


since surgery” could be identified. An univariate general linear model showed that “age” and

“preoperative pain” were significant confounders for sex differences. Further descriptive

subgroup analysis revealed consistent sex differences for several POP outcome variables

especially in patients older than 50 years or patients with preoperative chronic pain. How-

ever, sex differences disappeared in younger patients and in patients without preoperative

pain.

Discussion

Our data confirmed that sex differences exist in pain intensity and frequency, pain interfer-

ence with feelings and opioid consumption during the first 24 hours postoperatively. How-

ever, sex differences were significantly influenced by the factors “age” and “preoperative

pain”. These findings may in part explain why clinical studies get different results related to

sex differences and renders specific awareness in older women and female patients with

preoperative chronic pain.

Introduction

More than240million surgicalproceduresareperformedworldwideeveryyear[1] andpain
guidelinesandevidence-basedrecommendationshavebeenmadeto improvepostoperative
pain(POP)management[2]. However,postoperativepain isstill insufficientlytreatedwith
morethan50%of patientssufferingfrom moderateto severepainearlyaftersurgery[3]. One
of thereasonsfor thisunsatisfactorysituationmight beanunderestimatedroleof risk factors
for apoorpostoperativepainoutcome.Althoughincreasinglystudied,clinical relevanceof
mostrisk factorsarenot determinedyet.

Onefactorincreasingtherisk to experiencemoreseverepainaftersurgeryis the(female)
sexof thepatient.Sexspecificdifferencesin pain in generalarewelldescribedin theliterature
[4±6].However,thesituationfor POPisnot yetclear.In somestudieswomentendedto report
morepainbothat restandduring movementaftersurgerycomparedto men,but this trend is
not consistentthroughouttheliterature[7±9].Evenmorecontroversialis theeffectof sexon
opioid consumptionandopioid-inducedsideeffectsaftersurgery.Althoughmorphineseems
to bemoreeffectivein womencomparedto men[10], clinical trials investigatingsexdiffer-
encesof perioperativemorphineconsumptionshowedconflictingresults[7±9,11].

A recentlypublishedlargedatabaseanalysisdemonstratedthatsexÐapartfrom ageand
preoperativechronicpainÐis apossiblerisk factorfor severePOPwith ameandifferencedof
0.23on avisualanaloguescale(VAS)from 0±10betweenmalesandfemales[12]. However,
theclinical relevanceof this finding needsfurther examinationmainlydueto thesmalltotal
differenceandreportingof only oneclinicaloutcomeparameter(ªworstpain intensityº),but
not otherpain-relatedoutcomesincludingpainfrequency,interferencewith activitiesand
feelings,opioid consumptionandperceptionsof care.Furthermore,otherfactorssuchasage,
preoperativepainor psychologicalfactorslikely affecttheseverityof acutepostoperativepain.
If thesefactorsareindependentrisk factorsor interactin anyway±e.g.with therisk factorsex±
isbasicallynot knon yet.Together,clinicaldatafocusingon theexactroleof therisk factor
ªsexºfor poorpainoutcomeaftersurgery,on confoundingfactorsinfluencingsexasarisk fac-
tor andon theclinicalrelevanceof sexasarsik factorarecurrentlylimited [13].
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Themajoraimof thepresentstudywasto investigatesexdifferencesin POPoutcome
(beyondworstpainaftersurgery),theinfluenceof possibleconfoundingfactorson sexdiffer-
encesandtheclinicalrelevanceof theseresultsin additionaldescriptivesubgroupanalyses.

Materials and methods

Thepresentstudywasconductedaspartof theEU funded¹PainOutºproject,aninternational
multicenterbenchmarking-projectfor theimprovementof acutePOPtreatment(http://www.
pain-out.eu)[14]; Institutional ReviewBoardapprovalfor thewholeprojectwasgivenin Jena,
Germany(2723-12/09)andfor theprojectsitein Muenster(UniversityHospitalof Muenster)
by thelocalethiccommitteeMuenster,Germany(2009-936-b-S).Datapresentedherewere
collectedprospectivelybetweenMarch2010andJune2011Ðexclusivelyin theUniversity
Hospitalof Muenster,Germany,which isaspecialisthospitalfor orthopedicsurgerywith sev-
eralsubspecialtiesprovidingsupra-regionalservicefor severalorthopedicindications.

