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Abstract
Frequentrepetitive negative thinkingnd infrequenpositive reappraisaliseare theorized to
increase risk for depression and anxi¥gt, research has studidieseregulatory strategiest
the disorder levelignoringthe clinical heterogeneityand differential relationsamongtheir
individual symptomsThis studyexaminedhe associations amongpetitive negative thinking
positive reappraisandindividual symptomsof depression and anxiety disordeRggularized
partial correlation network models were estimated usimmgssectional data from 468
participants.Resuls showed thatepetitive negative thinking and positive reappraisal were
differentially related taffective, cognitive, and somatsymptomsof depression and anxiety
Moreover, epetitive negative thinking was marentral than positive reappraisal wiinonger
connectios to individual symptoms. Finallyrepetitive negative thinking was more important
than positive reappraisal in connecting clusters of depression and anxiety symfieses
findings cast light onpotential pathways through whichepetitive negative thinkingnd

positive reappraisahayoperate withirdepression and anxiety
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Emotion Regulation Difficulties Related to Depression and Anxiety:
A Network Approach to Model Relations among Symptoms, Positive Reappraisal, and
Repetitive Negative Thinking

Depression and anxietgisordersare among the mosprevalent comorbid and
burdensomenentalilinessegBaxter, Scott, Vos, & Whiteford, 2013; Kessler & Bromet, 2013)
It is thereforeof paramount importand® identify the etiological and maintaininéactors for
thesedisorderso improve exitingnterventionstrategiesTheoies of depression and anxiety
disordershaveimplicatedemotion regulatiomlifficulties in the onsetand maintenancef these
disorders(Hofmann, Sawyer, Fang, & Asnaani, 2012; Joormann, 2010; Mennin, Heimberg,
Turk, & Fresco, 2006; NoleRloeksema, Wisco, & Lyudmirsky, 2008) Emotion regulation
refers toarange ofprocessethatinfluence theérequencyintensity, anddurationof emotioral
experience (Gross, 2014)In depression and anxietlysordersdifficulties occurin the useof
specific emotion regulationstrategiesto downregulate negative emotional experiences
(CampbeHSills, Ellard, & Barlow, 2014; Dryman & Heimberg, 2018; Liu & Thompson, 2017)

Two regulatory strategies that play a prominent rolddpression and anxiety disorders
are the mcreasedise ofrepetitive negative thinking ardecreasedise ofpositivereappraisal
(Aldao, NolerHoeksema, & Schweizer, 2010; Drost, van der Does, van Hemert, Penninx, &
Spirhoven, 2014; Kivity & Huppert, 2018)Repetitive negative thinkingefers to a
transdiagnostiqorocess of excessivininking about negative topichat is passive and/or
difficult to control (Mahoney, McEvoy, & Moulds, 2012; Watkins, 200&ngaging in
repetitive negative thinkings relatedto heightened emotional reactivifjRuscio, Seitchik,
Gentes, Jones, & Hallion, 201 Enhancedhegativememory retrieva{NolenHoeksema et al.,
2008) andimpairedstressrecovery(Watkins, 2008)Positive eappraisahasbeendefinedas
cognitively reframingthe meaning of distressing evernn a less negative or more positive

mannerto minimize itsemotionalimpact(Garnefski & Kraaij, 2007; Gross, 2014)ecreased



positive reappraisalsemay prevenindividuals with elevated depression or anxiety lefrels
obtaining beneficiabutcomesassociated withthis strategysuch asincreased positivand
decreased negativeanotions(Gross& John, 2003)more benigrinterpretations of ambigty
(Everaert et al., 2017andbetter stress recovefyamieson, Nock, & Mendes, 2018%) sum,
extensivaresearchndicateshattheuse ofrepetitive negative thinkingnd less frequent use of
positive reappraisadre associated witbritical affective, cognitive, and somataspectsof
depression andnxietydisorders

To date the pathwaysthrough which repetitive negative thinkingand positive
reappraisaére related tandividual symptomsof depressiorand anxietyemain elusivePrior
researchhas generally studieproblematicemotion regulatiorat the disorder levelThat is,
studies have comparele use ofepetitive negative thinkingnd/orpositive reappraisacross
different diagnostic groupg D6 Avanzat o, Joor mannoredmiedne r , &
individual differences ithe use otheseemotion regulatiostrategiesn relation tototal scores
on selfreportmeasurs of depression or anxiegymptoms(Garnefski, Kraaij, & Spinhoven,
2001) However this dominant focus on the disorder léuwmay be problematicbecause
depression andlifferent anxiety disorders arbdeterogeneousyndromescharacterized by
diverse affective, cognitive, and somatic symptdfsed & Nesse, 2015; Nandi, Beard, &
Galea, 2009; Zimmerman, Ellison, Young, Chelminski, & Dalrymple, 2048ylectingthe
symptomatideterogeneityf these disorders is an impant limitation because it may conceal
differential associations betweelinically different symptoms (e.g., sad mowsd. suicidal
ideationor fear of worst happening vs. numbnemsdthe use oemotion regulatiostrateges
(Gross & Jazaieri, 2014This seemshighly plausible in light of prior researdhowingthat
individual symptomof depressiorare differentially related to functional impairmeiEsied
& Nesse, 2015)adverse life eveniKeller, Neale, & Kendler, 2007as wel ascognitiveand

biologicalrisk factors(Beevers et al., 2019; Marchetti et al., 2018; Santos, Fried, Ashéi,



& Ruiz, 2017) Knowledgeof whethermrepetitive negative thinking and positive reappraisal ar
(uniguely)associated witindividual symptomsamnay provide insight intevhether variatiornn
the usethese emotion regulationstrategiesmay be related to variation in the clinical
presentatiorf anxiety and depression disorders. To gain such gyfim@ed understanding of
the mechanisms in depression and anxiety, research should adopt a syleysbapproach
considering common affective, cognitive, and somatic symptoms of these did@dess &
Jazaieri, 2014; Jones, Heeren, &Nally, 2017; Wichers, 2014)

A promisingapproach taeveaing complex relations amonigdividual symptomsof
mentaldisordersand theirrisk factorsis the networkapproachAccording to thigperspective
mentaldisordersare not reflective of a latent common cause doige fromcomplexreciprocal
influencesetween theiconstitutingsymptomgBorsboom, 2017; Borsboom & Cramer, 2013)
Recently, research haexpaneéd symptom networks tontegrate cognitive and biologicd
factorsthatare lypothesized to play a causal ratemental disorderg§Bernstein, Heeren, &
McNally, 2017; Heeren & McNally, 2016; Jones, Heeren, et al., 20h&) expanded network
modelsaimto map the causal structureredk factori symptomrelationsin mental disorders
In such network symptons and risk factors are represented byodes andheir pairwise
interactions areepresented by edgeennectig thenodes.

