


Results

Asking if an activity can be done alone but with difficulty increased the proportion of partici-

pants reporting restriction on 9 of 20 items, for which 95% CI for difference scores did not

overlap with zero; the proportion with at least one limitation increased from 28.6% to 34.2%

or an absolute increase of 5.6% (95% CI = 0.9–10.3%), which was a relative increase of

19.6%. The brief ADL-IADL-DIFFICULTY-9 maintained excellent internal consistency (�. =

0.93) and had similar ceiling effect (68.1%), invariant item ordering (H trans = .41; medium),

and correlations with age and other health measures compared with the 20-item version.

The brief scale performed similarly when subsequently administered to older adults in Hong

Kong.

Conclusions

Asking if tasks can be done alone but with difficulty can modestly reduce ceiling effects. It’s

possible that the length of commonly-used scales can be reduced by over half if researchers

are primarily interested in a summed indicator rather than an inventory of specific types of

deficits.

Introduction

Themeasurementof functionalstatusis relevantto anexpandingrangeof researchtopics
within gerontology[1, 2] andvaccinology[3] dueto associationswith qualityof life,healthcare
costs,andclinicaldecision-making[4, 5]. Measuresof functionalstatusmaybemoreclosely
associatedwith deteriorationin immunefunction [6] thanchronologicalagewhichhastradi-
tionallybeenusedasaproxyfor immunosenescence[7]. In evaluationsof influenzavaccines,
for example,broadermeasuresof frailty that includelimitations in functionalstatushavebeen
associatedwith antibodyresponseto vaccination[8, 9] anddifferencesin clinicalprotection
from vaccination[10]. Forstudiessuchasthese,wherefunctionalstatusisnot theprimary
topicof interest,theidealmeasurementtool shouldfocuson functionalcapabilitiesandlimita-
tionsthatarerelevantto community-dwellingolderadultsandshouldbebrief,givenbudget
andtime constraints.

Developingvalid,reliable,andefficientwaysof assessingADLsandIADLs hasbeenacom-
mon challengein geriatricresearchfor decades.Earlymeasuresdevelopedfor institutionalized
anddisabledolderadultshadhighceilingeffectswhenadministeredin community-based
studies,with thevastmajority of participantshavingalmostperfectfunctioningandfewdefi-
cits[11]. TheGroningenActivity RestrictionScale(GARS)[12] andothermeasuresspecifi-
callydesignedfor community-dwellingolderadultsincludedphysicallyandcognitively
demandingactivitiesthatweremoresensitiveto modestimpairment.TheGARSandother
measuresinterestedin theearlyphasesof declineandthesubjectivenatureof somefunctional
deficits[13,14]alsointroducednewresponseoptionssoparticipantscanidentify activities
thatcouldbeperformedwithout helpbut no longerwith ease.

Here,wedescribetheresultsof four stepswetook to developandevaluatemeasuresof
functionalstatusin thecontextof aprospectivecohortstudyof olderadultsin EasternChina
[15] andtwo ongoinginfluenzavaccineimmunogenicitytrials in HongKong[16]. Our first
aimwasto identify afunctionalstatusmeasurementtool thatwasappropriatefor community-
dwellingolderadultsin China.Specifically,wecomparedthemeasurementpropertiesof two
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alternativeversionsof a20-itemscaleto assessbothactivitiesof daily living (ADL) andinstru-
mentalactivitiesof daily living (IADL) thatwerefeaturedin commonly-usedADL-IADL
scalesandindices(describedbelow).Thetwo versionsdifferedin their responseoptions.Our
localpartnerspreferredto useaversionthatonly asksolderadultswhetheror not theyrequire
helpto performactivities,similar to oneapplicationof GARS[12] andseveralotherassess-
mentsof ADL-IADL [17,18].Wecomparedthis to asecondversionthat includesboth the
ªneedhelpºoptionsandtheoriginalGARSresponseoptionswhichasktheparticipantto iden-
tify activitiesthatcanbeperformedalonebut with difficulty. Asnotedby thedevelopersof
GARS[19,20]andotherADL and/or IADL tools[21,22],weexpectedtheversionthat
includedthefull rangeof responseoptionswouldbemoresensitiveto modestfunctional
impairmentsandthusbemoreappropriateto studiesof community-dwellingolderadults.
Nonetheless,to our knowledge,no previousstudyhascomparedtheinformation valueof
thesealternativeresponseoptions.

Our secondaimwasto examinewhetherthenumberof ADL-IADL itemscouldbe
reduced,whileretainingitemswith high information valueandmaintaininghigh internalcon-
sistency.Third, weusedinsightsfrom thesecomparisonsto developanADL-IADL scalewith
feweritemsandthencomparedresultsfrom thisbrief scaleto otherfrequentlyused
ADL-IADL scales.Fourth,wesubsequentlyassessedwhetherthesamepatternof findings
regardingtheperformanceof thisbrief scalewasrepeatedtwo additionalstudypopulations.

Materials and methods

Study samples

Thisstudyincludesdatafrom threesamplesof olderadults.Theprimary aimsof thisstudy
wereexaminedin theChina Ageing Respiratory Infections Study (CARES)prospectivecohort
studyof community-dwellingolderadults60±89yearsof ageresidingin thecitiesof Suzhou
andYanchengin JiangsuProvincein EasternChina,in 2015.Most recruitmentoccurred
throughtelephoneandhomevisitsto arandomselectionof olderadultsin theregion;further
detailson methodsandmeasuresfor CARESaredescribedelsewhere[15]. The1,506CARES
participantswererandomlyassignedto two groups;eachgroupwasadministeredoneof two
versionsof the20-itemADL-IADL scale.

