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Does the diagnosis of Alzheimer’s Disease implies immediate revocation of a 

driving license? 

 

Abstract 

Driving competence is strongly related to the autonomy and their feelings of self-worth 

of advanced agers. At present, older drivers appear to retain their driving license for 

longer periods of time as well as to drive more commonly and to cover longer distances 

as compared to the past. Nonetheless according to epidemiological data, older 

individuals appear to be a vulnerable driving group that manifests increased rates of 

road fatalities. Along this vein, several lines of previous research have focused on 

exploring the driving behavior of individuals with two common cognitive disorders, 

namely Alzheimer-dementia (AD) and Mild Cognitive Impairment (MCI). Based on 

previous findings, patients with AD commonly present increased driving difficulties at 

a level that clearly supports the discontinuation of driving. Nonetheless, some patients 

with AD, especially in the mild stages, retain adequate driving skills that are similar to 

those of cognitively intact individuals of similar age. As concern the group of drivers 

with MCI, it seems that there is an accentuated risk to develop driving difficulties, but 

there performance is not consistently worse than that of healthy control drivers. 

Nonetheless, additional studies are warranted for detecting useful predictors of driving 

behavior in the specific clinical group. Under this perspective and by integrating the 

previous findings, we suggest the need for implementing a personalized approach 

when taking decisions about the driving competence of drivers with AD and MCI that 

is based on the effective synthesis of multimodal driving-related indexes by the 

specialties of neurology, neuropsychology and transportation engineering.     
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Introduction 

 Retaining a high and well preserved functional status is strongly interwoven 

with the self-esteem, self-worth, psychological health and the overall quality of life of 

older individuals. Under this perspective the continuation of driving for advanced agers 

is commonly an issue of high importance that is strongly related to their autonomy and 

their feelings of self-value and usefulness. Notably, loss of driving privileges can lead 

to an increase in the levels of depression symptoms, thus compromising the 

psychological health of this group of individuals [1, 2, 3, 4]. Even when such a decision 

is made voluntarily due to the acknowledgment of decreased driving ability and 

increased perceived difficulties, the psychological influence can still affect the quality 

of life of the former drivers. 

 At present, older drivers tend to drive more frequently, to cover longer 

distances, and to retain their driving privileges for longer periods of time, as compared 

to the past [5]. Moreover, the total percentage of older drivers in the society is 

increasing [6], thus underlying the importance of exploring the effect of normal and 

pathological ageing on driving ability. Under this framework, recent epidemiological 

data state that older drivers have increased risk to be engaged in motor accidents and 

that life loss in elderly represents the 26% of all life losses from car accidents in the 

EU [5, 7].      

 The effect of normal ageing on driving ability has been investigated at a 

considerable extent [8, 9, 10]. Several findings indicate that a decline in driving ability 

can be associated with various age-related impairments which may affect general 

health [11], vision [12, 13], and cognitive functioning [7, 14]. 

Driving is a multimodal task that engages various cognitive resources that are 

commonly affected by the aging process, and, therefore, the attenuation of the 

cognitive system is a critical factor that may explain the increased rate of road fatalities 

in the group of older drivers [15, 16].  Indicatively, driving requires well preserved 

executive functions in order to process simultaneously multiple environmental cues, to 
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predict the development of traffic situations, as well as to make rapid, accurate and 

safe decisions [17]. In addition, visuospatial skills, attention, and memory are cognitive 

functions that appear to also subserve the demanding task of on-road driving [17].  

As previously mentioned the specific cognitive functions appear to be generally 

affected by the ageing process [18, 19, 20], but this is especially the case for cognitive 

disorders that have a considerable prevalence in older individuals, such as Mild 

Cognitive Impairment (MCI), and dementia of the Alzheimer type (AD) [21, 22, 23]. 

The objective of this paper is to present and discuss the current knowledge 

about the driving behaviour and fitness of patients with AD and MCI. In addition, by 

integrating the various sources of evidence we develop a rationale that supports the 

implementation of a personalized approach when taking decisions about the driving 

fitness of patients belonging in the specific clinical groups.  

 

Cognitive disorders and driving: general comments 

Alzheimer’s disease (AD) is the most common type of dementia [24, 25], with 

increasing age considered as the most important risk factor [26, 27]. In the early stages 

of the disease, a variety of symptoms can be observed, with gradually progressive 

memory decline being the most prominent symptom. As the disease progresses, 

cognitive deterioration may become more widespread and severe and include, apart 

from memory deficits, visuospatial and attentional disturbances, executive dysfunction, 

language-related impairments and apraxia [28]. Notably, the aforementioned 

symptoms are commonly interwoven with driving fitness that requires various physical 

and mental abilities, such as the capacity to judge distances, to simultaneously 

manage multiple incoming stimuli, to maintain attention for long periods of time, to 

perform sequencing skills, to demonstrate immediate reaction in case of adverse 

events, and succeed proper interpretation of traffic signs and signals. Moreover, an 

accurate judgment of someone’s own ability to drive and the resultant compensatory 
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behavior are prerequisites of safe driving, an ability that is often impaired in dementia 

[29, 30, 31, 32, 33]. 

