


strain (high control/low demands; n = 495), and passive jobs (low control/low demands; n =

307) were all associated with a faster rate of disability progression (β = 0.07, 95% CI 0.02–

0.13, p = 0.01; β = 0.10, 95% CI 0.06–0.15, p < 0.001; β = 0.11, 95% CI 0.05–0.18, p <
0.001). The association between high strain and disability progression was only shown in

people with low social support at work (β = 0.13, 95% CI 0.07–0.19, p < 0.001), but not in

those with high social support (β = 0.004, 95% CI −0.09 to 0.10, p = 0.93). Moreover, we

estimated that the association between demand–control status and disability trajectories

was mediated 38.5% by cognitive decline and 18.4% by accumulation of chronic diseases

during the follow-up period. The limitations of this study include unmeasured confounding,

self-reported work experience, and the reliance on a psychosocial job–exposure matrix that

does not consider variabilities in individuals’ perception on working conditions or job charac-

teristics within occupations.

Conclusions

Our findings suggest that negative psychosocial working conditions during working life may

accelerate disability progression in later life. Notably, social support at work may buffer the

detrimental effect of high strain on disability progression. Cognitive decline and chronic-dis-

ease accumulation, and especially the former, partially mediate the association of psycho-

social working conditions with trajectories of disability. Further studies are required to

explore more mechanisms that underlie the association between psychosocial working con-

ditions and disability trajectories.

Author summary

Why was this study done?

· Work isoneof theactivitiesthat takeup aconsiderableamountof time in our adult
lives,thuspotentiallymakingit animportant determinantof health,evenin laterlife.

· Inability to independentlycarryout daily tasks(definedasdisability)canaffectolder
people'squalityof life andposeaburdenon caregiversandsocieties.

· A betterunderstandingof thepathwaybetweenmidlife workingconditionsandlate-life
disabilitymayhelpthedevelopmentof preventivestrategies.

What did the researchers do and find?

· Westudiedtheassociationof psychosocialworking conditionswith therateof disability
progressionover12yearsin acohortof 2,937individualsaged60yearsandolder.

· Wefound thatunfavorablepsychosocialworking conditions,includinghigh-strain,
low-strain,andpassivejobs,wererelatedto afasterrateof disabilityprogression.The
associationof high-strainjobswith accelerateddisabilityaccumulationwasonly present
amongpeoplewith low socialsupportatwork.
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· Thedecrementin cognitivefunction andincreasein chronic-diseaseburden,andespe-
ciallytheformer,partiallyexplainedtherelationshipbetweenunfavorableworking con-
ditionsanddisabilityprogressionin laterlife.

What do these findings mean?

· Unfavorablepsychosocialworking conditionsduring working life arerelatedto thepro-
gressionof disabilityin laterlife.Publichealthauthorities,employers,andemployees
shouldall beawareof that.

· Socialsupportatwork isespeciallyimportant in ahigh-strainwork environmentgiven
its capacityto attenuatetheimpactof high-strainjobson disabilityaccumulation.

· Monitoring cognitivefunction andmedicalconditionsof peoplewith unfavorable
working conditionsisendorsedby theroleof bothdimensions,andespeciallyof cogni-
tivedysfunction,in acceleratingdisabilityprogressionin olderage.

Introduction

Adultsaged60yearsor overareoneof thefastergrowingsegmentsof thepopulationworld-
wide,andtheyareprojectedto reach2 billion by2050,with amajor risein thenumberof the
oldestold (aged85yearsor over)[1,2].Advancedageisassociatedwith progressiveincreasein
theoccurrenceof functionalimpairmentanddisability,asaresultof bothage-relatedanddis-
ease-drivenmechanisms.Environmentalexposurescanaffecttheaccrualrateof disability,and
theycouldthusbemodulatedto preventor delayits onsetandprogression.

Work isoneof themainactivitiesthat takeup agreatdealof time in our adult lives,and
thusworking conditionsmayplayasignificantrole in influencingpeople'shealth.Thereis
increasingevidenceshowingthatnegativepsychosocialworking conditionscanimpactboth
mentalandphysicalhealthbeyondworking life (i.e.,afterretirement)[3,4],whichmayresult
in subsequentdevelopmentof disabilitylaterin life.Oneof thewell-establishedmodelsto
assesspsychosocialconditionsin work environmentis thedemand±controlmodel[5], which
conceptualizesfour work scenarios:highstrain(high demands/lowcontrol), low strain(low
demands/highcontrol),passivejob (low demands/lowcontrol),andactivejob (high demands/
highcontrol).Thismodelwasfurther developedwith theinclusionof socialsupportat the
workplace[6]. Thus,iso-strain,thecombinationof highstrainandlow socialsupportatwork,
wasadditionallyintroducedandsuggestedto bethemostdetrimentalwork scenario,whereas
highsocialsupportmaybufferthenegativeimpactof highstrainon health.

