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Older adults are at risk of driving cessation as they age, which can result in negative

health outcomes including loss of independence. This study aimed to investigate

the associations of self-care health behaviors with the risk of driving cessation.

Demographics, health and driving characteristics were captured from healthcare systems

in Denver, CO, San Diego, CA, Ann Arbor, MI, Baltimore, MD and Cooperstown,

NY for 2,990 adults at baseline then followed from July 2015 to January 2021 via

in-person assessments and questionnaires. The follow-up accumulated a total of 7,348

person-years and 46 driving cessations, yielding an incidence rate of 0.63 per 100

person-years. Multivariable Cox proportional hazards regression was used to evaluate

the relationship between self-care behaviors and driving cessation, stratified by gender,

and accounting for multiple failure events and clustering by study site. Ability to participate

in social roles and activities was associated with an 8% reduction in the risk of driving

cessation [adjusted hazard ratio (HR): 0.92; 95% CI: 0.89, 0.94]. Increased participation

in social activities and relationships is associated with driving longevity in older adults and

should be targeted for interventions to maintain driving mobility.

Keywords: health behavior, older adult, self-care, driving cessation, physical activity, sleep,

community engagement

INTRODUCTION

The majority of older adults start on a downward spiral toward driving cessation due to physical
and cognitive declines (1). Self-care behaviors identified to slow these physical and cognitive
declines, include: physical exercise, sleep hygiene, financial fitness, social interaction, and healthy
relationships (2, 3). Low levels of physical activity and exercise are related to driving cessation
(4). Sleep disturbances are associated with a decrease in annual mileage driven (5). Low levels
of community engagement have been associated with driving cessation, yet the directionality of
this relationship remains unclear (4). Self-care behaviors are modifiable by behavior change thus
are important to investigate further for their effects on driving cessation. Using longitudinal data
from a multisite prospective cohort of 2,990 older drivers, we assessed the associations of baseline
self-care behaviors (physical activity, community engagement, and sleep) with driving cessation.
We hypothesized that healthy self-care behaviors can contribute to driving longevity over time
and that there is a differential risk decrease depending on the self-care behavior. More specifically,
we anticipated that physical activity would have the strongest effect, followed by community
engagement and sleep health.
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METHODS

Study Design
The study design and methods for the LongROAD study are
described in detail elsewhere (6). LongROAD consists of five US
clinical sites with each site enrolling roughly 600 participants,
with a total enrollment of 2,990 active drivers aged 65–79 at
baseline. Enrollment began on July 6, 2015 and it was completed
March 31, 2017. This study involved an analysis of data from
baseline through the second anniversary. Driving cessation data
were current as of 1/20/2021.

Measures
Self-Care Behaviors
Three self-care behaviors were included: (1) social roles and
activities to capture community engagement, (2) physical
activity, and (3) sleep disturbance to capture sleep hygiene.

Social Health
We used the PROMIS R© v2.0—Ability to Participate in Social
Roles and Activities Short-Form (SF) 4a (a higher T-score reflects
better and a lower T-score reflects worse) as the measure of
community engagement.

Sleep Disturbance
Wemeasured sleep disturbance using the PROMIS R© v1.0—Sleep
Disturbance SF 4a measure which, when compared with two
legacy measures, Epworth Sleepiness Scale and the Pittsburgh
Sleep Quality Index, was found to be precise and efficient (7).

Physical Activity
Our assessment of physical activity was adapted from the
Modified Minnesota Leisure Time Activities Questionnaire
(MLTA) (8). If subjects were in the lowest quintile by gender for
kilocalorie expenditure per week as reported by six questions on
the Minnesota Leisure Time Activities (MLTA) Questionnaire,
then they were considered low physical activity (8).

Driving Cessation
Information regarding driving cessation were collected during
follow-up telephone interviews 1–3 months after GPS data
transmission from the DataLogger has ceased. The Driving
Habits Questionnaire (DHQ), Oregon Older Driver survey,
Candrive, and Advanced Driving Decisions and Patterns of
Travel (ADDAPT) Questionnaire were adapted for our driving
cessation survey (9). If a specific date of cessation was not
available, date of cessation was considered the date on which the
interview was conducted.

Demographics and Covariates
Besides considering demographics, two important potentially
modifiable factors that are known to be associated with driving
cessation, vision and cognition, were included. Self-reported
vision was categorized as poor to good, very good, and excellent.
Episodic and working memory was determined by Immediate
and Delayed Word Recall (10). Correct word recall scores of 0–
10 were considered impaired cognitive performance, and scores
of 11–20 were considered unimpaired.

