
1. Introduction

Mobility refers to the ability to move independently and auto-

nomously in one’s environment and is attributed particularly to

driving ability. Driving ability includes coordination of multiple phy-

sical and cognitive functions and is affected by aging and medical

conditions. Maintaining one’s driving ability has been acknowledged

as important for both health and quality of life,1,2 therefore, the fact

that people aged 65 years and above continue driving has been a

critical public health concern worldwide.

Recently, with the rapid expansion in the number of licensed

drivers aged 65 years and above, mild cognitive impairment (MCI),

an abnormal clinical state and a transitional phase between normal

aging and dementia, has been receiving greater attention in driving

literatures. Studies have been conducted for the purpose of predict-

ing and/or identifying the driving performance of individuals with

MCI by means of cognitive tests, driving simulator (DS), and on-road

evaluation. In DS studies with cognitive tests, individuals with MCI,

as defined by the clinical dementia rating scores of 0.5 (CDR = 0.5),

showed shorter time-to-collision (TTC), –the time to contact the pre-

ceding vehicle– compared to a cognitively normal age-matched con-

trol group. The shorter TTC was attributed to general cognitive func-

tioning (as evaluated by the Mini Mental State Examination, MMSE),

and not to a simple reaction time.3 Kawano et al. reported that indi-

viduals with amnestic MCI, as defined by the criteria of CDR = 0.5,

demonstrate poorer car-following ability compared to the control

with normal cognition; moreover, the Trail Making Test (TMT) and

Stroop task significantly predict poorer DS performance.4 Hird et al.

investigated the driving performance of different types of amnestic

MCI, diagnosed based on the National Institute on Aging-Alzhei-

mer’s Association (NIA-AA) criteria. They found that individuals with

multi-domain MCI had more stop signs misses and more center line

crossings and spent a greater amount of time out of the legal driving

lane compared to control and single-domain MCI. They also revealed

the association with useful fields of view (UFOV) processing speed

and DS errors among single-domain MCI and between TMT and DS

errors among multi-domain MCI.5 Delvin et al. reported that indi-

viduals with MCI, identified by the score of MMSE above 23 and

symptomology for MCI, did not show a statistical difference com-

pared to age-matched drivers despite the fact that individuals with

MCI had a lower score of MMSE.6 Moreover, individuals with MCI

(defined as CDR = 0.5) did not differ in DS performance compared to

a cognitively normal control despite the significant difference in the

score of cognitive tests; however, individuals with MCI who have

depression showed worse DS performance compared to those with-

out depression.7 Considering on-road driving studies, Eramudugolla

et al. classified patients with MCI, diagnosed by the Winblad crite-

ria,8 into the four MCI subtypes (amnestic single-/multi-domain MCI,

non-amnestic single-/multi-domain MCI) and then evaluated their

on-road driving performance. Results showed that irrespective of

whether they have memory impairment, the multi-domain subtype

exhibited a higher proportion of unsafe driving behavior.9 Vardaki et

al. asked individuals with amnestic MCI diagnosed by the Petersen
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criteria10 to report driving difficulties in a typical driving environ-

ment and found that they exhibited slowed response to relevant

hazards and switched attention from automatic to conscious pro-

cessing for long durations.11 Anstey et al. also found that while indi-

viduals with MCI diagnosed by the Winblad criteria8 had a signifi-

cantly lower safety rating score for on-road driving, the range of the

scores was the same as the cognitively normal control.12 Further,

studies consistently reported that individuals with MCI defined by

the Petersen criteria10 tended to overestimate their driving abili-

ties,13 moreover, the difference in driving performance in the real

environment were not at the level of frank impairments.14

In sum, as reported earlier,15 driving studies on individuals with

MCI have considerable variations in the definition/diagnosis, sub-

types, probably etiologies, and their cognitive status. It is plausible

that although driving performance of individuals with MCI may be

lower than that of cognitively normal individuals, they should not be

considered unsafe drivers simply due to the diagnosis of MCI. In this

context, we pose the question whether individuals with MCI can

benefit from driving training and whether individuals with different

subtypes and etiology of MCI respond differently to driving training.

Although the effectiveness of driving training for older driver,16

medically at-risk drivers,17 and stroke drivers18 has been systemati-

cally reviewed, to the best of our knowledge, no systematic or scop-

ing review on the effectiveness of driver training programs for indi-

viduals with MCI has been reported. The aim of this scoping review

was to synthesize the current peer-reviewed research articles on the

effectiveness of driving training in individuals with MCI.