MCI is a clinical condition that commonly represents the predementia stage of 

a variety of diseases leading to dementia, most frequently AD being the most prevalent 

outcome [22]. In the present work, it is presented as a distinct entity because despite 

its high prevalence−it is observed in about 16% of individuals over 64 years in the 

general population [34] - it has been relatively neglected in the driving literature. The 

neuropsychological characteristics of MCI overlap significantly with those of aging, and 

because of the progressive nature of MCI, the specific clinical condition requires 

longitudinal follow-up.  

 

Driving Profile of patients with AD 

The first study to report motor vehicle accidents for cognitively impaired 

individuals was by Walter in 1967 [35]. Since then, a number of researchers have 

demonstrated that individuals with moderate or severe dementia are incapable of 

driving [17, 31, 36, 37, 38, 39, 40]. Some of the main concerns regarding the 

continuation of driving from patients with dementia involves the increased risk of at-

fault car accidents [41, 42, 43] and the possibility of getting lost [44, 45], posing a 

significant risk to individual and public road safety.  

Some studies underline the finding that patients with dementia of the 

Alzheimer’s type are 2.5 to 4.7 times more likely to get involved in a car accident than 

other elderly drivers of similar age but without dementia [39, 46, 47, 48, 49]. 

However, sufficient evidence suggested that 50% of AD patients do not cease 

driving for at least three years after their initial diagnosis. [33, 39, 40, 48, 50, 51, 52, 

53]. Very recently, a study of a memory clinic conducted in northern Italy reported that 

87% of patients with dementia were still active drivers [54] while Vaughan et al. [55] 

reported that in the women Health Initiative program (mean age 82.3±3.6), 60% of 

patients with MCI and 40% of patients with dementia were still driving. Those findings 
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pose significant concerns as regards the evaluation and monitoring of driving fitness 

in patients with neurodegenerative disorders. 

Patients with AD are more likely to commit errors while driving [45, 56, 57]. 

More specifically, a study assessed AD patients with an on-road driving experiment 

and reported that patients with mild AD made significantly more incorrect turns, got 

lost more often and were at greater risk to commit at-fault safety errors. However, their 

basic control abilities of the vehicle appeared to be normal [45]. A more recent study 

[57], revealed that patients with AD were less likely to use a safety belt and they got 

lost more often. The last study assessed driving ability through an experiment using 

in-vehicle technology through continuous registration of driving parameters [57]. 

Another recent study demonstrated that patients with dementia were at higher risk to 

make driving errors especially while driving at straight condition which has not yet been 

considered as a difficult or "high challenge" condition [56]. 

Nonetheless, not all patients with AD are incapable of driving, especially in the 

milder stages of the disease [46, 48, 49, 53, 58, 59, 60, 61]. Indicative is the study of 

Brown et al. (2005) which observed that 76% of a group of mild AD patients were able 

to pass an on-road driving test. Along the same vein, the study by Ott et al. [53] 

revealed that patients with mild dementia of the Alzheimer’s type may be able to 

continue driving for a long time, under regular follow-up assessments and monitoring. 

Another study by Barco et al. [56] revealed that 44% of patients with dementia passed 

an on road assessment. Also, in a study investigating the characteristics of crashes in 

patients with very mild and mild AD who continued to drive in comparison to healthy 

individuals, no significant differences were found at the crash rates among any of the 

aforementioned groups indicating similar possibilities of in-vehicle crashes despite 

their clinical diagnosis [61]. However, the specific study reported that group-differences 

were found at the causes and consequences of the accident, where AD patients were 

more likely to get involved in at-fault crashes with injuries. Another study by Ernst et 

al. [48] investigating the driving profile of patients with AD and frontotemporal 
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dementia, found that a considerable percentage of AD patients retained adequate 

driving skills by maintaining a steady driving style with sufficient monitoring of the road 

environment.  

 By summarizing and integrating the above findings, it becomes evident that the 

clinicians should follow a personalized approach when making recommendations 

about driving continuation/discontinuation. This decision should be based on the 

unique profile of each patient, the stage of the disease, the severity of cognitive results, 

the behavioural symptoms and the need for regular follow-up evaluations as explained 

later in the text. Finally, supporting the autonomy and the self-esteem of patients with 

AD should always be taken into account.    

 

Driving Profile of patients with MCI 

According to accumulating evidence, in addition to memory deficits, patients with MCI 

may present impairments on executive functions [62] and also on complex abilities of 

daily living [21]. In the case of driving fitness, research findings indicate that the MCI 

population is at risk for presenting increased difficulties, although their performance on 

on-road or on simulator testing is not consistently worse than that of their healthy 

counterparts [63, 64, 65]. 

