusive.

In this meta-analysis, we synthesize findings from 94 studies to examine the proposed association between
RNT and deficits in cognitive control. We included numerous effect sizes not reported in the primary publica-
tions. Moderator analyses tested the influence of variables, such as stimuli valence, cognitive control function
(e.g., shifting, discarding), or type of RNT (i.e., rumination or worry).

Results demonstrated an association between repetitive negative thinking and deficits in only one specific
cognitive control function, namely difficulty discarding no longer relevant material from working memory
(r=−0.20). This association remained significant after controlling for level of psychopathology. There was no
substantial association between RNT and deficits in any other cognitive control function. All other moderators
were not significant. We discuss limitations (e.g., primary sample sizes, reliability of paradigms) and highlight
implications for future research and clinical interventions.

1. Introduction

Most individuals with a mental disorder experience elevated levels
of recurrent negative thoughts. Depressed individuals, for example,
tend to ruminate on past failures or losses, whereas anxious individuals
often worry about future events. Although the focus of such negative
thoughts may differ between disorders, the style of thinking has been
shown to be the same. It has been found to be recurrent, negative in
valence, and difficult to control (Ehring & Watkins, 2008). Repetitive
negative thinking (RNT), such as rumination or worry, has thus been
considered a transdiagnostic process (Harvey, 2004).

In the past decades, research has identified various negative

outcomes of RNT (Ehring & Watkins, 2008; Watkins, 2008). For ex-
ample, dysphoric individuals induced to ruminate experienced in-
creased depressed mood, difficulty in social problem solving, and biases
in memory recall. Similarly, individuals induced to worry showed in-
creases in both, anxious and depressed mood (McLaughlin, Borkovec, &
Sibrava, 2007). Furthermore, longitudinal studies have consistently
demonstrated that higher levels of rumination predict higher levels of
future depression, and ultimately the onset of future depressive epi-
sodes in initially non-depressed individuals (for a review, see Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008). Likewise, there is evidence
that higher levels of worry predict higher anxiety levels even after
controlling for initial anxiety levels. High trait worry has also been
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found to predict the onset and symptom level of posttraumatic stress
disorder (Watkins, 2008).

Given this comprehensive evidence for the negative outcomes of
RNT, it is important to ask why some people get caught in a spiral of
recurrent negative thoughts, whereas others are able to disengage from
these thoughts eventually. Several authors have proposed that deficits
in cognitive control abilities may underlie the tendency to get stuck in
recurrent negative thoughts (e.g., Joormann, 2010; Koster, De
Lissnyder, Derakshan, & De Raedt, 2011). Cognitive control processes
help to continuously update and control the contents of working
memory (WM). As such, they help to keep irrelevant information from
entering working memory, to manipulate contents held in WM, and to
expel no longer relevant information from WM. When individuals are in
a negative mood, mood-congruent cognitions are activated in working
memory (Siemer, 2005). Most individuals will eventually replace these
negative contents with more pleasant cognitions in order to repair their
mood (Joormann & Siemer, 2004). If cognitive control is impaired,
however, individuals will have difficulty discarding negative cognitions
from WM, resulting in prolonged RNT.

Indeed, several studies indicate an association between high levels
of trait rumination and deficits in cognitive control (for reviews, see
Whitmer & Gotlib, 2013; Yang, Cao, Shields, Teng, & Liu, 2017). Some
studies also support an association between high trait worry and defi-
cits in cognitive control (e.g., Fox, Dutton, Yates, Georgiou, &
Mouchlianitis, 2015; Stout, Shackman, Johnson, & Larson, 2015). Other
studies, however, have failed to find such associations (e.g., Aker,
Harmer, & Landro, 2014; Goeleven, De Raedt, Baert, & Koster, 2006).
Thus, the magnitude and pattern of the association between RNT and
cognitive control deficits are still unclear.

