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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% Cl 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

Themeasuremenof functional statuss relevantto an expanding-angeof researchopics
within gerontology[1, 2] andvaccinologyf3] dueto associationsvith quality of life, healthcare
costsandclinical decision-makind4, 5]. Measure®f functional statusmaybemore closely
associatedvith deteriorationin immune function [6] than chronologicabgewhich hastradi-
tionally beenusedasa proxy for immunosenescendé]. In evaluationof influenzavaccines,
for exampleproadermeasuresf frailty thatincludelimitations in functionalstatushavebeen
associatewvith antibodyresponséo vaccination8, 9] anddifferencesn clinical protection
from vaccination10]. For studiessuchasthesewherefunctionalstatuss not the primary
topic of interest theidealmeasurementool shouldfocuson functional capabilitiesandlimita-
tionsthatarerelevantto community-dwellingolderadultsand shouldbebrief, givenbudget
andtime constraints.

Developingvalid, reliable and efficientwaysof assessingDLs and IADLs hasbeenacom-
mon challengen geriatricresearchor decadesEarlymeasureslevelopedor institutionalized
anddisabledolderadultshadhigh ceilingeffectsvhenadministeredn community-based
studieswith the vastmajority of participantshavingalmostperfectfunctioning andfewdefi-
cits[11]. TheGroningenActivity RestrictionScald GARS)[12] and othermeasurespecifi-
callydesignedor community-dwelling olderadultsincludedphysicallyand cognitively
demandingactivitiesthatweremore sensitiveéo modestimpairment. The GARSand other
measuremterestedn the earlyphase®f declineandthe subjectivenatureof somefunctional
deficits[13, 14] alsointroducednewrespons@ptionssoparticipantscanidentify activities
that couldbeperformedwithout helpbut no longerwith ease.

Here,wedescribehe resultsof four stepsvetook to developandevaluataneasuresf
functionalstatusin the contextof a prospectivecohortstudyof olderadultsin EasterrChina
[15] andtwo ongoinginfluenzavaccinemmunogenicitytrialsin Hong Kong[16]. Our first
aimwasto identify afunctional statusmeasurementool that wasappropriatefor community-
dwellingolderadultsin China.Specificallyywe comparedhe measuremenpropertiesof two
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alternativeversionsof a 20-itemscaleo asseskoth activitiesof daily living (ADL) andinstru-
mentalactivitiesof daily living (IADL) thatwerefeaturedin commonly-usedADL-IADL
scaleaindindices(describedelow). Thetwo versiondifferedin their responseptions.Our
localpartnerspreferredto useaversionthat only askslderadultswhetheror not theyrequire
helpto performactivities similar to oneapplicationof GARS[12] and severabtherassess-
mentsof ADL-IADL [17,18]. We comparedhisto asecondversionthatincludesboththe
aneedhelp®optionsandthe original GARSrespons®ptionswhich askthe participantto iden-
tify activitiesthat canbeperformedalonebut with difficulty. As notedby the developersf
GARS[19,20]andother ADL and/or IADL tools[21,22], weexpectedhe versionthat
includedthefull rangeof respons®ptionswould bemore sensitivao modestfunctional
impairmentsandthusbemoreappropriateto studiesof community-dwellingolderadults.
Nonethelesgp our knowledgeno previousstudyhascomparedheinformation valueof
thesealternativerespons@ptions.

Our secondaim wasto examinewhetherthe numberof ADL-IADL itemscouldbe
reducedwhileretainingitemswith highinformation valueand maintaininghigh internal con-
sistencyThird, weusedinsightsfrom thesecomparisongdo developan ADL-IADL scalewith
feweritemsandthencomparedesultsfrom this brief scaleo otherfrequentlyused
ADL-IADL scalesFourth,wesubsequentlgssessesthetherthe samepatternof findings
regardingthe performanceof this brief scalavasrepeatedwo additionalstudypopulations.

Materials and methods
Study samples

This studyincludesdatafrom threesample®f olderadults. The primary aimsof this study
wereexaminedn the China Ageing Respiratory Infections Study (CARES)rospectiveeohort
studyof community-dwellingolderadults60+89yearsof ageresidingin the citiesof Suzhou
andYanchengn JiangswProvincein EasternChina,in 2015 Mostrecruitmentoccurred
throughtelephoneandhomevisitsto arandomselectiorof olderadultsin theregion;further
detailson methodsandmeasure$or CARESaredescribedlsewhergl5]. The1,506CARES
participantswererandomlyassignedo two groups;eachgroupwasadministereconeof two
versionsf the 20-itemADL-IADL scale.

