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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 (8 = 0.07, 95% CI 0.02—
0.13,p=0.01; 3=0.10, 95% C1 0.06—0.15, p <0.001; 3 =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 (B = 0.13, 95% CI 0.07-0.19, p <0.001), but notin
those with high social support (B = 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 is oneof the activitiesthat takeup a considerabl@mountof time in our adult
livesthuspotentiallymakingit animportant determinantof health,evenin laterlife.

- Inability to independentlycarry out daily taskg(definedasdisability) canaffectolder
people'qquality of life and poseaburdenon caregiverandsocieties.

- A betterunderstandingpf the pathwaybetweermidlife working conditionsandlate-life
disabilitymayhelpthe developmenbf preventivestrategies.

What did the researchers do and find?

- We studiedthe associatiorof psychosociavorking conditionswith the rateof disability
progressiorover12yearsn acohortof 2,937individualsaged6Oyearsandolder.

- We found that unfavorablgysychosocialvorking conditions,including high-strain,
low-strain,and passivgobs,wererelatedto afasterateof disabilityprogressionThe
associatiorof high-strainjobswith acceleratedisabilityaccumulatiorwasonly present
amongpeoplewith low socialsupportat work.
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- Thedecremenin cognitivefunction andincreasen chronic-diseasburden,andespe-
ciallytheformer, partially explainedhe relationshipbetweernunfavorablenvorking con-
ditions anddisabilityprogressiorin laterlife.

What do these findings mean?

- Unfavorablepsychosocialvorking conditionsduring working life arerelatedto the pro-
gressiorof disabilityin laterlife. Publichealthauthorities employersandemployees
shouldall beawareof that.

- Sociakupportatwork is especiallymportantin ahigh-strainwork environmentgiven
its capacityto attenuatehe impactof high-strainjobson disabilityaccumulation.

- Monitoring cognitivefunction and medicalconditionsof peoplewith unfavorable
working conditionsis endorsedy the role of both dimensionsandespeciallyf cogni-
tive dysfunction,in acceleratinglisability progressiorin olderage.

Introduction

Adultsaged60yearsor overareoneof the fastergrowingsegmentsf the populationworld-
wide,andtheyareprojectedto reach2 billion by 2050 with amajor risein the numberof the
oldestold (aged85yearsor over)[1,2]. Advancedageis associatewith progressivéncreasen
the occurrenceof functionalimpairmentanddisability,asaresultof both age-relateénddis-
ease-drivemechanismsEnvironmentalexposuresanaffectthe accruakateof disability,and
theycouldthusbemodulatedto preventor delayits onsetand progression.

Work is oneof the main activitiesthat takeup a greatdealof time in our adultlives,and
thusworking conditionsmayplayasignificantrole in influencingpeople'sealth.Thereis
increasingevidenceshowingthat negativepsychosocialorking conditionscanimpactboth
mentaland physicahealthbeyondworking life (i.e.,afterretirement)[3,4], which mayresult
in subsequendevelopmenbf disabilitylaterin life. Oneof the well-establishechodelsto
assespsychosociatonditionsin work environmentis the demandzcontromodel[5], which
conceptualizefour work scenarioshigh strain (high demands/lowcontrol), low strain (low
demands/higtcontrol), passivgob (low demands/lowcontrol), andactivejob (high demands/
high control). This modelwasfurther developedvith theinclusionof socialsupportatthe
workplac€g6]. Thus,iso-strain,the combinationof high strainandlow socialsupportatwork,
wasadditionallyintroducedandsuggestetb bethe mostdetrimentalwork scenariowhereas
high socialsupportmaybufferthe negativémpactof high strainon health.