2. Methods

We applied the scoping review framework proposed by Tricco et

al.19 This review included articles published in English till March 2,

2021 since the commencement of the four selected databases,

namely PubMed, PsycInfo, CINAHL, and Web of Science. The follow-

ing search terms were used, as appropriate, for each database: “driv-

ing” OR “drive” OR “vehicle” OR “car” OR “automobile” OR “vehicle

driving” OR “automobile driving” OR “car driving” OR “driving abil-

ity” OR “driving behavior” AND “MCI” OR “mild cognitive impair-

ment” OR “cognitive dysfunction” OR “dementia” AND “training” OR

“intervention” OR “education” OR “care” OR “program” OR “exer-

cise”.

As there is considerable variation in definition/diagnosis, sub-

types, etiologies of MCI, and cognitive test used, the present review

accepted any research articles if they defined MCI in terms of any cri-

teria, which would be optimum for comprehending a variety of stu-

dies in this fields. The inclusion criteria were studies on individuals

with clearly defined MCI who also underwent driving training. Arti-

cles were excluded if they were (i) duplicates, (ii) not research article,

that is, editorials, commentaries, books, and congress abstracts, and

if (iii) the terms MCI/mild cognitive impairment and driving were not

specified in the title, abstract, and/or full-text, and (iv) training and

related search terms, that is, intervention, education, care, program,

and exercise, were not addressed. Three authors independently

screened the citations and discrepancies were resolved through dis-

cussion. Figure 1 illustrates the review process.
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Figure 1. Illustration of review process.



3. Results

A total of 2,559 articles were identified from the database

search, of which 500 duplicates and 304 non-research articles were

removed. We further excluded 1,343 articles because they did not

meet the inclusion criteria. Three authors performed full-text eligi-

bility analysis on the remaining 412 articles, of which 409 did not

meet the inclusion criteria, the reasons for which are depicted in

Figure 1. Finally, three articles met the inclusion criteria. The refer-

ence lists of the three eligible articles were hand searched, however,

no studies on driving training for individuals with MCI were found.

Teasdale et al.20 conducted a non-randomized pre-post com-

parative study without a control group, recruited 15 patients with

normal vision and functional autonomy, who were diagnosed with

amnestic MCI (eight single-domain; seven multiple-domain) by phy-

sicians at their memory clinic by the Albert criteria.21 They also eva-

luated patients’ cognitive status in terms of general cognitive func-

tion (by means of the Montreal Cognitive Assessment), episodic

memory (by means of the Rappel libre/Rappel Indice), visuo-spatial

function (by the Rey-Osterrieth Complex Figure Test), information

processing speed (the Coding subtest in the Wechsler Adult Intel-

ligence Scale III), fluency (the Pyramids and Palm Tree Test), and

executive function (the Stroop task), confirming that all patients

showed memory dysfunction, with some having additional cognitive

decline most frequently in fluency and executive function. The etio-

logy of MCI was not described. The patients were given training

with auditory feedback by the DS, which included five simulator ses-

sions on five different days within three weeks and one session after

six months. The results showed that the error frequency of speeding,

weaving, failure to verify a blind spot, and visual search, in addition

to vehicle control at intersections with a stop sign gradually de-

creased over the initial five sessions. However, the level of improve-

ment was not maintained at the six-month recall session. Shimada et

al.22 conducted a randomized controlled study, recruiting 2,096

community-dwelling adults aged 65 years and above with normal

visual acuity at the base line; finally, 160 individuals with MCI diag-

nosed by physicians based on the Petersen criteria10 were analyzed.

The study also evaluated participants’ cognitive status in terms of

general cognitive function (MMSE), memory, attention, executive

function, and processing speed (the National Center for Geriatrics

and Gerontology Functional Assessment Tool, NCGG-FAT). They did

not describe the etiology of MCI and excluded those who had a his-

tory of dementia or Parkinson’s disease. Seventy-one individuals

with MCI were assigned to the intervention group and the remain-

der were assigned to a control group. There was no significant dif-

ference in demographic characteristics including cognitive status

between the groups. The intervention group was given a classroom

lessen, in which they underwent vision training, DS-training, and

on-road training once a week for three months. The control group

was given a classroom lesson with safety driving education only once

during the study period. They found that the intervention group

showed improvement in the safe driving skill score and a decline in

safety disconfirmations and dangerous driving in on-road driving.

Ishii et al.23 conducted a follow-up study of the study by Shimada et

al.,22 examining the long-term positive effects of driving training in

104 individuals with MCI (intervention group: 58; control group: 46).