Forthefinal studyaim, the brief scaledevelopedhroughthe analysiof information from
the CARESsamplewassubsequentlgpdministeredo community-dwellingparticipantsin two
influenzavaccindmmunogenicitytrialsin Hong Kong: (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+7%earsecruited
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+82yeargecruitedfrom seniorcentersand other community outreachefforts.
In all threesamplesplderadultswith clinical diagnosesf dementiaand/or thosewho did not
pasghe Mini-cog dementiascreertool [23] wereexcluded.

Measures

The20-itemADL-IADL measuréncludeactivitiesfeaturedin the GARS[19, 20,24],the
Barthellndex[22, 25],the Frailty Index[26], KatzADL scald17], the GroningenFrailty Indi-
cator[27], the LawtonlADL Scald28], the VulnerableEldersSurvey(VES)[29], andindica-
torsdevelopedrom two largelongitudinal studiesof olderadultsin Canadd30] andBeijing,
China[31]. During thedevelopmenbf ADL andIADL measuresverthe past50yearsyari-
ousindicatorshaveborrowedandrefinedthe activitiesthataremeasuredind howthesdtems
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arephrasedEighteerof the 20ADL-IADL itemsweexaminedwerefeaturedactivitiesin the
GARS thoughthe exactwording differedfor 11 of thesetems(S1Tableof S1File).ltem
wordingswerechangedo improve consistencyvith howtheseactivitieswerefeaturedn
otherscalesnd/or to improvecomprehensiomwhentranslatecdbasedn feedbackrom study
staffandpilot participants Oneactivitywasonly featuredin the GARS but all other activities
wereincludedin 2to 7 measuresf the nine measuresvereviewed S1Tableof S1File). The
currentmeasurencludesl2activitiesfocusedon ADL and8 activitiesfocusedn IADL,
including ambulation,shoppingpersonahygienefood preparationJaundry,housekeeping,
dressingandfeeding(S1Tableof S1File).

Themeasuresvereadministeredoy trainedstudystaff.Half of the CARE Sparticipants
(n = 748)wererandomlyassignedo receivethe ADL-IADL scaleversionthataskedf each
activity could bedonealonewithout helpor if the activityrequiredhelpsometimesopften,very
often,or allthetime (ADL-IADL-HELP-20). The otherhalf (n = 758)receivedaversionwith
thesame20items,the sameoptionsfor needinghelp,but if the activity could beperformed
alone additionalrespons®ptionsweregivento distinguishbetweeractivitiesthat couldbe
donealonebut with greatdifficulty, somedifficulty, or no difficulty (ADL-IADL-DIFFI-
CULTY-20).Thisgroupof participantswerealsoaskedjuestionghat could beusedto create
scoreghatweresimilar to two othercommonlyusedbrief functional statusmeasureq:1) the
VulnerableEldersSurvey(VES)[29] is a13-itemscalehatincludesage self-ratechealth diffi-
culty with activities,and specificphysicalcapabilitiege.g. walkingaquartermile, carrying
objectsasheavyas10pounds),and(2) the LawtonlADL scald28] rateslevelof performance
on 8 activities(e.g. useof telephonemedicationuse handlingfinances) The publishedscor-
ing systenwasappliedfor both scalesthoughthe exactwording of someactivitiesdiffered
from the original scaleslueto Chineseranslationandthe needfor commonadministration
methods.

A commonsetof additionalvariablesvereassessed the CAREScohortandin the
PIVOT andRETAIN trials (S2Tableof S1File),including socio-demographicharacteristics
(age sex,marital statusandeducationalevel) self-reporteddayssickand dayshealthyin the
pastmonth, self-rateccurrenthealthstatug32], and numberof daysleavinghomein the
prior week.The numberof chronic conditions(including cardiovasculaidung, kidney, liver,
or neurologicadiseasesliabetescancerspsteoarthritisor depressionjvasassessed
CARESandPIVOT, but not RETAIN. Additional variablessuchasself-reportechumber
of fallsin the pastl12months,numberof hospitalizationsn the pasttwo yearsnumberof
medicationgakeneachday,andthe Mini-Mental StateExamination(MMSE)[33], which
assessengnitivefunctioning, wereonly assessedd the CAREScohort [33] (S2Tableof
S1File).