Previousstudiesegardingoccupationahctivitiesanddisabilityin old agehavefocusedn
occupationatharacteristi¢7] and physicademandg8], leavingthe associatiorbetweerpsy-
chosocialvork statusandlate-lifedisabilitymostlyunexplored.To our knowledgepnly one
studyshowedhat high strainand passivgobswererelatedto ahighernumberof disabilities
in activitiesof daily living (ADL; including dressingbathing,toileting, eating transferring,
andcontinence)andinstrumentalADL (IADL; including groceryshoppingmealpreparation,
laundry,housekeepingnanagingmedication handlingmoney,usingtelephoneandtaking
publictransportation)28yearsafterthe work experiencg9]. However this studydid not
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capturethechangen disabilityovertime. In previousstudieswereportedanacceleratedate
of cognitivedecline[10] and multimorbidity progressior{i.e.,the co-occurrencef chronic
diseased)L1] in peoplewith high strain,low strain,or passivgobscomparedwith thosewith
activejobs.It hasbeendemonstratedhatrapid cognitivedecline[12] andchronic-disease
accumulatior{13] acceleratethe accumulationof ADL andIADL disabilitiesin old age sug-
gestinghatthedecrementn cognitivefunction andincreasedurdenof medicalconditions
may potentiallyplayarolein mediatingthe associatiobetweenvorking conditionsandlate-
life disability.

In the currentprospectivestudy,weaimedto examinewhetherjob demand+controktatus
is associatewvith the rateof disabilityaccumulationin laterlife, to verify whethersocialsup-
port atwork modifiesthe relationshipbetweerhigh strainanddisabilityprogressionandto
investigatavhetherandto whatextentthe jobtdisabilityassociations mediatedby baseline
cognitivefunction and medicalconditions,aswell ascognitivedeclineand chronic-disease
accumulatiorthat occurredduring the follow-up period.

Materials and methods
Study population and data collection

Participantsof the currentstudywerederivedfrom apopulation-basedbservationasurvey,
the SwedishNational Studyon Aging and Care-KungsholmeSNAC-K),in whichresidents
aged60+yearsf the KungsholmerDistrict in Stockholmwererandomlysampledrom 11
agecohorts[14]. After the baselinesurvey(March 2001to June2004) the younger-ageohorts
(60,66,and 72yearsold) werefollowedup every6 yearswhereashe olderones(78,81,84,
87,90,93,96,and 99+yearsold) werefollowedup every3 yearsAmongthosewho werealive
andeligible,3,363(73.3%)ook partin the baselineexamination Peoplewith missinginfor-
mation on occupationahistory (n = 330)or baselinéADL or IADL disabilities(n = 96)were
excluded|eaving2,937participantsto befollowedup to 12yearsParticipantsvho died or
droppedout afterthe baselineassessmeiit = 733)wereretainedin the analyses;ontributing
exclusivelyo the baselineassociatiorbetweerexposuresind outcomesPeoplevho did not
haveoccupationalnformation (10%)andthosewho died or droppedout afterthe baseline
assessmeli25%)wereolder,lesseducatedandhadmoredisabilitiesin both ADL andIADL
atbaselineParticipantsvho did not attendfollow-up examinationwerelesdikely to work in
activejobs.Fig 1 depictstheflow of participantsover12years.

In SNAC-K,datawerecollectedollowing astructuredprotocol (http://www.snaek.se)that
consistedf interviewsandclinical examinationgy nursesand physiciansgognitiveassess-
mentby psychologistsandlaboratorytestsaccordingto standardorocedureskor participants
with cognitiveproblems caregiver®r proxieswereconsultedInformation on medicalhistory
wasadditionallyobtainedthroughthe linkageto the SwedistNational PatientRegisteryital
statuswvasconfirmedby the SwedisitCausenf DeathRegisterEachwaveof the SNAC-Kstudy
wasapprovedoy the Ethical Committeeat Karolinskalnstitutet andthe RegionaEthics
ReviewBoardin Stockholm SwedenWritten informed consentwasreceivedrom partici-
pantsor nextof kin. Theresultsof the presentstudywerereportedin accordancevith the
STROBHjuidelinegS1Checklist).

Psychosocial working condition

Detailedinformation on thefive longest-heldobsthroughoutthe participants’professional
lives,including employersjob titles,tasksandtime spansyerecollectedhroughnurses'
interviewatbaseling14]. Wefirst codedeachoccupationusingthe three-digitNordic occupa-
tion classificatiorf15]. Then,we mergedthe occupationatodeswith avalidatedosychosocial
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Fig 1. Flowchart of study participation over 12 years. Dropoutsaredueto eitherrefusalof the participant/relative,lossof contact
with the participant,or movingof the participant from the city wherethe studytook place FU 1, follow-up 1; FU 2, follow-up 2; FU
3, follow-up 3; FU 4, follow-up 4; SNAC-K SwedistNational Studyon Agingand Care-Kungholmen.

