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ABSTRACT

Objectives To examine the relationship of driving status
and frailty with disability in older adults.

Design A prospective study.

Setting and participants The study included 8533
participants (mean age: 72.0+6.1 years (range: 60-98
years), women: 54.1%) in a community setting.
Measures Driving status and frailty were assessed

at baseline. The clinical definition of frailty was used
according to the Japanese Cardiovascular Health Study
index. Disability was prospectively determined using a
record of Japanese long-term care insurance (LTCI).
Results During the follow-up period (mean duration: 23.5
months), 58 (0.7%) participants were regarded as moving
out of the city, 80 (0.9%) participants had died and 311
(3.6%) participants were certified by LTCI. The proportion
of disability was 1.3% among the not-frail group and 5.3%
among the frail group. The proportion of disability was
2.5% in participants who were currently driving and 7.5%
in those not driving. Based on frailty status and driving,
participants were further classified into four groups: not
frail and currently driving (n=2945), not frail and not
driving (n=642), frail and currently driving (n=3598) and
frail and not driving (n=1348). Compared with older adults
who are not frail and driving, the combined status of frail
and not driving (adjusted HR: 2.28; 95% Cl: 1.47 to0 3.52)
and frail and driving (HR: 1.91; 95% Cl: 1.30-2.81) were
risk factors for disability.

Conclusions Not driving and frail were associated with a
risk of disability in community-dwelling older adults.

INTRODUCTION
Extending healthy life expectancy and dimin-
ishing the duration of life with disability
help to decrease health burdens on society."
Frailty is regarded as a prodromal stage
of disability and has a high risk of adverse
health outcomes, including disability. Frailty
is a reversible status; someone’s health could
become robust again.® Although frailty is
a complex age-related clinical condition,
adequate assessment of risk and preventive
actions could help providers disrupt the
progression from frail to disabled.”

Driving is a critical resource in supporting
an active lifestyle in older adults. In fact,
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Strengths and limitations of this study

» This is a large population study including over 8000

older adults.

Frailty was defined by the Japanese CHS index.

Incident disability was followed over time using data

from long-term care insurance.

» The primary limitation was the short follow-up
duration.

» Baseline data were collected from health checkups
that had a selection bias.

vy

driving cessation increases the risk of
disability.* > However, whether the combined
condition of not driving and being frail
also elevates the risk of disability is unclear.
More older adults are driving cars, but they
are also having more accidents, especially in
super-aged societies like Japan.® Adequate
evaluation of driving ability is required, but
driving cessation with insufficient cause can
potentially increase disability. Thus, our study
aimed to elucidate how frailty and driving
status affect disability risks.

METHODS

Participants

Participants in this study were from the
National Center for Geriatrics and Geron-
tology—Study of Geriatric Syndromes,7
which aims to establish a screening system for
geriatric syndromes and validate evidence-
based interventions for preventing these
syndromes. Participants were collected from
surveys conducted in 2015-2017; 9701 indi-
viduals aged 60 years or over were eligible.
The survey was regarded as the baseline
and prospectively collected data were used
for a follow-up duration of approximately
2years (23.5 months). Data to be certified
with long-term care insurance (LTCI) were
collected during the follow-up period. Other
variables including frailty, driving status and
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covariates were assessed at baseline. Exclusion criteria
included diagnoses of dementia, stroke and Parkin-
son’s disease; being unable to independently perform
basic activities of daily living; being certified with LTCI
in Japan before the survey; and having missing values
for analysis. All participants provided written informed
consent.