Data collection and definition of outcome data

Patientoutcomedatawerecollectedusingthevalidatedinternationalpainoutcome(IPO)
questionnaire[15]. TheIPO contains13questionswhichcoverfiveareasof outcomemeasure-
mentin POP±painintensity,interferenceof painwith activitiesandfeelings,analgesicside-
effectsandthepatient'simpressionof thecaretheyreceived.TheIPO questionnaireincludes
thefollowing items:Leastpainsincesurgery(numericalratingscale(NRS)0±10);Worstpain
sincesurgery(NRS0±10);Percentageof time in severepain(0±100%);Paininterferencewith
activitiesin bed(NRS0±10);Paininterferencewith activitiesout of bed(NRS0±10);Pain
interferencewith breathing/coughing (NRS0±10);Paininterferencewith sleep(NRS0±10);
Emotionalimpairmentdueto pain:anxious(NRS0±10);Emotionalimpairmentdueto pain:
helpless(NRS0±10);Adverseeffects:nausea(NRS0±10);Adverseeffects:drowsiness(NRS
0±10);Adverseeffects:itching (NRS0±10);Adverseeffects:dizziness(NRS0±10);Percentage
of painrelieffrom all treatmentscombined(0±100%);Participationin decisionmaking(NRS
0±10);Satisfactionwith pain treatment(NRS0±10);Presenceof apersistentpainful condition
for 3 monthsor morebeforethesurgery(yes/no)including Intensityof thepersistentpain
beforesurgery(NRS0±10).

A researchassistantscreenedpatientson theorthopedicwardsat theuniversityclinic of
Muensteronedayaftersurgeryandinformedpatientsin written form aswellasorally to get
verbalagreements.Dueto theobservationalnatureof thestudyandits characteristicasaqual-
ity improvementproject,written informedconsentwas±atthetime thestudywasperformed
Ðnot required(ethiccommitteesof theUniversityof JenaandUniversityof MuÈnster).As
definedby thePain-OutProject,patientswereincluded,if theywereinpatients(� 18years),
consentedto participatein theprojectandableto fill out thequestionnaireby themselves.
Exclusioncriteriawererefusalto participate,undergonerepeatsurgery,cognitiveimpairments
or languagedeficiencies.After inclusion,patientsfilled out theIPO andtheresearchassistant
collecteddemographicdata(sex,age,weight,height,nationality,placeof birth, languageof
participant),medicalhistorydata(e.g.preoperativechronicpain)andprocessdata(e.g.type
of operationaccordingto ICD-9, anesthesiatechniques,analgesiatechnique,analgesiccon-
sumptionetc.)from thepatients'chartsin standardizedfashionaccordingto thePainOut pro-
tocol.All datawereassessedon thefirst dayaftersurgery.Thecollecteddatawereanonymized
andthenenteredinto thePainOut Registryusingaweb-basedtool asdescribedrecently[16].

Theprimary outcomevariableweusedhereto assesssexdifferencesandconfoundersfor
sexdifferenceswastheintensityof worstpainsincesurgery(numericratingscale(NRS)0=
ªno painº±10= ªworstpainpossibleº).Assecondaryoutcomeweinvestigatedthetime the
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patientspentin severepainsincesurgery(NRS0%= ªneverin severepainº±100%= ªalwaysin
severepainº), functionaldisabilitydueto pain(NRS0= ªdid not interfereº±10= ªcompletely
interferedº),anxietyandhelplessnesscausedbythepain(NRS0= ªnot atallº±10= ªextremelyº),
cumulativeopioid consumptionsincesurgerycalculatedbyconversionof opioid requirements
into morphineequivalents(ME), thedegreeof painreliefthroughpaintreatment(NRS:0%=
ªno reliefº±100%= ªcompletereliefº),wishfor morepaintreatment(ªyesor noº) andsatisfac-
tion with theresultsof paintreatment(NRS0= ªextremelydissatisfiedº±10= ªextremely
satisfiedº).