https://abi.org/10.1371djurnal.pned.100289¢,001

jobxexposurenatrix [16] to asses@b control, demandsandsocialsupportin eachoccupa-
tion. Jobcontrol refersto the extentof autonomyto makedecisionsgn conductingwork tasks;
job demandgeferto mentalworkloadandtime restrictionin completingwork taskssocial
supportatwork refersto the generakocialnetworkatwork andhelpreceivedrom coworkers
[6,17].This matrix wasconstructedoasedn the SwedisiWork EnvironmentSurveyandhas
beenusedpreviouslyin studieson cardiovasculamnetabolicandneurodegenerativdiseases
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[18+20],aswellasin our studieson the speedf cognitivedeclineand chronic-diseasaccu-
mulation[10,11].

Wefocuseddn thelongest-heldbccupation(meanduration 23.5+ 11.3yearsn our study
population)becausé is deemedasthe main contributor to work statushroughoutthe work-
ing life. For the operationalizatiorof demand+controktatuswe dichotomizedcontinuous
scoref job control,demandsand supportashigh/low usingthe medianvaluedrom the
jobxexposurenatrix, respectivelyWe thengenerated four-categoryariabledesignating
psychosocialvorking conditions,basedn demand+controtombinationshigh strain (high
demands/lowcontrol), low strain (low demands/higtcontrol), passivgob (low demands/low
control), andactivejob (high demands/higkcontrol). Iso-strainwasfurther definedasthe
combinationof high strainandlow socialsupport[6]. Thefive mostprevalentoccupationsn
the SNAC-Kcohortby demand+control+suppostatusarelistedin Tablel.

Disability

The capacityto independentlycarryout ADL andIADL wasreportedby participantsat base-
line andall of the follow-up examinationsCaregiversverealsoaskedo confirm thesereports.
Peopldiving in institutionswereassumedo bedependentor groceryshopping mealprepa-
ration, housekeepinggndlaundry.ADL andIADL disabilitiesweretreatedasseparat®ut-
comedirst, followedby summingthe numbersof ADL andIADL limitationsin onescaleo
enhanceherangeand sensitivityof disabilitymeasuremeni21].

Global cognitive function

Globalcognitivefunction wasassesseadsinga 30-pointversionof the Mini-Mental State
Examination(MMSE)[22] atbaselindor all participantsjn threeoccasiongor the older
cohorts(3-, 6-,and9-year)andin oneoccasiorfor the youngerones(6-year)during thefol-
low-up.

Chronic disease

Chronic medicalconditionswereascertainedy clinical examinationmedicalhistory, medi-
cationuse |Jaboratorydata linkageto inpatientand outpatientcaredatafrom the Swedish
National PatientRegisterand/or throughproxyinterviews[23]. All diagnosesverecodedin
accordancevith the International Classification of Diseases, 10th revision (ICD-10). Chronic
diseaseweredefinedaspermanentconditionsandwheneither (1) residualdisability
remainedafterthe endof the clinical episodeor quality of life wasworsenedcomparedwith
the period beforethe onsetof the diseasesr (2) long-term (including both regularandinter-
mittent) care treatment,or rehabilitationwasrequired.A total of 918ICD-10 codeswere
identified and classifiednto 60chronic-diseaseategorie$l3,23].Thetotal numberof

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

Demand-control-support status | Occupation

Activejob banker teacherengineerjournalist,manager

Passivgob vender postman constructon worker,graphicprinter, cleaner

Low strain officer,housemaidhome-careassistantibrarian, technicia

High strain cashierpusdriver, pharmacistdentistassistanthairdresse

Iso-strain cashierpusdriver, hairdresse telephoneoperata, telephonecustomerservice

Abbrevation: SNACK, SwedistNational Studyon Aging and Care-Kungshimen

https://cbi.org/10.1371durnal.pred.1002899001
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chronicdiseasewascalculatedat the sameoccasionsvhenthe MMSEwasconductedWe
used6x9-yearfollow-up dataon the mediators(i.e., MMSE scoreand numberof chronic dis-
easesand 12-yearfollow-up dataon the outcome(i.e.,disability)to addresgheissueof tem-
porality betweerthe mediatorsandthe outcome.