Frailty

The definition of frailty used in this study was the Japanese
CHS (J-CHS) index*" according to CHS index criteria.”
The components of frailty in the J-CHS index are the same
as those in the original CHS index: shrinking (weight
loss), weakness, poor endurance (exhaustion), slowness
and low activity. Weight loss was collected by a question
from the Kihon Checklist'' with the question ‘Have you
lost 2kg or more in the past 6months?” A ‘yes’ answer
indicated that participants had experienced weight loss.
The Kihon Checklist is a self-administered questionnaire
to identify frail older adults who are at risk of being newly
certified for LTCI in the near future consisting of 25 items
in the following categories: physical strength, nutritional
status, oral function, cognitive function, housebound-
ness and depression risk."" Weakness was defined as low
muscle strength based on grip strength, measured using
a Smedley-type handheld dynamometer (Takei, Niigata,
Japan). Sex-specific cut-offs of low muscle strength were
<26kg in men and <18kg in women.®”? ¥ Exhaustion was
assessed using a question from the Kihon Checklist'": a
‘yes’” answer to the question ‘In the last 2weeks, have you
felt tired for no reason?’ indicated that participants had
exhaustion or poor endurance. Slowness was defined as
slow walking speed under normal conditions. Participants
were asked to walk on a straight 6.4m walkway on a flat
floor with their usual gait speed. Gait time was measured
over a 2.4m distance between marks at 2.0m and 4.4m
from the start of the walkway, and the mean gait speed
(m/s) was calculated. The cut-off value of slowness was
<1.0 m/s.*” Low activity level was also measured using the
questionnaire and indicated through a response of ‘no’
to both: ‘Do you engage in moderate levels of physical
exercise or sports aimed at health?” and ‘Do you engage
in low levels of physical exercise aimed at health?*? Based
on the values of these five components (weight loss, weak-
ness, exhaustion, slowness and low activity), our study
assigned ‘frail’ to values of 1 and over, including prefrailty
(1-2) and frailty (3 or over).??

Driving status

The survey asked participants about their driving status.
To determine driving status, current status of driving
license (without license (never having a license), surren-
dered license, license not renewed, has license but not
driving and currently driving with license) was reviewed.
In our study, the status of currently driving with license
was regarded as currently driving, and all other statuses
were regarded as not driving.

Disability

LTCI certification in all participants was monitored
throughout the follow-up period. LTCI certifies a person
as ‘Support Level 1 or 2’ if he or she needs support for
daily activities or ‘Care Level 1, 2, 3, 4 or 5’ if they need
continuous care.”” Beneficiaries of the LTCI can use
multiple services for which they are eligible. They can use
more services than are covered if they pay all the costs
for services beyond the maximum level.”” '* In our study,
becoming disabled was defined as a new LICI certifi-
cation at any level. If we were unable to follow-up and
assess for incident disability (due to moving out of the city
and death), this was treated as censored data. We moni-
tored this information through monthly updates. We
defined the follow-up period as beginning at the time we
conducted the survey at baseline (mean follow-up dura-
tion: 23.5 months (max: 24.0 months)).

Covariates

To understand participants’ characteristics, demographic
data, medical condition and lifestyle were assessed.
Regarding demographic data, age and sex were collected.
For medical condition, participants were interviewed
about their medication use by well-trained nurses or other
medical staff and medication numbers were collected.
Cognitive function was assessed through the Mini-Mental
State Examination (MMSE)." Depressive symptoms were
assessed using the Geriatric Depression Scale (15 items
version).'® In addition, going out less frequently was
assessed by a question from the Kihon Checklist."'

Statistical analysis

Variables at baseline were compared between participants
with and without disability during the follow-up period
using an unpaired t-test or %* test. Participants were clas-
sified into four groups according to their baseline status
of driving and frailty: not frail and currently driving, not
frail and not driving, frail and currently driving, and frail
and not driving.

Variables at baseline were compared between partici-
pants with and without disability during the follow-up
period using an unpaired t-test or ) test. Participants
were classified into four groups according to their base-
line status of driving and frailty: not frail and currently
driving, not frail and not driving, frail and currently
driving, and frail and not driving.

To examine the association of frailty and driving status
with the risk of disability, Kaplan-Meier survival risk assess-
ments were used to plot cumulative survival function, and
the results for each group were compared using log-rank
tests. The objective variable was set as incident disability,
and the explanatory variable was four groups based on
frailty status and driving. In addition, Cox proportional
hazards regression models were used to test the asso-
ciation. For incident disability, HRs of the frail group
compared with the notfrail group and the not-driving
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Figure 1 Proportion of disability between frailty and driving
statuses. The definition of frail for classification into groups
was prefrailty or frailty.

group compared with the driving group were set respec-
tively between models as well as in the same model. Four
groups were also set as the explanatory variable, with the
notfrail and currently driving group as reference. These
analyses were conducted in crude and adjusted models,
including covariates. In addition, for a sensitivity analysis,
Cox proportional hazards regression analysis was also
conducted to establish a different definition of disability.
In the sensitivity analysis, disability was defined to be certi-
fied as ‘Care Level 1 or higher,” and other variables were
set in the same manner. Each model in the Cox propor-
tional hazards regression analysis calculated HR and 95%
CIs. All analyses were performed using SPSS statistics soft-
ware, V.20 (IBM). Statistical significance was set at p<0.05
in all analyses.