Statistical analyses

Similarto previouseffortsto developandevaluatdunctionalstatusscale®r sub-scalef27,
34],weusedacombinationof traditional psychometrievaluationgclassicalesttheory)and
morerecentpsychometrievaluationgitem responséheory).For thefirst aim, wecompared
the proportion of participantsreportinglimitations on anitem-by-itembasisorADL-IADL -
HELP-20andADL-IADL-DIFFICULTY-20,usingabinomialtestfor differencesn proportion
with Wald 95%confidencenterval (Cl). We alsocomparedhetotal proportion of older
adultsreportingatleastonelimitation acrosstemsusingthe samestatistic.For thetotal
summedscalesadditionalcomparisonsncluded:(a) internal consistencysingCronbach's
alpha(a), with standardthresholdg35], (b) invariantitem ordering[36], usingH trans(H")
andpreviouslypublishedthresholdq37,38],and(c) correlationswith otherhealth-related
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20 GARS Items

v

Item Performance on 3 Indicators:
Percent experiencing difficulty
Percent requiring help
Correlated residuals

v
Poor Performance Neutral Performance
i Good Performance
on at least 2 indicators < 1 poor or good performance i
R on at least 2 indicators
on indicators
9. Dressing and undressing 1. Get around house 6. Shopping for groceries
11. Feed myself 2. Stand up from chair 7. Climb a flight of stairs
12. Wash my face and hands 3. Get on and off a toilet 8. Bathe myself » Redundant with #13
15. Make it to toilet 4. Get in and out of bed 13. Wash my whole body
5. Walking around outdoors 14. Take care of feet/toenails
10. Prepare breakfast/lunch 16. Wash/iron my clothes Redundant with #18
18. Do "light" housework 17. Make bed/change sheets »| Redundant with #18
20. Prepare dinner 19. Do "heavy" housework
Concurrent Validity Correlations
Age
Self-rated health
Y v
Neutral Performance Neutral Performance, but Good Performance
Excluded Included due to Content on at least 2 indicators
< 1 poor or good performance < 1 poor or good performance
1. Get around house 2. Stand up from chair 5. Walking around outdoors
3. Get on and off a toilet 10. Prepare breakfast/lunch Redundant with #20
4. Getin and out of bed 18. Do "light" housework
20. Prepare dinner

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

https://dbi.org/10.1371durnal.po.0234698.¢0L

variablesasindicatorsof concurrentvalidity. All scaleanditem scoresverelog-transformed
prior to assessingorrelationsgiventhe skewechatureof responsalistributions.

For our secondaim weidentified ADL-IADL itemsthat could potentiallybeeliminated
usingatwo-stagerocesgFig 1). In thefirst stageitemswereconsideredo havegoodinfor-
mation valueif theyidentified a substantiapercentagef participants( 4%) ashaving
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limitations;itemswereconsideredo havelow information valueif 2% of participantshad
limitations. Also, in thisfirst stageaprincipal componentfactoranalysigwith obliquerota-
tion) confirmedthat a singlecommonfactorexplaineds5%of the varianceamongthe
ADL-IADL-DIFFICULTY-20 items.We calculatedhe correlationof eachitem with the total
ADL-IADL-DIFFICULTY-20 scaleafteradjustingfor the commonfactorscoreltemswith
relativelylow residualcorrelationg <1 standarddeviation[SD] belowthe meancorrelation)
wereconsideredjoodperformersbecausenostof theitem variancewvasexplainedoy the
commonfactor;itemswith relativelyhigh residualcorrelationg(>1 SDabovethe mean)were
consideredhoor performersbecausasubstantiahmountof item variancevasnot explained
by the commonfactor;this approachs consistenwith previousstudieson measurement
developmenf34,39].In the secondstageitemswith neutralperformancen thefirst stage
wereevaluatedaseddn indicatorsof concurrentvalidity; specificallyywe examinedPearson
correlationswith age self-ratechealth,and numberof daysperweekthe participantleaveshe
home.In both stage®neandtwo, itemswith redundantcontentwerealsoexcludedf abetter
performingitem focusecbn averysimilartask.

For our third aim, theresultingbrief scalgf ADL-IADL-DIFFICU LTY-9) wascomparedo
thefull ADL-IADL-DIFFICULTY-20 andtwo other previouslypublishedscalegthe VESand
LawtonlADL scalepasedn internal consistencyCronbach'salpha),invariantitem ordering
(usingH "), and concurrentvalidity (correlationswith otherhealthindicators).Fourth, we
examinedexternalvalidity by evaluatinghesesameindicatorswhenthe ADL-IADL-DIFFI-
CULTY-9scalewassubsequentigdministeredn the RETAIN and PIVOT samplesn Hong
Kong.

The studyprotocolreceivedethicalapprovalfrom the Institutional ReviewBoardof the
Universityof Hong Kong (Ref:UW15 404),andthe EthicsCommitteeof JiangsuProvincial
Centerfor DiseaséControl and Prevention(Ref:JSJK2015-B013-0®Yritten consentwas
providedby all participants.

