


Introduction

Chronicpaincanbeadebilitatingcondition andiscommonamongolderadults.Someesti-
matessuggestthathalfor moreof community-dwellingolderadultsandup to 80%of nursing
homeresidentssufferfrom chronicpain[1]. Arthritis (e.g.,rheumatoidarthritis,osteoarthri-
tis),backpain,andfibromyalgiaarethemostcommonpaindisordersin olderpeople[2,3].
Injuries (e.g.,falls)andsurgicalproceduresalsocontributeto thehigherratesof pain in older
adults.Peoplewith chronicpain,regardlessof age,sufferfrom impairedfunctioning,reduced
qualityof life,anddepression[4±6].More researchisneededto understandpain,especially
factorsthatcanalleviatepainandits impacts,in olderadultsin light of therapidly increasing
numberof olderpainpatientsdueto globalaging.In thisstudy,wearticulateanewcognitive
modelof painanddepressionandtestedit in acommunitysampleof Chineseolderadultsin
HongKong,althoughthemodelmaybeapplicableto youngerpersonswith chronicpainas
well.In thismodel,self-efficacyandcatastrophizingplayamoderationalandamediational
rolerespectivelyin theconnectionbetweenpainanddepression.Whatdistinguishesthis
modelfrom theothersin theexistingliteratureishowthesefactorsareput togetherin aninte-
gratedmodel.

Somescholarshavesuggestedthatcatastrophizing,atendencyto exaggeratepainsensation,
to ruminateaboutit, andto feelhelplessbecauseof it [7], wouldmediatetherelationship
betweenpainanddepressivesymptoms.In across-sectionalstudyof 164backpainpatients,
HuÈlsebuschandcolleaguesfound that theeffectof pain intensitywascompletelymediatedby
pain-relatedcognitions,with help-/hopelessnessbeingthemostimportant pathwayleadingto
depressivesymptoms[8]. Woodandcolleaguesmeasuredpain intensity,depressivesymp-
toms,andcatastrophiccognitions(namely,magnificationandhelplessness)atbaselineandsix
monthslaterin 141olderadultswith chronicnon-cancerpain.Usingchangescoresfrom
baselineto follow-up,theyfound thatbothmagnificationandhelplessnesscompletelymedi-
atedtheconnectionbetweenpain intensityanddepressivesymptoms[9].

Whereascatastrophizingisarisk factorfor depression,self-efficacy,in termsof believingin
one'sability to carryout necessaryactionsto managepainandto reducetheimpactof painon
everydayactivities[10,11],appearsto havethereverseeffect.Studieshavefound thatpatients
with comparablelevelsof paintendto havelessdepressivesymptomsif theyhavehigherpain
self-efficacy[12,13].In theextantliterature,self-efficacyisusuallytreatedasamediator
betweenpainanddepressivesymptoms[14,15].Suchaconceptualmodelassumes(thelack
of) self-efficacyto arisefrom pain.This ispossibleasseverepainmayundermineone'ssense
of self-efficacy.However,self-efficacyisapsychologicalresourcethatmayserveasaprotective
factoragainstpain-induceddepression;in thissense,self-efficacywouldmoderatetherela-
tionshipbetweenpainanddepressivesymptoms.

To thebestof our knowledge,Pjanicandcolleaguesweretheonly onesthat lookedat the
moderatingroleof self-efficacy.Theyfollowed274patientssufferingfrom accidentalinjuries
for 12monthsandfound thatbaselineself-efficacymoderatedtheeffectof pain intensityand
impairmentatbaselineon depressivesymptomsat follow up,controlling for depressivesymp-
tomsatbaseline.Painstronglypredicteddepressivesymptomswhenself-efficacywaslow,but
wasbasicallyunrelatedto depressivesymptomswhenself-efficacywashigh [16]. In other
words,theeffectof painon depressiondependson thelevelof self-efficacy.

