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ABSTRACT

OBJECTIVE S: To examine the frequency of motor vehicle cradbesirivers aged 50+ in
the three years prido and three years t&f an index hospital admission with a diagnosis of
dementiacompared to a group without dementia using the Western Australian Data Linkage
System (WADLS).

DESIGN: Retrospective populatiehasedstudy.

SETTING: De-identified data was obtained froMVesternAustralian Hapital Morbidity
Data System (HMDPBand the WésternAustralianDeath Registrationsising the WADLS
from 2004to 2010.The Integrated Road Information System (IR¥&s used to identify
individualsiinvolved in a crash as the driver from 2001 to 2013.

PARTICIPANTS.: There were 1,666 (34%ndividualswith an index hospital admission for
dementia and 3,636 (66%) individualsthout dementiavho had been involved in at least
one motor vehicle crash as the driver from 2001 to 2013.

MEASUREMENTS: Involvement in a police-reportauniash as the driver

RESULTS:, The occurrence of one or more craslssthe driverin the dementia group
(43%) was:higher in the three years before an index hospital admission with dementia tha
that observed. for the comparison group (30¥e risk of a craskignificantly reduced by
93% for'those with dementia compared to a group without dementia in theydmesafter

an index hospital admission with dementimcidence Rate Ratio (IRR) =0.07 95%
Confidence Interval (CI¥0.06 — 0.09 compared to the previous three yeafter adjusting

for relevant confounders.

CONCLUSION? While older drivers may give up driving following a diagnosis of dementia,
they may be at increasedkiof crashingoefore diagnosis or ithe early stages oflementia.
Better methods_are needed to identify ‘at risk’ drivers withyeddmentia and prevent
crashes.

Key wordsi.dementia, motor vehicle crashes, data linkage

INTRODUETION

Demographic.ehanges in the Australian population are leading itig@ase in the number
of older drivers' For people over 65 years, driving is the most common form of traresprt
is strongly associated wittolder peoplesindependencend social inclusionin contrast,
driving cessation has been linked pmorer health, depressigh * loneliness,reduced

mobility* and a higher risk of institutionaition.” The ability to safely operate a motor
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vehicle may be affected by a wide range of medical conditions, with dementia recognised
amongst those carryiranelevated risk o€rash®® In the absence of effective prevention, the
number of Australians with dementia is predicted to triple by 28B66hence, the likelihood
of older Australians driving with dementia will alserease

Dementia refers to permanent changes in the normal brain activity that affect
memory, speech and the ability to undertake daily tHsk&any forms of dementia are
characteried by a gradual, steady decline in cognition, memory, language, problem solving,
judgment,sand decision makifigBehavioural changes are also common, including anxiety,
emotional instability, aggression, wandering and disinhihittaBriving is a complex task
and certain_cognitive abilitieghat are essential for driving such as memory, visual
perceptionjatténtioand judgment may be affected bynuentia’> * In the early stages of
dementia, the “risks associated with driving may go unnotaedhe symptomsppear
sporadically.This is due, in parto the estimated average three year lag that exists between
the presence afymptoms oflementia and formal diagnosfs.

After_a diagnosiswith dementia, an individual may still be able to drive for a period
of 24 nonths;and insomecasesuntil themost severe stages of the dise&sEhe results of
two longitudinal'studies comprising 134 drivers with dementia concluded that 69% o&driver
with mild - dementia and 88% of drivers with very mild dementia coaksprroad driving
assessmentS.Drivers with dementiavere also found to commihore driving safety errors
such aslane violations or fi-road events than cognitiyeintact drivers'> '’ Previous
research also founthat the cause of dementia, the presence ghaidities, medication
use andimportantly, disease severityimpacted on the driving ability of people with
dementid’(As dementia progresses beyond the early stages it can have a seriouimpact
memory reactionsperceptiorand theability to perform even simple tasks with an individual
eventually“losinghe ability to drive.The stage at which this happens will be different for
each person. but; accordingdreviousresearch, most people stop driving within two to three
years afterthefirst signs of the disease and in some gasastil the most severe stages of
the diseaséh®

