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Abstract: Older adults (aged 65 or older) are at higher risk of involvement in motor vehicle crashes.
Many studies have been conducted on older road users’ safety, but how older people’s driving
behavior and demographic characteristics, and warnings of side effects of prescription medication,
are associated with their crash risk has not been fully investigated. Aimed to address this knowledge
gap, a mail survey of older drivers in Illinois, U.S. was conducted. Information on respondents’
driving behaviors, demographic characteristics, physical conditions, medication use, crash experience,
etc. was gathered. Response distributions, odds ratios, and logistic regression models were employed
to analyze the survey data. The results showed that most respondents kept a high level of mobility
despite driving difficulty and medication use. Older drivers’ crash risk is mainly affected by external
factors (driving exposure, alcohol consumption, and medication use) rather than their demographic
characteristics and driving difficulty. Warnings from physicians on the side effects of prescription
drugs had no significant effects on older drivers’ crash risk. Given the importance of mobility to
older adults, the focus needs to be placed on providing a safe roadway system and safe driving
advice for older drivers, particularly those who are on medication.

Keywords: older drivers; motor vehicle crash; survey study; odds ratio; logistic regression

1. Introduction

Compared to younger groups, the older population aged 65 or above are at higher
risk of involvement in motor vehicle crashes due to the deterioration in their physical and
health conditions [1,2]. In 2018, the U.S. had 16% (52.4 million) older population aged 65
and older, while the older population accounted for 19% (6907) of total fatalities in motor
vehicle crashes, and almost 276,000 were treated for motor vehicle injuries [3]. As the
older population in the U.S. keeps increasing, with an expected number of 73.1 million
(21%) by 2030 [4], safety and mobility issues of the older population will become more
important. Therefore, how to mitigate older people’s motor vehicle crashes while keeping
their mobility and independence has gained more attention among transportation agencies,
researchers, and practitioners.

Many studies have been conducted on the safety of older road users, but they mainly
focused on the correlation/association of aging-related physical and medical conditions
with older people motor vehicle crashes or driving performance. Past studies can generally
be grouped into crash data analyses, experimental studies, and survey studies. Previous
crash data analysis research reported that the likeliness of older drivers (70 years or older)
being killed in a crash is over three times the likeliness of middle-aged (35–54 years)
drivers [5]. Fatalities of the older population are not only dependent on the crash intensity
but also on their susceptibility to chest injuries, reaction to medications, etc. [6]. Drivers
with a medical condition, such as heart disease and arthritis, have a higher chance of being
involved in crashes [7]. Inadequate surveillance and misjudgment of the gap between
vehicles have been identified as the most critical errors made by older drivers (70 years
and older) involved in crashes with reference to middle-aged drivers (35–54 years) [8].
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Influencing factors on older adult fatal crashes include time of day, lighting and weather
condition, speed limit, driver’s characteristics (condition and gender), driving maneuvers
(prior movement and lane departure), visibility of traffic control, roadway characteristics
(e.g., surrounding land use, type and classification, and geometry complexity), distracted
driving, and speeding [9–13]. Linking the national crash data with medication usage data
over 1998–2000, it has been found that over 60% of older drivers involved in crashes used at
least one medication causing driving impairments [14], and taking impairing medications
increases the crash risk by 1.43 times while compared with not taking medications [15–17].
Using the U.S. National Highway Traffic Safety Administration Drug and Alcohol Crash
Risk Study data, a recent study found that cannabis was associated with increased crash
risk among older drivers [18].

Experiment studies were usually used to test the impacts of medications and physi-
cal impairments on older people’s driving performance. Past studies indicate a distinct
age-related decline in cognitive and driving performance, and older people showed in-
consistent driving simulator performance in terms of speed adaptation and lane-keeping
behaviors [19]. Benzodiazepine usage was found to significantly impact driving abilities,
whereas antidepressants and hypoglycemic medication usage have non-significant im-
pacts on driving [17]. Prior research also suggests that visual impairment and waning
motor skills are associated with self-regulation of older adults, such as a reduction in the
number of days driven in a week or avoiding driving [20–25]. However, self-regulation
varies individually and is not enough to ensure safe driving as some impaired drivers
may believe that they are capable of driving and would drive even when not fit [22]. A
recent naturalistic study found very weak correlations between older people’s decreasing
function (poorer TMT (Trail-Making Test) and Rapid Pace Walk Times) and their lower
exposure to traffic (milage/number of days driven)/worse behind-the-wheel performance
(higher error scores) [26].