However,Pjanicandcolleagues[16] did not includecatastrophiccognitionsin their study.
Thisstudyproposesanew,moderatedmediationmodel(Fig1) that incorporatestheroleof
catastrophizingandtestedthemodelin asampleof community-dwellingolderadultsin Hong
Kong.In addition to actingon therelationshipbetweenpainanddepressivesymptoms,self-
efficacyishypothesizedto moderatetheassociationbetweenpainandcatastrophizing,while
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catastrophizingis in turn aprecursorof depressivesymptoms(Fig1).In otherwords,paininten-
sity ispostulatedto havestrongerrelationshipswith both catastrophizinganddepressivesymp-
tomswhenself-efficacywaslow thanwhenself-efficacywashigh,whilecatastrophizingalso
servesasamediatorfor theconnectionbetweenpainintensityanddepressivesymptoms.Thus,
painintensityishypothesizedto increasedepressivesymptomsbothdirectlywhenself-efficacy
waslow,aswellasindirectly throughincreasingcatastrophizingwhenself-efficacyis low.

Methods

Study design, participants and procedure

BetweenSeptember,2015andMarch,2016,941olderadultswererecruitedon avoluntary
basisfrom socialcentersfor olderpeoplein HongKongto participatein across-sectionalsur-
veyaboutchronicpain.Theyprovidedwritten informedconsentto participateandwereinter-
viewedface-to-faceindividually by trainedresearchassistantsin aquietareaof thesocial
center.664personswhomettheinclusion/exclusioncriteriawereincludedin thisstudy.The
inclusioncriteriawere(1) aged�60years,(2) anativeChinesespeaker,and(3) durationof
pain�3 months.Theexclusioncriterion waspresenceof cognitiveimpairmentbeingopera-
tionalizedasascoreof�3 on theShortPortableMentalStatusQuestionnaire[17]. Thesample
(N = 664)hadameanageof 74.79years(SD = 7.20;range= 60±95),with majority of them
beingwomen(85.1%).About halfof theparticipantsweremarriedor cohabiting(49.3%),
while43.8%of themwerewidowed.Over70%of themreceivedformaleducation(pri-
mary= 43.7%;secondary= 23.6%;tertiary= 4.1%).Thestudywasapprovedby theHuman
ResearchEthicsCommitteeof TheEducationUniversityof HongKong.

Measures

Depressive symptoms. TheChineseversionof a10-itemversionof theCenterfor Epide-
miologicalStudies-Depressionscale[18±21]wasadopted(α = 0.85).Participantswereasked
to rateon a4-point scale(0 = none, 3 = 5–7 days) thepresenceof differentsymptomsoverthe
pastweek.SampleitemsareªI felt depressedºandªI felt thateverythingI did wasaneffort.ºA
total scoreof�12suggestsprobableclinicaldepressionin olderChinese[19,20].

Pain intensity. Participantswereaskedif theywerebotheredbypersistentpain in the
pastthreemonths,whichwasproposedasayardstickfor differentiatingchronicfrom acute
nonmalignantpain[22]. The3-itempain intensitysubscaleof theChronicPainGradeques-
tionnaire[23] wasusedto assesspain intensityon a0±10scale(α = 0.82).A sampleitem is ªin

Fig 1. Hypothesized model of the interrelationships among pain intensity, pain catastrophizing, pain self-efficacy,

and depressive symptoms.

https://doi.org/10.1371/journal.pone.0203964.g001
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thepastthreemonths,howintensewasyour worstpainratedon a0±10scale.ºTotal intensity
scorewasobtainedbyaveragingtheitemson thecurrent,worst,andaveragepain in thepast
threemonthsandthenmultiplying themeanby10.Thetotalhasascorerangeof 0±100,with
ahigherscoreindicatingmorepain.