A number of researchers support the view that the clinical symptomatology of 

MCI may indeed affect in a negative way driving ability, through the detection of more 

driving errors in comparison to cognitively intact elderly drivers such as difficulties in 

maintain proper speed and car positioning, errors in right and left turns, pedal 

confusion as well as difficulties in identifying information from on-road signs [63, 64, 

66]. However, some studies reported that the differences between MCI and controls, 

although present, did not reach statistical significance [65, 67].  

 

 

Predictors of driving performance  
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Previous research indicates that performance on tests measuring visuospatial 

and attentional abilities, executive functioning and possibly memory is associated with 

the ability to drive safely in patients with dementia [17, 33, 45, 53, 68, 69]. These 

findings appear to make sense intuitively. As Brown and Ott [46] suggest, the ability to 

properly process visual information as well as to organize and monitor multiple stimuli 

at once are critical components of driving.  

However, other studies have found no association of cognitive testing with 

driving competence in patients with dementia. For example, Barco et al. [56] examined 

driving performance in patients with dementia and classified them in two groups, 

depending on their success on the on-road driving assessment (pass/fail). According 

to their results, the severity of cognitive decline as evaluated by their informants 

(Assessing Dementia 8 Screening Interview [AD8]) was the only factor that significantly 

distinguished the two groups while no significant differences were found in cognitive 

measures between the two groups.  

Due to the moderate relationships of the neuropsychological tests with driving 

measures and individual variability, relying only on these tests for making 

recommendations regarding future restrictions in driving in patients with dementia may 

not be adequate. Although individual neuropsychological tests have shown a certain 

degree of relationship with driving measures, no single neuropsychological battery can 

consistently and reliably predict driving behavior. Rather, different neuropsychological 

measures may be related to different aspects of driving behavior. Ideally, 

neuropsychological tests should be used in combination with other measures, such as 

findings from neurological assessment and administration of actual or simulated road 

tests, to make driving recommendations [53, 63, 70, 71, 72, 73]. 

 Brown et al. [68], compared the evaluation of driving ability as rated by four 

distinct raters (the participants themselves, an informant, an experienced neurologist 

as well as a professional driving instructor) to the actual driving performance. 

According to their results, the only measure of driving ability which was significantly 
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correlated with actual driving performance was the one performed by the neurologist 

along with the score on the Mini-Mental State Examination which was at borderline 

correlated to the neurologist’s ratings.  

Another study conducted by Herrmann et al. [74] examined the factors 

associated with voluntary driving cessation in a sample of patients with mild to 

moderate dementia. The measures that appeared to significantly contribute to the 

decision about deserting driving were the scores from the Geriatric Depression Scale 

(GDS), the MMSE as well as specific subscales from the Neuropsychiatric Inventory 

(NPI), namely apathy, agitation and hallucinations.  The AAN has published Practice 

Parameters about prediction of driving performance according to a Clinical Dementia 

Rating scale score [CDR] [75], the Mini Mental State Examination score [MMSE] [76], 

reports from the informants as well as other characteristics of driving behaviour [59]. 

However, those guidelines are rather general and further research is warranted for 

developing valid cut-off scores on various neurological and neuropsychological 

measures accurate prediction of as regards the prediction of driving performance.  

The role of distraction has been neglected. Our findings have shown that 

distractive conditions affect severely driving ability in patients with AD [77]. 

As regards measures that can predict driving ability in the clinical group of MCI, 

current research is sparse. In reference to the detection of neuropsychological 

predictors, measures of mental flexibility, inhibitory control and visual attention appear 

to be associated with driving performance in patients with MCI, but this issue needs 

further investigation [64].   

Recently, significant associations were reported between measures of 

insomnia (Athens Insomnia Scale) and sleepiness (Epworth Sleepiness Scale) with 

longitudinal parameters of driving behavior, such as variation of lateral position, 

average speed and headway distance in patients with MCI [78]. Moreover, driving 

distraction with the use of mobile phone has been shown to have detrimental effects 

on driving in patients with MCI compared to healthy elderly [77].  
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Overall, it appears than certain cognitive and functional measures could be 

helpful in detecting individuals with MCI that might have less optimal or problematic 

driving skills. Nonetheless, neurological and neuropsychological testing, as in the case 

of AD, should be viewed as one part of the screening process that is accompanied 

when necessary by on-road driving evaluation. 

 

Discussion and conclusions 

This review had as goal to present the current knowledge about the driving 

behavior of individuals with two common cognitive disorders, namely AD and MCI. In 

the case of AD, accumulating evidence indicates that the driving fitness is generally 

compromised, but some patients with mild AD retain adequate driving skills. Hence, a 

diagnosis of AD should not be considered by itself as an adequate criterion for loss of 

driving privileges. What appears to be the best option is the implementation of a 

personalized approach that is based on the unique profile of each driver with AD. In 

this direction, neurological and neuropsychological indexes could be useful sources of 

information regarding the driving fitness of any individual belonging to the specific 

clinical group. However, this does not imply that various predictors should be used in 

isolation replacing the on-road driving evaluation, when a decision about 

continuation/discontinuation of driving is to be made. Instead, their role is to provide 

complementary information in order to enhance the validity of the overall decision as 

well as to guide choices about the proper time for taking the decision to cease driving. 

