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Abstract
OBJECTIVES—Physicians and family members frequently are asked to provide information
about driving ability in patients with Alzheimer’s disease (AD), yet there has been little research
on the validity of their assessments of driving performance.

DESIGN—Cross-sectional.

SETTING—Participants were recruited from the neurology department of a community hospital
affiliated with Brown Medical School.

PARTICIPANTS—Participants included 75 older adults (17 with mild AD, 33 with very mild
AD, and 25 elderly controls).

MEASUREMENTS—The participant him/herself, an informant, and an experienced neurologist
rated each participant’s driving ability on a 3-point rating scale (safe, marginal, unsafe). A
professional driving instructor also completed a standardized 108-point on-road driving
assessment of each participant and then rated driving ability on the 3-point scale. Ratings were
compared with the on-road driving score and with each other.

RESULTS—Only the neurologist’s rating of the participants’ driving abilities was significantly
related to on-road driving score. When related to the instructor’s safety rating, the neurologist’s
ratings were the most sensitive and specific. Mini-Mental State Examination score was a
borderline covariate for the neurologist’s rating. Overall, the instructor was the most stringent rater
of participant driving ability, followed by the neurologist, the informant, and the participant.

CONCLUSION—An experienced neurologist’s assessment of driving competence may be a valid
predictor of driving performance of patients with early AD.
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Increasing attention has been placed recently on evaluating the competence of drivers with
early dementia. For an individual with mild dementia, driving cessation is often a difficult
and life-changing decision and can lead to problems with adequate transportation, disruption
of caregivers’ lives, and increased depressive symptoms in the patient.1–5 The need to
balance public safety with the adverse effects of driving cessation underscores the
importance and the difficulty of determinations regarding driving competence.

As part of the evaluation of driving ability, patients and their families often are asked to
provide information about the patient’s ability to operate a motor vehicle. Not surprisingly,
patients’ poor insight6,7 is often reflected in their self-assessments of their driving abilities,
which frequently differ from their actual driving abilities.8–12 The value of informants’
assessments of a dementia patient’s ability to drive a car is more uncertain. Some studies
have found that family members may not be good judges of patients’ driving skills.8,13 In
contrast, informant ratings of patients’ abilities have been linked to motor vehicle accidents
in another study, although this study was retrospective.14 Although a physician’s opinion
often is a critical factor in a patient’s decision to stop driving,3,15 only one study examined
physicians’ ability to accurately predict on-road driving ability, finding that, although the
physician’s prediction (pass, borderline, or fail) of the patient’s abilities correlated with total
score on the driving test, it was not a significant predictor of final on-road result (pass or
fail).16

Thus, there are multiple sources of available information regarding a patient’s driving
abilities: the patient, the informant, and the physician. The present study sought to examine
which source provides the best information regarding driving abilities in individuals with
Alzheimer’s disease (AD). The first step was examination of which raters were the most
likely to deem a participant as safe, and examination of variables that contributed to those
ratings. The second step examined which rater’s assessments relate best to the patient’s
actual performance on a road test as the index of “true” driving abilities. Finally, the degree
to which three types of raters (patient, informant, physician) agreed with the overall rating
given by a driving instructor who administered the on-road driving test was examined.

METHODS
Participants

Participants included 75 individuals (25 healthy elderly controls and 50 individuals with AD
enrolled in a longitudinal study of driving and dementia. All participants were aged 40 to 90,
English speaking, currently driving at least one trip per week, and had a valid driver’s
license and a family member willing to participate as an informant. Of the participants with
AD, 33 were rated as Clinical Dementia Rating Scale (CDR17) 0.5 (very mild AD), and 17
were rated as CDR 1 (mild AD), based upon a complete diagnostic evaluation by a
neurologist (BRO). Seventeen met criteria for possible AD and 33 for probable AD, based
on National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s
Disease and Related Disorders Association18 guidelines. Some CDR 0.5 participants in the
sample also may have met criteria for mild cognitive impairment and have been so
designated by other investigators. Diagnosis of AD in these participants was based on
current clinical diagnostic criteria, reports documenting their predictable progression over
time to greater stages of dementia severity, and the high probability that they had
histopathological AD.19,20 Healthy elderly controls were family members of dementia
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patients with no history of dementia and Mini-Mental State Examination (MMSE21) scores
greater than 26.

