Journal of Gerontology: MEDICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci
2009 Vol. 64, No. 12, 1290-1295
doi:10.1093/gerona/glp114

Published by Oxford University Press on behalf of The Gerontological Society of America 2009.
Advance Access published on August 12, 2009

Driving Cessation and Health Trajectories in Older Adults

Jerri D. Edwards,! Melissa Lunsman,' Martinique Perkins,? George W. Rebok,? and David L. Roth*

ISchool of Aging Studies, University of South Florida, Tampa.
2Department of Psychology, University of Alabama at Birmingham.

3Department of Mental Health, Johns Hopkins University Bloomberg School of Public Health, Baltimore, Maryland.

“Department of Biostatistics, University of Alabama at Birmingham.

Background. Older adults who cease driving have poorer health than those who continue to drive. However, it is un-
clear whether the transition to driving cessation itself results in health declines or whether driving cessation subsequently
exacerbates health declines over time.

Methods. The current study addresses these questions using multilevel modeling among 690 older adults from the
Advanced Cognitive Training for Independent and Vital Elderly study. Driving status and health, as indicated by the
SF-36 questionnaire, self-rated health, physical performance (Turn 360° Test), and depressive symptoms were assessed
at baseline and at 1-, 2-, 3-, and 5-year follow-up visits.

Results. The transition to driving cessation was accompanied by significant declines in physical and social function-
ing, physical performance, and physical role (ps < .05). Health declines after driving cessation were steeper for general
health.

Conclusions. The transition to driving cessation is associated with health declines for older adults as measured by
several indicators. Additionally, general health declines more sharply following driving cessation. These findings high-

light the importance of interventions to sustain driving mobility among older adults.
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OR older adults, remaining an active driver is important

for maintaining independence and well-being. Many
studies have shown that there are negative social and health
consequences to driving cessation among older adults (1-5).
As examples, Freeman and colleagues found that nondriv-
ers were five times more likely to enter long-term care fa-
cilities (1). Edwards and colleagues demonstrated that older
adults who ceased driving were four to six times more likely
to die over the subsequent 3 years (4). Considered with prior
research, these findings raise the question of whether or not
there is a direct relationship between driving status and
health for older adults. Specifically, this article addresses
whether the transition of driving cessation is accompanied
and/or followed by precipitous declines in health among
older adults.

It is common for older adults to decide to cease driving
due to poor health. Compared with drivers, older nondrivers
report having more medical conditions as well as poorer
self-ratings of health (6-8). Older adults who have ceased
driving tend to be older, are more likely to be women, and
usually have lower levels of education as well (7—-11). Self-
rated health and performance-based physical measures are
predictors of subsequent driving status (9—11). Furthermore,
older adults who have ceased driving are more likely to re-
port physical difficulties (6—8). Thus, poor health is clearly
associated with and often precedes driving cessation among
older adults.

What remains unclear is whether or not the transition to
driving cessation itself results in further health declines for
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older adults. While it may be that older adults who cease
driving are already predisposed to declines in health, it
could also be that ceasing driving further exacerbates health
declines over time. Prior research has documented that
when older adults cease driving, they are more likely to ex-
perience increased social isolation, decreased activity, in-
creased depression, and decreased sense of control, all of
which could negatively impact subsequent health (2,3,5,12).
Interestingly, the increased social isolation and depression
are not ameliorated by access to alternative transportation
(5,13). It may also be the case that ceasing driving limits
access to health care, which then hastens decline.

The present analyses examined data from participants in
the control group of the Advanced Cognitive Training for
Independent and Vital Elderly (ACTIVE) clinical trial (14).
The effect of driving cessation on health trajectories was
examined at the transition to cessation as well as subsequent
to cessation.