For thefinal studyaim,thebrief scaledevelopedthroughtheanalysisof information from
theCARESsamplewassubsequentlyadministeredto community-dwellingparticipantsin two
influenzavaccineimmunogenicitytrials in HongKong:(a) Immunogenicity of twice-annual
vaccination against seasonal influenza for two hemispheres in older adults in Hong Kong–a ran-
domized controlled trial (RETAIN) in 2016with 404olderadultsaged70±79yearsrecruited
from ambulatoryclinics,and(b) Immunogenicity of alternative annual influenza vaccines in
older adults in Hong Kong–a randomized controlled trial (PIVOT) in 2017with 1854older
adultsaged65±82yearsrecruitedfrom seniorcentersandothercommunityoutreachefforts.
In all threesamples,olderadultswith clinicaldiagnosesof dementiaand/or thosewhodid not
passtheMini-cog dementiascreentool [23] wereexcluded.

Measures

The20-itemADL-IADL measureincludeactivitiesfeaturedin theGARS[19,20,24],the
BarthelIndex[22,25],theFrailty Index[26], KatzADL scale[17], theGroningenFrailty Indi-
cator[27], theLawtonIADL Scale[28], theVulnerableEldersSurvey(VES)[29], andindica-
torsdevelopedfrom two largelongitudinalstudiesof olderadultsin Canada[30] andBeijing,
China[31]. During thedevelopmentof ADL andIADL measuresoverthepast50years,vari-
ousindicatorshaveborrowedandrefinedtheactivitiesthataremeasuredandhowtheseitems
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arephrased.Eighteenof the20ADL-IADL itemsweexaminedwerefeaturedactivitiesin the
GARS,thoughtheexactwordingdifferedfor 11of theseitems(S1Tableof S1File).Item
wordingswerechangedto improveconsistencywith howtheseactivitieswerefeaturedin
otherscalesand/or to improvecomprehensionwhentranslatedbasedon feedbackfrom study
staffandpilot participants.Oneactivitywasonly featuredin theGARS,but all otheractivities
wereincludedin 2 to 7 measuresof theninemeasureswereviewed(S1Tableof S1File).The
currentmeasureincludes12activitiesfocusedon ADL and8 activitiesfocusedon IADL,
includingambulation,shopping,personalhygiene,foodpreparation,laundry,housekeeping,
dressing,andfeeding(S1Tableof S1File).

Themeasureswereadministeredby trainedstudystaff.Half of theCARESparticipants
(n = 748)wererandomlyassignedto receivetheADL-IADL scaleversionthataskedif each
activitycouldbedonealonewithout helpor if theactivityrequiredhelpsometimes,often,very
often,or all thetime (ADL-IADL-HELP-20).Theotherhalf (n = 758)receivedaversionwith
thesame20items,thesameoptionsfor needinghelp,but if theactivitycouldbeperformed
alone,additionalresponseoptionsweregivento distinguishbetweenactivitiesthatcouldbe
donealonebut with greatdifficulty, somedifficulty, or no difficulty (ADL-IADL-DIFFI-
CULTY-20).Thisgroupof participantswerealsoaskedquestionsthatcouldbeusedto create
scoresthatweresimilar to two othercommonlyusedbrief functionalstatusmeasures:(1) the
VulnerableEldersSurvey(VES)[29] isa13-itemscalethat includesage,self-ratedhealth,diffi-
cultywith activities,andspecificphysicalcapabilities(e.g.,walkingaquartermile,carrying
objectsasheavyas10pounds),and(2) theLawtonIADL scale[28] rateslevelof performance
on 8activities(e.g.,useof telephone,medicationuse,handlingfinances).Thepublishedscor-
ing systemwasappliedfor bothscales,thoughtheexactwordingof someactivitiesdiffered
from theoriginal scalesdueto Chinesetranslationandtheneedfor commonadministration
methods.

A commonsetof additionalvariableswereassessedin theCAREScohortandin the
PIVOT andRETAIN trials(S2Tableof S1File),includingsocio-demographiccharacteristics
(age,sex,maritalstatus,andeducationallevel),self-reporteddayssickanddayshealthyin the
pastmonth,self-ratedcurrenthealthstatus[32], andnumberof daysleavinghomein the
prior week.Thenumberof chronicconditions(including cardiovascular,lung,kidney,liver,
or neurologicaldiseases;diabetes,cancers,osteoarthritis,or depression)wasassessedin
CARESandPIVOT, but not RETAIN.Additional variables,suchasself-reportednumber
of fallsin thepast12months,numberof hospitalizationsin thepasttwo years,numberof
medicationstakeneachday,andtheMini-Mental StateExamination(MMSE)[33], which
assessescognitivefunctioning,wereonly assessedin theCAREScohort [33] (S2Tableof
S1File).