Applying the network approacdio depression and anxietysearcthas revealectritical
differences in the overallimportance orconnectivityof its constitutingsymptoms(Bos et al.,
2018; Bryant et al., 2017; McNally et al., 201Bpr example,loss of interest/pleasure and sad
mood emergedas highly connectedor centralnodesin the depresse symptomnetwork
(Boschloo, van Borkulo, Borsboom, & Schoevers, 2016; Fried, Epskamp, Nesse, Tuerlinckx,
& Borsboom, 2016and worryrelated symptoms and problems to relserecentral nodes in
thegeneralized anxiety disordeetwork(Beard et al., 2016Moreover network studies on the

comorbidity between depression and anxiety disorders have found that sympttimseof



disorders were strongly interconnect@8orsboom, Cramer, Waldorp, van der Maas, &
Borsboom, 2010; Heeren, Jones, & McNally, 2018; McNally, Mair, Mugno, & Riemann,.2017)
For example, bthe connections betweesymptoms ofdepression and generalized anxiety
disorderastudy found thaguilty feelings were related to worrglated symptoms arghdness
was related to nervousnedeard et al., 2016By elucidating the connectivity acfymptoms
within and across disorderdiesenetwork studiesre casing new light onthe structureand
comorbidityof depression and anxietisorders

The present study sought to extend pwork by uncoveringpathways through which
emotion regulatiorstrategy useonnecs commonaffective, cognitive, and somatic symptoms
that maycharacterizelepression andariousanxiety disorders. To this entthjs studyadopted
an expandechetwork approach tmodelrepetitive negative thinkingndpositive reappraisal
within separate and combined symptom netwofldepression and anxiefgf. Jones, Heeren,
et al., 2017)Theaimswere threefold(1) to specifydifferentialassociations amongpetitive
negative thinking positive reappraisaland individual synptoms of depression and anxiety
disorders (2) to determinethe relative importanc®r connectivity of repetitive negative
thinking andpositive reappraisatithin separatsymptomnetworksto understand their role in
the coherence of depression and anxiety sympt@nd @) to examinewhether positive
reappraisaland/or repetitive negative thinking c t a s conmedngdtie elgstersof
depression and anxiety symptomsunderstand their role in the-oacurrence of depression
and anxiety symptomdn addressing thesebjectives this studysought to keewith the
Research Domain Criteri@nsel et al., 2010py consideringvarying degrees ofepetitive
negative thinkingand positive reappraisadlong the continuum of symptom severiby.this
way, this studyttempedto improve the understanding of mental health and illness in terms of
complex relations between individual differencesrapetitive negative thinkingpositive

reappraisalas well asymptomseverityof depression and anxiety



Method
Participants and sampling strategy

This studyemployeda dimensional approach that considenedividual differences in
repetitive negative thinkingnd positive reappraisalongfull range of normal to abnormal
symptomseveritylevels ofdepression and anxiefgf. Research Domain Criteritnsel et al.,
2010) Therefore, recruitment of participarfts this studywas unselectedA total of 468
participants (see supplementS1l for demographics)were recruited through Amazors
Mechanical TurMTurk). MTurk provides an online crowdsourcing platform with acdess
large andliverse samples suitable for clinical researalectingmental healtldata(Chandler
& Shapiro, 2016)

Participation in the study wasstricted to MTurk users who were 18 years or older and
resided in the United State$ America TheMTurk workerswere recruitedetween October
2016 and February 201f6 participate in awentywave longitudinal studyon emotion
regulationand mental healthThis article presentsatiafrom the firstwaveof data collection
All participants gave informed consent in accordance with the Institutional Review Board at
Yale University. Participants were remunerated per suanelp to a total 15.20 USD for
completing all waves alata collection
Data quality requirements

Following recommendations for research using crowdsourced sa@hesdler &
Shapiro, 2016)only MTurk workers wih a history of providing goeduality responses (i.e.,
an accept a9evere aldwiedto participalEo further ensure high datpality,
three questions were presented during the survey to discriminate attentive from inattentive
MTurk workers For examplepne validation question readfhank you for your work in this
survey so far. To show that you are a human, please refuse to answer this question: How many

fingers does a typical person have on each and? R e s p o ntlteregiven $our wvesponse



options €.g.,five, six, ten,and threg which they had to leave blankhese questions were
presented at irregular intervals and participants were required to correctly answer all questions.
Data from participants failing to meet thisquirementvere not considered in the analyses.
Finally, the data were screened for repeating GPS coordinates to ensure that responses were
uniqueandminimizethe possibility thatandomresponses from nelmuman entities (e.g., bots)
contributed to theresults of this studyWith theserequirements, previous research has
demonstrated that MTurk data are comparable to those collected in the lab@htorgler &
Shapiro, 2016)
Procedure and measures