One factor constraining progress in this field is that important the-
oretical and methodological advances in the study of cognitive control
have only partly been applied in clinical psychology research (Snyder,
Miyake, & Hankin, 2015). Already decades ago, Teuber (1972) sug-
gested that cognitive control is neither a unitary process, nor a set of
independent functions. He used the term unity-diversity reflecting his
observations that cognitive control deficits differ across individuals,
and yet share common features. The most well-known unity-diversity
framework has been put forward by Friedman and Miyake (2017),
Miyake and Friedman (2012). Using structural equation modeling, the
authors have shown that individual differences in various cognitive
control functions modeled as latent variables were intercorrelated by
r=0.42–0.63. Correlations could neither be constrained to zero
(complete diversity), nor to one (complete unity) without worsening
the model fit. This indicates that different cognitive control functions
reflect different processes, but also have something in common. Today,
there is wide agreement that cognitive control includes both, unity and
diversity (for a review, see Friedman & Miyake, 2017). The specific sub-
functions (diversity) proposed by different unity-diversity models,
however, differ somewhat. In their bifactorial unity-diversity frame-
work, Miyake and Friedman (2012), Miyake, Friedman, Emerson,
Witzki, and Howerter (2000) suggest a common cognitive control factor
and two specific factors, namely updating and monitoring of working
memory representations, and shifting between different task require-
ments or mental sets. In a later article (Friedman & Miyake, 2004), the
authors specify that the common factor can further be subdivided into a
general inhibition factor and a factor labeled resistance to proactive
interference. The inhibition factor is related to tasks assessing inter-
ference resolution and inhibition of dominant responses. Resistance to
proactive interference reflects inhibition of formerly activated but no
longer relevant information, i.e., the ability to discard no longer re-
levant information from working memory (hereafter referred to as
discarding). This subfunction deserves special attention in the context
of this meta-analysis: individuals getting stuck in recurrent negative
thoughts seem to have particular problems discarding information (i.e.,
thoughts) that has been activated in memory but that is no longer re-
levant for the task at hand. It has thus been proposed that RNT may be

associated primarily with problems in discarding no longer relevant
material from working memory (Joormann & Vanderlind, 2014; Koster
et al., 2011; Mogg & Bradley, 2005). This is in line with findings by
Zetsche, D'Avanzato, and Joormann (2012), showing that rumination
was related only to impairments in discarding no longer relevant ma-
terial from working memory, but not to impairments in interference
resolution.

Based on the above summarized theories and evidence, we will
differentiate between different cognitive control functions when ex-
amining the link between RNT and cognitive control. Specifically, and
in accordance with Friedman and Miyake (2004), Miyake et al. (2000),
we will differentiate between shifting, updating, discarding, and in-
hibition. As outlined above, we expect that RNT will primarily be as-
sociated with a diversity component, namely difficulty in discarding no
longer relevant information from WM.

Another issue is the question of whether RNT is particularly asso-
ciated with problems controlling the processing of emotional material
in working memory. This appears likely given that RNT is characterized
by its focus on emotionally negative content (e.g., Joormann, Levens, &
Gotlib, 2011). Thus, we will also examine whether the association be-
tween RNT and cognitive control over emotional material is stronger
than the association between RNT and cognitive control over neutral
material.

It is unclear if different forms of RNT, such as rumination and worry,
are related to the same impairments in cognitive control. Rumination is
characterized by a focus on past experiences and has mostly been ex-
amined in the context of depression, whereas worry focuses on future
events and has mostly been examined in relation to anxiety. Studies
comparing rumination and worry, however, have concluded that these
two processes share more similarities than differences (e.g., Watkins,
Moulds, & Mackintosh, 2005). We thus hypothesize that the underlying
cognitive control deficits are also the same.

Importantly, an observed association between RNT and cognitive
control deficits might be due to higher levels of psychopathology in
those individuals high in RNT. Depression, for example, has been shown
to be associated with deficits in cognitive control (for a review, see
Snyder, 2013). It is thus important to control for variance in cognitive
control deficits that are due to high levels of psychopathology (i.e.,
depression or anxiety) when estimating the meta-analytic correlation
between RNT and cognitive control.

The major aim of the present meta-analysis is to examine the
magnitude and pattern of the association between RNT and deficits in
cognitive control. We hypothesize that (a) RNT is specifically related to
deficits in discarding no longer relevant information from working
memory, that (b) RNT is mainly associated with deficits in controlling
the processing of emotional (versus neutral) material, and that (c) ru-
mination and worry are similarly related to cognitive control deficits.
Because we expect that RNT is specifically related to deficits in dis-
carding negative material from working memory, we also test the in-
teraction between the cognitive control function (discarding versus
others) and stimuli valence (emotional versus neutral). For each ana-
lysis, we examine whether the relation between RNT and cognitive
control remains when controlling the influence of psychopathology
(i.e., depression or anxiety, respectively) on cognitive control.

