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Abstract
We review research showing that rumination hasiplalhegative consequences: (a) exacerbating
psychopathology by magnifying and prolonging negathood states, interfering with problem-
solving and instrumental behaviour and reducingisigity to changing contingencies; (b) acting as
a transdiagnostic mental health vulnerability intpaganxiety, depression, psychosis, insomnia,
and impulsive behaviours; (c) interfering with ey and limiting the efficacy of psychological
interventions; (d) exacerbating and maintainingsabipgical stress responses. The mechanisms
underlying rumination are examined, and a modeEfFA-GO-N — Habit development,
EXecutive control, Abstract processing, GOal dipareies, Negative bias) is proposed to account
for the onset and maintenance of rumination. H-EX5@-N outlines how rumination results from
dwelling on problematic goals developing into ahg¢dabit that involves the tendency to process
negative information in an abstract way, partidylar the context of poor executive control and
negative information-processing biases. These praliactors integrate experimental evidence to
provide a partial answer to the critical questibmbat maintains rumination. They constitute a
pathway by which more distal biological and envir@ntal factors increase the likelihood of
rumination developing. Treatments for ruminatioe aviewed, with preliminary trials suggesting
that psychological interventions designed to sjeadlfy target these mechanisms may be effective

at reducing rumination.
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Highlights

* We review and synthesise evidence of the multipgative consequences of rumination. .
» Past models and empirical evidence are integratéatiin a new theoretical account.

* The H-EX-A-GO-N model outlines proximal mechanistnwing pathological rumination.

* These mechanisms map well onto distal biologicdlemvironmental vulnerabilities..

» Treatments specifically targeting rumination arerfd to be especially effective.
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Rumination is repetitive, prolonged, and recurregdative thinking about one’s self,
feelings, personal concerns and upsetting experse(Watkins, 2008). Depressive rumination has
been conceptualized as repetitive thinking aboaisgmptoms, causes, circumstances, meanings,
implications, and consequences of depressed mabdisiness, as outlined in Response Styles
Theory (Nolen-Hoeksema, 1991). Rumination has lbekustly implicated in the onset and
maintenance of depression (Nolen-Hoeksema, 200@nNgoeksema, Wisco, & Lyubomirsky,
2008) and multiple other disorders, leading tohiggothesis that it is a transdiagnostic patholdgica
process (Ehring & Watkins, 2008; Nolen-Hoeksema &tkihs, 2011). As a consequence and
indicating its perceived importance, there has lsegmficant growth in research into rumination
(e.g., in Web of Science 7197 papers involving nation in total to April 2019; 87 papers
published in 2000; 246 papers published in 2008;@&pers published in 2018) and multiple
review papers examining distinct aspects of runonaiGrierson, Hickie, Naismith, & Scott, 2016;
Nolen-Hoeksema & Watkins, 2011; Nolen-Hoeksemd.e2@08; Smith & Alloy, 2009; Watkins,
2008; Watkins & Nolen-Hoeksema, 2014).

These reviews have tended to focus on specifro@is of rumination in isolation, without
providing an overall integration. For example, prieviews have focused on the measurement
(Smith & Alloy, 2009) or consequences (Watkins, 08olen-Hoeksema et al., 2008; Nolen-
Hoeksema & Watkins, 2011) of rumination, withoutiesving developments in treatment or
understanding its underlying mechanisms. Earlieieres highlighted critical and outstanding
guestions to resolve including: “What are the depeaiental antecedents of individual differences
in rumination? How can depressed people avoidhalinto rumination when they are trying to
understand their very real problems? What makss difficult to break free of rumination once it
has begun?” (Nolen-Hoeksema et al., 2008, p. 448py gap is a review of the underlying
mechanisms that lead to the onset and maintendmaenmation. Moreover, the rapid growth in

the rumination literature means that even relagivetent reviews are out-of-date.



This review therefore has four aims. First, to eevthe up-to-date literature on the
consequences of rumination and why it is such gomant construct in psychopathology. Second,
to attempt to answer the unresolved questions radiede, and in particular to consider what
mechanisms may underlie the development and maintenof rumination, building on earlier
models (Martin & Tesser, 1996; Nolen-Hoeksema, 199atkins, 2008; Watkins & Nolen-
Hoeksema, 2014). Third, to seek to integrate thteustanding of rumination with implications for
its treatment. Fourth, to describe an elaboratidh@existing Response Styles Theory (Nolen-
Hoeksema, 1991) and Control Theory (Martin & Tes$886) accounts of rumination that focuses
on five interacting mechanisms (Habit developmEdecutive Control, Abstract processing, GOal
discrepancies and Negative bias — the H-EX-A-GO-ddat) in order to account for the existing
literature and to point towards future research.pigose an integrated theoretical framework for
understanding rumination that synthesizes mulfypier models that each explain particular aspects
of rumination (Control Theory, Martin & Tesser, B®rocessing mode, Watkins, 2008; goal-habit
account, Watkins & Nolen-Hoeksema, 2014; transdiagio account, Nolen-Hoeksema & Watkins,
2011; impaired disengagement hypothesis, Kostet,i&yder, Derakshan, & De Raedt, 2011).

Prior reviews have identified rumination as onenepke of repetitive thinking about
negative content, along with worry, perseveratiogmition, and obsessions (Ehring & Watkins,
2008; Watkins, 2008). Although there is now exteasvidence that these different forms of
repetitive negative thought are highly correlafodduce similar consequences and have
overlapping processes (for evidence and furtheudson of similarities and differences see
Ehring & Watkins, 2008; Watkins, 2008), this reviéweuses specifically on rumination rather than
other forms of repetitive negative thought.

We operationalized rumination as repetitive thigkabout the symptoms, causes,
circumstances, meanings, and consequences of veegadod. This is consistent with earlier
definitions of depressive rumination as “behavims thoughts that focus one's attention on one's

depressive symptoms and on the implications oftlsgmptoms” (Nolen-Hoeksema, 1991, p. 569)
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and as “passively and repetitively focusing on srsgmptoms of distress and the circumstances

surrounding these symptoms” (Nolen-Hoeksema, MiEBr& Larson, 1997). We distinguish
rumination from worry, which has been defined aslain of thoughts and images, negatively
affect-laden and relatively uncontrollable”, and‘as attempt to engage in mental problem-solving
on an issue whose outcome is uncertain but contlagnpossibility of one or more negative
outcomes” (Borkovec, Robinson, Pruzinsky, & Depd83) (p. 9).

The majority of the evidence reviewed in this mamiy is based on paradigms and
measures specific to the depressive ruminationtageisand all is consistent with the
operationalization above. For example, depressigemation is typically assessed on the Response
Styles Questionnaire (RSQ; Nolen-Hoeksema & Mori®®1), which asks participants to endorse
how much they ruminate in response to sad or depdesiood (e.g., When you feel sad, down or
depressed how often do you: "Think 'Why do | alwesact this way?™), and many of the studies
reported here used this measure. Within depressmaation, based on factor analyses of the
RSQ, specific subtypes have been identified, magtqularly, brooding, which is characterized by
“moody pondering”, negative self-evaluative thirgige.g., “Why can’t I handle things better?”)
and comparative thinking about the self (e.g. “Vdoyl have problems other people don’'t have?”)
and which has been found to be the most patholbfgica of rumination (Treynor et al., 2003).

This review will first consider up-to-date eviderme the consequences of rumination,
before outlining the developmental antecedentsna@chanisms that underlie the onset and
maintenance of rumination. Finally, we review tneahts for rumination, and future research
directions.

Consequences of Rumination
Rumination Exacer bates Psychopathol ogy

A key finding across experimental and prospecttudiss is that rumination can exacerbate

psychopathology in at least four ways: (a) it méigeiand prolongs existing negative mood states

and associated negative thinking; (b) it interfenith effective problem-solving; (c) it interferes
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with active instrumental behaviour; (d) it redusessitivity to changing contingencies and context.
Each of these effects is briefly reviewed in turn.

Rumination as an emotional magnifier.

Experimental studies manipulating rumination haxtddated that rumination has negative
causal effects on mood and mood-related cognitidhe short-term, which if occurring chronically
or repeatedly, would necessarily lead to emotidmdrders (Nolen-Hoeksema et al., 2008). These
experimental manipulations have typically compaeatandardized rumination induction, in which
participants are instructed to think about proniptsising their feelings, symptoms, and their
causes and consequences, versus a distractiortiondun which participants are instructed to
imagine visual scenarios unrelated to the selbde¢lings (Lyubomirsky & Nolen-Hoeksema,
1995).

The first negative effect of rumination found inpeximental studies is that it exacerbates
and prolongs existing emotional states such asesagdanger, anxiety and depression (Blagden &
Craske, 1996; Bushman, 2002; Bushman, Bonacci,rBaaevasquez, & Miller, 2005; Bushman &
Gibson, 2011; Nolen-Hoeksema et al., 2008; Offetdil., 2016; Rusting & Nolen-Hoeksema,
1998; Vasquez et al., 2013) and, in parallel, elates and further polarizes any thought content
focused on during the rumination (Watkins, 2008)e3e differential effects of rumination versus
distraction are only found when participants aready in a negative rather than an euthymic mood
(e.q., in depressed or anxious patients; aftedasaious or angry mood induction, or when
exposed to emotionally challenging stimuli), withnmnation exacerbating whatever negative mood
is currently active in the individual. For peoplesady in a depressed or dysphoric mood,
rumination results in more negative thoughts aloeifpast, present, and future (Lavender &
Watkins, 2004; Lyubomirsky, Caldwell, & Nolen-Hoeksa, 1998; Lyubomirsky & Nolen-
Hoeksema, 1995; Lyubomirsky, Tucker, Caldwell, &®el999; Rimes & Watkins, 2005).
Experimental studies have similarly found that ioeli rumination slows emotional recovery to a

prior failure event (Watkins, 2004) and increasegative emotional reactivity to a subsequent
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stressful event (Watkins, Moberly, & Moulds, 2008)hen using traumatic films to induce
intrusive thoughts as an analogue to Post-Trauratess Disorder (PTSD), rumination
exacerbates analogue PTSD symptoms and slows erabtecovery from the film (Zetsche,
Ehring, & Ehlers, 2009).

These magnifying effects seem to occur becausenatian increases self-focus and
amplifies the vicious repetitive cycle between niegamood and negative cognition, wherein each
increases the likelihood of the other (Ciesla & Btd, 2007; Nolen-Hoeksema, 1991; Teasdale,
1988), and focuses attention on the discrepanaydsst one’s desired state and the actual situation,
making this discrepancy more salient. In vulneratdividuals, this pattern of mutual amplification
between negative thinking (including ruminatiorelfsand negative mood produces an emotional
cascade, in which rumination can lead to very is¢devels of negative affect. Vicious cycles of
rumination and intense negative affect may thusiin trigger further dysregulated responses in an
attempt to escape these aversive states, suchtescting or compensatory impulsive behaviours,
including non-suicidal self-injury (NSSI), reassuca-seeking, or binging on food, alcohol or drugs
(Selby, Anestis, & Joiner, 2008).

Rumination interferes with problem-solving.

The second negative consequence of ruminatioratgttimpairs problem-solving
(Lyubomirsky et al., 1999), even though ruminat@qgort that it increases perceived insight into
problems (Lyubomirsky & Nolen-Hoeksema, 1993). Bxpental studies demonstrate that
rumination interferes with effective problem-solgihoth by making individuals more pessimistic,
and also more abstract and less able to accesficpetails of how to resolve a difficulty
(Donaldson & Lam, 2004; Lyubomirsky & Nolen-Hoekseem995; Lyubomirsky et al., 1999;
Watkins & Baracaia, 2002; Watkins & Moulds, 200&g¢luding in dysphoric mothers with an
infant under 12 months (O'Mahen, Boyd, & Gashe 5201

Rumination interferes with active approach behaviour.



The third negative effect of rumination reveale@xperimental studies is that it interferes
with the facilitation of active instrumental behaut, such as reducing willingness to engage in
pleasant activities (Lyubomirsky & Nolen-Hoekserh@93). Rumination is associated with
increased uncertainty and reduced confidence imsgM/ard, Lyubomirsky, Sousa, & Nolen-
Hoeksema, 2003), as well as increased avoidanbtecbags-sectionally (Bishop, Ameral, & Reed,
2018; Giorgio et al., 2010; Moulds, Kandris, St&Mong, 2007) and prospectively over 7 days in
undergraduates (Dickson, Ciesla, & Reilly, 2018)béreaved adults, baseline rumination predicts
avoidance at 6 months follow-up, which in turn nages the effects of rumination on symptoms at
12 months (Eisma et al., 2013).

Rumination impairs concentration and sensitivity to context.

Experimental studies have shown that ruminatiorainspconcentration and central
executive functioning (Lyubomirsky, Kasri, & Zeh2003; Watkins & Brown, 2002). As a form of
internal and often abstract preoccupation, rumbmalias been hypothesized to make ruminators
less sensitive and responsive to contextual cugeweents in the world around them (Watkins,
2008), including signals of potential reward, chagg-ontingencies or interpersonal reactions.
Such abstract and internal preoccupation couldgmeruminators from adaptively responding to
changes in the environment or from benefiting framrective learning that disconfirms negative
beliefs (Reilly et al., 2019).

Consistent with this hypothesis, a cross-sectietualy of 203 mothers found that maternal
rumination mediated the relationship between pastmaaternal depressive mood and self-reported
maternal responsiveness (attunement) to their infden infants were low in negative
temperament (Tester-Jones, O'Mahen, Watkins, & Ra5). Multiple experimental studies have
found that relative to distraction or control camahs, induced rumination interferes with
contextual sensitivity, whether indexed by poomatkcf details of a video in female undergraduates
selected for high preoccupation for eating, shagkveeight (Lehtonen et al., 2009), reduced

responsiveness to infant vocalisations in mothetts @eneralized Anxiety Disorder or Major
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Depressive Disorder (Stein et al., 2012; Steintdedn, Harvey, Nicol-Harper, & Craske, 2009),

reduced sensitivity to infants in mother-child natetions for both dysphoric and non-dysphoric
mothers (Tester-Jones, Karl, Watkins, & O'Maher,20and impaired learning that a particular
stimulus would be associated with punishment ireleged individuals (Whitmer, Frank, & Gotlib,
2012). Using a reversal learning paradigm in wimegative cognition was initially reinforced with
an economic reward and this was subsequently redéosreinforce positive cognition, depressive
rumination was associated with slower updatingatiba-outcome contingencies in order to shift
from retrieving negative memories to retrievingipes memories (Takano, Van Grieken, & Raes,
2019).

These four negative effects can directly exacerbatmtive emotions, but also leave
unresolved real-world personal difficulties thatilcbcontribute to chronic stress and the
development or maintenance of emotional disordesgsistent with this, prospective studies find
that rumination mediates the association betwaessl life events and later anxiety and
depression (McLaughlin & Hatzenbuehler, 2009; Mdalfdin & Nolen-Hoeksema, 2012; Michl,
McLaughlin, Shepherd, & Nolen-Hoeksema, 2013).dalescents, rumination predicted increased
emotional abuse and victimization from peers dfiélaughlin & Nolen-Hoeksema, 2012) and 8.4
months follow-up (Shapero, Hamilton, Liu, Abramsé&nAlloy, 2013). In patients with depression,
rumination predicted relationship difficulties ammdreased submissive interpersonal styles
(Pearson, Watkins, Kuyken, & Mullan, 2010; Pearstiatkins, & Mullan, 2010).

