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Abstract: Background: As the elderly population and the number of older drivers grow, public safety
concerns about traffic accidents involving older drivers are increasing. Approaches to reduce traffic
accidents involving older drivers without limiting their mobility are needed. This study aimed to
investigate the driving cessation (DC) rate among older Korean adults and predictors of DC based
on the comprehensive mobility framework. Method: In this cross-sectional study, data from 2970 to
10,062 older adults over 65 years old from the 2017 National Survey of Elderly People were analyzed
in April 2020. Multivariate logistic regression analyses were conducted to identify the predictors of
DC. Results: Residential area, an environmental factor, was a strong predictor of DC (Odds Ratio
(OR) 2.21, 95% Confidential Interval (CI) 1.86–2.62). Older drivers living in an area with a metro
system were 2.21 more likely to stop driving than those living in an area without a metro system.
Other demographic, financial, psychosocial, physical, and cognitive variables also predicted DC.
Conclusion: Environmental factors were strong predictors of older adults’ DC. Therefore, political
and environmental support, such as the provision of accessible public transportation, is essential to
increase the DC rate among older adults to increase public safety without decreasing their mobility.
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1. Introduction

Mobility is defined as the ability to move oneself, including by walking, driving or using
transportation from one’s home to the community [1]. A high level of mobility gives older adults
more opportunities to participate in social activity and eventually decreases isolation from society [2].
The maintenance of mobility is known to be fundamental to active aging, as it allows older adults
to continue to lead dynamic and independent lives [3]. By contrast, impaired mobility is known to
be associated with falling, decreasing of independence, being admitted to facilities, and even death
because mobility is closely linked to health status and quality of life [1]. Factors that restrict older adults’
mobility, such as driving cessation (DC) to due advanced age, have negative impacts on their health
status and reduce their quality of life [1,4].

Driving is a convenient transportation method that can be used whenever and wherever people
want to move. Driving is one of the instrumental activities of daily living [5] and seems to be a simple
skill for people. However, driving requires not only cognitive skills, such as attention, memory, problem
solving, and information processing, but also physical ability [6]. Therefore, appropriate functioning of
the brain, upper and lower extremities, and ears and eyes is required to drive a car [7]. As the elderly
population grows, the number of older drivers also increases. For the majority of older adults, cars are
the primary form of transportation and provide autonomy, flexibility and independence [8]. In America,
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there were approximately 28 million licensed drivers aged 70 and older in 2017. The number of licensed
drivers aged 70 and older increased by 58% between 1997 and 2017, and the proportion of licensed
drivers aged 70 and older will continue to increase in America in the near future [9]. In Korea, there
were 611,714 licensed drivers over 65 years old in 2018 [10]. According to statistics, approximately
80% of males and 50% of females aged 70 and over will be licensed holders in 2030 in the UK [11].
The increasing number of older drivers as well as age-related functional change and disease have
contributed to the increasing incidence of car accidents among the elderly population [4,12]. In Korea,
there were a total of 10,155 car accidents involving older drivers in 2008, but this number increased
to 30,012 in 2018 [10]. When a traffic accident involves an older driver, the possibility of a serious
or death-causing accident increases compared to that when no older driver is involved [13]. Even if
a car accident is mild, an older driver can simultaneously be the person who caused the accident
and the victim of the accident because of their physical weakness, low resilience, and high rate of
experienced complications [14,15]. Because of the risk of car accidents caused by older adults, most
countries have established strict systems to screen older adults’ ability to drive. In Japan, drivers aged
70 and older have to be screened for cognitive function and take a driving lesson and driving test
before renewing their driver’s licenses [12]. In Korea, it is recommended that drivers aged 65 and older
take an optional lesson on safe driving, while for drivers aged 75 and older, the lesson is mandatory.
As an incentive, the insurance rate is discounted for older drivers who take the safe driving lesson
in Korea [16].

When we consider public safety related to car accidents caused by older adult driving, we should also
consider the individual mobility of older adults because driving is also a primary form of transportation
for this population as it is for other age groups [17]. If driving by older driver was restricted for public
safety, their mobility would also be restricted by imposed DC and their independence and quality of life
would be affected by restricted mobility. There is no evidence showing advanced age as the common
reason to stop driving. Moreover, it is debatable whether older drivers are more unsafe than young
drivers. One study reported no significant difference in the rate of accidents between age groups [18].
Other studies reported that older drivers drove more safely than younger drivers, and another study
indicated that older drivers with medical conditions relevant to driving were safer drivers than younger
drivers with medical conditions relevant to driving [19,20]. However, some studies reported a higher
rate of accidents among older drivers than among drivers from other age groups [10,12]. Therefore, we
need to consider the reasonable criteria that will prohibit high risk driving besides age, because driving
restrictions due to advanced age that do not consider alternative transportation methods could restrict
the mobility of older adults. A study also suggested that older adults’ independence and quality of life
related to driving should be equally considered alongside public safety concerning car accidents caused
by older drivers [6].