Statistical analyses

Similarto previouseffortsto developandevaluatefunctionalstatusscalesor sub-scales[27,
34],weusedacombinationof traditionalpsychometricevaluations(classicaltesttheory)and
morerecentpsychometricevaluations(item responsetheory).For thefirst aim,wecompared
theproportion of participantsreportinglimitationson anitem-by-itembasisforADL-IADL-
HELP-20andADL-IADL-DIFFICULTY-20,usingabinomial testfor differencesin proportion
with Wald95%confidenceinterval(CI). Wealsocomparedthetotalproportion of older
adultsreportingat leastonelimitation acrossitemsusingthesamestatistic.For thetotal
summedscales,additionalcomparisonsincluded:(a) internalconsistencyusingCronbach's
alpha(α), with standardthresholds[35], (b) invariant item ordering[36], usingH trans(HT)
andpreviouslypublishedthresholds[37,38],and(c) correlationswith otherhealth-related
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variablesasindicatorsof concurrentvalidity.All scaleanditem scoreswerelog-transformed
prior to assessingcorrelationsgiventheskewednatureof responsedistributions.

Forour secondaimweidentifiedADL-IADL itemsthatcouldpotentiallybeeliminated
usingatwo-stageprocess(Fig1). In thefirst stage,itemswereconsideredto havegoodinfor-
mationvalueif theyidentifiedasubstantialpercentageof participants(�4%) ashaving

Fig 1. Decision tree of ADL-IADL item categorization into good, neutral, and poor performing item categories.

https://doi.org/10.1371/journal.pone.0234698.g001
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limitations;itemswereconsideredto havelow information valueif �2% of participantshad
limitations.Also,in this first stage,aprincipalcomponentfactoranalysis(with obliquerota-
tion) confirmedthatasinglecommonfactorexplained65%of thevarianceamongthe
ADL-IADL-DIFFICULTY-20 items.Wecalculatedthecorrelationof eachitem with thetotal
ADL-IADL-DIFFICULTY-20 scaleafteradjustingfor thecommonfactorscore.Itemswith
relativelylow residualcorrelations(<1 standarddeviation[SD] belowthemeancorrelation)
wereconsideredgoodperformersbecausemostof theitem variancewasexplainedby the
commonfactor;itemswith relativelyhigh residualcorrelations(>1 SDabovethemean)were
consideredpoorperformersbecauseasubstantialamountof item variancewasnot explained
by thecommonfactor;thisapproachisconsistentwith previousstudieson measurement
development[34,39].In thesecondstage,itemswith neutralperformancein thefirst stage
wereevaluatedbasedon indicatorsof concurrentvalidity;specifically,weexaminedPearson
correlationswith age,self-ratedhealth,andnumberof daysperweektheparticipantleavesthe
home.In bothstagesoneandtwo, itemswith redundantcontentwerealsoexcludedif abetter
performingitem focusedon averysimilar task.

Forour third aim,theresultingbrief scale(ADL-IADL-DIFFICULTY-9)wascomparedto
thefull ADL-IADL-DIFFICULTY-20 andtwo otherpreviouslypublishedscales(theVESand
LawtonIADL scale)basedon internalconsistency(Cronbach'salpha),invariant item ordering
(usingHT), andconcurrentvalidity (correlationswith otherhealthindicators).Fourth,we
examinedexternalvalidity byevaluatingthesesameindicatorswhentheADL-IADL-DIFFI-
CULTY-9scalewassubsequentlyadministeredin theRETAINandPIVOT samplesin Hong
Kong.

Thestudyprotocolreceivedethicalapprovalfrom theInstitutional ReviewBoardof the
Universityof HongKong(Ref:UW15404),andtheEthicsCommitteeof JiangsuProvincial
Centerfor DiseaseControl andPrevention(Ref:JSJK2015-B013-02).Written consentwas
providedbyall participants.

Results

Participant characteristics

Demographicandhealthcharacteristicsof participantsin thethreestudysamplesarepre-
sentedin Table1 (additionaldescriptiveinformation in S3Tableof S1File).Therandomsub-
samplesthatwereadministeredthetwo ADL-IADL scaleversionshadsimilarcharacteristics,
with theexceptionof somewhatbetterself-reportedhealthamongthosewhowereadminis-
teredtheADL-IADL-HELP-20.Bystudydesign,theagecompositiondiffersfor CARES(aged
60±89years),RETAIN(aged70±79years),andPIVOT (aged65±82years).Womencomprised
overhalfof theparticipantsin CARES(55%)andPIVOT (57%),but only 34%of RETAINpar-
ticipants.About two-thirdsof participantshadsecondaryschoolingor highereducationin the
HongKong-basedRETAIN (62%)andPIVOT (65%)cohortscomparedto only 15%of the
CARESparticipantsin mainlandChina.TheRETAINandPIVOT participantshadworseself-
ratedhealththanCARESparticipants.However,thethreesamplesweresimilar in numbersof
sickandhealthydaysreportedin thepastmonth.

Comparison of the two ADL-IADL scale response option versions

Whenthedefinition of functionallimitation wasexpandedfrom tasksthat requirehelp
(ADL-IADL-HELP-20)to includetasksthatcanbeperformedalonebut with difficulty
(ADL-IADL-DIFFICULTY-20), theproportion of participantswith limitations increasedfor
all taskitems;this increasewasstatisticallysignificantfor 9of the20items(Table2).Forexam-
ple,thenumbersof participantsthat reportedlimitationsperforminglight andheavy
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houseworkor climbingstairswerestatisticallysignificantlyhigherwhenparticipantswere
askedif theycoulddo thetaskalonebut found it difficult. Asasummedscale,ADL-IADL-
HELP-20identified28.6%of participantsashavingat leastonelimitation comparedto 34.2%
usingtheADL-IADL-DIFFICULTY-20.Thus,askingif anactivitycanbedonealonebut with
difficulty increasedtheproportion of cohortparticipantswith at leastonelimitation by5.6%
(95%CI = 0.9±10.3%);this isarelativeincreaseof 19.6%.