2. Methods

2.1. Search strategy and inclusion criteria

The literature was searched for any studies assessing trait RNT (i.e.,
rumination or worry) and cognitive control functions within the same
sample. The search was restricted to adult samples with an age range
between 18 and 65 years (or an average age < 60 years if the range
was unknown). Studies involving cognitive control trainings or pro-
spective longitudinal designs were only included if baseline data was
available. Studies examining the effect of experimentally induced state
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RNT on cognitive control were not included. We further excluded stu-
dies if the sample involved individuals with a diagnosis of schizo-
phrenia, anorexia nervosa, autism spectrum disorder, or any neurolo-
gical disease.

The literature search was conducted until 15th June 2017 in the
databases Medline, PsychInfo, and Web of Science using the following
search terms: (“Repetitive Negative Thinking” OR Worry OR Ruminat*
OR Brooding) AND (“Executive Function” OR “Executive Control” OR
“Cognitive Control” OR Inhibition OR Updating OR Switching OR
“Interference control” OR “Attention* Control” OR “attention* disen-
gagement” OR “thought suppression” OR “directed forgetting”). We
searched for peer-reviewed articles and dissertations written in English
or German. The reference lists of included articles were screened for
further relevant studies. For a detailed flowchart of the search and se-
lection process, please see Fig. S1 in the supplements.

2.2. Data extraction

All data were extracted by two independent persons (LS and UZ)
and discussed in case of dissent. Note, that experimental tasks were
considered eligible for inclusion if they have been associated with
cognitive control processes in the literature. This was very evident for
certain experimental paradigms, such as the modified Sternberg task
(Joormann & Gotlib, 2008), the stop-signal task (Miyake et al., 2000),
or task switching paradigms (Miyake et al., 2000). In less evident cases,
we explicitly searched the literature to answer this question. For ex-
ample, we only included dot probe tasks or other tasks typically used to
assess selective attention if they used stimulus presentation times of
1000ms or above. Stimulus presentation times of 1000ms or above
allow extensive elaborative processing and thus reflect difficulty dis-
engaging from salient stimuli (Mogg & Bradley, 2005).

For the computation of effect sizes, we extracted the sample size and
zero-order correlation coefficients between (a) measures of RNT and
measures of cognitive control, (b) measures of RNT and psycho-
pathology (i.e., depression or anxiety), and (c) measures of cognitive
control and psychopathology. Some studies reported only means and
standard deviations in cognitive control indices for individuals scoring
high or low on measures of RNT. These data were extracted and
transformed into correlation coefficients if no other data were provided.

We further examined three moderator variables of major interest:
(A) cognitive control function: in line with Friedman and Miyake
(2004), Miyake et al. (2000), each cognitive control task was assigned
to one of the following cognitive control functions: shifting, updating,
inhibition (i.e., response inhibition or interference control), or re-
sistance to proactive interference (i.e., discarding of no longer relevant
information from working memory). Final classifications of individual
paradigms to cognitive control functions can be found in Table 1.
Classifications were based on previous factor analytic findings and ca-
tegorizations (e.g., Miyake et al., 2000). (B) stimuli valence (neutral
versus emotional): stimuli were rated as neutral if they consisted of
digits, letters, shapes, or neutral words or faces. Stimuli were rated as
emotional, if they included negatively valenced images, faces, or words.
Note that we did not extract cognitive control indices for only positive
material. (C) type of RNT (rumination versus worry). Rumination was
mostly assessed by the Ruminative Responses Scale of the Response
Style Questionnaire (Nolen-Hoeksema & Morrow, 1991). This scale is
comprised of two subscales assessing reflective pondering, considered a
more adaptive form of rumination, and brooding, which has especially
been linked to negative consequences (Treynor, Gonzalez, & Nolen-
Hoeksema, 2003). Given that some studies reported both, RRS total
scores and RRS brooding scores, we examined whether the employed
scale moderates the association between rumination and cognitive
control.

We also examined the moderating influence of variables possibly
confounding the relation between RNT and cognitive control. These
were mean age, percent female participants, percent participants taking

psychotropic medication (of those samples with known medication
status), sample type (students versus other), and diagnostic status.
Details on variable coding and a complete overview of all extracted
information is provided in Table S6 in the supplements. For studies
involving clinical and healthy samples, we extracted the data separated
by diagnostic group if available.

