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Correlation of Driving-related Cognition and Cognitive Impairment in

Drivers over the Age of 60

Juyoun Lee, MD, PhD, Eungseok Oh, MD, PhD, Eun Hee Sohn, MD, PhD, Ji Young Kim, MD, Min Young Lee, MD,
Jin Hyung Kim?, Yun Kyoung Ko?, Ae Young Lee, MD, PhD

Department of Neurology, Chungnam National University Hospital, Daejeon, Korea

Road Traffic Authority, Daejeon, Korea"

Background: A rate of traffic accidents by elderly drivers increased by 70% between 2011 and 2015 in Korea. Elderly drivers
with cognitive impairment are more susceptible to be involved traffic accidents than cognitively normal individuals. This

study aimed to evaluate the correlation of driving-related cognition and cognitive impairment in drivers over the age of 60
using the standardized program developed by the Road Traffic Authority (RTA).

Methods: Current drivers older than 60 years were recruited for the study. All participants were tested using the Mini-Mental
Status Examination (MMSE), Rey Complex Figure Test (RCFT)-copy, and Digit Symbol Substitution Test (DSST) for
cognitive function assessments. The driving aptitude test (DAT) for the elderly developed by RTA consists of 4 different tasks
including speed and distance driving tests (SD), visuospatial memory driving tests (VM), sustained attention driving tests
(SA), and divided attention driving tests (DA). The participants were divided into two groups by their MMSE score (normal

cognition, CN; cognitive impairment, CI).

Results: One hundred fourteen participants were enrolled in the study and 57 of them were assigned to the CI group. In
comparison, drivers in CI showed worse scores at DSST, SD, VM, and DA than those in CN. DSST and DA were worsened
with increasing age. DSST was the best predictive assessment to be the risk or caution grade in DAT.

Conclusions: We could find a correlation between DAT and cognitive function in drivers over the age 60. These results could

be used as the basis of investigating optimal tools for decreasing driving risks in the cognitive impaired elderly.
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Figure 1. Introduction of the standardized driving aptitude test
program developed by Road Traffic Authority. (A) Speed and distance
driving tests; Participants expect which color car will arrive at the goal
earlier than the other from a speed and a distance of cars. (B)
Visuospatial memory driving tests; Participants remember presented
routes on the screen and push buttons appropriately that the car gets to
the goal. (C) Left: sustained attention driving tests, and right: divided
attention driving tests; Participants press the same color button with a
presented color of taillight continuously and change as quickly.
Simultaneously, they should find and select a car which is located
different direction compared with others.
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Table 1. Baseline characteristics of the elderly whose age over 60
Total CN CI
(n=114) (n=57) (1=57) p-value
Age 70.9+5.4 70.6+5.4 71.1+£5.4 0.60
Gender (male, %) 78.9 71.9 86.0 0.11
Duration of education (years) 11.3+4.1 11.3+4.0 11.4+4.2 0.94
Duration of driving (years) 31.7+8.8 30.2+9.6 33.5+8.1 0.05
Cognitive function test
MMSE 27.1+£2.2 28.8+0.9 25.3+1.7 0.00
CDR 0.4+0.4 0.1+0.3 0.6+0.4 0.00
CDR-SB 1.542.1 0.3+1.0 2.6+2.3 0.00
RCFT-copy 31.0+3.9 31.6+2.9 30.3+4.6 0.08
DSST 443+16.4 48.1+14.8 40.6+17.1 0.02
Driving aptitude test
Distance and speed 18.3+4.4 19.743.6 16.9+4.7 0.00
Visuospatial memory 23.549.1 25.5+8.5 21.549.4 0.02
Sustained attention 18.1+6.0 18.1£5.7 18.1£6.2 0.96
Divided attention 15.745.1 17.1+4.6 14.3£5.2 0.00
Overall driving grade (%)
Caution grade” 10.5 7.0 14.0 0.20
Risk grade” 13.2 8.8 17.5 0.20

Values are presented as mean+tstandard deviation unless otherwise indicated.