Exclusion criteria included reversible causes of dementia and physical, ophthalmologic, or
neurological disorders other than dementia that might impair driving abilities. Specifically,
major physical handicaps such as frozen joints, inadequately healed fractures, monocular
blindness, and amputation were exclusionary. Corrected visual acuity was better than 20/50
on eye chart testing, and visual fields were normal on confrontation testing for all
participants. Psychiatric disorders were also exclusionary, including mental retardation,
schizophrenia, bipolar disorder, or history of alcohol/substance abuse within the previous
year. Depression was not exclusionary if it was controlled with medications. Symptomatic
antidementia drugs (e.g., cholinesterase inhibitors, gingko, vitamin E, estrogens,
nonsteroidal anti-inflammatory drugs) and antipsychotic and anxiolytic medications were
permitted, but dosages were required to be stable for at least 6 weeks before entry into the
study. Informants were individuals who spent time with the participants more than once
weekly and who had accompanied the participant while driving at least once monthly during
the preceding 12 months.

All participants but one, an Asian-American participant with AD, were Caucasian. MMSE
was significantly different between all three groups (Table 1). Healthy elderly controls were
driving significantly more miles per month than AD participants. (The CDR 0.5 and CDR 1
groups did not differ from each other.)

Procedures
Before a road test, participants and informants rated the participant’s driving ability on a
trichotomous scale: “drives alone with good sense of direction and good driving skills,”
“driving but with some difficulty,” or “unable to drive safely.” A research assistant collected
driving history from the informant and participant together, including history of accidents
and violations over the previous 3 years, miles driven per month, and miles driven with the
informant per month (see Table 1). Although the accident and violation information were
not cross-checked with state driving records, if reports from the informant and participant
did not match, the informant’s report was used, given the possibility of underestimation of
self-report regarding accidents and violations.22 Obtaining information from both the
informant and participant has been used in previous research on dementia and motor vehicle
crashes.23

The physician, who was blind to participant and informant ratings and to on-road test results
(which occurred after the office evaluation), assessed the participant’s ability to drive on the
same scale as the informant and participant. His rating was based upon the information in
his initial diagnostic dementia examination, including medical history; an interview with the
participant and informant as part of the CDR evaluation; administration of the MMSE;
neurological, eye, and general physical examinations; review of neuropsychological and
laboratory tests; and information obtained from the participant and informant about any
history of motor vehicle accidents or traffic violations.

Within no more than 2 weeks after the clinical assessment, a professional, experienced (6
years of licensed, full-time work) driving instructor administered an on-road driving test to
participants during daylight hours under good conditions (no precipitation or wet roads). The
instructor was blind to the participant’s diagnosis and the driving ability ratings made by the
informant and physician. A 10- to 15-minute pretest was completed in the parking lot before
the actual road test to ensure that the test was safe to perform and to familiarize the
participant with the car and the instructor. The driving test was based on a published and
reliable driving test, the Washington University Road Test,24 adapted for comparable streets
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in Rhode Island. Although the streets were different, all the same maneuvers and identical
scoring procedures were used to produce a comparable test procedure for Rhode Island.
Participants received an on-road driving score based on safe completion of each of the
required maneuvers, ranging from 0 (best score) to 108 (worst score). The instructor also
made a trichotomous global rating of the participant’s driving ability, “safe,” “marginal,” or
“unsafe,” which was akin to the trichotomous rating made by the participant, informant, and
physician. Participants who the driving instructor rated as “unsafe” were allowed to take the
driving test again. If they declined retest or failed the retest, they were advised to stop
driving. All of the participants who received such advice followed it. Interrater reliability for
20 participants (rated by a second professional driving instructor in the back seat) yielded
moderate to substantial agreement for the global rating (kappa = 0.83 for linear weighted
ratings to 0.92 for quadratic weighted ratings). The Pearson correlation coefficient between
the two raters for the total on-road driving score was 0.87.

RESULTS
On-Road Driving Test

Analysis of variance revealed that on-road driving test scores differed significantly across
the three groups (Table 1). Post hoc contrasts (Student-Newman-Keuls) revealed that the
normal control group performed significantly better on the road test than either of the AD
groups. The very mildly demented and the mildly demented groups did not differ
significantly.