This study utilized widely-used questionnairesot assess individual differences in
anxiety and depregsisymptons as well agheuse ofrepetitive negative thinkingndpositive
reappraisahsemotion regulatiorstrategies in response to negative events or affetitht of
thestudyd s 0 b j sgnaptorn gquestionnairegere selectethat measureommoncognitive,
affective, and somatic components of depression and anxiety becaeseati@n regulation
strategies under investigation have been shown to be related to abnormalities in each of these
domaing(cf. supra) All guestionnairesvere presented in randomized ordearticipants were
instructed to complete the questionnaires in reference fmagtaveekThis was to standardize
thetemporal orientation acrosdl questionnaires angaves of data collection

Depresson symptoms

The Beck Depression Inventoilyll (BDI-1l; Beck et al., 1996is the most frequently
usedselfreportinstrumento measue depressive symptoseverity. On 21 items, respondents
indicate the degree to which they have experienced a certain symptom orpaifibigcale
from O to 3.Thecognitive, affective, and somasymptoms assessed by the BDalign with
the criteria of major depression from the Diagnostic and Statistical Manual of Mental Disorders

(American Psychiatric Association, 2013he BDHI has been shown to have the largest



overlap in symptoms with other common depression meagtnied, 2017)Thepsychometric
propertiesof the BDHI hasbeen extensivelgupportedn both nonclinical and clinical adult
samples(Erford, Johnson, & Bardoshi, 2016; Joiner, Walker, Pettit, Perez, & Cukrowicz,
2005)

Anxiety symptoms

The BeckAnxiety Inventory(BAI; Beck et al., 1988; Steer & Beck, 1993 awidely-
used21-item selfreport measuref the severity ofcommonaffecive, cognitive and somatic
symptoms ofanxiety (Clark & Watson, 1991)The BAI has beenlesigned tchave limited
overlap withsymptoms measured lilge BDI-1I (Beck et al., 1988and wasselected for this
study to avoid inflated correlations with Billl symptomsbecause of symptom overlap
Importantly, research has shown that the BAI banused asmaanxiety symptonseverity
indicator in patients with different anxiety disordersluding social phobia, panic disorder,
agoraphobia, and generalized anxiety disofuntingh et al., 2011)On each itenof the
BAI, respondents indicate the degree to which they baperienced a certain symptom on a
fourpoi nt scale from 0 ( 6 npsychometric propdrtiés)oftig™d 3 ( 6's
have been extensively documented adult patientand communitysamples(Bardhoshi,
Duncan, & Erford, 2016)

Repetitive negativethinking

The repetitive negative thinking subscale of thdrepetitive Thinking Questionnaire
(RTQ; McEvoy, Mahoney, & Moulds, 2010¥ a transdiagnostieneasure of perseverative
negativethinking. The RTQ was developed by modifying items from commonly used measures
of worry, rumination, and posivent processing to remove diagisspecific content
(Mahoney et al., 2012The 27 itemsof therepetitivenegativethinking subscalerescored on
a five-point scale from 1d&wot true at af) to 5 @very trué) in reference to a recent past

distressingsituation Example itemsarédi My t hought s over whel med me



or images asking Why do | al wa y Psychamatictresdarohi esaluatimgyth2 6 0 .
repetitive negative thinkingubscale imonclinical and clinical sampldsas demonstrated that
the subscaléhasa good to excellertiighinternal consistencwith 6's r an g.88to®3 f r o m
in these sample typé€blahoney et al., 2012; McEvoy et al., 2018upporting theonvergent
validity, therepetitive negative thinkingubscale convergesith measures of depression and
anxiety as well asother related constructs afegative emotions metacognive beliefs
cognitive avoidance, and thought suppresgMnEvoy et al., 2010)Providing evidence for
the divergent validity,the repetitive negative thinkingubscale shows divergence with
measures of extraversion and alcohol(&honey et al., 2012T hereliability of therepetitive
negative thinkingsubscaleof the RTQin this study wase x cel | ent (H9Zandnbac h¢
Mc Do n alt=9d)s

Positive reappraisalt

The use of psitive reappraisal was measureding the subscalef the Cognitive
Emotion Regulation QuestionnaifEERQ Garnefski, Kraaij, & Spinhoven, 200®hich is
one of the most widely usagliestionnaire$o assess emotion regulatistrategy useThe 4-
item reappraisal sudralespecificallymeasurs the use ofositive reappraisah response to
negative eventd he positive reappraisaubscale does not includikagnosisspecific content
Example itemsaarefil t hi nk | can | earn something from
become a stronger per s on Omeschafthe £itenogdsgondents wh a't
rate he extent to which they engageoiositive reappraisailsinga5 oi nt scal e from
never 6) to 5 Thépaditimeoeappraisadulscalgos the) CERQ hagood to

excellentinternal consistencgsanging from .82 to85 (Garnefski et al., 2001, Ireland, Clough,

1 This study also administered thix cognitivereappraisaitemsof the Emotion Regulation QuestionnafEERQ;

Gross & John, 2003)The items of the ERQ reappraisal subscale measure the use of reappraisal in response to
positive and negative emotional states. This article reports the results obtained with the CERQ positive reappraisal
subscale to gain insight int@appraisain respnse tonegativeevents or experiences. Importantly, identical
conclusions were reach&hen estimating the networks including the ERQ CERQreappraisasubscales.



& Day, 2017)andan acceptabléestretest reliabilitycoefficient of .57 for a fourteemonth
time interval(Garnefski et al., 2001)n support of the convergent and divergent validity
both nonclinical and clinical sampleshe positive reappraisabubscale converges with
measures of anxiety and depresqiGarnefski & Kraaij, 2006, 2007; Garnefski et al., 2001)
and diverges with certaproblemsin emotion regulation such is thenited access to emotion
regulation strategigéreland et al., 2017)n this study, hereliability of thepositive reappraisal
sulscaleof the CERQuase x c e | | ent UH9Gr avicbDaoonhsdiog) 6 s
Network analysis