TABLE 1 | Adjusted hazard ratio of self-care behaviors with time to driving

cessation with 95% confidence interval.

Adjusted*

Physical activity 1.20 (0.67, 2.15)

Sleep disturbance 0.99 (0.95, 1.02)

Ability to participate in social roles and activities 0.92 (0.89, 0.94)

*Adjusted for baseline age, marital status, vision, and cognitive health, stratified by gender,

and clustered by site. Total N = 2,744 and 6,736.27 person-years.

Statistical Analysis
The primary goal of this analysis was a time-to-event analysis
of the three self-care health behaviors on driving cessation. We
assessed the proportional hazards (PH) assumption and if it was
violated, then we conducted a stratified Cox model. We used the
Efron method for tied events. Because it is possible for subjects
to cease driving, then resume driving, and cease again, we first
checked the failure data to see if this occurred. For this study, the
self-care behaviors and covariate measures were assessed only at
baseline as time-invariant predictors.

All statistical investigations and analyses were conducted
using Stata SE version 16.1 (StataCorp. 2019. College Station,
Texas: StataCorp LLC).

RESULTS

Themean scores for self-reported participation in social roles and
sleep disturbance were 57.5, and 45.5, respectively, and 29% of
respondents were considered low physical activity. As of January
20, 2021, the most recent date for which data were available,
46 subjects had ceased driving. Examination of cessation data
showed that all subjects ceased and did not resume driving except
for one, who ceased driving temporarily then resumed, but did
not have a subsequent cessation event. The analysis accounted
for the potential for multiple failures and subsequent resumption
of at-risk person-time. The follow-up (N = 2,774) accumulated a
total of 7,348 person-years, yielding an incidence rate of 0.63 per
100 person-years.

We conducted stratified Cox models to account for non-
proportionality by gender. Education was dropped using the
change-in-estimate method. The final stratified Cox model (N
= 2,687) contained physical activity, participation in social
activities, and sleep disturbance adjusted for our baseline
demographics and covariates including age, marital status,
cognition, and vision, accounting for error clustering by study
site (Table 1).

The adjusted hazard ratios (HRs) of driving cessation were
1.20 (95% CI: 0.67, 2.15) for physical activity, 0.99 (95% CI: 0.95,
1.02) for sleep disturbance, and 0.92 (95% CI: 0.89, 0.94) for the
PROMIS R© measure Ability to Participate in Social Roles and
Activities (a higher score on the scale represents greater social
participation ability). Therefore, every 1-unit increase (or 1/10th
of a standard deviation on a T-score metric) in self-rated ability
to participate in social roles and activities was associated with an
8% reduction in the risk of driving cessation.
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DISCUSSION

Initially, it had been hypothesized that of the three self-care
behaviors measured, physical activity would be the main effect
driving the association (4). However, participation in social roles
and activities suggested a modest protective effect on driving
cessation after adjusting for other self-care health behaviors and
covariates. In other words, greater community engagement can
result in better health driving outcomes for aging drivers. This
finding is particularly salient in light of the ongoing COVID-19
pandemic. Among older adults in the US, considered one of the
most vulnerable groups to the new disease, loss of community
engagement due to public health containment measures may
be associated with a subsequent loss of independence through
driving (11).

Others in the literature report on the role that social
participation plays on driving cessation. Prior to driving and after
cessation social engagement declines (12). Older drivers who are
socially active and provide rides to activities to family and friends
avoid driving cessation longer (13–15). A strength of this study
is measuring social roles and activities with a precise PROMIS
measure compared to Pachana et al. (16) who measured social
engagement as a dichotomous variable (17).

The number of participants who stopped driving over the
3-year period may be low at 46 of the 2,687 included in the
final analysis. Self-reported reasons for driving cessation were
not taken into account. Self-care health behaviors and all other
covariates were assessed only at baseline. It is possible that self-
care behaviors may be time-variant. We limited the number of
modifiable and other covariates we controlled for to focus on the
self-care behaviors and non-modifiable demographics.

The chosen behaviors were selected because they are
modifiable on the individual level, at least to a certain extent.
If the evidence presented here is confirmed, interventions may
include targeted outreach campaigns for older adults to keep
them engaged in the community in meaningful ways.

PUBLIC HEALTH IMPLICATIONS

An increased ability to participate in social roles and activities
was moderately associated with a reduction in cessation risk
adjusting for other self-care health behaviors and covariates.
Further research is needed in this area to better understand
these associations, and how interventions can be applied

to support aging drivers and reduce the negative effects of
driving cessation.
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