Pain self-efficacy. The22-itemChronicPainSelf-EfficacyScale,with subscalesmeasuring
painmanagement,physicalfunction [11], andcopingwith painsymptomswasused.It was
translatedinto Chineseusingatranslationandback-translationprocedure.Itemswererated
from 10to 100,with ahigherscoresuggestinghigherself-efficacy.SampleitemsareªHow cer-
tain areyouthatyoucanmakealargereductionin your painbyusingmethodsotherthantak-
ing extramedications?ºandªAscomparedto otherpeoplewith chronicmedicalproblemslike
yours,howcertainareyouthatyoucanmanageyour painduring your dailyactivities?ºIn this
study,thetotal score,averagedacross22items(α = 0.94),wasanalyzed.

Catastrophic cognitions. TheChineseversionof the13-itemPainCatastrophizingScale,
whichmeasuresrumination,magnification,andhelplessnessin threesubscales,wasused
[24,25].Participantswereaskedto reflecton pastpainfulexperiencesandto indicatetheextent
to whichtheyhadexperiencedeachof the13thoughtson a5-point scale(0 = not at all, 4 = all
the time), with ahigherscoreindicatingmoreseriouscatastrophizingthinking (α = 0.91).
SampleitemsareªIt's terribleandI think it's nevergoingto getanybetterºandªI keepthink-
ing abouthowmuchit [the pain] hurtsº.

Covariates. Painduration,painsites,andsociodemographicinformation suchasage,sex,
andeducationwereobtained.Self-ratedhealthwasmeasuredbyaskingparticipantsto rate
their currentandgeneralhealth(2 items)in thepastthreemonths(0 = poor, 3= excellent),
andscoresof thetwo itemswereaveraged(α = 0.89).Theyalsoindicatedwhethertheyhad
anychronicdiseaseamongalist of 33conditions,with anªotherº categoryfor providing infor-
mationon additionalconditions.

Statistical analysis

DatawereanalyzedusingSPSSversion21(SPSS,Inc.;Chicago,Illinois). Alphawassetat0.05,
two-tailed.4.7%of thesamplehadmissingdataon anyvariablebut nonehadmissingvalues
in >20%of theitemsof anysinglemeasure.In thiscases,themissingvalueswerereplacedby
theperson'sownmeanon theremainingitemsof thatmeasure.To testour theoreticalmodel
of moderatedmediation,aseriesof linearregressionanalyseswereperformed.First,themedi-
atingroleof catastrophiccognitionwouldbeconsideredto existif (a)pain intensitywasasso-
ciatedwith bothcatastrophizinganddepressivesymptoms,(b) catastrophizingwasassociated
with depressivesymptoms,and(c) therelationshipbetweenpain intensityanddepressive
symptomswassignificantlyattenuatedaftercontrolling for catastrophizing[26]. Thus,depres-
sivesymptomwasregressedon pain intensityandthelatter'sregressioncoefficientwouldbe
comparedwith andwithout catastrophizingin themodel.Unbiasedpoint estimateand95%
confidenceintervalof theindirect effectwascalculatedfrom 5,000bootstrapsamplesusingthe
bias-correctedbootstrappingmethod[27].

Second,to assessthemoderatingroleof self-efficacyon pain intensity'srelationshipsto cat-
astrophizinganddepressivesymptoms,two separatemoderationanalyseswereconducted.To
do this,producttermsof pain intensity(centered)x self-efficacy(centered)wereaddedto the
regressionmodelspredictingcatastrophizinganddepressivesymptomsrespectively.Simple
slopeanalysesweresubsequentlyperformedto illustratesignificantinteractioneffects[28].

Finally,weexaminedwhetherself-efficacymoderatedthemediatingpathwayviacatastro-
phizingin asinglemodel.Moderatedmediationisdemonstratedwhenthestrengthof anindi-
recteffectdependson thelevelof themoderatingvariable[29]. Weassessedtheconditional
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indirect effectsof painintensityon depressivesymptomsbywayof catastrophizing(mediator)
atspecificvalues(-1 SD, mean,+1 SD) of painself-efficacy(moderator).An indexof moderated
mediation,whichisameasureof theassociationbetweenanindirect effectandamoderator,
wasestimated,togetherwith a95%confidenceinterval,from bootstrapping5,000samples[30].