Table 1. Sample characteristics in CARES cohort and RETAIN and PIVOT vaccine trrials.

Study Name CARES CARES RETAIN PIVOT

Scale ADL-IADL-HELP-20 ADL-IADL-DIFFICULTY-

20

ADL-IADL-DIFFICULTY-9 ADL-IADL-DIFFICULTY-9

Characteristics, No. (Percent) N (748) (%) N (758) (%) N (404) (%) N (1854) (%)

Agea

60to 64 122 (16) 120 (16) NM NM

65to 69 154 (21) 142 (19) NM 795 (43)

70to 74 148 (20) 153 (20) 210 (52) 507 (27)

75to 79 105 (14) 104 (14) 194 (48) 379 (20)

80to 84 173 (23) 185 (24) NM 173 (9)

85to 89 46 (6) 54 (7) NM NM

Sex

Male 334 (45) 337 (44) 266 (66) 726 (39)

Female 414 (55) 421 (56) 138 (34) 1128 (61)

Marital status

Not married 237 (32) 254 (33) 82 (20) 515 (28)

Married 511 (68) 504 (67) 322 (79.7) 1339 (72)

Educational attainment

Secondaryschooling or above 115 (15) 114 (15) 250 (62) 1069 (58)

Less 633 (85) 644 (85) 154 (38) 785 (42)

Self-ratedhealth�

Poor-Fair 157 (21) 212 (28) 238 (59) 969 (52)

Good 284 (38) 294 (39) 109 (27) 566 (31)

VeryGood-Excellent 307 (41) 252 (33) 57 (14) 319 (17)

History of falling in prior year

Yes 67 (9) 71 (9) NM NM

No 680 (91) 687 (91) NM NM

Health Status, Mean (SD)

Chronicconditions(total count) 1.0 (1.0) 1.0 (1.0) NM 1.3 (1.1)

Hospitalizations(in 2 years) 0.2 (0.6) 0.2 (0.6) NM NM

Medicationsperday(total count) 0.9 (1.2) 0.9 (1.2) NM NM

Mini-Mental StateExamination 25.0 (3.6) 24.9 (3.7) NM NM

Poorhealthdays(in pastmonth) NM 2.5 (6.0) 3.0 (7.5) 2.2 (5.9)

Sickin beddays(in pastmonth) NM 0.7 (2.9) NM 0.7 (3.6)

Goodhealthdays(in pastmonth) NM 20.1 (11.0) 17.1 (13.2) 21.5 (13.7)

Daysleavinghome(in prior week) 6.5 (1.5) 6.6 (1.4) NM 6.6 (1.2)

Abbreviations:NM indicatesthatvariablewasnot measuredin sample;CARESis theprospectivecohortstudyin EasternChina;PIVOT andRETAINarevaccinetrials

in HongKong;ADL is activitiesof daily living; IADL is instrumentalADL
a Agesfor enrolledparticipantswere�60 yearsfor CARES,70±79for RETAIN,and65to 82yearsfor PIVOT
� Self-ratedhealthratedfrom poor (1) to excellent(5) is significantly different(p< 0.001)betweentheCARESsub-samplesandbetweenCARESandthetwo vaccine

trial samples.

https://doi.org/10.1371/journal.pone.0234698.t001
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Theitem andscaleperformanceindicatorsweresimilar for thescalewith eitherresponse
option versions(S4Tableof S1File).Bothscaleshaveexcellentinternalconsistency(α �
0.90).Invariant item orderingwashigh (HT � 0.5)for ADL-IADL-HELP-20andmediumfor
ADL-IADL-DIFFICULTY-20 (0.4� HT < 0.5).Bothversionsweresimilarlyassociatedwith
age,self-ratedhealth,chronicconditions,MMSEscores,andnumberof daysleavinghomeper
week.Theonly statisticallysignificantdifferenceobservedwasacorrelationof 0.16(95%
CI = 0.09,0.23)betweenADL-IADL-DIFFICULTY-20andnumberof fallsin thepastyear
comparedto azeroassociation(95%CI = -0.07,0.08)with ADL-IADL-HELP-20.

Selection of nine items for a brief ADL-IADL-DIFFICULTY scale

Assummarizedin Fig1,thenumberof ADL-IADL-DIFFICULTY-20 itemswasreducedin
two stages(S5Tableof S1File).Basedon item performance,four itemswereexcludedaspoor
performersbecausefewolderadults(�2%) reportedneedinghelpor experiencingdifficulty
and/or theitem hadhigh residualcorrelationswith otheritems.Eightitemsdisplayedgood
performanceon theseindicators;of these,threeitemswereexcludeddueto redundantcontent
with othergoodperformingitems,leavingfive itemswith goodperformance.Eightitemswith
neutralperformancein this first stagewerethenexaminedfor concurrentvalidity.Four items
wereassociatedwith at leasttwo of threeindicators(age,self-ratedhealth,anddaysleaving
homeperweek);of these,oneitem wasexcludeddueto redundantcontent.Four itemswere

Table 2. Percentage (%) of participants reporting any functional limitation on scales with response options that focused on need for help only (ADL-IADL-HELP-

20) and response options also asessing difficulty completing tasks without help (ADL-IADL-20-DIFFICULTY) in the CARES Cohort in Eastern China, 2015.