To.date researcthasnot consistently demonstrated a higher lenageamong drivers
diagnosedvith.dementia.” *® While some studies reported no significanfeténces in crash
risk between the dementia and control gradp®, others found that drivers with dementia
had 2 to 0.7 times greater risk of crashes compared to cognitively intact older®zdts

and this risk increased with disease progressidine inconsistencieseportedin crash risk
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however, are likely due to the different studgthodologies, small sample sizes and selection
bias?*

There islimited researchat the populationlevel, that has examineddriver’s crash
risk in theearly years of dementia. Whilgomedriverswill recognise their declining ability
and adjust their‘driving accordinglgthers may not and continue to driVéhile all dementia
patients willeventuallybecome incapable of driving, it is not known when tpegsent a
definably increased risk of being involved in a crash, and if so, the relative magnitude of the
risk and at what point in the course of the disease the risk may becomecaiglyifi
increasedThe aim of this population based stutigrefore,s to determinethe frequency of
motor vehigle crashdsr older drivers inthe three years pri@nd three years aftan index

hospital admission with a diagnosis of dementia compared to a group without dementia.

METHODS
Study Design
A retrospectivepopubtion-based cohort study was undertaken to examine thaeney of
motor vehiele crashemmongolder drivers aged 50+ ithe three years pri@and three years
afteranlindex hospital admission with a diagnosis of demetiapared to a group without
demantia.
Data Sources
De-identified data was obtained through the WADLS following approvals from the keste
Australian Department of Health and the Curtin University Human Research Ethics
Committee.The WADLS is avalidated, populatiofbased, data linkage system that creates
links among_state dalthrelated data sefs.It is one of only seven such record linkage
systems in_the world and allows retrospective studies to be conducted many yaars aft
exposure. and.eliminates the burden on respondents and reliance-@paat. Using the
WADLS alserovercomes limitations due to small sample size, loss to fajpoand accurate
ascertainment-a#xposures and outcome meastires

Theslargest component dhe WADLS is the Hospital Morbidity Data System
(HMDS) whieh,contains records for all individuals who were admitted to public or private
hospitals in WAfrom 1960 onwardsThis HMDS was used tmlentify those with a hospital
admission fodementiafrom 2004 to 2010The WesternAustralian Death Registrations was
used to identify participants who died between 2004 and.ZB\.0aw dl WA deaths are
recorded in théVesternAustralian Death Registrations. The Integrated Road Information
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System (IRIS) which isnaintained by Main Roads Western Australia (\W&@as usedo
identify those involved in a crashom 2001 to 2013that isthe three yeaexposure period
before andhree year exposure periadker theindex hospital admission for those wiind
without dementia).The IRISdatabase contairgash details including the circumstances and
Police eported-injuryon all motor vehicle crashgscluding locationand typeof crash)in
WA. The definition of a crash useal this studyis “any apparently unpremeditated collision
reported to the police which resulted from the movement of at least one road vehicle on a
road open to and used by the public and involving death or injury to any person, or property
damages”. ?°

Participants

Cases

Internatimal Classification for Disases (ICELO-AM) code$’ were usedo identify cases.
Cases were _aged 50resdents of Western Australidnad “dementia” listed as a principal
diagnosis ‘or canorbid condition inany hospital record in the HMDBetween 2004and
2010 andwasstheir firstor ‘index’ record for dementia as designated by the following
diagnosis “eodesAlzheimer's dementia G30; vascular dementia FO1; froemoporal
dementia G31.0; Creutzfeldakob disease A81.0; dementia in Huntington’s disease F02.2;
demenia in Parkinson’s disease FO2a8)d nonspecific dementia F02.8, FO3, F05.1, G31.1,
G31.8, G31.9. Those with drug, alcohol or Hidlated dementia in the absence of a specific
dementia diagnosis were exclud@dprevious study using chart review of HMDS&tdfound
that while specificity was good for identifying dementia, sensitivity was Iowthe
WADLS.?® Because of the low diagnostic accuracy of specific dementidiaghoses itthe

HMDS the decision was made include all cases of dementia

Comparison.group

The externalecomparison group consisted of a random sample of Western Ausratja

50+ yearssobta#d from the State Electoral rolt is mandatory for altitizensin WA over

18 years_toerhe enrolled to vote. Persons with dementia are also required to have treir name
removed fromythe electoral roll by a relative provided theraviitten evidace from a
medical practitionef? To ensurefurther misclassificationof exposuredid not occur, each
participant’s hospitarecords were searched from D9dénwards to identify those with a
previous hospital record for dementaadwere excluded from the analysisfter ensuring

eachcomparison participardid not have a diagnosis of demernitiatheir hospital records
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their hospitd admissionwas matched as closely as possible to the date of the case’s first
recorded hospital admission with dementia so that a similar length of exposurg Wis$o
available.