Driving Ability Ratings
Table 2 provides the frequencies of ratings of driving abilities for each type of rater (self,
informant, physician, and instructor) across the three participant groups. Six informant
ratings of driving ability were missing: one for a control participant, four in the very mild
AD group, and one in the mild AD group. Two physician ratings were missing: one in the
very mild AD group and one in the mild AD group. The vast majority of participants with
AD rated their driving ability as safe (93% of those with a CDR of 0.5, and 94% of those
with a CDR of 1), as did all of the control participants (100%).

Covariates and Driving Ability Ratings
For the remaining analyses, only participants with AD (CDR 0.5 and 1) were included
because of the lack of variability in driving ability ratings in the CDR 0 group (see Table 2).
To look for effects of covariates on ratings of driving abilities, the presence of residual
between-participant variability was tested for after adjusting for on-road driving score. This
effect was significant (P = .001), and whether any measured participant-level covariates
could be used to explain it was explored. Forward selection indicated that CDR, age, miles
driven, accidents, violations, years of driving experience, and sex did not relate significantly
to ratings of driving abilities (all P > .10). There was a borderline significant result for
MMSE being related to physician ratings (P = .07).

Stringency of Ratings of Driving Ability
Three regression equations were calculated to separate and contrast differences in the overall
stringency of the raters (captured by the intercepts) from their ability to discriminate
between participants based on measured covariates (captured by the slopes). Adding random
effects to the cumulative odds ordinal regression mode, as implemented in SAS PROC
NLMIXED version 8.2 (SAS Institute, Inc., Cary, NC), partly accommodated residual
between-participant heterogeneity.
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This analysis yielded point estimates, 95% confidence intervals (CIs), and P-values for the
parameters of a random effects model in which ratings made by each type of rater were
regressed on the road test total score; these point estimates were the probabilities of
assigning one of the three ratings to a participant with an on-road score equal to the sample
average. This model was arrived at by first checking for driver-by-driver interactions, which
were not significant (P = .92).

Results indicate that the driving instructor (P = .30, 95% CI = 0.11–0.57) was less likely
than the physician (P = .73, 95% CI = 0.51–0.87) or the informant (P = .73, 95% CI = 0.51–
0.87) to award a safe rating to an average participant. The probability of a participant with
an average on-road driving score receiving an unsafe rating was low for the driving
instructor (P = .01, 95% CI = 0.00–0.09) and the physician (P = .002, 95% CI = 0.00–0.03).
No informants used the rating of “unsafe” for any participant.

Relationship Between Ratings of Driving Ability and On-Road Driving Score
To determine which rater was the best predictor of performance on the road test, a
cumulative odds ordinal regression model was used. This analysis yielded the odds ratio
(OR) of participants receiving a high rather than a low rating when their on-road driving
score increased one standard unit above the sample mean (if they had performed worse on
the road test). Because high ratings (0 = safe, 1 = marginal, 2 = unsafe) and high on-road
driving scores correspond to poorer levels of driving ability, it was expected that increases in
the on-road driving score would be positively associated with higher ratings. This was
indeed the case, with participants whose on-road driving score was one standard unit above
the mean being 33 times more likely to receive a marginal/unsafe pass from the driving
instructor than a participant with an average score (OR = 33.35, 95% CI = 6.27–177.42; P
< .001). Although still positive, the relationship was weaker for the physician ratings (OR =
6.33, 95% CI = 1.88–21.32; P < .01), with the driving instructor being more than five times
as sensitive to differences in this objective measure of driving performance. The informant’s
ability to discriminate based on the road test score was weaker in magnitude (OR = 2.43,
95% CI = 0.81–7.35) and failed to attain statistical significance (P = .11).

Predictive Value of Categorical Ratings
Finally, again based on the 50 individuals with dementia, classification accuracy by
participant, informant, and physician was examined for the categorical rating of driving
safely on the road test according to the instructor. As seen in Table 3, the physician had the
highest percentage of correct classifications (74%), followed by informants (64.4%) and
participants (53.2%). Two subanalyses were conducted with each of the dementia groups
(CDR 0.5 and 1). The patterns of results were the same as in the preceding analysis; the
physician was the most accurate, followed by the informant, and the participant self-rating
was the least accurate. Specifically, in the CDR 0.5 group, overall correct classification was
72.7% for the physician, 61.2% for informants, and 51.6% for participants. In the CDR 1
group, overall correct classification was 76.5% for the physician, 68.7% for informants, and
56.2% for participants.