Results
Participant characteristics

Demographiandhealthcharacteristicef participantsin thethreestudysamplesrepre-
sentedn Tablel (additionaldescriptivenformation in S3Tableof S1File). Therandomsub-
sampleshat wereadministeredhetwo ADL-IADL scaleversionshadsimilar characteristics,
with the exceptionof somewhabetterself-reportechealthamongthosewho wereadminis-
teredthe ADL-IADL-HELP-20.Bystudydesignthe agecompositiondiffersfor CARESaged
60+89%ears)RETAIN (aged70+7%ears)and PIVOT (aged65+82ears)Womencomprised
overhalfof the participantsin CARES55%)andPIVOT (57%),but only 34%o0f RETAIN par-
ticipants.About two-thirds of participantshadsecondarngchoolingor highereducationin the
Hong Kong-basedRETAIN (62%)and PIVOT (65%)cohortscomparedo only 15%of the
CARESparticipantsin mainlandChina. TheRETAIN and PIVOT participantshadworseself-
ratedhealththan CARESparticipants However the threesamplesveresimilarin numbersof
sickandhealthydaysreportedin the pastmonth.

Comparison of the two ADL-IADL scale response option versions

Whenthe definition of functionallimitation wasexpandedrom tasksthat requirehelp
(ADL-IADL-HELP-20)to includetasksthat canbe performedalonebut with difficulty
(ADL-IADL-DIFFICULTY-20), the proportion of participantswith limitationsincreasedor
alltaskitems;this increasevasstatisticallysignificantfor 9 of the 20items(Table2). For exam-
ple,the numbersof participantsthat reportedlimitations performinglight andheavy
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Table 1. Sample characteristics in CARES cohort and RETAIN and PIVOT vaccine trrials.

Study Name

Scale

Characteristics, No. (Percent)

Age
60to 64
65t0 69
70to 74
75t0 79
80to 84
85t0 89

Sex
Male
Female

a

Marital status

Not married

Married
Educationaattainmert

Secondry schooing or above

Less
Self-ratechealth

Poor-Fér

Good

Very Good-Excellent
History of fallingin prior year

Yes

No
Health Status, Mean (SD)
Chronicconditions(total count)
Hospitalizaions (in 2 years)
Medicationsper day(total count)
Mini-Mental StateExamnation
Poorhealthdays(in pastmonth)
Sickin beddays(in pastmonth)
Goodhealthdays(in pastmonth)
Daysleavinghome(in prior week)

CARES CARES RETAIN PIVOT
ADL-IADL-HELP-20 | ADL-IADL-DIFFICULTY- | ADL-IADL-DIFFICULTY-9 | ADL-IADL-DIFFICULTY-9
20
N (748) (%) N (758) (%) N (404) (%) N (1854) (%)
122 (16) 120 (16) NM NM
154 (21) 142 (19) NM 795 (43)
148 (20) 153 (20) 210 (52) 507 27)
105 (14) 104 (14) 194 (48) 379 (20)
173 (23) 185 (24) NM 173 9
46 (6) 54 %) NM NM
334 (45) 337 (44) 266 (66) 726 (39)
414 (55) 421 (56) 138 (34) 1128 (61)
237 (32) 254 (33) 82 (20) 515 (28)
511 (68) 504 (67) 322 (79.7) 1339 (72)
115 (15) 114 (15) 250 (62) 1069 (58)
633 (85) 644 (85) 154 (39) 785 (42)
157 (21) 212 (28) 238 (59) 969 (52)
284 (38) 294 (39) 109 27 566 (31)
307 (41) 252 (33) 57 (14) 319 17
67 9) 71 (9) NM NM
680 (91) 687 (91) NM NM
1.0 (1.0 1.0 (1.0) NM 1.3 (1.1)
0.2 (0.6) 0.2 (0.6) NM NM
0.9 (1.2) 0.9 1.2) NM NM
25.0 (3.6) 24.9 (3.7 NM NM
NM 2.5 (6.0) 3.0 (7.5) 2.2 (5.9)
NM 0.7 (2.9) NM 0.7 (3.6)
NM 20.1 (11.0) 17.1 (13.2) 215 (13.7)
6.5 (1.5) 6.6 (1.4) NM 6.6 (1.2)

Abbreviatiors:NM indicatesthat variablewasnot measuredn sample CARESSs the prospectiveohortstudyin EasternChina;PIVOT andRETAIN arevaccinetrials
in Hong Kong; ADL is activitiesof daily living; IADL is instrumental ADL
2 Agesfor enrolledparticipanswere 60 yearsor CARES70+7%or RETAIN,and65to 82yearsfor PIVOT