Sociodemographicdata was obtained from the HMDBr all study participants
which included age, gender, marital status, comorbidities and residential location.nRakide
location was defined as metropolitan, rural or remote based on the hodpial record
Marital status was classified as having a partner (married or de facto) d?Preekisting
comorbidity was classified as having one or more of the following 17 conditions described by
Holman et_al. recorded duringnyahospital admission in thBve year perid prior to the
index admission foboth group$> Comorbidities due to myocardial infarction, diabetes,
congestive™ heart failure, peripheral vascular disease, cerebrovascular disease, chronic
pulmonary “diseasertheumatic disease, peptic ulcer disease, heamiparaplegia, renal
disease, tumors, lymphoma, leukemia, liver diseasguired immunaleficiency syndrome
and metastatic_solid tumor were included in fine-existing comorbidity index.Dementia
was excludéd as it was the condition under study. Anweighted cemorbidity score was
assigned teseach patient as the cumulative number of differemodnd conditions
identified. TThe presence or absence of a-roorbid medical condtion was used in the
analysis.

Statistical Analysis

Descriptive statistics were used to summarise the characteristicstwbtbehortsBaseline
characteristics of the cohort were compared usinggbhare testd he aitcomemeasure was
involvementin a police-reportantash as therdver. The analysis comparedelirequency of
crashes for cag@n index hospital admission with dementia) and comparison participants
(random sample of population with an index hospital admission not related to dementia but
similar temporally)using a geeralisedestimating equation (GEE) Poisson regression model.
The usenf GEE. Poisson regression is appropriate to accommodate the inherentioarcéla

the longitudinalidata where observations within each participant are not indepSi@EEs
permit speeification of a certain wang correlation matrix that accounts for this within
subject correlation, thus providing more robust regression coeffiélefite data for each
patient was €ensored at either the date of death recorded in the WA Death Registrations or the
end of the study period, 31st December 20h& multivariate model was adjusted for the
relevant confounders namely, age, gemdnarital status, residentiakcation, and
presence/absence opee-existingcomorbid medical conditiorAn interaction term was

included in the model to examinesthumber of crashes before and afteindex hospital
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admission for those with dementia and without dementia. Data analysis was undeiitaiken us
STATA (version 12) and results were considered significant gi$0€5 level.

RESULTS

There were 1,666 (34%) individuadsth an index hospital admission for dementia and 3,636
(66%) individualswithout dementia who had been involved in at least one motor vehicle
crashas the driver from 2001 to 2012mong the cohort with dementé the index hospital
admision, a large proportion were male (67.8%), aged 80+ years (63.0%), marrieébo]50.7
lived in the,metropolitan area (7834) and had at leane medical comorbidity (674)
recorded aver the previotise yeas. A large proportion of the group without dertiaat the
index hospital 'admissiowere male (62%), aged between 709 years (45%), married
(62.4%), lived in the metropolitan area (8%) and had at least one medical comorbidity
(70.8%) recorded over thpreviousfive yeas (Table 1).

In the three years before the index hospital admissi8ri2o (n=720)of 1,666
participants.with’ dementia were involved in at least one crash as the driver. There were a
total of801¢erashes among participants with dementia in the three years before index hospita
admission with56.8% (n=946)having no crashes, 38.8% (n=647) having one crashp 3.9
(n=65) havingstwo crashes and 0.5% (n=8) having three crashes (Table 2). Among the group
without dementia30.2%6 (n=1095) of 3636 participants were involved in at leastooaghas
the driverin the three years before the index hosptihission.There were a total of 1166
crashes among the comparison group in the three years before index hospitabadsmiilssi
69.9% (n2,541)having no crashe&8.3% (n=1,030) having onerash, 1.8 (n=59) having
two crashes_and 0.2% (n=6) havitigee crasheg¢Table 3. In the three years befotbe
index hospital admission, the unadjusted crash risk for the dementia group wasdalmbbest
(OR=1.77; 95%CI =1.57 — 1.99thatof the group without dementia.