Table 1 Characteristics of participants with disability and
without during the follow-up period

Without With
disability disability
Variables (n=8084) (n=311) P value
Age, years 71.7 (5.9) 79.2 (6.3) <0.001
Sex (women), % 541 56.3 0.450
Medication numbers 2.7 (2.6) 3.8 (2.8) <0.001
Less frequent going 13.2 33.5 <0.001
out, %
Currently driving, % 77.8 51.8 <0.001
Status of frailty <0.001
Robust, % 43.2 15.1
Prefrailty, % 50.2 52.4
Frailty, % 6.6 32.5
Geriatric depression 2.6 (2.5) 3.8 (2.7) <0.001
score
MMSE, score 27.3 (2.4) 25.0 (3.6) <0.001

Values are means (SD) or proportions. The total number

of participants were 8533. Data in this table excluded 138
participants (58 participants were regarded as moving out and 80
participants had died).

MMSE, Mini-Mental State Examination.

Patient and public involvement
This study was conducted without patient or public
involvement.

RESULTS

From 9701 eligible participants, 8533 (mean age: 72.0+6.1
years (age range: 60-98 years), women: 54.1%) partici-
pants were matched with criteria and analysed in this
study. During the follow-up period, 58 (0.7%) participants
were regarded as moving out, 80 (0.9%) participants
died and 311 (3.6%) participants were certified by LTCI.
Participants with disability, compared with those without
disability, were older, took more medications, went out
less frequently and had higher scores on the Geriatric
Depression Scale and lower scores on MMSE (table 1,
all p<0.001). This comparison used data excluded 138
participants (58 participants were regarded as moving out
and 80 participants had died). In addition, participants
with disabilities were more likely to be frail and less likely
to be currently driving (both p<0.001).

The proportion of incident disability during the
follow-up period was dependent on the status of frailty
and driving (figure 1). The proportion of participants
with disability was 1.3% in the notrail group and 5.3%
in the frail group. The proportion of participants with
disability who were currently driving was 2.5%, and the
proportion of participants who were not driving was
7.5%. Based on their status of frailty and driving, partic-
ipants were further classified into four groups: not frail
and currently driving (n=2945), not frail and not driving
(n=642), frail and currently driving (n=3598) and frail
and not driving (n=1348). Among those four groups,
participants who were not frail and currently driving had
the lowest proportion of disability (1.2%) and partic-
ipants who were frail and not driving had the highest
proportion of disability (10.2%). Survival risk based on
log-rank test did not show a difference between partici-
pants from the notfrail and currently driving group and
the not-frail and not-driving group (p=0.077). There were
also no significant differences between participants from
the notfrail and not-driving group and from the frail
and currently driving group (p=0.051). Other intergroup
results did show differences (p<0.001). From the anal-
ysis using Cox proportional hazards regression models,
the frail group had an increased risk of disability (crude
HR: 4.15 [95%CI: 3.04 to 5.66), as did not driving (crude
HR: 3.15; 95% CI: 2.52 to 3.93). In the model that set
frailty and driving status together, similar results were
shown for frailty (HR: 3.72; 95% CI: 2.72 to 5.07) and
not driving (HR: 2.79; 95% CI: 2.23 to 3.49). In addition,
compared with the notfrail and currently driving group,
participants from the frail and currently driving group
(p=0.001), and those from the frail and not-driving group
(p<0.001), had an increased risk of incident disability
(table 2). For a sensitivity analysis, a different definition
of disability (being certified as ‘Care Level 1 or higher’)
was used. Adjusted HR for incident disability was higher
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Table 2 Association of status in frailty and driving with disability

Variables Unadjusted HR  (95% CI) P Adjusted HR (95% CI) P

Not frail and currently driving Reference

Not frail and not driving 1.77 (0.93 to 3.35) 0.081 1.09 (0.57t0 2.09) 0.802
Frail and currently driving 3.10 (2.12t04.52) <0.001 1.91 (1.30to0 2.81) 0.001
Frail and not driving 9.25 (6.35t0 13.47) <0.001 2.28 (1.47 t0 3.52) <0.001
Age 1.14 (1.12to 1.16) <0.001
Sex (reference: men) 0.89 (0.69to 1.16) 0.392
MMSE 0.89 (0.86 t0 0.92) <0.001
Medication numbers 1.03 (0.99t01.07) 0.136
Less frequently going out (reference: yes) 0.66 (0.51 t0 0.85)  0.001
Geriatric Depression Scale 1.05 (1.01t01.09) 0.018

The total number of participants was 8533. The definition of frail for group classification was prefrailty or frailty.