A comprehensive model of mobility in older adults identifies five factors that affect mobility:
cognitive, psychosocial, physical, environmental, and financial factors. It is widely known that
cognitive, psychosocial, and physical factors, such as having dementia, depression or a fear of falling, or
visual impairment, influence mobility [1]. This comprehensive model also explains that environmental
or financial factors, such as where individuals live and their financial status, are also determinants
of mobility [1,21]. Access to public transportation is a good example of an environmental factor.
Korea has metro systems in six cities, one of which is the Seoul metro system. Korean older adults
prefer using the metro over the bus because the metro is clean and comfortable, a proper temperature
and indoor environment are maintained in the metro and free metro rides are provided as social
support [22]. As an environmental factor, the free metro ride program is a form of political support of
the mobility of older adults in Korea. The program was started in 1980 by the Welfare of the Aged
Act No. 25 and offers free rides for older adults aged over 65 years old, children under six years
old, and disabled individuals. All six cities with metro systems implement the free ride program for
older adults [23]. In Korea, 434,863 older adults aged over 65 used subways without paying a fare in
2018 [24]. Programs that make the use public transportation convenient for older adults can increase
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the number of older adults who use public transportation instead of driving a car and will eventually
contribute to decreasing the car accident rate and increasing the mobility of older adults.

Therefore, the current study aims to examine the proportion of older adults who have stopped
driving, investigate the relationships between DC and related factors (e.g., cognitive, psychosocial,
physical, environmental, and financial factors), and identify the predictors of DC in community-residing
older adults based on a comprehensive mobility framework [1].

2. Materials and Methods

2.1. Participants

We analyzed data from the 2017 National Survey of Elderly People in this cross-sectional
study. The data from the 2017 National Survey of Elderly People were collected by stratified
two-stage cluster sampling based on the number of older people included in the 2015 Census in
Korea [25]. After the approval of the Korea Institute for Health and Social Affairs (KIHASA), the raw
data were provided without any personally identifiable information. The Institutional Review
Board of the Gangneung-Wonju National University approved the waiver of consent for this study
(GWNUIRB-R2020-17). The data of 2970 of 10,062 older adults aged over 65 years were analyzed
in this study after the data of 7092 adults who answered that they had never driven in their lives
were excluded.

2.2. Measurements

2.2.1. Driving Status

The driving status was classified among the older adults who had driving experience during their
lifetime. The data for participants who had never driven in their lives were excluded. Driving status
was measured by the item “Are you driving currently?”. Participants were required to choose from
the following options: “Currently driving” and “Have driven but not currently driving”. A response
of “Currently driving” was classified as “Driving”, and a response of “Have driven but not currently
driving” was classified as “DC”.

2.2.2. Demographic Factors

Age, gender, and level of education were measured as demographic factors related to driving.

2.2.3. Financial Factor

Perceived financial status was measured as the financial factor. The response options for perceived
financial status were “Good” and “Poor”.

2.2.4. Psychosocial Factors

The psychosocial factors included items regarding depression and perceived social activity.
Depression was measured by the Korean version of the Geriatric Depression Scale Short Form (SGDS).
The SGDS consists of 15 items, which are scored on a scale ranging from 0 to 15. Higher scores indicate
more depressive symptoms [26]. Social activity was assessed with the following question: “Have you
participated in social groups in the past year?”. The possible answers were “Yes” and “No”.

2.2.5. Environmental Factor

For the environmental factor, whether the residential area where participants lived had a metro
system was assessed. Residential area was classified as either “Living in an area with a metro system”
or “Living in an area without a metro system”.
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2.2.6. Physical Factors

The physical factors included perceived health, disease diagnosis (e.g., cataract, glaucoma or
stroke), and lower and upper extremity function. Visual and hearing discomfort were classified
as answers to the following questions: “Is there any discomfort of vision or hearing in daily life?”.
A response to the question of “not uncomfortable” was classified as “no discomfort”, and responses
of “uncomfortable” and “very uncomfortable” were classified as “with discomfort”. To assess lower
extremity function, participants were asked whether they could perform a variety of tasks, such as
sitting and standing up from a chair and climbing 10 stairs without rest, five times. To assess upper
extremity function, participants were asked whether they could perform a task such as lifting or moving
an object of 8 kg. The answers were categorized as “Able to perform” and “Not able to perform”.

2.2.7. Cognitive Function

In the present study, cognitive function was measured by the Korean version of the Mini Mental
Status Examination for Dementia Screening (MMSE-DS) [27]. The MMSE-DS consists of 19 items,
and the score ranges from 0 to 30. Lower scores indicate lower cognitive function.

2.3. Data Analysis

Data were analyzed using SPSS statistical software version 21.0 (IBM, Armonk, NY, USA).
The general characteristics of participants and differences in variables between the DC group
and the driving group were identified using the chi-square test or independent t-test. Univariate
logistic regression analyses were used to identify the association between driving and DC. Only
significant variables identified in the univariate logistic regression were entered in the multivariate
logistic regression analysis (entered backward method). Multivariate logistic regression analyses
were conducted to identify the predictors of DC. Correlation and multicollinearity between variables
were confirmed by the tolerance and variance inflation factor (VIF). The predictors were estimated as
an odds ratio (OR) and 95% confidence interval (CI). The statistical significance was set at the level of
p-value < 0.05.

3. Results

3.1. General Characteristics of the Subjects and Differences in Variables between the DC Group
and Driving Group

The general characteristics of the subjects and differences in the variables between the DC group
and the driving group are summarized in Table 1. The age of all participants ranged from 65 to 91
years. The mean age of the participants who belonged to the DC group was 73.88 ± 6.13, and 1050
(35.4%) of 2970 had currently stopped driving.

3.2. Univariate Logistic Regression of DC

The results of univariate logistic regression of DC are shown in Table 2. In this study, six types of
factors, including demographic, financial, psychosocial, environmental, physical, and cognitive factors,
were classified based on the comprehensive mobility model. Most of the variables were significantly
related to DC, except for education level (p = 0.147), visual discomfort (p = 0.974), and hearing
discomfort (p = 0.637).