DISCUSSION
To the authors’ knowledge, the present study is the first to examine ratings of driving ability
in people with AD made by different types of raters, including self, informant, experienced
neurologist, and driving instructor. Of central interest to this study, it was found that the
neurologist’s assessments were significantly related to an on-road driving score, the primary
index of driving ability. When related to instructor ratings of safety, the experienced
neurologist’s ratings were the most sensitive and specific. Taken together, these findings
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support the idea that physicians with considerable experience in dementia may be able to
approximately gauge driving abilities in patients with dementia.

The neurologist in this study was a dementia specialist who made his judgments based on an
extensive clinical interview, including specific questions regarding any recent history of
driving problems, as well as the multiple tests included in his diagnostic dementia
evaluation. It remains to be seen whether other physicians (who may use different
assessment methods or have less experience or knowledge regarding driving in dementia)
are also valid predictors of driving abilities. For example, further validation of the
assessment methods suggested in the recent publication from the American Medical
Association, Physician’s Guide to Assessing and Counseling Older Drivers, which may be
used by a broad range of physicians to assess older drivers, is warranted.

This finding is somewhat consistent with findings from the only other study to examine
physician ratings of driving abilities, in which it was found that the physician’s prediction
(pass, borderline, or fail) of the patient’s abilities correlated with total score on an on-road
driving test.16 In the present study, only MMSE score appeared to influence the physician’s
ratings, in the expected direction. Research findings suggesting that MMSE score correlates
with driving abilities somewhat supports this, but this relationship may be weaker at the
higher end of the scale (≥27).26,27 Furthermore, MMSE score has not been found to be a
significant predictor of future crashes or violations.15,16

The findings from the current study also suggest that an experienced driving instructor
makes more stringent assessments of driving abilities in people with AD than other types of
raters, despite being blinded to AD status. That is, the instructor was more likely than the
neurologist or the informant to deem driving abilities as marginal or unsafe. To some
degree, these findings may not be surprising, because the driving instructor had specific
information about the person’s driving abilities, having just completed an on-road
evaluation, and therefore may have felt more comfortable making such a determination,
particularly given his or her expertise in this area. Alternatively, only the neurologist and the
informant had information about the patient’s diagnosis of AD, and the informant had
extensive experience with this individual as a driver.

Previous results regarding informant ratings of driving abilities in individuals with dementia
have been mixed. The present findings suggest that, although they are more stringent than
the individual with AD in deeming driving abilities safe, the informants’ ratings do not
relate significantly to performance on an on-road driving test. Informants may not be aware
of the effect of AD on driving abilities. Alternatively, the effect of driving cessation may
extend beyond the individual with AD to family members who, for example, may feel
uncomfortable with being the primary driver or may have to supply alternative
transportation. Thus, another possibility is that informants may be motivated, consciously or
unconsciously, to deny any driving impairment in the individual with AD, despite indicators
to the contrary. This may place physicians in a difficult position if family members do not
adopt a truly honest and collaborative stance.

The results of this study must be investigated with other types of physicians; to that end,
further research is being conducted to define the training and experience as well as the
components of a physician’s accurate prediction. Additional research should also address
prospective prediction of other important measures of driving competence in those rated as
safe or marginal on road tests, such as future crashes or violations (which may be considered
by some as better index of “true” driving abilities).28 Finally, given the known progression
of AD, and specifically the documented longitudinal decline of driving abilities in
dementia,29 tests of driving abilities must also be examined using multiple measurements
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over time. This would enhance knowledge about the long-range predictive value of ratings
by a physician or informant.
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Table 3

Predictive Value of Ratings by Participant, Informant, and Physician for the Categorical Rating of “Safe” by
Driving Instructor

Rater Characteristic

Participant Self-Rating Informant Rating Physician Rating

%

Sensitivity 100 81.8 90.9

Specificity 10.7 47.8 60.7

Positive predictive value 46.7 60.0 64.5

Negative predictive value 100 73.3 89.5

Correctly classified 53.2 64.4 74.0
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