Perioperative pain management

All patientsweretreatedaccordingto theGermanpostoperativepainguidelinesandthestan-
dardproceduresin theUniversityHospitalof Muenster.In general,patientswithout contrain-
dicationreceivedapremedicationwith abenzodiazepine(e.g.midazolam)andanon-opioid
analgesic(e.g.etoricoxib,paracetamolor metamizol).Patientswith preoperativechronicpain
continuedtakingtheir dailypainmedicationperioperatively.Accordingto our standardoper-
atingprocedureandin agreementwith theorthopedicsurgeonsmostsurgerywascarriedout
undergeneralanesthesia(GA) aloneor combinedwith aregionalanesthetic(RA)Ðaspatient
controlledanalgesia(PCA)viaacatheter(e.g.epidural)or singleshot(e.g.interscalenenerve
block).In asmallnumberof casespatientsunderwentsurgerywith aRA (e.g.spinalanes-
thetic)alone.All patientsreceivingGA weretreatedintraoperativelywith sufentanilor remi-
fentanilandwith prophylacticantiemetics(dexamethasone4mgand/orondansetron4mg)
accordingto thepostoperativenauseaandvomiting (PONV) score.Painscoresat restand
movement(NRS0±10)wereassessedin thepostanesthesiacareunit (PACU)andon theward.
Mostpatientson thewardreceivedanon-opioidat fixedtime intervals.Paintriggersfor res-
cueanalgesiawereNRSat rest> 3 or NRSatmovement> 5.Patientswithout RA receivedan
opioid on demand(e.g.immediate±releasehydromorphone).After medium-sizedandmajor
procedures(e.g.openjoint surgeriesandlargebonesurgeries),acontrolledreleasedopioid
wasadded.All patientsreceivingRA receivedcontinuousinfusionof alocalanesthetic(ropi-
vacaine0.2%)alone(e.g.interscalenenervecatheter)or alocalanestheticin combinationwith
anopioid (e.g.lumbarepiduralanalgesiawith ropivacaine0.2%plussufentanil0.75μg/ml
accordingto our currentstandardoperatingprocedurefor regionalanestheticprocedures
(Table1).Postoperativeiv-PCAwasusedrarelyandonly if plannedregionalanalgesiatech-
niquesfailedor painmanagementwith oralopioidswasinsufficient.

Table 1. Details of postoperative management including a continuous regional anesthetic technique.

Analgesic Technique Drugs applied Basal infusion

rate

Demand

Dose

Lockout-

Interval

Patient-controlled

epidural analgesia

Ropivacaine 0.2% or bupivacaine 0.175% + Sufentanil 0.175 ��g/ml (for

patients ��70 yr and without chronic opioid medication)

5 ml/h 2 ml 20 min

Interscalene/axillary nerve

catheter

Bupivacaine 0.175% Weight based manner (Half of

max. recommended dose

(0.4mg/kg KG) as basal

infusion rate, other half as two

possible boli within one hour)

30 min

Femoral/sciatic nerve

catheter

Ropivacaine 0.2% Weight based manner (Half of

max. recommended dose

(0.5mg/kg KG) as basal

infusion rate, other half as two

possible boli within one hour)

30 min

https://doi.org/10.1371/journal.pone.0178659.t001
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Statistical analysis

In orderto gethomogeneousgroupswere-evaluatedtheICD 9surgicalcodeswithin thedata
setandclassifiedall surgicalproceduresinto threegroups(bonesurgery,joint surgeryandsoft
tissuesurgery).

In afirst stepwecarriedout alinearregressionanalysisin orderto determinetheinfluence
of possiblepredictors(ªsexº,ªageº,ªpreoperativechronicpainº,ªanesthetictechniqueº(GA
alone,RA alone,GA combinedwith RA) andªsurgicalprocedure(bonesurgery,joint surgery,
softtissuesurgery)º)on worstPOPsincesurgery.

In asecondstepweinvestigatedtheinteractionof theabovementionedpredictorswith sex
differencesof worstpain intensityusingaunivariategenerallinearmodel(ANOVA).

Finally,in orderto determinetheclinical relevanceof theseresults,wecalculatedmeansfor
all outcomeparametersin all patientsandthenseparatelyin womenandmen,respectively.
Dichotomousdata(e.g.numberof patientsrequestingmorepaintreatment)werereportedas
absolutenumber(and%)andsignificancewascalculatedwith theχ2 test.Demographicdata
(e.g.age)andoutcomedataratedon aNRSscale(mostotherdata)werecalculatedasmean(±
standarddeviation(SD)).Sexrelateddifferenceswerecomparedwith thenonparametrictest
for two unrelatedsamples(Mann-WhitneyU Test).Statisticalsignificancewasdetermined
usinganα of 0.05.All statisticalanalyseswereperformedwith SPSSStatistics22(IBM, Chi-
cago,IL).

Results

From1372screenedinpatientsundergoingorthopedicsurgeryin theuniversityhospitalof
MuensterbetweenMarch2010andJune2011atotalnumberof 890(nwomen= 403;nmen=
487)wereincluded(Fig1).Thedemographicdataof theexcludedpatientswerenot different
from theincludedpatients.

Demographic data

Demographicdataof includedpatientsaresummarizedin Table2.Themeanageof partici-
pantswas48.5(± 17.0)years;women(50.9± 16.7years)wereslightlyolderthanmen
(46.5± 17.0years).Preoperativechronicpainwasmorefrequentlyreportedbywomen.With
theexceptionof softtissuesurgerythesexdistribution of theappliedsurgicalprocedureswas
comparable.In generalmostpatientsreceivedaGA without RA (610patients),180patients
receivedacombinationof GA andRA and86patientsreceivedRA alone.From14patients
therewereno dataavailableregardingtheappliedanesthetictechnique.