If the relevant data or any other relevant information were not re-
ported, we contacted the corresponding author for further informa-
tion1. Thirty-six out of 84 contacted authors responded and provided
additional data or information.

2.3. Statistical analysis

For the present meta-analysis, zero-order correlations as well as
semi-partial correlations controlling for depression or anxiety in cog-
nitive control were computed. Note, that we computed semi-partial
correlations between rumination and cognitive control controlled for
depressive symptoms, and between worry and cognitive control con-
trolled for anxiety symptoms. This was due to the very limited number
of rumination studies assessing anxiety, or worry studies assessing de-
pression, respectively. An interested reader will find the results of these
subset analyses in Tables S4 and S5 in the supplements. Correlation
coefficients were transformed into Fisher's Z values in order to stabilize
variances and achieve more normally distributed outcomes (Fisher,
1921; Hedges & Olkin, 1983). Meta-analytic results were then trans-
formed back to the correlation metric to ease their interpretation.

Because of varying sample characteristics and outcome measures,
we expected heterogeneity between outcomes. Furthermore, many of
the eligible studies included several measures of cognitive control; thus,
outcomes were likely to be dependent. To account for these de-
pendencies, multilevel meta-analyses were applied, which allow to es-
timate both the between-study variance τ2 and the within-study var-
iance σ2 (Van den Noortgate, López-López, Marín-Martínez, & Sánchez-
Meca, 2013). In order to investigate the impact of continuous as well as
categorical study characteristics on effect sizes, we carried out mod-
erator analyses through meta-regression analyses (Higgins, 2011).
Continuous moderators were analyzed, if they were non-constant across
studies. Categorical moderators were analyzed, if they had at least two
levels and at least three studies assigned to each level.

A common problem in meta-analyses is publication bias, as research
papers are more likely to be published when they report significant
results (Lipsey & Wilson, 2001). To examine to what extent results are
likely to be biased by a publication bias, we created funnel plots and
applied the trim and fill method (Duval & Tweedie, 2000). In addition,
we explored whether effect sizes differed dependent on whether or not
effects were reported in the publications.

All analyses were conducted with the System for Statistical Computation
and Graphics R (R Core Team, 2017), applying the R package metafor
(Viechtbauer, 2010). Statistical tests were conducted at a 5% significance
level and were one-tailed, when hypotheses were available. The full data
sheet, syntax, and additional forest plots are available at https://osf.io/
xrt8m/?view_only=f0d1deda6ba24d609f0c74a1b7885f28.

3. Results

3.1. Study characteristics

In total, 94 studies were included, comprising of 109 independent
samples with a total of 6698 participants. Across all studies, partici-
pants had a mean age of 25.32 years and 66% of participants were fe-
male. Primary sample sizes ranged from N=16 to N=315 with a

1 We also contacted all authors of included studies and asked whether they have studies
examining the relation between RNT and cognitive control, which have not been pub-
lished. We did not receive any unpublished datasets.
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median of N=45. In total, we extracted k= 170 effect sizes. Seventy-
five studies assessed rumination (k= 139 effect sizes) and 19 studies
assessed worry (k=31). Sixteen studies assessed discarding (k=26),
15 studies assessed set shifting (k=35), 13 studies assessed updating
(k= 28), 31 studies assessed inhibition (k= 49), and 19 studies as-
sessed other functions of cognitive control (k= 32). Finally, k= 90
effect sizes were related to cognitive control over emotional material,
whereas k=80 effect sizes were related to cognitive control over
neutral material. Detailed study characteristics are depicted in Table 1.

3.2. Zero-order and semi-partial correlations

The estimated correlation between all measures of RNT and all
measures of cognitive control was r=−0.11 (95% CI= [−0.15,
−0.08]; see Table 2 for details; see supplements for forest plot). Thus,
individuals with high levels of repetitive negative thinking show worse
cognitive control.

Next, we computed semi-partial correlations to control for variance
in cognitive control deficits that are due to high levels of psycho-
pathology. As detailed above, we computed semi-partial correlations
between rumination and cognitive control controlled for depressive
symptoms, and between worry and cognitive control controlled for
anxiety symptoms. The estimated semi-partial correlation between ru-
mination and cognitive control controlling for depressive symptoms
was rsp=−0.04 (95% CI= [−0.07, −0.01]). The estimated correla-
tion between rumination and depression was r=0.50 (95% CI= [0.45,
0.55]), and the estimated correlation between depression and cognitive
control was r=−0.04 (95% CI= [−0.07, −0.02]; see Table 2 for
detailed statistics).