CN; group of cognitive normal participants, CI; group of cognitive impaired participants, n; numbers, MMSE; mini-mental status examination, CDR;
clinical dementia rating, CDR-SB; CDR-sum of boxes, RCFT; Rey complex figure test, DSST; digit symbol substitution test.
*Caution grade is lower 15-50 percentile and risk grade is below 15 percentile of driving ability.
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Table 2. Correlation between driving aptitude test and cognitive function adjusted with age, education and driving years

Total driving ability Speed and distance

Visuospatial memory

Sustained attention Divided attention

r r
MMSE 0.46" 0.39"
CDR -0.32° -0.28"
CDR-SB -0.32" -0.27"
RCFT 0.30° 0.19
DSST 0.39" 0.33"

r r r
0.30° 0.22° 0.35°
022" 02 023"
021° -0.16 025"
0.42" 0.03 0.34"
0.13 0.38" 0.39"

r,; pearson’s correlation coefficient, MMSE; mini-mental status examination, CDR; clinical dementia rating, CDR-SB; CDR-sum of boxes, RCFT;

Rey complex figure test, DSST; digit symbol substitution test.
*p-value <0.01; bp—value <0.05.

Table 3. Multiple logistic regression analysis for predicting poor grades in driving aptitude test

OR 95% CI p-value
Age 0.93 0.83-1.03 0.16
Education 0.87 0.75-1.02 0.09
MMSE* 1.36 1.03-1.79 0.03
DSST: normal=0, abnormal=1 4.35 1.31-14.46 0.02

OR; odds ratio, CI; confidence interval, MMSE; mini-mental status examination, DSST; digit symbol substitution tests.

*MMSE score was used as negative number in this analysis.
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Table 4. Differences of driving-related cognition based on ages in the elderly

60-64 65-69 70-74 75~
(n=18) (0=32) (n=29) (n=35) p-value
Age 63.0£1.2 67.3£1.4 72.2+1.6 77.1+2.1 0.00
Gender (male, %) 61.1 71.9 82.8 91.4 0.05
Duration of education (year) 10.3+3.9 10.3+3.8 10.8+4.8 13.3£3.1 0.01
Duration of driving (year) 26.8+6.3 29.848.1 342493 343493 0.01
Cognitive function test”
MMSE 27.3+2.4 27.342.1 27.0£2.5 26.8+2.0 0.32
CDR 0.3+0.4 0.3+0.4 0.3+0.4 0.5+0.4 0.07
CDR-SB 1.1£1.8 1.242.1 1.1£2.0 22422 0.12
RCFT 31.5+3.8 31.443.4 30.4+4.8 30.8+3.6 0.28
DSST 51.6+22.3 43.0£16.0 46.4£15.2 39.4+13.3 0.00
Driving aptitude test”
Distance and speed 19.3+4.1 19.3+4.9 16.8+4.9 18.1£3.5 0.05
Visuospatial memory 26.9+7.7 23.6+8.6 23.3£10.3 22.749.2 0.11
Sustained attention 18.245.7 17.845.7 18.6+6.4 17.846.2 0.85
Divided attention 18.3+3.6 16.3+5.0 15.4+5.1 14.2+5.4 0.00

Values are presented as mean+tstandard deviation unless otherwise indicated.

MMSE; mini-mental status examination, CDR; clinical dementia rating, CDR-SB; CDR-sum of boxes, RCFT; Rey complex figure test, DSST; digit

symbol substitution test.

*Adjusted by duration of education; bAdj usted by duration of driving and education.

60~64 65~69 70~74

=@ =DSST  ==@=Divided attention driving test

Figure 2. Comparisons of mean scores in DSST and divided attention
driving tests by ages. Scores of DSST and divided attention driving test
were worsened with increasing age. DSST; digit symbol substitution
test.

CHTable 4, Fig. 2).
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