
The Association of Frailty With Driving Habits 
Among Older Adults: 

AAA LongROAD Study 

Quality of life among older adults is dependent upon safe mobility and independence (Albert et al., 2017; Bond et al., 2017; 
Boot et al., 2014; Chihuri et al., 2016). Crashes and driving space (i.e., how close to home a driver stays) provide objective 
measures of safe driving, and research shows that older adult drivers who accrue fewer than 3,000 miles per year have 
higher crash rates per mile driven (Antin et al., 2017). If frailty is associated with these outcomes, interventions targeted at 
preventing or reducing the symptoms of frailty may lead to improved mobility among older adults (Davis et al., 2011; Gill et 
al., 2012; Mielenz et al., 2017; Durbin et al., 2017). The present study uses data from the AAA Longitudinal Research on Aging 
Drivers (LongROAD) study to describe the association of frailty status with driving habits (crashes, driving space and annual 
mileage). This study found that the frailty phenotype is associated with objectively measured low-mileage driver status, but it 
is not associated with self-reported crashes and driving space. 

METHODS
The AAA LongROAD study is a multisite prospective 
cohort study of 2,990 drivers recruited from five 
study sites: Ann Arbor, Michigan; Baltimore, Maryland; 
Cooperstown, New York; Denver, Colorado; and San Diego, 
California. Inclusion in the study required participants to 
be between 65 and 79 years of age, hold a valid driver’s 
license and drive at least once a week. Details on the 
study methods are outlined elsewhere (Li et al., 2017). 
The analyses of the present study were conducted using 
baseline demographics and frailty data collected through 
questionnaires and in-person functional assessments, and 
up to almost three years of objective driving behavior data 
collected by in-vehicle devices.

Frailty status was measured using the frailty phenotype 
that was developed and validated by Fried and colleagues 
(Fried et al., 2001). Frailty status was measured on a scale 
from 0 to 5, with one point given for each of the following 
criteria the participant exhibited: shrinking (unintentional 
loss of ≥10 pounds in the past year or underweight 
according to a BMI of ≤18.5 kg/m2), weakness (grip 
strength in the lowest 20% of the population, adjusted 
for gender and BMI), exhaustion (self-report of having 
poor endurance and energy), slowness (slowest 20% of 
the population based on time to walk 15 feet, adjusted for 
gender and standing height), and low physical activity 

(not having recently walked for exercise or engaged in 
vigorous physical activity). Participants were classified 
as frail (3-5), pre-frail (1-2), or not frail (0). “DataLogger” 
devices (Danlaw, Inc., Novi, Michigan) were installed in 
participants’ vehicles after researchers received informed 
consent to monitor and record objective data on driving 
behaviors, such as distance traveled and vehicle speed. 
The present study makes use of 62,738 person-months 
of driving data. A pro-rated miles per year variable 
was derived for each participant by dividing total miles 
driven by months of recording and multiplying by 12. This 
variable was used to categorize subjects as either a low-
mileage driver or a non-low-mileage driver according to 
findings from Antin et al. (2017) that define a low-mileage 
driver as one who drives fewer than 3,000 miles per year.

Self-reported crashes were measured based on responses 
to the Driving Habits Questionnaire (DHQ) question: “How 
many crashes have you been involved in over the past 
year when you were the driver?” (Owsley, Stalvey, Wells, & 
Sloane, 1999). This measure was dichotomized as none, or 
one or more crashes.

Self-reported driving space was defined as the distance 
a participant drove from their immediate neighborhood 
in the past three months. It was measured as a scored 
response (0-6) based on answers to six dichotomous 
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questions from the DHQ (Owsley et al., 1999). The 
composite driving space score was dichotomized so that 
scores from 0 to 3 correspond to restricted driving space 
(not driving beyond neighboring towns) and scores from 4 
to 6 correspond to unrestricted driving space.

Important control variables were selected a priori and 
included sex, age, highest level of education attained, 
marital status, self-reported vision, depression and 
performance-based cognitive health. Models for the 
outcomes of crashes and driving space additionally 
controlled for self-reported miles per week and driving 
importance. Depressive symptoms were measured using 
the Patient-Reported Outcomes Measurement Information 
System (PROMIS) instruments, with higher scores 
indicative of more depressive symptoms. Cognitive health 
was measured by performance on immediate and delayed 
word recall tasks, which are designed to test episodic and 
working memory. 

Three separate multivariable logistic regression models 
were used to examine the association between frailty and 
the three outcomes of interest. PROMIS Depression and 
word recall were included in the model as binary variables 
(Clover et al., 2018). The final model for low-mileage 
driver status was created using log-binomial regression, 
allowing for estimates of the risk of being a low-mileage 
driver among those classified as frail or pre-frail compared 
with the risk among those classified as not frail and the 
corresponding 95% confidence intervals. In all models, 
standard errors were adjusted for any potential intraclass 
correlation due to the cluster sampling design with each 
of the five study sites representing a cluster. 

