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Objectives To conduct a systematic review and meta-analysis on the risk of motor
vehicle collision (MVC) or driving impairment among individuals with dementia as
measured by on-road testing in order to update the international guidelines on driv-
ing with dementia [1].

Methods The investigators included primary papers that were published between

2005 and 2015. In addition, they searched the bibliographies of systematic reviews
for additional studies. The investigators excluded reviews, editorials, conference
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proceedings, dissertations, reports that were not available in English, studies con-
ducted among individuals with mild cognitive impairment (MCI) or among older
adults without dementia, and studies that used driving simulators. The also excluded
studies that used the same group of participants to report on MVC risk or driving
impairment. Authors with relevant publications were not allowed to screen or
extract data from their own publications.

The investigators searched Ovid MEDLINE In-Process and Other Non-Indexed
Citations (October 13, 2015), Ovid MEDLINE without Revisions (1990-October
Week 1, 2015), and Ovid MEDLINE (1990-1995) and subsequently adapted for
CINAHL (1990-2015), Scopus (1990-2015), Cochrane Central Register of
Controlled Trials (CENTRAL) (1990-2015), EMBASE (1990-2015), PsycINFO
(1990-2015), and the Transportation Research Information Database (1990-2015)
with the last search being run on October 30, 2015.

The investigators included studies that involved individuals with dementia that
was diagnosed using any well-established criteria or as a result of a referral from a
healthcare practitioner. In addition, there was no restriction based on the age of the
participants or with regard to the severity of dementia. The primary outcome mea-
sures for the review were road MVCs (self- or informant-reported data and state/
government accident registries and skill performance and road-test failure rates that
were determined using on-road driving assessments on formal testing or in natural-
istic environments). Eligible studies were independently identified by pairs of
reviewers. Any disagreements between reviewers were resolved by consensus or by
utilizing a third-party arbiter among the coauthors.

The quality of evidence in each of the included studies was assessed using an
article grading guideline (Class I, 11, III, or IV) that was developed following an in-
person meeting of ten of the coauthors. The specific rating that was assigned to each
of the included studies was arrived at by consensus.

The investigators conducted a meta-analysis that compared individuals with and
without dementia and computed the risk ratio (RR) and 95% confidence interval
(CI) associated with failing an on-road assessment. The meta-analysis was con-
ducted using a DerSimonian and Laird random-effects model. The y? test and I?
statistic were used to determine the heterogeneity and its magnitude in the included
studies.

Results The investigators included a total of nine studies in the final analysis. Eight
of the studies were qualitatively described with four of the that presented a failure
rate for on-road assessments being quantitatively pooled in a meta-analysis.

The two studies that examined MVC risk among individuals with dementia did
not find any difference between the healthy comparison group and individuals with
dementia on the percentage of individuals with MVCs or the number of MVCs per
year per 10,000 miles driven in the past year (Class I). Another study found that
there were no differences between the dementia group and the healthy comparison
group in the percentage of individuals with MVCs, MVC rate per driver per year, or
total number of MVCs in the 3 years before a baseline assessment (Class I).



63 Update on the Risk of Motor Vehicle Collision or Driving Impairment... 363

However, the total number of MVCs per 1000 miles driven per week was 4.72 times
higher among individuals in the dementia group (8.78 MVCs) when compared to
the healthy comparison group (1.86 MVCs; P < 0.01). The investigators also found
that 3 years after the baseline assessment, the percentage of MVCs in the healthy
comparison group was 11.0 times higher than that of the dementia group (11% ver-
sus 1%; P < 0.05). However, this difference was nullified after the distance driven
per week was corrected.