METHODS

FParticipants

Community-dwelling adults aged 65 years and older with
adequate vision (= 20/50 or better), relatively good health,
and no evidence of substantial cognitive decline (Mini-
Mental State Examination score > 23) or communicative
difficulties were recruited to participate in the ACTIVE
study. The ACTIVE study investigated the impact of three
cognitive interventions upon the subsequent functioning of
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older adults across a 5-year period and is detailed by Jobe
and colleagues (14). We utilized data from the control group.
Participants who were current or former drivers at baseline
were included in the analysis (N = 690). These participants
were 73.6% women and 71.8% white, with a mean baseline
age of 74.1 years (SD = 6.1). Years of education ranged
from sixth grade to the doctoral level, with an average level
of 13.4 years (SD =2.7), corresponding to “some college or
vocational school.”

Measures

Driving status.—The Driving Habits Questionnaire
(DHQ), an 18-item measure of driving behaviors, was
used to determine driving status (15,16). The DHQ ascer-
tains whether respondents are current drivers, defined as
“someone who has driven within the past 12 months and
would do so today if they needed to.” Nondrivers were
asked when and why they stopped driving. A total of 37
participants (5.3%) reported stopping driving at some
point during the 5-year period of the study. Fifty-nine
participants (8.6%) were former drivers who reported driv-
ing cessation dates before the baseline assessment, and
594 participants (86.0%) reported driving throughout the
5-year study period.

General health and functioning.—The SF-36 question-
naire was used to assess health (17). Four of the eight
subscales were used in the current analyses: physical func-
tioning, physical role, social functioning, and general health.
These subscales best represent the domains of functioning
that have been implicated by prior research as correlates of
driving cessation. The physical functioning composite indi-
cates the extent to which persons are limited in their physi-
cal activities due to health, while physical role indicates the
extent to which respondents experience problems with work
or other daily activities as a result of their physical health.
The social functioning composite quantifies the extent to
which social activities are affected by either physical or
emotional difficulties. The general health composite reflects
the respondents’ ratings of their health in general compared
with others and with regard to expectations for the future.
Each subscale ranges from 0 to 100 with higher scores
reflecting better health and functioning.

Self-rated health.—Participants rated their health on a
5-point Likert scale ranging from excellent—1 to poor—S5.

Physical performance.—Physical performance was mea-
sured by the Turn 360° Test (18). Participants were asked to
stand and turn in two complete circles. The number of steps
taken to complete each circle was recorded such that fewer
steps reflected better performance. The average number of
steps across both turns was used in the analyses.
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Depressive symptoms.—The 12-item short form Center
for Epidemiological Studies-Depression (CES-D) scale
(19) was used to quantify the frequency of depressive symp-
toms experienced across the prior week. Participants rated
the frequency with which they experienced 12 symptoms
such as feeling down or blue on a scale of 03, with higher
total scores reflecting more depressive symptoms.

Procedure

Telephone interviews were conducted to confirm eligibil-
ity. Participants initially underwent in-person screening and
baseline visits, during which tests and questionnaires were
administered. Participants were then randomly assigned to a
control group or a cognitive training group; a total of 2,802
individuals were randomized with 698 to the control condi-
tion. Follow-up visits were conducted 1, 2, 3, and 5 years
after the baseline visit, and information about driving and
health was obtained at these visits. The ACTIVE study was
conducted in compliance with the ethical rules for human
experimentation set forth in the Declaration of Helsinki and
was approved by institutional review boards at all study
sites.

Statistical Analyses

The effects of driving cessation on health across time
were estimated and examined using multilevel growth curve
analyses (20) as conducted using SAS Proc Mixed (21).
Similar transition analyses have been previously conducted
examining spouse caregiver well-being before, at, and after
nursing home placement by Gaugler and colleagues (22)
and evaluating older adults’ mobility before, at, and after
hospitalization by Brown and colleagues (23). In our an-
alyses, there were three time-invariant covariates (age at
baseline, sex, and years of education), three time-varying
predictor variables (time, driving status, and time since
driving cessation), and seven outcome variables (physical
functioning, physical role, social functioning, physical per-
formance, general health, self-rated health, and depressive
symptoms). Age, sex, and education level were chosen as
covariates in that these factors are related to rates of driving
cessation (7-11).