Scale ADL-IADL-HELP-20 ADL-IADL-DIFFICULTY-20

Response options dichotomy Requiring any help Requiring any help or

experiencing any difficulty

Percent (SD) Percent (SD) Difference of Proportions (95% CI) a

1) Get around from room to room in my house 1.2% (0.11) 2.9% (0.17) 1.7% (0.3, 3.1%)

2) Stand up from sitting in a chair 1.9% (0.14) 4.2% (0.20) 2.4% (0.6, 4.1%)

3) Get on and off a toilet 1.1% (0.10) 2.9% (0.17) 1.8% (0.4, 3.2%)

4) Get in and out of bed 1.5% (0.12) 3.2% (0.18) 1.7% (0.2, 3.2%)

5) Walking around outdoors or in my neighborhood 2.3% (0.15) 5.0% (0.22) 2.7% (0.9, 4.6%)

6) Shoppingfor groceries 7.1% (0.26) 9.4% (0.29) 2.3%(-0.5,5.1%)

7) Climb a flight of stairs 15.1% (0.36) 21.0% (0.41) 5.9% (0.2, 9.7%)

8) Bathemyselfin ashoweror bathtub 6.4% (0.25) 8.5% (0.28) 2.0%(-0.6,4.7%)

9) Dressingandundressing 2.0% (0.14) 2.9% (0.17) 0.9%(-0.7,2.5%)

10) Preparemy breakfastor lunch 4.7% (0.21) 5.3% (0.22) 0.6%(-1.6,2.8%)

11) Feedmyself 0.7% (0.08) 1.1% (0.10) 0.4%(-0.6,1.3%)

12) Washmy faceandhands 0.9% (0.10) 1.2% (0.11) 0.3%(-0.8,1.3%)

13) Washmy wholebodyby takingashoweror bath 6.3% (0.24) 7.5% (0.26) 1.3%(-1.3,3.8%)

14) Takecareof my feetandtoenails 8.6% (0.28) 11.4% (0.32) 2.8%(-0.2,5.8%)

15) Make it to the toilet without an accident 1.3% (0.11) 2.9% (0.17) 1.6% (0.1, 3.0%)

16) Washandiron my clothes 9.9% (0.30) 10.8% (0.31) 0.9%(-2.1,0.4%

17) Makethebedor changesheets 6.6% (0.25) 9.1% (0.29) 2.6%(-0.2,5.3%)

18) Do "light" housework like dusting or tidying up 4.3% (0.20) 7.5% (0.26) 3.3% (0.9, 5.6%)

19) Do "heavy" housework like mopping or vacuuming 20.9% (0.41) 25.1% (0.43) 4.2% (0.0, 8.5%)

20) Preparedinner 7.2% (0.26) 8.2% (0.27) 1.0%(-1.7,3.7%)

Any functional limitation for at least 1 item 28.6% (0.45) 34.2% (0.47) 5.6% (0.9, 10.3%)

Abbrviations:CARESis theprospectivecohortstudyin EasternChina;ADL is activitiesof daily living; IADL is instrumentalADL.
a Testfor differencesin proportionsassessesequalityof proportionsbetweentwo independent samples.Wald95%confidenceinterval(CI) thatdoesnot overlapwith 0

indicatesstatistical significanceandis bolded.

https://doi.org/10.1371/journal.pone.0234698.t002
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relatedto oneindicator,andoneof these(standingup from chair)wasretainedbecauseit
addressesamobility taskthat isnot coveredbyotheritems.Thenineselecteditemsare
referredto asADL-IADL-DIFFICULTY-9 includeambulating,shopping,personalhygiene,
housekeeping,andfoodpreparationactivities:

· Walkingaroundoutdoorsor in my neighborhood

· Shoppingfor groceries

· Climb aflight of stairs

· Washmy wholebodyby takingashoweror bath

· Takecareof my feetandtoenails

· Do "light" houseworklike dustingor tidying up

· Do "heavy"houseworklike moppingor vacuumingthefloor

· Preparedinner

· Standup from sitting in achair

Comparison of ADL-IADL-DIFFICULTY-9 scale with other scales

Thebrief version(ADL-IADL-DIFFICULTY-9) maintainedexcellentinternalconsistency
(α = 0.93)andwassimilar to the20-itemversionin invariant item orderingandceilingeffect
(Table3).TheADL-IADL-DIFFICULTY-9hasbetterinternalconsistencythantheVES(α =
0.75)andLawtonIADL (α = 0.73)scalesthatwereadministeredto thissamesub-sample
(Table3).However,theVESandLawtonhadbetterinvariant item orderingratingsindicating
that therankingfrom mostto leastendorseditemswithin thesescaleswasmoreconsistent
thantherankingfor ADL-IADL-DIFFICULTY-9.Themagnitudeof correlationsbetweenthe
ADL-IADL-DIFFICULTY-9 andotherhealthandfunctioning indicatorsweresimilar to those
observedfor thelongerADL-IADL-DIFFICULTY-20,VES,andLawtonIALD scales
(Table3).