Several studies have employed survey questionnaires to gather self-reported data
of older people that are not included in crash records. Research has found that chronic
back issues and usage of nonsteroidal anti-inflammatory drugs lead to an increase in crash
risk [27]. Kidney or stroke-related medical problems and medication resulted in difficulties
in driving, while physical impairments lead to a decrease in the frequency of driving
among the older population [28]. Low attentional, cognitive, and motor skills and the pres-
ence of multiple medical conditions were significant predictors of crash involvement [29].
Additionally, older people tend to avoid unfavorable driving conditions such as night
driving, bad weather (e.g., rain, snow, and hail), high-speed roads, rush hour, etc. [22]. A
survey study conducted in New Zealand reported that policies that target all older drivers
and lead to licensing and mobility restrictions cannot be justified from a safety basis [30].

Older people safety has been researched for over two decades and has received more
attention recently as the older population keeps increasing. Many previous studies have
attributed older people crashes to aging, physical deterioration, medication usage, visual
impairment, cognitive inefficiency, and unfavorable roadway and traffic control conditions.
However, how older people driving habits, travel patterns, and demographic characteristics
are associated with their crashes or crash risks has not been fully evaluated. Additionally,
whether warnings from physicians on side effects of prescription drugs reduce older adults’
crash risk needs to be studied. Further, older people’s driving behaviors, patterns, and
exposure evolve over time. There is a need to acquire the recent information to reveal any
new patterns in the traveling and driving of older people as well as their mobility needs. In
addition, it is important to know how older drivers of these days perceive roadway safety
issues and their suggestions on how to improve driving safety. This will provide useful
information for appropriate engineering solutions on infrastructure design and operations
to improve older driver safety. Additionally, no safety studies targeting older drivers in
Illinois, U.S. have been conducted.

Aimed to address the above knowledge gap, a survey study was conducted to gather
older drivers’ demography, driving exposure, physical conditions, and medication usage
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data in Illinois, U.S., and the gathered data were analyzed using statistical models. The
anonymous survey acquired consensual responses from the participants in an unfiltered
way. Additionally, it provided inputs from the older drivers’ perspective on risky driving
conditions and countermeasures to improve older people safety.

2. Materials and Methods

This section presents the methods used in developing the survey questionnaire, sam-
pling, circulation, data compilation, and data analyses. A traditional mail-in survey
approach was employed considering the participants are older people who may not have
access to computers or the internet. Both descriptive analyses of survey response distribu-
tions and statistical models were used to analyze the survey data to identify significant
influencing factors on older driver safety.

2.1. Questionnaire

To ensure the efficiency of the data collection and the accuracy of the data collected, the
questionnaire was prepared to obtain precise answers by avoiding open-ended questions
and laying out the most applicable answers in multiple-choice questions. The questionnaire
includes five sections as below. Appendix A presents the survey instrument.

• Demographic characteristics (e.g., age, gender, education, and county)
• Driving exposure (e.g., number of days and types of roadways)
• Driving behavior and habit (e.g., driving conditions try to avoid)
• Physical conditions and medications (e.g., physical difficulties and medicine usage), and
• Driving safety (e.g., crash and near-crash experience).

2.2. Sampling

With the help from the IL Secretary of State office, licensed drivers’ registration
information was used to identify older drivers for the survey. Note that some licensed
older drivers may already cease driving or seldom drive by themselves. The survey did
not discriminate older drivers who actively drive and who do not because this study also
gathered information on older drivers’ opinions on risky driving conditions and how to
improve older people safety. Those who do not actively drive could enter their true driving
exposure. This information would help identify the proportion of older drivers who do not
actively drive and examine the association between their inactive driving behavior with
physical conditions and medical use.