Predictors for worst postoperative pain and identification of confounding

variables for sex differences

Firstly,weperformedalinearregressionanalysesin orderto identify majorpredictorsfor
worstpain intensitysincesurgery.Asaresult,age,existenceof preoperativechronicpain,sex
andanesthetictechniqueweresignificantpredictorsfor worstPOPsincesurgery(Table3).

Secondly,wetried to identify confoundingvariablesfor sexdifferencesin POPpresumably
influencingthepredictivestrengthof sex.Byusingaunivariategenerallinearmodelwedem-
onstratedthat thefactorªageºandªpreoperativechronicpainº significantlyinfluencedsexdif-
ferencesof theprimary outcome"worstPOPsincesurgery"(Table4).Theotherinvestigated
factors(anesthetictechniqueandsurgicalprocedure)werenot identifiedasbeingsignificant
confounders(Table4).
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Sex differences in primary and secondary outcome data and influence of

confounding variables

Accordingto theresultsabove,weinvestigatedthesexdifferencesof primary andsecondary
POPoutcomesandtheinfluenceof ageandpreoperativechronicpain in descriptivesubgroup
analyses(Table5).

Sex differences in primary postoperative pain outcome. Themeanpainscorefor ªworst
pain intensitysincesurgeryºof thewholepopulationwas5.45(±2.73),whereaswomenre-
portedsignificanthigherworstpain intensityscorescomparedto men(p = 0.002)(Table5).
Thesubgroupanalysisshowedthatolderwomen(� 50years)reportedhigherpainscoresfor
ªworstpain intensitysincesurgeryºthanoldermen(p<0.001).In contrasttherewereno

Fig 1. Patient flow during enrollment and analysis.

https://doi.org/10.1371/journal.pone.0178659.g001
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significantdifferenceswithin youngermenandwomen(< 50years)(Table5).Thesubgroup
analysisfocusingon theinfluenceof preoperativepaindemonstratedthatwomenhadhigher
painscorescomparedwith menin thegroupof patientswith preoperativechronicpain
(p = 0.023),but not in thegroupof patientswithout preoperativechronicpain(Table5). In
addition,patientswith preoperativechronicpainexperiencedhigherpostoperativepain inten-
sity thanpatientswithout preoperativechronicpain(5.74± 2.67vs.5.01± 2.75;p<0.001).

Sex differences in secondary postoperative pain outcome

A. Time in severe pain. Themeanamountof time spentin severepainwas30%(±24%)
wherewomenreportedalongeramountof time in severepaincomparedto men(p<0.001)
(Table5).Thesubgroupanalysisfocusingon theinfluenceof agedemonstratedthat in both
agegroupswomenweresignificantlylongerin severepain(<50years:p = 0.006;�50years:
p = 0.001)(Table5).Thesubgroupanalysisaccordingto preoperativepainshowedthatonly
in thegroupwith preoperativepainwomenspentasignificantlongertime in severetime com-
paredto men(p = 0.001).In contrasttherewasno sexrelateddifferencebetweenwomenand
menin thegroupwithout preoperativepain(Table5).Moreover,patientswith preoperative

Table 2. Demographic data (as n (%)).

Women (n = 403) Men (n = 487) p Value

Age (years)

<50 years 176(39.6%) 269(60.4%) ��0.001

�50 years 226(50.9%) 218(49.1%)

Preoperative chronic pain

Patients with preoperative chronic pain 275 (52.0%) 254 (48.0%) ��0.001

Patients without preoperative chronic pain 122(34.8%) 229(65.2%)

Surgical procedure

Bone surgery 154 (46.7%) 176 (53.3%) 0.214

Joint surgery 189 (46.6%) 217 (53.4%)

Soft tissue surgery 59 (38.8%) 93 (61.2%)

Anesthetic technique

General anesthesia 274 (44.9%) 336 (55.1%) 0.248

Regional anesthesia 34 (39.5%) 52 (60.5%)

General and regional anesthesia 90 (50.0%) 90 (50.0%)

Sex related differences were compared with χ2 Test.

https://doi.org/10.1371/journal.pone.0178659.t002

Table 3. Results of the linear regression analysis investigating possible predictors for worst postoperative pain since surgery.