Covariates

Educationalevelwasrecordedaselementaryhigh schoolanduniversityaccordingto the
highestdegreeachievedSmokingwasdichotomizedasnever/formerand currentsmoking.
Alcohol consumptionwascategorizednto noneor occasionaljght to moderateandheavy
drinking [24]. Engagemenin globalleisureactivities(including mental,social and physical)
wasratedaslow, moderateandhigh,asreportedpreviously[25]. Early-lifesocioeconomista-
tus (SESwasassessaasingoccupationof participant'sfather,which wascategorizednto
manual,intermediate and professional26]. To disentanglg@sychosocialvorking condition
from othercomponentf the occupationthat mayalsoberelatedto disability,wetook into
accountthe occupationatharacteristi¢blue-andwhite-collarworkers)aswell asphysical
demandgqlight, moderateandstrenuousjn thelongest-heldob [8].

Statistical analysis

Thestudyprotocolandanalysigplanarereportedin Supportinginformation (S1StudyProto-
col). Linearmixed-effectsnodelswereusedto investigatehe associatiometweerjob
demandz*controbtatusand changan the numberof disabilitiesusingfollow-up time (years)
astimescaleThefixed effectincludeddemandzcontrobtatusfollow-up time, andtheir inter-
action.Therandomeffecttook into consideratiorindividual differencesn disabilityat base-
line (randomintercept)andin the rateof disabilityaccumulationrandomslope).The
estimateceffectof theinteractionterm reflectshe impactof demand+controktatuson annual
changen thenumberof disabilitiesWe convertedhe original ratingsof demandsand control
into ascendingcalesiespectivelyi.e.,higherscoresepresengreaterdemands/control){o
facilitateinterpretation.Jobcontrol and demandsvereanalyzedoth ascontinuousand
dichotomousvariablesFurthermore wecomparedhe associatiorof eachdemandzcontrol
categorywith therateof disabilityaccumulationpusingactivejob asreferencd10,18].Statisti-
calinteractionbetweerhigh strainandlow socialsupportin estimatingdisabilityprogression
wastestedby introducing athree-wayinteractionterm (i.e.,job strain,socialsupport,and
time) in the modelfirst, followedby stratifiedanalyseby levelof socialsupportat work.

To testand quantifythe mediatingeffectf baselinecognitionand medicalconditionsas
wellaschangesn globalcognitivefunction andchronic-diseasburdenduring the follow-up
on the associatioetweerdemandzcontroktatusandrate of disabilityaccumulationmedia-
tion analysesvereperformedin two separatenodels;(1) only the baselindMMSE scoreand
numberof chronicdiseaseweretreatedasmediators(2) the changesn MMSE scoreand
numberof chronicdiseaseweretreatedasmediatorsandthe baselineMMSE scoreandnum-
berof chronicdiseasewereadjustedor ascovariatesin additionalanalyseghe numberof
chronicdiseasewasreducedby oneunit ateachwaveof follow-up if participantshadMMSE
scoredelow24andwerenewlydiagnosedvith incidentdementia(i.e.,dementiais oneof the
60chronicdiseasesonsideredn thetotal count) to disentangleéhe mediatingeffectsof the
decreasef MMSE scoreanddementiadiagnosis.

In the aforementionedanalysegincluding linear mixed-effectsnodelsand mediationanal-
yses)wefirst adjustedor age sexandeducation(model1) andadditionallycontrolledfor
baselinesmoking,alcoholconsumption Jeisureactivity engagemengarly-lifeSESpccupa-
tional characteristicand physicaldemandsn thelongest-heldob (model2). Baselineaumber
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of chronicdiseaseand MMSE scorewerealsoadjustedor in linear mixed-effectsnodels.In
sensitivityanalysesyeexcluded 1) thosewho hadatleastone ADL or IADL disability

(n = 538),to restrictthe studysampleto thosewithout anydisabilityat baseline(2) thosewho
werestill working atbaselingn = 582),to preventpotentialreversedtausationand (3) preva-
lentdementiacasesndincidentdementiaduring thefirst 3 yearsof follow-up (n = 153),and
weassesseagdork statushy the latestjob to reducepotentialinformation biasbecausef poor
cognition.Finally,to allowfor comparabilityof resultsacrossnodelsl and 2, we conducted
multiple imputation by chainedequationfor missingdatain covariatespbtainingfive
imputeddataset$?7]. Theestimate®f thesedatasetsverepooledaccordingto Rubin'srule
for valid statisticainferencesAll analysesverecomputedusingStataSE15.0(StataCorpCol-
legeStation,TX, United States).

