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Abstract

Background: Driving self-restriction is well-documented among older drivers but might also occur among
younger drivers. Little is known about the driving patterns of emergency department (ED) patients, who may be a
high-risk population for motor vehicle crashes (MVCs). We sought to compare the driving patterns and MVCs of
younger and older adult ED patients in order to inform development of injury prevention interventions in EDs.

Methods: We surveyed English-speaking younger adult (age 25–64) and older adult (age ≥65) ED patients,
excluding non-drivers and those who were cognitively-impaired or too sick to participate. We compared drivers by
age group and used logistic regression with adjustment for driving frequency to examine factors associated with
driving self-restriction.

Results: Of those eligible, 82% (n = 178) of younger adult and 91% (n = 134) of older adult patients participated;
approximately half were women. Similar proportions of younger and older adult patients reported driving
everyday/almost everyday (80%) but also self-restricting driving in inclimate weather (48%), heavy traffic (27%), in
unfamiliar places (21%), when travelling with passengers (1.6%) or when alone (1.3%). Fewer younger adult than
older adult patients avoided driving at night (22% versus 49%) or on highways (6.7% versus 26%). In multivariable
logistic regression, factors significantly associated self-imposed driving restriction in ≥1 driving situation were female
gender (Odds Ratio [OR] 2.40; 95% CI 1.42-4.05) and ever feeling “confused, nervous or uncomfortable” while driving
(OR 1.87; 95% CI 1.03-3.39). There was a non-significant trend for differences in proportions between younger adult
(11%) and older adult (6.8%) drivers reporting ≥1 MVC as a driver in the past 12 months.

Conclusions: Similar proportions of younger and older adult ED patients self-restrict driving, albeit in different
situations, which has implications for behavioral interventions for injury prevention and for education of patients
and medical providers.
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Background
With the growing older adult population and the re-
cognition that some older drivers are at elevated risk of
motor vehicle crashes (MVCs), there has been increasing
attention to the issue of older driver safety. Previous
studies have demonstrated that many older drivers self-
restrict their driving, perhaps as a way to compensate
for recognized declines in safe driving ability (Betz and
Lowenstein 2010; Braitman and McCartt 2008; Braitman
and Williams 2011; Charlton et al. 2003; Charlton et al.
2006; Donorfio et al. 2008a; Forrest et al. 1997; Lyman
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et al. 2001; Naumann et al. 2011). There has also been
some discussion about the concept of graduated driving
reduction (akin to graduated driver licensing in teen-
agers) as an injury prevention policy strategy for older
drivers (Langford and Koppel 2011). To date, although
there is discussion of the influence of personality on
driving self-restriction (Molnar et al. 2014), most studies
of this behavior have focused on older drivers.
In a previous small study examining driver screening in

one emergency department (ED) setting, fewer younger
drivers reported self-restriction in certain driving con-
ditions as compared to older drivers but no additional
analysis concerning the effect of age on self-restriction
was conducted (Betz and Fisher 2009). In a more recent
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national survey, younger and older drivers were compared
in terms of their self-restriction in driving situations.
Younger drivers were as likely as older drivers to avoid
driving in bad weather, but less likely to avoid driving at
night or on high speed roads (Naumann et al. 2011).
Other driver characteristics, including female gender and
cognitive or visual deficits, have been associated with
self-restricted driving by older adults in other studies
(Braitman and McCartt 2008; Braitman and Williams
2011; Gwyther and Holland 2012; Lyman et al. 2001;
Stutts 1998; West et al. 2003), but less is known about
younger drivers who self-regulate their driving.
A few prior studies have documented some of the