MMSE, Mini-Mental State Examination.

in the frail and not-driving group (HR: 1.87;95% CI: 1.06
to 3.31), and other groups (not frail and not driving; frail
and currently driving) were not significantly associated
with disability.

DISCUSSION

Our study examined the association of frailty and driving
status with the risk of disability among older adults. The
proportion of incident disability was higher among those
with a status of frail and not driving. The effects of driving
were observed among participants who were frail, while
not driving did not increase the risk of disability among
participants who were not frail. This result remained even
after adjustment with covariates.

Our study revealed that being frail was associated with a risk
of incident disability, which is in line with previous research.
Numerous studies have indicated that frailty caused disability
and other adverse health outcomes.”> When we studied data
from another section of the National Center for Geriatrics and
Gerontology - Study of Geriatric Syndromes: NCGG-SGS in
2011-2012 with a similar follow-up duration (about 2 years),
we saw a similar risk for frailty to cause disability,' although
the data in 2011-2012 did not have detailed assessments
regarding driving. Our study is in accordance with similar
studies and expands the previous evidence regarding frailty.
Driving status had been associated with a risk of disability,
particularly among frail participants. Driving a motor vehicle
has a beneficial role in maintaining life space and activities
in older adults. In fact, having a valid driving license was
associated with reduced hazard of lifespace constriction'”
and not driving increased the restriction of life-space restric-
tion.'® In addition, having a combined status of frail and not
driving created a high risk of disability compared with the
other statuses. Not driving also caused functional decline in
older adults, particularly when driving ceased. A prospective
study revealed that stopping driving or reducing the distance
driven was related to several functional declines and a decline
in instrumental activities of daily living." Furthermore, not

driving was associated with a higher risk of mortality.®’ *'

O’Connor suggested that the relationship may be explained
by health difficulties in social, physical and general health to
accompany or follow driving cessation.

Our results brought to light new ideas about the assess-
ment of driving continuity in older adults. By engaging in
several activities associated with driving, older adults may
successfully age. The current system in Japan for adults
aged 70 years or over, established by Japan’s National
Police Agency, requires individuals to attend a lecture on
driving operation, undergo vision tests, attend an on-road
lecture and be screened for cognitive function.” If they
are appropriately diagnosed as having dementia, they are
unable to renew their licenses.”” The evaluation of phys-
ical function (ie, frailty) should be considered as part of
the assessments used to renew licenses. Furthermore,
age-related changes that affect driving skill are varied and
occurred gradually. Thus, offering restricted licenses (eg,
restricting legal driving times to daylight or good weather)
should be considered before cessation. To introduce such
limited licenses may require detailed assessments in addi-
tion to the current system.

The strength of this study was that it was conducted in a
large population study with a prospective design. Our study
also has some limitations. In this study, disability was defined
as certification of LTCI. LTCI cannot systematically distin-
guish causes for the disability certification. For example,
we could not objectively differentiate between mobility and
cognitive disabilities. In addition, LTCI has several levels
(Support Level 1-2, Care Level 1-5) based on the results
of standardised assessments and a final decision from the
expert board (Nursing Care Needs Certification Board).
Characteristics of participants with disabilities are thus varied
and depend on certified levels. Further study including
more participants is required to compare the differences of
each certified level. Furthermore, the data used in our study
were derived from the NCGG-SGS database based on invita-
tional health checkups among Japanese older adults. Such
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check-ups have a selection bias in that participants may have a
higher health literacy. Therefore, the results of our study are
not easily generalisable. In addition, data in this study could
not clarify casual association between driving and disability.
Reverse causation (that functional decline with disability
affects driving cessation) is also possible. To examine reverse
causation, data regarding changes in function, incident
disability and future driving cessation should be analysed.
Next, our study used the J-CHS index to define frailty; using
other criteria to define frailty may affect the results. Finally,
detailed driving statuses (eg, frequency, driving under specific
conditions such as at night and during bad weather) could
not be considered in the analysis in this study due to limita-
tions in the data. Further studies with sufficient cohort data
and intervention studies should be conducted in the future.

In conclusion, frailty and driving status were found
to be associated with the risk of disability. Not driving
increased the risk of disability, particularly among frail
older adults. The status of driving should be considered
to assess the risk of disability.
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