Importantly, there is evidence to corroborate tb@agical validity of these findings that the
consequences of rumination observed in the labteattreased distress and psychopathology in
the medium-term. Studies utilizing Ecological Mortaag Assessment (EMA) designs, in which
the occurrence of negative affect, rumination aneks are measured multiple times per day, find
that rumination predicts, mediates, and moderatksexjuent distress over days and weeks.
Momentary rumination has been found to predict sgbsent negative affect (and vice versa)

(Moberly & Watkins, 2008a; Selby, Kranzler, Pan&&ehling, 2016; Takano, Sakamoto, &
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Tanno, 2013, 2014) and to mediate the role ofsifess and negative events in prospectively

predicting negative affect and depressive symptoves several weeks in both nonclinical (Genet
& Siemer, 2012; Moberly & Watkins, 2008b) and atiai samples (Ruscio et al., 2015) and to
moderate the role of life stress and current depresymptoms in predicting future depressive

symptoms in undergraduates (Connolly & Alloy, 2Q17)

Rumination as a Transdiagnostic Mental Health Vulnerability

It is unsurprising, given the extensively documdrmiegative consequences of depressive
rumination that it contributes to the onset, maiatece and recurrence of multiple disorders. This
was first demonstrated in large-scale longitudstadies in which rumination prospectively
predicted the onset of major depressive episod@sl@pressive symptoms in non-depressed and
currently depressed individuals across follow-upquis ranging from 6 weeks to 5 years (Nolen-
Hoeksema, 2000; Nolen-Hoeksema et al., 2008; WstRiD08). Considerable subsequent evidence
further implicated rumination in anxiety disordé@rsluding PTSD, substance and alcohol abuse,
and eating disorders (Nolen-Hoeksema & Watkins1202or example, a meta-analysis of studies
revealed that rumination was significantly relatedour distinct symptom types (depression,
anxiety, eating, alcohol abuse) (Aldao, Nolen-Heshka, & Schweizer, 2010). Large-scale
prospective longitudinal studies found that rumorapredicted subsequent substance abuse, eating
disorders (Nolen-Hoeksema, Stice, Wade, & Bohofi/20alcohol abuse (Caselli et al., 2010), and
PTSD symptoms following trauma (Ehring, Ehlers, &€&sman, 2008; Ehring, Frank, & Ehlers,
2008; Kleim, Ehlers, & Glucksman, 2007; Michael Jligan, Clark, & Ehlers, 2007) even after
controlling for initial symptoms. Further, ruminai explained the concurrent and prospective
associations between symptoms of anxiety and dapre@VicLaughlin & Nolen-Hoeksema,
2011), indicating that it is not simply an epipheremon of increased disorder. These results led to

the proposal that rumination is a transdiagnosticgss, that is, a process present across multiple
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psychiatric disorders and that causally contribtietie onset and maintenance of these disorders
(Ehring & Watkins, 2008; Nolen-Hoeksema & Watkig®11).

In the 15 years since this transdiagnostic hymisheas first proposed, the evidence
supporting it has continued to grow. There is esitanevidence from cross-sectional studies that
rumination is elevated across multiple disorddrat tumination is highest in individuals with
multiple disorders relative to those with a singileorder (McEvoy, Watson, Watkins, & Nathan,
2013), including in EMA studies (Kircanski, Thomps&orenson, Sherdell, & Gotlib, 2015), and
that comorbid anxiety and mood disorders are agttiwith greater rumination (Olatuniji,
Naragon-Gainey, & Wolitzky-Taylor, 2013). A studiarult twins confirmed that rumination was
associated with increased likelihood of major depien, generalized anxiety disorder, eating
disorders and substance abuse (Johnson et al).2016

Several new longitudinal prospective studies havmd that rumination predicts multiple
disorders subsequently. A longitudinal prospecsivgly in over 1000 adolescents across 7 months
found that rumination was a transdiagnostic procesdiating between internalizing and
externalizing symptoms in males: rumination prestiahcreases over time in aggressive behaviour
and mediated the association with subsequent grsyatptoms, and of both depression and
anxiety with subsequent aggression in boys bugimist (McLaughlin, Aldao, Wisco, & Hilt,

2014). A 4 year prospective study in 2981 adulisgithe Netherlands Study of Anxiety and
Depression cohort (NESDA; Penninx et al., 2008)luding healthy individuals and those with a
current or past affective disorder, found that memion accounted for the co-morbidity between
emotional disorders: rumination mediated the assiotis between both baseline fear disorders
(social anxiety disorder, panic disorder, agorajdiodind subsequent changes in distress disorders
(major depression, dysthymia, generalized anxietyrder), and vice versa (Drost, van der Does,
van Hemert, Penninx, & Spinhoven, 2014). In 1858@itacalso from the NESDA cohort, both
healthy and with a prior history of affective dider, baseline depressive disorders and symptom

severity predicted subsequent anxiety disordeesyfears later and vice versa, with these effects
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mediated by repetitive negative thought at 2 yé&alsw-up (Spinhoven, van Hemert, & Penninx,

2019). A recent prospective study in newly recdipparamedics undergoing training found that
rumination about memories of stressful eventsasthrt of training uniquely predicted the onset of
an episode of PTSD over the subsequent two yeaitd @ival., 2016). Recent reviews have
implicated rumination in post-natal depression @) Fox, & Stein, 2016), with antenatal
rumination in pregnant women predicting increasepression postpartum (Barnum, Woody, &
Gibb, 2013; O'Mahen, Flynn, & Nolen-Hoeksema, 20Ri)mination contributed to the
maintenance of social anxiety (Modini & Abbott, &)lincluding pre-event rumination before a
social situation, rumination during a social sitoaf and post-event processing after leaving an
anxiogenic social situation.

As well as this substantial evidence of the tramgadostic effects of rumination in mood and
anxiety disorders, there is increasing evidenceafaie for rumination in other forms of
psychopathology. We briefly summarise the emergwigence implicating rumination in

impulsive and dysregulated behaviours, insomnid,p@ychosis.

Rumination and impulsive and dysregulated behaviours: alcohol and substance abuse,
binge eating, non-suicidal self-injury and suicidal behaviour.

Many impulsive behaviours, including alcohol anbstance abuse, binging, and self-harm
have been hypothesized to be used functionallyrasams to temporarily escape or block out
strong negative emotions. Due to the emotionaladeseffects of rumination in exacerbating and
exaggerating negative affect, it has been hypatbddio act as a precursor to such compensatory
actions (Selby et al., 2008). There is emergingevie consistent with this view.

Rumination increases subsequent harmful alcohdbassdbstance abuse, especially in
female adolescents (Caselli, Bortolai, Leoni, Rtojet Spada, 2008; Caselli et al., 2010; Nolen-
Hoeksema et al., 2007). Recent studies have fdwatdrelative to distraction, induced rumination

increased craving for alcohol in alcohol-depengetients, but not in problem drinkers or controls
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(Caselli et al., 2013), and found an associatidwéen brooding (the most maladaptive subtype of
depressive rumination, characterised as "moody gamgl', Treynor, Gonzalez, & Nolen-
Hoeksema, 2003, p. 251) and marijuana use (Adklagarty, King, McCauley, & Vander Stoep,
2014).

A recent meta-analysis found that rumination wgsicantly positively associated with
eating disorder psychopathology including bingengabody dissatisfaction, and eating concerns,
both concurrently and prospectively, especiallyrtonination on eating disorder themes (Smith,
Mason, & Lavender, 2018). Experimental studies ithditiced sadness or eating or body-related
concerns and then manipulated state ruminationdfdloat rumination increased negative mood,
reduced body satisfaction, and increased analoguptems (e.g., desire to binge or abstain)
relative to acceptance or distraction condition&amen with eating disorders (Naumann,
Tuschen-Caffier, Voderholzer, Caffier, & Svaldi,1X) Naumann, Tuschen-Caffier, Voderholzer,
Schaefer, & Svaldi, 2016), obese individuals (Sy&ldumann, Trentowska, Lackner, & Tuschen-
Caffier, 2013) and undergraduate females (Waderdgaed& Atkinson, 2009).

The trait tendency to ruminate, and its interactioiin negative emotions, is associated with
NSSI in correlational studies (Selby, Anestis, Bamd& Joiner, 2009; Selby, Connell, & Joiner,
2010), predicted subsequent episodes of NSSI oweres in a diary study in undergraduates
(Nicolai, Wielgus, & Mezulis, 2016), and predictedmber of NSSI episodes in a 2 week EMA
study of individuals with elevated levels of dyautsged impulsive behaviour (Selby, Franklin,
Carson-Wong, & Rizvi, 2013). Momentary ruminatiardanegative emotion predicted
independently and interactively the number of N&®llby et al., 2016), especially in those with
Borderline Personality Disorder symptoms (Selbyondr, 2013). A recent meta-analysis of the
relationship between rumination, suicidal ideati@mg suicidal attempts across 17 cross-sectional
studies and 8 longitudinal studies, found that ttapressive rumination and brooding were
significantly positively associated with suiciddéation (large effect size, Hedgges .82 for cross-

sectional studieg) = .62 for longitudinal studies) (Rogers & Joirn2®17). Depressive rumination
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(g =.26) and broodingy(= .47) were also significantly associated with gleattempts, although

this was only examined in cross-sectional studéss/jing the direction of causality unresolved.

I nsomnia.

Rumination has been robustly implicated in pooegland insomnia. Increased rumination
is associated with longer night-time sleep ondehley and poorer sleep quality and efficiency,
whether sleep is assessed by self-report and wiitraphy after a stressful experience (a 5-minute
speech) (Zoccola, Dickerson, & Lam, 2009), in yoadglts with elevated depressive symptoms
(Pillai, Steenburg, Ciesla, Roth, & Drake, 2014yiar objective polysomnography in patients with
insomnia disorder compared to healthy controlsl§asil Giora, Sarasso, Zucconi, & Ferini-
Strambi, 2018). In undergraduates, elevated rumoimgtredicted impaired sleep quality three
months later (Takano, lijima, & Tanno, 2012), amd EMA studies each lasting 1 week found that
rumination before going to sleep in the eveningljmted longer sleep onset latency on both diaries
and wrist actigraphy (Pillai et al., 2014; Takanale 2014). In PhD students, daily variation in
perseverative thinking in a daily diary predictedbjective sleep quality and objective sleep
efficiency assessed by actigraphy over 2 monthsrporating their viva (Van Laethem, Beckers,
van Hooff, Dijksterhuis, & Geurts, 2016). In an eymental study, high trait ruminators
randomized to the rumination condition just prioisteep following an exam self-reported worse
sleep relative to those randomized to distractiolow ruminators in either rumination or

distraction conditions (Guastella & Moulds, 2007).

Psychosis.

It has been proposed that rumination about stresgénts may provide the source material
to generate auditory verbal hallucinations (Jondse&nyhough, 2009). Consistent with this, a
recent systematic review of 51 studies examinintaraegnitive processes in psychosis

(ruminationn = 10) found both experimental and cross-sectioviglemce supporting an association



16
between rumination and symptoms of psychosis (SeN¥ells, & Morrison, 2018). Cross-sectional

evidence consistent with this hypothesis includesination being correlated with self-reported
hallucination-proneness in students, with thistreteship mediated by intrusive thoughts (Jones &
Fernyhough, 2009), and individuals experiencingchegis reporting elevated rumination relative
to controls (Vorontsova, Garety, & Freeman, 201r8prospective studies, rumination predicts
psychotic symptoms: an EMA study over 6 days inepés with psychotic disorders found that
worry and rumination at one sampling point predictelf-reported delusions and hallucinations
and distress at the next and subsequent samplintg{blartley, Haddock, Sa, Emsley, &
Barrowclough, 2014); rumination about a physicaba#t assessed 4 weeks after the trauma in
participants recruited in an emergency departmegdigied hallucinations six months later
(Geddes, Ehlers, & Freeman, 2016).

A recent study using an auditory task where paaicis listened to anomalous stimuli and
recorded what words/phrases were heard as an aeatdgoice-hearing failed to find relationship
between rumination and hallucination-like experesm undergraduates (Hartley, Bucci, &
Morrison, 2017). However, this may reflect limitats in the paradigm or the relative health of the
sample. Experimental studies in non-clinical samplgve demonstrated that compared to a
distraction condition (Martinelli, Cavanagh, & Degl 2013), and a mindfulness task (McKie,
Askew, & Dudley, 2017), induced rumination maintdrelevated levels of paranoia following a
paranoia induction. Consistent with a causal rékimination in psychotic symptoms, a recent
controlled trial found that an intervention targetiworry in patients with a diagnosis of psychosis
and persistent persecutory delusions significaneitijyced persecutory delusions and paranoia

relative to standard care over 8 weeks (Freemah,&015).

Rumination Interferes with Psychological Therapy
The negative consequences of rumination couldrakske it harder for patients to recover

from psychological disorders and respond to treatmmpaired concentration and problem-
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solving, reduced responsiveness to external caerticigs and feedback, and reduced instrumental
action could limit the ability of a patient to pexs ideas or evidence reviewed in psychological
therapy, or to implement and benefit from behawabptans, thereby interfering with therapy.
Indeed, there is growing evidence that elevatednation at the start of treatment predicts poorer
outcomes to cognitive-behavioural therapy (CBT)depression, such as increased time to
remission and reduced likelihood of achieving resmis (Ciesla & Roberts, 2002; Jones, Siegle, &
Thase, 2008; Kertz, Koran, Stevens, & Bjorgvins&iii,5; Schmaling, Dimidjian, Katon, &
Sullivan, 2002). Rumination at the end of mindfdsiased CBT treatment predicts depressive
relapse (Michalak, Holz, & Teismann, 2011). Charigasimination are associated with treatment
outcome for anxiety and depression (Newby, Williaga®\ndrews, 2014; van Aalderen et al.,
2012). For patients receiving brief CBT in a pdiaspitalization program, baseline rumination
predicted subsequent anxiety and depression, ardieation of symptom trajectories indicated
that when rumination did not improve, symptoms @pression and anxiety did not improve and
were likely to worsen over time (Kertz, Koran, $es, & Bjorgvinsson, 2015).

Similar patterns have been found for the treatroéanxiety disorders: elevated pre-
treatment worry and rumination predicts poorerttreat response in social anxiety symptoms at
post-treatment (Wong et al., 2017) and to individual group CBT at post-treatment and one year
follow-up (Mortberg & Andersson, 2014). For pateneceiving trauma-focused CBT for PTSD,
patient rumination observed in early sessions,(eegeatedly returning to the same themes, asking
“what if” “why” questions) was significantly eleved in poor responders to therapy (symptoms
reducing <1/3) relative to good responders (symptedoction>2/3) (Brady, Warnock-Parkes,

Barker, & Ehlers, 2015).

Physical and Physiological Consequences of Rumination
It has previously been suggested that ruminatioy ma&e negative consequences for

physical health as well as for mental health (Bches, Gerin, & Thayer, 2006; Brosschot, Verkull,
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& Thayer, 2010; Watkins, 2008), with studies finglithat rumination and worry prospectively

predict increased heart disease over a 20-yeawfalp (Kubzansky et al., 1997). The
perseverative cognition hypothesis (Brosschot.eR8D6) proposed that rumination and other
repetitive thought processes repeatedly and chathypieactivate cognitive representations of
stressful events and thus prolong the psychologerabtional and physiological responses
produced to stressors beyond the actual occur@rtbe initial event. Thus, rather than the body
systems associated with stress (including increageygbathetic nervous arousal and concomitant
changes in cardiovascular, hypothalamic pituitalyeaal, and immune systems), only showing an
acute, time-limited and often adaptive responsesdhresponses become chronically activated and
re-occur long after the initial event, with asséeibgreater risk for poor physical health and the
development of disease (Glynn, Christenfeld, & Ge2002).

