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Abstract
Objectives: Driving cessation is associated with adverse social and health outcomes including increased mortality risk. 
Some former drivers resume driving. Do resumed drivers have a different mortality risk compared to former drivers or 
continued drivers?
Method: We analyzed National Health and Aging Trends Study (2011–2015) data of community-dwelling self-responding 
ever drivers (n = 6,189) with weighted stratified life tables and discrete time logistic regression models to characterize mor-
tality risk by driving status (continued, resumed, former), adjusting for relevant sociodemographic and health variables.
Results: Overall, 14% (n = 844) of participants died and 52% (n = 3,209) completed Round 5. Former drivers had the 
highest mortality (25%), followed by resumed (9%) and continued (6%) drivers. Former drivers had 2.4 times the adjusted 
odds of mortality compared with resumed drivers (adjusted odds ratio [aOR] = 2.41; 95% confidence interval [CI] = 1.51, 
3.83), with no difference between continued and resumed drivers (aOR = 1.22; 95% CI = 0.74, 1.99).
Discussion: Those who resumed driving had better survival than those who did not. Practice implications include driver 
rehabilitation and retraining to safely promote and prolong driving.
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The United States is undergoing a demographic shift as the 
number and proportion of Americans aged 65 and older 
grows. This subpopulation is expected to reach 88 million 
by 2050 (Colby & Ortman, 2015). Shifting demographics 
have social and economic implications, including health 
care, public health, and transportation. Driving serves an im-
portant function in maintaining mobility and meeting basic 
needs (Chihuri et al., 2016). Most older adults do not plan for 
a time when they cannot drive and expect to drive into their 
90s (Harmon, Babulal, Vivoda, Zikmund-Fisher, & Carr, 
2018; Naumann, West, & Sauber-Schatz, 2014). A  2002 

study found that American men aged 70–74 are expected 
to live past driving cessation by 6–7 years, and women by 
10–11 years (Foley, Heimovitz, Guralnik, & Brock, 2002).

Conceptually, change in driving status has been viewed 
as a progression from unrestricted driving to driving reduc-
tion (self-regulation and lifestyle changes), and cessation 
(Dellinger, Sehgal, Sleet, & Barrett-Conner, 2001; Dickerson 
et  al., 2017; Rudman, Friedland, Chipman, & Sciortino, 
2006). Driving reduction includes changes in frequency, dis-
tance, time of day, weather conditions, roadways (e.g., un-
familiar roads, intersections), and speed (Forrest, Bunker, 
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Songer, Coben, & Cauley, 1997). Studies of driving behavior 
have typically classified individuals by degree of self-reg-
ulation (Bergen et  al., 2017) or as drivers, former drivers 
(stopped driving completely), and never drivers. Alternatively, 
studies may dichotomize as driver versus not driver, but such 
broad categories fail to distinguish the complexities of driving 
behaviors (Pristavec, 2018). For example, a portion of former 
drivers resume driving (return to driving), often within a few 
years of cessation (Jette & Branch, 1992; Johnson, 2008; 
Ratnapradipa, Wang, Berg-Weger, & Schootman, 2018).

The Transtheoretical Model has been used to explain 
driving cessation (Kowalski, Jeznach, & Tuokko, 2014; 
Stalvey & Owsley, 2003). Within this context, driving re-
sumption may be considered a “relapse” from cessation. 
Alternatively, Coxon and Keay (2015) used the Precaution 
Adoption Process Model to create messages targeting be-
havior change stage by identifying potential barriers to 
maintaining cessation: lack of alternatives, convenience, and 
sense of identity associated with car. Cessation is the target 
behavior for both models. New approaches are needed to 
examine changes in driving behavior and to accommodate 
bidirectional movement between driving and cessation.

Driving cessation is associated with several adverse 
outcomes (e.g., increased risk of dependence, depression, 
long-term care placement, mortality; Chihuri et  al., 2016). 
As older adults transition driving behavior, the effect, if any, 
driving resumption has on health outcomes is unknown. 
Because driving resumption has received limited attention, 
mortality risk has not been studied within an expanded clas-
sification including driving resumption. This study aims to 
determine whether resumed drivers had a different mortality 
risk compared with former drivers and continued drivers 
when controlling for sociodemographic and health variables.