3.3. Multivariate Logistic Regression of DC

Multivariate logistic regression was performed to identify predictors of DC. Variables significantly
associated with DC in the univariate analyses were entered into the regression model. The results are
shown in Table 3 and Figure 1. Residential area, as an environmental factor, was a predictor of DC,
with an odds ratio (OR) of 2.21 (95% confidential interval (CI) 1.86–2.62), indicating that subjects living
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in a city with a metro system were 2.21 more likely than subjects living in a city without a metro system
to stop driving. In terms of demographic factors, older subjects (OR 1.14, 95% CI 1.12–1.16) and male
subjects (OR 0.39, 95% CI 0.31–0.50) were observed to be a predictor of DC. In terms of financial factors,
subjects with poor perceived financial status (OR 1.34, 95% CI 1.11–1.61) were more likely to stop
driving than those with good perceived financial status. Regarding psychosocial factors, depression
(OR 1.09, 95% CI 1.07–1.12) and a lack of participation in social activities (OR 1.66, 95% CI 1.38–2.00)
were observed to be predictors of DC. Regarding physical factors, stroke (OR 1.51, 95% CI 1.09–2.09)
and perceived difficulty climbing stairs (OR 1.56, 95% CI 1.26–1.93) were predictors of DC. In terms of
cognitive factors, the MMSE-DS score (OR 0.92, 95% CI 0.89–0.96) was observed to be a predictor of DC.

Table 1. General characteristics of the subjects and differences in variables between the driving cessation
group and driving group (N = 2970).

Characteristics Variable
Driving (n = 1920, 64.6%) Driving Cessation (n = 1050, 35.4%)

t or x2 (p)
n (%) or Mean ± SD n (%) or Mean ± SD

Demographic Age (year) 70.23 ± 4.45 73.88 ± 6.13 −17.02 (<0.001)
factor Gender

Female 244 (12.7) 200 (19.0) 21.35 (<0.001)
Male 1676 (87.3) 850 (81.0)

Education (year) 4.57 ± 1.39 4.48 ± 1.41 1.66 (0.097)
Financial Perceived financial state

factor Good 859 (44.7) 332 (31.6) 8.91 (<0.001)
Poor 1061 (55.3) 718 (68.4)

Psychological Depression (score) 2.22 ± 3.08 4.25 ± 4.32 −13.47 (<0.001)
factor Social activities

Yes 1414 (73.6) 540 (51.4) 149.57 (<0.001)
No 506 (26.4) 510 (48.6)

Environmental Residential area

factor Living in city with
metro system 664 (34.6) 540 (51.4) 79.71 (<0.001)

Living in city
without metro

system
1256 (65.4) 510 (48.6)

Physical Perceived health
factor Good 1123 (58.5) 415 (39.5) 97.79 (<0.001)

Poor 797 (41.5) 635 (60.5)
Visual discomfort

Yes 665 (34.6) 358 (34.1) 0.10 (0.753)
No 1255 (65.4) 692 (65.9)

Hearing discomfort
Yes 332 (17.3) 189 (18.0) 0.22 (0.650)
No 1588 (82.7) 861 (82.0)

Stroke
Yes 101 (5.3) 116 (11.0) 33.48 (<0.001)
No 1819 (94.7) 934 (89.0)

Lower extremity
function

Sit and stand up
Able to perform 1836 (95.6) 883 (84.1) 116.63 (<0.001)

Not able to perform 84 (4.4) 167 (15.9)
Climbing stairs
Able to perform 1651 (86.0) 685 (65.3) 173.69 (<0.001)

Not able to perform 269 (14.0) 365 (34.7)
Upper extremity

function
Lifting or moving objects (8 kg)

Able to perform 1796 (93.5) 859 (81.8) 98.54 (<0.001)
Not able to perform 124 (6.5) 191 (18.2)

Cognitive
factor MMSE-DS (score) 27.37 ± 2.30 26.44 ± 2.97 8.83 (<0.001)

SD: standard deviation; MMSE-DS: Mini Mental Status Examination for Dementia Screening.
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Table 2. Univariate logistic regression models for driving cessation (N = 2970).

Characteristics Variable OR
95% CI p

Upper Lower

Demographic
factor Age (year) 1.14 1.12 1.15 <0.001

Gender
Female 0.62 0.51 0.76 <0.001

Male (ref.)
Education (year) 0.99 0.97 1.01 0.147

Financial
factor Perceived financial status

Good (ref.)
Poor 1.75 1.50 2.05 <0.001

Psychosocial
factor Depression 1.16 1.13 1.18 <0.001

Social activities
Yes (ref.)

No 2.64 2.26 3.09 <0.001
Environmental Residential area

factor With metro system 2.04 1.72 2.34 <.001
Without metro system (ref.)

Physical
factor Perceived health

Good (ref.)
Poor 2.16 1.85 2.52 <0.001

Visual discomfort
Yes 0.97 0.83 1.14 0.974

No (ref.)
Hearing discomfort

Yes 1.05 0.86 1.28 0.637
No (ref.)
Stroke

Yes 2.23 1.69 2.95 <0.001
No (ref.)

Lower extremity function
Sit to stand

Able to perform (ref.)
Not able to perform 4.14 3.15 5.45 <0.001

Climbing stairs
Able to perform (ref.)
Not able to perform 3.26 2.72 3.91 <0.001

Upper extremity function
Lifting or moving objects (8 kg)

Able to perform (ref.)
Not able to perform 3.23 2.54 4.11 <0.001

Cognitive
factor MMSE-DS (score) 0.87 0.85 0.90 <0.001

ref: reference; OR: odds ratio: CI: confidential interval; MMSE-DS: Mini Mental Status Examination for
Dementia Screening.
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Table 3. Multivariate logistic regression models for driving cessation (N = 2970).