To ensure a high degree of representativeness and eliminate possible bias from simple
random sampling that ignores the unbalanced population among different counties, a
proportional sampling method was applied in the study. In this sampling method, a
finite population is categorized into various subgroups and a random sampling procedure
is applied to obtain a sample from each subgroup proportional to its size. First, it was
determined that survey questionnaires will be mailed to 1200 older drivers (a sample size
of 1200) for this study, then the complete list of licensed older drivers (the population) was
obtained from the Secretary of State office, and the population was further divided into
three age groups (65–74, 75–84, and 85 and older) within each county and categorized as
male and female within each age group. Subsequently, the 1200 samples were assigned
to each subcategory by age group and gender proportional to their sizes. Last, random
sampling techniques were employed to obtain the representative sample from a pool of
older drivers in each category based on the sample size assigned to it.

2.3. Circulation

With the help of the Illinois Department of Transportation and the IL Secretary of
State office, the mailing addresses of sampled older drivers were obtained. Paper copies
of survey questionnaires were sent to the sampled group via mail with a pre-paid return
envelope enclosed. The survey lasted for about two months, from September through
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October 2019. A total of 417 returned responses were received. All responses to the survey
were voluntary and anonymous.

All participants were informed the risks, benefits, and alternatives of the survey before
they participated in the study. The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Institutional Review Board of Southern
Illinois University Edwardsville (SIUE) (protocol code # 130) on 18 September 2018.

2.4. Data Compiling

The returned paper copies of survey responses were reviewed and labeled by the research
team first. All responses were labeled with an ID number from 1 to 417. It turned out that
365 responses of the total 417 were complete. Then, hard copies of survey responses were
digitized and coded in an Excel file for the subsequent analyses. The survey questionnaire
structure was reflected in the Excel file and all multiple-choice options were included.

Responses were entered into the Excel file following the order of their ID numbers. A
binary number was used to code responses to each option of multi-choice questions, where
‘1’ meant the success or presence of a parameter, while ‘0’ meant the failure or absence of a
parameter in the study.

2.5. Data Analyses

First, frequency distributions of responses to survey variables were developed to rank
the responses. Then, odds ratios were determined to quantify the association between the
occurrence of selected survey variables. Last, a logistic regression analysis was conducted
to model the impacts of survey variables on older driver crash or near-crash risk. Logistic
models handle discrete outcomes well and have been widely used in safety data analysis
(e.g., [9,31]). In the study, the outcomes are crash/near-crash and non-crash. The data
used in the analysis were gathered from mailed-back survey questionnaires, which were
anonymous and for research purposes only. Given that over 400 survey responses were
received, model overfitting was not an issue in the study. The focus of the analysis was
to identify survey variables that significantly impact older drivers’ crash risk. Incomplete
responses and responses where participants were not involved in driving activities were
removed from the survey data for the logistic regression analysis.

2.5.1. Odds Ratios

An odds ratio is a statistic that describes the association of an event with the presence
or absence of another event. It is defined as the ratio of the odds of event A in the presence
of event B and the odds of event A in the absence of event B (Equation (1)). Two events
A and B are independent only if the odds ratio equals 1. An odds ratio greater than
1 indicates a positive association between A and B, while less than 1 indicates a negative
association [32].

Odds Ratios = (Odds of event A in presence of B)/(Odds of event A in absence of B) (1)

The association of various survey variables with four survey parameters, difficulty in
driving, vehicle miles traveled, number of days driven in a week, and crash/near-crash
experience, was quantified by calculating their odds ratios. For simplicity, categorical
survey variables with more than two levels were collapsed into binary variables. For
instance, responses for driving difficulty were merged and categorized into a high or low
level of difficulty, where to avoid three or more types of unfavorable driving conditions
was considered a high level of difficulty, whereas to avoid two or fewer types of unfavor-
able driving conditions was labeled as a low level of difficulty. Similarly, annual miles
traveled was categorized into low and high annual miles traveled using a cut-off value of
5000 m per year. The number of days driven per week was collapsed into 1–2 days a week
and more than 2 days a week.
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2.5.2. Logistic Regression

A multiple logistic regression model was applied to analyze the survey data. The
model has the format as shown in Equation (2) [31].