In all analyses,age,gender,education,self-ratedhealth,numberof chronicdiseases,pain
duration,numberof painsites,andpainself-efficacywereincludedascovariates.In models
with depressivesymptomsasthedependentvariable,catastrophiccognitionwasalsoincluded
asacovariate.

Results

Descriptive data and correlations

Themeanscoreof pain intensitywas50.04(SD = 20.04),suggestingmoderatepain.In general,
theparticipantshadhighself-efficacy(M = 70.81,SD = 16.02)andrelativelylow catastrophic
thinking (M = 11.16,SD = 11.44).Theyhad,on theaverage,2.52chronicdiseases(SD = 1.90)
but reportedgenerallygoodsubjectivehealth(M = 1.99,SD = 0.58).Thesamplehadamean
scoreof 7.33(SD = 6.69)for depressivesymptoms,with 22.1%crossingthethresholdfor prob-
ableclinicaldepression.

Table1showsthebivariatecorrelationsof thevariables.Asexpected,painintensitywasposi-
tivelycorrelatedwith catastrophizing(r = 0.42,p<0.001)anddepressivesymptoms(r = 0.46,
p<0.001).Catastrophiccognitionhadahighlypositivecorrelationwith depressivesymptoms
(r = 0.66,p<0.001),whereasself-efficacywasnegativelycorrelatedwith painintensity(r = -0.50,
p<0.001),catastrophizing(r = -0.48,p<0.001),anddepressivesymptoms(r = -0.53,p<0.001).

Pain intensity and depressive symptoms, with catastrophic cognition as

mediator

Model1 (Table2) showstheregressionresultswith catastrophiccognitionasthedependent
variable.Painintensitywassignificantlyassociatedwith catastrophizing,aftercontrolling for

Table 1. Descriptive statistics and product-moment correlations.

1 2 3 4 5 6 7 8 9 10 11

1.Age Ð -0.07 -0.31 -0.10 0.03 0.03 -0.07 -0.03 0.12 -0.01 -0.26

2.Gender(female) Ð -0.20 -0.07 -0.04 0.07 0.09 0.06 0.14 0.04 -0.12

3.Education Ð 0.10 0.02 -0.10 -0.05 -0.01 -0.15 0.06 0.17

4.Self-ratedhealth Ð -0.19 -0.11 -0.18 -0.41 -0.37 -0.30 0.42

5.Numberof chronicdiseases Ð 0.12 0.25 0.22 0.17 0.17 -0.26

6.Painduration(years) Ð 0.22 0.11 0.15 0.02 -0.09

7.Numberof painsites Ð 0.28 0.27 0.21 -0.23

8.Depressivesymptoms Ð 0.45 0.66 -0.53

9.Painintensity Ð 0.42 -0.50

10.Paincatastrophizing Ð -0.48

11.PainSelf-efficacy Ð

M 74.79 Ð 2.04 1.99 2.52 10.10 2.31 7.33 50.04 11.16 70.81

SD 7.20 Ð 0.86 0.58 1.90 10.46 1.29 6.69 20.04 11.44 16.02

% Ð 85.1 Ð Ð Ð Ð Ð Ð Ð Ð

Note. rs� |0.09|weresignificant at the0.05level.

Ðnot applicable.

https://doi.org/10.1371/journal.pone.0203964.t001
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thecovariates.Models3 and4 (Table3) displaytheresultsof regressionanalysesshowingpain
catastrophizingto bethestrongestpredictorof depressivesymptoms.Painintensityremained
significantlyassociatedwith depressivesymptoms,whethercatastrophiccognition,asignifi-
cantpredictorof depressivesymptoms,wasincludedin themodelor not. However,the
strengthof this relationshipwasnoticeablyreducedafterenteringcatastrophiccognitioninto
theequation,asseenfrom thechangesin thestandardizedregressioncoefficientof pain inten-
sity from Model3 (β = 0.20,p<0.001)to Model4 (β = 0.09,p = 0.006).Thus,thecondition for
catastrophizingasamediatorof therelationshipbetweenpain intensityanddepressivesymp-
tomswasestablished.Resultsof thebootstrapanalysisshowedthatpain intensity'sindirect
effecton depressivesymptomsviacatastrophizingwassignificant(B = 0.036,95%CI = 0.024,
0.051).