driving patterns and crash experiences of older adult
drivers, including those evaluated in EDs (Betz and
Fisher 2009; Betz et al. 2012b; Stiffler and Wilber 2011;
Vogel et al. 2013). Older drivers have been noted to have
fewer total MVCs but higher crash rates per mile driven
and per licensed driver in comparison to younger drivers
in general population studies (U.S. Census Bureau 2012;
Dellinger et al. 2004). Among ED patients treated after
an MVC, older adults are more likely than younger
adults to be admitted to the hospital (Vogel et al. 2013).
Less is known about how driving patterns vary by age in
ED patients, who may be a population at higher risk of
MVCs and other adverse outcomes because of higher
levels of comorbidities (Garcia et al. 2010), acute injuries
or illness (Garcia et al. 2010), and social stressors
(Institute of Medicine Committee on the Future of
Emergency Care in the United States Health System
2007).
The ED population may be an important target for in-

terventions related to driver safety, and there have been
renewed calls for ED providers to be involved in the as-
sessment of older drivers (Lotfipour et al. 2014). Indeed,
in many cases, EDs may be an ideal site for screening
and intervention for public health problems (Bernstein
et al. 2007; Bernstein and Haukoos 2008; Gaddis and
Hauswald 2008; Pollock et al. 2001). Lack of insurance,
difficulty obtaining outpatient appointments and other
barriers to care (Institute of Medicine Committee on the
Future of Emergency Care in the United States Health
System 2007) mean that for many patients, an ED visit
may be their only contact with a medical provider.
Patients are often seen in EDs after falls or trauma; for
example, in 2012, emergency departments treated 2.4
million nonfatal fall injuries among older adults (WIS-
QARS). Such injuries may be a “red flag” for driving risk,
as older adults who fall are at in increased risk for an
MVC (Cross et al. 2009). Drivers may also be seen in the
ED for injuries that may adversely affect their driving
safety. In addition, injuries or illnesses that trigger an ED
visit may also represent “teachable moments” at which a
patient is more open to behavioral change and ED-based
interventions may be able to reduce future risk. At the
same time, interventions need to be designed with
attention to the behaviors and beliefs of the targeted
population. Older drivers are open to guidance from
physicians and to driving safety materials to take home
from EDs (Stiffler and Wilber 2011). Driving safety
materials specific to the older ED population do not yet
exist, but they could include recommendations about
self-restriction.
We hypothesized, however, that younger and older ED

patients may be similar in their self-restriction, sugges-
ting this topic might not be a useful target for educa-
tional materials. We therefore sought to: (1) compare
younger and older ED patients’ driving prevalence, pat-
terns and experiences, including self-restricted driving
and MVCs; and (2) identify driver characteristics as-
sociated with self-imposed driving restrictions. These
results should provide novel information about the
potentially high-risk population of ED patients, which
could be useful in educational approaches through de-
velopment of materials or programs for ED patients or
through further education of medical providers and stu-
dents (Lotfipour et al. 2014).

Methods
Study design, setting and participants
This cross-sectional study examined patients evaluated in
the ED (annual census of 87,000 visits) at a tertiary-care
university hospital in Colorado. Eligible subjects were reg-
istered ED patients aged ≥25 years who reported driving a
motor vehicle in the past 30 days. Patients who did not
speak English, who had significant acute illness or trauma
that interfered with their ability to consent or participate,
or who had cognitive dysfunction (defined by a Six-Item
Screener [Carpenter et al. 2011] score less than four) were
excluded. Enrollment occurred during shifts (7 a.m. to
7 p.m.) distributed equally among the days of the week.
Due to research staff limitations, enrollment did not occur
daily, and enrollment days were distributed over several
months. During these enrollment shifts, all eligible pa-
tients visiting the ED were invited to participate. Older
(≥65 years) patients were enrolled between January, 2010
and October, 2011, as part of a larger study to develop a
brief older driver screening tool (Betz et al. 2012a). A
comparison group of drivers (age 25–64 years) was en-
rolled from February to March, 2012. We refer to this
group as “younger” relative to the older driver group, and
we chose to exclude the youngest drivers (<25 years) be-
cause we hypothesized the driving patterns and expe-
riences of novices would be significantly different. After
informed consent, participants completed a short survey
(Additional file 1) with questions about demographic,
health-related and driving characteristics; participants
could self-complete the survey or have it read aloud by
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research staff. Encounters took place in ED patient rooms
away from other patients to protect subject privacy. Par-
ticipation was voluntary, and all participants were assured
that their responses would not be shared with non-study
physicians, family members, ED or clinic staff or hospital
or law enforcement authorities (including the Department
of Motor Vehicles). This project was approved by the
Institutional Review Board.