Self-ratechealthratedfrom poor (1) to excellen(5) is significarily different(p < 0.001)betweerthe CARESsub-samfesandbetweenrCARESandthetwo vaccire

trial samples.

https://da.org/10.137 1§urnal.pon®234698.t001

houseworlor climbing stairswerestatisticallysignificantlyhigherwhenparticipantswere
askedf theycoulddo thetaskalonebut foundit difficult. Asasummedscale ADL-IADL-
HELP-20identified 28.6%of participantsashavingatleastonelimitation comparedo 34.2%
usingthe ADL-IADL-DIFFICUL TY-20.Thus,askingif anactivity canbedonealonebut with
difficulty increasedhe proportion of cohort participantswith atleastonelimitation by 5.6%
(95%CI = 0.9£10.3%}hisis arelativeincreasenf 19.6%.

PLOS ONE | https://doi.org/10.1371/journal.pone.0234698  August 11, 2020 7/16


https://doi.org/10.1371/journal.pone.0234698.t001
https://doi.org/10.1371/journal.pone.0234698

PLOS ONE Functional status measure

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) *
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 breakfasor 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 faceand hands 0.9% (0.10) 1.2% (0.11) 0.3%(-0.8,1.3%)
13) Washmy wholebodyby taking ashoweror 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) Makethe bedor 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) 1.09%(-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: CARESSs the prospectie cohortstudyin EasternChina; ADL is activitiesof daily living; IADL isinstrumentalADL.
aTestfor differenesin proportionsassessesjualityof proportionsbetweenwo independen sampleswWald 95%confidencenterval (Cl) that doesnot overlapwith 0
indicatesstatisti@l significanceandis bolded.

https://da.org/10.137 1§urnal.pon®234698.t002

Theitem andscaleperformancendicatorsweresimilar for the scalewith eitherresponse
option versiongS4Tableof S1File).Bothscalehiaveexcelleninternal consistencyo.
0.90).Invariantitem orderingwashigh (H"  0.5)for ADL-IADL-HELP-20and mediumfor
ADL-IADL-DIFFICULTY-20(0.4 H' < 0.5).Bothversionsweresimilarly associateaith
age self-ratechealth,chronic conditions, MMSE scoresand numberof daysleavinghomeper
week Theonly statisticallysignificantdifferenceobservedvasacorrelationof 0.16(95%
C1=0.09,0.23)betweerADL-IADL-DIFFICUL TY-20andnumberof fallsin the pastyear
comparedo azeroassociatiorf95%CI = -0.07,0.08)with ADL-IADL-HELP-20.

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

Assummarizedn Fig 1,thenumberof ADL-IADL-DIFFICULTY-20 itemswasreducedn
two stagegS5Tableof S1File).Basedn item performancefour itemswereexcludedaspoor
performersbecauséewolderadults( 2%) reportedneedinghelpor experiencinglifficulty
and/ortheitem hadhigh residualcorrelationswith otheritems.Eightitemsdisplayedyood
performanceon thesandicators;of thesethreeitemswereexcludeddueto redundantcontent
with othergoodperformingitems,leavingfive itemswith goodperformanceEightitemswith
neutralperformancen thisfirst stageverethenexaminedor concurrentvalidity. Fouritems
wereassociatewvith atleastwo of threeindicators(age self-ratechealth,and daysleaving
homeperweek);of thesepneitem wasexcludeddueto redundantcontent.Fouritemswere
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relatedto oneindicator,and oneof these(standingup from chair) wasretainedbecausé
addresseamobility taskthatis not coveredoy otheritems.Thenine selectedtemsare
referredto asADL-IADL-DIFFICULTY -9 includeambulating shopping personahygiene,
housekeepingandfood preparationactivities:

- Walking aroundoutdoorsor in my neighborhood

- Shoppingfor groceries

- Climb aflight of stairs

- Washmy wholebodyby taking ashoweror bath

- Takecareof my feetandtoenails

- Do "light" houseworW ike dustingor tidying up

- Do "heavy'houseworKike moppingor vacuumingthe floor
- Prepardainner

- Standup from sitting in achair

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

Thebriefversion(ADL-IADL-DIFFICULTY-9) maintainedexcelleninternal consistency

(oo = 0.93)andwassimilar to the 20-itemversionin invariantitem orderingandceilingeffect
(Table3). The ADL-IADL-DIFFICULTY-9 hasbetterinternal consistencyhanthe VES(o =
0.75)andLawtonlADL (o = 0.73)scaleshatwereadministeredo this samesub-sample
(Table3). Howeverthe VESand Lawtonhadbetterinvariantitem orderingratingsindicating
thattheranking from mostto leastendorsedtemswithin thesescalesvasmore consistent
thantherankingfor ADL-IADL-DIFFICUL TY-9. The magnitudeof correlationsbetweerthe
ADL-IADL-DIFFICULTY-9 andotherhealthandfunctioning indicatorsweresimilar to those
observedor thelongerADL-IADL-DIFFICULTY-20, VES,andLawtonlALD scales
(Table3).