Research over the last decade broadly supporisetiseverative cognition hypothesis.
Rumination is elevated in individuals with chrohigalth conditions (e.g., cardiovascular disease,
obesity, chronic pain) and is associated with dysised physiological function, such as reduced
heart rate variability, increased heart rate, acdeased blood pressure (Busch, Possel, &
Valentine, 2017; Ottaviani et al., 2016). Therevglence that rumination may causally contribute
to (a) impaired parasympathetic flexibility; (b)aggerated cardiovascular stress responses; and (c)

disruptions in hypothalamic-pituitary-adrenal (HP#Xis stress responding.

Rumination and impaired parasympathetic flexibility.

The ability to shift the relative activation of tegmpathetic and parasympathetic autonomic
nervous systems in a contextually appropriate wadifterent environments and contexts
(“parasympathetic flexibility”) is hypothesized amderpin and indicate self-regulation and
emotional regulatory abilities (Kashdan & Rotterhe2010; Porges, 2007; Stange, Hamilton,
Fresco, & Alloy, 2017). The sympathetic autononeevous system is responsible for stimulating

“fight-or-flight” responses to perceived stresstthame the body for action via increasing the
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release of adrenaline, primarily by acting on tAel®vascular system, such as accelerating heart

rate, constricting blood vessels and raising blp@$sure. In contrast, the parasympathetic
autonomic nervous system is responsible for cdimigphomeostasis and the body at rest, and it
tends to calm the body, decreasing heart rateramndasing digestive processes. Two key indices of
parasympathetic flexibility are heart rate varispi(HRV) and respiratory sinus arrhythmia (RSA),
a measure of variability in heart rate that ocawsr the breathing cycle (Beauchaine & Thayer,
2015; Thayer, Ahs, Fredrikson, Sollers, & Wage1 20 Both indicate vagal tone, which increases
with increasing activation of the parasympathe&@o/ous system, but reduces during stress and the
activation of the sympathetic nervous system. Degpoa is characterized by reduced RSA
reactivity to sadness and reduced HRV (Bylsma,8afg Taylor-Clift, Morris, & Rottenberg,

2014; Rottenberg, Clift, Bolden, & Salomon, 20@fwered HRYV is also a widely recognized
prognostic risk factor for somatic disease, inatgdtardiovascular disorders (Thayer et al., 2012;
Thayer, Yamamoto, & Brosschot, 2010).

A recent meta-analysis suggested that reduced R\ onsequence of rumination
(Ottaviani et al., 2016). When individuals are expentally induced to ruminate about an
upsetting or angry event in the lab, blood presaueheart rate increase and there is a reduction i
HRYV that lasts over the next day (Ottaviani, Shadavydov, Goldstein, & Mills, 2009;

Ottaviani, Shapiro, & Fitzgerald, 2011). High traitminators show greater reduction in HRV to an
interpersonal stressor (Woody, Burkhouse, Birk, &lf;2015), and trait rumination is associated
with lower HRV (Carnevali, Thayer, Brosschot, & &tiani, 2018; Woody, McGeary, & Gibb,
2014). When individuals spontaneously ruminateaitydife their HRV is reduced as if they were
facing an actual stressor (Cropley et al., 2017avni, Medea, Lonigro, Tarvainen, &
Couyoumdjian, 2015; Ottaviani, Shahabi, et al.,.2@ttaviani et al., 2011). In prospective studies,
a smaller reduction in RSA in response to a sad fiitedicted future symptoms of depression over
12 weeks, with this effect moderated by trait ruation (Stange, Hamilton, et al., 2017). In another

study, baseline levels of rumination predicted mted subsequent HRV at 13 months follow-up,
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which in turn mediated the relationship betweenination at baseline and depression at 34 months

follow-up (Carnevali et al., 2018). This convergem experimental and prospective results
suggests that rumination may causally reduce pamaathetic flexibility, which in turn predicts
depression.

Rumination and exagger ated cardiovascular stressresponses.

Individuals with elevated trait rumination take d¢f@n to return to cardiovascular baseline
following a stressor (Gerin, Davidson, Christenf&ayal, & Schwartz, 2006; Glynn, Christenfeld,
& Gerin, 2007; Johnson, Key, Routledge, Gerin, &fpaell, 2014; Radstaak, Geurts, Brosschot,
Cillessen, & Kompier, 2011), including in adolestsefAldao, McLaughlin, Hatzenbuehler, &
Sheridan, 2014). A recent meta-analysis of 43 exygartal studies found statistically significant
and large reactivity effect sizes of inducing batiger and sadness rumination on increasing
cardiovascular reactivity, as indexed by heart, rdiestolic blood pressure, and systolic blood
pressure, with standardized mean effect sidesafiging from 0.75 to 1.39 (Busch et al., 2017).
Effects were stronger on blood pressure than matatand for angry rumination than sad

rumination.

Rumination and disruptionsin hypothalamic-pituitary-adrenal (HPA) axis stress
responding.

Disruptions in HPA axis responses are indexed Impabal cortisol levels. A review of
studies examining cortisol and rumination (ZocélBickerson, 2012) found that higher levels of
state rumination were associated with increasetisobroncentrations, and that elevated state
rumination to a stressor predicted greater cortisattivity to or delayed recovery after a social
evaluative stressor task such as the Trier SotiesSTask (TSST; giving a presentation to a
committee followed by an arithmatic test, e.g., @aa, Dickerson, & Yim, 2011; Zoccola,
Dickerson, & Zaldivar, 2008; Zoccola, Quas, & YigQ)10). These findings were replicated in later

studies including an increased cortisol respongesecond TSST the next day (Gianferante et al.,
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2014; Puterman et al., 2011). In depressed adolesadevated trait rumination was associated
with slower recovery of cortisol levels followingeg TSST (Stewart, Mazurka, Bond, Wynne-
Edwards, & Harkness, 2013). A meta-analysis of fatmoy studies that involved mood or appraisal
inductions and assessed change in rumination fthatdumination was associated with increases
in cortisol and suppression of T lymphocytes, whgchn index of immune function activity
(Denson, Spanovic, & Miller, 2009).

Relative to distraction, self-focused ruminatioduntions elevated cortisol and prolonged
duration of cortisol activation in young women (Zola, Figueroa, Rabideau, Woody, & Benencia,
2014), female high trait ruminators (Shull et 20116), undergraduates completing a difficult
anagram task (Denson, Fabiansson, Creswell, & Bede2009) and patients with depression
(LeMoult & Joormann, 2014). There is thus convetgamdence that rumination may play a causal
role in slowing cortisol recovery following a stses.

These physiological effects suggest that rumimati@y be a mechanism to partially
account for the high co-morbidity observed betwgeor mental health and poor physical health,
for example, the strong associations between deipreand cardiovascular disease (Rutledge, Reis,
Linke, Greenberg, & Mills, 2006; Sgoifo, Carneva#ifonso, & Amore, 2015; Van der Kooy et al.,
2007). Indeed, rumination prospectively predictséased depression in patients with acute
coronary syndrome (Denton, Rieckmann, Davidson h&glin, 2012). In a prospective community
sample of over 1000 participants, individuals wkpezienced higher levels of negative affect the
day after a stressor had greater frequency of ahommditions and worse functional limitations 10
years later (Leger, Charles, & Almeida, 2018). Sinamination is demonstrated to lead to
prolonged negative affect (as reviewed earlieti} & strong candidate for contributing to poor
chronic health, although this was not directlyedst

The next step is to explicitly test the relatiapdhetween rumination, these
psychophysiological indices and long-term poor thedbr example, determining whether increased

rumination leads to worse physical health over tamd whether this is mediated by reduced
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parasympathetic flexibility, exaggerated cardioudacresponses or dysregulated HPA axis. This

will require prospective studies and researchimadl populations.

Beneficial Consequences of Rumination

It is important to emphasise that rumination doatsatways have negative and maladaptive
consequences. There is extensive evidence that soge circumstances, repetitive thought about
negative mood and difficulties can be constructind adaptive, as reviewed in detail in Watkins
(2008). As summarized there, repetitive thoughhegative topics can result in: (a) successful
cognitive processing and recovery from upsettindy taaumatic events; (b) adaptive preparation
and planning for the future; (c) recovery from degsion; and (d) uptake of health-promoting
behaviours (see Watkins, 2008). This is consistetiit the proposal that rumination is an evolved
and adaptive response that involves extensive sisdly solve problems — the analytical rumination
hypothesis (Andrews & Thomson, 2009; Bartoskoval.e2018; Watson & Andrews, 2002). This
hypothesis proposes that depression is an evobsgbnse to complex problems, and that a core
function of depression is to engender a sustaioeglsfon analytic rumination in order to resolve
these problems. The evidence (e.g., reviewed irkM\gt2008) partially supports this: repeated
focus on problems can sometimes be adaptive. Hawaeeanalytical rumination hypothesis does
not directly address the extensive evidence revieseglier of the negative consequences of
rumination, and in particular, that depressive nation can impair problem-solving. Nonetheless,
the existence of both positive and negative corsecgs of repetitive negative thought means that
any comprehensive model of rumination needs tdbketa explain why repetitive self-focus on
negative feelings and mood can sometimes be ad@apivexplained later, one relevant mechanism
is the processing style adopted during repetitieking — the abstract and evaluative style

characteristic of depressive rumination is showbeanaladaptive.

Developmental Antecedents and M echanisms Underlying Rumination
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In considering the potential developmental antenexland mechanisms of rumination, we
first review what environmental and biological farst are associated with increased risk for
depression. We then briefly review the most detieélecounts of rumination to date - Response
Styles Theory (Nolen-Hoeksema, 1991) and Contreof (Martin & Tesser, 1996), and their
implications for mechanisms underlying ruminati@ve then describe a new model (H-EX-A-GO-
N) that emerges from and elaborates on featurdsegé models and more recent models (Raes et
al., 2010; Koster et al., 2011; Watkins, 2008; Wel& Nolen-Hoeksema, 2014), and the more
recent literature to suggest five mechanisms: @ittlevelopment, (b) EXecutive control, (c)
Abstract processing, (d) GOal discrepancies, apt¢gative information-processing biases, that,
in combination, underlie pathological ruminationgiiife 1).
<INSERT FIGURE 1 ABOUT HERE>

When considering antecedents and mechanisms fonation, we adopt the distal-proximal
factor framework used to explain the developmergyofiptomatology (Nolen-Hoeksema &
Watkins, 2011) and adapt it to rumination. In ttositext, distal factors are usually distant from th
expression of a behaviour, in probability, mechamiand time, independent of the actions of the
individual, and only influence rumination via metiiig proximal factors. In contrast, proximal
factors are the within-person variables that diygatecede and influence a behaviour via specific
mechanisms, similar to the concept of intermedaienotypes or endophenotypes (Cannon &
Keller, 2006; Insel & Cuthbert, 2009). Distal faxd@re typically either prior environmental context
factors such as stressful and traumatic eventgtirdical variability, such as in brain structune o
in genes, and, as such, correspond to the devetdphaatecedents of rumination. Proximal factors
correspond to the mechanisms directly underlyirgetkpression of rumination. A full explanatory
model of rumination needs to account for both tleemanisms directly influencing rumination (i.e.,
proximal factors) and its developmental and biatajantecedents (distal factors). We propose that
considering how the proximal factors (mechanismsl) distal factors (vulnerabilities) inter-relate

has explanatory utility: identifying distal riskdirs for rumination will help to answer the questi



24

of “What are the developmental antecedents of iddal differences in rumination?” (Nolen-
Hoeksema et al., 2008, p. 418), and delineatingipral risk factors will examine the mechanisms

directly underpinning rumination.

Distal Factors Conferring Vulnerability to Rumination

Both environmental and biological factors are asded with trait rumination. Twin studies
utilising respectively 674 pairs of same-genderestzent twins (Chen & Li, 2013), 663 adult twins
(Johnson, Whisman, Corley, Hewitt, & Friedman, 204dd 756 adolescent twins (Moore et al.,
2013) consistently found that both environmental heritable features influence rumination, with
rumination estimated to be moderately heritable42% of variance), but with still significant
shared environmental and non-shared environmenrftaénces. Furthermore, rumination is found
to have moderate to large shared genetic varialwith depression, suggesting that rumination

may be an endophenotype reflecting genetic riskiépression (Chen & Li, 2013).

Environmental context associated with vulnerability to rumination.

The major environmental context factors associatéid increased trait tendency to
ruminate can be broadly categorized into (a) ealersity including childhood sexual and
emotional abuse; (b) interpersonal stress anccdlffcircumstances; (c) unhelpful parenting styles
and (d) socio-cultural expectancies and sociabrati

Early adversity and rumination.

Across diverse populations including college stusi¢@onway, Mendelson, Giannopoulos,
Csank, & Holm, 2004; Spasojevic & Alloy, 2001; Spayic & Alloy, 2002), community
participants (Sarin & Nolen-Hoeksema, 2008, 20b6}h depressed and non-depressed pregnant

women (O'Mahen, Karl, Moberly, & Fedock, 2015) alepressed patients (Watkins, 2009),
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individuals who retrospectively self-report a chibabd history of sexual and emotional abuse show

higher trait rumination than those without suchstdry. Moving beyond cross-sectional data, a 3-
wave longitudinal study with repeated assessmeneafly 1000 adolescents found that parental
emotional abuse or peer bullying predicted incrdalspressive rumination, with brooding
mediating the association between abuse and fdepeessive symptoms (Paredes & Calvete,
2014).

| nter personal stress and adversity.

Rumination is elevated in those with family hisésriof mental health difficulties, and those
experiencing interpersonal stress, socioeconorsaddiantage, stressful life-transitions, bullying or
abuse, and acts as a common mediator betweenrisle$actors and later psychopathology (Fritz,
de Graaff, Caisley, van Harmelen, & Wilkinson, 20K#hderman, Schwannauer, Pontin, & Tali,
2013; Michl et al., 2013; Nolen-Hoeksema, 2000;s8pavic & Alloy, 2001; Spasojevic & Alloy,
2002). In prospective studies, rumination fully naéed the relationship between stressful life
events and later anxiety and depression amongsmiies, but only partially mediated the
association in adults (McLaughlin & Hatzenbueh2§09; McLaughlin & Nolen-Hoeksema, 2012).
Rumination thus appears to act as a final commémazey for multiple distal risk factors for
emotional disorders, further indicating the sigrafice of rumination as an important target for
research and intervention. Such abusive and stitesgberiences could lead to the development of
proximal risk factors for rumination, such as hypgitance for threat, feeling helpless (Spasojevic
& Alloy, 2002), and turning attention inwards toadyze problems abstractly and passively (Sarin
& Nolen-Hoeksema, 2010).

Parenting style.

Spasojevic and Alloy (2002) found that college stutd who retrospectively reported that
their parents were overcontrolling had higher Is\alrumination. A prospective study following
337 children from ages 3-4 years to ages 13-15ddliat over-controlling parenting and a family

style involving higher levels of expression of sugsive negative emotions such as sadness, guilt,
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and embarrassment, predicted increased ruminatiadalescence, with this effect moderated by
children’s temperamental negative affectivity affdrgful control (Hilt, Armstrong, & Essex,
2012). The lack of positive support and feedbaoknfmothers has also been implicated in the
development of rumination in a multi-wave prospeestudy (Gate et al., 2013). During an
interaction between mother and child at age 12iwitte laboratory, observation of fewer positive
behaviours from the mother prospectively predidéer trait rumination in girls (but not boys) at
age 15. Such parenting styles may engender mosévpagays of responding relative to active
problem-solving.