Logit (Pi) = log(Pi/1 − Pi) = β0 + β1 X1 +· · ·+βj Xj +· · ·βn Xn + ε (2)

where
Pi = response probability,
β = model coefficient,
Xi = explanatory variables, and
ε = model error.
In the model, the crash or near-crash occurrence was the dependent variable (crash/

near-crash was coded as “1” and no crash/near-crash was coded as “0”), while other survey
response variables were the explanatory variables. All explanatory variables are categorical
variables. In the model, a dichotomous variable was used to code explanatory variables
with two categories, while dummy variables were created to convert explanatory variables
with more than two categories into a series of dichotomous variables. The maximum
likelihood method was used to estimate multiple logistic model coefficients. A positive
model coefficient indicates an increase in the risk of a crash or near-crash event, whereas a
negative coefficient means a decrease in the risk. The χ2 test p-value of each coefficient was
used to test the significance of the variable associated with that coefficient. The null and
alternative hypotheses of χ2 test are below:

H0. explanatory variable Xi has non-significant effects on older drivers’ crash risk;

Ha. explanatory variable Xi has significant effects on older drivers’ crash risk.

As previously mentioned, paper copies of the survey questionnaire were mailed to
1200 older drivers sampled using a proportional sampling technique based on the popu-
lation by gender and age group in each county in Illinois. A total of 417 responses out of
1200 sent out surveys were received. After the data screening, 365 complete responses were
used for the odd ratios analysis and fitting the logistic model. However, the 365 responses
were not proportional to the population in each subgroup by gender and age as originally
designed. The data may have a low degree of representativeness of the population. To
ascertain the viability of the data and eliminate possible bias in the analysis results, sample
weights were introduced while performing the odd ratio and logistic regression analyses.
The weight of each factorial cell by gender and age group was determined as the product
of the ratio of the number of received responses over the original sample size and the ratio
of the original assigned sample size in that factorial cell over the received responses in that
factorial cell, as shown in Equation (3) [33]. The survey response data were adjusted using
the calculated weights before performing the statistical analyses. The logistic regression
analysis was conducted using the statistical software package SPSS. To incorporate the
weights in the analysis, a new variable W_var was added in the input data, and the code of
“weight = W_var” was used in SPSS.

Weight = (Number of received responses)/(Original sample size)∗
(Original assigned sample size in a factorial cell)/(Actual received responses in a factorial cell)

(3)

2.5.3. Collinearity Analysis of Explanatory Variables

The survey data contain many data items that may be correlated with each other. If
those data are used directly as explanatory variables in the modeling, their correlation may
distort the analysis results. Therefore, a collinearity analysis was conducted before the
logistic modeling to identify independent explanatory variables to be used in the model.

The statistical software package SPSS was employed to conduct the collinearity anal-
ysis. The Variance Inflation Factor (VIF) and tolerance value for each variable were de-
termined. The VIF measures the impact of collinearity among the variables in any kind
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of regression model, which is close to the reciprocal of the tolerance value. Usually, the
VIF value lies between 1–10, and a VIF value less than 3 gives high confidence about the
independence of the variable associated with it.

3. Results

This section presents the analysis results of the survey data. It includes the frequency
distributions and rankings of survey responses, odds ratios of selected survey variables,
independent explanatory variables determined from the collinearity analysis, and the
logistic regression analysis results.

3.1. Frequency Distribution

Table 1 presents the frequency distribution of responses to survey questions on de-
mographic features, physical attributes, medication usage, driving exposure, and driving
habits. College-educated female drivers (65 to 74) were the most responsive study group
among all. It was common for older drivers to experience difficulty in performing regular
activities and are under prescription medication due to age-related diseases and physical
deterioration. However, most older drivers still maintained high mobility by driving every
day. This indicates that the majority of older drivers would like to continue driving as
long as they are able to drive safely. In addition, older drivers are conservative drivers,
who tend to avoid high-speed and non-familiar roads. Unlike young adult drivers, driving
under influences (DUIs) are not common in older drivers. Only 8% of older drivers who
participated in the survey reported they drove under influence.