Previousstudiesregardingoccupationalactivitiesanddisabilityin old agehavefocusedon
occupationalcharacteristic[7] andphysicaldemands[8], leavingtheassociationbetweenpsy-
chosocialwork statusandlate-lifedisabilitymostlyunexplored.To our knowledge,only one
studyshowedthathighstrainandpassivejobswererelatedto ahighernumberof disabilities
in activitiesof daily living (ADL; includingdressing,bathing,toileting,eating,transferring,
andcontinence)andinstrumentalADL (IADL; includinggroceryshopping,mealpreparation,
laundry,housekeeping,managingmedication,handlingmoney,usingtelephone,andtaking
public transportation)28yearsafterthework experience[9]. However,thisstudydid not
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capturethechangein disabilityovertime. In previousstudies,wereportedanacceleratedrate
of cognitivedecline[10] andmultimorbidity progression(i.e.,theco-occurrenceof chronic
diseases)[11] in peoplewith highstrain,low strain,or passivejobscomparedwith thosewith
activejobs.It hasbeendemonstratedthat rapidcognitivedecline[12] andchronic-disease
accumulation[13] acceleratedtheaccumulationof ADL andIADL disabilitiesin old age,sug-
gestingthat thedecrementin cognitivefunction andincreasedburdenof medicalconditions
maypotentiallyplayarole in mediatingtheassociationbetweenworking conditionsandlate-
life disability.

In thecurrentprospectivestudy,weaimedto examinewhetherjob demand±controlstatus
isassociatedwith therateof disabilityaccumulationin laterlife, to verifywhethersocialsup-
port atwork modifiestherelationshipbetweenhighstrainanddisabilityprogression,andto
investigatewhetherandto whatextentthejob±disabilityassociationismediatedbybaseline
cognitivefunction andmedicalconditions,aswellascognitivedeclineandchronic-disease
accumulationthatoccurredduring thefollow-upperiod.

Materials and methods

Study population and data collection

Participantsof thecurrentstudywerederivedfrom apopulation-basedobservationalsurvey,
theSwedishNationalStudyon AgingandCare-Kungsholmen(SNAC-K),in whichresidents
aged60+yearsof theKungsholmenDistrict in Stockholmwererandomlysampledfrom 11
agecohorts[14]. After thebaselinesurvey(March2001to June2004),theyounger-agecohorts
(60,66,and72yearsold) werefollowedup every6 years,whereastheolderones(78,81,84,
87,90,93,96,and99+yearsold) werefollowedup every3 years.Amongthosewhowerealive
andeligible,3,363(73.3%)took part in thebaselineexamination.Peoplewith missinginfor-
mationon occupationalhistory(n = 330)or baselineADL or IADL disabilities(n = 96)were
excluded,leaving2,937participantsto befollowedup to 12years.Participantswhodiedor
droppedout afterthebaselineassessment(n = 733)wereretainedin theanalyses,contributing
exclusivelyto thebaselineassociationbetweenexposuresandoutcomes.Peoplewhodid not
haveoccupationalinformation (10%)andthosewhodiedor droppedout afterthebaseline
assessment(25%)wereolder,lesseducated,andhadmoredisabilitiesin bothADL andIADL
atbaseline.Participantswhodid not attendfollow-upexaminationwerelesslikely to work in
activejobs.Fig1 depictstheflow of participantsover12years.

In SNAC-K,datawerecollectedfollowingastructuredprotocol(http://www.snac-k.se)that
consistedof interviewsandclinicalexaminationsbynursesandphysicians,cognitiveassess-
mentbypsychologists,andlaboratorytestsaccordingto standardprocedures.Forparticipants
with cognitiveproblems,caregiversor proxieswereconsulted.Information on medicalhistory
wasadditionallyobtainedthroughthelinkageto theSwedishNationalPatientRegister;vital
statuswasconfirmedby theSwedishCauseof DeathRegister.Eachwaveof theSNAC-Kstudy
wasapprovedby theEthicalCommitteeatKarolinskaInstitutet andtheRegionalEthics
ReviewBoardin Stockholm,Sweden.Written informedconsentwasreceivedfrom partici-
pantsor nextof kin. Theresultsof thepresentstudywerereportedin accordancewith the
STROBEguidelines(S1Checklist).