Socialisation and socio-cultural expectancies.

Socialisation and socio-cultural expectancies miscease vulnerability for rumination.

Most notably, socialization into the stereotypifgahinine gender role identity, characterized by a
greater focus on emotions and a more passive syderisk factor for rumination. Two prospective
longitudinal studies in school children (Broder&Korteland, 2002; Cox, Mezulis, & Hyde, 2010)
found that greater identification with the stergutyplly feminine role identity at baseline preditte
greater trait rumination at follow-up, with the famme role identity at age 11 mediating the
relationship between child sex and increases itirtrmination by age 15 (Cox, Mezulis, & Hyde,
2010). During observations on a difficult computed math task, the mother encouraging the child
to focus on his or her feelings mediated betwedd skx and subsequent increase in depressive
rumination.

Socio-cultural expectancies that place an extreahgevon happiness and that emphasize the
importance of not experiencing negative emotiotetkes may also increase rumination (McGuirk,
Kuppens, Kingston, & Bastian, 2018). Following aé induced via an impossible anagram task,
participants primed as to the importance of hagsr{eest room decorated with motivational
posters, well-being books and the experimenter asipimg the importance of staying positive)
reported more state rumination post-failure thami@pants in a neutral room without these primes

(McGuirk et al., 2018). Participants who reportadsger beliefs about the value of not having
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negative emotion cross-sectionally reported greaeagrrumination and depression. These socio-
cultural values may set up expectancies for whaitilshbe normal emotional experience, such that
any deviation from this would engender negative gansons and lead to rumination. However,

this requires further testing to indicate a cae$&@ct on trait rumination.

Biological characteristics associated with rumination.

There is emergent evidence that particular pattefrbsain activation and genetic
polymorphisms are associated with rumination, ngishe possibility that these biological
substrates contribute to the vulnerability for roation. However, caution is needed here, as the
direction of causality is not yet established: bgital changes could be cause or consequence of
rumination, or associated with a common third facto

Default mode network activation

Convergent evidence from multiple neuroimaging &sithas associated increased
rumination with greater activation and connectiwiighin the amygdala, medial prefrontal cortex
(MPFC) and posterior cingulate cortex (PCC), whe#tssessed in clinically depressed populations
at rest (Berman et al., 2011; Cooney, JoormanneigigDennis, & Gotlib, 2010; Nejad, Fossati, &
Lemogne, 2013; Philippi et al., 2018; Siegle, Staurer, Thase, Stenger, & Carter, 2002), in
response to induced self-referential processirappraisal or emotion processing tasks (Jones,
Fournier, & Stone, 2017; Mandell, Siegle, ShuttdReller, & Thase, 2014; Murphy, Barch,
Pagliaccio, Luby, & Belden, 2016; Ray et al., 2005yemitted depressed groups (Nejad et al.,
2019) or in non-clinical populations (Fox et aD18; Nejad et al., 2019). These brain regions
include areas (e.g., MPFC, PCC, inferior parietbel medial temporal gyrus) that make up the
Default Mode Network (DMN), which is typically agtited during resting states, when an
individual is focused internally rather than onegxrial tasks or environmental stimuli, and which
reduces after and during goal-directed non-se#rggftial activities. Consistent with the content of

rumination, the DMN brain regions have been argoa@flect increased self-referential and
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emotional processing. Individuals high in trait ination show elevated activity within the DMN,

especially relative to the task-positive networlPl), which consists of prefrontal and parietal
regions utilized in attention-demanding tasks (Haonj Farmer, Fogelman, & Gotlib, 2015;
Hamilton et al., 2011; Whitfield-Gabrieli & FordD22). Trait ruminators also show high
connectivity within DMN regions during rest, reftag an inability to suppress self-referential
thinking (Sheline et al., 2009), especially for there pathological brooding form of rumination
(Berman et al., 2011; Bessette et al., 2018; Burkheet al., 2017; Hamilton et al., 2015; Jacobs et
al., 2016; Ordaz et al., 2017; Zhu, Zhu, Shen, L&&uan, 2017). Rumination is also associated
with elevated connectivity between the DMN andesale networks (PCC, subgenual anterior
cingulate, and amygdala) and regions of the Cogniflontrol Network (CCN), in adolescents with
a history of depression (Burkhouse et al., 201a&n&t, Bessette, et al., 2017).

BDNF Val66Met and 5-HTTLPR polymor phisms

In addition to the evidence that rumination is nratkly heritable, there is also some
preliminary evidence linking specific genotypeshnéievated rumination, although this needs to be
treated with caution because of recent critiqueb®icandidate gene approach (Culverhouse et al.,
2018; Duncan, Ostacher, & Ballon, 2019, althoughaeo Vrshek-Schallhorn, Corneau, & Starr,
2019), the relatively small samples of the studied the mixed pattern of findings. A recent review
of candidate gene analyses predicting ruminatigmgliwith this controversy in finding a somewhat
inconsistent pattern of findings regarding genesigants linked to rumination (Shaw, Hilt, & Starr,
2019). Several studies have found the Val66Metmolphism in the brain-derived neurotrophic
factor (BDNF) gene to be associated with ruminat®RNF is a neurotrophin involved in synaptic
plasticity and neurogenesis, and a methionine (Blgbstitution for valine (Val) at codon 66
(Val66Met) has been implicated in neurocognitierations and the pathophysiology of mental
health conditions such as depression. It has heggested that Met carriers may be genetically
sensitive to adverse experiences such as stréigsfevents and childhood abuse or neglect, and

this is a hypothesised mechanism underlying thervks interaction between the BDNF Val66Met
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polymorphism and life stress in predicting susdeity to depression (see Hosang, Shiles, Tansey,

McGuffin, & Uher, 2014 for a systematic review andta-analysis). The Val66Met polymorphism
has also been associated with a number of domémsecoutive functioning, although the pattern of
findings to-date is complex and conflicting (Mandah & Grigorenko, 2012). A meta-analysis of
32 independent samples (5922 subjects) found #raecs of the Met allele exhibited poorer
declarative memoryd(= 0.16) and reduced hippocampal volume (0.12) and activatiord(=

0.59) (Kambeitz et al., 2012).

The serotonin transporter gene (5-HTT) encode®®iprthat is important to the regulation
of serotonin neurotransmission and associated emaltsensitivity. The 5-HTTLPR polymorphism
includes variable repeats (a base pair insertidetide) in the promoter, and the short allele is
associated with reduced 5-HTT availability and ammitant reductions in serotonin transporter
expression, as compared to the long allele. Thig madify vulnerability to the effects of stress,
and there is evidence that carriers of the shtaeahre more susceptible to stress, both neurally
(e.g., augmented amygdala response to aversivalstMunafo, Brown, & Hariri, 2008), and
through increased risk of negative affect (e.gyaled levels of neuroticism, Munafo et al., 2009).
A number of high profile longitudinal studies haeported a gene x environment interaction
whereby carriers of the short allele exhibited @ased risk for depression in response to stressful
life events (e.g., Caspi et al., 2003), althougient meta-analyses call into question the extent to
which these findings generalise (e.g., Culverhaisd., 2018).

In healthy non-depressed adults individuals wha@&athe met allele variants of the
polymorphism in the BDNF gene reported greaterlgegétrait rumination than those who did not
(Beevers, Wells, & McGeary, 2009). Consistent wiith gene x stress interaction hypothesis, in
healthy never depressed individuals, those withghart alleles of the 5-HTTLPR polymorphism
or two Met alleles of the BDNF Val66Met polymorpmsuminate more under conditions of life
stress, compared to the other genotypes (Claselts,Waopik, McGeary, & Beevers, 2011).

Similarly, individuals with two short alleles ofd@tb-HTTLPR polymorphism who experienced
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higher levels of emotional abuse in childhood répagher levels of rumination in adulthood than

individuals carrying at least one copy of the heypressing long allele (Antypa & Van der Does,
2010).

In another pattern of findings, in young adolesagris at increased risk of depression (due
to having a mother with depression, or being losi®economic status) and their mothers, differing
associations between the Val66Met polymorphismreksmive symptoms, and rumination were
observed in the two groups: in adolescents, th&Adabenotype was associated with greater
depression and rumination than the Val/Met gengtypil rumination mediating this relationship;
in women with adult-onset depression, the Val/Mata@ype was associated with greater
depression and rumination again mediated thisioalstiip (Hilt et al., 2007) . A subsequent study
of 8-14 year olds, some of whom had mothers witistory of depression, replicated Hilt et al.’s
finding regarding adolescence: in adolescents 4get¥4, individuals who were homozygous for
the Val allele reported higher rumination scorestharriers of the Met allele (Stone, McGeary,
Palmer, & Gibb, 2013). In a sample of adolesceims¥N = 441) aged 12-18 years, carriers of the
Met allele reported higher brooding scores thaividdals with the Val/Val genotype, and post-hoc
analyses indicated there was an interaction witkeptal status such that this association was
reliable in individuals who were more advancedulbegrty, but not in those who were less mature
(Van Hulle, Clifford, Moore, Lemery-Chalfant, & Gdgmith, 2017).

Hormonal variations

It has also been suggested that sex hormone coatentmay be linked to the selection and
effectiveness of different emotional regulatiorattgies including rumination in women (Graham,
Denson, Barnett, Calderwood, & Grisham, 2018).dased levels of estradiol in women were
associated with greater use of rumination, whistination was positively associated with negative
affect, but only in women low in estradiol. Thegelings are only preliminary and correlational,
and need to be replicated and directions of caydakted — nonetheless, they raise the possibility

that hormones may also influence tendency towanshation.
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Proximal M echanisms Underlying Rumination

In considering the mechanisms underpinning runonatve start by considering the two
predominant theories of rumination — Response Stiteeory (Nolen-Hoeksema, 1991) and
Control Theory (Martin & Tesser, 1996), which respeely contribute two key mechanisms: the
formation of a pathological habit through repedeadning and activation of rumination via
unsatisfactory goal progress.

Response Styles Theory (Nolen-Hoeksema, 1991)

Response Styles Theory hypothesizes that depressiiaation is a stable, enduring, and
habitual trait-like tendency to engage in repetitself-focus in response to depressed mood. It
further proposes that rumination is principally fiystional and that it contributes to depression by
enhancing negative mood-congruent thinking, impgiproblem-solving and interfering with
instrumental behaviour (Nolen-Hoeksema, 1991; Néleeksema et al., 2008).

The ruminative response style is hypothesized tedmt, typically in childhood, either as a
result of parents modelling a passive coping dtyléeir children (e.g., via rehearsal and copying
of parental response style), or shaped as a coesegwf overcritical, intrusive or overcontrolling
parenting. The evidence reviewed above concerranyg adversity and parenting style and
rumination is consistent with this hypothesis. Bvalence that socialization into the stereotypical
feminine role increases risk for rumination is atemsistent with rumination as a learnt style of
responding.

Response Styles Theory notes that depressive rtiotiia more prevalent amongst women
than men, and that this individual difference immation partially mediates the gender difference
in depression. Evidence in support of Response@$iiheory comes from the large body of
research indicating that depressive ruminationdeed unhelpful and predictive of

psychopathology.
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Central to Response Styles Theory is the assumfitadrrumination is an automatic
response conditioned to triggering stimuli suctoasmood (Watkins & Nolen-Hoeksema, 2014).
This is entirely consistent with conceptualizatiohsumination as a habit of thought that often
starts automatically and involuntarily (Hertel, 200Because rumination occurs frequently,
unintentionally, and repetitively in the same emoél context of low or depressed mood, it fulfills
the usual definitions of a habit (Verplanken, FripdNang, Trafimow, & Woolf, 2007; Wood &
Neal, 2007). Indeed, the leading instrument of degive rumination (the Response Styles
Questionnaire), the measure used in the majoritgsdarch reported earlier on the negative
consequences of rumination, asks respondents ittatechow frequently they ruminate when
“feeling sad, down, or depressed”. Consistent wating a habitual quality, depressive ruminators
report that rumination occurs without consciougmtt and that they are unable to control it
(Watkins & Baracaia, 2001). Response Styles Thdwefore explains individual differences in
rumination as different learnt trait tendenciegmngage in rumination. It does not explain why an
individual would necessarily ruminate more or lesene situation than another, other than that the

rumination is triggered by the occurrence of salbarmood.

Control Theory (Martin & Tesser, 1996)

The other prominent long-standing model of rumorats based on Control Theory, which
conceptualizes rumination as recurrent instrumehtaking about unsatisfactory goal progress
(Martin & Tesser, 1996). It proposes that ruminai®triggered by the perception of slower than
anticipated progress in pursuing a goal, and tmaimation will continue until either satisfactory
progress is made in reducing the goal discrepantlyeaindividual disengages from the goal
(Martin & Tesser, 1996). As such, in contrast tgpanse Styles Theory, Control Theory is
predominantly an explanation of a proximal causepa$odes of state rumination, rather than of

trait rumination.
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Within this model, rumination is not necessarilyimogical: under some circumstances, it
can be adaptive and functional as an instrumengansto highlight and then to address unresolved
difficulties and problems, if progress is madeaducing the discrepancy. Control Theory therefore
has some overlap with theories that propose thmination is an adaptive response to difficulties,
focused on analytical problem-solving to addressdifficulties that cause low mood (Andrews &
Thomson, 2009; Bartoskova et al., 2018; Watson &raws, 2002). However, to the extent that
rumination does not aid in either resolving thelghscrepancy or disengaging from the goal, it is
an unsuccessful attempt at problem-solving thahislpful insofar as it causes perseveration on
the discrepancy in goal progress and intensifigainee affect (Carver, 1996; Watkins, 2008).

Consistent with this account, thoughts relatingiterrupted goals persist longer than those
associated with resolved goals (Zeigarnik, 1938)redver, naturalistic diary and EMA studies
have found that unsatisfactory progress on pergomaportant goals is associated with increased
rumination on a momentary basis (Gebhardt, Vanef, Massey, Verhoeven, & Verkuil, 2010;
Moberly & Watkins, 2010; Verkuil, Brosschot, Gebtiar& Korrelboom, 2015). In an experimental
study, participants asked to focus on an unresabead ruminated significantly more and longer
over a 30-60 minute period, as indexed by thougbltgs during a cognitive task, than participants
focusing on a resolved goal (Roberts, Watkins, &3V2013). Problematic goal progress can thus
be a proximal factor in the onset of an acute ej@saf rumination.

The nature and motives of the goals held by indiaig may also determine both the
likelihood of rumination starting and the abilit{/tbe individual to make progress on the goal, and,
hence, the degree of rumination. The type of goalsiduals hold may influence their trait
propensity to rumination. An individual can pursugoal because it feels inherently enjoyable to
do so or because they wholeheartedly value it feuntmus reasons) or because they would feel
guilty or ashamed if they did not or because pugthe goal facilitates an extrinsic outcome
(controlled reasons). Pursuing goals for controtkatsons is hypothesized to cause internal conflict

and problematic rumination (Thomsen, Tgnnesvanigni8ber, & Olesen, 2011). Consistent with
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both Control Theory and this hypothesis, relatvatitonomous motives, pursuing goals with

controlled motives is associated with less goagjmss (Moberly & Dickson, 2016), greater trait
and goal focused rumination (Thomsen et al., 2@h#l) prospectively predicts greater rumination
over time in adolescents and young adults (LuyEkxjez, Green, & Negru-Subtirica, 2017).
Similarly, goal pursuit that is focused on avoidargundesirable state rather than approaching a
desired state may make it hard to make sufficieogess towards the goal as it provides little
concrete guidance regarding necessary steps anthertagrd to definitively resolve: high trait
ruminators are more likely to have avoidance gtas low trait ruminators (Thomsen et al.,
2011).