Table 1. Response frequencies.

Description Total

Age
65 to 74 244
75 to 84 130

85 or older 38

Gender
Male 188

Female 226

Difficulty
Using stairs 61

Walking more than 1
4 mile 67

Carrying heavy objects 117

Roads
Local roads 174
Highway 155
Freeway 24

Alcohol
Use alcohol 32

Not use alcohol 373

Days
Every day 209
3–5 days 151
1–2 days 43

Ethnicity
Caucasian 353

African American 26
Asian 11

Education
Some college 137

Up to high school 114
College degree and above 155

Medication
On medication 130

Not on medication 168

3.2. Ranking

Rankings of survey responses on driving condition, mobility difficulty, driving ability
impairment, near-crash, and risk circumstances were listed in Figures 1–4. The results
showed that bad weather, rush hour, and heavy traffic are the top unfavorable driving
conditions that older drivers tend to avoid. These driving conditions were considered
challenging because they demand increased attention and quick response in compari-
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son to clear weather, non-rush hour, and free-flow conditions. Slow reaction time, stiff
joints/muscles, and vision impairments were the top driving ability impairments reported
by survey respondents, which are all related to the aging physical conditions of older
people. Rear-end and sideswipe were the most-reported collision types that older drivers
encountered, which may be due to slow reaction time and vision deterioration caused by
aging. Headlight glare at night and speed of drivers were the top-reported risk circum-
stances, which are in alignment with the results from the driving conditions that older
people tried to avoid.
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3.3. Odds Ratios

Tables 2–5 present the odds ratio values calculated to quantify the association between
various survey variables with driving difficulty, miles traveled annually, the number of
days driven in a week, and crash/near-crash experience. The results in Table 2 showed
that drivers aged 75 and older experienced higher driving difficulty compared to those
aged 65–74. Older female drivers faced more difficulty than their male counterparts when
driving. Older drivers who often drive on local roads reported higher driving difficulty than
those who usually use highways/freeways, indicating that older drivers who experience
more driving difficulties tend to avoid driving on high-speed roads. In addition, older
drivers with higher education reported less diving difficulty.
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Table 2. Odds Ratios for Driving Difficulty.

Description High Difficulty Less Difficulty Odds Ratio

65 to 74 80 192 0.402
75 or Older 88 85 -

Male 71 105 0.641
Female 97 92 -

Up to Highschool 52 53 1.217
Some college 116 144 -
Local roads 99 100 1.418

Highway/Freeway 67 96 -

Table 3. Odds Ratios for Miles Travelled Annually.

Description Less than 5000 More than 5000 Odds Ratio

65 to 74 49 143 0.413
75 or Older 78 94 -

Male 47 129 0.496
Female 80 109 -

Up to Highschool 57 48 3.223
Some college 70 190 -
Local roads 93 106 3.591

Highway/Freeway 32 131 -

Table 4. Odds Ratios for Days Driven in a Week.

Description 1–2 days More than 2 Days Odds Ratio

65 to 74 16 176 0.589
75 or Older 23 149 -

Male 19 157 1.02
Female 20 169 -

Up to Highschool 17 88 2.09
Some college 22 238 -
Local roads 19 180 0.8

Highway/Freeway 19 144 -

Table 5. Odds ratios for near-crash or no-crash experience.

Description Near-Crash No Crash Odds Ratio

Male 27 148
1.385Female 22 167

Warning 9 32
1.948No warning 41 284

On medication 20 83
1.894Not medication 29 228

Alcohol 8 21
2.676No alcohol 42 295

65–74 28 164
1.22875 or older 21 151

Up to high school 12 93
0.778College 37 223

Local roads 25 173
0.855Highway/freeway 24 142

The odds ratio results for miles traveled annually (Table 3) and the number of days
driven in a week (Table 4) matched in most cases because both variables measured older
people’s driving exposure. Overall, older drivers with higher education attainment had
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higher exposure in both miles traveled and days driven compared to those with up to high
school education. Drivers aged 75 and older tended to drive fewer miles and fewer days
than those aged 65–74. Older male drivers drove more miles than their female counterparts,
but the two groups had similar driving frequencies. Older drivers who usually drove on
freeway/highways were prone to driving more miles but less frequently than those who
often used local roads.