To address the first two study ainaspetwork modeling emotion regulati@trategyi
symptom relationsvasspecifiedseparately for depression and anxiety symptdmeemotion
regulation’ depressionsymptoms (ERDEP) network consisted ofthe repetitive negative
thinking subscale scorethe positive reappraisasubscalesore and the individual BDI-II
symptomscoresas nodes as well diseiredgeqi.e.,connedpobns amonghe nodes Moreover,
the emotion regulationi anxety symptoms(ER-ANX) network consisted othe repetitive
negative thinkingubscale sorg¢hepositive reappraisaubscalecore, andheindividual BAI
symptom scores as nodes as well as #ages

To address the third study airm network combining botllepression and anxiety
symptomswas specified.This networkwill be referred to as themotion regulation i
depression and anxietp-occurrence symptorfER-COO) network andncluded as nodabe
repetitive negative thinkingubscale re, the positive reappraisasubscalescore and
symptoms of the BDII and BAl as well as thie edges

For each network, theonceptual overlap between regulatory strategiesraiiddual
symptomswas examined. To this endyetgoldbricker functionof R packagenetworktools
(Jones, 201 7Ayas used to identifgtronglycorrelatedtem pairs ¢O .0)that had lesshan 2%

unique correlationswith other items(see alsoBernstein, Heeren, & McNally, 2019)



Importantly, the algorithm did not identify potentially redundant nodes in th® ER ER
ANX, or ER-COO networks.

Network estimation and inference

The retworks were estimatedrzia Gaussian Graphical Models (GGMising the R
packageggraph(Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom, 2062 GGM,
the edgesepresenpairwise relationdetween two nodes controlling fall other nodes ithe
network. The GGMs were estimated based ononparametricSpearman rhaorrelation
matrices The GGMs were regularizedsing a graphicaleast absolute shrinkage and selection
operator(glassoplgorithm.Thisregulrizationprocedureshrinks all edges and sets small edges
to zeroto returnparsimonious netwosq(Friedman, Hastie, & Tibshirani, 2008)his powerful
method avoids estimating false positive edges and providegirinto strong relations in the
dataset(Epskamp, Kuis, & Marsman, 2016)The GGM tuning parametexras setto the
conservative value dd.5 to increasethe specificity of the estimatednetworks (Epskamp &
Fried, 2016) This method enablesxaminationof unique relations among repetitive negativ
thinking, positive reappraisal, and individual symptoms in the netwdnktghe visualized
networks blue edges represent positredations and orange edges represent negative relations
between the network nodes. Thicker edges indicate stronger associations between the nodes.

The relativeimportarce ofrepetitive negatie thinking and positive reappraisaithin
the ER-DEP and ERANX networks was examined using th@nestep)expected influence
metric (Robinaugh, Millner, & McNally, 2016using the R packageetworktools(Jones,
2017) This metric ismore appropriatehan traditional centrality strics (e.g.,strength
centrality)when network contain both posive and negative edg€Robinaugh et al., 2016)
Expected influence is defined as the sum of all edges extending from a givemaaataifing
the sign of each edyeHigher expected ifuence values indicate greatenportance in the

network.



The role of positive reappraisal and repetitive negative thinking as poteotiak
connectinglusters oflepression and anxiety symptomshe ERCOO networkvas examined
using the(onestep) bridge expected influence metr{eleeren et al., 2018; Jones, Ma, &
McNally, 2017)usingthe packageetworktooldor R (Jones, 2017Bridge expected influence
is defined as the sum of all edges thaist betweera given nodeand thenodesin the other
clustersIn line with prior work(Jones, Ma, et al., 201, &he clusters ointerconnectedhodes
were defined goriori so thatthe symptom clustexrcorresponded witklepressiorand anxiety
symptoms The ERCOO network was separated into three clusters: a cluster of the emotion
regulation strategies (i.e., repetitive negative thinking and positive reappraisal), a cluster of
depression symptoms (i.e., the 21 BDitems), and a cluster of anxiety sytoms (i.e., the 21
BAI items). In this way, the bdge expected influencealues for positive reappraisal or
repetitive negative thinkingeflected their connectivity withthe clusters oflepression and
anxiety symptoms

Of note,it is possible that uneqgueariances of positive reappraisal, repetitive negative
thinking, as well as the BBI and BAI items affect the centrality of the nodes, thereby
influencing the observed network structyiieerluin, de Boer, & de Vet, 2016T herefore,
correlatiors between(bridge) expected influencgalues and standard deviatioi&D§) of the
individual nodes were examined. The expected influence values were not significantly related
t o t h eSDnfar the BRDEP (=.17, p=.431) and ERANX (} =-.05, p=.806) networls.
Furthermore,he bridge expected influence values weresignificantly related to the nodis
SDs in theER-COO network =.14,p=.358) This indicates thalifferential variability of the
nodes in thestimatechetworks did not drive the centrality.

Network stability

The robustnes®f the network estimateswas examinedusingthe R packagebootnet

(Epskamp, Borsboom, & Fried, 2018)he stability ofthe edge weightsvas examinedy



constructinga 95% confidence intervalCl) around each edge using nparametric
bootstrappingwith 1000 samplesand bycomputingbootstrapped difference tests for edge
weights Furthermorethe stability ofthe centralitymetrics wasexaminedusingcasedropping
subset bootstrappingith 1000 samplesand by computindootstrapped difference tests for
expected influencand bridge expected influenelues This method draws samples from
subsets from the original data ameekestimateshe centralitymetricfor each subseCorrelation
stability (CS) coefficiens were calculated tquantify the stability ofthe (bridge) expected
influencemetrics. Thecoefficientshould not be below 0.25 and preferably abovéBpSkamp
et al., 2018) For both the EFDEP andER-ANX networks, he CS coefficientof expected
influencewas0.75. For the ERCOO network, the CS coefficient of bridge expected influence
was 0.59. Note that all CSoefficients wereabove the recommended threshold for stable
estimation(Epskamp et al., 2018Theresults of thestability analyse$or the ER-DEP, ER
ANX, and ERCOOnetworks areprovided insupplemens3

To further investigate th&tability of theestimated centrality metricsorrelations were
examined between the centrality metrics of the networks estimated using the wave 1 data and
networks using the datliom four subsequent waves that were part of this tweraye
longitudinal study(the waves were separated by -ameek time intervals)For the ERDEP
network, the expected influence values at wave 1 correlated .932 with the values at wave 2,
.907 with wave 3,900 with wave 4, and .921 with wave 5. For the-ARX network, the
expected influence values at wave 1 correlated .885 with the values at wave 2, .946 with wave
3, .916 with wave 4, and .946 with wave 5. Lastly, for the®BRO network, the bridge
expectd influence values at wave 1 correlated .944 with the values at wave 2, .941 with wave
3, .889 with wave 4, and .904 with wave 5. These correlations suggest stability of the relative

importance of the individual nodes in the different networks over thesead five weeks.