Table 2. Regression of catastrophic cognition on pain intensity, self-efficacy, and covariates.

Model 1 Model 2

B (SE) β p B (SE) β p
Age -0.16(0.06) -0.10 0.004 -0.16(0.06) -0.10 0.005

Gender(female) -0.62(1.08) -0.02 0.569 -0.63(1.07) -0.02 0.557

Education 1.74(0.49) 0.13 <0.001 1.66(0.48) 0.12 <0.001

Self-ratedhealth -1.60(0.72) -0.08 0.026 -1.58(0.71) -0.08 0.027

Numberof chronicdiseases 0.11(0.21) 0.02 0.595 0.17(0.21) 0.03 0.414

Painduration -0.06(0.04) -0.06 0.086 -0.07(0.04) -0.07 0.045

Numberof painsites 0.47(0.31) 0.05 0.132 0.55(0.31) 0.06 0.081

Painself-efficacy -0.26(0.03) -0.37 <0.001 -0.25(0.03) -0.35 <0.001

Painintensity 0.13(0.02) 0.23 <0.001 0.13(0.02) 0.23 <0.001

Painintensityx Self-efficacy ² -0.004(0.001) -0.12 <0.001

R2 0.320 0.333

² not entered.

https://doi.org/10.1371/journal.pone.0203964.t002

Table 3. Regression of depressive symptoms on pain intensity, catastrophic cognition, and covariates.

Model 3 Model 4 Model 5

B (SE) β p B (SE) β p B (SE) β p
Age -0.14(0.03) -0.15 <0.001 -0.09(0.03) -0.10 <0.001 -0.09(0.03) -0.10 <0.001

Gender(female) -0.72(0.60) -0.04 0.229 -0.55(0.52) -0.03 0.290 -0.56(0.52) -0.03 0.278

Education 0.44(0.27) 0.05 0.101 -0.03(0.23) -0.004 0.884 -0.05(0.23) -0.01 0.832

Self-ratedhealth -2.11(0.40) -0.18 <0.001 -1.67(0.35) -0.14 <0.001 -1.67(0.34) -0.15 <0.001

Numberof chronicdiseases 0.11(0.11) 0.03 0.342 0.08(0.10) 0.02 0.430 0.10(0.10) 0.03 0.306

Painduration 0.01(0.02) 0.02 0.551 0.03(0.02) 0.05 0.097 0.02(0.02) 0.04 0.157

Numberof painsites 0.44(0.17) 0.09 0.011 0.31(0.15) 0.06 0.038 0.34(0.15) 0.07 0.022

Painself-efficacy -0.16(0.02) -0.38 <0.001 -0.09(0.01) -0.21 <0.001 -0.08(0.01) -0.20 <0.001

Painintensity 0.07(0.01) 0.20 <0.001 0.03(0.01) 0.09 0.006 0.03(0.01) 0.09 0.004

Paincatastrophizing ² 0.27(0.02) 0.47 <0.001 0.27(0.02) 0.45 <0.001

Painintensityx Self-efficacy ² ² -0.001(0.001) -0.08 0.004

R2 0.399 0.547 0.552

² not entered.

https://doi.org/10.1371/journal.pone.0203964.t003
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The moderating role of self-efficacy

First,weexaminedwhetherself-efficacymoderatedtheassociationbetweenpain intensityand
depressivesymptoms.Theproductterm pain intensityx self-efficacywassignificant,adding
0.5%of explainedvarianceto themodel(seeModel5,Table3).Thesimpleslopesat -1 SD,
mean,and+1 SD of self-efficacy,shownin Fig2A,suggestedthat theassociationbetweenpain
intensityhadastrongrelationshipwith depressivesymptomsonly whenself-efficacywaslow.
Whenself-efficacywashigh (at+1 SD), this relationshipbecamenonsignificant.