Under this perspective, it is very important for the patient with AD to participate in the 

decision and the overall planning about the cessation of driving, along with the 

involvement and support of mental-health professionals when this required. In addition, 

for the renewal of their driving license and for keeping a balance between 

personal/public safety and self-determination, patients with AD should be required to 

undergo a detailed driving evaluation that covers various components, namely a 

practice road rule test, assessment of physical, visual, sensory and cognitive abilities, 
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as well as an on-road assessment. Also, for supporting the effectiveness of the 

relevant driving recommendations it is critical to include periodic re-evaluations that 

follow the temporal course of the progression of the disease.   Nonetheless, when 

serious concerns arise regarding personal or public road safety, specific legislation 

measures should exist for the removal of the driving license of patients with AD. 

Indicative of such an effort is the decision pathway about fitness to drive that was 

developed from health services and experts in order to establish a set of easily 

adaptable guidelines for the best possible regulation of driving continuation or 

discontinuation in the elderly [79]. 

Regarding the driving competence of drivers with MCI, in the majority of cases 

they are not considered incapable of driving. Nonetheless, they have the tendency of 

making more driving errors than their healthy counterparts and it seems that a portion 

of drivers with MCI has considerably increased driving difficulties. Therefore, more 

consistent and regular monitoring of driving ability on this clinical group is suggested 

to be formally implemented, in order to detect small changes in driving behavior and 

make proper regulations on time. Latest literature on the clinical features of MCI 

indicates that neuropsychiatric symptoms may be present in up to 50% of the patients 

such as irritability, aggressiveness or depressive symptomatology. Those features 

may influence in a negative way driving ability. Thus, special care for the early 

identification and treatment of probable neuropsychiatric symptomatology is suggested 

in order to elongate the continuation of their driving privileges. Also, neurological and 

neuropsychological indexes could provide useful information about the cognitive profile 

of patients with MCI, thus facilitating the implementation of a personalized approach 

for any driving-related decisions and recommendations that might need to take place.  

Based on the outcomes of the current work, the role of the Neurologist, the 

Neuropsychologist and the Transportation engineer is of critical importance for 

investigating and evaluating driving ability in the elderly, especially in the case of 

drivers with cognitive disorders, such as MCI and AD. According to our view, the 
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restriction or total loss of driving privileges is a complicated and serious decision that 

should not be taken without the active participation of a well-trained Neurologist and 

Neuropsychologist with deep understanding of the information provided by 

neurological and neuropsychological measures that are linked to driving fitness 

according to accumulating findings of previous research. In conclusion, decisions 

related to the critical question “continue to drive or not?” and concerns about the group 

of drivers with cerebral diseases should be based on an interdisciplinary approach that 

integrates the specialties of neurology, neuropsychology and transportation 

engineering. The schematic representation of the proposed approach is illustrated in 

Fig. 1.  

Figure 1. Proposed evaluation of drivers with AD or MCI 

 

 

Acknowledgement 

This study was carried out within the framework of the Operational Program "Education 

and Lifelong Learning" of the National Strategic Reference Framework (NSRF), 

namely the Research Funding Program: THALES Investing in knowledge society 



12 
 

through the European Social Fund, and the Action: ARISTEIA (Action’s Beneficiary: 

General Secretariat for Research and Technology), co-financed by the European 

Union (European Social Fund - ESF) and Greek national funds. More information 

available at: DRIVERBRAIN: http://www.nrso.ntua.gr/driverbrain and DISTRACT: 

http://www.nrso.ntua.gr/distract. 

 

References 

1. Gardezi, F., Wilson, K. G., Man-Son-Hing, M., Marshall, S. C., Molnar, F. J., 

Dobbs, B. M., & Tuokko, H. A. (2006). Qualitative research on older drivers. 

Clinical Gerontologist, 30(1), 5-22. 

2. Marottoli, R. A., Leon, C. F. M., Glass, T. A., Williams, C. S., Cooney, L. M., 

Berkman, L. F., & Tinetti, M. E. (1997). Driving cessation and increased 

depressive symptoms: Prospective evidence from the New Haven EPESE. 

Journal of the American Geriatrics Society, 45(2), 202-206. 

3. Ragland, D. R., Satariano, W. A., & MacLeod, K. E. (2005). Driving cessation 

and increased depressive symptoms. The Journals of Gerontology Series A: 

Biological Sciences and Medical Sciences, 60(3), 399-403. 

4. Adler, G., & Rottunda, S. (2006). Older adults' perspectives on driving 

cessation. Journal of Aging studies, 20(3), 227-235. 

5. Eurostat regional yearbook 2014, Eurostat statistical books, ISSN 2363-1716 

6. Yannis, G., Antoniou, C., Papadimitriou, E., Katsohis, D. (2011). When may 

road fatalities start to decrease? Journal of Safety Research 42 (1), pp. 17-25. 