Results

Sample characteristics

Par t i ci p-H and BAl sc&ésIrepresented almost the full range of symptom
severity.On the BDHI (M=15.50,SD=12.62) atotal of 234 respondents reported minimal
(range: 013), 78 reported mild (raye: 14 19), 79 reported moderate (rangei 28), and 77
reported severe (rge: 29 58) depressive sympton3n the BAI(M=12.51,SD=10.44) a total
of 221 respondents reported minimal (range9)Q 84 reported mild (range: 105), 101
reported moderatgange: 1624), and 62 reported severe (rang8 52) anxiety symptoms.
The means and standard deviations for each aéythmtom items of the BBl and BAI are
provided insupplemeng. This table shows thabére was sufficient and comparable variapilit
in theitem scoresof boththe BDHI and BAI, similar to prior researc{Bos et al., 2018)

Furthermore, the scores on the repetitive negative thinking subscale of the RTQ
(M=70.9Q SD=26.66; range 2135) and the positive reappraisal subscale of the CERQ
(M=14.23,SD=4.10; range: €0) coveredhe full range ofemotion regulation strategy use
Together the distributional characteristics of the variables allothedoreseninvestigationto
estimate the strength of the associations amodiyidual differences irrepetitive negative
thinking, positive reappraisabnd individual symptoms afepression and anxiety.
The ER-DEP network

TheglassdERI DEP networkstructuras depicted in FigureA. Variousedges between
emotion regulation strategies and depressive symptoms survived the conservative
regularization procedureRepetitive negative thinkingvas most stronglyelated toguilty
feelings BDI-Il item 5), changes imppetite BDI-II item 18), agitation BDI-Il item 11), self
criticalness BDI-1l item 8), andsadnessBDI-Il item 1). Positive reappraisallasmost strongly
andnegatively related to pessimigDI-Il item 2). Repetitive negative thinking and positive

reappraisal were only weakly related.



To examine the overall connectivity or centrality of the individual nodegseated
influencevalueswerecomputed for all nodes in the network (see FidiBe Amongthe most
central nodes in the network were worthlessnBBd -l item 14), loss of pleasure (BBII item
4), repetitive negative thinkingelf-dislike BDI-Il item 7), loss of nterest(BDI-II item 12),
andsadness (BDII item 1). Positive reappraisdiad thdowest value on expected influence of
all variables in the networK he centrality difference te¢see Figure S3A in supplement 3)
suggestd that the expected influence valtar repetitive negative thinking was significantly
greater than the value for positive reapprai$ais indicateghat repetitive negative thinking
wassignificantly more connected ttepressivessymptoms than positive reappraigathe ER
COO network
The ER-ANX network

Figure 2A presentsthe glassoERI ANX network structure Severaledges between
emotion regulationstrategiesand anxiety symptoms survived thglassoprocedure. The
strongestdgedetweerrepetitive negative thinkingndanxietysymptoms were found fdear
of losing control(BAI item 14), fear of worst happenin(BAI item 5), unable torelax (BAI
item 4), andnervoug BAI item 10). Positive reappraisalasnegativelyrelated tdear of worst
happenin@Al item 5). Repetitive negative thinking and positive reappraisal were not related.

The pected influence valuder the nodes in the ERNX network (see Figure 2B)
were inspected to examirtedr relative importanceThe five most central nodes in the network
were shaky/unstead{BAl item 13), fear of worst happening (BAI item Sgrrified or afraid
(BAI item 9), difficulty in breathing(BAI item 15, and faint/lightheaded(BAl item 19.
Repetitive negative thinking haasignificantly higher expected influence value than positive
reappraisal (seBigure S34B in supplement 3)suggestinghat repetitive negative thinking

wassignificantly more connected to anxiety symptoms than positive reappraisal.



The ER-COO network

Figure 3A depictsthe networkstructureand 3B the centrality plot for theER-COO
network The values of the bridgexpected influencemetric were examined for repetitive
negative thinking and positive reappraiga¢petitivenegative thinkinghadthe highest value
of bridge expected influencef all nodes in the EfCOO network. By contrast, positive
reappraisal has the lowest value of all nodes in the netWhekdifference test (see Figure-S3
4C in supplement 33howedthat thebridge expected influence value for repetitive negative
thinking was significanthhigherthan thevalue for positive reappraisal

Inspectingthe strongestedges repetitive negative thinkingonnectedhe depressive
symptomsof guilty feelings (BDHI item 5), changes in appetite (BEM item 18),and self-
criticalness (BDHIl item 8) with anxiety symptoms d&ar of losing controlBAl item 14), fear
of worst happeningBAI item 5), and nervousiess(BAI item 10). Positive reappraisavas
(negatively)related topessimism(BDI-Il item 2) andweakly (negatively)related to fear of
worst happeningBAI item 5).