Survey development and variable definitions
Some survey questions were obtained from existing ques-
tionnaires (Betz and Fisher 2009; Behavioral Risk Factor
Surveillance System BRFSS 2009; Eby 2000) and addi-
tional questions related to driving behaviors were created
de novo. The instrument, including newly-created ques-
tions, was pilot-tested among 20 younger and older ED
patients for clarity and content validity prior to actual im-
plementation, with no recommendations for modification.
Demographic characteristics that were documented in-
cluded patient age and gender.
Participants were asked about their driving experi-

ences, including their self-rated driving ability (“good,”
“average,” or “poor”) and the presence and number of
MVCs and police stops as a driver in the past 12 months.
Participants were also asked “In the past 12 months, has
anyone recommended you stop driving or give up your
car keys?” Additionally, they were queried as to how
often they feel “confused, nervous or uncomfortable”
while driving and how often they have trouble “reading
the license plate of the car in front while stopped”. Par-
ticipants responded “often,” “sometimes,” “rarely” or
“never.” For analytic purposes, responses to these two
questions were dichotomized as “ever” (“often,” “some-
times” or “rarely”) versus “never”. For self-restriction,
participants were asked if they “usually avoid driving” in
each of the following situations (with the option to an-
swer yes to more than one): at night; on high speed
roads; in heavy traffic; in bad weather; with others; alone;
or in unfamiliar places.
Our primary outcome was self-restricted driving in ≥1

situation. For logistic regression analyses, we separately
included age as a continuous variable and as age groups
(younger versus older). All data, including the outcome,
were self-reported. Study participants were blinded to
the purpose of the study, although they were told that
we sought to understand the driving patterns and expe-
riences of drivers.

Data management and statistical analyses
Study data were managed using Research Electronic
Data Capture, a secure, web-based application (Harris
et al. 2009), and exported to Stata for analyses. We de-
scribed driver characteristics using proportions and 95%
confidence intervals (CIs) for categorical variables, or
medians and interquartile ranges (IQRs) for continuous
variables. To estimate unadjusted associations between
driver characteristics and the primary outcome (self-re-
stricted driving in ≥1 situation), we performed bivariate
analyses with chi square (or Fisher exact in cases of less
than five observations in a cell) tests for statistical sig-
nificance and calculated odds ratios (ORs) with 95% CIs
to measure the strength of associations. We hypothe-
sized that adverse driving experiences (including MVCs,
police stops, or being asked to stop driving) might affect
driving behavior so we examined these characteristics in
our regressions. Next, we developed a multivariable lo-
gistic regression model to estimate independent asso-
ciations between driver characteristics and self-restricted
driving in ≥1 situation, with inclusion of all variables
with a P-value of <0.2 in bivariate analysis and adjust-
ment for driving frequency.

Results
Of patients evaluated in the ED during enrollment ses-
sions, 14% of younger patients and 66% of older patients
were ineligible because they weren’t current drivers,
didn’t speak English, had cognitive impairment, or were
too sick to answer. In total, 82% (N = 178) of eligible
younger patients and 91% (N = 133) of eligible older pa-
tients participated. The sample was approximately half
female (58% among younger patients, 51% among older;
Table 1). The median age was 44 years for younger pa-
tients (interquartile range [IQR] 21) and 72 for older pa-
tients (IQR: 9).
Similar proportions of younger (83%, 95% CI 77–88)