Psychosocial working condition

Detailedinformation on thefive longest-heldjobsthroughouttheparticipants'professional
lives,includingemployers,job titles,tasks,andtime spans,werecollectedthroughnurses'
interviewatbaseline[14]. Wefirst codedeachoccupationusingthethree-digitNordic occupa-
tion classification[15]. Then,wemergedtheoccupationalcodeswith avalidatedpsychosocial
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job±exposurematrix [16] to assessjob control,demands,andsocialsupportin eachoccupa-
tion. Jobcontrol refersto theextentof autonomyto makedecisionsin conductingwork tasks;
job demandsreferto mentalworkloadandtime restrictionin completingwork tasks;social
supportatwork refersto thegeneralsocialnetworkatwork andhelpreceivedfrom coworkers
[6,17].Thismatrix wasconstructedbasedon theSwedishWork EnvironmentSurveyandhas
beenusedpreviouslyin studieson cardiovascular,metabolic,andneurodegenerativediseases

Fig 1. Flowchart of study participation over 12 years. Dropoutsaredueto eitherrefusalof theparticipant/relative,lossof contact
with theparticipant,or movingof theparticipant from thecity wherethestudytookplace.FU 1,follow-up1;FU 2,follow-up2;FU
3,follow-up3;FU 4,follow-up4;SNAC-K, SwedishNationalStudyon AgingandCare-Kungsholmen.

https://doi.org/10.1371/journal.pmed.1002899.g001
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[18±20],aswellasin our studieson thespeedof cognitivedeclineandchronic-diseaseaccu-
mulation[10,11].

Wefocusedon thelongest-heldoccupation(meanduration23.5± 11.3yearsin our study
population)becauseit isdeemedasthemaincontributor to work statusthroughoutthework-
ing life.For theoperationalizationof demand±controlstatus,wedichotomizedcontinuous
scoresof job control,demands,andsupportashigh/lowusingthemedianvaluesfrom the
job±exposurematrix, respectively.Wethengeneratedafour-categoryvariabledesignating
psychosocialworking conditions,basedon demand±controlcombinations:highstrain(high
demands/lowcontrol), low strain(low demands/highcontrol),passivejob (low demands/low
control),andactivejob (high demands/highcontrol). Iso-strainwasfurther definedasthe
combinationof highstrainandlow socialsupport[6]. Thefivemostprevalentoccupationsin
theSNAC-Kcohortbydemand±control±supportstatusarelistedin Table1.

Disability

Thecapacityto independentlycarryout ADL andIADL wasreportedbyparticipantsatbase-
line andall of thefollow-upexaminations.Caregiverswerealsoaskedto confirm thesereports.
Peopleliving in institutionswereassumedto bedependentfor groceryshopping,mealprepa-
ration,housekeeping,andlaundry.ADL andIADL disabilitiesweretreatedasseparateout-
comesfirst, followedbysummingthenumbersof ADL andIADL limitations in onescaleto
enhancetherangeandsensitivityof disabilitymeasurement[21].

Global cognitive function

Globalcognitivefunction wasassessedusinga30-pointversionof theMini-Mental State
Examination(MMSE)[22] atbaselinefor all participants,in threeoccasionsfor theolder
cohorts(3-,6-,and9-year),andin oneoccasionfor theyoungerones(6-year)during thefol-
low-up.

Chronic disease

Chronicmedicalconditionswereascertainedbyclinicalexamination,medicalhistory,medi-
cationuse,laboratorydata,linkageto inpatientandoutpatientcaredatafrom theSwedish
NationalPatientRegister,and/or throughproxyinterviews[23]. All diagnoseswerecodedin
accordancewith theInternational Classification of Diseases, 10th revision (ICD-10).Chronic
diseasesweredefinedaspermanentconditionsandwheneither(1) residualdisability
remainedaftertheendof theclinicalepisodeor qualityof life wasworsenedcomparedwith
theperiodbeforetheonsetof thediseasesor (2) long-term(including both regularandinter-
mittent) care,treatment,or rehabilitationwasrequired.A totalof 918ICD-10codeswere
identifiedandclassifiedinto 60chronic-diseasecategories[13,23].Thetotalnumberof

Table 1. The five most prevalent occupations in the SNAC-K cohort by demand–control–support status.

Demand–control–support status Occupation

Activejob banker,teacher,engineer,journalist,manager

Passivejob vender,postman, construction worker,graphicprinter, cleaner

Lowstrain officer,housemaid, home-careassistant,librarian,technician

High strain cashier,busdriver,pharmacist,dentistassistant, hairdresser

Iso-strain cashier,busdriver,hairdresser, telephoneoperator, telephonecustomerservice

Abbreviation:SNAC-K, SwedishNationalStudyon AgingandCare-Kungsholmen

https://doi.org/10.1371/journal.pmed.1002899.t001
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chronicdiseaseswascalculatedat thesameoccasionswhentheMMSEwasconducted.We
used6±9-yearfollow-updataon themediators(i.e.,MMSEscoreandnumberof chronicdis-
eases)and12-yearfollow-updataon theoutcome(i.e.,disability)to addresstheissueof tem-
poralitybetweenthemediatorsandtheoutcome.