In the“three years afterd@hindex hospital admission, 4.0% (n=66) of the participants
with dementia=were involved in at least one crash as the driver. There were a total of 70
crashes_after index hospital adsion with dementia, with 96.0% having no crashes
(n=1600), 3.74,(n=62) having one craséind 0.26 (n=4 havingtwo crashes (Table 3).
Among the comparison grouB3.26 (n=1207) were involved in at least one crash in the
three years after index hospital admission. There werg¢ah db 1305 crashes among the
comparison group after index hospital admission with %6(8=2429) having no crashes,
30.7%6 (n=1,115) havingne crash, 2% (n=86) havingwo crashes and 02 (n=6) having
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three crashes (Table 3Jhe unadjusted risk for arashin the three years after an index
hospital admissioffor the dementia group was reduced by 923R=0.08, 95%Cl =0.06 —
0.11) compared to the comparisgnoup without dementia.

The majority of crashes for both the group with and without dementia occurred at
intersections¥and involvethore than one vehicle (h@nother motor vehicle, bicyclist or
motorcyclist)(Table 4).

Table 5 presentsie results of the GEE Poisson regression anatysdelling the risk
of a crashiin the three years prior to and after an index hospital admission for thceedwi
without dementia. fie interaction terrshowed that thask of a crash significantly reduced
by 93% for.those with dementia compared to a group without dementia in the three years
after an index hospitaldmission(incidence RteRatio (IRR) =0.07, 95% Confidence
Interval (CI)=0.06- 0.09) compared to the previous three yesdtsr adjusting for relevant
confoundergTable 5). The risk of a crash increase®Bfy (IRR=1.09, 95% CI=1.02 — 1.18)
for thosewith at least one reported comorbid medical condition, compareldase without a
comorbid medicatondition Being female decreased the riskrofolvement in a motor
vehicle crash.by'11% (IRR=0.89, 95% CI=0.83 — O&@Bjhpared to males.

DISCUSSION

Theincreasing numbers of people being diagnosed with dement® communityand the
importance ofmaintainingdriver safetyfor this group, particularly in the early stages of
dementiajs a significant public health issuhe results of this populatidmased studjound

a significant 93%decrease ircrash riskin the three years after an index hospital admission
for dementia_compared to the three years befaiter adjusting for relevant person level
confounders which included age, gender, residemication, marital status and the presence
of comorbidities'This is consistent with previous research that has found that the frequency
of crashes"declined among drisevith dementia over timewhile crashesncreased in the
comparisonsgroup” ** The lower crash rate after an index hospital admission for the
dementia.group may reflect that the hospital admission was a pivotal evengleadriving
cessation, either because it resulted in another medical problem which warranted driving
cessationor broughtthe severity of the dementia to attention. Ipassible that the cohort
with a diagnosis of dementimay have reduced theilriving exposureor were monitored

more carefully by family member#.is well documented that older drivers and particularly
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those with dementjaare less likely to venture into unknown situations or risky driving
situatons such afreeways and night time driving’

However, heresults of the unadjusted analydid find a higher crash rislof almost
double among older driversn the three yearbefore an index hospital admission with
dementia,compared to those without dementiais possiblethat thedementia groupnay
have been in thearly stages otheir diseaseor were just formally diagnosedit is well
known that there may leelagof at least three yeansetween the onset of dementia symptoms
and diagnesisandthat those with dementia may continue to drive deveralyears after
diagnosis: It is.alsowell known thata majority of older drivers with dementia may resist
giving up ‘theirdicence even when advised to the eopf’ ** * chiefly because driving
provides arsehse of independence and quality of®ifé These findings suggest that older
adults with"dementiar their familiesmay not recognise their symptoms or the developing
problem particularly in the early stages of the disease, putting themskabn the road.
Previous researchasdescribed early changes associated with the disease such as forgetting
where the,_car was parkedyith progression to more significant deficits including
disorientationwin familiar environments, gaps in attention difficulty with multiple
stimuli® which.may lead to minor incidents (misjudging parking space, striking stationary
objects) andfor crashes (misjudging gaps for turning or overtaking, or failing to respond to
traffic signals)™