and older (76%, 95% CI 69–83) patients reported driving
everyday or almost everyday (Table 1), although among
older patients fewer women (68%; 95% CI 56–79) than
men (85%; 95% CI 76–94) reported this frequency level.
The majority of all drivers reported they were “good”
drivers, but this was endorsed by significantly fewer youn-
ger (89%, 95% CI 84–93) than older (97%, 95% CI 94–
100). Although more younger (11%, 95% CI 6.7-16) than
older (6.8%, 95% CI 2.5-11) drivers reported having ≥1
MVC as a driver in the past year, the difference was not
statistically significant. For police stops, however, a signifi-
cantly greater proportion of younger (25%, 95% CI 19–31)
than older (11%, 95% CI 5.9-17) drivers reported ≥1 stop
as a driver in the past 12 months. Among younger drivers,
males were more likely than females to report ≥1 police
stop as a driver in the past 12 months (31%, 95% CI 20–
42; versus 21%, 95% CI 13–29); there were no other gen-
der differences among age groups for MVCs or police
stops.
Only 1.1% (n = 2; 95% CI 0.1-4.0) of younger and 3.0%

(n = 4; 95% CI 0.8-7.5) of older participants said that in
the past 12 months someone had asked them to stop dri-
ving, without differences by gender (Table 1). However,



Table 1 Characteristics, opinions and experiences of participants, by age group (n = 311)

Younger drivers Older drivers

(25–64 years) n = 178 (≥65 years) n = 133

n % n %

Age in years (median, IQR) 44 21 72 9

Female 103 58 68 51

Current frequency of driving

Everyday or almost everyday 147 83 101 76

Occasionally 23 13 24 18

Seldom 8 4.5 8 6

Self-rated general driving ability**

Good 158 89 129 97

Average 18 10 3 2.3

Poor 0 0.0 1 0.8

MVCs (as a driver) in past 12 months

0 155 87 123 92

1 18 10 7 5.3

2 2 1.1 2 1.5

Police stops (as a driver) in past 12 months*

0 132 74 117 88

1 38 21 13 10

2 4 2.3 1 0.8

3 2 1.1 1 0.8

In past 12 months, asked by someone to stop driving 2 1.1 4 3.0

Frequency of feeling confused, nervous or uncomfortable while driving

Often 0 0.0 0 0.0

Sometimes 14 7.9 16 12

Rarely 46 26 29 22

Never 112 63 88 62

Frequency of having vision problems while driving**

Often 2 1.1 2 1.5

Sometimes 9 5.1 4 3.0

Rarely 24 13 5 3.8

Never 137 77 122 92

Number of conditions where driving avoided**

0 58 33 43 32

1 64 36 29 22

2 29 16 17 13

≥3 27 15 44 33

Table 1 Legend:
IQR: Interquartile Range; MVC: Motor Vehicle Crash.
Numbers may not add to 100% or total because of rounding or missing data (not displayed if <5% of total).
*P < 0.05, **P < 0.01 under Chi-square (or Fisher exact if <5 observations in a cell).
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approximately one-third of younger (35%, 95% CI 28–42)
and older (34%, 95% CI 26–42) patients reported ever
feeling confused, nervous or uncomfortable while driving.
While similar proportions of male and female older
drivers reported this (p = 0.716), fewer young males (21%,
95% CI 11–31) than young females (45%, 95% CI 35–54)
did. When asked about vision troubles while driving, more
younger (20%, 95% CI 14–26) than older (8.3%, 95% CI
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3.5-13) drivers reported ever having difficulty reading the
license plate of the car in front while stopped, without sig-
nificant differences by gender in either age group.
Older drivers were more likely to avoid driving in a

greater number of conditions (Table 1), but overall, 69%
(95% CI 64–74) of all patients reported usually avoiding
driving in at least one hazardous situation, without signifi-
cant differences by age in unadjusted analysis (Figure 1).
Similar proportions of younger and older drivers reported
restricting their driving: in inclimate weather (47%; 95%
CI 41–52); in heavy traffic (27%; 95% CI 22–32); in un-
familiar places (21%; 95% CI 16–25); when travelling with
passengers (1.6%; 95% CI 0.2-3.0); or when alone (1.3%;
95% CI 0.0-2.5). However, fewer younger than older
drivers restricted their driving at night (22%, 95% CI 16–
28; versus 49%, 95% CI 40–57) or on highways (6.7%, 95%
CI 3.0-10; versus 26%, 95% CI 19–34).
In unadjusted logistic regression, age in years and age