As expected, older male drivers and older drivers on prescription medication or with
alcohol use experienced more crash or near-crash events (Table 5). Additionally, older
drivers with a college education and drove on highways/freeways were involved in fewer
crash or near-crash events compared to their counterparts. Surprisingly, the odds ratio
results showed that warnings from physicians on the side effects of prescription medicines
were associated with more crash or near-crash events among older drivers. The odds
ratio results quantified the association between selected variables and crash/near-crash
experiences but did not provide enough information to determine if any association with
crash/near-crash experiences was statistically significant. Therefore, logistic regression
analysis was conducted in the study to further analyze the survey data.

3.4. Independent Explanatory Variable

Table 6 presents the VIF and tolerance values obtained from the collinearity analysis
of survey variables. Herein, the dependent variable is crash/near-crash events, while all
other survey variables are potential explanatory variables in the analysis. The results show
that the two variables, driving days in a week and roadway types, have VIF values larger
or close to 3.0, suggesting that they are not independent. Therefore, survey responses on
the number of days driven in a week and roadway types used were removed from the
dataset for the logistic regression analysis.

Table 6. Tolerance and VIF of different explanatory variables.

Variables Category Tolerance VIF

Gender
Male 0.894 1.118

Female

Age Group
65–74
75–84 0.825 1.212

85 and above 0.725 1.380

Education

College Degree and
above

Some College 0.731 1.368
Up to High school 0.668 1.497

Driving Days
Everyday 0.292 3.421
3–5 days 0.373 2.678
1–2 days

Miles Driven

Less than 5000
5000–10,000 0.603 1.659

10,001–15,000 0.525 1.904
More than15,000 0.555 1.803

Roadway Types
Local Roads 0.202 4.945

Highway 0.215 4.646
Freeway

Alcohol Consumption Yes 0.877 1.141
No

Medication Use
Yes 0.873 1.146
No

High Difficulty Yes 0.916 1.092
No

Medication Warning Yes 0.880 1.136
No
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3.5. Logistic Regression

Table 7 presents the model coefficients, standard errors, Chi-squared statistics, and
associated Chi-squared test p-values obtained from the logistic regression analysis. Only
three variables, miles driven within 5000–10,000 m annually (at 0.05 significance level),
alcohol consumption (at 0.05 significance level), and medication use (at 0.1 significance
level), were found having significant impacts on crash or near-crash risk among older
drivers. Older drivers drove 5000–10,000 m per year had a significantly higher chance of
being involved in crashes/near-crashes than those drove less than 5000 m annually. This
revealed that higher exposure led to a high-crash/near-crash risk. The positive coefficients
for miles driven of 10,000–15,000 m and more than 15,000 m indicated that older drivers
who drove more than 10,000 m per year also had a higher chance to be involved in a crash
or near-crash than those drove less than 5000 m per year, but the difference is not significant.
The non-significance may be due to the small number of older drivers who drove more
than 10,000 m annually.

Table 7. Survey Data Logistic Regression Analysis Results.

Variables Category DF Estimate Standard Error Wald
Chi-Squared Pr > ChiSq

Intercept 1 −5.795 2.6737 4.698 0.030

Gender
Male 1 0.290 0.3588 0.655 0.418

Female

Age Group
65–74
75–84 1 −0.091 0.4208 0.047 0.829

85 and above 1 0.399 0.5085 0.615 0.433

Education

College Degree and
above

Some College 1 0.173 0.4094 0.178 0.673
Up to Highschool 1 0.060 0.4750 0.016 0.899

Miles Driven

Less than 5000
5000–10,000 1 0.974 0.4361 4.990 0.025

10,001–15,000 1 0.799 0.5770 1.917 0.166
More than15,000 1 0.547 0.7246 0.570 0.450