Results

Baselineharacteristicsf the studypopulationby demandtcontrotategoriesrepresentedn
Table2.

Low levelsof job demandsand control wereassociatewith ahigherannualincreasen the
numberof total (ADL + IADL) disabilitiesyegardlessf whetherjob demandsandcontrol were
treatedascontinuousor dichotomousvariablegTable3). Similarresultswerefoundin theanal-
ysesn which ADL andIADL limitations weretreatedasseparat®utcomegS1Table).

Fig 2 showsthetrajectoriesof total (ADL + IADL) limitations overtime associatewvith dif-
ferentdemandzcontrotategoriesRelativeto activejobs,high strain (§ = 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=2328 n =307

Age(years) 71+ 10 76+ 10 74+ 11 78+ 11
Femalesex 1,03557.3) 375(75.8) 224(68.3) 212(69.1)
Education

Elemenary 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)

Universty 871(48.2) 68(13.7) 64(19.5) 18(5.9)
Occupatioral characterist

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)
Occupatioral physicaldemands

Light 1,53287.2) 302(63.4) 209(65.9) 136(45.5)

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

Strenuots 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 disability* 242(13.4) 119(24.0) 73(22.3) 83(27.0)

Dataarepresentedasmeanz standarddeviationsor number(proportion %).Numberof peoplewith missingdatafor occupationaphysicademands88.
*Dataarepresentedaismediansandinterquarile ranges.

SAt leastoneimpairmentin ADL.

YAt leastoneimpairment in IADL.

Abbreviatiors: ADL, activitiesof daily living; IADL, instrumertal ADL; MMSE, Mini-Mental StateExaminatio

https://da.org/10.1371¢urnal.pred.1002899.102
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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 x time Model 1* Model 2°
p 95% CI 4 [ 95% CI p

Jobcontrol (continuous) -0.03 -0.05to -0.02 <0.001 -0.04 -0.05to -0.02 <0.001
Jobdemandgcontinuous) -0.07 -0.09to -0.04 <0.001 -0.08 -0.10to -0.05 <0.001
Jobcontrol (dichotomou$

High Ref. Ref.

Low 0.06 0.02+0.09 0.001 0.07 0.03+0.2 0.001
Jobdemandgdichotomous

High Ref. Ref.

Low 0.04 0.01+0.07 <0.05 0.10 0.06+0.4 <0.001

3Adjustedfor age sex,andeducaton.

bAdjustedfor age sex,educationalcoholconsumption, smoking,leisureactivity engagemengarly-lifesocioeconmic condition, occupatioral characterisc and
physicademandsandbaselinenumberof chronicdiseaseand MMSE score.
Abbreviatiors: ADL, activitiesof daily living; IADL, instrumertal ADL; MMSE,Mini-Mental StateExaminatio; Ref,referencegroup

https://da.org/10.1371durnal.pred.1002899.103

0.13),low strain(f = 0.10,95%CI 0.06+0.15xnd passivgobs( = 0.11,95%CI 0.05+0.18)
wereall relatedto anacceleratedpeedf total (ADL + IADL) disabilityaccumulationduring
thefollow-up. Similarly,high strain (p = 0.03,95%CI 0.01+£0.053 = 0.04,95%CI 0.01+
0.08)Jow strain (B = 0.02,95%CI 0.003+0.043 = 0.08,95%CI 0.05+0.11)and passivgobs
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Fig 2. Trajectories of total (ADL + IADL) disabilities over 12 years by demand-control status. Trajectoresderived
from linearmixed-effets modeladjustedor age sex,educatbn, alcoholconsumptia, smoking,leisureactivity
engagem, early-life socioeconmic condition, occupatimal characteristt and physicaldemandsandbaseline
numberof chronicdiseaseand MMSE score Referencgroup:activejob. ADL, activitiesof daily living; IADL,
instrumertal ADL; MMSE,Mini-Mental StateExaminaton.

https://abi.org/10.1371durnal.pned.100289¢002
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(B=0.03,95%Cl 0.01+0.063 = 0.09,95%CI 0.05+0.13)vereassociatewith fasterprogres-
sionof ADL disabilityandlADL disability,respectivelyS1Fig).No associatioretween
demandz*controktatusand baselinadisabilitywasobservedConsideringthe samerend
acrosgesultswith respecto ADL, IADL, andtotal (ADL + IADL) disabilitiesthefollowing
analyse$ocusedn total (ADL + IADL) disabilities.