7. Ross, L. A., Clay, O. J., Edwards, J. D., Ball, K. K., Wadley, V. G., Vance, D. 

E., & Joyce, J. J. (2009). Do older drivers at-risk for crashes modify their driving 

over time?. The Journals of Gerontology Series B: Psychological Sciences and 

Social Sciences, gbn034. 

http://www.nrso.ntua.gr/driverbrain
http://www.nrso.ntua.gr/distract


13 
 

8. Anstey, K. J., Wood, J., Lord, S., & Walker, J. G. (2005). Cognitive, sensory 

and physical factors enabling driving safety in older adults. Clinical psychology 

review, 25(1), 45-65. 

9. Lyman, J. M., McGwin, G., & Sims, R. V. (2001). Factors related to driving 

difficulty and habits in older drivers. Accident Analysis & Prevention, 33(3), 413-

421. 

Alzheimer type: Beliefs and cessation strategies among stakeholders. 

Gerontologist 2005;5:676–685. 

10. O' Connor, M. L., Edwards, J. D., & Bannon, Y. (2013). Self-rated driving habits 

among older adults with clinically-defined mild cognitive impairment, clinically-

defined dementia, and normal cognition. Accident Analysis & Prevention 

(Ahead of Print).  

11. Naumann, R. B., Dellinger, A. M., Anderson, M. L., Bonomi, A. E., Rivara, F. 

P., & Thompson, R. S. (2009). Preferred modes of travel among older adults: 

What factors affect the choice to walk instead of drive? Journal of safety 

research, 40(5), 395-398. 

12. West, C. G., Gildengorin, G., Haegerstrom‐Portnoy, G., Lott, L. A., Schneck, 

M. E., & Brabyn, J. A. (2003). Vision and Driving Self‐Restriction in Older 

Adults. Journal of the American Geriatrics Society, 51(10), 1348-1355. 

13. Owsley, C., & McGwin, G. (2010). Vision and driving. Vision research, 50(23), 

2348-2361. 

14. Aksan, N., Anderson, S. W., Dawson, J. D., Johnson, A. M., Uc, E. Y., & Rizzo, 

M. (2012). Cognitive functioning predicts driver safety on road tests 1 and 2 

years later. Journal of the American Geriatrics Society, 60(1), 99-105. 

15. Shimada, H., Tsutsumimoto, K., Lee, S., Makizako, H., Lee, S., Harada, K., & 

Park, H. (2015). Driving continuity in cognitively impaired older drivers. 

Geriatrics & gerontology international, 16, 4, 508–514.  

http://www.ncbi.nlm.nih.gov/pubmed?term=O'Connor%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23769114
http://www.ncbi.nlm.nih.gov/pubmed?term=Edwards%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=23769114
http://www.ncbi.nlm.nih.gov/pubmed?term=Bannon%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23769114


14 
 

16. Kowalski, K., Love, J., Tuokko, H., MacDonald, S., Hultsch, D., & Strauss, E. 

(2012). The influence of cognitive impairment with no dementia on driving 

restriction and cessation in older adults. Accident Analysis & Prevention, 49, 

308-315. 

17. Reger M. A., Welsh R. K., Stennis Watson G., Cholerton B., Baker L., & Craft 

S. (2004). The Relationship Between Neuropsychological Functioning and 

Driving Ability in Dementia: A Meta-Analysis. Neuropsychology, 18, 85-93.  

18. Calso, C., Besnard, J., & Allain, P. (2016). Normal aging of frontal lobe 

functions. Geriatrie et psychologie neuropsychiatrie du vieillissement, 14(1), 

77. 

19. Menant, J. C., Sturnieks, D. L., Brodie, M. A., Smith, S. T., & Lord, S. R. (2014). 

Visuospatial tasks affect locomotor control more than nonspatial tasks in older 

people. PloS one, 9(10), e109802. 

20. Parikh, P. K., Troyer, A. K., Maione, A. M., & Murphy, K. J. (2015). The impact 

of memory change on daily life in normal aging and mild cognitive impairment. 

The Gerontologist, gnv030. 

21. Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H. H., Fox, N. 

C., & Snyder, P. J. (2011). The diagnosis of mild cognitive impairment due to 

Alzheimer’s disease: Recommendations from the National Institute on Aging-

Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer's 

disease. Alzheimer's & dementia, 7(3), 270-279.00 

22. Dubois, B., Feldman, H. H., Jacova, C., Hampel, H., Molinuevo, J. L., Blennow, 

K., & Cappa, S. (2014). Advancing research diagnostic criteria for Alzheimer's 

disease: the IWG-2 criteria. The Lancet Neurology, 13(6), 614-629. 

23. McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack, C. R., 

Kawas, C. H., & Mohs, R. C. (2011). The diagnosis of dementia due to 

Alzheimer’s disease: Recommendations from the National Institute on Aging-



15 
 

Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer's 

disease. Alzheimer's & dementia, 7(3), 263-269. 