Performance of ADL-IADL-DIFFICULTY-9 scale in two subsequent

studies

TheADL-IADL-DIFFICULTY-9 itemswereadministeredin two subsequentstudiesin Hong
Kong.To aid in cross-studycomparisons,Table4presentsthemeasurementindicatorswith
CARESparticipantsnarrowedto similaragerangesfor thesestudies.TheADL-IADL-DIFFI-
CULTY-9maintainedgood(α = 0.82)to excellent(α = 0.90)internalconsistencyin the
RETAINandPIVOT samples,respectively.Theceilingeffectof thesummedscalewasalsosta-
tisticallysimilar in thenewsamples.However,theinvariant item orderingratingswerelower
in thenewsamplescomparedto its performancewith similaragegroupsin theCARESsam-
ple;in otherwords,consistencyin whichactivitieswerereportedasmostto leastdifficult were
loweramongRETAIN andPIVOT participants.Thepatternanddirectionof correlations
betweentheADL-IADL-DIFFICULTY-9scoresandotherhealthindicatorswassimilar for
CARESandthenewsamples,with oneexception.TheADL-IADL-DIFFICULTY-9wasnot
associatedwith thenumberof healthydaysin thepastmonth in theCARES(aged65±84
years)sample,but thisassociationwasstatisticallysignificantamongthePIVOT participants.
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Discussion

Wecomparedthemeasurementpropertiesof two versionsof anADL andIADL measure
(with activitiesdrawnfrom commonlyusedscales)in theCAREScohortof community-dwell-
ing olderadultsaged60±89yearsin JiangsuProvince,China,anddevelopedabrief 9-itemver-
sionof thescalethatwefurther examinedin two subsequentstudies.Functionaldeficitswere
identifiedin about20%moreof theparticipantswhowereaskedaboutdifficulty performing
activitiesalone(ADL-IADL-DIFFICULTY-20) comparedto theotherrandomhalfof partici-
pantswhowereonly askedaboutneedinghelpfrom othersto performactivities(ADL-IADL-
HELP-20).Thebrief scaleweintroducedhere(ADL-IADL-DIFFICULTY-9) maintained
excellentinternalconsistencyandhadalmostidenticalassociationswith ageandothermea-
suresof healthandfunctioningwhencomparedto thefull 20-itemversionin theCARES
cohortandwhenthebrief scalewasadministeredto olderadultsin HongKong.

To our knowledge,no prior studyhadcomparedtheaddedvalueof responseoptionsthat
consideredactivitiesthatcouldbedoneindependentlybut with difficulty. Wefound that the
expandedresponseoptionson ADL-IADL-DIFFICULTY-20increasedtheproportion of
olderadultsreportingadeficiton abouthalf (9 of 20)of theitems.Thiswasmostnotablefor

Table 3. Measurement indicators and concurrent validity indicators for ADL-IADL-DIFFICULTY-9, ADL-IADL-DIFFICULTY-20, and two other published func-

tional status measures.

Scale ADL-IADL-DIFFICULTY-9 ADL-IADL-DIFFICULTY-

20

Similar to VES a Similar to Lawton IADL a

N 758 758 758 758

Measurement Indicators

Cronbach'sAlphab 0.93(Excellent) 0.95(Excellent) 0.64(Marginal) 0.73(Acceptable)

Invariant Item Ordering HT c 0.41(Medium) 0.45(Medium) 0.75(High) 0.99(High)

CeilingEffect 68.1% (64.6,71.3%) 65.8% (62.3,69.2%) Not measuredd 83.3% (80.4,85.8%)

Correlation to Scale Total e

Age 0.34 (0.28, 0.40) 0.30 (0.23, 0.36) 0.16 (0.09, 0.23) 0.27 (0.20, 0.33)

Self-ratedhealth -0.29 (-0.35, -0.22) -0.27 (-0.34, -0.21) -0.18 (-0.24, -0.11) -0.21 (-0.28, -0.15)

Numberof falls(prior year) 0.18 (0.11, 0.25) 0.16 (0.09, 0.23) 0.02 (-0.05,0.10) 0.10 (0.03, 0.17)

Hospitalizations(in 2 years) 0.04 (-0.03,0.11) 0.04 (-0.03,0.11) 0.02 (-0.06,0.09) 0.03 (-0.04,0.10)

Medicationsperday(total count) 0.07 (0.00, 0.14) 0.07 (-0.00,0.14) 0.09 (0.02, 0.16) 0.08 (0.01, 0.15)

Chronic conditions(total count) 0.16 (0.09, 0.23) 0.15 (0.08, 0.22) 0.15 (0.08, 0.21) 0.14 (0.07, 0.21)

Mini-M entalStateExamination -0.29 (-0.35, -0.22) -0.27 (-0.33, -0.20) -0.22 (-0.29, -0.15) -0.22 (-0.28, -0.15)

Poorhealthdays(in pastmonth) 0.16 (0.09, 0.23) 0.19 (0.12, 0.26) 0.18 (0.11, 0.24) 0.17 (0.10, 0.24)

Sickin beddays(in pastmonth) 0.24 (0.17, 0.30) 0.28 (0.21, 0.34) 0.22 (0.16, 0.29) 0.19 (0.12, 0.26)