Next,wetestedwhetherself-efficacymoderatedtherelationshipbetweenpain intensityand
catastrophiccognition.Model2 in Table2 showedthat theinteractioneffectof pain intensity
x self-efficacywassignificant,accountingfor afurther 0.8%of thevariancein catastrophiccog-
nition. Thesimpleslopesat -1 SD, mean,and+1 SD of self-efficacyareplottedin Fig2B,
whichshowed,again,that thestrengthof therelationshipbetweenpain intensityandcatastro-
phizingwasreducedwith increasinglevelsof self-efficacy.Theseresultssuggestedthat the
indirect effectof pain intensityon depressivesymptoms,bywayof catastrophizing,might
dependon thelevelof painself-efficacy.Wethenestimatedtheindexof moderatedmediation
usingHayes'algorithm[30]. Thisprocedureyieldedanestimateof B= -0.0010(95%CI =
-0.0016,-0.0004)for themoderatedmediationeffect.Theconditionalindirect effectsat -1 SD,
mean,and+1 SD of self-efficacywere0.052(95%CI = 0.033,0.072),0.035(95%CI = 0.024,
0.050),and0.019(95%CI = 0.008,0.033)respectively.Thus,theindirect effectof pain inten-
sityon depressivesymptomsviacatastrophizingwaslowerin individualswith higherself-
efficacy.

Discussion

Themainpurposeof thestudywasanempiricalexaminationof amoderatedmediationmodel
that integratesseveralmajor factorsknown to aggravateor alleviatedepressivesymptomsin
thosewith chronicpain.To thisend,amoderatedmediationmodelwasarticulatedandtested
in asampleof HongKongChineseolderadults.In thecognitivetheoryof depression[31], cat-
astrophiccognitionis thoughtto beamentalsetthatexaggeratesthethreatof potentially
stressfulstimuli. Consistentwith thisview,our modelassumespaincatastrophizingto be

Fig 2. Relationships between pain intensity and (a) depressive symptoms and (b) pain catastrophizing at -1 SD, mean, and +1 SD of pain

self-efficacy. SE= painself-efficacy.

https://doi.org/10.1371/journal.pone.0203964.g002

Pain self-efficacy

PLOS ONE | https://doi.org/10.1371/journal.pone.0203964 September 18, 2018 7 / 12

https://doi.org/10.1371/journal.pone.0203964.g002
https://doi.org/10.1371/journal.pone.0203964


activatedby theexperienceof bodily painandto actasaproximalfactorfor depressivesymp-
toms.Otherresearchershavefoundsupportfor thismediatingrole for catastrophiccognitions
[8,9].Our studycorroboratestheir resultsandfound thatpain intensitywasassociatedwith
increaseddepressivesymptomsthroughmorecatastrophiccognitions.However,different
from previousstudieswhichreportedfull mediation[8,9],weonly foundpartialmediation.
Thedirecteffectof pain intensityon depressivesymptomsin our studysuggeststhatchronic
pain itselfappearsto beasufficientcondition for thedevelopmentof depressionin older
adults.More studiesareneededto determinewhetherthereremainsadirecteffectof pain
intensityon depressivesymptoms,aftercontrolling for catastrophiccognitions.

Our resultsfurther suggestthatnot only doescatastrophizingmediatetherelationship
betweenpain intensityanddepressivesymptoms,but that thismediationpathwaydependson
thelevelof painself-efficacy.Self-efficacy,thebeliefthatonecandealwith thepainsymptoms
andto reducetheir impacton everydaylife,washypothesizedto attenuatethelink between
pain intensityandcatastrophiccognitions.Consistentwith our hypothesis,wefound thatself-
efficacymoderatedtherelationshipbetweenpain intensityandcatastrophiccognitionssuch
that therelationshipwasweakerwhenself-efficacywashigher.To thebestof our knowledge,
this is thefirst studyto demonstratesuchamoderationeffectof self-efficacyin theliterature,
with significantimplicationsfor theoreticaldevelopment.