Method

Data and Sample

The National Health and Aging Trends Study (NHATS) 
is sponsored by the National Institute on Aging (grant 
number NIA U01AG032947) through a cooperative agree-
ment with the Johns Hopkins Bloomberg School of Public 
Health, described elsewhere (Kasper & Freedman, 2016; 
Montaquila, Freedman, Edwards, & Kasper, 2012). Data 
are from public use files (2011–2015). At baseline, NHATS 
provided a nationally representative sample of Medicare 
beneficiaries aged 65 years and older living in the contig-
uous United States. Our study was limited to community-
dwelling self-respondents who had ever driven (n = 6,189; 
N. G. Choi & DiNitto, 2016; Ratnapradipa et al., 2018).

Measures

Variables were selected based on driving cessation lit-
erature (Chihuri et  al., 2016) and available in NHATS. 
Classification of categorical variables was based on re-
sponse distributions among resumed drivers.

Event
Rounds 2–5 had a flag variable for death based on proxy 
reporting through the NHATS Last Month of Life question-
naire, indicating that the participant died between previous 
and current rounds. NHATS did not compare proxy-
reported deaths to the National Death Index. Censoring 
(loss to follow-up) occurred when participants not flagged 
for death lacked any responses for the current round of 
data collection, or at Round 5.

Driving status
As a time-dependent variable, driving status was set at 
baseline from a series of questions, including driving fre-
quency in the past month and drove since last interview. 
The variable was updated each round based on prior clas-
sification (Ratnapradipa et  al., 2018). Baseline driving 
status consisted of current driver (drove in past month) 
or former driver (not a current driver but did not iden-
tify as never driving; N. G. Choi & DiNitto, 2016). Four 
categories captured subsequent changes in driving status 
based on whether the respondent drove in the past year: 
continued driver, resumed driver, new former driver, and 
continued former driver. Although driving resumption 
was a potentially repeated event, only 15 participants had 
more than one resumption. Three categories of driving 
status were classified: driver (continued to drive until last 
follow-up; n = 4,209), resumed (any instance of resumed 
driving; n = 290), and former (stopped driving, did not re-
sume during study period; n = 1,690).

Sociodemographic variables
Variables included: sex, baseline age group, race/ethnicity 
(non-Hispanic white, non-Hispanic black, other), birth in 
the United States, high school diploma or above, living ar-
rangement (with spouse/partner, with someone not spouse/
partner, alone), Medicaid recipient, vehicle ownership, and 
social network size (0–5).

Health
Self-rated health was dichotomized (good-to-excellent 
vs poor-to-fair). Number of chronic health conditions 
(0–9) was based on reporting of individual conditions: 
heart attack/heart disease, high blood pressure, arthritis, 
osteoporosis, diabetes, lung disease, stroke, dementia, 
and cancer. Overnight hospitalization in the past year, 
surgery (knee, hip, back, or heart) in the past year, and 
vision impairment (based on self-report questions about 
the ability to see across the street, across the room, and 
close-up) were dichotomized. Depressive symptom se-
verity (2–8, with higher number indicating increased se-
verity) was based on the Patient Health Questionnaire 
2. Memory was measured as immediate word recall score 
(0–10, with higher numbers indicating better recall) and 
dichotomized self-rated memory (good-to-excellent vs 
poor-to-fair).
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Statistical Analysis

Survival analyses were performed using (a) stratified life 
tables to estimate survival curves using the Kaplan–Meier 
method and to compare survival distributions by driving 
status and sociodemographic variables using the simple 
log-rank test, and (b) discrete time logistic regression to 
model the relationship between independent variables and 
survival time. The Tukey–Kramer adjustment for mul-
tiple comparisons of percentage of censored/failed cases 
was used for the categorical variables with more than two 
categories. Both survival analyses incorporated survey de-
sign effects. The purposeful selection method was used 
for model building (Hosmer, Lemeshow, & Sturdivant, 
2013) by first fitting univariate models, followed by the 
multivariable model including all statistically significant 
variables selected from the univariate models. The back-
ward elimination procedure was then used to exclude 
variables one at a time that were not statistically significant.