Measures of on-road performance were reported in all nine of the included stud-
ies. Seven of the nine studies presented driving impairment outcomes, four studies
reported on on-road assessment failure rates, and two studies reported on both the
outcomes. Among seven of the studies that examined driving impairment, one study
was rated as Class I for quality, whereas the other six trials were rated as Class IIb
for quality. A total of six of the seven studies showed a reduced performance on at
least one measure of driving behavior among individuals with dementia when com-
pared to healthy comparators. The effect sizes in these studies ranged between 0.26
and 3.61. The effect sizes were noted to be large for 19 of the outcomes (landmark/
sign identification, number of lost trips, etc.) and medium for 10 of the outcomes
(total safety errors, lane observance errors, etc.)

The meta-analysis included four studies that included data for on-road failure
rate. Two of the studies were rated as Class I for quality, and two studies were
rated as Class IIb for quality. The results indicated that individuals with dementia
were much more likely to fail a road assessment than healthy comparison group
(RR: 10.77, 95% CI: 3.00-38.62, z = 3.65, P < 0.001). The investigators did not
find any significant heterogeneity among the study findings (y*> = 1.50, P = 0.68,
PP = 0%). Additionally, there was no publication bias noted as there were no
asymmetries in the funnel plot. One study did not conceptualize marginal or
probably safe/unsafe cases separately than passing or failing cases, which dif-
fered from the three other studies. When the sensitivity analysis was completed
without including data from this study, the results were similar (RR: 6.77, 95%
CI: 1.24-36.96, 7 =2.21, P < 0.03). There was no significant heterogeneity noted
(x*=0.80, P = 0.67, > = 0%). The two studies that presented failure rates sepa-
rately for the clinical dementia rating scale (CDR) 0.5, CDR 1, and control par-
ticipants found that the absolute increase in risk for CDR 0.5 ranged from 11%
to 12% which corresponded with a relative risk of 5-11%. The absolute increase
in risk for CDR 1 ranged from 18% to 22% which corresponded with a relative
risk of 8-20%.

Conclusions Data from two studies indicated that individuals with dementia have
a fourfold increase in MVCs per 1000 miles driven per week in the 3 years prior to
baseline assessment. Additionally, medium to large effects were noted for the pres-
ence of dementia on driving abilities in six of the seven seven recent studies that
evaluated driving impairment. Furthermore, individuals with dementia were more
likely to fail a road test than healthy controls. Individuals with even mild stages of
dementia are at higher risk for failing a performance-based road test and of demon-
strating impaired driving abilities on the road.
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Strengths of the Study

1. This was a well-designed and well-conducted systematic review and
meta-analysis.

2. The results are easy to interpret and the discussion is robust with strengths and
weaknesses of the paper being clearly discussed.

3. This study identified an important gap in the literature where there is very little
available data on drivers with moderate dementia.

Limitations of the Study

1. Only nine studies included in the final review.

2. The investigators did not search gray literature, i.e., conference presentations
and proceedings, dissertations and unpublished manuscripts, and technical
reports, and did not include papers that were published in languages other than
in English.

. Individuals with mild cognitive impairment were not included in the review [2].

. Only one of the included studies was longitudinal.

5. In all the included studies, the control groups were younger than the dementia
groups. In addition, there were less men in the control groups when compared to
the dementia group, in all but one study.

6. There may be some reporting bias in the studies as many individuals may stop
driving independently or are taken off the road prior to an MVC. In addition,
there may be underreporting of MVCs among individuals with dementia.

7. There is a significant risk for type II error (error of omission/false negative) as
the sample sizes in these studies were small.

W

Take-Home Points

Individuals with dementia exhibit on-road driving impairment, driving errors, and
failure on on-road tests when compared to controls. These risks are most likely due
to memory impairment, visuospatial perception difficulties, reduced hand-eye coor-
dination, and delayed reaction time.

Practical Application of the Take-Home Points

Clinicians evaluating individuals with dementia should discuss driving abilities
with the individual with dementia and their caregivers. The discussion should
involve a review of available evidence regarding this topic, the importance of execu-
tive dysfunction, the caregiver concern about driving, and the pros and cons of con-
tinued driving as dementia is a progressive illness. Specialized on-road testing
should be recommended when driving safety is uncertain in individuals with
dementia.
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