Predictor Variable p—Value β Lower bound Upper bound

Age¥ < 0.001 -0.176 -0.714 -0.319

Existence of preoperative chronic pain < 0.001 0.157 0.493 1.249

Sexª 0.005 -0.095 -0.888 -0.158

Anesthetic technique� 0.030 -0.072 -0.568 -0.029

Surgical procedure 0.261 Could not be included in model

¥ grouped in 20 year intervals, in increasing order

ª Reference category is “male”

� GA and GA + RA compared to RA only

https://doi.org/10.1371/journal.pone.0178659.t003
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chronicpainexperiencedhigherpostoperativepainfrequencycomparedto patientswithout
preoperativechronicpain(33%± 25%vs.25%± 22%;p<0.001).

B. Functional disability and mood during postoperative pain treatment. In all patients
postoperativepain interferedwith physicalactivitiesin bedlike turning, sittingetc.with 4.50
(±2.83);womenandmenwerecomparablyaffected(p = 0.168)(Table5).Theanxietyscore
dueto painwas2.40(±2.46)andthehelplessnessscoredueto painwas2.68(±2.87)in all
patients.Womenreportedsignificantlyhigheranxiety(p = 0.003)andhelplessnessscores
(p<0.001)dueto paincomparedto men(Table5).Thesubgroupanalysisinvestigatingthe
influenceof agedemonstratedthatonly olderwomenreportedasignificanthigherimpair-
mentscoreof pain interferencewith physicalactivitiesin bedcomparedto men(p = 0.003).
Furthermorethisgroupof womenshowedsignificanthigheranxiety(p = 0.012)andhelpless-
nessscores(p = 0.001)comparedto men,whereasyoungerwomenreportedonly significantly
higherhelplessnessscores(p = 0.018)(Table5).Subgroupanalysisfocusingon theinfluence
of preoperativepainshowedthatonly womenwith preoperativepainreportedsignificant
higherªhelplessnessºscorescomparedto men(p = 0.004)(Table5).

C. Cumulative opioid consumption. Thecumulativepostoperativeopioid consumption
(ME) in all patientswas0.346mg/kg(± 0.456);womenreceivedsignificantlymoreME com-
paredto men(p = 0.009)(Table5).Thesubgroupanalysiscomparingsexdifferencesin differ-
entagegroupsdemonstratedthatonly in theolderagegroupthisdifference(womenreceived
ahigheramountof opioidscomparedto men)wassignificant(p<0.001).In contrast,there
wasno sexrelateddifferencebetweenyoungerwomenandmenregardingto postoperative
morphineconsumption(Table5).Womenwith preoperativepainrequiredsignificantlymore
opioids(ME) comparedto men(p = 0.006);howeverME consumptionin femaleandmale
patientswithout preoperativepainwascomparable(Table5).

D. Pain relief received. Themeanamountof painreliefreceivedwas62%(±27%);
womenreceivedasimilaramountof painreliefcomparedto men(P= 0.944)(Table5).The
subgroupanalysisaccordingto ageshowedthat in theolderagegroup(� 50years)women
receivedasignificantlyloweramountof painreliefcomparedto men(p = 0.040).In contrast
in theyoungeragegroupwomenexperiencedahigheramountof painrelief thanmen
(p = 0.025)(Table5).Painreliefscoresshowedcomparableresultsbetweenbothsexesin the
subgroupanalysisaccordingto preoperativepain(Table5).

Table 4. Results of the ANOVA investigating the interaction of the factors “age”, “preoperative pain”,

“anesthetic technique” and “surgical procedure” with sex differences of the outcome “worst postop-

erative pain since surgery”.

Explanatory Factor P value

Females Males

Age � 0.282 <0.001

Existence of chronic preoperative pain 0.034 0.006

Anesthetic technique#

GA 0.532 0.087

GA with RA 0.557 0.964

Surgical procedureΔ

Bone surgery 0.684 0.076

Joint surgery 0.420 0.053

�up to 50 years old compared with 50+

#compared with RA only
�ûcompared with soft-tissue surgery

https://doi.org/10.1371/journal.pone.0178659.t004
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E. Patients’ satisfaction with postoperative pain treatment. 17.7%of all patientswould
like to havereceivedmorepaintherapy;thiswassimilarbetweenwomenandmen(p = 0.590)
(Table5).Themeansatisfactionwith thepainmanagementin all patientswas7.57(±2.77);
womenandmenwerebothcomparablysatisfiedwith thepainmanagement(p = 0.670)
(Table5).Bothsubgroupanalyses(age,preoperativechronicpain)showedno significantdif-
ferencesof wishfor moretreatmentandsatisfaction(Table5).