Therelationshipbetweenself-efficacyandcatastrophizinghasnot beenclearlyspelledout
in theliterature.Typicallytheyareconsideredpositiveandnegativecognitionrespectivelyin
dealingwith painandareshownto beindependentlyrelatedto painoutcomes[32,33].Sucha
viewignoresthedecadesof researchon thepsychologyof resilienceandself-efficacyasa
resourcethatcontributesto resilience.Resiliencerefersgenerallyto theability to bounceback
from adversityandresearcherslook for protectivefactorsthatattenuatetheconnection
betweenadversityandnegativeoutcomes,andself-efficacyisonesuchprotectivefactorthat
hasreceivedconsistentsupportin theliterature[34]. In thecontextof copingwith pain,for
example,thosewith ahighsenseof self-efficacywouldbemorelikely to viewpain-related
issuesaschallengesto beovercome,to recoupafterdefeats,andto keepfinding waysto con-
tain its impact[11], andhencesuchindividualswouldbelesslikely thanthosewith low self-
efficacyto engagein rumination andto feeloverwhelmedby thepainsensation.

Resilienceisusuallydemonstratedbyasignificantinteractionbetweentheadversityand
theprotectivefactor[35]. Indeed,wefound thatpainself-efficacymoderatedtherelationship
betweenpain intensityandcatastrophiccognitionsasshownbyasignificantpain intensityx
self-efficacyterm.Thesimpleslopesplottedin Fig2Bshowedthat thestrengthof theassocia-
tion betweenpain intensityandcatastrophizingdependedon thelevelof self-efficacyÐthis
relationshipwasstrongestwhenself-efficacywaslow andgraduallydiminishedwith higher
self-efficacy.In otherwords,olderchronicpainpatientswith higherself-efficacywereless
likely to engagein catastrophiccognitionsthanthosewhohadacomparablelevelof painbut a
lowersenseof self-efficacy.On top of themediationalroleof catastrophiccognitions,our find-
ingssuggestedthat theindirecteffectof painintensityon depressivesymptoms,bywayof cata-
strophizing,wasmoderatedbypainself-efficacyaswell.With increasinglevelsof painself-
efficacy,this indirect effectbecameweakerin adose-dependentmanner.

Furthermore,wefound thatself-efficacyalsomoderatedthedirectrelationshipbetween
pain intensityanddepressivesymptoms.In fact,consistentwith thepain literature,wefounda
significantassociationbetweenself-efficacyanddepressivesymptoms;olderchronicpain
patientswith higherself-efficacyreportedlessdepressivesymptomsthanthosewith lowerself-
efficacy.However,thisdirecteffectdid not accountfor theentiretyof thenegativeassociation
betweenpainself-efficacyanddepressivesymptoms;suchanegativerelationshipwasalsodue
to thefactthatself-efficacyweakenedtheconnectionbetweenpain intensityanddepressive
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symptoms.ThismoderationeffectwasalsoreportedbyPjanicandcolleaguesearlier[16].
Again,therewasastrongrelationshipbetweenpain intensityanddepressivesymptomsonly
whenself-efficacywaslow.At high levelsof self-efficacy,olderadults'depressivesymptoms
wasindependentof thelevelof painexperienced(i.e.,remainingrelativelylow evenwhenpain
wassevere).Theactualconnectionbetweenpainself-efficacyanddepressivesymptoms
appearsto bemorecomplicatedthanwasassumedpreviously;whileolderchronicpain
patientswith higherself-efficacyarein generallessdepressedthanthosewith lowerself-effi-
cacy(i.e.,thedirecteffect),theyarealsolesslikely to feeldepressedundermoderateto severe
painbecauseof theattenuatedeffectof pain intensityon depressivesymptoms,eitherdirectly
or indirectly throughreducedcatastrophizing.