RESULTS 
Of the 2,965 drivers in the AAA LongROAD cohort who 
had frailty status data, more than half (55.85%) were 
classified as pre-frail. Only 87 participants (2.93%) were 
classified as frail. Almost 7% (6.75%) of the population 
were classified as low-mileage drivers, 11.23% reported 
involvement in a motor vehicle crash in the past year and 
22.63% reported restricted driving space (0-3).

Frailty status was significantly associated with low-
mileage driver status at only one level of frailty (Table 1). 
After adjusting for covariates, older drivers who are frail 
have 2.30 (95% CI:1.40-3.78) times the risk of being low-
mileage drivers compared with those who are not frail. 

While those who are pre-frail are estimated to have 1.27 
(95% CI: 0.96-1.67) times the risk of being low-mileage 
drivers compared with those who are not frail, this 
association is nonsignificant.

Table 1. Association between frailty status and low-mileage 
driver status

Frailty Status Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)*

Frail 2.47 (1.53, 4.00) 2.30 (1.40, 3.78)

Pre-frail 1.30 (0.94, 1.79) 1.27 (0.96, 1.67)

Not frail Reference Reference

* Adjusted for gender, age, education, marital status, vision, PROMIS Depression, 
cognitive health and correlation within each site. Total N = 2,827.

Frailty status was not significantly associated with self-
reported crashes. After adjusting for covariates, older 
drivers who are frail have 1.72 (95% CI: 0.92-3.21) times 
and those who are pre-frail have 1.31 (95% CI: 0.96-1.80) 
times the odds of reporting involvement in one or more 
crashes in the previous year compared with those who are 
not frail.

Table 2. Association between frailty status and self-reported 
crashes

Frailty Status Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)*

Frail 1.63 (1.07, 2.48) 1.72 (0.92, 3.21)

Pre-frail 1.28 (1.04, 1.58) 1.31 (0.96, 1.80)

Not frail Reference Reference

* Adjusted for gender, age, PROMIS Depression, cognitive health, average miles 
driven per week and correlation within each site. Total N = 2,956.

Frailty status was not significantly associated with self-
reported driving space. After adjusting for covariates, 
older drivers who are frail have 1.52 (95% CI: 0.71-3.22) 
times and those who are pre-frail have 1.23 (95% CI: 0.85-
1.80) times the odds of reporting restricted driving space 
compared with those who are not frail. 
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Table 3. Association between frailty status and self-reported 
driving space

Frailty Status Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)*

Frail 1.87 (1.36, 2.57) 1.52 (0.71, 3.22)

Pre-frail 1.37 (1.17, 1.60) 1.23 (0.85, 1.80)

Not frail Reference Reference

* Adjusted for gender, age, PROMIS Depression, cognitive health, average miles 
driven per week and correlation within each site. Total N = 2,965.

DISCUSSION
Based on objectively measured driving data, frailty status 
is significantly associated with being a low-mileage driver. 
This finding aligns with previous research. Specifically, 
given the finding from Bond et al. (2017) that frail drivers 
have increased rates of becoming nondrivers, it intuitively 
follows that among those who still drive, those who are 
frail are more likely to drive less than who are not frail. The 
nonsignificant association between classification as pre-
frail and status as a low-mileage driver may be a result of 
the fact that those who exhibit only a few signs of frailty 
do not yet feel the need to begin self-regulating their 
behaviors by driving less. 

The crash rate per mile driven among older adult drivers is 
substantially higher than it is among all but the youngest, 
least experienced drivers. However, research by Antin et 
al. (2017) found that this increase is not due to increased 
rates among all older adult drivers. Instead, their research 
found evidence that the increased crash rate in this 
demographic is primarily attributed to an increased crash 
rate specifically among those who accrue the lowest 
annual mileage. Therefore, the association found in the 
present study that those who are frail are at a higher risk 
of being low-mileage drivers implies that they are also at 
risk for increased crash rates. If this is true, interventions 
aimed at reducing the prevalence of frailty among 
older adult drivers may help them increase their driving 
exposure and decrease the overall crash rate for their age 
group. 

While this study found that frailty status was not 
significantly associated with the self-reported outcomes of 
crashes and restricted driving space, this may be a result 
of the low prevalence of frailty in the AAA LongROAD 

population at baseline. Additionally, self-reported data 
may be subject to bias, particularly in an age group with 
increasing levels of memory difficulties and cognitive 
impairment (Anstey, Wood, Caldwell, Kerr, & Lord, 2009; 
Marattoli, Cooney, & Tinetti, 1997; McGwin et al., 1998). 

This study benefited from the use of objective measures of 
driving exposure as well as performance-based measures 
of frailty status. However, this study was limited to the 
use of baseline data for frailty status, so time-varying 
relationships could not be assessed (Phillips et al., 2016). 

Future studies conducted on the AAA LongROAD cohort 
should use objectively measured crash rates and driving 
space to further understand the implications of being a 
driver who is frail. 
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