Characteristics Variable OR
95% CI p

Upper Lower

Demographic
factor Age 1.14 1.12 1.16 <0.001

Gender
Female (ref.)

Male 0.39 0.31 0.50 <0.001
Financial

factor Perceived financial state

Good (ref.)
Poor 1.34 1.11 1.61 0.003

Psychological
factor Depression 1.09 1.07 1.12 <0.001

Social activities
Yes (ref.)

No 1.66 1.38 2.00 <0.001
Environmental

factor Residential area

With metro system 2.21 1.86 2.62 <0.001
Without metro system (ref.)

Physical
factor Stroke

Yes 1.51 1.09 2.09 0.012
No (ref.)

Lower extremity function
Climbing stairs

Able to perform (ref.)
Not able to perform 1.56 1.26 1.93 <0.001

Cognitive
factor MMSE-DS (score) 0.92 0.89 0.96 <0.001

Constant <.001 <0.001

Hosmer–Lemeshow test: x2 = 11.23, df = 8, p = 0.189
Model summary: Nagelkerke R2 = 0.293

ref: reference; OR: odds ratio; CI: confidential interval; MMSE-DS: Mini Mental Status Examination for
Dementia Screening.

Figure 1. Factors of driving cessation based on a comprehensive mobility framework in this study.
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4. Discussion

In this study, we determined that variables belonging to the demographic, financial, psychosocial,
environmental, physical, and cognitive domains were predictors of DC based on the comprehensive
mobility model. Participants’ average age was older in the DC group than in the driving group,
and approximately 35% of participants aged 65 years and older had stopped driving in this study.
In a study of 2932 Japanese elderly participants, 157 decided not to renew their driving license.
Advanced age and female sex were determining factors of DC [28]. In a study of 5206 Australian
elderly participants, the average of age was older in the non-driving group than the driving group,
and 28.2% of males stopped driving [29]. Although the statistics were not directly compared with
this study, like in the present study, these previous studies provide evidence that older drivers are
concerned about driving.

In terms of environmental factors, a residential area with a metro systems was identified to be
a strong predictor of DC. This result is consistent with previous studies [21,30]. Previous studies
reported that living closer to public transit stops made older adults less likely to drive [30] and that older
adults with limited access to alternative transportation were likely to use their personal vehicles [21].
In Japan, a high accessibility and convenience of public transportation impact on decision of DC has
been reported among elderly adults [28]. The metro is a popular form of transportation for older adults
in Korea. In particular, the free ride program for senior citizens aged 65 or older in Korea makes them
likely to choose alternative transportation instead of personnel driving. In this study, older adults
living in six residential areas with metros may have easily chosen to stop driving because of the high
accessibility, convenience, and low cost of public transportation [31,32]. One study reported that older
drivers in rural areas were driving longer than those in urban areas because of limited transportation
support [33]. This study indicated that environmental factors could contribute to DC for older adults.

Regarding demographic factors, age and gender were predictors of DC. These variables were
found to be predictors of DC in previous studies [34,35]. Older adults of advanced age were more
likely to stop driving. Deterioration related to aging with respect to physical and cognitive function,
such as reaction rate delay or cognitive decline [36], may have influenced the decision to stop driving.
In terms of gender, female older adults were more likely to stop driving. This result reflects a greater
difficulty for men compared with women to stop driving due to their role as the principle driver in
households [33].

Subjects with poor perceived financial status were more likely to stop driving than those with good
perceived financial status. Income and driving were previously found to be positively correlated [37],
and fuel prices were negatively associated with driving [21]. In other words, high fuel prices may
cause older adults to drive less [21], and the high cost of maintenance associated with driving may
lead to DC in the elderly population [37].

Among psychosocial factors, depression and social activity were identified as predictors of DC.
A previous study that aimed to confirm the significant factors associated with DC in older Malaysian
adults reported that depression was significantly associated with DC [38]. Another study reported that
depression was related to social connections and that elderly people with depression who had fewer
social connections were likely to stop driving. Furthermore, depression exacerbated by DC could cause
self-restricted mobility and social isolation and could ultimately affect the mobility and quality of life
of older adults [1,39,40]. Therefore, it should be considered that efforts for DC that do not provide
suggestions regarding alternative transportation or the improvement of mobility after DC could lead
to other issues, such as social isolation and decreased quality of life among older adults.

Among physical factors, stroke and lower extremity function were identified as predictors of DC.
Stroke, as a neurologic problem, leads to decreases in visual field, attention and information processing
speed and physical function, eventually causing stroke survivors to reduce or cease driving [41,42].
The results showed that older adults who had difficulty climbing stairs as an indicator of lower extremity
function were 1.50 times more likely to stop driving. Changes in muscle strength and flexibility affect
changes in muscle length of the lower extremity musculature [43] and lead to a decrease in lower
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extremity function, eventually increasing the DC rate [44]. Therefore, the assessment of physical
function, such as lower extremity function, is required to determine the need for DC. However, in
terms of stroke survivors, one study reported that 66.1% of patients with stroke returned to driving
within one year after the stroke [42]. Another study reported that a continuous exercise rehabilitation
program allowed stroke patients to recover their extremity function and driving ability [45]. Therefore,
based on a screening test, if older adults have physical function that is suitable for driving or if their
physical function can be improved through rehabilitation, information and education on rehabilitation
should be provided to maintain or increase their mobility. Periodic assessments of physical function
and medical check-ups should be performed for people who have the possibility to recover their
physical function through rehabilitation. However, if it is not possible for older adults to increase their
function or achieve proper function to drive, DC is strongly suggested for public safety. Based on this
result, physical factors such as stroke and lower extremity function were identified as predictors of
DC. Although the current study did not identify vision or hearing discomfort as predictors of DC,
other studies have indicated that these sensory functions are very important for driving [17,34,41].
Therefore, further study to identify the influence of sensory function is required.