Covariates

Educationallevelwasrecordedaselementary,highschool,anduniversityaccordingto the
highestdegreeachieved.Smokingwasdichotomizedasnever/formerandcurrentsmoking.
Alcoholconsumptionwascategorizedinto noneor occasional,light to moderate,andheavy
drinking [24]. Engagementin globalleisureactivities(including mental,social,andphysical)
wasratedaslow,moderate,andhigh,asreportedpreviously[25].Early-lifesocioeconomicsta-
tus(SES)wasassessedusingoccupationof participant'sfather,whichwascategorizedinto
manual,intermediate,andprofessional[26]. To disentanglepsychosocialworking condition
from othercomponentsof theoccupationthatmayalsoberelatedto disability,wetook into
accounttheoccupationalcharacteristic(blue-andwhite-collarworkers)aswellasphysical
demands(light, moderate,andstrenuous)in thelongest-heldjob [8].

Statistical analysis

Thestudyprotocolandanalysisplanarereportedin Supportinginformation (S1StudyProto-
col).Linearmixed-effectsmodelswereusedto investigatetheassociationbetweenjob
demand±controlstatusandchangein thenumberof disabilities,usingfollow-up time (years)
astimescale.Thefixedeffectincludeddemand±controlstatus,follow-up time,andtheir inter-
action.Therandomeffecttook into considerationindividual differencesin disabilityatbase-
line (randomintercept)andin therateof disabilityaccumulation(randomslope).The
estimatedeffectof theinteractionterm reflectstheimpactof demand±controlstatuson annual
changein thenumberof disabilities.Weconvertedtheoriginal ratingsof demandsandcontrol
into ascendingscales,respectively(i.e.,higherscoresrepresentgreaterdemands/control),to
facilitateinterpretation.Jobcontrol anddemandswereanalyzedbothascontinuousand
dichotomousvariables.Furthermore,wecomparedtheassociationof eachdemand±control
categorywith therateof disabilityaccumulation,usingactivejob asreference[10,18].Statisti-
calinteractionbetweenhighstrainandlow socialsupportin estimatingdisabilityprogression
wastestedby introducingathree-wayinteractionterm (i.e.,job strain,socialsupport,and
time) in themodelfirst, followedbystratifiedanalysesby levelof socialsupportatwork.

To testandquantifythemediatingeffectsof baselinecognitionandmedicalconditionsas
wellaschangesin globalcognitivefunction andchronic-diseaseburdenduring thefollow-up
on theassociationbetweendemand±controlstatusandrateof disabilityaccumulation,media-
tion analyseswereperformedin two separatemodels:(1) only thebaselineMMSEscoreand
numberof chronicdiseasesweretreatedasmediators;(2) thechangesin MMSEscoreand
numberof chronicdiseasesweretreatedasmediators,andthebaselineMMSEscoreandnum-
berof chronicdiseaseswereadjustedfor ascovariates.In additionalanalyses,thenumberof
chronicdiseaseswasreducedbyoneunit ateachwaveof follow-up if participantshadMMSE
scoresbelow24andwerenewlydiagnosedwith incidentdementia(i.e.,dementiaisoneof the
60chronicdiseasesconsideredin thetotal count) to disentanglethemediatingeffectsof the
decreaseof MMSEscoreanddementiadiagnosis.

In theaforementionedanalyses(including linearmixed-effectsmodelsandmediationanal-
yses),wefirst adjustedfor age,sex,andeducation(model1) andadditionallycontrolledfor
baselinesmoking,alcoholconsumption,leisureactivityengagement,early-lifeSES,occupa-
tional characteristic,andphysicaldemandsin thelongest-heldjob (model2).Baselinenumber
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of chronicdiseasesandMMSEscorewerealsoadjustedfor in linearmixed-effectsmodels.In
sensitivityanalyses,weexcluded(1) thosewhohadat leastoneADL or IADL disability
(n = 538),to restrictthestudysampleto thosewithout anydisabilityatbaseline;(2) thosewho
werestill working atbaseline(n = 582),to preventpotentialreversedcausation;and(3) preva-
lentdementiacasesandincidentdementiaduring thefirst 3 yearsof follow-up(n = 153),and
weassessedwork statusby thelatestjob to reducepotentialinformation biasbecauseof poor
cognition.Finally,to allowfor comparabilityof resultsacrossmodels1 and2,weconducted
multiple imputationbychainedequationfor missingdatain covariates,obtainingfive
imputeddatasets[27]. Theestimatesof thesedatasetswerepooledaccordingto Rubin'srule
for validstatisticalinferences.All analyseswerecomputedusingStataSE15.0(StataCorp,Col-
legeStation,TX, United States).