group were not associated with self-restricted driving in at
least one condition (Table 2). However, all women (re-
gardless of age) were more likely to report self-restricting
driving in at least one situation (OR 2.72, 95% CI 1.66-
4.45), as were those who drove only occasionally (OR 3.08,
95% CI 1.33-7.18) or seldom (OR 2.34, 95% CI 0.65-8.44)
compared to those who drove “everyday or almost every-
day.” Drivers who reported ever feeling “confused, nervous
or uncomfortable” while driving (OR 2.22, 95% CI 1.28-
3.84) or ever having vision trouble while driving (OR 2.92,
95% CI 1.25-6.79) were also more likely to report self-
restricting their driving. Having ≥1 MVC or police stop as
a driver in the past 12 months or being asked by someone
to stop driving were not significantly associated with self-
Figure 1 Participants reporting “usually” self-restricting driving, by d
restricted driving. In multivariable logistic regression, after
adjusting for driving frequency, factors significantly asso-
ciated with self-restriction of driving were female gender
(OR 2.40; 95% CI 1.42-4.05) and ever feeling confused,
nervous or uncomfortable while driving (OR 1.87; 95% CI
1.03-3.39).

Discussion
In this sample of ED patients who were current drivers,
over two-thirds reported self-restricting driving in at least
one hazardous situation, most commonly in bad weather.
Notably, neither age in years nor age group (25–64 years
versus ≥65 years) was an independent predictor of self-
restricted driving. To date, there have been numerous
studies examining self-restricted driving patterns among
older adults, with a common assumption the behavior de-
velops in older age and older drivers self-restrict more
than younger drivers. Our study suggests, however, that at
least in some populations, the two groups may self-restrict
more similarly than previously recognized. This may be a
factor related to the medical illnesses that were associated
with their ED visit, since self-restriction may be more
dependent on medical conditions than age per se. How-
ever, older drivers more commonly avoided driving at
night or on high-speed roads, and women were more
likely to self-restrict driving than men. These findings add
to the growing body of knowledge concerning self-res-
triction and provide novel comparison information from
younger drivers in ED settings.
Numerous studies have documented that many older

drivers adopt self-regulatory behaviors by limiting their
driving in certain hazardous situations or by decreasing
riving condition and age group (n = 311).



Table 2 Driver characteristics associated with usually self-restricting driving in ≥1 situation† (n = 311)

Demographic or
driving-related characteristic

No self-restriction
(n = 97)

Self-restriction
in ≥1 situation
(n = 214)

Unadjusted
odds ratio
(95% CI)

P value Adjusted
odds ratio

n (%) n (%) (95% CI)

Age in years (median [SD])* 61 (25) 59 (30) 1.00 (0.98-1.01) 0.659

Age Group

25-64 54 (56) 124 (58) 1.0 (Ref) –

≥65 43 (44) 90 (42) 0.91 (0.56-1.48) 0.707

Gender

Male 60 (62) 80 (38) 1.0 (Ref.) – 1.0 (Ref.)

Female 37 (38) 134 (63) 2.72 (1.66-4.45) 0.000 2.40 (1.42-4.05)

Current frequency of driving

Everyday or almost everyday 87 (90) 161 (75) 1.0 (Ref.) – 1.0 (Ref.)

Occasionally 7 (7.2) 40 (19) 3.08 (1.33-7.18) 0.009 3.52 (1.39-8.91)

Seldom 3 (3.1) 13 (6.1) 2.34 (0.65-8.44) 0.193 1.73 (0.45-6.61)

Self-rated general driving ability

Good 93 (96) 194 (91) 1.0 (Ref) – 1.0 (Ref.)

