
Drivers with AD and MCI: The predictive value of 

neurological and neuropsychological measures 

Ion N. Beratis1, Dimosthenis Pavlou2, Nikos Andronas1  

George Yannis2, S.G. Papageorgiou1 

1Department of Neurology, Medical School, National and Kapodistrian  

University of Athens, “Attikon” General University Hospital, Greece 

 
2National Technical University of Athens, School of Civil Engineering,  

Department of Transportation Planning and Engineering 

 

 

 
 

 



Senior drivers: general information 
• 13% of drivers > 65 years old (2009) 

• 23% increase between1999 and 2009 

• Elderly individuals keep their driving license longer and 

drive larger distances 

• During 2013, 6.500 older drivers  lost their lives in car 

accidents (Eurostat, 2014) 

• Life loss in elderly represent the 26% of all road 

fatalities in the EU (Eurostat, 2014) 

 

• The percentage of older drivers that are at risk due to 

cognitive or physical impairments remains unknown  

 



Cognitive functions critical  

for safe driving 

1. Attention 
2. quick perception of the environment 

 
3. Executive functions 
4. process multiple simultaneous 

environmental cues 
5. make rapid, accurate and safe decisions 

 
6. Visuo-spatial skills 
7. position the car accurately on the road 
8. manoeuvre the vehicle correctly 
9. judging distances and predicting the 

development of traffic situations 
 

10.Memory 
11.journey planning 
12.adapting behaviour 

 
(Reger et al., 2004) 



Cognitive Disorders and 

Driving 



Alzheimer disease and accident risk 

AD patients are 2.5 to 4.7 times more likely to be 

involved in a car crash than age-matched controls 
(Brown and Ott 2004; Dobbs et al. 2002; Ernst et al. 2010; Withaar et al. 2000, Brorsson, 1989; 

Massie & Campbell, 1993; Tuokko et al., 1995) 

 

But ~ 50% of patients with AD continue driving for 

at least three years after their initial diagnosis (Adler and 

Kuskowski 2003; Seiler et al.2012, Johansson and Lundberg, 1997; Dubinsky et al., 1992; Rizzo 

et al., 2001; Charlton et al., 2004; Uc et al., 2005; Uc et al., 2006; Ott 2008; Ernst et al. 2010)  

 

However, certain drivers with AD maintain adequate 

driving fitness at the initial stages of the disease (Carr et 

al., 2000; Perkinson et al., 2005) 

 

 



Driving Predictors-Alzheimer Disease 

Performance on neuropsychological measures assessing  

• visuospatial skills,  

• attention,  

• executive functioning 

• And probably memory  

Appear to be related with the driving fitness of patients with 
AD (Brown et al., 2005; Grace et al., 2005; Ott et al., 2008; Uc et al., 2005) 

 

 

  Neuropsychological and neurological measures in 
combination with driving evaluations (on-road or 
simulator environment) could be used for providing 
effective recommendations in drivers with AD (Frittelli et 
al., 2009; Ott et al., 2008; Ott et al., 2003; Rizzo et al., 1997)  

 





MCI and driving: a controversial issue 



Predictors of driving behavior in MCI 

• Measures associated with driving performance in 

patients with MCI 

• Cognitive domains: 

• mental flexibility (TMT-B) 

• Inhibitory control (modified Stroop test) 

• visual attention (TMT-A) 

 

• When controlling for memory impairment, TMT-B 

seemed to be the best predictor 
 

                                                                      (Kawano et al., 2012) 

 



 

 

Interdisciplinary Research  

Project 2012-2015  
 

 

 Driving simulator experiment focusing on 

drivers with cognitive disorders [MCI 

(N=59), AD (N=25), PD (N=25)]  

 

 Majority of drivers >55 years old  (N=154) 

 

 Cognitively healthy drivers of similar age 

and driving experience were also 

included 

 
 

 Interdisciplinary research team 

(neurologists, psychiatrists, 

neuropsychologists, transportation 

research scientists 

 

 



Procedure 



Medical/Neurological Assessment 



Neuropsychological Assessment 

General Cognitive Functioning : MMSE, MOCA 

 

Working memory/attention: Letter-Number Sequencing, Spatial Span, 

Spatial Addition (WMS), Neuropsychological Assessment Battery - 

Driving Scenes Test.  

 

Episodic Memory: Hopkins Verbal Learning Test, Brief Visuospatial 

Memory Test.  

 

Visual Perception: Benton’s Judgment of Line Orientation, Witkin’s 

Embedded Figure Test.  