Discussion

In this largesampleof patientsafterorthopedicsurgeryweshowthat femalesexisasignificant
predictorfor worstpainsincesurgery.Besidespain intensity,wealsoidentifiedsignificantsex
differencesin painfrequency,pain interferencewith feelingsandopioid consumptionduring
thefirst 24hourspostoperatively.Furthermore,for thefirst time,wedemonstratedthatpreop-
erativechronicpainandagearemajorconfoundersof sexrelateddifferencesin worstPOP
sincesurgeryanddeterminedcertainspecialsubgroups(especiallyolderwomenandwomen
with preoperativechronicpain)asbeingmoreor lesssusceptibleto experiencehighpain
scoresaftersurgery.

Sex differences in postoperative pain outcome

Severalstudiesinvestigatedsexasapossiblepredictorfor worstPOPintensity;however,
resultsaresometimesnot thatstrongandsomestudiesevendo not showsexdifferences[17±
20].An olderqualitativesystematicreviewsummarizingtheavailableliteratureconcludedthat

Table 5. Results of sex differences in postoperative pain outcome and subgroup analysis focusing on the influence of age and preoperative pain.

Outcome Sex All Groups Age Groups Preoperative Pain Groups

<50 years �50 years with without

Worst pain since surgery Women 5.75 �“ 2.61� 5.85 �“ 2.59 5.68 �“ 2.85� 5.97 �“ 2.72� 5.24 �“ 2.71

Men 5.20 �“ 2.70 5.58 �“ 2.61 4.72 �“ 2.73 5.50 �“ 2.60 4.89 �“ 2.78

Time spent in severe pain Women 34% �“ 25%� 34% �“ 24%� 34% �“ 26%� 37% �“ 26%� 27% �“ 23%

Men 27% �“ 23% 27% �“ 23% 26% �“ 22% 29% �“ 23% 24% �“ 22%

Interference of pain with in-bed activities Women 4.65 �“ 2.83 4.68 �“ 2.83 4.64 �“ 2.83� 4.97 �“ 2.71 3.92 �“ 2.98

Men 4.38 �“ 2.83 4.81 �“ 2.82 3.85 �“ 2.76 4.75 �“ 2.73 3.98 �“ 2.91

Feeling anxious due to pain Women 2.66 �“ 2.53� 2.69 �“ 2.49 2.65 �“ 2.57� 2.98 �“ 2.60 1.90 �“ 2.17

Men 2.18 �“ 2.39 2.30 �“ 2.44 2.04 �“ 2.33 2.58 �“ 2.46 1.73 �“ 2.22

Feeling helpless due to pain Women 3.13 �“ 3.05� 3.01 �“ 2.95� 3.24 �“ 3.14� 3.59 �“ 3.20� 2.12 �“ 2.44

Men 2.31 �“ 2.66 2.37 �“ 2.69 2.23 �“ 2.63 2.74 �“ 2.78 1.81 �“ 2.43

Cumulative opioid consumption(mg/kg) Women 0.39 �“ 0.50� 0.39 �“ 0.48 0.39 �“ 0.51� 0.45 �“ 0.55� 0.25 �“ 0.34

Men 0.31 �“ 0.41 0.36 �“ 0.44 0.24 �“ 0.37 0.32 �“ 0.42 0.30 �“ 0.41

Relief from pain Women 62% �“ 26% 66% �“ 24%� 59% �“ 27%� 59% �“ 26% 69% �“ 26%

Men 62% �“ 28% 60% �“ 28% 64% �“ 27% 59% �“ 27% 64% �“ 28%

Wish for more treatment was “Yes” Women 19% (72/388) 22% (37/169) 16% (35/218) 22% (58/267) 11% (13/117)

Men 17% (80/471) 19% (48/260) 15% (32/211) 20% (49/244) 14% (31/225)

Satisfaction with pain treatment Women 7.62 �“ 2.75 7.62 �“ 2.60 7.60 �“ 2.88 7.49 �“ 2.77 7.96 �“ 2.69

Men 7.53 �“ 2.79 7.47 �“ 2.61 7.61 �“ 3.01 7.34 �“ 2.93 7.74 �“ 2.62

Results are presented as mean (�“ standard deviation) or relative numbers (% (n/N)). Groups were compared using Mann-Whitney U Test or χ2 Test (“wish

for more treatment”).