Average 3 (3.1) 18 (8.4) 2.88 (0.83-10.01) 0.097 2.10 (0.58-7.66)

Poor 0 (0.0) 1 (0.5) – – –

≥1 MVC (as a driver) in past 12 months 8 (8.3) 21 (9.8) 1.23 (0.53-2.90) 0.626

≥1 police stops (as a driver) in
past 12 months

15 (15) 44 (21) 0.87 (0.66-1.16) 0.266

In past 12 months, asked by someone to
stop driving

1 (1.0) 5 (2.3) 0.43 (0.05-3.75) 0.446

Frequency of feeling confused, nervous or
uncomfortable while driving

Never 74 (76) 126 (59) 1.0 (Ref.) – 1.0 (Ref.)

Rarely/Often/Sometimes 22 (23) 83 (39) 2.22 (1.28-3.84) 0.005 1.87 (1.03-3.39)

Frequency of having vision problems
while driving‡

Never 89 (92) 170 (79) 1.0 (Ref.) – 1.0 (Ref.)

Rarely/Often/Sometimes 7 (7.2) 39 (18) 2.92 (1.25-6.79) 0.013 2.15 (0.88-5.26)

Table 2 Legend:
95% CI: 95% Confidence Interval; MVC: Motor Vehicle Crash.
*Odds ratio per increased year of age.
†Participants were asked if they “usually avoid driving” in each of the following situations, with multiple “yes” responses allowed: at night; on high speed roads; in
heavy traffic; in bad weather; with others; alone; or in unfamiliar places.
‡Participants were asked “While stopped in a vehicle at a traffic light, how often do you have trouble reading the license plate on the care in front of you? (This
means when wearing glasses or contacts, if needed)”.
Numbers may not add to 100% or total because of rounding or missing data (not reported if <5% of total).
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their total mileage or frequency of driving (Betz and
Lowenstein 2010; Braitman and McCartt 2008; Braitman
and Williams 2011; Charlton et al. 2003; Donorfio et al.
2008a; Forrest et al. 1997; Lyman et al. 2001; Molnar et al.
2014; Naumann et al. 2011). In this study, we found that
1.5-49% of older drivers reported usually avoiding driving
in various conditions. Possible reasons for self-restriction
include compensation for particular deficits (e.g., avoiding
night driving because of poor vision), a general common
sense approach to traffic safety (e.g., avoiding driving in
very bad weather; Charlton et al. 2006), a change in
lifestyle (Molnar et al. 2013), or individual characteristics
like gender or personality (Gwyther and Holland 2012;
Molnar et al. 2013). In this study, we found that older
drivers were more likely to self-restrict driving if they
reported feeling confused, nervous or uncomfortable
when driving, which is consistent with prior work sug-
gesting that at least some older drivers are more likely to
self-regulate driving when they recognize cognitive or
visual deficits (Braitman and McCartt 2008; Braitman and
Williams 2011; Lyman et al. 2001; Stutts 1998; West et al.
2003). While it is clear that many older drivers do limit



Betz et al. Injury Epidemiology 2014, 1:18 Page 7 of 9
http://www.injepijournal.com/content/1/1/18
their driving, it unlikely that such self-regulation alone
can be relied upon to ensure older driver safety, as our
work supports those of others suggesting that self-regula-
tory practices may be more related to personality than age
alone (Molnar et al. 2013; Nichols et al. 2012).
To date, almost all studies of self-restricted driving