Discussion

Employing network analysisthis study aimed to reveal the pathways by which
repetitive negative thinking and positive reappraisal conveibusaffective, cognitive, and
somatic symptoms that may characterize depression and anxiety disordérspecting
associationdetween emotion regulation strategies and individual symptibnvasobserved
thatrepetitive negative thinking and positive reappraigaie differentially related tmdividual
depression and anxiety symptofos Study am 1). Regarding depressisymptomsyepetitive
negative thinkingvas positively related to guilty feelingshangs in appetiteagitation, sel
criticalness, and sadness. Positive reappraisahegativelyrelated to pessimisniRegarding
anxiety symptomgsepetitive negative thinking was positively related to fear of losing control

fear of worst happening, unable to relax, and nervousness. Positive reappraisal was negatively



related to fear of worst happeninghe absence of uniform connections witidividual
symptoms suggesthatrepetitive negative thinkingndpositive reappiiaal may not function
asa central mechanism that eqjually important to all symptonaf depression and anxiety
Instead,the role ofrepetitive negative thinkingnd positive reappraisah depression and
anxiety may be confined to specifaffective, cognitive, andr somatic aspects ahese
disorders Through their relation with specific symptoms, individual differences in the use of
repetitive negative thinkingnd positive reappraisal may be associated wahation in the
clinical presentation of depressiand anxietydisordersindeed, hisfinding adds teemerging
researclshowingthat psychosocial, cognitive, and biologia@k factorsdiffer considerably
for individual symptoms(Fried, Nesse, Zivin, Guille, & Sen, 2014; Keller et al., 2007;
Marchetti et al., 2018; Santos et al., 2017)

Of the specifidegulabry strategy symptom relations, the negatipartial corelations
betweenpositive reappraisaand symptoms of pessism and fear of worst happening are
notable. This suggests théécreased use @iositive reappraisab related tomore negative
views andexpectations about the future, which is a known risk factor for suicidethed
mental disorderg§Roepke & Seligman, 2016Moreover, this study also revealed intriguing
relations betweemepetitive negative thinkingnd the symptoms guilty feelings and self
criticalness. Whereas most research focused on the ralepefitive negative thinkingn
negativeemotions such as sadnébmlenHoeksema et al., 2008; Watkins, 20083 relations
with guilt and seHcriticalness remain underexplored. Interestingly, recent research has linked
self-criticism to greater negative thinking in response to sstedsso(Bernstein et al., 2017)
Similarly, it seems plausible that feelings of guilt may fuel and characterize the content of
repetitive negative thinkingrhese findings warrant further research exploring the etiological

significance of these pathways.



Determiningther relative importancén separatessymptomnetworks this study found
thatrepetitive negative thinkinigad significantly higher value on expected influence compared
to positive reappraisal (cf. Study aim 2). This suggestsrépatitive negative thinkingvas
more stronglynterconnected to symptonug depression and anxietlyan positive reappraisal
Thus,individualswho frequentlyengage imepetitive negative thinking alexperiencealarger
number ofdepression and anxiety symptorBy. contrastindividualswho areusingpositive
reappraisaless frequentlylo not necessarily experience a wide rangiepfession ananxiety
symptoms This difference inconnectivity with individual symptomsay account for the
stronger relatiometweertotal scores oflepression/anxietfwhich capture the shared variance
of all symptoms) antbrms ofrepetitive negative thinkings. positive reappraisgAldao et al.,
2010) Furthermore, it is to note thagpetitive negative thinkinggasamongthe mosimportant
nodes irthe depressiofER-DEP)network but not in the anxie{iER-ANX) symptom network
This suggest that repetitive negative thinkingmay be a particularly relevant mechanism
understandinghe coherence amomgdgepressin symptomsand the clinical presentation of
depression as a disord&While these findings suggest thatpetitive negative thinkingnd
positive reappraisaldiffer in their connectivity with individual symptomst should be
emphasizethat this does not mean thmsitive reappraisa unimportantPositive reappraisal
was connected tolinically importantsymptomsin the separatenetworks ofdepression and
anxietysymptoms

In examinng whetherregulatorystrategiesact asbridgesconnectingdepression and
anxiety symptomscf. Study aim 3)it was found thatepetitive negative thinkinlgad a higher
bridge expected influence value thaositive reappraisal. This indicates that repetitive negative
thinking was relatively more important than positive reappraisal in connecting clusters of
depression and anxiety symptarirsparticular, epetitive negative thinkingonnected several

symptomsof depressiond.g., guilty feelings, changes in appetite, and -seificalness) and



anxiety (fear of losing control, fear of worst happeningrvousnegsBy contract, positive
reappraisalvas (negatively) related thedepression symptoms pessimiamd weaklyrelated
to fear of worst happenindhese findings suggest thedpetitive negative thinkingould
particularly important asiechanisnexplairing the highco-occurrencdetween depression and
anxietysymptoms

Together, the findings of this study suggest that repetitive negative thinking and positive
reappraisal explain the relations between individual symptoms of depression and anxiety. As
such, this study elucidates potential pathways through which thesatoggdtrategies cause
and/orbe caused by symptomsadpression and anxiety disorddraleed, these novel findings
highlight how including hypothesized risk factors may enrich symptom networgain a
precise understanding grocesses operating mental disordersand their comorbid forms
(Bernstein et al., 2017; Heeren & McNally, 2016; Jones, Heeren, et al., 2017)

Understanding how putative risk factors such as repetitive negative thinking and
postive reappraisal are related to individual symptoms of depression and anxiepyouaie
importantclues for treatmentndeed, targeting tise risk factors that @stronglyconnectedo
individual symptons of a disorder and/or clusters of symptoms belonging to multiple disorders
holds potential to effectively treé@tomorbid) mental disorder§he results of this studsuggest
thatinterventiondocusing orrepetitive negative thinkingouldbe effectiveatredudéng various
symptoms of depression and anxiesy well agheir ccoccurring forms|f causally linked
reducingrepetitive negative thinkinghay result in improvements in affective (e.g., sadness,
guilty feelings fear of losing control/wordtappening cognitive €.g.,self-criticalness)and
somatic (e.g., changes in appetite, agitation, unable to relax, nervousness) sy@ptoots,
increasing the use @ositive reappraisahay still beimportant(e.g., in terms of suicidask
reductior). If patients display symptoms relatedntegative expectations about the future (e.g.,

pessimism, fear of the worst happenint)en treatmentsmay adopt a symptoifocused



strategy andncreasepositive reappraisalse(e.g., through cognitive restructurintg) obtain
relief in these specific symptom&gain, caution about these clinical implications is required
becausdongitudinal researchhas yetto establish theemporalrelations amongepetitive
negative thinkingpositive reappraisafndindividual symptomso understand thamportance

of the regulatory strategies as part otausalsystem of interactinglepression and anxiety
symptomgRodebaugh et al., 2018)