Visual and hearing discomfort were excluded from the predictor in univariate and multivariate
analysis. This result is inconsistent with a previous study showing that vision is a potentially
important predictor of DC [35]. The present study represents a second data analysis, and vision
and hearing functions as predictors of DC were only measured by subjective conditions, such as
visual and hearing discomfort. Therefore, we suggest that further study should include objective or
quantitative measurements of these variables.

The results show that with every one-point increase in the cognitive function score, the likelihood
of DC decreased by 0.92 times. This result is consistent with a previous study showing that cognitive
impairment was a strong predictor of DC [34]. In this study, cognitive function was evaluated
by the MMSE-DS score, but several studies have reported that evaluation by the MMSE score has
limitations for predicting DC [12,46]. Kosuge and colleagues suggested that a reduction in cognitive
processing speed is the strongest predictor of DC rather than the MMSE score [12]. Another study
reported that flanker task scores, selective attention, and inhibitory ability are stronger DC predictors
than the MMSE score [46]. Regardless of the measurement used to evaluate cognition, cognitive
function was identified as an important predictor of DC based on the results and previous studies.
Therefore, it is necessary to assess or manage cognitive function related to driving.

In this study, each factor in the comprehensive mobility framework [1] was identified as a predictor
of DC. Driving seems to be a simple skill, but it requires various and complex functions and abilities.
Therefore, comprehensive demographic, financial, psychosocial, environmental, physical, and cognitive
factors should be considered in the recommendation of DC for high-risk drivers. In addition,
when DC is suggested for high-risk drivers, adverse consequences associated with DC should be
identified, and multidisciplinary approaches to creating an age-friendly environment will be required
to accommodate all older adults who continue driving or stop driving.

There are several limitations of this study because it is a second data analysis using the 2017
National Survey of Elderly People. First, this study did not include various variables related to driving
ability, such as cognitive process factors (e.g., risk perception, executive function, working memory,
attention, and speed of information processing) [36]. Second, this study included subjective variables,
such as financial status or sensory problems, because driving requires not only various objective
function but also subjective driving self-confidence [47]. Therefore, further studies should include
various subjective and objective variables to predict DC in the older population.

5. Conclusions

This study identified the predictors of DC among older adults based on a comprehensive mobility
model. Demographic, financial, psychosocial, environmental, physical, and cognitive variables of
the comprehensive mobility model were identified as predictors of DC. Therefore, female, older drivers
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with an advanced age, poor financial status, decline of psychosocial and physical function, and lower
MMSE-DS score were likely to stop driving. In particular, a residential area with highly accessible
public transportation, as an environmental factor, was a strong predictor of DC. Older adults who were
living in an area with a metro system showed a high DC rate. In terms of the mobility of older adults,
maintaining mobility by driving is closely related to quality of life as well as maintaining independence.
Therefore, political or environmental support is essential to increase DC to reduce traffic accidents
involving high-risk older drivers without decreasing their mobility. In addition, it is necessary to
develop safe driving guidelines for older drivers, including a screening test for cognitive function,
taking a driving lesson, and an objective test of driving ability before renewing their driver’s licenses.
Factors identified as DC predictors in this study and additional factors, such as objective financial
factors, sensory factors, or cognitive process factors (e.g., risk perception, executive function, working
memory, attention, and speed of information processing), should be considered in the determination
of whether older adults should continue or stop driving.

Author Contributions: K.P. designed the study. S.M. analyzed the results. K.P. and S.M. reviewed related
literature and drafted the article. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by 2019 Academic Research Support Program in Gangneung Wonju
National University.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Webber, S.; Porter, M.M.; Menec, V.H. Mobility in Older Adults: A Comprehensive Framework. Gerontologist
2010, 50, 443–450. [CrossRef] [PubMed]

2. Freund, B.; Gravenstein, S.; Ferris, R.; Burke, B.L.; Shaheen, E. Drawing clocks and driving cars. J. Gen. Intern.
Med. 2005, 20, 240–244. [CrossRef] [PubMed]

3. World Health Organization. Active Ageing: A Policy Framework (No. WHO/NMH/NPH/02.8); World Health
Organization: Geneva, Switzerland, 2002; Available online: https://www.who.int/ageing/publications/active
_ageing/en/ (accessed on 23 July 2020).

4. Carr, D.B.; O’Neill, D. Mobility and safety issues in drivers with dementia. Int. Psychogeriatr. 2015, 27,
1613–1622. [CrossRef] [PubMed]

5. Dickerson, A.E.; Meuel, D.B.; Ridenour, C.D.; Cooper, K. Assessment Tools Predicting Fitness to Drive in
Older Adults: A Systematic Review. Am. J. Occup. Ther. 2014, 68, 670–680. [CrossRef] [PubMed]

6. Freund, B. Office-Based Evaluation of the Older Driver. J. Am. Geriatr. Soc. 2006, 54, 1943–1944. [CrossRef]
[PubMed]

7. Fuller, R. Towards a general theory of driver behaviour. Accid. Anal. Prev. 2005, 37, 461–472. [CrossRef]
8. Glasgow, N.; Blakely, R.M. Older Nonmetropolitan Residents’ Evaluations of Their Transportation

Arrangements. J. Appl. Gerontol. 2000, 19, 95–116. [CrossRef]
9. Insurance Institute for Highway Safety, Highway Loss Data Institute. Older Drivers. Available online:

https://www.iihs.org/topics/older-drivers (accessed on 24 July 2020).
10. Open Data Portal. Korean National Police Agency: Status of Driver’s License Holders. Available online:

https://www.data.go.kr/data/15048428/fileData.do (accessed on 24 July 2020).
11. Mitchell, C.G.B. The licensing and safety of older drivers in Britain. Accid. Anal. Prev. 2013, 50, 732–741.