Results

Baselinecharacteristicsof thestudypopulationbydemand±controlcategoriesarepresentedin
Table2.

Lowlevelsof job demandsandcontrolwereassociatedwith ahigherannualincreasein the
numberof total (ADL + IADL) disabilities,regardlessof whetherjob demandsandcontrolwere
treatedascontinuousor dichotomousvariables(Table3).Similarresultswerefound in theanal-
ysesin whichADL andIADL limitationsweretreatedasseparateoutcomes(S1Table).

Fig2showsthetrajectoriesof total (ADL + IADL) limitationsovertime associatedwith dif-
ferentdemand±controlcategories.Relativeto activejobs,highstrain(β = 0.07,95%CI 0.02±

Table 2. Baseline characteristics of study population by demand–control status of the longest-held job.

Characteristics Active job Low strain High strain Passive job

n = 1,807 n = 495 n = 328 n = 307

Age(years) 71± 10 76± 10 74± 11 78± 11

Femalesex 1,035(57.3) 375(75.8) 224(68.3) 212(69.1)

Education

Elementary 128(7.1) 106(21.4) 74(22.6) 160(52.1)

High school 808(44.7) 321(64.9) 190(57.9) 129(42.0)

University 871(48.2) 68(13.7) 64(19.5) 18(5.9)

Occupational characteristic

Bluecollar 88(4.9) 202(40.8) 138(42.1) 244(79.5)

White collar 1,719(95.1) 293(59.2) 190(57.9) 63(20.5)

Occupationalphysicaldemands

Light 1,532(87.2) 302(63.4) 209(65.9) 136(45.5)

Moderate 172(9.8) 106(22.3) 85(26.8) 99(33.1)

Strenuous 53(3.0) 68(14.3) 23(7.3) 64(21.4)

Numberof chronicdiseases� 3 (2,5) 4 (3,6) 4 (2,5) 4 (3,6)

MMSEscore 28.9± 2.7 27.8± 3.2 28.5± 4.9 26.8± 4.7

ADL disability§ 59(3.3) 48(9.7) 16(4.9) 33(10.8)

IADL disabilityμ 242(13.4) 119(24.0) 73(22.3) 83(27.0)

Dataarepresentedasmean± standarddeviationsor number(proportion %).Numberof peoplewith missingdatafor occupational physicaldemands:88.
�Dataarepresentedasmediansandinterquartile ranges.
§At leastoneimpairmentin ADL.
μAt leastoneimpairment in IADL.

Abbreviations:ADL, activitiesof daily living; IADL, instrumental ADL; MMSE,Mini-Mental StateExamination

https://doi.org/10.1371/journal.pmed.1002899.t002
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0.13),low strain(β = 0.10,95%CI 0.06±0.15),andpassivejobs(β = 0.11,95%CI 0.05±0.18)
wereall relatedto anacceleratedspeedof total (ADL + IADL) disabilityaccumulationduring
thefollow-up.Similarly,highstrain(β = 0.03,95%CI 0.01±0.05;β = 0.04,95%CI 0.01±
0.08),low strain(β = 0.02,95%CI 0.003±0.04;β = 0.08,95%CI 0.05±0.11),andpassivejobs

Table 3. Association of job demands and control with annual change in the number of total (ADL + IADL) disabilities over 12 years.

Job demands/control × time Model 1a Model 2b

β 95% CI p β 95% CI p
Jobcontrol (continuous) −0.03 −0.05to −0.02 <0.001 −0.04 −0.05to −0.02 <0.001

Jobdemands(continuous) −0.07 −0.09to −0.04 <0.001 −0.08 −0.10to −0.05 <0.001

Jobcontrol (dichotomous)

High Ref. Ref.

Low 0.06 0.02±0.09 0.001 0.07 0.03±0.12 0.001

Jobdemands(dichotomous)

High Ref. Ref.

Low 0.04 0.01±0.07 <0.05 0.10 0.06±0.14 <0.001

aAdjustedfor age,sex,andeducation.
bAdjustedfor age,sex,education,alcoholconsumption, smoking,leisureactivityengagement,early-lifesocioeconomic condition, occupational characteristic and

physicaldemands,andbaselinenumberof chronicdiseasesandMMSEscore.