Several limitationgo this study point to future directionkirst, the crosssectional data
utilizedto construct themotion regulatiostratey 1 symptom networkpreclude claims about
causality As such, the present study cannot rule out whetkagtitive negative thinkingr
positive reappraisahfluence and/or are influenced by symptoms of depression and anxiety.
Intensive longitudinal data with repeated assessmengsnofion regulatiorstrategiesand
symptomsare better suitetb clarify the temporaprecedencef emotion regulatiorstrategies
and symptomsf anxiety and depression

Second this study recruited general populatiosample ofindividuals reporting a
variety of symptomseverity levelswhich may limit the generalizability of the findings to
clinical samplesYet, the dimensional approadt this studyis be particularly suited toast
light on varying degrees giroblemsin emotion regulatioralong the continuum of symptom
severity.Indeed a considerable portion of the participants reported severe levels of depression
and anxiety symptom3his approaclcomplies with the Research Domain Critétresel et al.,
2010)andmay help to better understand the heterogeneous natoomegntionadiagnostic
categoriegFried & Cramer, 2017Note that his study did noexploredifferences in network
structure between low vs. high symptéewelsbecausaising the conventional cutoffs for the
BDI-1l and BAI restrics thevariability in the network variablesvhichmay impacthe network
structure Therefore, @iture workshouldreplicate the present findings in clinical samples of

depression and anxiety disorders.



Third, theanalysesittilized data fromsingle itemself-report measures diepression and
anxiety symptoms. It is possible that these measures imperfectly capture the clinical
phenomenakuture network studieshoulduse multiple items and methottsmeasuresach
symptom In this respect thereis researclsuggesng symptom networks based ¢single item)
selfreport vs. cliniciarreport datanay be highly similagMoshier et al., 2018)hischallenges
the notion that network methods produce unreliable results due to estimations consisting
primarily of measurement error

Fourth this studywas limited by its focus omwo prominentemotion regulation
strategies in depression and anxieligorders repettive negative thinking and positive
reappraisalOther emotion regulation strategi€¢aldao et al., 2010as well as related factors
such asnformationprocessing bias€kveraert et al., 201 and personay variablegStanton,
Rozek, StasdO6 Br i e n ,-LaEeWw,|& Watéos, @0iGnay be important in understanding
the connections between symptoms of depression. Thereftues Studiesould integrate a
broader set of variablés symptom networks of depression and anxiety

Finally, it is possible thaheobserved associatioasnongemotion regulatiostrategies
and psychopathologysymptoms arespecific to thedepression and anxiety questionnaires
utilized for this studySelf-report instruments of depression and anxadtgn differ in theset
of symptomsthat are measured. Thisstrictsthe relations that can be obseniachetwork
models However, the questionnaires employed in this stady widelyused selreport
measiresthatwere carefully selected based on their psychometric proparttethevariety in
common cognitive, affective, and somatic symptoms asse$kedefore,the current study
contributes to knowledge of hoamotion regulatiorstrategy usenay berelated to common
symptoms of depression and anxiety. Tihdings may serve aan impetus fofuture studies
that use other questionnaires of depression and anxiety to determine the robokthess

initial observations



Despite these limitationtis study advances the understandinthetcomplex relations
among repetitive negative thinkingositive reappraisaland symptoms oflepression and
anxiety in important ways. Using networ&nalysis this study observed th&h) repetitive
negative thinking and positive reappraisal were differentially relat@adteidual depression
and anxietysymptoms; (b) repetitive negative thinking was more strongly connected to
symptoms of depression and anxidiyan positive reappraisaand (c) repetitive negative
thinking was relatively more important than positive reappraisal in connecting clusters of
depression and anxiety sympton@ollectively, the resultprovide cues to the pathways
through whichrepetitive negative thinkingndpositive reappraisahay influence symptoms

of depression and anxiety.
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Figure 1. ER-DEP network.
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A. Network structure B. Centrality plot

Note. RNT=Repetitive negative thinking; RPL=Positive reappraisal; BDI-Il-1=Sadness; BDI-lI-2=Pessimism; BDI-II-3=Past failure; BDI-ll-4=Loss of pleasure;
BDI-1I-5=Guilty feelings; BDI-1I-6=Punishment feelings; BDI-1I-7=Self-dislike; BDI-I-8=Self-criticalness; BDI-Il-9=Suicidal thoughts or wishes; BDI-II-10=Crying;
BDI-lI-11=Agitation; BDI-II-12=Loss of interest; BDI-Il-13=Indecisiveness; BDI-ll-14=Worthlessness; BDI-II-15=Loss of energy; BDI-II-16=Changes in sleeping
pattern; BDI-II-17=Irritability; BDI-Il-18=Changes in appetite; BDI-ll-19=Concentration difficulty; BDI-II-20=Tiredness/fatigue; BDI-ll-21=Loss of interest in sex



Figure 2. ER-ANX network.
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Note. RNT=Repetitive negative thinking; RPL=Positive reappraisal; BAI-1=Numbness or tingling; BAI-2=Feeling hot; BAI-3=Wobbliness in legs; BAI-
4=Unable to relax; BAI-5=Fear of worst happening; BAI-6=Dizzy or lightheaded; BAI-7=Heart pounding/racing; BAI-8=Unsteady; BAI-9=Terrified or afraid;
BAI-10=Nervous; BAI-11=Feeling of choking; BAI-12=Hands trembling; BAI-13=Shaky/unsteady; BAl-14=Fear of losing control; BAI-15=Difficulty in
breathing; BAl-16=Fear of dying; BAl-17=Scared; BAI-18=Indigestion; BAI-19=Faint / lightheaded; BAI-20=Face flushed; BAl-21=Hot/cold sweats



Figure 3. ER-COO network.