We detectecamultiplicativeinteraction(i.e.,astatisticallysignificantinteractionin a
multiplicativescalebetweerhigh strainandlow socialsupportatwork in relationto change
in thenumberof total (ADL + IADL) disabilities(p < 0.05).In the subsequenstratified
analyseby socialsupport,weobservedhatthe associatiobetweerhigh strainandtotal
disabilityaccumulationwasonly presentamongworkerswith low socialsupport,but not
amongthosewith high socialsupport(Table4). Sensitivityanalyseproducedsimilar
results.

In the mediationanalysesjemand+controtategorywastreatedasan ordinal variable
whosedetrimentaleffectincreasedrom thelowestto the highestaccordingto the magnitude
of associationshownin Fig 2: activejob, high strain,low strain,and passivgob. Suchdose-
responsegatternwasalsoseerwith respecto changesn MMSE scoreand numberof chronic
diseaseevertime [10,11].Themediationanalysesevealedhat adversgsychosocialorking
conditionswereassociatewith agreaterdecreasen MMSE scoreandagreatetincreasen
the numberof chronic conditionsovertime, both of whichwerein turn relatedto afaster
speeddftotal (ADL + IADL) disabilityaccumulationAfter controlling for arangeof potential
confounders38.5%of the associatioetweerdemandtcontroktatusandtotal (ADL +
IADL) disabilitytrajectoriesvasmediatedby the declinein cognitivefunction, wheread 8.4%
wasmediatedby the accumulatiornof medicalconditionsthat occurredduring the follow-up
period (Fig 3). Baselineognitivefunction and medicalconditionsdid not mediatethe associa-
tion betweerdemandz+controbtatusanddisability progressionAdditional analyseaddress-
ing theissueof the overlappingeffectof excessivdecreasen MMSE scoreanddementia
diagnosishowedhe sameresults.

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 1* Model 2°
Demand-control x time n B 95% CI P B 95% CI P
High social support
Activejob 697 Ref. Ref.
Low strain 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 -0.09t0 0.10 0.93
Passivgob 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 -0.04t0 0.15 0.28 0.09 -0.01t0 0.18 0.06
High strain 171 0.12 0.06+0.19 <0.001 0.13 0.07+0.19 <0.001
Passivéob 55 0.09 -0.02t0 0.21 0.12 0.09 -0.03t0 0.20 0.15

#Adjustedfor age sexandeducaton.

bAdjustedfor age sex,educationalcoholconsumgtion, smoking,leisureactivity engagementarly-lifesocioeconmic condition, occupatioral characteritic and
physicademandsandbaselinenumberof chronicdiseaseand MMSE score.

Abbreviatiors: ADL, activitiesof daily living; IADL, instrumertal ADL; MMSE, Mini-Mental StateExaminatio; Ref,referencegroup

https://da.org/10.1371¢urnal.pned.1002899.14
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Change in MMSE score

/ (Mediation: 38.5%)

-0.03 (-0.06, -0.002)* -0.37 (-0.39, -0.36)*

Ny

Change in the number of
total disabilities

/'
0.18 (0.16, 0.20)*

Psychosocial working conditions —— 0.01 (-0.002, 0.03) ¥

0.03 (0.007, 0.05)*

Change in the number

\ of chronic diseases

(Mediation: 18.4%)

Fig 3. Mediation of changes in cognitive function and chronic-disease burden in the work-disability association.
Mediationmodeladjustedor age sex.educationalcoholconsumpion, smoking,leisureactivity engagen, early-
life socioeconond condition, occupationatharacterist and physicademandsandbaselinenumberof chronic
diseaseandMMSEscore:p < 0.05MMSE,Mini-Mental StateExamination.