The estimated effect size for the semi-partial correlation between worry
and cognitive control, controlling for anxiety symptoms was rsp=−0.06
(95% CI=[−0.11,−0.01]). The estimated correlation between worry and
anxiety was r=0.53 (95% CI=[0.45, 0.61]), and the estimated correla-
tion between anxiety and cognitive control was r=−0.03 (95%
CI=[−0.07, 0.01]; see Table 2 for detailed statistics).

3.3. Moderator analyses for zero-order correlations

In line with our hypothesis, the estimated correlation between RNT
and discarding, r=−0.20 (95% CI= [−0.26, −0.13]), was sig-
nificantly larger than the estimated correlation between RNT and any
other cognitive control function (see Table 3). Stimuli valence (emo-
tional versus neutral) and type of RNT (rumination versus worry) were
no significant moderators (see Table 3). In addition, the interaction
term between the moderators cognitive control function and stimuli
valence was not significant, z=−0.01 (95% CI= [−0.17, 0.15]).

None of the other moderators, such as mean age, sex, intake of
psychotropic medication, type of sample, diagnostic status, or RRS scale
were significant on a 5%-level, (see Table S1 in the supplements for
more details).

3.4. Moderator analyses for semi-partial correlations

3.4.1. Moderator analyses of semi-partial correlation between rumination
and cognitive control, controlling for depression

In line with our hypothesis, the estimated semi-partial correlation
between rumination and discarding controlled for depressive symp-
toms, rsp=−0.11 (95% CI= [−0.19, −0.03]), was significantly
larger than the effect size for the semi-partial correlation between ru-
mination and any other cognitive control function (see Table 4). Con-
trary to our expectations, stimuli valence or the interaction between
cognitive control function and stimuli valence were no significant
moderators (see Table 4).

Again, none of the other moderators were significant on a 5%-level
(see Table S2 in the supplements).

3.4.2. Semi-partial correlation between worry and cognitive control,
controlling for anxiety

Contrary to our expectations, neither the kind of cognitive control
function nor stimuli valence were significant moderators (see Table 4).

None of the other moderators were significant on a 5%-level (see
Table S3 in the supplements).

3.5. Publication bias

As displayed in Fig. 1, the funnel plot of the Fisher's z-transformed
correlations between RNT and cognitive control appears relatively
symmetric with the exception of a few small outlying studies on the left.
The trim and fill method estimated four missing effect sizes on the right
side (SE=3.16), which provides little evidence for substantial pub-
lication bias in our analyses.

To examine a potential reporting bias, we examined whether effect
sizes were influenced by whether or not the respective data were
available in the publication or had been received via personal com-
munication. Data availability was a significant moderator of both, the
zero-order correlation between RNT and cognitive control, z=−0.12
(95% CI= [−0.18, −0.06]), and the semi-partial correlation between
rumination and cognitive control controlling for depression, z=−0.06
(95% CI= [−0.12, −0.00]). Whereas the estimated correlation be-
tween RNT and cognitive control presented in publications was
r=−0.16, 95% CI= [−0.20, −0.12], k= 83 (rsp=−0.08, 95%
CI= [−0.13, −0.03], k= 32), the respective correlation based on
data received via personal communications was r=−0.05, 95%
CI= [−0.09, −0.00], k= 87 (rsp=−0.02, 95% CI= [−0.05, 0.02],
k= 72). Data availability was no significant moderator of the semi-
partial correlation between worry and cognitive control controlling for
anxiety, z= 0.03 (95% CI= [−0.08, 0.14]).

4. Discussion

In this meta-analysis, we examined the magnitude and pattern of the

Table 2
Results for main analyses.