Of particular interest in this study is thé% of the group with dementia had more
than one_crash before a hospital admission which was significantly higher than the
comparison group (1.7%) and they continued to drive after the first crash &heés is
consistent with previousesearchwhich found that 80% of thoseith dementiawho were
involved in_a craskeontinued to drive afterwards, with almost 40% having at least one more
crash’® A 'systematic revievalso identifed ahistory of previous crass as indicative of
individuals' with.‘dementia who are at an increased risluf@afe driving and a subsequent
crash™ Currently, there isa lack of agreement among licensing authorities and medical
practitionerssen‘determining the level of impairment that identifies when a @ine longer
fit to drivesdue to the marked variability in the degree of disability and rate of psgres
among thosewwith dementidany clinicians are also reluctant to make decisions about
driving because of concerns that this interferes with the dpetioent relatbnship.However
the currenevidence shows that in general, older adwits dementiavho continue to drive

have a 210 times increased risk of a crash, many of which result in injury or 8&aff.

This article is protected by copyright. All rights reserved



Females reported agsiificantly decreased riskor involvement in acrashas the
driver. Thisis consistent witlprevious researckwhich found that women ceaskiving more
readily than men and of those womeho continued to drivethey didnot have a higher
crash risk tharmen® The lower riskmay also be due talifferences in driving exposure
between'men-and womelt is well documented that men, irrespective of their age, are more
often the primary driver in the family and will cover more kilometres during the colitse o

ye ar33, 43

as they continue to drive as long as possible to maintain family mobility.

The study found no significant association between age and crashesigkedhe
group with_dementia being older than the comparison groumdidtments fomcreasing
age,whichtis_known tocompromise driving due to agelated performancdeficits** The
risk of a crashalsoincreased by 9% irolder adults with a comorbid medicabndition.lt is
well known" that the presence of chronic medical conditions such as heart disease,
hypertension, stroke and diabetes may impactrash riskfor older drivers?

The majority of crahes occurred at intersectidios those with and without demeati
and is consistent withrevious research on the difficulties that older driversluding those
with dementiashave negotiating intersectigngarticularly when changing lanesor
approachimtraffic signals™ *°

There are several strengths of the study. The WADLS has the advantage of reduced
selecton bias;«detecting small differences by inclusion of a large number of easesll as
the useof high<quality, objectivePolice and administrative healiftata®® The random
selection of controls from the electoral roll whincluded a londook back period was
designed to reduce selection bias and misclassification. One of the main limitations of the
study is thadementia may not be the primary diagnosis for an admission to hospital but was
recaded asa_ camorbid conditim.*” A previous chart review of the HMDC found that while
specificity was god for identifying dematia, sensitivity was low?® Although the number of
participants.withh dementia was pdsgi underestimated in our study, this underestimation
would in faetresulin our esimatesbeingless than the trueesults. We were also unable to
determinerthesexact onset of dementia and it is possible that a person may have had dementia
for some_timeprior to the index hospital admissionhd available administrative health data
alsodid not capture lifestyle factorshe severity of dementianedication usager driving
exposure -all of which mayinfluence the risk of a crashlowever while we werenot able
to determine the severity of dementilaere issubstantial evidence that severe dementia is
incompatible with driving® and it is doubtful whether anyone in the database who had severe

dementia wuld still bedriving. In this study, comorbid medicalbnditionswere based on
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hospitd recordsin the past five yearsvhich represented ¢hmore serious forms of chronic
conditions.It is possible that a participant's medical histéxgforefive years prior to the
index hospital admission could in some cases, have lasting effects on cognition and driving.
However previous research examining lookback periodco-morbid conditions found that
5 years was'the 'most appropriate lookback period givenhiaffects of different comorbid
conditions‘mayvary depending on the conditions, their recency and didfafiba. study
also did not examine the number of hospital admissions in theytbegeperiod after the
index admission, which might indicate additional issues orgrduoealth that might impede
driving and.cause driving cessatigkdditionally, we were not able to determine who was
responsible for.therashas this information is naillectedin the IRISdatabase