have sampled drivers aged 55 years and older, including
a recent review of the association between personality
and driving that focused on drivers aged 40 years and
older (Nichols et al. 2012). In most of these studies of
older drivers, increasing age has been associated with
increased self-restriction in particular conditions or as
decreased mileage or frequency (Braitman and McCartt
2008; Braitman and Williams 2011; Charlton et al. 2006;
Donorfio et al. 2008a; Forrest et al. 1997; Molnar et al.
2014; Naumann et al. 2011). In a previous small sample
in one ED, drivers aged ≥65 years were more likely than
those aged 18–64 to self-restrict in all situations, al-
though detailed analyses on age and self-restriction in-
teractions were not performed (Betz and Fisher 2009).
In the current larger sample of drivers aged ≥25 years,
age was not a significant independent predictor of self-
restricted driving when examined as a continuous vari-
able or by age group. In fact, we found that younger
drivers were just as likely as older drivers to report
avoiding driving in at least one hazardous situation (70%
versus 68%, respectively). There were differences by age
with respect to the particular situations avoided, how-
ever, with older drivers more likely than younger drivers
to report avoiding driving at night (49% versus 22%) or
on high speed roads (26% versus 7%). In a recent study
using a national survey, Naumann et al. (2011) found
the same trend among younger and older drivers with
similar proportions for avoiding driving at night (50%
for older drivers versus 23% for younger drivers), but
slightly higher estimates for avoiding driving on high
speed roads (29% for older drivers versus 17% for youn-
ger drivers). We found that similar proportions of older
(45%) and younger (48%) drivers reported avoiding dri-
ving in bad weather, which is also similar to estimates
from Naumann (54% for older drivers versus 46% for
younger drivers). Unfortunately, the survey used in the
Naumann study did not ask younger drivers about self-
restriction under other conditions, so our findings con-
cerning younger driver avoidance of driving in heavy
traffic, unfamiliar places, with others or when alone are
novel. For these situations, we found no significant dif-
ferences between older and younger drivers, but addi-
tional studies with larger, community samples would be
useful to examine more closely possible age-differences
in self-restricted driving patterns.
We found that female gender was an independent pre-

dictor of self-restricted driving in the sample as a whole
and among older drivers in stratified analysis. This is
consistent with prior studies showing that older women
drivers are more likely to drive less, to avoid driving in
certain situations (Betz and Lowenstein 2010; Charlton
et al. 2003; Charlton et al. 2006; Donorfio et al. 2008a;
Gwyther and Holland 2012; Kostyniuk and Molnar 2008;
Lyman et al. 2001; West et al. 2003) or to cease driving
earlier than men (Carr et al. 2006). Others have hypothe-
sized that this gender difference may relate to lower con-
fidence among women drivers (Donorfio et al. 2008a;
Kostyniuk and Molnar 2008) and have noted that
women may be more likely to voluntarily give up their
licenses prematurely (Siren et al. 2004). However, quali-
tative research has suggested that older women may
have a more realistic appreciation of the fact that driving
ability can change with age and may be more open to
retraining courses to improve driving (Donorfio et al.
2008b). Our study supports the findings of Naumann
et al. (2011) that even younger women are more likely to
self-restrict their driving. More studies are needed re-
garding gender differences and interventions to maintain
and improving confidence in older adults to extend dri-
ving life expectancy.
Our sample focused on ED patients because we hypo-

thesized that this may represent a population that typically
has more comorbidities (Institute of Medicine IOM Com-
mittee on the Future of Emergency Care in the United
States Health System 2007), possibly increased risk of ad-
verse driving outcomes, and perhaps different patterns of
self-restricted driving compared to the general population.
This is also a population that may not be captured
through other healthcare settings, if patients lack medical
insurance or choose to use ED settings as their primary
site for medical care (Institute of Medicine IOM Com-
mittee on the Future of Emergency Care in the United
States Health System 2007). In addition, patients with falls
or other trauma-related ED visits may be at-risk for a fu-
ture MVC, or perhaps an MVC was the primary reason
for the ED visit. Thus, an ED visit may be the “sentinel”
event at which to identify those patients who are not
restricting or may have an increased MVC risk and to
educate them or refer them for interventions to reduce
their crash risk (Lotfipour et al. 2014; Stiffler and Wilber
2011).
We found a non-significant trend towards a greater