Relatedly, having extremely high standards for gjosich as found in perfectionism, may
contribute to increased frequency and duratioruofination. Individuals who are perfectionistic
have both harder-to-achieve goals and also ardikesgto discard their goals, and thus according
to Control Theory, they would be hypothesized tpezience more frequent and prolonged
rumination. Consistent with this, a strong assammais found between rumination and
perfectionism on self-report measures (Randlest, Mash, McGregor, & Hewitt, 2010; Xie,
Kong, Yang, & Chen, 2019), increased perfectionmadicts more state rumination following
failure feedback or a stressful social task (Br&wdocovski, 2014; van der Kaap-Deeder et al.,
2016), and rumination is found to mediate the ¢ftéperfectionism on distress concurrently and
prospectively (Harris, Pepper, & Maack, 2008; Macetlal., 2015; Olson & Kwon, 2008; Riviere
& Douiilliez, 2017; Senra, Merino, & Ferreiro, 2018he observation that holding socio-cultural
beliefs that place an extreme value on happines®mphasize the importance of avoiding
negative emotional states increases rumination (uk&Ct al., 2018) is consistent with Control
Theory: goals such as to always be happy / nevanbappy — are unlikely to be easily resolvable,
leading to rumination.

In sum, Control Theory offers a highly elaboratedaunt of goal discrepancies as a key

proximal mechanism underpinning state ruminatian, the incidence of acute episodes of
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rumination. It explains why most people experieapsodes of rumination at some point in their
lives, typically following a loss or set-back (e.g.bereavement, loss of employment, a relationship
break-up). However, it does not fully explain indal differences in the trait tendency towards
rumination, other than through differences in ggpes and standards. Many people who are not
perfectionists become ruminators. Many people egpee goal discrepancies without becoming
frequent ruminators. It is critical therefore teidify which other mechanisms might interact with
goal discrepancies to underpin the trait tendeaaynhelpful rumination, and to understand how

rumination can become habitual in some individuals.

Habit Development and Goals Discrepancies

A first step to explain both state and trait runtima is to combine the two key mechanisms
of habit development (H-) and goal discrepanci€g(), as proposed by Watkins and Nolen-
Hoeksema (2014) in an integration of the habit goal-discrepancy theories. This goal-habit
account hypothesizes that rumination initially ascas a goal-directed action in response to goal
discrepancies but over time can become a habitratically triggered by low mood. This shift
from deliberate to automatic behaviour is basethenry and evidence that any response repeated
frequently that is contingent on the same contartresult in the development of a habitual
response to that context, consistent with a prookaatomatic association and classic stimulus—
response theories of learning (Wood & Neal, 206&g, Dickinson (1985).

For rumination, this means that individuals exp®ieg repeated and extended periods of
problematic or difficult to resolve goals, assoethtvith low mood, such as those experiencing
chronic stress or emotional, physical or sexuabaland neglect, are likely to learn an association
between feeling sad and the initiation of repetitiinking, such that the individual develops the
mental habit of rumination. Thus, insufficient pregs on personally important goals can lead to
state rumination, but if this occurs repeatedlyhwitmination contingent on the same stimulus such

as low mood, the individual develops ruminationaasiental-habit, i.e., the trait tendency to
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ruminate. The association of early adverse evant$nterpersonal stress and adversity, with
increased rumination is consistent with this actosunch difficult life circumstances would
increase the likelihood of problematic goal disempes triggering rumination and being paired
with low mood.

This interaction between multiple and prolongedl giiscrepancies and associative learning
that supports habit formation is proposed as gokegess in the development of pathological
rumination and a central element within the H-EX58®-N model. This goal-habit approach can
explain how state rumination can both be triggdrgdpecific circumstances in all people and how
trait rumination can develop in some individualsowtave experienced the relevant setting and
learning conditions. However, even combining thehamisms of habit development and goal
discrepancies fails to account for the evidencdigapng other factors in the onset and

maintenance of rumination.

Executive Functioning

A further mechanism that may causally contributthtinitiation and perpetuation of
depressive rumination is a deficit in the applicatof executive functions in the context of negativ
information (Koster, De Lissnyder, Derakshan, & Reedt, 2011; EX in the H-EX-A-GO-N
model). The efficient application of executive ftinas is necessary to flexibly process goal-
relevant information and suppress or discard taskevant information. Executive functions can be
fractioned into three major components: shiftinggating and monitoring of representations within
working memory (updating), and inhibition (Miyakeas., 2000). Impairments in executive control
have been hypothesized to contribute to the difiiesiexperienced by high trait ruminators in
disengaging from repetitive thinking about persarmicerns and upsetting events (Joormann &
Tanovic, 2015).

Executive functioning deficits could contributertonination in several ways. First,

difficulties in monitoring, shifting and updatinge content of working memory may cause negative



37
irrelevant material to proliferate in working mem@nd become disproportionately accessible,

leading to a pattern of dwelling on negative coh{@normann, 2010; Joormann & Vanderlind,
2014; Koster et al., 2011).

Second, executive functioning deficits can implag &bility to override habitual ruminative
response tendencies. Executive functions are redjinrorder to support goal-directed behaviour
and overcome habitual, prepotent and automatiogsess that might interfere with this. Reduced
executive functioning capacity would make it harttesuccessfully overcome the tendency to
ruminate. In this way, the mechanisms of habit faiion and executive functioning are
hypothesized to interact in influencing rumination.

There is now a substantial literature evidencirgrtile of executive functioning deficits in
rumination. Impairments in executive functioning aridely documented in individuals with high
levels of depressive rumination (De Lissnyder, Rehan, De Raedt, & Koster, 2011; De
Lissnyder, Koster, & De Raedt, 2012; De Lissnyt#@ster, Everaert, et al., 2012; De Lissnyder,
Koster, Goubert, et al., 2012; Demeyer, De Lissnydester, & De Raedt, 2012; Koster et al.,
2011; Whitmer & Banich, 2010). There is correlatibavidence consistent with rumination-related
impairments in inhibitory control (Whitmer & BanicB007), working memory updating (Joormann
& Gotlib, 2008), and task-switching (De Lissnyde€nster, & De Raedt, 2012).

Critically, there is also experimental evidence thanipulating executive functioning can
influence rumination. One approach to improve ekgeudunctioning is cognitive control training
(CCT), which is based on the assumption that coagn@ontrol capabilities such as working
memory can be improved with repeated practice @laBgschkuehl, Jonides, & Shah, 2011),
although there is some debate about its effectsge(sgee Shipstead, Redick, & Engle, 2012 for a
critical review).

Different tasks have been used to try to train wayknemory and cognitive control,
including the dual n-back task and the adaptivee®&wditory Serial Addition Task (PASAT; e.g.,

Siegle, Ghinassi, & Thase, 2007). During the dublok task, participants are presented with trials
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consisting of both visual stimuli (e.g., a squarelifferent locations) and auditory stimuli (e.g.,
spoken letters) and on each trial have to indisditether each stimuli matches stimuli that appeared
n trials previously. During the adaptive PASAT, tpapants are presented with a stream of audially
presented digits and are instructed to indicatestime of the last two digits, which relies on
continuously updating working memaory.

An important issue is whether the repeated pradifitkese cognitive operations only has
reliable effects on the specific training task.(irehearsal effects), or leads to improvements in
performance on related tasks (“near transfer”)aor lead to improvements on tasks that are of a
different nature and paradigm than the training {ésur transfer”). An influence on rumination
would be evidence of far transfer. A review of literature indicates that single-session training
typically is not adequate to produce near transfiecognitive functioning or impact on mood or
rumination but that more intensive multiple sessiare needed, and that training is more likely to
be impactful if it involves emotional material acaurs in the context of emotional challenge
(Koster, Hoorelbeke, Onraedt, Owens, & Deraksh@@/2 It may also be that the effectiveness of
cognitive control training depends on the particplaradigm used.

Four studies failed to find evidence that dual okdi@aining is effective in either improving
cognitive control or reducing rumination in healéults (De Putter, Vanderhasselt, Baeken, De
Raedt, & Koster, 2015), patients with depressioarotiety (Wanmaker, Geraerts, & Franken,
2015), or individuals with high levels of repet@iwnegative thinking (Course-Choi, Saville, &
Derakshan, 2017; Onraedt & Koster, 2014). Howeagthe CCT did not improve executive
functioning in these studies, it is not clear it studies were able to test the hypothesis that
improving executive functioning reduces rumination.

In contrast, several studies have found evideraeQRT influences rumination using an
adaptive version of the PASAT, which is experienasdrustrating and hypothesized to be a
potential trigger for rumination, such that tragimvolves practice in the application of cognitive

control to stay on the task rather than ruminateg(8 et al., 2014). CCT using the PASAT reduced
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trait rumination or maladaptive brooding in depesspatients (Siegle, Ghinassi, & Thase, 2007,
Siegle et al., 2014; Vanderhasselt et al., 201fg9ss reactivity and brooding to a naturalistic
stressor in high ruminating undergraduates (HoetadbKoster, Vanderhasselt, Callewaert, &
Demeyer, 2015), and patients with remitted depoassith the CCT delivered by the internet
(Hoorelbeke & Koster, 2017). In an unselected sttdample examined via EMA in daily life, the
effects of the PASAT were limited to reducing s@o@ous rumination in low positive affective
states (Hoorelbeke, Koster, Demeyer, Loeys, & Vdmaeselt, 2016). There is thus accumulating
evidence that CCT using the PASAT reduces ruminatiaat risk and clinical samples, consistent
with the hypothesis that executive functioning glaycausal role in rumination.

In addition to CCT studies, a different paradigns baamined the causal effect of training
individuals to recruit executive control resouredgen processing negative information (Cohen,
Mor, & Henik, 2015; Daches & Mor, 2014; Daches, M&rHertel, 2015). Daches and Mor (2014)
used an adapted version of the negative affectiveiqg task to train high trait brooders to inhibit
negative distractors whilst processing neutral glinRelative to a sham condition, they found a
trend towards improved inhibition of negative ienent material and reduced brooding. However, a
subsequent study (Daches, Mor & Hertel, 2015) datitereplicate these effects. Cohen, Mor and
Henik (2015) used an adapted flanker task in whicbngruent, but not congruent, trials required
participants to recruit executive control resouricesrder to be able to accurately indicate the
orientation of a central stimulus. In the experita¢nondition, 90% of trials that recruited
executive control (incongruent trials) were follaey a negative image, thereby training the
recruitment of executive control to be paired wita processing of negative stimuli. Relative to the
neutral condition, the training condition reporggnificantly lower state rumination in response to
a subsequent negative recall task. These findirmade preliminary evidence consistent with the
hypothesis that difficulties in using executive tohto manage negative information partially

underpins state rumination. However, further redeaeeds to clarify how robust these effects are
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and to test whether manipulating individual diffeces in executive control causally influences trait

rumination.

The experimental evidence to date is broadly ctarsisvith the hypothesis that impaired
executive functioning causally contributes to depiee rumination, especially in the context of
stress. However, the alternative direction of chilysamamely that ruminative preoccupation on
negative thoughts will lead to impaired executieateol is also supported. There is evidence that
induced rumination impairs performance on taskessssg executive functioning (Philippot &
Brutoux, 2008; Watkins & Brown, 2002; Whitmer & @bt 2012), although other studies have
failed to find such effects (Roberts, Watkins, &IM/i2013; Wong & Moulds, 2008).

An as-yet-unresolved issue is whether a genengdimment in executive functioning or a
more specific difficulty in manipulating negativ&@rmation underpins rumination. There is some
evidence that this association is most clear wherstimuli used are negative, emotional and
personally relevant (Beckwe, Deroost, Koster, Deshyder, & De Raedt, 2014; Koster, De
Lissnyder, & De Raedt, 2013). However, a recentesyatic review found that the association
between repetitive negative thinking and defiaitexecutive functioning did not differ between
neutral and emotional stimuli (Zetsche, BurkneiSéhulze, 2018), although this study combined
negative and positive stimuli, so it could not tesaf there are selective impairments in procegsin

negative content.

Abstract Processing Style

A fourth mechanism identified in the H-EX-A-GO-Noatel is the processing style adopted
(Abstract style) when repetitively dwelling on né&ga information (Watkins, 2008; A in the H-
EX-A-G-ON model). As noted earlier, a key issue #mgory of rumination needs to address is
delineating what determines whether repetitiveltimg on negative content is adaptive or
maladaptive and how to explain that sometimes tegdhinking about difficulties can be

constructive (Watkins, 2008). This is a particdiantation of both Response Styles Theory and
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Control Theory. Response Styles Theory only focesedetrimental rumination and has no
account of how rumination can be helpful, althoitghews rumination as a failed attempt at
problem-solving. Control Theory proposes that ruation is unhelpful when it is not successful at
addressing or resolving a discrepancy in goal msgrbut does not operationalize in detail what
influences this.

There is now extensive evidence that there areréifit processing styles during rumination,
each with distinct helpful versus unhelpful consstes. The processing style characteristic of the
phenomenology of depressive rumination (and eslhetiee most pathological “brooding”style) is
abstract and analytical. This processing mode wesfeneral, superordinate, and decontextualized
mental representations that convey the essentiahimg, causes, and implications of goals and
events (thewhy” aspects of an action). In contrast, there is aenaalaptive processing style which
is more concrete and that involves a focus on tteei] specific, and contextualized experience of
an event. This processing mode addresses theddetgbals, events, and actions that denote the
feasibility, mechanics, and means bbW’ to do the action (Watkins, 2008).

Experimental manipulations of these thinking stylase robustly found that abstract
rumination causes negative consequences relate@nicrete rumination. Prompting abstract
rumination (with questions like “Why did this preph happen?”) impaired social problem-solving
in a recovered depressed group, who performed bhasveever-depressed participants in a no-
prompt control condition, whereas prompting coretbeinking (“How are you deciding what to do
next?”) ameliorated the problem-solving deficitfolun currently depressed patients (Watkins &
Baracaia, 2002). In depressed patients, comparalstoact rumination, concrete rumination
reduced negative global self-judgments (Rimes &Riviat 2005), improved social problem solving
(Watkins & Moulds, 2005), and increased specifiatyautobiographical memory recall (Watkins
& Teasdale, 2001). Repeated training to think aoacrete mode reduced subsequent emotional
reactivity to analogue loss events, relative toning in an abstract mode (Watkins, Moberly, &

Moulds, 2008). Abstract thinking is also particlyatetrimental during repetitive thought both in
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prospective (Ehring, Frank, et al., 2008) and expental analogue studies for PTSD examining

intrusive thoughts (Schaich, Watkins, & Ehring, 2RIThus, this distinction between different
processing styles explains how ruminative thinlabgut negative events can sometimes function
as effective analysis of difficulties that supp@teblem-solving and emotional recovery (Andrews
& Thomson, 2009; Bartoskova et al., 2018; WatsoAr&rews, 2002), but also indicates how
rumination can go wrong as an attempt at problelwirgy and rather than resolving negative
affect, instead prolong and exacerbate it.