24. Kukull, W. A., Higdon, R., Bowen, J. D., McCormick, W. C., Teri, L., 

Schellenberg, G. D., ... & Larson, E. B. (2002). Dementia and Alzheimer 

disease incidence: a prospective cohort study. Archives of neurology, 59(11), 

1737-1746. 

25. Mesulam, M. M. (2000a). Aging, Alzheimer’s disease and dementia. Clinical 

and neurobiological perspectives. In M. M. Mesulam (Ed.), Principles of 

behavioral and cognitive neurology (2nd ed.) New York: Oxford University 

Press. 

26. Bermejo-Pareja, F., Benito-León, J., Vega, S., Medrano, M. J., & Román, G. C. 

(2008).  Incidence and subtypes of dementia in three elderly populations of 

central Spain. Journal of the Neurological Sciences, 264, 63–72.  

27. Di Carlo, A., Baldereschi, M., Amaducci, L., Lepore, V., Bracco, L., Maggi, 

S.,…Inzitari, D. (2002). Incidence of dementia, Alzheimer's disease, and 

vascular dementia in Italy. The ILSA Study. Journal of the American Geriatrics 

Society, 50, 41–48. 

28. Lezak, M. D. (2012). Neuropsychological assessment. Oxford University Press, 

USA 

29. Cotrell V., Wild K. (1999). Longitudinal study of self-imposed driving restrictions 

and deficits awareness in patients with Alzheimer disease. Alzheimer Disease 

and Associated Disorders, 13, 151-156. 

30. Dobbs A. R. (1997). Evaluating the driving competence of dementia patients. 

Alzheimer Disease and Associated Disorders, 11 (suppl. 1), 8-12. 

31. Johansson, K., & Lundberg, C. (1997). The 1994 International Consensus 

Conference on Dementia and Driving: A brief report. Alzheimer Disease and 

Associated Disorders, 11, 62–69. 



16 
 

32. O’Neill D. (1996). Dementia and driving: screening, assessment, and advice. 

Lancet 348, 1114. 

33. Uc E. Y., Rizzo M., Anderson S. W. et al. (2005). Driver landmark and traffic 

sign identification in early Alzheimer’s disease. Journal of Neurology, 

Neurosurgery and Psychiatry, 76, 764–768. 

34. Zanetti, M., Ballabio, C., Abbate, C., Cutaia, C., Vergani, C., & Bergamaschini, 

L. (2006). Mild cognitive impairment subtypes and vascular dementia in 

community-dwelling elderly people: a 3-year follow-up study. Journal of the 

American Geriatrics Society, 54, 580-586. 

35. Walter JA. (1967). Cardiovascular disease, aging, and traffic accidents. Journal 

of Chronic Diseases 20, 615-620. 

36. Man‐Son‐Hing, M., Marshall, S. C., Molnar, F. J., & Wilson, K. G. (2007). 

Systematic review of driving risk and the efficacy of compensatory strategies in 

persons with dementia. Journal of the American Geriatrics Society, 55(6), 878-

884. 

37. Lincoln, N.B., Taylor, J.L., Vella, K., Bouman, W., Radford K.A. (2009). A 

prospective study of cognitive tests to predict performance on a standardized 

road test in people with dementia. International Journal of Geriatric Psychiatry. 

25, 489-496. 

38. Lundberg, C., Johansson, K., Ball, K., et al. (1997). Dementia and driving: an 

attempt at consensus. Alzheimer Disease and Associated Disorders, 11, 28-

37. 

39. Rizzo, M., McGehee, D. V., Dawson, J. D., & Anderson, S. N. (2001). Simulated 

car crashes at intersections in drivers with Alzheimer disease. Alzheimer 

Disease & Associated Disorders, 15(1), 10-20. 

40. Uc, E. Y., Rizzo, M., Anderson, S. W., Shi, Q., & Dawson, J. D. (2006). Unsafe 

rear-end collision avoidance in Alzheimer's disease. Journal of the neurological 

sciences, 251(1), 35-43. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Zanetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Ballabio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Abbate%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Cutaia%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Vergani%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Bergamaschini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed?term=Bergamaschini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16686866
http://www.ncbi.nlm.nih.gov/pubmed/16686866
http://www.ncbi.nlm.nih.gov/pubmed/16686866


17 
 

41. Gorrie, C. A., Brown, J., & Waite, P. M. (2008). Crash characteristics of older 

pedestrian fatalities: Dementia pathology may be related to ‘at risk’ traffic 

situations. Accident analysis & Prevention, 40(3), 912-919. 

42. Lucas-Blaustein M. J., Filipp L., Dungan C., & Tune L. (1988). Driving in 

patients with dementia. Journal of the American Geriatrics Society, 36, 1087-

1091. 