Goodhealthdays(in pastmonth) -0.07 (-0.14,0.01) -0.09 (-0.16, -0.02) -0.25 (-0.32, -0.19) -0.09 (-0.16, -0.02)

Daysleavinghome(in prior week) -0.30 (-0.37, -0.24) -0.30 (-0.36, -0.23) -0.30 (-0.37, -0.24) -0.21 (-0.28, -0.14)

Pearsoncorrelationsperformed usingthesummedscoreof all item responses; significantcorrelationsarebolded

Abbreviations:DL is activitiesof daily living; IADL is instrumentalADL; VulnerableEldersSurvey(VES);LawtonInstrumental Activitiesof Daily Living Scale(Lawton

IADL)
a Thepublishedscoringsystemwasappliedfor bothscales,thoughtheexactwordingof someactivitiesdifferedfrom theoriginal scalesdueto Chinesetranslation and

theneedfor commonadministrationmethods
b Categoricaldescriptionsarebasedon previously publishedconventionsfor Cronbach'salpha
c Usingpreviouslyestablisedconventionsfor HT, itemsmarkedfor goodperformancewhenmeanInvariant Item Ordering(IIO) scoreis �0.50 andflaggedfor poor

performancewhenIIO scoreis �0.10
d VESscalecannot haveceilingeffectmeasuredby natureof questionnaire design
e All scaleanditem scoreswerelog-transformedprior to assessing correlationsgiventheskewednatureof almostall distributions

https://doi.org/10.1371/journal.pone.0234698.t003
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themorephysicallydemandingactivities,suchasªheavyhouseworkºandªclimb aflight of
stairs.ºNonetheless,evenwith theexpandedresponseoptions,two-thirdsof CARESpartici-
pants(65.8%)reportedrequiringno helpandhavingno difficulty with ADLsandIADLs.
Thus,assessmentsthat includeevenmorephysically,cognitively,andsociallychallenging
tasks(e.g.,[34,40])maybeneededto further reducetheceilingeffect.

Our findingssuggestthat thelengthof ADL-IADL scaleslike theGARScanbereducedby
overhalf if researchersareprimarily interestedin asummedindicator ratherthananinven-
tory of specifictypesof deficits.Thebrief version(ADL-IADL-DIFFICULTY-9) hadasimilar
ceilingeffect(68.1%)to the20-itemversion,in partbecauseitem selectionfavoredactivities
that requiredhelpand/orweredifficult to performalonebyat least4%of participants.The
retaineditemsincludedactivitiesthat requiredmobility (e.g.,walkaroundoutdoors),physical
stamina(e.g.,climb aflight of stairs),dexterity(e.g.,takecareof my feetandtoenails),and
morecomplexmentalandphysicalcoordination(e.g.,do ªheavyºhousework).Onereasonfor
excludingitemswasredundancywith otheritems.Althoughidentifyingspecificdeficitsis
helpfulin clinicalcareandoccupationaltherapy,multiple itemsregardingdifferenttypesof
housework,for example,do not offeraddedinformation in asummedscale.Other itemswere
excludedbecausefewparticipantsfound thesedifficult, which is to beexpectedsincethese
activitiesaretypicallyessentialfor independentliving in thecommunity(e.g.,dressingand
undressing;feedmyself).

Nonetheless,theexclusionof 11itemshadalmostno impacton theinternalconsistencyof
thesummedscale,whichremainedexcellent(α>.90)for thebrief ADL-IADL-DIFFICULTY-
9,andnotablyhigherthantwo otherwidelyusedADL andIADL measures,VES(α = .64)and
LawtonIADL (α = .73),whichwereadministeredto thesameparticipants.Associationswith

Table 4. Cross-study comparison of ADL-IADL-DIFFICULTY-9 from the CARES cohort and RETAIN and PIVOT vaccine trials.

Study name CARES RETAIN CARES PIVOT

AgeGroup 70±79 70±79 65±84 65±82

ScaleVersion ADL-IADL-DIFFICULTY-9 ADL-IADL-DIFFICULTY-9 ADL-IADL-DIFFICULTY-9 ADL-IADL-DIFFICULTY-9

N 257 404 584 1854

Measurement Indicators

Cronbach'sAlphaa 0.95(Excellent) 0.82(Good) 0.94(Excellent) 0.90(Excellent)

Invariant Item Ordering HT b 0.38(Low) 0.24(Inaccurate) 0.40(Medium) 0.31(Low)

CeilingEffect 68.5% (62.4,74.1%) 69.8% (65.1,74.2%) 65.9% (61.9,69.8%) 64.5% (62.5,66.5%)

Correlation to Scale Total

Age 0.16 (0.04, 0.28) 0.11 (0.02, 0.21) 0.27 (0.20, 0.35) 0.15 (0.09, 0.16)

Self-ratedhealth -0.24 (-0.35, -0.12) -0.18 (-0.27, -0.09) -0.27 (-0.34, -0.19) -0.16 (-0.20, -0.12)

Chronic conditions(total count) 0.28 (0.16, 0.39) 0.27 (0.17, 0.36) 0.18 (0.10, 0.25) 0.21 (0.17, 0.25)

Poorhealthdays(in pastmonth) 0.17 (0.05, 0.29) 0.17 (0.07, 0.26) 0.15 (0.07, 0.23) 0.10 (0.06, 0.14)