https://cbi.org/10.1371durnal.pned.100289¢003

Discussion

In this population-basedohortstudy,low levelsof job control anddemandswvereassociated
with ahigherrateof disabilityprogressioramongindividualsaged60+yearsover12yearsof
follow-up. By applyingthe categorizatiorof the demand+contromodel,wefoundthatin
comparisonwith activejobs,high strain,low strain,and passivgobswereall relatedto an
acceleratedpeedf disabilityprogressionWhenstratifiedby socialsupport,the association
betweerhigh strainanddisabilityaccumulationrwasonly shownin peoplewith low socialsup-
port atwork (i.e.,iso-strain),but not in thosewith high socialsupport.Theseresultsremained
evenaftertakinginto consideratiorseverapossibleconfoundersncluding occupationathar-
acteristicandwork-relatedphysicaldemandsMoreover the associatiobetweenvork-related
psychosociadtatusanddisabilitytrajectoriesvaspartiallymediatedby both cognitivedecline
(38.5%))andaccumulatiorof chronicdisease§l 8.4%).

Activejobsareusuallya professionatype of work, and peoplewho undertakethesgobs
mayhavemanyadvantageouaspect®f developmentndlifestylethroughoutthe life course
[5]. Indeed participantswith activejobsin the currentstudycamefrom familiesof betterSES,
hadhighereducationahttainmenttendedto bemore engagedn leisureactivities andpos-
sessedricher socialnetworkin the societatontext.Despitethe adjustmentor thesefactors,
the possibilityof uncontrolledresidualconfoundingcould not beruled out. Nevertheless,
therearepotentialphysiologicamechanismshat underliethe observedssociatiorbetween
psychosocialork statusanddisabilitytrajectoriesThesanechanisméikely differ across
demandz*controtategoriesndcould havebeenpartly clarified by the mediationanalyses
conductedhere High strain,aswell asiso-strain representstressfuivork scenarioswith
repeatedexposurdo stresoverprolongedduration, dysregulatedhypothalamuszpituitary+
adrenalcortexaxisinduceshypersecretiomf glucocorticoidhormone[28], which could fur-
ther affectneuronsin the brain and cognition[29,30].In addition,chronicstreshasbeen
linked to elevatedllostatidoad,which compromisefiomeostaticapacity[31]. Therapid
accumulationof multimorbidity couldbethe consequencef ahigh degreeof cellularand
moleculardamagewhich maygraduallychip awayat physiologicateservg32,33],subse-
quentlycontributing to the depletedphysicaland cognitivefunctioning [34]. By contrast,Jow
strain,arelaxingwork statusmaynot providesufficientmentalexercisewhich,accordingto
the cognitivereservaheory,couldleadto cognitivedecrementseveraheurodegenerative
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conditions,andthereafterfunctionallimitations[35,36].Finally,passivgobs,the combina-
tion of low control andlow demandshavebeenarguedasboth mentallyunchallengingand
stressfubecausef lackof developmentandself-efficacy37], which might haveexplainedhe
greateseffectmagnitudeon disability progressiorfrom this constructobservedere.

Thefindings of associationsf high strainand passivgobswith afasterspeedf late-life
disabilityprogressiorarein line with the studythat demonstratednore ADL andIADL limi-
tationsin olderadultswith theseoccupationsluring working lives[9]. Similarly,high strain
andpassivgobsaswell asoneof their componentslow job control, haveall beenlinked to
work disability[38+41]and poor functioningin old age[3,4,42] However studiesregarding
job demandgeporteddiscrepantesults which maybedueto varyingoccupationcharacteris-
tics.One Swediststudyshowedhat high demandswvereassociatewith ahigherlikelihood of
receivingadisabilitypensionamongthe generapopulationwith all sortsof jobs[39], whereas
aFinnishstudyfound no associatiometweerjob demandsandretirementdueto disability
amongemployeesvorkingin the public sector{41]. In the presentstudy,weobservedhatlow
job demandswererelatedto amorerapid progressiorof disabilitiesin old age.

Furthermore socialsupportat work servedasan effectmodifier in the associatiobetween
high strainanddisabilityaccumulationin our study.We detectedaninteractiveeffectof high
strainandlow socialsupporton disabilityprogressionywhereasigh strainwasnot associated
with disabilityin peoplewith high socialsupport.Similarly,in our previousstudy,theassocia-
tion betweerhigh strainandacceleratedognitivedeclinewasonly shownin peoplewith low
socialsupport,but not in thosewith high socialsupport[10]. Iso-strain,the combinationof
high strainandlow socialsupport,hasbeenproposedasthe mostdetrimentalwork scenario
[6] andhasbeenrelatedto ahigherrisk of sickleavd43], anxiety,anddepressior44]. On the
otherhand,high strainwasno longerdetrimentalwhensocialsupportat work wassufficient.
Thereforepur findings highlightthe importanceof work-relatedsocialsupport,especiallyn a
stressfulvork environment.