43. Tuokko H., Tallman K., Beattie B. L., et al. (1995). An examination of driving 

records in a dementia clinic. Journal of Gerontology Series B Psychological 

Sciences and Social Sciences, 50B, S173-S181. 

44. Kaszniak, A. W., Nussbaum, P., & Allender, J. A. (1990). Driving in elderly 

patients with dementia or depression. Paper presented at the 98th Annual 

Convention of the American Psychological Association, Boston, MA. 

45. Uc, E. Y., Rizzo M., Anderson S. W., Shi Q., Dawson J. D. (2004). Driver route-

following and safety errors in early Alzheimer disease. Neurology 63, 832–837. 

46. Brown, L. B. & Ott, B. R. (2004). Driving and Dementia: A Review of the 

Literature. Journal of Geriatric Psychiatry and Neurology, 17, 232-240. 

47. Dobbs, B. M., Carr, D. B., & Morris, J. C. (2002). Evaluation and management 

of the driver with dementia. The neurologist, 8(2), 61-70. 

48. Ernst, J., Krapp, S., Schuster, T., Förstl, H., Kurz, A., & Diehl-Schmid, J. (2010). 

[Car driving ability of patients with frontotemporal lobar degeneration and 

Alzheimer's disease]. Der Nervenarzt, 81(1), 79-85. 

49. Withaar, F. K., BROUWER, W. H., & van Zomeren, A. H. (2000). Fitness to 

drive in older drivers with cognitive impairment. Journal of the International 

Neuropsychological Society, 6(04), 480-490. 

50. Adler, G., & Kuskowski, M. (2003). Driving cessation in older men with 

dementia. Alzheimer Disease & Associated Disorders, 17(2), 68-71. 



18 
 

51. Seiler, S., Schmidt, H., Lechner, A., Benke, T., Sanin, G., Ransmayr, G., & 

Eggers, C. (2012). Driving cessation and dementia: results of the prospective 

registry on dementia in Austria (PRODEM). PLoS one, 7(12), e52710. 

52. Dubinsky R. M., Stein A. C., & Lyons K. (2001). Practice parameter: risk of 

driving and Alzheimer’s disease (an evidenced-based review). Neurology, 54, 

2205-2211. 

53. Ott B.R., Heindel W.C., Papandonatos G.D., Festa, E.K., Davis J.D., Daiello 

L.A., & Morris J.C. (2008). A longitudinal study of drivers with Alzheimer 

disease. Neurology, 70, 1171–1178. 

54. Mauri, M., Sinforiani, E., Cuzzoni, M. G., Bono, G., & Zucchella, C. (2014). 

Driving habits in patients with dementia: a report from Alzheimer’s disease 

assessment units in northern Italy. Functional neurology, 29(2), 107. 

55. Vaughan, L., Hogan, P. E., Rapp, S. R., Dugan, E., Marottoli, R. A., Snively, B. 

M., & Sink, K. M. (2015). Driving with Mild Cognitive Impairment or Dementia: 

Cognitive Test Performance and Proxy Report of Daily Life Function in Older 

Women. Journal of the American Geriatrics Society, 63(9), 1774-1782. 

56. Barco, P. P., Baum, C. M., Ott, B. R., Ice, S., Johnson, A., Wallendorf, M., & 

Carr, D. B. (2015). Driving errors in persons with dementia. Journal of the 

American Geriatrics Society, 63(7), 1373-1380. 

57. Eby, D. W., Silverstein, N. M., Molnar, L. J., LeBlanc, D., & Adler, G. (2012). 

Driving behaviors in early stage dementia: a study using in-vehicle technology. 

Accident Analysis & Prevention, 49, 330-337. 

58. Duchek, J. M., Hunt, L., Ball, K., Buckles, V., & Morris, J. C. (1998). Attention 

and driving performance in Alzheimer's disease. The Journals of Gerontology 

Series B: Psychological Sciences and Social Sciences, 53(2), P130-P141. 

59. Iverson, D. J., Gronseth, G. S., Reger, M. A., Classen, S., Dubinsky, R. M., & 

Rizzo, M. (2010). Practice Parameter update: Evaluation and management of 



19 
 

driving risk in dementia Report of the Quality Standards Subcommittee of the 

American Academy of Neurology. Neurology, 74(16), 1316-1324. 

60. Perkinson MA, Berg-Weger ML, Carr DB et al. Driving and dementia of the 

61. Carr DB.; Ott BR, The Older Adult Driver With Cognitive Impairment “It's a Very 

Frustrating Life”, JAMA. 2010; 303(16):1632-1641.doi:10.1001/jama.2010.481  

62. Economou, A., Papageorgiou, S. G., Karageorgiou, C., & Vassilopoulos, D. 

(2007). Nonepisodic memory deficits in amnestic MCI. Cognitive and 

Behavioral Neurology, 20(2), 99-106. 

63. Frittelli, C., Borghetti, D., Iudice, G., Bonanni, E., Maestri, M., Tognoni, G., 

Pasquali, L., & Iudice, A (2009). Effects of Alzheimer’s disease and mild 

cognitive impairment on driving ability: a controlled clinical study by simulated 

driving test. International Journal of Geriatric Psychiatry, 24, 232–238. 