High Difficulty Yes 1 0.345 0.3518 0.961 0.327
No

Alcohol
Consumption

Yes 1 1.232 0.5481 5.055 0.025
No

Medication Use
Yes 1 0.731 0.3784 3.738 0.053
No

Medication
Warning

Yes 1 0.648 0.4961 1.706 0.192
No

The logistic regression analysis results confirmed that alcohol and prescription drug
use significantly increased crash/near-crash risk among older drivers. Note that although
only a small percentage of survey respondents reported DUIs, the logistic regression
analysis still identified DUI as a significant influential variable on older driver crash risk,
indicating the severe adverse impact of DUI on driving safety. The p-value for medication
use is 0.053, which is not as significant as the other two variables. This might be due to
the different levels of adverse impact that different prescription medicine has on older
drivers. Further research is needed to examine the driving impairment of various medicines
reported by the survey respondents. The result for medication warnings was consistent
with that from the odds ratios analysis. A positive coefficient was obtained for the variable,
but its p-value indicated that a warning of the side effects of prescription drugs had no
significant effects on older drivers’ crash risk.
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The impacts of other explanatory variables on older drivers’ crash/near-crash risk
obtained from model coefficients associated with them were consistent with the results
from the odds ratio analysis. However, the p-values indicated those explanatory variables
are all non-significant. The results imply that older drivers are vulnerable regardless of
their gender, race, education, etc.

Figure 5 presents the ranking of prescription medicine use reported by survey re-
spondents. Antidepressants and hypertensives were the top prescription drugs used by
older drivers, followed by antihistamines and hypoglycemics. Note that an older driver
could be on multiple prescription drugs at the same time. The drug-use frequency was
not high compared to the total number of responses. Still, the logistic regression model
identified prescription drug use as a significant variable, indicating that the adverse impact
of medicine on older driver safety cannot be overemphasized.
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4. Discussion

The survey results revealed that although it is common for older drivers to experience
difficulty in performing daily activities and are on prescription drug(s), the majority (90%)
of respondents still drove 3–5 days or every day in a week. This indicates the strong
mobility needs of the older population. Past studies have proved that mobility is of
fundamental importance to older adults’ independence, physical and psychological health,
and quality of life [34–36]. With the advance of technologies and automation of motor
vehicles, new safety and operational features (e.g., cameras, sensors, cruise control) have
been equipped on vehicles by default, which lowered the bar for older people to drive
safely. The trends in older driver crashes have shown that fatal crash involvements for
adults aged 70 and older in the U.S. remain down from their 1997 peak, even as the
number of licensed older drivers and the miles they drive have increased, which is likely
attributed to health improvement and vehicles with improved crash worthiness and safety
features [37]. Older drivers with impairments usually self-regulate to reduce their exposure
to live traffic. On the other hand, restriction policies and laws are in place to restrict older
people’s driving activities based on their ages or impairments (e.g., [38,39]). Although
those safety measures are effective in mitigating motor vehicle crashes involving older
adults by reducing their exposure to traffic, the focus needs to be placed on providing a
roadway network and a traffic control system that considers older people’s characteristics
and needs, rather than restricting them from driving. A study from New Zealand has
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shown that licensing and mobility restrictions policies target all older drivers cannot be
justified from a safety basis [30].

Older adults’ demographic characteristics (age, gender, education, and race) and
driving difficulty were found associated with their crash risk, which are consistent with
conclusions from some past studies (e.g., [9,20]). However, statistical analyses only iden-
tified driving exposure, alcohol consumption, and medication usage as significant in-
fluencing factors on older drivers’ crash risk. This indicates that the crash risk of older
drivers is mainly affected by external factors rather than by their internal characteristics.
Therefore, older drivers’ motor vehicle crashes may be mitigated through the proper ad-
ministering and advising of prescription medicines (e.g., advice on safe driving for those
on prescription drugs), enforcement of restriction laws on driving under influences (e.g.,
enforcement of restriction on blood alcohol concentration), and engineering solutions to
improve the design and operation of roadways and traffic controls by considering older
people’s characteristics and needs (e.g., increasing the length of merging/diverging lanes).