Since processing mode was first hypothesized &y anechanism in the outcomes of
rumination (Watkins, 2008), this patterns of fingkrhas been further confirmed and extended
across a number of independent research groupsriingnts manipulating abstract versus
concrete rumination have found that the abstranimation has more negative consequences with
respect to: (a) Eating disorder risk: abstract nation increased body dissatisfaction in women
after comparing themselves to images of female tsdéviere, Rousseau, & Douilliez, 2018;
Spinhoven et al., 2018) and elevated estimatese@hwand greater efforts to neutralize stress in
participants high in eating disorder psychopathplafer they imagined eating fatty food (Rawal,
Williams, & Park, 2011). (b) PTSD: abstract rumioatincreased negative intrusions after
watching upsetting videos of accidents as an analég PTSD symptoms (Schaich et al., 2013). (c)
Negative cognitions: abstract rumination resultedlower decision-making in high dysphoric
participants (Di Schiena, Luminet, Chang, & Phibp®2013); increased regret after writing about a
prior decision (Dey, Joormann, Moulds, & Newell 180, and more negative generalization in
dysphoric students following a learning phase andengeneralization of angry faces to the self
(Van Lier, Vervliet, Boddez, & Raes, 2015; Van Li¥ervliet, Vanbrabant, Lenaert, & Raes,
2014). (d) Psychotic experiences: abstract runonatievated experience of schizotypic symptoms
in the form of self-reported anomalous perceptioin®ality (e.g., feeling someone is touching you
but nobody there when you look) in university studgRicarte, Del Rey, Ros, Latorre, & Berna,

2018; Ricarte, Ros, Fernandez, Nieto, & Latorrd, 8 0Abstract thinking is also found to be
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particularly detrimental in prospective studies@ming intrusive thoughts (Ehring, Frank, et al.,

2008), and relative to healthy controls, alcohghetedent individuals report similar levels of
concrete adaptive repetitive thinking but signifitg higher levels of abstract repetitive thinking
(Grynberg et al., 2016).

It is hypothesized that the effects of processiragle are due to their differences in
sensitivity to contextual and situational detailgikins, 2011). Relative to a concrete mode, an
abstract mode insulates an individual from the sigemntext, affording generalizations and
inferences across different situations. In someuanstances (following success, positive mood)
this can be adaptive, making an individual lesgaisible and impulsive, supporting consistency
and stability of goal pursuit across time, and piodg positive generalizations. However, in other
contexts, especially when faced with difficultiesldow mood, the abstract mode will be
maladaptive, making the individual less responsivihe environment, providing fewer specific
contextual guides to action and problem-solvingl generating negative overgeneralisations.

The addition of the mechanism of abstract procgssithin the H-EX-A-GO-N model adds
explanatory power. Because the style adopted isfitapt in determining whether repetitive
thought is helpful or unhelpful and whether it safp effective problem-solving or not, it provides
a more detailed operationalisation of when rummgatibout a goal discrepancy would be effective
or not. The H-EX-A-GO-N model hypothesizes thatalkdeption of an abstract processing style
interacts with goal discrepancies to make it ldsdy that repeated thinking facilitates sufficient
goal progress, resulting in more prolonged and rfregpient bouts of state rumination and negative
affect. Furthermore, the tendency to process in&bion in an abstract way could itself be part of
the habitual mental style that is learnt in eaf. [The mechanism of processing style is
hypothesized to influence the process of repeatagolgmatic goal discrepancies leading to habit
formation: focusing on goal discrepancies with aarete processing style would promote active
problem-solving and thus foster the habit of prabteolving in response to low mood. In contrast,

focusing on poor goal progress by analyzing themmggand implications of events and feelings
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will result in the repeated pairing of negativeeatfabout problematic goals with persistent
maladaptive rumination, and so the individual w#lvelop an unhelpful mental habit of abstract

rumination.

Negative Infor mation Processing Biases

The fifth mechanism hypothesized to be causallglved in the development and
maintenance of rumination is a bias in negativermition-processing including the tendencies to
preferentially attend to negative information, shislayed disengagement from negative content,
interpret ambiguous information negatively, andallemore negative information (Everaert, Koster,
& Derakshan, 2012; N in the H-EX-A-GO-N model). 8umases would increase the frequency and
accessibility of negative thinking, and, thus dnaere recurrent and prolonged rumination.

Attentional Biases.

Biases in attention can involve an engagementwleese attention orients towards negative
information or a disengagement bias that featurfésudties in shifting attention away from
negative information. Increased engagement witlatneg information may increase the likelihood
of rumination starting, whilst difficulties in disgaging attention from negative stimuli may make
it hard to stop rumination. Many studies find thrait rumination is associated with an attentional
bias towards negative stimuli (Beckwe & Deroostl@0Sanchez-Lopez, Koster, Van Put & De
Raedt, 2019; Donaldson, Lam, & Mathews, 2007; Du@amchez, & Vazquez, 2014; Grafton,
Southworth, Watkins, & MacLeod, 2016; Holas, Krefausanowska, Rohnka, & Nezlek, 2018;
Joormann, Dkane, & Gotlib, 2006; Kaiser et al.,20@wens & Gibb, 2017; Pe, Vandekerckhove,
& Kuppens, 2013; Southworth, Grafton, MacLeod, &tWias, 2017; Yaroslavsky, Allard, &
Sanchez-Lopez, 2019) and towards symptom-relenémnnation(Dondzilo, Rieger, Palermo,
Byrne, & Bell, 2017), and reduced attention to pesiinformation (Owens & Gibb, 2017; Pe et al.,
2013; Yaroslavsky et al., 2019), although see Héiizke, and Pollak (2017). Rumination has

additionally been shown to be associated with epneitiduced blindness, another index of
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attentional bias, capturing interference betweettisfemporal targets and emotional distractors
(Onie & Most, 2017).

However, most of these paradigms focus on exteteab-spatial attention, rather than the
internal focus of naturally occurring ruminationohdover, the majority of these paradigms cannot
distinguish between biases in engagement or digengant of attention. Recently, using an
adapted version of the dot probe attention paradigeigned to disentangle engagement from
disengagement bias, rumination has specificallyl@ssociated with deficits in disengaging spatial
attention from negative stimuli (Grafton et al.18Q Southworth et al., 2017).

Prospective studies also suggest that delayedgigement from negative and positive
stimuli may be involved in rumination: the longkat depressed individuals dwelled on negative
words during a visual gaze task the greater thegrted ruminating in daily life over the
subsequent week (Holas et al., 2018), and sloveendagement from positive faces predicted
reductions in ruminative brooding over five montivkjlst ruminative brooding prospectively
predicted delayed disengagement from negative fadeslividuals who experienced stressful life
events (Sanchez-Lopez, Koster, Van Put, & De R&&d19).

To test the hypothesized causal role of informaparcessing biases on rumination, these
biases need to be experimentally manipulated. GogrBias Modification (CBM) uses systematic
practice that introduces training contingenciestmlify automatic patterns of processing
selectivity, for example, by selectively reinforgiattention towards positive relative to negative
words (Cognitive Bias Modification-Attention, CBM)AHertel & Mathews, 2011). Studies of the
effects of CBM-A on rumination have had mixed fingls. A spatial cueing task used to train
depressed and dysphoric participants to direct Htgntion away from negative words and towards
positive words was not effective at changing aitevat bias, and, thus did not provide a suitable
test of whether shifting attentional bias influemcemination (Baert, De Raedt, Schacht, & Koster,
2010). Yang, Ding, Dai, Peng, and Zhang (2015) ébtlmat CBM-A reduced negative attentional

bias, depression and rumination in a dysphoric $anapd the change in attentional bias mediated
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the change in rumination. However, in a secondyswith depressed adolescents, CBM-A reduced
negative attentional bias and depressive symptbuts]id not reduce rumination (Yang, Zhang,
Ding, & Xiao, 2016). In female undergraduates, Dalog Rieger, Palermo, and Bell (2018) found
a single session of dot-probe training to attem¢hatds or away from thin images was effective in
modifying attentional biases, but did not redu@estumination to a body-image stressor. In
contrast, in a novel paradigm, eye gaze-continfgsttback was used to direct participants’
attention towards positive words when generatingrpretations. Relative to a control task of freely
generating interpretations without feedback, the ggze-contingent feedback training increased
sustained attention to positive information ancucsdl state rumination in response to negative
images (Sanchez-Lopez, Everaert, Van Put, De Ré&ddbster, 2019).

Thus, there is mixed evidence with respect to &tiral bias playing a causal role in
rumination, but there is not robust and reliablelence for attentional bias causally contributiog t
rumination. One issue may be that most CBM-A payadi are focused on external visuo-spatial
attention, when rumination is characterized byrimaépreoccupation and attention focused on
mental themes and semantic information. We neel@tiermine whether current positive findings
are false positives or whether the failures tauefice rumination can be understood with respect to
potential moderators of training efficacy suchlesdose of training or focus and nature of CBM-A.

I nter pretative and Memory Biases.

A bias to interpret ambiguous information negaineahd to recall negative memories has
also been hypothesized as a maintaining procassrimation (Hertel, 2004). Trait rumination is
robustly associated with biases in interpretat©annolly & Alloy, 2018; Krahe, Whyte, Bridge,
Loizou, & Hirsch, in press; Suslow, Wildenauer, &riher, 2019; Wisco, Gilbert, & Marroquin,
2014) and memory (Kuo et al., 2012; Mellings & Aid@000; Morgan & Banerjee, 2008; Raes,
Hermans, & Williams, 2006; Wisco et al., 2014).

There is extensive evidence from prospective (Ciywg&oAlloy, 2017) and experimental

studies that rumination itself causally contributesegative interpretation biases (Hertel, Mor,
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Ferrari, Hunt, & Agrawal, 2014; Hertel & El-Messid@006; Wisco & Nolen-Hoeksema, 2010) and

the recall of more negative (Lyubomirsky, Caldwé&liNolen-Hoeksema, 1998) and overgeneral
autobiographical memories (Watkins & Teasdale, 200atkins, Teasdale, & Williams, 2000).
However, experimental studies have also used GuegrBias Modification of Interpretation (CBM-
) to test the reverse direction of causality.

CBM-I has tested the causal effect of biases onrmration through repeated practice in
reading or listening to ambiguous descriptionsceisirios, which are then resolved in a benign
manner, followed by a ‘comprehension’ test reqgiconfirmation of the positive resolution. There
is emergent evidence that training training indinal$ to make negative resolutions of ambiguous
situations increased state rumination followingatkeaf a negative personal experience, relative to
training to make benign resolutions (Hertel, Mdrale, 2014), providingroof-of-principle that
negative cognitive bias can influence state runomnat

There is also extensive evidence that worry, amdtren of repetitive negative thought, is
influenced by manipulations of attentional bias arntdrpretative bias, further suggesting that such
negative cognitive biases may play a causal rotherdevelopment and maintenance of repetitive
negative thought (Hayes, Hirsch, Krebs, & Mathe2® 0; Hayes, Hirsch, & Mathews, 2010;
Hirsch et al., 2018; Hirsch et al., 2011; Hirscledien, Krahe, & Reeder, 2016). Consistent with
this, a recent trial found that repeated CBM-I ssstully manipulated interpretation biases and
reduced trait rumination and worry in individualglwdepression or anxiety, with the change in
interpretation bias partially mediating the effeatdraining on rumination (Hirsch et al., 2018).

In sum, there is reasonable evidence to suggdsi@pulating interpretative bias, can
influence state and trait rumination, consisterihwhe hypothesis that such biases have a causal
effect on rumination. It may be that CBM-A is effiee at influencing rumination when it also
influences interpretations, as is afforded by thegdigm used by Sanchez-Lopez et al., (2019).

With respect to the H-EX-A-GO-N model, these negabiases can be conceptualized as a

learnt habit: as for the abstract processing stiyleformation of negative information-processing
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biases as a habit increases the likelihood of dgusd a trait tendency towards rumination.
Negative information-processing biases have beanagiualized as developing through the same
associative and instrumental learning processesalais formation and CBM-1 has been shown to

change automatic habitual processes (Hertel, Hol&a&enbow, 2014; Hertel & Mathews, 2011).

TheIntegrative H-EX-A-GO-N Mode

The H-EX-A-GO-N model hypothesizes that each effthie mechanisms outlined
contributes to the onset and maintenance of rumomat an additive and synergistic way: with
each additional mechanism present, the greatdikéfldtnood that an individual develops a
propensity towards trait rumination. It proposest th combination of multiple elements is
necessary for pathological rumination to develapeach factor on its own is not necessarily
sufficient to produce an increase in trait rumioatiexcept perhaps for the mechanism of habit
formation when supported by strong distal vulndrigtfiactors. For example, goal discrepancies do
not necessarily produce maladaptive rumination,oat executive control does not always result
in elevated trait rumination.

The H-EX-A-GO-N model hypothesizes that the corelmamism for the development of
pathological rumination is the formation of unhelpfepetitive thinking as a mental habit (H),
reflecting this central characteristic of depreeswmination. This development of mental habits
across repeated multiple occasions through reHesardaconditioning is a central route for the
development of depressive rumination. Howeverntioelel hypothesizes that this route is
facilitated and made much more (or less) likelyptigh the effects of the other mechanisms.
Critically, the H-EX-A-GO-N model considers thattfive key factors identified are not
independent and are highly likely to interact biothabit formation and in the expression and
maintenance of rumination. Thus, habit-formationldaccur through rehearsal and repetition of a
passive self-focused style, as shaped by parestytg) (H alone), or from repeated occurrences of

problematic goals, resulting from difficult lifercumstances (H-GO interaction), especially in the
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context of an abstract processing style (e.g., 6-N-A-GO interactions) or negative information-
processing bias (H-N or H-GO-N interactions), eattWwhich separately or together (e.g., H-A-N)
would facilitate unhelpful rumination (Figure 2 ).

Examples of how the mechanisms interact and arendependent of each other include:
impaired executive control reduces an individuabdity to inhibit a habitual response (H-EX
interaction); shifting processing style is liketyihvolve executive control and thus deficits in
executive control may make it harder to shift td@re adaptive concrete style (EX-A interaction);
adopting the abstract processing style makes dtdndao successfully problem-solve and end an
episode of rumination (A-GO interaction); negatint®rmation processing biases are likely to
increase the perception of poor goal progress|tnegun more frequent ruminative episodes (GO-
N interaction); such biases may also increaseiteéHood of the formation of ruminative habits as
a consequence of increased attending to, and @iagesf negative content (N-H interaction).
Examples of these interactions are illustratediguife 2 (see panel 2). Further, the onset of
rumination, whether as a learnt habit or in respdogpoor goal progress, itself occupies working
memory and can impact on executive functioningl{Bpot & Brutoux, 2008; Watkins & Brown,
2002; Whitmer & Gotlib, 2012), and exacerbate sasemake negative interpretations and dwell
on negative memories (e.g., Hertel & El MessidD@0

As well as learning to dwell on problems as a hisiugh early experience, individuals
can also learn to think in an abstract way or tcpss information negatively as a mental habit,
resulting in habitual abstract, negative thinkingesponse to negative moods (H-A-N interaction).
In turn, this process of habit formation would beilitated by the presence of poor executive
control, making it hard for an individual to shéftvay from negative thinking, and/or more abstract
processing, which would perpetuate the tendendgpressive rumination.

The H-EX-A-GO-N model explicitly links these proxal mechanisms to the identified
distal vulnerability factors for rumination (Kingst, Watkins, & O'Mahen, 2013; see Figure 2).