� P��0.05 women vs. men

https://doi.org/10.1371/journal.pone.0178659.t005
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sexseemsnot to beaconsistentpredictorfor POPandanalgesicconsumptionªastraditionally
believedº[21]. However,morerecentlypublisheddatainvestigatingprocedure-specific risk
factorsfor thedevelopmentof severePOPstronglysupportaroleof sexÐapartfrom preoper-
ativechronicpainandageÐasonemajorpredictor[12]. Anotherrecentlargeretrospective
studyconfirmedthisbyshowingahigherrisk of femalesto reportmoreseverepainevents;
howeversexdifferencesweresomehowsmallwith oddsratiosbetween1.14and1.16[22].
Here,wedemonstratethatsexisaswellapredictorfor worstPOPsincesurgerysimilar to
thoseearlierclinical trialsshowinganeffecton POP[7±9,12,22].Newareour additionalfind-
ingson clinicalaspectsrelatedto pain,for examplethatwomenaresignificantlylongerin
severepainaftersurgery.Wesuggestthat this factormight beevenmoreclinicallyimportant;
alongertime in severepainmight compromiseearlymobilizationandphysicaltherapy.In
addition,alongertime in severepainduring theearlypostoperativeperiodcontributesto the
developmentof chronicpostsurgicalpain[23,24]andmight explainin part,whyfemalesare
athigherrisk to developchronicPOPcomparedto males[25].

Furthermore,in our studywomenreceived25.8%moreopioidscomparedto menduring
thefirst 24hoursaftersurgery.Thisresultisconsistentwith someotherclinical trials investi-
gatingsexdifferencesin opioid consumptionin thePACU[7, 8]. However,two meta-analyses
investigatingsexdifferencesof opioid analgesiain patientsreceivingapatientcontrolledintra-
venousopioid analgesiafor POPtreatmentreportedahigheranalgesicefficacyof morphinein
womencomparedto men[10]. Thelatterdifferencemight beexplainedby thefactthat
womenmight showanincreasedbenefitfrom self-controlof POPtreatment,which issup-
portedbyhigheranxietyandhelplessnessscoresin womancomparedto menin our study.
Together,theresultsobtainedhereconfirm earlierresultsfrom largereal-lifeobservationsthat
olderpatientsreport lowerpostoperativepain[12] with addingthenewfinding of decreased
needfor opioidsin oldermenonly.

Nevertheless,theobservedsexdifferencesin POPoutcomewereonly smallin our study.
Furthermore,otheranalyzedpainrelatedoutcomevariables(painreliefreceived,whishfor
moretreatmentandoverallsatisfactionwith painmanagement)did not showanysignificant
sexdifference.Thismight indicatethat thesexdifferencesfor thepainrelatedoutcomeparame-
ter, for examplepainintensityratings,arenot thatclinicalrelevantfor females.For instance,
femalesseemto benot reallyªaffectedºby their higherpainratings(becausesatisfactionratings
andwhishfor moretreatmentsweresimilar in malesandfemales)suggestingthatsexisnot
that relevantfor thegeneralaspectof POP.Furthermore,thismight indicatethatpainintensity
isnot thebest(andonly) outcomeparameterrelevantfor aqualifiedpainmanagement.

Confounder for sex differences in postoperative pain outcome

Wedemonstratefor thefirst time thatageandpreoperativechronicpain(but not ªanesthetic
techniqueºor ªsurgicalprocedureº)might bemajorconfoundersfor sexdifferences.These
findingspossiblyexplainÐatleastin partÐwhy sexalonehasnot beenfoundconsistentlyasa
risk factorfor POPin otherstudies[21].

Thesubgroupanalysisfocusingon theclinical relevanceof this resultrevealedthat thesex
differencesin pain intensity,impairmentof pain interferencewith physicalactivitiesandanxi-
etyscoresweremorepronouncedin theoldergroupof patients,in contrastto theyoungerage
groupwheretheseresultswerenot statisticallysignificant.More specifically,olderwomen
received62.5%moreopioidscomparedto oldermen,but theyreportedanevenloweramount
of painreliefcomparedto men.This interestingfinding might beexplainedby thefactthat
otherfactors,like psychologicalvariables(anxietyandhelplessnessscores)andphysical
impairment,mayhaveagreaterinfluenceon painrelief in olderpatientscomparedto the
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youngergroup.Recentlyit hasbeenshown,thatpsychologicalvariables,like anxiety,paincat-
astrophizing,andemotionalillnessrepresentationarestrongerpredictorsthanageandother
clinicalvariablesfor persistentpostsurgicalpain followinghysterectomy[26]. Therefore,psy-
chologicalsupportandspecificinterventionsby thecaregiversmayhelpto improvepainman-
agement,especiallyin olderwomenundergoingorthopedicsurgery.