likelihood for younger drivers to report ≥1 MVC as a
driver in the past 12 months (11% versus 6.8% for older
drivers). This is consistent with national estimates for
MVC rates per 100 licensed drivers (7% for drivers aged
25–64, 4% for drivers aged ≥65 years (U.S. Census Bureau
2012), although the current study’s estimates are higher
than national figures, but lower than estimates from a
different ED study (Betz and Fisher 2009) for both age
groups. In this sample, younger drivers were more likely
to report ≥1 police stop as a driver in the past 12 months
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(25% versus 11% for older drivers), which is consistent
with findings from a prior, smaller ED sample (20% for
younger versus 4.1% for older drivers; (Betz and Fisher
2009). These findings suggest that both younger and
older ED patients may be at higher risk of MVCs than
the general population, which has implications for fu-
ture counseling or other injury prevention efforts in ED
settings.

Limitations
Our study does have limitations, including that the
findings from a sample of ED patients recruited during
daytime hours at a tertiary referral hospital may not gene-
ralize to other settings or other populations. However,
many of our results were similar to available national esti-
mates. We excluded patients with acute critical illness or
cognitive dysfunction, who may differ from participants in
terms of baseline health or other characteristics that could
influence driving patterns, but we did have high participa-
tion rates among eligible younger and older drivers. We
relied on anonymous self-report without independent
verification for both our predictor and outcome variables,
but we chose this method for feasibility and to facilitate
honest responses. We pilot-tested the survey for content
and clarity but other metrics concerning question validity
were not available. We cannot rule out that our screen
may not have identified individuals with mild dementia
where histories would possibly have been inaccurate. Cer-
tain variables such as mileage estimates or confidence rat-
ings in various driving situations were not included on the
survey because we sought to use a short instrument to in-
crease participation. However, we acknowledge that some
of these variables may be associated with self-restriction.
We also did not collect information about medications re-
ceived during the ED visit, the reason for the ED visit, or
specific recent diagnoses or injuries, all of which might
affect participant responses or driver behavior and could
be interesting to examine in future studies. We recognize
that participant health and ED utilization (including as re-
lated to access to other care settings) may vary between
age groups, which raises the possibility of confounding. In
addition, the younger and older groups were recruited
during different time periods, so seasonal or other tem-
poral factors may have influenced results. We did not as-
sess the reliability of responses, although during acute
illness answers may differ compared to when patients are
at their baseline state of “wellness.” We acknowledge that,
given our relatively small sample size and limited number
of outcomes, our model may be at risk of overfitting and
should be considered hypothesis-generating. Our method
of dichotomizing variables may have overestimated the ef-
fect of cognitive problems or vision on self-restriction, as
those who reported “rarely” having problems were in-
cluded as positive responses. Additional work is needed to
develop screening or assessment tools to identify ED
drivers who may be at especially high risk of crash and to
develop targeted interventions for these higher-risk
groups. In addition, studies to describe the prevalence and
patterns of driving self-restriction among younger and
older drivers in community and other clinical settings
would be useful, as would targeted research to better elu-
cidate whether and how age affects driving self-restriction
or whether observed patterns are mostly attributable to
age-independent personality traits.

Conclusion
In this sample of ED patients, we found that two-thirds
of both younger and older drivers reported usually
avoiding driving in at least one hazardous situation.
Consistent with prior work, women were more likely to
report self-restricting their driving, especially among
older adults. Contrary to some prior studies, age alone
was not an independent predictor of self-restricted driv-
ing, although older drivers were more likely than youn-
ger drivers to avoid driving at night and on high speed
roads and to avoid a greater number of conditions. In
both age groups, a greater proportion of drivers reported
being involved in an MVC in the past 12 months as
compared to national estimates. These findings suggest
that there may be an elevated crash risk among ED pa-
tients and needs further verification with larger samples
to determine whether further screening and interven-
tions are warranted. Self-restricted driving does not ap-
pear to be a phenomenon limited to the older drivers in
the ED setting, which may have implications for educa-
tional and licensing strategies to reduce crash risk in ED
patients, and self-restriction may not be the optimal
focus for driving safety programs or educational mate-
rials for older ED patients.

Additional file

Additional file 1: Survey Questions.
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