They found that compared with the control group, the intervention

group maintained on-road driving performance at the one-year fol-

low-up without any feedback.

Addressing the research question of whether individuals with

MCI can benefit from driving training, it could be summarized that

both DS training alone and multiple driving training including vision

training, DS training, and on-road training can bring short-term posi-

tive effects, on the other hand, long-term positive effect can be

found only when multiple driving training was given. However, these

results should be interpreted with caution as the sample size was

small, and subtypes, cognitive tests used, outcome measures, data

schedules, complications, and the basic functions such as visual

acuity, auditory function, physical function varied among studies.

Furthermore, considering the research question on whether differ-

ent subtypes and etiology of MCI respond differently to driving train-

ing, this review was unable to draw a conclusion due to the lack of

analysis based on subtype and description of etiology. Table 1 sum-

marizes the contents of the three articles.

4. Discussion

The review found that individuals with MCI can benefit from

driving training, exhibiting short-term positive effects on their DS

performance with the DS training alone and long-term effects on

their on-road performance using multiple training. This suggests

that individuals with MCI have a potential to improve their driving

ability. The common manifestation of MCI is cognitive impairment

irrespective of subtype and etiology, therefore, the cognitive func-

tions required to driving, such as executive function, attention,

visuospatial function, and processing speed,23 should be targeted

during the training. The association between cognitive function and

corresponding unsafe driving performance is a contentious topic,

with some insisting the existence of an association,24 while others

do not.25 Nevertheless, it was hard to extract the specific cognitive

functions underlying specific unsafe driving performance from the

reviewed three articles due to absence of relevant analysis. Further,

several intervention approaches exist in the literature, including DS

training, on-road training, cognitive training, safety education,16,26

and applied across a variety of populations.27–29 Although multiple

driving training is expected to bring a larger improvement compared

to a single driving training,30 an optimal combination of approaches31

and a tailored training approach32 addressing affected cognitive

functions has not yet been studied in individuals with MCI. In ad-

dition, physical exercise,33 participation in social activities,34 and

education on lifestyle habits35,36 could improve cognitive functions

leading to an indirect improvement of driving ability. Future studies

are expected to bridge these gaps with overcoming following barrier.

The most concerning barrier is the heterogeneity of MCI. The clinical

manifestation of MCI is affected by etiology,37,38 subtype,5,9 and

even psychiatric symptom such as depression.7,39 Among the re-

viewed studies, Teasdale et al.20 confirmed the subtypes of subjects

and absence of depression, but Shimada et al.22 and Ishii et al.23 did

not; none of them described etiology, which means that the subjects

with MCI in these studies are not the same. To increase the cre-

dibility of results, future studies need to describe the criteria and

subtype of MCI in addition to the cognitive tests used, other medical

conditions, and etiology.

5. Limitations

The first limitation of this review is that few studies on the ef-

fectiveness of driving training for individuals with MCI has been

conducted. Therefore, the effectiveness of driving training extracted

through the charting process have low generalizability, and should

be interpreted with caution. Although speculative, one possible ex-

planation could be that given the nature of MCI, the potential par-

ticipants are functionally independent in daily life and living in the

community, leading to a lesser chance of being detected/recruited.

220 T. Sasaki et al.
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To address this, a well-designed population-based cohort study

should be conducted.

Second, we may possibly miss studies with potential cases with

MCI. Some studies on older drivers may include individuals with MCI.

Similarly, research on pre-Alzheimer’s disease, Parkinson’s disease,

stroke patients might include individuals with MCI. This limitation

may have affected the number of eligible articles and biased the re-

sults of this review.

The third limitation is about the outcome measure of the ef-

fectiveness of the training. Whether participants are safe drivers

should be measured by the number of traffic accidents involved. The

three studies did not report accidents in real traffic conditions, thus,

whether individuals with MCI who took driving training were safe

drivers remains a matter of speculation. Future research should ad-

dress this issue.

6. Conclusions

The present scoping review revealed that individuals with MCI

can benefit from driving training, with short-term positive effects on

their DS performance via the single DS training and long-term posi-

tive effects on their on-road performance through the use of multi-

ple driving training. This indicates that individuals with MCI have a

potential to improve their driving ability. The review also identified

certain issues, such as the small sample size and the variations in

subtypes, cognitive tests used, outcome measures, data schedules,

complications, and the basic functions assessed such as visual acuity,

auditory function, physical function among studies. It is suggested

that future studies should describe at least subtypes including cog-

nitive tests used.
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