Sickin beddays(in pastmonth) 0.17 (0.05, 0.29) NM 0.15 (0.7, 0.23) 0.15 (0.11, 0.19)

Goodhealthdays(in pastmonth) -0.07 (-0.19,0.06) -0.07 (-0.21,0.07) -0.01 (-0.09,0.07) -0.13 (-0.17, -0.09)

Daysleavinghome(in prior week) -0.26 (-0.37, -0.14) NM -0.20 (-0.27, -0.12) -0.15 (-0.19, -0.11)

NM indicatesthatvariablewasnot measuredin sample

Pearsoncorrelationsperformed usingthesummedscoreof all item responses
a Categoricaldescriptionsarebasedon previouslypublishedconventionsfor Cronbach'salpha
b Usingpreviously establisedconventionsfor HT, itemsmarkedfor goodperformancewhenmeanInvariant Item Ordering(IIO) scoreis �0.50 andflaggedfor poor

performancewhenIIO scoreis �0.10
c All scaleanditem scoreswerelog-transformedprior to assessingcorrelationsgiventheskewednatureof almostall distributions

https://doi.org/10.1371/journal.pone.0234698.t004
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indicatorsof criterion validity werealsolargelyunchangedfor thebrief scale,sinceweinten-
tionally selecteditemsassociatedwith age,self-ratedhealth,andthenumberof daysthepartic-
ipant left homein theprior week.Nonetheless,thepatternandmagnitudeof associations
betweenthebrief scaleandhealthindicatorswerealsosimilar to thoseof theVESandLawton
IADL. Resultsfrom theadministrationof theADL-IADL-DIFFICULTY-9 in two newstudies
in HongKongwerereassuring;theceilingeffect,internalconsistency,andpatternof associa-
tionsweresimilar,despitedifferencesin sex,age,education,culture,andenvironmentsof par-
ticipantsin HongKongversusEasternChina.

Amongthestudy'sstrengthsareits comparisonof two randomsamplesof olderadultswho
receivedalternativeversionsof responseoptions.Our studyalsoassessedtheperformanceof
our brief scalein two newsamplesindependentof theoriginal sample.Our examinationof
functionalstatusin thecontextof otherhealthindicators(including chronicconditionsand
medications,cognitivefunctioning,historyof falls,andreportsof healthandillnessin the
prior month) andotherADL/IADL scalesisalsoastrength.Our studycontributesto arela-
tivelysmallbut growingliteratureon functionalstatusandfrailty measurementamongolder
adultsin China(e.g.,[5, 31,41,42]),wheretherapidlyagingpopulationpresentsnumerous
societalchallenges[43]. Dataon olderadultsin EasternChina,whereCAREStook place,is
especiallylimited.

Our studyalsohasat leastthreelimitations.First,our assessmentof ADL, IADL, other
healthindicatorsreliedon self-report,whichis likely subjectto information biases,including
errorsin recallandsocialdesirabilitybias.This likely resultedin under-reportingof
impairmentandincreasedmeasurementerror.Similarly,thepresenceandextentof ªdiffi-
cultyº performinganactivityrequiressubjectiveinterpretation,whichalsointroducesmea-
surementerror.Second,our findingsarebasedon cross-sectionalassociations,andfuture
researchisneededto examinewhetherthefull andbrief scaleshavesimilarpredictiveassocia-
tionswith changesin healthstatusovertime.Third, wereliedprimarily on classicalor tradi-
tional measurementapproachesanddid not fully takeadvantageof methodsfrom item
responsetheory(see[1, 27]).Someof our decisioncriteria,suchaswhatconstitutedlow per-
centageof responses(�2%) wereinformedby thefindingsin thisparticularstudyanddo not
correspondto well-establishedmeasurementdesignrules.Theªmediumº levelof invariant
item orderingobservedfor theADL-IADL-DIFFICULTY-9 and20-itemversionssuggeststhe
item hierarchies(or whichactivitiesweremostandleastdifficult) variedacrossCARESpartici-
pants;consistencywasevenworsein theHongKongsamples.It ispossiblethat further cali-
brationof item difficulty andpersonalability (e.g.,with Raschanalysis[44]) might refineitem
selectionor inform alternativeapproachesto scoringitem responses.Nonetheless,high invari-
ant item orderingisachallengingandrarelymetmeasurementyardstick[34]. It isalsopossi-
blethat individual differencesin whichADLsandIADLs aredifficult to performshouldbe
expected,especiallyin populationswith widevariationsin education,living arrangements,
andproximity to familysupport[20].

Asinterestin measuringfunctionalstatuscontinuesto expand,brief scaleslike ADL-
IADL-DIFFICULTY-9 maybeusefulfor studiesthatwishto identify relativelymodestor early
signsof functionaldeclinebut wishto limit thetime burdenon participantsor haveother
logisticalor budgetconstraints.Sincefunctionalstatusisonly oneelementof amulti-compo-
nentfrailty phenotype,it isoftenmeasuredwith only afewitemsin frailty scales[2, 26].It's
possiblethatabrief functionalstatusscale,suchastheonepresentedhere,couldbeincorpo-
ratedinto frailty measurementasauniquecomponentalongsideotherassessmentsof self-
reportedhealthor performance-basedmeasures[26,45],whichtakentogethermayincrease
theability to predictsubsequenthealthoutcomes,like falls[46], hospitaladmissions[4], and
mortality [2, 4,31].
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