All analyses were conducted using SAS software, Version 
9.4. Statistical significance used two-tailed testing with 
P<0.05. Missing data (fewer than 5% of observations) was 
addressed by casewise exclusion.

This study was exempt from Institutional Review Board 
oversight.

Results
Continued drivers were 68% (n  =  4,209), representing 
75% of the national study population; 5% (n = 290) were 
resumed drivers representing 4% of the population, and 
27% of participants (n = 1,690) were former drivers (who 
never resumed driving) representing 21% of the popula-
tion. All weighted baseline characteristics differed signifi-
cantly by driving status (Supplementary Table 1). Overall, 
14% (n = 844) of participants died by Round 5, and 52% 
participated in all five rounds of data collection.

Kaplan–Meier survival curves by driving status over 
time were estimated from lifetables (Figure 1). The survival 
probabilities changed over time for each driving status 
category. Former drivers consistently had the poorest sur-
vival, with difference increasing over time. Graphs were 
similar between unweighted and weighted analysis (results 
not shown). The weighted log-rank test estimated from 
lifetables was used to test for equality by driving status and 
other categorical variables (Supplementary Table 2). All 
pairwise comparisons were statistically significant.

For driving status, the percentage of censored/failed cases 
differed significantly overall and for each paired comparison. 
The younger age categories had better survival probabilities 
than older age categories. Survival probability for those 
aged 65–69 did not differ significantly compared with those 
70–74 (p = .32), and those 70–74 did not differ significantly 
from those 75–79 (p =  .11) but all other age comparisons 
were statistically significant. Survival curves stratified by race 
showed interaction over time. The curves were similar at the 
beginning and end of the study, but those in the other category 

had better survival between Rounds 3 and 4 compared with 
non-Hispanic whites and non-Hispanic blacks. The survival 
probabilities of all other stratified categorical variables were 
statistically significant. Those with better survival included: 
females, born outside the United States, high school diploma, 
living with spouse versus alone versus with others, not re-
ceiving Medicaid, car owners, good-to-excellent self-rated 
health, not hospitalized, no vision impairment, and good-to-
excellent self-rated memory.

Discrete time logistic regression modeled the relationship 
between independent variables and survival time. Race was 
not statistically significant in univariate analysis (p =  .30) 
and therefore excluded. The crude odds ratio of person-
year was 0.83, that is, the odds of death decreased by 17% 
for each additional year that a participant remained in the 
study. After adjusting for sociodemographic and health 
variables (Table 1), continued and resumed drivers did not 
have statistically significant differences in odds of mor-
tality (adjusted odds ratio [aOR] = 1.22; 95% confidence 
interval [CI]  =  0.74, 1.99). However, the odds of death 
were 2.4 times greater for former versus resumed drivers 
(aOR = 2.41; 95% CI = 1.51, 3.83).

Discussion
This study determined whether individuals who stopped 
and resumed driving had a different mortality risk 
compared with those who ceased driving altogether 
and those who continued driving. Our results show that 
resumed drivers had better survival compared with con-
tinued former drivers. There was no statistically significant 
difference in mortality between resumed and continued 
drivers in adjusted analysis.

Previous research has found accelerated declines in 
health and function associated with driving cessation 
(M. Choi, Lohman, & Mezuk, 2014; Edwards, Lunsman, 
Perkins, Rebok, & Roth, 2009), as well as increased risk 

Figure 1. Weighted life table survival function, stratified by driving 
status, NHATS (2011–2015).
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of depression following driving cessation (Chihuri et  al., 
2016). Reduced driving frequency has been associated with 
decreased social participation (Pristavec, 2018) as well, al-
though this appears to be moderated by access to rides and 
alternative transportation. Returning to driving may also 
serve to mitigate these adverse health effects.

Because driving resumption has received limited atten-
tion in the literature, it was not possible to ascertain why 
certain individuals resumed driving. Two scenarios for 
driving resumption have been proposed: intended tempo-
rary cessation and inability to maintain intended permanent 
cessation (Ratnapradipa et  al., 2018). Therefore, reason 
for driving resumption may have differential impacts on 
driving reduction behaviors as well as overall health.