The distal vulnerabilities of early adversity anterpersonal stress can drive multiple proximal
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factors: (a) such circumstances will necessarNpive periods of prolonged or repeated unresolved

goals and provide the setting conditions for rurhorato develop as a learnt habit to low mood or
stress (Figure 2, panel 1); (b) exposure to matglimpactful negative experiences has also been
hypothesized to develop negative information-prsicgsbiases through exposure to environmental
contingencies such as extended stressful life syentvhich context such biases are at least
temporarily adaptive (Clarke, MacLeod, & Shiraz2@0)8); (c) the accompanying experiences of
loss of mastery and hopelessness can drive théogenent of more passive and abstract
processing (Dweck, Chiu, & Hong, 1995; Dweck & Letjg1988). Unhelpful parenting styles and
socialisation may directly teach individuals to (@peatedly dwell on emotions, increasing the
likelihood of developing a ruminative habit, (b)ttonk in an abstract and analytical manner, (c) to
interpret ambiguous information in a more negaiway (Figure 2, panel 2). Hence, each
environmental vulnerability factor can potentiallsve multiple proximal mechanisms. In addition,
these environmental vulnerabilities are unlikelyoindependent: for example, increased
experience of early adverse events is associatidgneater likelihood of experiencing later
interpersonal stress.

<INSERT FIGURE 2 ABOUT HERE>

Explaining What Makesit so Hard to Break Free of Rumination Once it Starts

The elaborated H-EX-A-GO-N model provides a deth#ecount of why it is difficult to
break free of rumination. First, conceptualizinghméogical rumination-as-a-habit partially
explains why people find it so hard to stop rumimgatlespite finding it unhelpful. Once developed,
habits are resistant to changes in goals, bebetspomes or intention and difficult to stop because
control of the habit is outsourced directly to domtextual cues paired with the past enactment of
the behaviour rather than mediated by goals oroos (Wood & Neal, 2007). Old habits also
tend to reoccur when an individual returns to ahaalintext, or when the individual is fatigued,

under stress, or experiencing cognitive load (Bou®00; Schwabe & Wolf, 2011). These are
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exactly the situations where more rumination isezignced, as well as the circumstances where
rumination is most deleterious and where peoplet mhesire to stop ruminating but find it hardest
to do so.

In addition, the habit (H) of rumination is likely be strengthened by negative biases (N)
due to increased opportunities for rehearsal, bhyemaking it more difficult to override. Prolonged
goal discrepancies (GO) can act as a stressorepidtd cognitive resources, making it harder to
resist the habit.

This also has implications for treatment. Interi@md focused on changing individual’s
beliefs, attitudes and intentions and providing maf@rmation are not typically effective at
changing habitual behaviours (Verplanken & Wood)@0Nebb & Sheeran, 2006) because they do
not directly address the pattern of context-respdearning. This suggests that many common
elements of psychological interventions such aslpsgducation (providing new information),
changing goals, and changing beliefs, in isolatwoild not be successful at changing depressive
rumination, because they do not tackle its habduality and alter the context-response learning.

Instead, habit change research indicates two eféestrategies: first, to disrupt or remove
the environmental factors (e.g., time, place, maéstate such as low mood, behavioural routine)
that automatically cue the habit (Verplanken & Wp20d06) and, second, to counter-condition an
alternative incompatible response to the cuesttigater the habit, i.e., learning a new more hdlpfu
habit to the same cues as the original habit (H&094; Marteau, Hollands, & Fletcher, 2012;
Wood & Neal, 2007). Therefore, to effectively arefpanently reduce rumination, instead of the
unhelpful abstract response style to the cueingecoiie.g., sad mood), the patient needs to
repeatedly practice using an alternative incomgeatibping strategy to the same triggering cue, in
order to learn a new, more adaptive habit. For ganthis alternative strategy could be thought
challenging or reappraisal but critically the haihiange literature suggests that such strategexs ne

to be frequently repeated in the context of thgggers for rumination to be effective: occasional
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cognitive restructuring would not be expected tuee rumination-as-a-habit. These ideas are
returned to in the section on treatments for rutiona

Second, because abstract processing is showrptoriproblem-solving, increase
overgeneralization and exacerbate emotional regsaivgatkins, 2008), it directly interferes with
attempts to make satisfactory goal progress. Atispracessing is additionally likely to emphasize
the higher-order significance of the goal, therebfzancing its perceived importance and making it
more difficult to abandon (Watkins, 2011). Tryirggruminate out of a problem in an abstract
manner is therefore likely to fail, and will onlgrse to make the problem more salient and
prominent, trapping the individual in a cycle ofmmation.

Third, poor executive control will impair abiliti¢e shift processing away from ruminative
content in working memory. This has implicationsibfor the ability to break out of an episode of
habitual rumination once it has started, but mayp aicrease the likelihood of developing
rumination as a habit in the first place. Individddferences in executive functioning (EX) help to
explain why some individuals may find the ruminathabit especially difficult to break free from
once established, even in the absence of a signtfgtressor. In addition, during a period of
chronic stress and difficult-to-resolve goals, pexecutive control and reduced cognitive flexililit
may limit an individual’s repertoire of possiblespdnses to a given scenario, impair reversal
learning if that response is no longer effective] ancrease the likelihood that unhelpful responses
(such as abstract thinking or negative biaseshatgated and repeated as a default response to th

same or similar contexts.

Unresolved Issues and Further Testsfor the H-EX-A-GO-N M odel

The evidence reviewed is supportive of the hypathehat each of the mechanisms
identified within the H-EX-A-GO-N model can influea state and trait rumination as individual
factors. Nonetheless, a key element of the modelrdquires further testing is the hypothesized

interaction of the mechanisms in driving ruminatisuhilst some interactions are well-established
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(e.g., poor executive control limiting inhibitiorfi leabits; rumination impairing executive

functioning), others require further testing, esacregarding how the mechanisms interact to
influence the onset and maintenance of ruminatton.example, one key hypothesis to-be-tested is
that the combination of prolonged goal discrepanaigd the adoption of an abstract processing
style will result in increased individual differescin pathological habitual rumination, and to a
greater extent, than the presence of each facaoeaBimilarly, the H-EX-A-GO-N model predicts
that the addition of each factor would increaselitedihood of pathological rumination developing
as an individual difference. In practice, this ebbk tested by examining the ability of the
combined factors to predict the concurrent and egilxsnt manifestation of trait rumination as a
repetitive and perseverative response style: tdéiad of each factor and respective interaction
terms would be expected to account for a greateauvee of trait rumination explained in a
prospective longitudinal design.

A particularly important area within the model ttih@quires further testing concerns the
habit formation element of the model. Whilst theceptualisation of pathological rumination as a
habit is consistent with the aetiological distaltéas predicting rumination, and directly maps onto
the phenomenology of depressive rumination as aationhard-to-control, occurring outside of
awareness and without effort and to consistent suels as low mood, the habitual nature of
rumination has not been experimentally unpackeg@aticular, experimental and learning
paradigms that have been developed to determintheta process is habitual (automatic) or goal-
based (controlled) could perhaps be usefully agpbethe study of rumination. One approach
involves process-dissociation procedures in whiobr pask learning and task instructions can
either act together or in opposition to distinguasttomatic from controlled processes (Hertel,
Holmes, et al., 2014; Hertel, Maydon, Ogilvie, & M&018).

Another approach involves the outcome devaluatamagigm consisting of (a) a learning
phase used to train that a particular response éegarticular choice or lever press) produces an

outcome (e.g., receipt of food); (b) devaluationha outcome (e.g., satiation for a food outcome,
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or aversion conditioned to the outcome) and (opxmction phase, in which the outcome is no
longer presented following the response. After domrlgf training, the trained response is reduced
following the devaluation indicating that it wasajdirected, but after extensive training, the
behaviour continues even after the devaluation¢atohg that it is now habitual (de Wit &
Dickinson, 2009; Neal, Wood, Wu, & Kurlander, 20Tticomi, Balleine, & O'Doherty, 2009),
although see also de Wit et al. (2018). For a ¢pagkd behaviour, performance of the behaviour
reduces, but this reduction does not occur so rfardhabitual behaviours, which are insulated
from goal change. Habitual accounts of ruminatigpdthesize that rumination initially started
because it resulted in desired outcomes (i.e.;datn), but that because of over-learning, it has
become a habit and therefore even when the desutedme is devalued, the ruminative response
will perseverate.

However, to date, these paradigms have not beehtastudy rumination-as-a-habit and
establish what can facilitate or impair the deveiept of habitual rumination. This in part reflects
methodological difficulties in adapting these pagats to naturally occurring rumination: typically
these paradigms often train an arbitrary respamsieei lab to examine habitual versus goal-based
learning, but this is more difficult for spontaneaumination. In addition, a meaningful way to
devalue rumination or its consequences as an ogtt®nequired. Nonetheless, this is likely to be
an important area for methodological developmdotsgxample, by examining sensible analogues
to ecologically valid rumination, such as trainingreased recall of negative words/themes in a
linked chain and then extinguishing them in the lab

Further, there is a growing literature indicatihgttthere are individual differences in the
propensity to form habits (habit propensity), witbreased tendency to form habits implicated in
the development of certain disorders such as Olwge€®mpulsive Disorder (Gillan et al., 2014,
Gillan et al., 2011; Robbins, Gillan, Smith, de WitErsche, 2012). This propensity is assessed by
a computerized outcome-devaluation task in whiahtg@r money can be collected, and in which

participants learn different stimulus-response-onrte-contingencies. After the learning phase,
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some outcomes are devalued such that they leqe wubtraction of points. Individual’s ability to
selectively respond to stimuli that are still asatad with valuable outcomes and to suppress
responses to now devalued outcomes is an indéredfdlance between goal-directed and habitual
control (de Wit et al., 2012). Such a habit projgrsould provide a distal and presumably
biologically underpinned vulnerability factor foathological rumination: A specific hypothesis
arising from the Habit formation element of the M-B-GO-N model is that this propensity to
develop habits will predict increased trait rumioat especially in the context of the other distal
and proximal mechanisms.

The H-EX-A-GO-N model also has implications fagdtment. First, it predicts that
interventions that target each of the five ideatifmechanisms should be effective in reducing
rumination. Second, the model predicts that treatsthat target multiple mechanisms
simultaneously will be more efficacious. Finalliypredicts that it may be possible to tailor
interventions for rumination, such that targetihg particular H-EX-A-GO-N factors present in an

individual may produce more efficient reductiorrumination.

Treatment of Rumination

All of the consequences of rumination reviewedieahighlight the potential value of
successfully targeting rumination. Successfullgéting rumination could enhance the efficacy and
potency of psychological treatments and improveepabutcomes, especially for patients with co-
morbid anxiety and mood disorders, and for those arfe more chronic, complex, and less
responsive to treatments. Indeed, patients witmodsid anxiety and depression often have the
poorest response to treatment, and rumination &éas proposed as an endophenotype of treatment-
resistant patients (Mennin & Fresco, 2013).
What treatments may be most effective in treating rumination?

Because rumination involves repetitive negativeigid and CBT challenges negative

thoughts and increases rewarding behaviours, CBWdisated to reduce rumination. However,
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until recently, many major trials had not includediination as an outcome measure, which made it
difficult to assess the potential efficacy of startitreatments such as CBT in reducing rumination.
As noted earlier, there is evidence indicating ®@BT may not be effective at reducing rumination

in depression (Jones et al., 2008; Schmaling e2@02), although other studies have found a
positive effect. For example, in adolescents, thaiteon of CBT to antidepressant treatment as
usual was found to produce a greater reductioanmmation, albeit in a small sample (Wilkinson &
Goodyer, 2008). A number of treatments have begaldped to specifically target rumination,
including within a CBT framework (rumination-focus€BT Watkins, 2015; Watkins, 2016), and
approaches building on the research linking cogmitiases and executive function deficits with
rumination (CBM and CCT approaches).

Rumination-focused CBT (RFCBT).

RFCBT is theoretically informed by the evidenceiegwed earlier both that pathological
rumination can be conceptualized as learned hdlinaraviour that develops through rehearsal and
negative reinforcement, and that there are helpfdlunhelpful styles of processing within
rumination (Watkins, 2008; Watkins, 2015; Watking\&len-Hoeksema, 2014). Whilst still
grounded within the core principles and techniqpfeSBT for depression, RFCBT combines a
number of important novel elements. First, RFCBJonporates the functional-analytic and
contextual approach developed in Behavioural Atiovae(Dimidjian, Barrera, Martell, Munoz, &
Lewinsohn, 2011; Jacobson, Martell, & Dimidjian02Q. Functional analysis is used to examine
how, when and where rumination does and does moirpand its antecedents and consequences, to
formulate its possible functions and to make plhas systematically reduce or replace it. This
approach explicitly targets rumination-as-a-hapitdentifying antecedent cues to rumination (i.e.,
the triggers to the habit), controlling exposurd¢htese cues, and by repeatedly practising altemnati
helpful responses to these cues, in order to cowotalition an alternative, more helpful habit.

Second, RFCBT uses functional analysis, imagetyaweural experiments, and

experiential approaches to shift a patient fromuheonstructive abstract processing style to the
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constructive concrete style. Functional analysissid to discriminate between helpful versus

unhelpful thinking about difficulties and to coggatients towards more helpful thinking. Patients
use directed imagery to recreate previous merdt@sivhen a thinking style directly counter to
rumination was active, including concrete thinkinggemories of being completely absorbed in an
activity (e.g., ‘flow’ experiences), and experiead increased compassion to self or others. In the
H-EX-A-GO-N model, RFCBT therefore tackles habianbe (H), abstract processing (A), and
negative information-processing (N) directly, agdal discrepancies (GO) indirectly by seeking to
improve problem-solving.

A randomized controlled trial (RCT) allocated fottyo patients with medication-refractory
residual depression to treatment-as-usual (TAWalr to TAU plus 12 sessions of individualised
RFCBT (Watkins et al., 2011). TAU consisted of oimgoantidepressant medication and out-
patient clinical management. TAU plus RFCBT sigrahtly reduced rumination and depression
relative to TAU alone (remission rates: TAU 21%;0ARFCBT 62%), comparing favourably to
adding standard CBT to TAU for the same patientigr(25%) (Paykel et al., 1999). Change in
rumination mediated the effect of treatment conditbn depression, although this was only
measured concurrently, preventing conclusions atausal direction. An independent trial
confirmed that group-delivered RFCBT improved depeel mood and reduced rumination relative
to a waiting list condition in patients with resadulepression, with treatment gains maintained over
one year follow-up (Teismann et al., 2014).

A further trial comparing RFCBT versus assessmalyt for 33 adolescents with a history
of Major Depressive Disorder found that RFCBT dligantly reduced rumination and depressive
symptoms relative to control (Jacobs et al., 20f\M8R| scans pre- and post-intervention examining
resting state functional connectivity of the DMNifal that adolescents who received RFCBT
demonstrated significant decreases in connectbatyween the left PCC and the right inferior
frontal gyrus (IFG, a node of the CCN) and bilat@rgerior temporal gyri (ITG), indicating

decreased functional connectivity between the DMN @CN. Degree of change in connectivity
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was correlated with changes in self-reported deprasand rumination (Jacobs et al., 2016). These
results suggest that the DMN and CCN may beginitotfon more independently as skills for
reducing rumination are learned.

Because rumination has been implicated as a regkirféor depression onset, RFCBT has
also been tested as a preventative interventioddpression and anxiety (Topper, Emmelkamp,
Watkins, & Ehring, 2017). Group and internet RFOB&@re compared to a waiting list control
group in 251 Dutch adolescents and young adults @é@vated rumination but without current
major depression or anxiety disorder in a high-pekvention design. Relative to the waiting list
control, both RFCBT interventions significantly teed worry, rumination, anxiety and depression
at post-intervention and one year follow-up, anlddthone-year incidence rates of major
depression and generalized anxiety disorder, axeulby standard cut-offs on self-report
measures.