Correlation # of samples # of ES z pz 95% CIz r 95% CIr τ Sample τ Error

RNT and Cognitive control 109 170 −0.11 < 0.0001 [−0.15, −0.08] −0.11 [−0.15, −0.08] 0.12 0.02
Rumination and Cognitive control controlled for depressive

symptomsa
60 104 −0.04 0.009 [−0.07, −0.01] −0.04 [−0.07, −0.01] 0.06 0.00

Worry and Cognitive control controlled for anxiety symptomsa 14 22 −0.06 0.027 [−0.11,-0.01] −0.06 [−0.11,-0.01] 0.00 0.04
Cognitive control and Depression 76 126 −0.04 0.001 [−0.07, −0.02] −0.04 [−0.07, −0.02] 0.04 0.04
Cognitive control and Anxiety 35 64 −0.03 0.096 [−0.07, 0.01] −0.03 [−0.07, 0.01] 0.05 0.00
Rumination and Depressionb 64 64 0.55 < 0.0001 [0.49, 0.62] 0.50 [0.45, 0.55] 0.20
Worry and Anxietyb 14 14 0.59 < 0.0001 [0.48, 0.71] 0.53 [0.45, 0.61] 0.17

ES= effect sizes; RNT= repetitive negative thinking.
a Semi-partial correlations: depressive or anxiety symptoms, respectively, are partialled out of cognitive control.
b No multi-level analyses because there were no samples including multiple effect sizes.
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postulated association between repetitive negative thinking and deficits
in cognitive control. The analysis encompassed a large number of
samples including many unpublished effect sizes, and offers online
access to the full datasheet and syntax. Results demonstrate that in-
dividuals with high levels of RNT do not suffer from general deficits in
cognitive control, but rather from circumscribed difficulty in discarding
no longer relevant material from working memory. These results sup-
port theoretical propositions that individuals with marked traits of RNT
show specific trouble removing information from their working
memory once it got in there (e.g., Joormann & Vanderlind, 2014; Koster
et al., 2011). The association between RNT and deficits in discarding
showed an effect of r=−0.20. In addition, semi-partial correlations
demonstrated that this association also holds when controlling for le-
vels of depression or anxiety, respectively. On the other hand, corre-
lations between RNT and deficits in all other cognitive control functions
were negligible in magnitude.

Thus, the present results support current theories on the mechan-
isms underlying rumination, such as the impaired disengagement hy-
pothesis by Koster et al. (2011). The authors postulate that “cued ru-
mination” in response to life events is a normal phenomenon. According
to the authors, ruminative thoughts only become pathological if they
persist over time because they hinder adaptive strategies to regulate
one's mood. Koster et al. (2011) hypothesize that difficulty disengaging
from negative material in working memory may underlie persistent
ruminative thinking. Our results provide empirical evidence that this
might be the case. This may have important clinical implications. If
persistent rumination is actually due to deficits in discarding, mere
verbal interventions to stop ruminative thoughts might not be sufficient
to help patients in the long term. Instead, computer-based trainings to
enhance the ability to discard irrelevant information from working
memory might be an important add-on to common therapies. Recently,
several research groups have designed computer based trainings to
address various cognitive control functions (e.g., Cohen, Mor, & Henik,
2015; Hoorelbeke & Koster, 2017). Effects of these trainings on de-
pressive rumination have been mixed (Mor & Daches, 2015). However,
most of these trainings did not address discarding. The present results
call for trainings specifically targeting difficulty in discarding. In this

context, it has to be emphasized that the present results are exclusively
based on cross-sectional data. It is thus not clear whether deficits in
discarding cause higher levels of RNT, or vice versa. Intervention re-
search could also clarify this question.

The present results further underscore that it is important to in-
tegrate insights from cognitive psychology into clinical research and
distinguish between different cognitive control functions. Within the
unity-diversity framework of cognitive control, our results suggest that
RNT is rather associated with a diversity factor (discarding) than with
the common cognitive control factor: the meta-analytic association
between RNT and discarding is considerably larger than the associa-
tions between RNT and other cognitive control functions. Note, how-
ever, that tasks employed to assess discarding in the primary studies
probably also include variance from the common factor. In general, this
meta-analysis is not able to directly test the unity-diversity framework
because the primary studies did not use a latent variable approach and
thus did not differentiate between shared and specific variance in dif-
ferent cognitive control functions.

Remarkably, neither stimuli valence nor the interaction term of

Table 3
Main moderator analyses of zero-order correlation between RNT and CC.