In conglusion, ter drivers with dementia afaced with twooptions —eitherthey
continue to drive with an unacceptable crask as the disease progreseesheycease
driving. However the same diseaselated impairments that affect driving ability in
individuals withdementia also limit their ability to access other transport options (e.@f use
public transport, use of Mdity devices) especially for those individuals living in transport
deprived rurakand regional areds? It is essentl that continued collaboratidretween
health professionalglinicians, driver licensing bodies and government authorities is required
to assist and enable people with demetatianake the transition from driver to ndnver
with ease andanimal intruson on their livesThe results of this studsuggest that while
older drivers may give up driving following a diagnosis of dementia, they may be
increased risk of crashing for a period before diagnosis or ieaithestages oflementia.
This highlightsthat better ménods are needed to identify ‘at risk’ drivers including
examining previous history of crashes and providing eductdrahe families of older
drivers directed at helping them recognise driving difficulties before they leeserous

enowgh to cause crashes.
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GRAPHICS

Table 1 Demographic haracteristics of theCohort

Dementia No Dementia p- Total
Variables (n=1666) (n=3636) value’ (n=5302)
N % N % N %

Gender

Female 536 (32.2) 1373 (37.8) <0.001 1909 (36.0)

Male 1130 (67.8) 2263 (62.2) 3393 (64.0)
Age (years)

60-69 107 (6.4) 415 (11.4) <0.001 522 (9.8)

70-79 510 (30.6) 1644 (45.2) 2154 (40.6)

>80 1049 (63.0) 1577 (43.4) 2626 (49.5)
Marital status®

Married 827 (50.7) 2221 (62.4) <0.001 3048 (58.8)

Not married 804 (49.3) 1336 (37.6) 2140 (41.3)
Co-morbid.condition

No 538 (32.3) 1063 (29.2) 0.02 1601 (30.2)

Yes 1128 (67.7) 2573 (70.8) 3701 (69.8)
Location®

Metropolitan 1251 (75.1) 2718 (74.8) 0.81 3969 (74.9)

Rural 311 (18.7) 674 (18.6) 985 (18.6)

Remote 103 (6.2) 242  (6.7) 345 (6.5)

Missing infor mation "Single/widow/divor ced chi-square test

Table 2:Distribution of Motor Vehicle Crashes for Cohort With and Without Dementia
in the ThreeYearsbefore Index Hospital Admission

Number of Dementia Without Dementia

Motorwehicle

crashes N (%) N (%)
0 946 (56.8) 2,541 (69.9)
1 647 (38.8) 1,030 (28.3)
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2 65 (3.9) 59 (1.6)
3 8 (0.5) 6 (0.2

Table 3:"Distribution of Motor V ehicle Crashes forCohort With and Without Dementia

in the Three Yearsafter an Index Hospital Admission

Number of Dementia Without Dementia

Motorvehicle

crashes N (%) N (%)
0 1600 (96.0) 2,429 (66.8)
1 62 (3.7) 1,115 (30.7)
2 4 (0.2) 86 (2.4)
3 0 (0.0) 6 (0.2

Table 4 Charagteristicsof Crasheslnvolving T hoseWith and Without DementiaBefore

and After-Hospital Admission

Crash Dementia (=871  Without Dementia

characteristics crashes) (n=2471crashe$y
N (%) N (%)
Location of crash
Intersection 550 (63.2) 1496 (60.5)
Mid-block 321 (36.9) 975 (39.5)
Type-of crasH
Multi-vehicle 711 (81.6) 2066 (83.6)
Single vehicle 93 (10.7) 405 (16.4)

&Mi'ssing information
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Table 5 Risk of a Motor VehicleCrash in the Three YearsPrior and Three Y earsAfter

an Index Hospital Admission for DementiaCompared to thoseWithout

Dementia
IRR? 95% confidence p-value

Variable interval
Group

Without dementia 1.00

With dementia 1.41 1.28-1.55 0.007
Period

Before 1.00

After 0.98 0.89 - 1.07 0.61
Co-morbid condition

No 1.00

Yes 1.09 1.02-1.18 0.07
Gender

Male 1.00

Female 0.89 0.83-0.95 0.002
Age (in years) 1.01 0.99-1.01 0.15
Marital Status

Married 1.00

Single/widow/divorced 1.04 0.97-1.12 0.26
Location

Metropelitan 1.00

Rural 0.99 0.91-1.08 0.82

Remote 0.88 0.77-1.01 0.08
Period* group

Before without dementia 1.00

After with dementia 0.07 0.06 — 0.09 <0.007?

2 Incidencerate ratio ° significant at p<0.05
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