Multilevel analytic models were constructed with three
time-varying predictor variables for each dependent vari-
able. “Time” was calculated as the number of months
from baseline to the date of each assessment for each
participant. The coefficient for this time variable ac-
counted for general linear trends in health trajectories
across time. “Driving status” was coded dichotomously
as 1 at all time points for those who remained drivers
throughout the study and as O at all time points for those
who ceased driving prior to the study. For those who
ceased driving during the course of the study, their status
was coded as 1 at time points in which they were driving
and as O for all time points after they reported ceasing
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Table 1. Results of Multilevel Growth Curve Analyses Examining Effects of Driving Cessation on Health, Physical, and Social Functioning

Effect Estimate Standard Error t Degrees of Freedom p Value
Physical functioning
Intercept 113.51 12.62 8.99 685 <.001
Time -0.15 0.01 -11.01 605 <.001
Driving status 6.66 2.03 3.28 1387 .001
Time since cessation -0.02 0.01 -1.37 1387 170
Physical role
Intercept 137.69 18.25 7.54 684 <.001
Time -0.20 0.03 -7.06 603 <.001
Driving status 11.17 3.94 2.84 1384 .005
Time since cessation —-0.0001 0.02 -0.01 1384 996
Social functioning
Intercept 88.18 9.64 9.14 685 <.001
Time -0.10 0.02 -6.15 604 <.001
Driving status 7.68 2.20 3.49 1388 <.001
Time since cessation 0.02 0.01 1.41 1388 159
Physical performance
Intercept —-0.003 0.95 0.00 678 998
Time 0.01 0.002 6.27 491 <.001
Driving status -0.81 0.23 -3.53 698 <.001
Time since cessation —-0.002 0.001 -1.76 698 .078
General health
Intercept 80.83 9.34 8.65 685 <.001
Time -0.06 0.01 —4.86 601 <.001
Driving status 1.39 1.74 0.80 1383 425
Time since cessation -0.03 0.01 -2.97 1383 .003
Self-rated health
Intercept 2.62 0.47 5.59 684 <.001
Time 0.002 0.001 3.24 565 .001
Driving status -0.19 0.10 -1.80 1193 .072
Time since cessation 0.001 0.001 1.35 1193 176
Depressive symptoms
Intercept 3.42 2.43 1.41 684 160
Time 0.01 0.004 2.05 565 .041
Driving status -0.39 0.52 -0.75 1192 453
Time since cessation 0.005 0.003 1.52 1192 128
Note: The above models controlled for baseline age, sex, and years of education.
driving. The coefficient for this effect is of primary inter- RESULTS

est and indicates the amount of abrupt change that occurs
at the time of driving cessation. “Time since driving ces-
sation” was set to O for all assessments before driving
cessation and was set to the number of months elapsed
between each assessment and the date at which the par-
ticipant reported driving cessation. This variable was set
to 0 months for all assessments for those participants
who continued to drive throughout the entire study pe-
riod. The coefficient for this time since driving cessation
variable indicated whether the change in health across
time after driving cessation was different from the rate of
change before driving cessation.

Random effects were estimated for the intercept and for
the time variable, with a nonzero covariance allowed be-
tween these two random effects. Age at baseline, sex, and
number of years of education were included as time-invariant
covariates in all models reported in this article. All models
were estimated using full maximum likelihood estimation
methods as provided by SAS Proc Mixed (21).

Time

The results of multilevel growth curve analyses are sum-
marized in Table 1 and depicted with model-based proto-
typical trajectories in Figures 1-4. Across all the outcome
variables, there were significant effects for time. As would
be expected in an older adult population, overall health and
physical functioning tended to decline across the 5-year
period.

Driving Status

Interestingly, there were also significant effects of driving
status, indicating that at the point of driving cessation there
were significant declines across most of the outcome vari-
ables, with the exceptions of SF-36 general health, self-
rated health, and depressive symptoms. As can be seen from
Table 1 and Figures 1-4, after adjusting for age, sex, and
education, the transition to driving cessation was accompa-
nied by a 6.7-point drop in physical functioning, an almost
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Figure 1. Effects of driving cessation on physical functioning.

12-point decline in performance of work or other daily ac-
tivities (physical role), and an almost 8-point decrease in
social functioning.