Moderator Moderator levels # of ES z pz 95% CIz τ Sample τ Error

CC functions Discarding 26 −0.20 < 0.0001 [−0.27, −0.13] 0.12 0.02
All other CC functions vs. discarding 144 +0.10 0.007 [0.03, 0.18]

Stimuli valence Emotional 90 −0.11 < 0.0001 [−0.15, −0.06] 0.12 0.02
Neutral vs. emotional 80 −0.02 0.554 [−0.07, 0.04]

RNT type Rumination 139 −0.12 < 0.0001 [−0.15, −0.08] 0.13 0.02
Worry vs. rumination 31 +0.01 0.817 [−0.07, 0.09]

Moderators are dummy coded. Rows in bold reflect estimates for the contrast (i.e. difference) of non-reference and reference group; all other rows reflect estimates for
the reference group; ES= effect sizes; CC= cognitive control; RNT= repetitive negative thinking.

Table 4
Main moderator analyses of semi-partial correlations.

Moderator Moderator levels # of ES z pz 95% CIz τ Sample τ Error

a) Semi-partial correlations between rumination and CC controlling for depression
CC functions Discarding 16 −0.11 0.005 [−0.19, −0.03] 0.07 0.00

All other CC functions vs. Discarding 88 +0.08 0.063 [−0.00, 0.15]
Stimuli valence Emotional 65 −0.03 0.101 [−0.07, 0.01] 0.06 0.00

Neutral vs. emotional 39 −0.03 0.351 [−0.08, 0.03]

b) Semi-partial correlations between worry and CC controlling for anxiety
CC functions Discarding 1 −0.21 0.028 [−0.40, −0.02] 0.00 0.02

All other CC functions vs. Discarding 21 +0.17 0.101 [−0.03, 0.36]
Stimuli valence Emotional 4 −0.07 0.397 [−0.24, 0.10] 0.00 0.05

Neutral vs. Emotional 18 +0.02 0.860 [−0.16, 0.20]

Moderators are dummy coded. Rows in bold reflect estimates for the contrast (i.e. difference) of non-reference and reference group; all other rows reflect estimates for
the reference group; ES= effect sizes; CC= cognitive control; RNT= repetitive negative thinking.

Fig. 1. Funnel plot of Fisher's z-transformed correlations between repetitive
negative thinking and cognitive control.
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stimuli valence by cognitive control functions (discarding vs. all others)
were significant moderators of the association between RNT and cog-
nitive control. In other words, the present results indicate that the as-
sociation between RNT and deficits in cognitive control is largely in-
dependent of stimuli valence. This is surprising given postulates that
RNT, and particularly so rumination, is associated primarily with def-
icits in controlling negative material in working memory (Joormann
et al., 2011; Joormann & Gotlib, 2008). Note, however, that we dis-
tinguished only between neutral and emotional stimuli. The latter ca-
tegory also involved emotionally mixed stimuli (i.e., mixed positive and
negative stimuli), because several paradigms did not allow to clearly
differentiate between strictly negative and emotionally mixed experi-
mental conditions. It is thus unclear whether or not individuals high in
RNT may experience selective difficulty discarding negative informa-
tion from working memory.

The present results also show that rumination and worry are simi-
larly related to deficits in cognitive control. Note that this study in-
cluded more effect sizes related to rumination (N=139), than related
to worry (N=31). Given the minimal difference in estimated effect
sizes (z= 0.01), however, it is unlikely that a meaningful difference
would emerge if more worry related effect sizes existed. Thus, results
indicate that rumination and worry are related to the same underlying
cognitive processes, although the content of ruminative or worrisome
thoughts differs. This adds to findings showing that rumination and
worry share more commonalities than differences and ultimately sup-
ports the notion that RNT is a transdiagnostic process (Ehring &
Watkins, 2008; McEvoy, Watson, Watkins, & Nathan, 2013). The cen-
tral feature of this transdiagnostic process is the style of thinking, which
has been characterized to be recurrent and difficult to control (Ehring &
Watkins, 2008). The findings of this meta-analysis might indicate that
difficulty in discarding no longer relevant information from working
memory might be the mechanism underlying this recurrent and un-
controllable style of thinking. The present results, however, do not
allow any causal interpretation. Further research is needed to clarify
this potentially causal relationship. In this context, questionnaires as-
sessing the style of thinking specific to RNT (e.g., Ehring et al., 2011;
McEvoy, Mahoney, & Moulds, 2010) may be more promising than
disorder specific questionnaires of RNT, which focus on the non-shared
variance between worry and rumination, namely the content.