64. Kawano, N., Iwamoto, K., Ebe, K., Suzuki, Y., Hasegawa, J., Ukai, K., 

Umegaki, H., Iidaka, T., & Ozaki, N. (2012). Effects of mild cognitive impairment 

on driving performance in older drivers. Journal of the American Geriatrics 

Society, 60, 1379-1381. 

65. Wadley, V. G., Okonkwo, O., Crowe, M., Vance, D. E., Elgin, J. M., Ball, K. K., 

& Owsley, C. (2009). Mild cognitive impairment and everyday function: an 

investigation of driving performance. Journal of Geriatric Psychiatry and 

Neurology, 22, 87-94.  

66. Snellgrove, C. (2005). Cognitive screening for the safe driving competence of 

older people with mild cognitive impairment or early dementia. Canberra, 

Australia. Australian Transport Safety Bureau. 

67. Devlin, A., McGillivray, J., Charlton, J., Lowndes, G., & Etienne, V. (2012). 

Investigating driving behaviour of older drivers with mild cognitive impairment 

using a portable driving simulator. Accident Analysis & Prevention, 49, 300-

307. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kawano%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwamoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Suzuki%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasegawa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Ukai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Umegaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Iidaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozaki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22788402
http://www.ncbi.nlm.nih.gov/pubmed?term=Wadley%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Okonkwo%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Crowe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Vance%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Elgin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Ball%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=19196629
http://www.ncbi.nlm.nih.gov/pubmed?term=Owsley%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19196629


20 
 

68. Brown, L. B., Ott, B. R., Papandonatos, G. D., Sui, Y., Ready, R. E., & Morris, 

J. C. (2005). Prediction of on-road driving performance in patients with early 

Alzheimer’s disease. Journal of the American Geriatrics Society 53, 94-98. 

69. Grace, J., Amick, M. M., DAbreu, A., Festa, E. K., Heindel, W. C., & Ott, B. R. 

(2005). Neuropsychological deficits associated with driving performance in 

Parkinson’s and Alzheimer’s disease. Journal of the International 

Neuropsychological Society, 11, 766-75. 

70. Hunt L. A., Murphy C. F., Carr D. et al. (1997). Reliability of the Washington 

University Road Test. Archives of Neurology, 54, 707-712. 

71. Odenheimer G. L., Beaudet M., Jette A. M., et al. (1994). Performance-based 

driving evaluation of the elderly driver: safety, reliability, and validity. Journal of 

Gerontology, 49, M153-M159. 

72. Ott, B. R., Heindel, W. C., Whelihan, W. M., Caron, M. D., Piatt, A. L., & DiCarlo, 

M. A. (2003). Maze Test performance and reported driving ability in early 

dementia. Journal of Geriatric Psychiatry and Neurology, 16, 151-155. 

73. Rizzo, M., Reinach, S., McGehee, D., & Dawson, J. (1997). Simulated car 

crashes and crash predictors in drivers with Alzheimer’s disease. Archives of 

Neurology, 54, 545-551. 

74. Herrmann, N., Rapoport, M. J., Sambrook, R., Hébert, R., McCracken, P., 

Robillard, A., & Canadian Outcomes Study in Dementia (COSID) Investigators. 

(2006). Predictors of driving cessation in mild-to-moderate dementia. Canadian 

Medical Association Journal, 175(6), 591-595. 

75. Morris, J.C. (1993). Clinical Dementia rating (CDR): Current version and 

scoring rules. Neurology, 43, 2412-2414. 

76. Folstein, M.F., Folstein S.E., and McHugh P.R. (1975). "Mini-mental state". A 

practical method for grading the cognitive state of patients for the clinician. 

Journal of Psychiatric Research, 12(3): 189-198. doi:10.1016/0022-

3956(75)90026-6 



21 
 

77. Pavlou D., Papantoniou P., Papadimitriou E., Vardaki S., Yannis G., Golias J., 

Papageorgiou S.G., (2016). “Which are the effects of driver distraction and 

brain pathologies on reaction time and accident risk?” Advances in 

Transportation Studies, Special Issue 2016 Vol. 1, pp. 83-98 

78. Beratis I., Andronas N., Papadimitriou E., Kontaxopoulou D., Fragkiadaki S., 

Koros C., Bonakis A., Economou A., Papageorgiou S. G. (2015, June). The 

role of sleeping abnormalities on the driving performance of individuals with 

Mild Cognitive Impairment (MCI). 1st Congress of EAN (European Academy of 

Neurology), 20-23/06/2015, Berlin. 

79. Carter, K., Monaghan, S., O'Brien, J., Teodorczuk, A., Mosimann, U., & Taylor, 

J. P. (2015). Driving and dementia: a clinical decision pathway. International 

journal of geriatric psychiatry, 30(2), 210-216. 