Time Since Driving Cessation

Health trajectories after driving cessation were signifi-
cantly steeper in decline only for SF-36 general health. Oth-
erwise, the linear rate of change in health trajectories did
not differ significantly from before to after driving cessation
across the follow-up period.

DiscussioN

Because it is not possible to conduct an experiment and
randomize older adults to driving cessation, it is difficult to
discern the causal relationship between driving status and
health. However, the analytic techniques used in this article
allow us to examine health across the entire 5-year study
period (time), at the point of driving cessation (driving sta-
tus), and subsequent to driving cessation (time since driving
cessation) in order to better understand the temporal rela-
tionships between these variables. These analyses indicate
that among older adults, driving cessation is accompanied
by significant declines in physical and social functioning
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Figure 2. Effects of driving cessation on limitations in work or other daily
activities due to physical health.
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Figure 3. Effects of driving cessation on social functioning.

(Figures 1-3). Older adults who cease driving are likely to
experience accompanying increased limitations in physical
functioning, increased difficulties in their daily activities as
a result of physical health problems, and increased interfer-
ence in social activities.

When examining health outcomes subsequent to driving
cessation, we found general health tended to decline more
rapidly after driving cessation (Figure 4). Although trajecto-
ries of physical and social functioning did not decline more
rapidly subsequent to driving cessation, there also was no
recovery or rebounding from the declines in functioning
that were experienced at the transition to driving cessation.
There was also a trend for older adults who ceased driving
to show steeper rates of decline in physical performance
subsequent to the transition. This difference was significant
in base models that did not adjust for covariates. It may be
that significantly steeper declines in physical performance
subsequent to driving cessation, as well as in other health
domains, would emerge over longer periods of time.

As previously mentioned, other studies have indicated
that increased depression and social isolation are not ame-
liorated by the capacity to use public transportation (5,13).
Thus, it is likely that the health declines associated with
driving cessation observed in these analyses would also not
be improved by access to alternative transportation. Overall,
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Figure 4. Effects of driving cessation on general health.
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these and prior results indicate that maintained driving mo-
bility is important for health and well-being among older
adults.

Unlike prior studies that have found increased depression
accompanying and subsequent to driving cessation (3,24),
these results did not indicate significant increases in depres-
sive symptoms at the point of driving cessation or following
driving cessation. We did, however, find increased depres-
sion across time overall (p = .04). These prior studies differ
in that they examined depression using the 20-item CES-D
among older adults who were baseline drivers who ceased
driving across the subsequent 2- to 3-year period. The pres-
ent findings could be due to less sensitivity of the short form
of the CES-D. Different prevalence rates of depression
across study samples also could account for these differ-
ences.

Another limitation of the present analyses is that the cur-
rent sample included only relatively healthy, community-
dwelling older adults without significant declines in
functional abilities at baseline. It is not certain whether the
same results would be found among the broader spectrum
of older adults in the population. At the same time, the sig-
nificant decreases in health and functioning experienced in
the sample at the transition to driving cessation are striking
given their baseline state of health.

In summary, the results of these analyses indicate that the
transition to driving cessation is accompanied by precipi-
tous health declines for older adults, particularly with re-
gard to social and physical functioning as well as physical
performance. However, when trajectories are examined
across time, driving cessation does not appear to hasten the
rate of decline in physical or social functioning after cessa-
tion. On the other hand, the rate of general health decline
may be exacerbated subsequent to driving cessation.

The implications of these findings as well as prior re-
search (1,4,12) are that driving is clearly an instrumental
activity of daily living important for older adults’ main-
tained health and well-being. Further research is needed to
determine whether prolonging driving mobility among
older adults could potentially avert precipitous declines in
health and functioning. Fortunately, recent attempts to en-
hance and prolong older adults’ driving mobility through
physical and cognitive interventions have been successful in
enhancing on-road performance (25,26) and maintaining
driving mobility (27). Interestingly, one of these interven-
tions, cognitive speed of processing training, has also been
found to result in maintained health-related quality of life
(28). Although more research is needed, the present results
highlight the importance and potential impact of interven-
tions to prolong driving mobility on older adults’ health and
well-being.
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