There are some issues that need further attention. Some readers may
have noticed that the estimated correlation between measures of psy-
chopathology (depression, anxiety) and cognitive control deficits
(r=−0.04 for depression, and r=−0.03 for anxiety) in this meta-
analysis are very low. This may be because the present study mostly
summarized correlation coefficients between measures of psycho-
pathology and cognitive control within diagnostic groups, resulting in
limited variance in both variables. Thus, the present correlation coef-
ficients underestimate the real association between these variables.
Comparing clinically depressed and healthy individuals in cognitive
control measures results in much larger effect sizes (d= 0.4–0.6;
Snyder, 2013).

Second, this meta-analysis included different types of paradigms
assessing discarding of no longer relevant information from WM. It is
not clear whether some of these tasks are more adequate measures of
discarding than others in terms of reliability, purity, and sensitivity.
There was heterogeneity between samples in this meta-analysis that
could not fully be explained by the tested moderators. Low reliability of
experimental paradigms is an important factor that could cause such
heterogeneity. To date, there have been few attempts to estimate the
reliability of paradigms assessing cognitive control. Kowalczyk and
Grange (2017) tested the split-half reliability of the n-2 repetition cost
index (i.e., backward inhibition) in three paradigms. They concluded
that the index is not a reliable measure of inhibition. Koster, De
Lissnyder, and De Raedt (2013), on the other hand, demonstrated that
the switch cost index of the Internal Switching Task shows good split-

half and test-retest reliability. Thus, some paradigms included in this
meta-analysis seem to show good reliability, whereas others do not.
Disconcertingly, for most included paradigms reliability is unknown.

In addition to the question of reliability, the issue of task purity is
also an important one. Paradigms assessing cognitive control functions
are no pure measures of cognitive control because they always require
additional abilities specific to each task. Such task-specific variance as
well as error variance can be quite large. Both, low reliability and task
impurity can result in an underestimation of real effect sizes or in false
null-findings. Thus, the present null-findings regarding the association
between RNT and any cognitive control functions other than discarding
might also be due to low reliability or high task impurity of the para-
digms employed in the primary studies. In this context, Snyder et al.
(2015) point out that traditional neuropsychological tasks, such as the
Trail-making task or the Wisconsin Card Sorting Test, were designed to
detect severe neuropsychological impairments. These tasks are, how-
ever, not sensitive enough to measure inter-individual differences in
specific cognitive control functions. Nevertheless, they are still em-
ployed in research. According to Friedman and Miyake (2004), Snyder
et al. (2015), a solution to the reliability and impurity problem is to
employ multiple tasks assessing the same function and to use latent
variable analysis. Latent variable analysis extracts the common var-
iance among several paradigms assessing the same process and thus
eliminates measurement error and task-specific variance. Latent vari-
able analysis, however, requires large sample sizes, which is not always
practicable in clinical research. An alternative, somewhat less optimal
solution would thus be to use mean z-scores across paradigms.

Another important topic in this field is statistical power in the pri-
mary studies. The median sample size of included studies was N=45.
It is noteworthy that a sample size of N=153 is needed to detect a one-
sided correlation of r=0.20 (80% power, α=0.05), such as the one
found between RNT and discarding in this meta-analysis. Small primary
sample sizes may also contribute to unexplained heterogeneity in the
data, because correlation coefficients tend to be unstable in small
samples (Schönbrodt & Perugini, 2013). The recruitment of big sample
sizes is not always practical in clinical psychology research. A solution
for this problem may lie in open data repositories to aggregate primary
data from multiple sites, or in concerted effort to assess data across
many labs (e.g., The Psychological Science Accelerator; Many Labs
Project).

Finally, the present results indicate a reporting bias. Specifically,
effect sizes reported in publications were significantly larger than effect
sizes received via personal communication. Given that this meta-ana-
lysis included a large number of unpublished effect sizes, a publication
bias was not reflected in the forest plots. Solutions to this problem have
been comprehensively discussed in recent years (e.g., Chambers, 2013;
Nosek et al., 2015).

To summarize, the present results demonstrate that individuals with
high levels of RNT do not suffer from general deficits in cognitive
control, but rather from circumscribed difficulty in discarding no longer
relevant material from working memory. Computer based trainings to
improve cognitive control should thus specifically address the ability to
discard irrelevant information from working memory. Future studies
will benefit from employing multiple tasks assessing the same cognitive
control function and using latent variable analysis to alleviate the re-
liability and task impurity problems.
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