Thechainof risk modelfrom the life-courseperspectivasserta sequencef linked factors
thatleadto healthoutcomed45]. Thus,the mediationanalyses the currentstudymayhave
helpedin the understandingf potentialmechanismdinking working conditionsand disabil-
ity progressiorin old age Of thetotal associationywefound that the mediatingeffectof cogni-
tive declinewasmorethantwo timesgreaterthanthat of chronic-diseasaccumulation
(38.5%versusl 8.4%) This maysuggesthat cognitivedysfunctionplaysa morerelevantrole
than physicaldepletionin explainingtheimpactof psychosocialvorking conditionson the
progressiorof functionallimitations. It is neverthelessoteworthythatthesefindingswere
basedn anassumptiorthatthe observedssociationsf psychosociaspect®f work envi-
ronmentwith later-lifedisabilitywerecausalln addition, cognitivedeclineand chronic condi-
tions mayinteractandfurther affectdisabilitylateron [46]. The mediatingeffectof such
interactionhasnot beencapturedby our analyses-dowever the correlationbetweerchanges
in cognitivefunction andnumberof diseasem our studypopulationwasrelativelysmall
(r=-0.32).

The strengthof this studyincludethe useof population-basediataand prospectivelesign
in termsof the repeatedneasurementsf outcome(i.e.,numberof ADL andIADL limita-
tions) andmediatingvariabledi.e.,MMSE scoreand numberof chronicdiseasesjtbaseline
aswellasat eachwaveof the follow-up. The occupationalnformation throughoutworking
life enabledassessmemf working conditionsfrom differentchronologicaperspectives,
including thelongest-heldobsandthelatestjobs.Theinclusionof both ADL andIADL could
helpcaptureawider rangeof limitations in tasksof daily living. Other occupationatompo-
nents(i.e.,characteristiand physicaldemandsndindividual predispositiongi.e.,education
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andearly-lifeSES}hat might preselecparticipantsinto occupationsverealsotakeninto
consideration.

Thefollowing limitations shouldbe consideredFirst, retrospectiveecallof occupational
experiencehroughoutworking life couldleadto misclassificatiomeverthelesshe sensitivity
analysesnayhaveaddressethis issue Secondrelianceon a psychosocigbbtexposure
matrix doesnot considervariabilitiesin individuals'perceptionon working conditionsor job
characteristicsvithin occupationsHowever self-reportingbiasshouldhavebeenreducedoy
thisapproachThird, thelackof datafrom participantswho droppedout during the follow-up
mayaffecttheresults However hadwebeenableto follow them,the magnitudeof the associa-
tionsreportedherewould presumabljhavebeengreater Fourth, weintendedto addresghe
issueof temporalitybetweerthe mediators(i.e., MMSE scoreand chronic diseasesindthe
outcome(i.e.,disability) by using6+9-yearfollow-up dataon the mediatorsand 12-yeaifol-
low-up dataon the outcome However the assessments the mediatorsand outcomemight
havetakenplacein the sameoccasionshus,thereverseadausatiorbetweerthemmaynot be
completelyruled out. Finally,the SNAC-Kstudypopulationis of relativelyhighersocioeco-
nomic backgroundwhich mayhavediluted the observedssociatiofetweerworking condi-
tionsanddisability.

In conclusion psychosocialvorking conditionsduring working life, characterizedby high
strain,low strain,and passivgobs,areassociatetith afasterateof disability progressiorin
laterlife, andthe changan cognitivefunction seemso playamorerelevantrole in thisassoci-
ationthanthe changen chronic-diseasburden.Notably,high socialsupportatwork may
bufferthe detrimentalimpactof high strainon disability progressionOur findings highlight
theimportanceof the psychosociatomponentof work, beyondoccupationatharacteristic
andphysicademandsin determiningthe reserveof functionalability in old age.
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