[CrossRef]
12. Kosuge, R.; Okamura, K.; Kihira, M.; Nakano, Y.; Fujita, G. Predictors of driving outcomes including both

crash involvement and driving cessation in a prospective study of Japanese older drivers. Accid. Anal. Prev.
2017, 106, 131–140. [CrossRef]

13. Traffic Accident Analysis System. Traffic Accidents by Sector. Available online: http://taas.koroad.or.kr/sta/

acs/gus/selectOdsnDrverTfcacd.do?menuId=WEB_KMP_OVT_MVT_TAS_ODT (accessed on 24 July 2020).
14. Park, S.W.; Choi, E.S.; Lim, M.H.; Hwang, S.I.; Kim, E.J.; Choi, K.I.; Yoo, H.C.; Lee, K.J. Evaluation of driving

ability in older drivers. J. Korean Acad. Rehabil. Med. 2010, 34, 458–464.
15. Kim, J.R. Expert opinion survey on improvement of driver’s license management for elderly drivers. J. Driv.

Rehabil. Soc. Particip. 2018, 1, 19–29.

http://dx.doi.org/10.1093/geront/gnq013
http://www.ncbi.nlm.nih.gov/pubmed/20145017
http://dx.doi.org/10.1111/j.1525-1497.2005.40069.x
http://www.ncbi.nlm.nih.gov/pubmed/15836527
https://www.who.int/ageing/publications/active_ageing/en/
https://www.who.int/ageing/publications/active_ageing/en/
http://dx.doi.org/10.1017/S104161021500085X
http://www.ncbi.nlm.nih.gov/pubmed/26111454
http://dx.doi.org/10.5014/ajot.2014.011833
http://www.ncbi.nlm.nih.gov/pubmed/25397762
http://dx.doi.org/10.1111/j.1532-5415.2006.00966.x
http://www.ncbi.nlm.nih.gov/pubmed/17198503
http://dx.doi.org/10.1016/j.aap.2004.11.003
http://dx.doi.org/10.1177/073346480001900106
https://www.iihs.org/topics/older-drivers
https://www.data.go.kr/data/15048428/fileData.do
http://dx.doi.org/10.1016/j.aap.2012.06.027
http://dx.doi.org/10.1016/j.aap.2017.05.019
http://taas.koroad.or.kr/sta/acs/gus/selectOdsnDrverTfcacd.do?menuId=WEB_KMP_OVT_MVT_TAS_ODT
http://taas.koroad.or.kr/sta/acs/gus/selectOdsnDrverTfcacd.do?menuId=WEB_KMP_OVT_MVT_TAS_ODT


Int. J. Environ. Res. Public Health 2020, 17, 7206 11 of 12

16. Road Traffic Authority Driver’s License Examination Office. Traffic Safety Education for Elderly Drivers.
Available online: https://www.safedriving.or.kr/guide/eduSeGuide09View.do?menuCode=MN-PO-1316
(accessed on 24 July 2020).

17. Turcotte, M. Profile of seniors’ transportation habits. Can. Soc. Trends 2012, 93, 1–16.
18. Carr, D.B.; Ott, B.R. The Older Adult Driver with Cognitive Impairment. JAMA 2010, 303, 1632–1641.

[CrossRef] [PubMed]
19. Redelmeier, D.A.; Yarnell, C.J.; Thiruchelvam, D.; Tibshirani, R.J. Physicians’ Warnings for Unfit Drivers

and the Risk of Trauma from Road Crashes. N. Engl. J. Med. 2012, 367, 1228–1236. [CrossRef] [PubMed]
20. Papa, M.; Boccardi, V.; Prestano, R.; Angellotti, E.; Desiderio, M.; Marano, L.; Rizzo, M.R.; Paolisso, G.

Comorbidities and Crash Involvement among Younger and Older Drivers. PLoS ONE 2014, 9, e94564.
[CrossRef] [PubMed]

21. Sukhawathanakul, P.; Porter, M.M.; Naglie, G.; Marshall, S.; Rapoport, M.J.; Tuokko, H.; Vrkljan, B.; Gélinas, I.;
Mazer, B.; Bédard, M. The effect of fuel prices on the driving patterns of older adults. Transp. Res. Part F
Traffic Psychol. Behav. 2018, 56, 74–81. [CrossRef]

22. Kang, E.; Song, J. Analysis on the Effect of Public Transportation System on Modal Choice and Mobility of
the Elderly. J. Korea Plan. Assoc. 2018, 53, 53–71. [CrossRef]

23. Seoul Metro. Subway Fare Information. Available online: http://www.seoulmetro.co.kr/kr/page.do?menuId
x=354 (accessed on 23 July 2020).