Bridge Expected Influence (1-step)

vl ™~ BDI16-

-~ 4',' \"/' : j‘ BDI18-
V@IS ‘» i
N Dt T =

S8, SN Bnvs - ) -

' g ' '
00 04 08 12

A. Network structure B. Centrality plot

Note. RNT=Repetitive negative thinking; RPL=Positive reappraisal; BDI-Il-1=Sad BDI-II-2=F imi BDI-II-3=Past failure; BDI-ll-4=Loss of pleasure; BDI-lI-5=Guilty feelings;
BDI-II-6=Punishment feelings; BDI-lI-7=Self-dislike; BDI-lI-8=Self-criti BDI-II icidal hts or wishes; BDI-II-10=Crying; BDI-II-11=Agitation; BDI-lIl-12=Loss of interest;
BDI-II-1 isi BDI-II-14=V/ BDI-Il-15=Loss of energy; BDI-II-16=Changes in sleeping pattern; BDI-lI-17=Irritability; BDI-ll-18=Changes in appetite; BDI-II-
19=Concentration difficulty; BDI-lI-20=Tiredness/fatigue; BDI-II-21=Loss of interest in sex; BAI-1=Numbness or tingling; BAI-2=Feeling hot; BAI-3=Wobbliness in legs; BAI-4=Unable to
relax; BAI-5=Fear of worst happening; BAI-6=Dizzy or lightheaded; BAI-7=Heart di ing; BAIl-8=Unsteady; BAI-9=Terrified or afraid; BAI-10=Nervous; BAI-11=Feeling of
choking; BAI-12=Hands i BAI-1 ; BAl-14=Fear of losing control; BAI-15=Difficulty in breathing; BAIl-16=Fear of dying; BAI-17=Scared; BAI-18=Indigestion;

BAI-19=Faint/lightheaded; BAI-20=Face flushed; ’BAI-21 =Hot/cold sweats



Supplement
for
Emotion Regulation Difficulties Related to Depression and Anxiety:
A Network Approach to Model Relations among Symptoms, Positive Reappraisal, and
Repetitive NegativeThinking
Jonas Everaért? “and Jutta Joormafn
1 Ghent University, Belgium

2Yale University, United States of America



Supplement 1: Demographt characteristics of the sample

TableS1. Demographic characteristics

Age M) 34.29 6D=11.99)
Gender N
Male 140
Female 328
Race
White or Caucasian 367
Black or African American 35
American Indian/Alaska Native 1
Asian American 30
Hispanic American 8
Other 27
Education
No high school degree 4
High school graduate 49
Some college 129
Two-year college graduate 50
Fouryear college graduate 162
Master degree 59
Doctoral degree 11

Professional degree 4




Supplement2: Descriptive statistics for thedepression(BDI-II) and anxiety (BAI) symptom items.

Table . Descriptive statistics fathe individual items of the BBl and BAL

BDI-II BAI
ltem  Symptom M SD Min Max Symptom M SD Min Max
1 Sadness 0.611 0.742 0 3 Numbness or tingling 0.509 0.748 0 3
2 Pessimism 0.795 0828 O 3 Feeling hot 0.765 0.861 0 3
3 Past failure 0.850 0.916 0 3 Wobbliness in legs 0.378 0.661 0 3
4 Loss of pleasure 0.801 0.859 0 3 Unable to relax 1.224 0.990 0 3
5 Guilty feelings 0.652 0.769 0 3 Fear of worst happening 1.096 1.029 0 3
6 Punishment feelings 0.504 0877 O 3 Dizzy or lightheaded 0.575 0.755 0 3
7 Selfdislike 0.853 1.008 0 3 Heart pounding/racing  0.720 0.844 0 3
8 Self-criticalness 0.889 0.912 0 3 Unsteady 0.462 0.705 0 3
9 Suicidal thoughts or wishes 0.263 0.564 O 3 Terrified or afraid 0.583 0.855 0 3
10 Crying 0.491 0.795 0 3 Nervous 1.197 0.968 0 3
11 Agitation 0.735 0.800 0 3 Feeling of choking 0.165 0.482 0 3
12 Loss of interest 0.784 0.879 0 3 Hands trembling 0.365 0.655 0 3
13 Indecisiveness 0.665 0.878 0 3 Shaky / unsteady 0.451 0.695 0 3
14 Worthlessness 0.639 0.907 0 3 Fear of losing control 0.562 0.834 0 3
15 Loss of energy 0936 0885 O 3 Difficulty in breathing 0.327 0.656 0 3
16 Changes in sleeping patterr 1.051 0.917 0 3 Fear of dying 0.338 0.700 0 3
17 Irritability 0.797 0853 O 3 Scared 0.639 0.835 0 3
18 Change in appetitive 0.705 0880 O 3 Indigestion 0.776 0.939 0 3
19 Concentration difficulty 0.688 0.815 0 3 Faint / lightheaded 0.412 0.682 0 3
20 Tiredness of fatigue 0.934 0.849 0 3 Face flushed 0.453 0.763 0 3
21 Loss of interest in sex 0.861 1.022 0 3 Hot/cold sweats 0.513 0.821 0 3

Notes Means and standard deviations are provided for the full sample4d8 participants. BDII: Beck Depression Inventofiyll;
BAI=Beck Anxiety Inventory; Both the BBIl and BAI are rated on a foypoint scaleanging from 0 to 3.



Supplement3: Results of the retwork stability analyses

S31. Non-parametric bootstrapped 95% confidence intervalgCls) for the estimated

edge weights

FigureS3-1A. Bootstrapped 95%Is for the ERDEP network.
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EMOTION REGULATION IN DEPRESSION AND ANXIETY

FigureS3-1B. Bootstrapped 95%Is for the ERANX network
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