Abbreviations:ADL, activitiesof daily living; IADL, instrumental ADL; MMSE,Mini-Mental StateExamination; Ref,referencegroup

https://doi.org/10.1371/journal.pmed.1002899.t003

Fig 2. Trajectories of total (ADL + IADL) disabilities over 12 years by demand–control status. Trajectoriesderived
from linearmixed-effectsmodeladjustedfor age,sex,education,alcoholconsumption, smoking,leisureactivity
engagement, early-lifesocioeconomiccondition,occupationalcharacteristic andphysicaldemands, andbaseline
numberof chronicdiseasesandMMSEscore.Referencegroup:activejob.ADL, activitiesof daily living; IADL,
instrumental ADL; MMSE,Mini-Mental StateExamination.

https://doi.org/10.1371/journal.pmed.1002899.g002
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(β = 0.03,95%CI 0.01±0.06;β = 0.09,95%CI 0.05±0.13)wereassociatedwith fasterprogres-
sionof ADL disabilityandIADL disability,respectively(S1Fig).No associationbetween
demand±controlstatusandbaselinedisabilitywasobserved.Consideringthesametrend
acrossresultswith respectto ADL, IADL, andtotal (ADL + IADL) disabilities,thefollowing
analysesfocusedon total (ADL + IADL) disabilities.

Wedetectedamultiplicativeinteraction(i.e.,astatisticallysignificantinteractionin a
multiplicativescale)betweenhighstrainandlow socialsupportatwork in relationto change
in thenumberof total (ADL + IADL) disabilities(p < 0.05).In thesubsequentstratified
analysesbysocialsupport,weobservedthat theassociationbetweenhigh strainandtotal
disabilityaccumulationwasonly presentamongworkerswith low socialsupport,but not
amongthosewith high socialsupport(Table4).Sensitivityanalysesproducedsimilar
results.

In themediationanalyses,demand±controlcategorywastreatedasanordinal variable
whosedetrimentaleffectincreasedfrom thelowestto thehighestaccordingto themagnitude
of associationsshownin Fig2:activejob,highstrain,low strain,andpassivejob.Suchdose-
responsepatternwasalsoseenwith respectto changesin MMSEscoreandnumberof chronic
diseasesovertime [10,11].Themediationanalysesrevealedthatadversepsychosocialworking
conditionswereassociatedwith agreaterdecreasein MMSEscoreandagreaterincreasein
thenumberof chronicconditionsovertime,bothof whichwerein turn relatedto afaster
speedof total (ADL + IADL) disabilityaccumulation.After controlling for arangeof potential
confounders,38.5%of theassociationbetweendemand±controlstatusandtotal (ADL +
IADL) disabilitytrajectorieswasmediatedby thedeclinein cognitivefunction,whereas18.4%
wasmediatedby theaccumulationof medicalconditionsthatoccurredduring thefollow-up
period(Fig3).Baselinecognitivefunction andmedicalconditionsdid not mediatetheassocia-
tion betweendemand±controlstatusanddisabilityprogression.Additional analysesaddress-
ing theissueof theoverlappingeffectsof excessivedecreasein MMSEscoreanddementia
diagnosisshowedthesameresults.

Table 4. Association of demand–control status with annual change in the number of total (ADL + IADL) disabilities over 12 years by level of social support at

work.

Strata Model 1a Model 2b

Demand–control × time n β 95% CI p β 95% CI p
High social support

Activejob 697 Ref. Ref.

Lowstrain 410 0.08 0.01±0.14 <0.05 0.09 0.02±0.15 <0.01

High strain 157 −0.001 −0.10to 0.09 0.98 0.004 −0.09to 0.10 0.93

Passivejob 252 0.09 0.003±0.17 <0.05 0.09 0.01±0.17 <0.05

Low social support

Activejob 1,110 Ref. Ref.

Lowstrain 85 0.05 −0.04to 0.15 0.28 0.09 −0.01to 0.18 0.06

High strain 171 0.12 0.06±0.19 <0.001 0.13 0.07±0.19 <0.001

Passivejob 55 0.09 −0.02to 0.21 0.12 0.09 −0.03to 0.20 0.15

aAdjustedfor age,sex,andeducation.
bAdjustedfor age,sex,education,alcoholconsumption, smoking,leisureactivityengagement,early-lifesocioeconomic condition, occupational characteristic and

physicaldemands,andbaselinenumberof chronicdiseasesandMMSEscore.