Strengths of this study include the explicit recognition 
of driving resumption as a driving status category, thus 
expanding the focus of driving cessation literature. Modeling 
utilized 5 years of data from a large, nationally representa-
tive sample of older adults, suggesting the results are gener-
alizable to the older adult population in the United States.

Study limitations relate to secondary data analysis and 
availability of variables in the public-use NHATS data files. 
Death and change in driving status were postulated as time 

varying variables that could change at any point in time in 
a given year. Therefore, ideally, information on them at con-
tinuous time points would allow for accurate prediction of 
mortality by using continuous time survival model, when 
compared with the discrete time survival model conducted in 
this article due to the discrete nature of driving status. Flagged 
proxy-reported response at yearly intervals was used to iden-
tify deaths, and NHATS lacked the ability to detect changes 
in driving patterns in less than yearly intervals. Among older 
adult women who intended to stop driving but resumed, this 
occurred within 6–9 months of cessation (Johnson, 2008). 
Therefore, studies with continuous time measurements would 
be more likely to capture both the changes in driving patterns 
and the timing of adverse health conditions and allow more 
accurate survival analysis to predict morality risk. Likewise, 
NHATS did not collect information about driving ability or 
fitness to drive, driving history, use of driver rehabilitation 
services, or reasons for changes in driving status. Another po-
tential limitation was the relatively small number of resumed 
drivers. Although inclusion at baseline was limited to self-
respondents, proxy status in subsequent rounds was not 
assessed in this analysis, therefore creating the potential for 
misclassification for time-independent variables.

Cause of death was not available in the public-use data files, 
so we were unable to ascertain what proportion of study par-
ticipant deaths were traffic-related, although this is expected 
to be low. Driving self-regulation was not modeled because 
it only pertained to those who drove within the past month.

Areas for additional study include the need for refined 
time-to-event to fully model the effects of driving status on 
survival, as well as using time-dependent driving status to 
model the effects of the length of time between cessation 
and resumption. Ideally, driving status would be monitored 
continuously (or at least multiple times/year) to capture 
nuanced changes in driving habits.

Driving is a valued activity often associated with sense 
of identity and independence (Coxon & Keay, 2015). In 
this study, among individuals who stopped driving, those 
who resumed had better survival than those who did not. 
Implications for practice include driver rehabilitation and 
retraining, which may enable some former drivers to safely 
resume driving and thus avoid the increased health risks 
associated with cessation.

Supplementary Material
Supplementary data are available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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Table 1. Adjusted Odds of Mortality, Final Logistic Model, 
NHATS (2011–2015)

Variable aOR CI

Person-years*** 0.87 0.82, 0.91
Continued driver vs resumed driver 1.22 0.74, 1.99
Former driver vs resumed driver*** 2.41 1.51, 3.83
Sex (male vs female)*** 1.60 1.32, 1.93
Age: 70–74 vs 65–69 1.52 0.98, 2.36
Age: 75–79 vs 65–69** 1.76 1.17, 2.67
Age: 80–84 vs 65–69*** 2.85 2.04, 3.98
Age: 85+ vs 65–69*** 5.33 3.56, 7.98
High school diploma (no vs yes) 0.94 0.75, 1.18
Car owner (no vs yes) 1.08 0.88, 1.33
Living with others vs spouse/partner 1.20 0.93, 1.54
Living alone vs spouse/partner 1.00 0.83, 1.20
Medicaid (yes vs no) 1.04 0.78, 1.38
Social network size (0–5, per  
unit increase in number of contacts)

0.95 0.88, 1.03

Self-rated health (good-to-excellent vs 
poor-to-fair)***

0.51 0.41, 0.64

No. chronic conditions (0–9, per  
unit increase in number of conditions)***

1.15 1.08, 1.22

Hospitalization in past year (yes vs no)*** 1.54 1.22, 1.96
Depressive symptoms 1.07 1.00, 1.15
Vision impairment (yes vs no) 0.97 0.83, 1.14
Self-rated memory (good-to-excellent  
vs poor-to-fair)

1.20 0.96, 1.49

Immediate Word Recall Score (0–10,  
per each additional word recalled)***

0.88 0.83, 0.93

Note: aOR = adjusted odds ratio; CI = 95% confidence interval.
*p < .05. **p < .01. ***p < .001.
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