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

The ADL-IADL-DIFFICUL TY-9itemswereadministeredn two subsequenstudiesn Hong
Kong.To aidin cross-studyomparisons]able4 presentthe measuremenindicatorswith
CARESparticipantsnarrowedto similar agerangedor thesestudiesThe ADL-IADL-DIFFI-
CULTY-9maintainedgood(o = 0.82)to excellen{co. = 0.90)internal consistencyn the
RETAIN andPIVOT samplestespectivelyThe ceilingeffectof the summedscalevasalsosta-
tisticallysimilarin the newsamplesHowever theinvariantitem orderingratingswerelower
in thenewsamplegomparedo its performancewith similar agegroupsin the CARESsam-
ple;in otherwords,consistencyn which activitieswerereportedasmostto leastdifficult were
loweramongRETAIN andPIVOT participants.The patternanddirection of correlations
betweerthe ADL-IADL-DIFFICUL TY-9 scoresandotherhealthindicatorswassimilar for
CARESandthe newsampleswith oneexceptionThe ADL-IADL-DIFFICULTY-9wasnot
associatewvith the numberof healthydaysin the pastmonth in the CARESaged65+84
years)sampleput this associationwasstatisticallysignificantamongthe PIVOT participants.
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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-TIADL-DIFFICULTY-9 | ADL-IADL-DIFFICULTY- Similar to VES ? Similar to Lawton IADL *
20

N 758 758 758 758

Measurement Indicators
Cronbach'sAlpha® 0.93(Excelleny 0.95(Excellent) 0.64(Marginal) 0.73(Acceptdle)
Invariantltem Ordering H' © 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 measured 83.3% | (80.4,85.8%)

Correlation to Scale Total ©
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-ratechealth -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)
Medicatiors per day(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)

Pearsorcorrelatons performed usingthe summedscoreof all item responsessignificantcorrelatonsarebolded

Abbreviatiors: DL is activitiesof daily living; IADL isinstrumentalADL; VulnerableEldersSurvey(VES);LawtonInstrumertal Activitiesof Daily Living ScalgLawton
IADL)

2Thepublishedscoringsystemwasappliedfor both scalesthoughthe exactwording of someactivitiesdifferedfrom the original scaleslueto Chineseranslaton and
the needfor commonadministration methads

b Categoricatiescriptiors arebasecbn previousy publishedconverionsfor Cronbach'salpha

¢ Usingpreviouslyestablisd convernionsfor HT, itemsmarkedfor goodperformarcewhenmeaninvariantltem Ordering (1l0) scoreis 0.50 andflaggedior poor
performancevhenllO scoreis 0.10

d VESscalecannot haveceilingeffectmeasuredy natureof questionnare design

¢ All scaleanditem scoresverelog-trangormedprior to assesay correlatons giventhe skewecdhatureof almostall distributions

https://da.org/10.1371¢urnal.pon®234698.t003

Discussion

We comparedhe measuremenpropertiesof two versionsof an ADL andIADL measure
(with activitiesdrawnfrom commonlyusedscalesin the CAREScohortof community-dwell-
ing olderadultsaged60+8%eardn JiangsuProvince China,anddevelopedbrief 9-itemver-
sionof the scalghatwefurther examinedn two subsequersgtudies Functionaldeficitswere
identifiedin about20%more of the participantswho wereaskedaboutdifficulty performing
activitiesalone(ADL-IADL-DIFFICULTY-20) comparedo the otherrandomhalf of partici-
pantswhowereonly askedaboutneedinghelpfrom othersto performactivities(ADL-IADL-
HELP-20).Thebrief scaleveintroducedhere(ADL-IADL-DIFFICULTY-9) maintained
excelleninternal consistencyandhadalmostidenticalassociationsvith ageand other mea-
suref healthandfunctioningwhencomparedo the full 20-itemversionin the CARES
cohortandwhenthe brief scalavasadministeredo olderadultsin Hong Kong.

To our knowledgeno prior studyhadcomparedhe addedvalueof respons®ptionsthat
consideredactivitiesthat could bedoneindependentlybut with difficulty. We found thatthe
expandedespons@ptionson ADL-IADL-DIFFICUL TY-20increasedhe proportion of
olderadultsreportingadeficit on abouthalf (9 of 20) of the items.This wasmostnotablefor
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Table 4. Cross-study comparison of ADL-IADL-DIFFICULTY-9 from the CARES cohort and RETAIN and PIVOT vaccine trials.