Abbreviations:ADL, activitiesof daily living; IADL, instrumental ADL; MMSE,Mini-Mental StateExamination; Ref,referencegroup

https://doi.org/10.1371/journal.pmed.1002899.t004
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Discussion

In thispopulation-basedcohortstudy,low levelsof job control anddemandswereassociated
with ahigherrateof disabilityprogressionamongindividualsaged60+yearsover12yearsof
follow-up.Byapplyingthecategorizationof thedemand±controlmodel,wefound that in
comparisonwith activejobs,highstrain,low strain,andpassivejobswereall relatedto an
acceleratedspeedof disabilityprogression.Whenstratifiedbysocialsupport,theassociation
betweenhighstrainanddisabilityaccumulationwasonly shownin peoplewith low socialsup-
port atwork (i.e.,iso-strain),but not in thosewith highsocialsupport.Theseresultsremained
evenaftertakinginto considerationseveralpossibleconfoundersincludingoccupationalchar-
acteristicandwork-relatedphysicaldemands.Moreover,theassociationbetweenwork-related
psychosocialstatusanddisabilitytrajectorieswaspartiallymediatedbybothcognitivedecline
(38.5%)andaccumulationof chronicdiseases(18.4%).

Activejobsareusuallyaprofessionaltypeof work,andpeoplewhoundertakethesejobs
mayhavemanyadvantageousaspectsof developmentandlifestylethroughoutthelife course
[5]. Indeed,participantswith activejobsin thecurrentstudycamefrom familiesof betterSES,
hadhighereducationalattainment,tendedto bemoreengagedin leisureactivities,andpos-
sessedarichersocialnetworkin thesocietalcontext.Despitetheadjustmentfor thesefactors,
thepossibilityof uncontrolledresidualconfoundingcouldnot beruledout.Nevertheless,
therearepotentialphysiologicalmechanismsthatunderlietheobservedassociationbetween
psychosocialwork statusanddisabilitytrajectories.Thesemechanismslikely differ across
demand±controlcategoriesandcouldhavebeenpartlyclarifiedby themediationanalyses
conductedhere.High strain,aswellasiso-strain,representsstressfulwork scenarios.With
repeatedexposureto stressoverprolongedduration,dysregulatedhypothalamus±pituitary±
adrenalcortexaxisinduceshypersecretionof glucocorticoidhormone[28], whichcouldfur-
theraffectneuronsin thebrain andcognition[29,30].In addition,chronicstresshasbeen
linked to elevatedallostaticload,whichcompromiseshomeostaticcapacity[31]. Therapid
accumulationof multimorbidity couldbetheconsequenceof ahighdegreeof cellularand
moleculardamage,whichmaygraduallychipawayatphysiologicalreserve[32,33],subse-
quentlycontributing to thedepletedphysicalandcognitivefunctioning[34]. Bycontrast,low
strain,arelaxingwork status,maynot providesufficientmentalexercise,which,accordingto
thecognitivereservetheory,couldleadto cognitivedecrement,severalneurodegenerative

Fig 3. Mediation of changes in cognitive function and chronic-disease burden in the work–disability association.

Mediationmodeladjustedfor age,sex,education,alcoholconsumption, smoking,leisureactivityengagement, early-
life socioeconomic condition,occupationalcharacteristicandphysicaldemands,andbaselinenumberof chronic
diseasesandMMSEscore.�p< 0.05.MMSE,Mini-Mental StateExamination.

https://doi.org/10.1371/journal.pmed.1002899.g003
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conditions,andthereafter,functionallimitations [35,36].Finally,passivejobs,thecombina-
tion of low control andlow demands,havebeenarguedasbothmentallyunchallengingand
stressfulbecauseof lackof developmentandself-efficacy[37], whichmight haveexplainedthe
greatesteffectmagnitudeon disabilityprogressionfrom thisconstructobservedhere.

Thefindingsof associationsof highstrainandpassivejobswith afasterspeedof late-life
disabilityprogressionarein line with thestudythatdemonstratedmoreADL andIADL limi-
tationsin olderadultswith theseoccupationsduring working lives[9]. Similarly,highstrain
andpassivejobsaswellasoneof their components,low job control,haveall beenlinked to
work disability[38±41]andpoor functioning in old age[3,4,42].However,studiesregarding
job demandsreporteddiscrepantresults,whichmaybedueto varyingoccupationcharacteris-
tics.OneSwedishstudyshowedthathighdemandswereassociatedwith ahigherlikelihoodof
receivingadisabilitypensionamongthegeneralpopulationwith all sortsof jobs[39], whereas
aFinnishstudyfoundno associationbetweenjob demandsandretirementdueto disability
amongemployeesworking in thepublicsector[41]. In thepresentstudy,weobservedthat low
job demandswererelatedto amorerapidprogressionof disabilitiesin old age.