A partial replication tested the efficacy of intetiRFCBT versus usual practice control in
UK undergraduates at risk for depression becauséevéted rumination and found that relative to
control, guided online RFCBT significantly redudéé subsequent onset of major depression, as
assessed by structured diagnostic interview, eslhefor those young people reporting higher
levels of stress at baseline (Cook, Mostazir, & Mvet, 2019). Taken together, these results provide
proof-of-principle that rumination increases risk the onset of major depression and generalized
anxiety disorder, and that targeting rumination thassdiagnostic preventive benefit.

Cognitive bias modification (CBM).

One specific element of RFCBT, namely encouragimgore concrete processing style to
shift away from maladaptive rumination, has alserbeested as an independent treatment within a
repeated CBM approach. CBM training is a good a#atdi to change rumination-as-a-mental habit,
because it involves the same associative and mstmtal learning processes as habit formation and
has been shown to change automatic habitual pree¢ertel, Holmes, et al., 2014; Hertel &

Mathews, 2011). In this study, concreteness trgiiBM was derived from the processing mode
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research, and involved repeated practice at fogumirthe specific details, context, and sequence
(e.g., asking “How?”) of difficult events using aadecorded mental exercises in response to
identified warning signs for rumination. Providipgoof-of-principle, an RCT found that training
dysphoric individuals to be more concrete whendaegh difficulties for one week reduced
depression, anxiety, and rumination relative t@dreatment control and a credible attention
placebo control (Watkins, Baeyens, & Read, 2009uréher RCT of 121 patients with major
depression recruited in primary care compared TAdYided by general practitioners (half
received antidepressants), TAU plus guided self-behcreteness training, or TAU plus guided
self-help relaxation training. Both training conalits were matched for rationale, therapist contact,
identification of warning signs and daily practicging an audio-recording over 6 weeks, and
delivered via one face-to-face session and thremiBelephone sessions. Both concreteness
training and relaxation training were superior #Urin reducing depression, concreteness training
was superior to relaxation training in reducing mation, and outperformed relaxation training at
reducing depression when training was self-repaddzke habitual (Watkins et al., 2012).

Other CBM approaches have focused on trainingnmédion processing away from a
negative cognitive bias to a more positive biasgtivér in attention or interpretation of ambiguous
situations. Emerging evidence indicates that susN @aining, when delivered over repeated
sessions, can reduce rumination in clinical popaiat consistent with hypothesis that information-
processing biases influence rumination. A doubieeb$tudy of CBM-A extended to 8 sessions
over 2 weeks successfully reduced depression anohation relative to placebo training and no-
training in undergraduate students with elevatgeksive symptoms, with rumination mediating
the effect of attention bias change on subsequepredsive symptoms (Yang et al., 2015). A recent
trial found that training 157 volunteers with eittmeajor depression and generalized anxiety
disorder to make positive interpretations of ambiggisituations across 10 internet-delivered
sessions reduced worry and rumination and depesgimptoms, relative to a control condition

(Hirsch et al., 2018). Interestingly, there wagdiféerence in treatment effects for CBM-I whether
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or not there was an attempt to prime ruminatiomteethe training by instructing participants to

think about rumination topics. These findings sigjdleat there may be value in further considering
CBM approaches for rumination, although some cautiay be warranted given that recent meta-
analyses have not found significant treatment &ffear CBM approaches on anxiety and
depression (Cristea, Kok, & Cuijpers, 2015) (altjlothis did not include the Yang et al., 2015 or
Hirsch et al., 2018 studies) and we need robudicegion in patients recruited and treated in
clinical settings before we can consider CBM asgféective treatment.

Paralleling some of the principles of RFBCT andaeteness training, such as learning an
incompatible response to rumination and repeatactipe at experiential exercises, competitive
memory training (COMET) involves repeatedly reliyithe experience of memories that act
counter to rumination such as memories of timeshich the individual was able to step back and
distance themselves from emotional situations @dimpt an attitude of acceptance to a difficult
situation. In a clinical trial, COMET plus TAU, nidy pharmacotherapy, significantly improved
rumination and depression relative to TAU alon83molder adults with depression (Ekkers et al.,
2011).

M etacognitive therapy and Mindfulness-based CBT.

Metacognitive therapis based on the hypothesis that rumination isatat by positive
metacognitive beliefs about the usefulness of ratron and then exacerbated by negative
metacognitive beliefs about the negative consesqgeatrumination (Wells, 2009). Metacognitive
therapy focuses on challenging these metacogrbliefs and trains patients to disengage their
attention from self-focus to external stimuli. Tatel, metacognitive therapy has only been
examined in two case series for patients with tneat-resistant depression and persistent
depressive disorder, with positive within-subjdtaiege but without any randomisation or control
condition (Wells et al., 2012; Winter et al., 208%d a small RCT against waiting list control,

where it significantly reduced depression and ratiam and maintained improvements over one



61
year (Hjemdal et al., 2019). Metacognitive therapg yet to be compared to an active control or

active treatment.

Another treatment hypothesized to reduce ruminagdindfulness-based CBT (MBCT).
MBCT is a psychosocial group-based relapse prememiiogram that incorporates meditational
practice within the framework of CBT principlesameans to increase resilience against
depression (Segal, Williams, & Teasdale, 2082key element is mindfulness practice in which
participants learn experientially to maintain thegilention to their breath, thoughts, and feelings,
and to hold such experiences in awareness, in gutgmental and accepting way. These
mindfulness skills are hypothesized to enable iddizis to develop alternative responses to
negative thoughts and feelings, and, therebygp stit of habitual patterns of rumination. MBCT
has been demonstrated to be an effective relapsemron treatment for individuals with three or
more episodes of depression (Piet & Hougaard, 2011)

Mindfulness approaches reduce rumination in expantal analogue studies (Feldman,
Greeson, & Senville, 2010) and in trials of MBCT patients with a history of recurrent major
depression, relative to waiting list control (Gesoid, Peeters, Drukker, van Os, & Wichers, 2011)
and treatment-as-usual (van Aalderen et al., 204i#}),the reduction of depressive symptoms
mediated by decreased levels of rumination (vané@n et al., 2012). However, in other trials,
MBCT did not reduce rumination more than continmai@ntidepressants (Kuyken et al., 2008;
Kuyken et al., 2015).

Cognitive control training (CCT).

Based on the evidence that impaired executive iomcg may be implicated in rumination,
CCT has been examined as an intervention. Oneoveusies two tasks delivered by computer: an
Attention Control Training intervention (Wells, 200in which participants practice directing their
attention to multiple distinct sounds, requiring tse of selective attention processes, and an
adaptive variant of the PASAT. CCT was first testechn adjunctive therapy for 2 weeks in

addition to TAU versus TAU alone with severely degsed individuals in a day hospitalization



62
program (Siegle et al., 2007). Participants in@I&T group demonstrated a significant reduction in

depression and rumination symptoms relative t@#récipants who received TAU. A further trial
found that 3 sessions of CCT over 2 weeks reduepdedsion significantly more than a matched
control involving peripheral vision training in conunity volunteers with elevated depression
symptoms, although rumination was not assessedifSGaMcMorran, Siegle, & Otto, 2015; Siegle
et al., 2007). Similarly, CCT based on a more estenadaptive PASAT training procedure (10
sessions over two weeks), relative to active cégitreduced trait rumination, depression and stress
reactivity in high ruminating undergraduates (Hdloeke et al., 2015) and in patients with remitted
depression (Hoorelbeke & Koster, 2017).

Neurostimulation approaches such as transcrantatDCurrent Stimulation (tDCS), which
can directly modulate prefrontal excitability, hdveen used to increase activation in brain areas
implicated in working memory, such as the dorsoéterefrontal cortex (DLPFC). A recent study
compared the PASAT CCT plus active tDCS of the DCR€rsus the CCT with sham tDCS in
patients with major depression, and found thatoith l[groups, depressive brooding was reduced,
and extent of reduction in brooding was associafigu improvement in working memory
(Vanderhasselt et al., 2015). However, there wasfteat of tDCS and in the absence of a control
training group, it is not possible to infer the saleffect of the PASAT training.

Self-Systems Therapy (Strauman & Eddington (2017).

Consistent with the role of problematic goals immation and depression, there is
preliminary evidence from two small RCTs that fadividuals with specific self-regulatory
deficits, a structured therapy that specificalhg&s goal pursuit (Self-Systems Therapy,
Eddington, Silvia, Foxworth, Hoet, & Kwapil, 201Strauman & Eddington, 2017; Strauman et al.,
2006) is superior to cognitive therapy in treatitggpression, and that rumination may be an
important mechanism of action in these effects¢3dpRapadakis, Orr, & Strauman, 2013).
However, future research and larger RCTs are netedestablish how robust these findings are.

Aretreatmentsthat specifically target rumination necessary to reduce rumination?
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A recent systematic review examined whether theessrhents for depression that

specifically targeted rumination or repetitive niagathought (RNT) including those described
above, have a specific effect on rumination andlpce better outcomes than treatments that do not
specifically target rumination (Spinhoven et aQ18). This meta-analysis of 36 randomized
controlled trials involving 3307 patients found tir@atments intended to target rumination noted
above (in particular rumination-focused CBFE 0.76,p < .01; CCTg=0.62,p < .01; MBCT,g =
0.44,p<.01), as well as CBTg(= 0.57,p < .01), had medium-sized effects on reducing ramndm
relative to control arms, and had significantlygkar effect sizes than other treatments including
antidepressant medication. The effects on rumingimst-treatment were only significantly
associated with reductions in depression sevaritymination-focused CBT. It was concluded that
“in particular RNT-focused CBT may have a more puamced effect on RNT than other types of
interventions” (Spinhoven et al., 2018, p. 71).sTimay be an under-estimate of the potential effects
of RNT-focused CBT. Several of the trials includedhe meta-analysis tested variants of
interventions (e.g., concreteness training; (Mogop8sailean, & David, 2013)) that diverged from
the original treatment protocol in major ways (empt using autobiographical events; no face-to-
face training; not using audio-recorded exercidé@&erent prompt questions; written exercises
rather than imagery), potentially weakening ovesétct sizes. Critically since this review, a

further trial found that group-delivered RFCBT sfgrantly outperformed group-delivered CBT in
reducing acute depression in 121 adults with m#gmression (Hvenegaard et al., 2019)
strengthening the evidence for rumination-focusgerventions.

When considering the effect of interventions onination, it is also important to note that
the habit account proposes that any interventibasimprove mood state will temporarily disrupt
depressive rumination by removing the context,(icev mood) that triggers the ruminative habit
and, thereby, limit its expression. However, omiferventions that modify the underlying habit will
lead to long-standing reductions in rumination (Mifeg & Nolen-Hoeksema, 2014). Without

changing the underlying habit, once the triggedagtext returns during another period of
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depressed mood or stress, the tendency to rumaratiel be reactivated, increasing vulnerability to

another episode of depression. Many psychologntahventions improve symptoms in the short
term through positive expectancy, remoralizatiooreased activation, and therapist support,
without necessarily directly targeting the rumimathabit: as such, they may appear to reduce self-
reported rumination post-intervention without chiaggts habitual quality. The most commonly
used self-reported measure of rumination (Resp8hgdes Questionnaire; Nolen-Hoeksema, 1991)
only assesses the frequency of rumination in resptmlow mood (i.e., to a common trigger) but
does not assess other key dimensions of a halhtasuits automaticity, involuntariness, and goal
insensitivity. Future studies therefore need tdweata the longer-term impact of treatment on
rumination and relapse/recurrence, as well as dectueasures that capture all dimensions of the
habitual quality of pathological rumination.

In sum, there is emerging evidence of effectiteriventions for rumination, particularly
those that explicitly target rumination itself (Bpoven et al., 2018). The evidence from treatment
trials is broadly consistent with the predictionsiag from the H-EX-A-GO-N model:
interventions targeting rumination-as-a-Habit, EXee functioning, Abstract processing, and
Negative biases are all efficacious at reducingimation. The key next step in enhancing
interventions and in testing predictions arisirgnirthe H-EX-A-GO-N model is to test the
potential positive interactive effects of combiningnination-focused interventions. For example,
the model predicts that on average, a combinatiG®F&€BT and CCT would outperform either

individually in reducing rumination by targeting iple relevant mechanisms.

Further Research and New Directions
In addition to the specific hypotheses arisingrfriie H-EX-A-GO-N model that require
testing, there are several further areas of mariturther exploration in rumination research. girs
whilst self-report will necessarily always be @i to the study of rumination because it is

essentially an experience of internal subjectivescmusness, the development of well-validated
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implicit behavioural and psychophysiological inades of rumination would be advantageous to

the field. Such indices, once established as analpgoxies highly correlated with self-reported
rumination, can reduce some of the limitationswofent measures, most notably the potential for
demand and expectancy effects, the reliance orraecawareness and recall, and the reflexive
nature of studying rumination — i.e., attemptindgp&®aware and report on rumination may increase
or decrease rumination. In addition, such indicedd enable more fine-tuned investigation of
underlying cognitive mechanisms, and potentiallypsrt enhanced interventions, for example,
“‘just-in-time” interventions, in which useful stegjies are suggested to an individual at risk for
rumination based on these indices before a boutroination begins. One potential index is based
on eyetracking, with evidence that pupillary diatireflecting increased cognitive-emotional
processing may be associated with ruminative psieggSiegle et al., 2015; Siegle, Steinhauer,
Carter, Ramel, & Thase, 2003; Siegle, Steinhauedman, Thompson, & Thase, 2011; Stone et
al., 2016) and increased dwell time on emotionat@&at such as faces (Hilt et al., 2017)

Second, there may be merit in further investigatibthe potentially bidirectional
relationship between rumination and impaired pargmthetic flexibility As well as evidence that
rumination impacts on HRV, interventions designeditectly impact HRV, such as
transcutaneous vagal nerve stimulation can infleespontaneous repetitive negative thinking
(Burger, Van der Does, Thayer, Brosschot, & Verk219). Interventions that influence
parasympathetic activity including biofeedback aneathing exercises may thus have potential to
influence rumination.

Third, we note that the commonalities and overlefvieen different forms of repetitive
negative thought has led to the hypothesis thatlififerent forms of repetitive negative thought
share the same underlying mechanisms but may diffieir specific content and concerns, e.g.,
rumination being more past-and loss-focused andywming more future-and threat-focused
(Ehring & Watkins, 2008; Watkins, 2008). Becauséhid review’s focus on evidence with respect

to (depressive) rumination, we can only justify canclusions and H-Ex-A-Go-N model with
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respect to rumination. However, this hypothesigests that many of these conclusions and the

model may be relevant to the understanding anthtex@ of other repetitive negative thought such
as worry, and this is worthy of further investigai
Conclusion

The current review confirmed that depressive rutionshas multiple negative
consequences: (a) it exacerbates psychopathologysaa range of mental health diagnoses
including anxiety and depression, psychosis, insarand impulsive behaviours by magnifying and
prolonging existing negative mood states and aatstinegative thinking, interfering with
problem-solving and instrumental behaviour, andicet) sensitivity to changing contingencies
and context; (b) it acts as a therapy-interferiagdyiour, limiting the efficacy of psychological
interventions; (c) it exacerbates and maintainsphggical stress responses including reduced
HRYV and exaggerated cardiovascular stress respohsedaborated theoretical model (H-EX-A-
GO-N) builds on existing theories and outlines How underlying proximal mechanisms (Habit
development, EXecutive control, Abstract processid@al discrepancies, Negative bias) interact
to explain the onset and maintenance of ruminatad,especially why it is so hard to stop. These
proximal mechanisms provide a pathway by which kmdwological and environmental risk factors
for rumination increase the likelihood of habitdapressive rumination developing. There is
emerging evidence for effective psychological méstions to reduce rumination, particularly those

interventions that explicitly target rumination atagkle these identified proximal mechanisms.
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