24. Korean Statistical Information Service. Current Status by Target Group for Free Subway Use.
Available online: http://kosis.kr/statHtml/statHtml.do?tblId=DT_357001_A027&orgId=357&language=

kor&conn_path=&vw_cd=&list_id (accessed on 23 July 2020).
25. Ministry of Health and Welfare, Korea Institute for Health and Social Affairs. 2017 National Survey of

Elderly. Available online: http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ah
UKEwj54ZeXp-XqAhWLGqYKHcvOC1kQFjACegQIAxAB&url=http%3A%2F%2Fwww.mohw.go.kr%2
Freact%2Fmodules%2Fdownload.jsp%3FBOARD_ID%3D320%26CONT_SEQ%3D344953%26FILE_SEQ%
3D258972&usg=AOvVaw1KB6mTSz6O9h95fOjF8Euk (accessed on 23 July 2020).

26. Cho, M.J.; Bae, J.N.; Suh, G.H.; Hahm, B.J.; Kim, J.K.; Lee, D.W.; Kang, M.H. Validation of geriatric depression
scale, Korean version (GDS) in the assessment of DSM-III-R major depression. J. Korean Neuropsychiatr. Assoc.
1999, 38, 46–63.

27. Kim, T.H.; Jhoo, J.H.; Park, J.H.; Kim, J.L.; Ryu, S.H.; Moon, S.W.; Choo, I.H.; Lee, N.W.; Yoon, J.C.; Do, Y.J.;
et al. Korean Version of Mini Mental Status Examination for Dementia Screening and Its’ Short Form.
Psychiatry Investig. 2010, 7, 102–108. [CrossRef]

28. Ichikawa, M.; Nakahara, S.; Takahashi, H. The impact of transportation alternatives on the decision to cease
driving by older adults in Japan. Transportation 2015, 43, 443–453. [CrossRef]

29. Ross, L.A.; Anstey, K.J.; Kiely, K.M.; Windsor, T.D.; Byles, J.E.; Luszcz, M.A.; Mitchell, P. Older Drivers in
Australia: Trends in Driving Status and Cognitive and Visual Impairment. J. Am. Geriatr. Soc. 2009, 57,
1868–1873. [CrossRef] [PubMed]

30. Hess, D.B.; Norton, J.T.; Park, J.; Street, D.A. Driving decisions of older adults receiving meal delivery:
The influence of individual characteristics, the built environment, and neighborhood familiarity. Transp. Res.
Part A Policy Pract. 2016, 88, 73–85. [CrossRef]

31. Kim, E.J.; Kim, M.-Y.; Kim, H. Spatio-Temporal Trend of Aging Regions and Their Neighborhood Environment:
Findings from Daegu Metropolitan City, Korea. Sustainability 2020, 12, 1218. [CrossRef]

32. Luiu, C.; Tight, M.; Burrow, M. Factors Preventing the Use of Alternative Transport Modes to the Car in
Later Life. Sustainability 2018, 10, 1982. [CrossRef]

33. Ang, B.H.; Jennifer, O.; Chen, W.S.; Lee, S.W.H. Factors and challenges of driving reduction and cessation:
A systematic review and meta-synthesis of qualitative studies on self-regulation. J. Saf. Res. 2019, 69, 101–108.
[CrossRef]

34. Hwang, Y.; Hong, G.-R.S. Predictors of driving cessation in community-dwelling older adults: A 3-year
longitudinal study. Transp. Res. Part F Traffic Psychol. Behav. 2018, 52, 202–209. [CrossRef]

35. Vivoda, J.M.; Heeringa, S.G.; Schulz, A.J.; Grengs, J.; Connell, C.M. The Influence of the Transportation
Environment on Driving Reduction and Cessation. Gerontologist 2016, 57, 824–832. [CrossRef]

36. Miller, S.; Taylor-Piliae, R.E.; Insel, K.C. The association of physical activity, cognitive processes and automobile
driving ability in older adults: A review of the literature. Geriatr. Nurs. 2016, 37, 313–320. [CrossRef]