Furthermore,socialsupportatwork servedasaneffectmodifier in theassociationbetween
highstrainanddisabilityaccumulationin our study.Wedetectedaninteractiveeffectof high
strainandlow socialsupporton disabilityprogression,whereashighstrainwasnot associated
with disabilityin peoplewith highsocialsupport.Similarly,in our previousstudy,theassocia-
tion betweenhighstrainandacceleratedcognitivedeclinewasonly shownin peoplewith low
socialsupport,but not in thosewith highsocialsupport[10]. Iso-strain,thecombinationof
highstrainandlow socialsupport,hasbeenproposedasthemostdetrimentalwork scenario
[6] andhasbeenrelatedto ahigherrisk of sickleave[43], anxiety,anddepression[44]. On the
otherhand,highstrainwasno longerdetrimentalwhensocialsupportatwork wassufficient.
Therefore,our findingshighlight theimportanceof work-relatedsocialsupport,especiallyin a
stressfulwork environment.

Thechainof risk modelfrom thelife-courseperspectiveassertsasequenceof linked factors
that leadto healthoutcomes[45]. Thus,themediationanalysesin thecurrentstudymayhave
helpedin theunderstandingof potentialmechanismslinking working conditionsanddisabil-
ity progressionin old age.Of thetotalassociation,wefound that themediatingeffectof cogni-
tivedeclinewasmorethantwo timesgreaterthanthatof chronic-diseaseaccumulation
(38.5%versus18.4%).Thismaysuggestthatcognitivedysfunctionplaysamorerelevantrole
thanphysicaldepletionin explainingtheimpactof psychosocialworking conditionson the
progressionof functionallimitations.It isneverthelessnoteworthythat thesefindingswere
basedon anassumptionthat theobservedassociationsof psychosocialaspectsof work envi-
ronmentwith later-lifedisabilitywerecausal.In addition,cognitivedeclineandchroniccondi-
tionsmayinteractandfurther affectdisabilitylateron [46]. Themediatingeffectof such
interactionhasnot beencapturedbyour analyses.However,thecorrelationbetweenchanges
in cognitivefunction andnumberof diseasesin our studypopulationwasrelativelysmall
(r = −0.32).

Thestrengthsof thisstudyincludetheuseof population-baseddataandprospectivedesign
in termsof therepeatedmeasurementsof outcome(i.e.,numberof ADL andIADL limita-
tions)andmediatingvariables(i.e.,MMSEscoreandnumberof chronicdiseases)atbaseline
aswellasateachwaveof thefollow-up.Theoccupationalinformation throughoutworking
life enabledassessmentof working conditionsfrom differentchronologicalperspectives,
including thelongest-heldjobsandthelatestjobs.Theinclusionof bothADL andIADL could
helpcaptureawider rangeof limitations in tasksof daily living. Otheroccupationalcompo-
nents(i.e.,characteristicandphysicaldemands)andindividual predispositions(i.e.,education
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andearly-lifeSES)thatmight preselectparticipantsinto occupationswerealsotakeninto
consideration.

Thefollowing limitationsshouldbeconsidered.First,retrospectiverecallof occupational
experiencethroughoutworking life couldleadto misclassification;nevertheless,thesensitivity
analysesmayhaveaddressedthis issue.Second,relianceon apsychosocialjob±exposure
matrix doesnot considervariabilitiesin individuals'perceptionon working conditionsor job
characteristicswithin occupations.However,self-reportingbiasshouldhavebeenreducedby
thisapproach.Third, thelackof datafrom participantswhodroppedout during thefollow-up
mayaffecttheresults.However,hadwebeenableto follow them,themagnitudeof theassocia-
tionsreportedherewouldpresumablyhavebeengreater.Fourth,weintendedto addressthe
issueof temporalitybetweenthemediators(i.e.,MMSEscoreandchronicdiseases)andthe
outcome(i.e.,disability)byusing6±9-yearfollow-updataon themediatorsand12-yearfol-
low-updataon theoutcome.However,theassessmentsof themediatorsandoutcomemight
havetakenplacein thesameoccasions;thus,thereversedcausationbetweenthemmaynot be
completelyruledout.Finally,theSNAC-Kstudypopulationisof relativelyhighersocioeco-
nomicbackground,whichmayhavedilutedtheobservedassociationbetweenworking condi-
tionsanddisability.

In conclusion,psychosocialworking conditionsduring working life, characterizedbyhigh
strain,low strain,andpassivejobs,areassociatedwith afasterrateof disabilityprogressionin
laterlife,andthechangein cognitivefunction seemsto playamorerelevantrole in thisassoci-
ation thanthechangein chronic-diseaseburden.Notably,highsocialsupportatwork may
bufferthedetrimentalimpactof highstrainon disabilityprogression.Our findingshighlight
theimportanceof thepsychosocialcomponentof work,beyondoccupationalcharacteristic
andphysicaldemands,in determiningthereserveof functionalability in old age.
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