Study name

AgeGroup

Scalév/ersion

N

Measurement Indicators
Cronbach'sAlpha?®
InvariantItem Ordering H™ °
CeilingEffect

Correlation to Scale Total
Age
Self-ratechealth
Chronic conditions (total count)
Poorhealthdays(in pastmonth)
Sickin beddays(in pastmonth)
Goodhealthdays(in pastmonth)
Daysleavinghome(in prior week)

CARES RETAIN CARES PIVOT
7079 7079 65184 65+82
ADL-IADL-DIFFICULTY-9 | ADL-IADL-DIFFICULTY-9 | ADL-IADL-DIFFICULTY-9 | ADL-IADL-DIFFICULTY-9
257 404 584 1854
0.95(Excellent) 0.82(Good) 0.94(Excelleny 0.90(Excelleny
0.38(Low) 0.24(Inaccurate) 0.40(Medium) 0.31(Low)
68.5% | (62.4,74.1%) 69.8% | (65.1,74.2%) 65.9% | (61.9,69.8%) 64.5% |(62.5,66.5%)
0.16 (0.04, 0.28) 0.11 (0.02,0.21) 0.27 (0.20, 0.35) 0.15 (0.09, 0.16)
-0.24 (-0.35,-0.12) -0.18 (-0.27, -0.09) -0.27 (-0.34,-0.19) -0.16 (-0.20,-0.12)
0.28 | (0.16,0.39) 0.27 | (0.17,0.36) 0.18 | (0.10, 0.25) 0.21 | (0.17,0.25)
0.17 | (0.05,0.29) 0.17 | (0.07,0.26) 0.15 | (0.07,0.23) 0.10 | (0.06,0.14)
0.17 | (0.05,0.29) NM 0.15 | (0.7,0.23) 0.15 | (0.11,0.19)
-0.07 | (-0.19,0.06) -0.07 | (-0.21,0.07) -0.01 | (-0.09,0.07) -0.13 | (-0.17,-0.09)
-0.26 | (-0.37,-0.14) NM -0.20 | (-0.27,-0.12) -0.15 | (-0.19,-0.11)

NM indicatesthat variablewasnot measuredn sample

Pearsorcorrelatons performed usingthe summedscoreof all item responses

@ Categortaldescriptionsarebasedn previouslypublishedconventionsfor Cronbachs alpha

b Usingprevioudy establisedtonventionsor HT, itemsmarkedfor goodperformarcewhenmeaninvariant item Ordering (110) scoreis 0.50 andflaggedfor poor

performancenhenllO scoreis 0.10

¢ All scaleanditem scoresverelog-trangormed prior to assessingorrelatons giventhe skewechatureof almostall distributions

https://da.org/10.1371durnal.pon®234698.t004

themore physicallydemandingactivities suchas?heavyhousework%nd?climb aflight of
stairs.°Nonethelesgvenwith the expandedespons@ptions,two-thirds of CARESpartici-
pants(65.8%Yeportedrequiring no helpandhavingno difficulty with ADLsandIADLSs.
Thus,assessmentlatincludeevenmore physically cognitively,andsociallychallenging
taskg(e.g.[34,40]) maybeneededo further reducethe ceilingeffect.

Our findingssuggesthatthelengthof ADL-IADL scaledike the GARScanbereducedby
overhalfif researcherareprimarily interestedn asummedndicator ratherthananinven-
tory of specifictypesof deficits. Thebrief version(ADL-IADL-DIFFICULTY-9) hadasimilar
ceilingeffect(68.1%]}o the 20-itemversion,in partbecausé&em selectiorfavoredactivities
thatrequiredhelpand/or weredifficult to performaloneby atleast4%of participants.The
retaineditemsincludedactivitiesthat requiredmobility (e.g. walkaroundoutdoors),physical
stamina(e.g. climb aflight of stairs),dexterity(e.g. takecareof my feetandtoenails)and
more complexmentaland physicalcoordination(e.g. do 2heavy®housework) Onereasorfor
excludingitemswasredundancywith otheritems.Althoughidentifying specificdeficitsis
helpfulin clinical careand occupationatherapy multiple itemsregardingdifferenttypesof
houseworkfor exampledo not offeraddedinformation in asummedscaleOtheritemswere
excludedbecauséewparticipantsfound thesedifficult, whichisto beexpectedincethese
activitiesaretypicallyessentialor independentiving in the community (e.g. dressingand
undressingfeedmyself).