Theresultsof anothersubgroupanalysisshowedthatonly in patientswith preoperative
chronicpainsexdifferencesweresignificant.Womenwith preoperativechronicpainreport
significanthigherworstpainscoressincesurgery,spendasignificantlongertime in severe
pain,showhigherhelplessnessscoresandrequiresignificanthigheramountsof opioidscom-
paredto menwith preoperativepain.In addition,patientswith preoperativechronicpain
experiencedhigherpostoperativepainintensityandfrequencythanpatientswithout preopera-
tivechronicpain.Thelatterfinding might bethereasonfor sexdifferencesin patientswith
preoperativechronicpain,becausesexdifferencesappearto bemorepronouncedwhenpost-
operativepain ispoorlymanaged.This issupportedbyarecentlypublishedtrial, whichdem-
onstratedthatsexdifferencesseemto bediminishedin womenandmentreatedwith an
epiduralanalgesiafor majorsurgicalproceduresindicatingthateffectivepainmanagementis
ableto overcomesexrelateddifferences[27]. Womenwith preoperativepainmight need
moreeffectivepainmanagementthanotherpatients.Futurestudiesshouldinvestigatemeth-
odsin orderto improvetheoutcomein thisgroupof patients.

Limitations

Theresultsof thisanalysisarebasedon patientdataof onesingleuniversityhospitalwith an
ownstandardof POPtreatment,whichmight influencethegeneralizationof our results.On
theotherhand,thesinglecenterdatamayhavethestrengthbycomparingagroupof uniform
treatments(similarsurgeons,similarpostoperativecareandanalgesicmanagement,etc.).
Patientsanalyzedwithin thisdatabasemostlyweretreatedat least24hoursaftersurgerywithin
thehospital.Therefore,our resultsmight not betransferableto outpatientsurgery.Wedid not
analyzetheinfluenceof preoperativeopioid intakeon POPoutcome.However,it iswellknown
thatopioid naïvepatientsmight haveadifferentsensitivityto opioidsthanopioid-dependent
patients,whichmight haveinfluencedtheopioid consumption.Thistogetherwith otherfactors
relatedto preoperativepainneedsfurther investigationin thefuture.Becausetheopioid con-
sumptionmight beinfluencedby thesexof theprescribingphysician[28,29],resultsfocusing
on opioid consumptionmight beinfluencedby thisbias.However,our datawerecollecteddur-
ing dailyroutine.Therefore,thispossiblebiascouldnot becontrolledfor needsto beinvesti-
gatedin thefuture.Additionally,dueto lackingdatawecannot excludethat thereweresexor
agerelateddifferencesin patientswhohadcontraindicationsfor thenormalperioperativepain
managementtreatmentdescribedwithin themethods.Thismight haveinfluencedtheresultsof
thesubgroupanalysis.Treatmentrelatedconfounders,althoughlimited dueto datacollection
within onesinglehospitalandbyapplyingstandardizedpainmanagementprotocolscannotbe
excludedaswell.Furthermore,thepresentdataonly reflectthefirst 24hoursfollowingsurgery.
Therefore,thecalculatedoutcomesmight beinfluenceddirectlybysurgeryor anesthesiaand
our resultsmight beoverestimated.However,it iswellknownfrom theliteraturethat thefirst
postoperativedayrepresentsthedaywith thehighestpainscoresduring postoperativecareand
might bethereforethemostimportant oneevenfor sexdifferences[27].

Conclusion

Thecurrentprospectivedatabaseanalysisconfirmedthat femalesexisasignificantpredictor
for worstPOPsincesurgery.Accordingly,significantsexdifferenceswereseenin otherPOP-
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relatedoutcomeparameterslike time in severepain,pain interferencewith feelingsandopioid
consumption.However,parameterslike receivedpainreliefor satisfactionwerenot signifi-
cantlydifferentin malesandfemalesindicatingthathigherpainscoresin femalesdo not result
in disaffectionandsexdifferencesdependon theoutcomeparameterassessed.Wefurther
demonstratedthatageandpreoperativepainarepredictorsfor worstPOPsincesurgeryas
wellasclinicallyrelevantconfoundingfactorsfor sexdifferencesfor worstPOP.More specifi-
cally,subgroupanalysesrevealedthatespeciallyolderwomen(�50years)andwomenwith
preoperativepainmight beathigherrisk for sufferingfrom worsePOPoutcome.Thelatter
findingsmight explaintheconflictingresultsfor sexbeingapredictorfor POPin earlierstud-
ies.Apart from that,olderwomenandwomenwith preoperativepainprobablyrequiremore
clinicalawarenessduring postoperativecarebyprovidingmultimodalpaintreatmentinclud-
ing perioperativepsychologicalsupport.
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