Althoughcatastrophiccognitionwasmoststronglyassociatedwith depressivesymp-
toms,thepresentfindingssuggestthat painself-efficacyshouldalsobeakeytargetfor
changein interventionprograms.Along this line,Turner andcolleaguesfound, in aran-
domizedcontrolledtrial, that self-efficacyuniquelymediatedtheeffectof cognitive-
behavioraltreatmenton pain intensity,activity interference,andjawuselimitations after
oneyearin agroupof chronic facialpainpatients[36]. It is alsopossiblethat painself-
efficacyis aªcommondenominatorºamonginterventionsthat work in thesensethat
effectiveinterventions,whetheradoptingthemindfulnessor thecognitive-behavioral
approach,wouldpromoteasenseof personalefficacyin copingwith painandin reducing
the impactof painon everydaylife [37].

Fivelimitations of this studyneedto bementioned.First, thesamplewereonly moder-
atelydepressedanddid not reportedlyengagein muchcatastrophicthinking. It would be
important to attemptto replicatethepresentfindingsin asamplewith morecatastrophic
thinking andmoreseriousdepressivesymptoms.Suchasamplemaybemorelikely found
in clinicalsettingsthan in thecommunity.Second,althoughthis studyaddsto therela-
tivelysmallliteraturefocusingon chronicpain in olderadults,future studiesshould
recruit ageneraladult sampleto seeif thecurrent findingscanbegeneralizedto younger
adultswith chronicpain.Third, thesamplewaspredominantlywomen.Althoughit is not
uncommonto havemorewomenthanmenin oldersamples,future researchshould
recruit amoresex-balancedsample.Fourth,althoughstudiesof healthyindividualshave
found theeffectof self-efficacyto bestrongerin individualisticthan in collectivisticcul-
tures[38,39]similar cross-culturalcomparisonhasnot beenconductedfor painpatients.
Thus,it is important to conductfurther researchto seewhetherthemoderationalrolesof
self-efficacyaregeneralizableacrossculturesandwhetherits effectsarestrongerin some
culturalgroupsthanothers.

Finally,thecross-sectionaldesignis limited in two ways.It hasbeenknown that esti-
matesof mediationeffectsin cross-sectionalmodelswoulddiffer from thosein longitudi-
nal models,dueto the inability of cross-sectionaldatato modelchangesin themediator
andthedependentvariableovertime [40]. Thecurrent resultsaboutthemediationalrole
of catastrophizingshouldthereforebetakenwith caution,andcorroborationthrough
analyzinga3-wavelongitudinalmodelis neededin future researchto strengthenthesup-
port for this theoreticalmodel.Moreover,thecausaldirectionsarenot necessarilyone
wayfrom pain intensityto catastrophizingandto depressivesymptoms[41,42].Although
thepossibilityof reversecausationdoesnot in itself invalidateour theoreticalmodel,the
true relationshipsamongthesefactorsmaybea lot morecomplexthat impliesadown-
wardspiralin painanddepressionovertime,unlessonedevelopsasenseof efficacyin
dealingwith pain-relatedissues.Futureresearchshouldaim at a longitudinaldesignwith
severalwaveswith carefullyspaced-outintervalsin order to testmoderatedmediation
andreversecausationsimultaneously.
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Conclusions

This is thefirst studyto demonstratein amoderatedmediationmodelconcerningtheprotec-
tiveroleof painself-efficacyin theprocessleadingto pain-relateddepressivesymptoms.On
top of thedirecteffectof self-efficacyon depressivesymptoms,it is important to notethemod-
erationalrole thatself-efficacyplaysin thisprocess.Asaprotectivefactor,painself-efficacy
attenuatesthedirectrelationshipbetweenchronicpainanddepressivesymptomsandalso
their indirect relationshipthroughreducingcatastrophizingaboutpain.Thestudyprovidesa
newperspectiveto understandthecomplexrelationshipsamongpain intensity,catastrophiz-
ing,andself-efficacyin accountingfor depressivesymptomsin olderchronicpainpatients.
Our studysuggeststhepotentialneedof consideringbothpainself-efficacyandcatastrophiz-
ing in thedesignof pain interventionprograms.
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