Nonethelesghe exclusionof 11itemshadalmostno impacton theinternal consistencyf
the summedscalewhich remainedexcellen{o >.90)for the brief ADL-IADL-DIFFICULTY -
9,andnotablyhigherthantwo otherwidelyusedADL andIADL measuresyES(a = .64)and
LawtonlADL (o =.73),whichwereadministeredo the sameparticipants Associationsvith
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indicatorsof criterion validity werealsolargelyunchangedor the brief scalesinceweinten-
tionally selectedtemsassociatewith age self-ratechealth,andthe numberof daysthe partic-
ipantlefthomein the prior week Nonethelesghe patternandmagnitudeof associations
betweerthe brief scaleand healthindicatorswerealsosimilar to thoseof the VESand Lawton
IADL. Resultdrom the administrationof the ADL-IADL-DIFFICUL TY-9in two newstudies
in Hong Kongwerereassuringthe ceilingeffect,internal consistencyand patternof associa-
tionsweresimilar, despitedifferencesn sex,age educationculture,andenvironmentsof par-
ticipantsin Hong KongversusEasternChina.

Amongthe study'sstrengthsareits comparisonof two randomsample®f olderadultswho
receivedlternativeversionsof responseptions.Our studyalsoassessetthe performanceof
our brief scaleén two newsamplesndependenbf the original sample Our examinationof
functionalstatusin the contextof other healthindicators(including chronic conditionsand
medicationscognitivefunctioning, history of falls,and reportsof healthandillnessin the
prior month) andother ADL/IADL scaless alsoa strength.Our studycontributesto arela-
tively smallbut growingliteratureon functional statusandfrailty measuremenamongolder
adultsin China(e.g.[5, 31,41,42]),wheretherapidly agingpopulationpresentsiumerous
societakthallenge§43]. Dataon olderadultsin EasternChina,whereCARESook placejs
especiallyimited.

Our studyalsohasat leastthreelimitations. First,our assessmeratf ADL, IADL, other
healthindicatorsreliedon self-reportwhichis likely subjecto information biasesincluding
errorsin recallandsocialdesirabilitybias.This likely resultedin under-reportingof
impairmentandincreasedneasuremengrror. Similarly,the presencend extentof 2diffi-
culty® performingan activity requiressubjectivanterpretation,which alsointroducesmea-
surementerror. Secondour findingsarebasen cross-sectionassociationgandfuture
researchs neededo examinewhetherthe full andbrief scalehavesimilar predictiveassocia-
tionswith changesn healthstatusovertime. Third, wereliedprimarily on classicabr tradi-
tional measuremenépproacheanddid not fully takeadvantag®f methodsfrom item
responséheory(sed1, 27]). Someof our decisioncriteria, suchaswhatconstitutedlow per-
centagef response§2%) wereinformed by thefindingsin this particularstudyanddo not
correspondo well-establishetheasuremendesignrules. The2mediumelevelof invariant
item orderingobservedor the ADL-IADL-DIFFICULTY-9 and 20-itemversionssuggestthe
item hierarchieqor which activitiesweremostandleastifficult) variedacrossCARE Spartici-
pants;consistencyvasevenworsein the Hong Kongsamplesilt is possibleghatfurther cali-
bration of item difficulty andpersonahbility (e.g. with Raschanalysi§44]) might refineitem
selectioror inform alternativeapproacheto scoringitem responsefNonethelessiigh invari-
antitem orderingis achallengingandrarelymetmeasuremenyardstick[34]. It is alsopossi-
blethatindividual differencesn which ADLsandIADLs aredifficult to performshouldbe
expectedespeciallyn populationswith widevariationsin educationjiving arrangements,
and proximity to family support[20].

Asinterestin measuringunctionalstatuscontinuesto expandprief scaledike ADL-
IADL-DIFFICULTY-9 maybeusefulfor studiesghatwishto identify relativelymodestor early
signsof functionaldeclinebut wishto limit thetime burdenon participantsor haveother
logisticalor budgetconstraints Sincefunctional statuss only oneelementof amulti-compo-
nentfrailty phenotypeit is oftenmeasuredvith only afewitemsin frailty scale$2, 26].It's
possiblaghatabrief functional statusscalesuchasthe onepresentedere,couldbeincorpo-
ratedinto frailty measuremendéisauniquecomponentalongsideotherassessments self-
reportedhealthor performance-basesheasure§?6,45], whichtakentogethemmayincrease
the ability to predictsubsequentiealthoutcomeslike falls[46], hospitaladmissiong4], and
mortality [2, 4,31].
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