https://www.safedriving.or.kr/guide/eduSeGuide09View.do?menuCode=MN-PO-1316
http://dx.doi.org/10.1001/jama.2010.481
http://www.ncbi.nlm.nih.gov/pubmed/20424254
http://dx.doi.org/10.1056/NEJMsa1114310
http://www.ncbi.nlm.nih.gov/pubmed/23013074
http://dx.doi.org/10.1371/journal.pone.0094564
http://www.ncbi.nlm.nih.gov/pubmed/24722619
http://dx.doi.org/10.1016/j.trf.2018.04.007
http://dx.doi.org/10.17208/jkpa.2018.10.53.5.53
http://www.seoulmetro.co.kr/kr/page.do?menuIdx=354
http://www.seoulmetro.co.kr/kr/page.do?menuIdx=354
http://kosis.kr/statHtml/statHtml.do?tblId=DT_357001_A027&orgId=357&language=kor&conn_path=&vw_cd=&list_id
http://kosis.kr/statHtml/statHtml.do?tblId=DT_357001_A027&orgId=357&language=kor&conn_path=&vw_cd=&list_id
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj54ZeXp-XqAhWLGqYKHcvOC1kQFjACegQIAxAB&url=http%3A%2F%2Fwww.mohw.go.kr%2Freact%2Fmodules%2Fdownload.jsp%3FBOARD_ID%3D320%26CONT_SEQ%3D344953%26FILE_SEQ%3D258972&usg=AOvVaw1KB6mTSz6O9h95fOjF8Euk
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj54ZeXp-XqAhWLGqYKHcvOC1kQFjACegQIAxAB&url=http%3A%2F%2Fwww.mohw.go.kr%2Freact%2Fmodules%2Fdownload.jsp%3FBOARD_ID%3D320%26CONT_SEQ%3D344953%26FILE_SEQ%3D258972&usg=AOvVaw1KB6mTSz6O9h95fOjF8Euk
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj54ZeXp-XqAhWLGqYKHcvOC1kQFjACegQIAxAB&url=http%3A%2F%2Fwww.mohw.go.kr%2Freact%2Fmodules%2Fdownload.jsp%3FBOARD_ID%3D320%26CONT_SEQ%3D344953%26FILE_SEQ%3D258972&usg=AOvVaw1KB6mTSz6O9h95fOjF8Euk
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj54ZeXp-XqAhWLGqYKHcvOC1kQFjACegQIAxAB&url=http%3A%2F%2Fwww.mohw.go.kr%2Freact%2Fmodules%2Fdownload.jsp%3FBOARD_ID%3D320%26CONT_SEQ%3D344953%26FILE_SEQ%3D258972&usg=AOvVaw1KB6mTSz6O9h95fOjF8Euk
http://dx.doi.org/10.4306/pi.2010.7.2.102
http://dx.doi.org/10.1007/s11116-015-9583-4
http://dx.doi.org/10.1111/j.1532-5415.2009.02439.x
http://www.ncbi.nlm.nih.gov/pubmed/19694871
http://dx.doi.org/10.1016/j.tra.2016.03.011
http://dx.doi.org/10.3390/su12031218
http://dx.doi.org/10.3390/su10061982
http://dx.doi.org/10.1016/j.jsr.2019.03.007
http://dx.doi.org/10.1016/j.trf.2017.11.017
http://dx.doi.org/10.1093/geront/gnw088
http://dx.doi.org/10.1016/j.gerinurse.2016.05.004


Int. J. Environ. Res. Public Health 2020, 17, 7206 12 of 12

37. Liu, Y.; Hong, Z.; Liu, Y. Do driving restriction policies effectively motivate commuters to use public
transportation? Energy Policy 2016, 90, 253–261. [CrossRef]

38. Ang, B.H.; Sun, C.W.; Khai, N.C.; Oxley, J.; Lee, S.W.H. Significant factors for Malaysian older drivers or
riders to give up their keys. Int. J. Manag. Appl. Sci. 2017, 3, 53–58.

39. Choi, N.G.; DiNitto, D.M. Depressive Symptoms among Older Adults Who Do Not Drive: Association With
Mobility Resources and Perceived Transportation Barriers. Gerontologist 2016, 56, 432–443. [CrossRef]
[PubMed]

40. Pachana, N.A.; Jetten, J.; Gustafsson, L.; Liddle, J. To be or not to be (an older driver): Social identity theory
and driving cessation in later life. Ageing Soc. 2016, 37, 1597–1608. [CrossRef]

41. Huisingh, C.E.; McGwin, G.; Owsley, C. Association of visual sensory function and higher-order visual
processing skills with incident driving cessation. Clin. Exp. Optom. 2016, 99, 441–448. [CrossRef] [PubMed]

42. Jee, S.; Sohn, M.K.; Lee, J.Y.; Kim, D.; Lee, S.; Shin, Y.; Oh, G.; Lee, Y.; Joo, M.; Han, E.; et al. Prediction for
return to driving after the first-ever stroke in Korea: The KOSCO study. J. Rehabil. Med. 2018, 50, 800–805.
[CrossRef]

43. Reed, K.; Liu, K.; Kalu, P. An assessment of the physical factors that influence older adult driving ability.
Health 2018, 1, 10–24.

44. Mielenz, T.J.; Durbin, L.L.; Cisewski, J.A.; Guralnik, J.; Li, G. Select physical performance measures and driving
outcomes in older adults. Inj. Epidemiol. 2017, 4, 14. [CrossRef]

45. Miller, S.; Taylor-Piliae, R.E. The association between Tai Chi exercise and safe driving performance among
older adults: An observational study. J. Sport Health Sci. 2018, 7, 83–94. [CrossRef]

46. Shimada, H.; Uemura, K.; Makizako, H.; Doi, T.; Lee, S.; Suzuki, T. Performance on the flanker task predicts
driving cessation in older adults. Int. J. Geriatr. Psychiatry 2016, 31, 169–175. [CrossRef]

47. George, S.; Clark, M.; Crotty, M. Development of the Adelaide Driving Self-Efficacy Scale. Clin. Rehabil. 2007,
21, 56–61. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.enpol.2015.12.038
http://dx.doi.org/10.1093/geront/gnu116
http://www.ncbi.nlm.nih.gov/pubmed/25601389
http://dx.doi.org/10.1017/S0144686X16000507
http://dx.doi.org/10.1111/cxo.12404
http://www.ncbi.nlm.nih.gov/pubmed/27353969
http://dx.doi.org/10.2340/16501977-2373
http://dx.doi.org/10.1186/s40621-017-0110-2
http://dx.doi.org/10.1016/j.jshs.2017.01.013
http://dx.doi.org/10.1002/gps.4308
http://dx.doi.org/10.1177/0269215506071284
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Measurements 
	Driving Status 
	Demographic Factors 
	Financial Factor 
	Psychosocial Factors 
	Environmental Factor 
	Physical Factors 
	Cognitive Function 

	Data Analysis 

	Results 
	General Characteristics of the Subjects and Differences in Variables between the DC Group and Driving Group 
	Univariate Logistic Regression of DC 
	Multivariate Logistic Regression of DC 

	Discussion 
	Conclusions 
	References