 

Executive function/processing speed: Frontal Assessment Battery, 

Trail Making Test, Comprehensive Trail Making Test, Symbol Digit 

Modalities Test.  

 

Computerized tests: Useful Field of View, Psychomotor Vigilance Test. 

 

  



Outcome Measures 

• Indexes of Driving Performance 

a) Average Speed 

b) Speed Variation 

c) Lateral Position 

d) Variation of Lateral Position 

e) Headway Distance 

f) Variation of Headway Distance 

g) Hits of side bars 

h) Speed limit violations 

i) Accident Risk 

j) Reaction time 
 
 
 



Driving Simulator Environment:  

Urban and Rural Area 

 

 
Figure 1. The two plans of the driving routes (rural and urban) and two screenshots for each driving environment 

 

 
Driving Simulator Assessment: 

• Rural and urban area 

• two traffic scenarios (low and high 

traffic volumes) 

•  three distraction conditions 
(undistracted driving, driving while 

conversing with a passenger and driving 

while conversing on a mobile phone) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Two incidents screenshots - donkey entering the road in rural area and a child chasing a ball in urban 

area 

 



MCI & driving:  

current findings 



Predictors of driving 
performance in individuals with 

MCI: preliminary results  
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Results (Average Speed) 

Outcome: Driving Speed 

Predictors:  

(1st level) general cognitive functioning (MMSE)  

(2nd level) balance and movement coordination (Tandem Walking, β=-.63, 

p=.007) 

 

The model explained 55.9% of the variance in average driving speed  

 

R²=.559, F(2,13)=8.25, p=.005. 

 

• In the cognitively intact group the same regression model did not contribute 

to the prediction of average driving speed 

 

R²=.166, F(2,11)=1.10, p=.368 

 

Normal Group (Mean=43.62, SD=7.33) vs MCI Group(Mean=42.24, SD=7.46) 

        t(28)=.51, p=.614 
  
 



Results (Number of Crashes) 

Outcome: Number of Crashes 

Predictors:  

(1st level) general cognitive functioning (MMSE) 

(2nd level) visuospatial memory (BVMT_Recognition, β=-.40, p=.056)  and 

speed of attention (UFV_1, β=.48, p=.027) 

 

The model explained 77.3% of the variance in number of crashes  

 

R²=.773, F(3,10)=11.35, p=.001 

 

• In the cognitively intact group the same regression model did not 

contribute to the prediction of number of crashes 

 

R²=.279, F(3,10)=1.29, p=.330 

 

Normal Group (Mean=.43, SD=.65) vs MCI Group(Mean=.56, SD=.81) 

      t(28)=.49, p=.25 
  
 



Results (Reaction Time) 

Outcome: Reaction Time 
Predictors:  

(1st level) general cognitive functioning (MMSE) 

(2nd level) information processing speed (SDMT, β=-.60, p=.014)  and 

balance and movement coordination (Tandem Walking_RNC, β=.54, 

p=.007)  

 

The model explained 73.2% of the variance in reaction time  

 

R² =.732, F(3,12)=10.92, p=.001 

 

• In the cognitively intact group the same regression model did not contribute 

to the prediction of reaction time 

 

R²=.119, F(3,10)=.45, p=.772 

 

Normal Group (Mean=1.78, SD=.28) vs MCI Group (Mean=1.89, SD=.46) 

        t(28)=.80, p=.43 
  
 



The role of sleeping abnormalities on the driving performance 

of individuals with Mild Cognitive Impairment  
I. N. Beratis, N. Andronas , E. Papadimitriou, D. Kontaxopoulou, S. Fragkiadaki, C. 

Koros, A.Bonakis, A. Economou, S. G. Papageorgiou (EAN Berlin 2015) 

 • 27 cognitively intact individuals (Age: 63.4±7.2 years)  

•  33 individuals with MCI (Age: 66.4±7.4 years) 

Figure 1. Correlation coefficients between driving indexes and sleeping abnormalities in the control and MCI group 

• The current findings indicate  a stronger association between sleeping abnormalities and 

driving behavior in the MCI group  as compared to the group of cognitively intact individuals 

• In the MCI group, sleepiness was positively associated with lateral position variation and 

average speed, and negatively associated with average headway distance 

• In the MCI group, insomnia symptoms were positively associated with lateral position 

variation, and negatively with the average wheel position 







AD & driving:  

current findings 











Conclusions 
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Thank you for your attention! 