The rankings of responses showed that bad weather, rush hour, and heavy traffic were
the top driving conditions older drivers tended to avoid, and rear-end and sideswipe were
the top collision types that older drivers encountered. Given that those conditions and col-
lision types are commonly avoided or experienced by young and middle-aged drivers [40],
those results did not provide much specific information on mitigating older people motor
vehicle crashes. The results on perceived risky circumstances by older drivers provided
valuable insights in this regard. Headlight glare at night, the speed of drivers, blind spots,
and short merging/diverging segments are the most reported risky circumstance by older
drivers. These are related to median design/roadway lighting, sight distance, design speed,
and roadway geometry. Therefore, enhanced roadway design that considers older people’s
characteristics and speed limit enforcement will improve older drivers’ safety. The finding
will provide insights to help bridge the gap identified in previous studies (e.g., [41]) of
lacking definitive findings or recommendations for infrastructure changes to increase the
safety of older drivers.

This study identified medication usage as a significant factor on older drivers’ crash
risk. The adverse impacts of prescription drugs have long been recognized [23,24,28].
However, an increase in crash risk was found associated with warnings from physicians
on the side effects of prescription medicine, although the increase was not statistically
significant. A total of ten classes of medication were reported used by survey respondents.
Many past studies have examined how prescription medicines affect drivers’ performance.
However, only being aware of the adverse effects is of limited help for older people’s safe
driving. Given the mobility needs of older people and that a large portion of them is on
medication, the more useful information might be when and how to drive safely after
taking prescription drugs. Future research needs to focus on the evolvement of adverse
side effects of prescription medicines on driving performance over time and the association
between the extent of side effects and crash risk under various roadway, traffic control, and
environmental conditions.

Even though results obtained from the statistical analyses are reliable, data gath-
ered from the survey that were used in the statistical analyses have limitations and the
analysis findings should be carefully inferred and used together with other data or mod-
els. Information obtained from a self-reporting survey can be faulty, as people tend to
portray themselves as righteous even in an anonymous survey. Additionally, possible
memory-related problems due to aging may distort the older driver survey data. Further
investigation using non-self-reported data (e.g., non-intrusive data collection of driving
exposure, cross-referenced healthcare data.) would be helpful to improve the reliability
of the concluded results. In addition, the study targeted older drivers in Illinois, U.S. The
results obtained from the study may not be generalized to older drivers in other regions
and counties.
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5. Conclusions

The survey of older drivers showed that it was common for them to experience driving
difficulty and a large portion of older drivers used prescription drugs regularly. Still, most
older drivers maintained a high degree of mobility by driving 3–5 days or every day in
a week, indicating that older people want to continue driving as long as they are able to
drive safely. Given the importance of mobility to older people’s independence, health, and
quality of life, to improve older drivers’ safety, the focus needs to be placed on providing a
safe roadway system that considers older people’ characteristics rather than older people’
self-regulation and driving restriction policies/laws that target older adults.

The sample of older drivers showed strong evidence that driving exposure, driving
under influences, and medication use increase their crash risk. Older drivers’ demographic
characteristics (age, gender, education, and race) and driving difficulty were also associated
with their crash risk, but the association is not statistically significant. This indicates
that the crash risk of older drivers is mainly affected by external factors rather than their
internal characteristics. Older drivers’ motor vehicle crashes may be mitigated through
properly administering and advising on prescription medicines, enforcing restriction laws
on driving under influences, and engineering solutions to improve the design and operation
of roadways and traffic controls by considering older people’s characteristics and needs.

Warnings from physicians on the side effects of prescription drugs had no significant
impacts on older drivers’ crash risk. Further investigation is needed to examine the
evolvement of side effects over time after taking medicines and how to mitigate older
people’s motor vehicle crashes through proper advising of the side effects of medicines
and suggestions on safe driving after taking medicines. The study results suggest that
improving older driver safety needs joint efforts from transportation agencies, health
departments, and law enforcement. The findings from this study are valuable in further
refining the understanding of older people’s, particularly older drivers’, safety problems
and can help formulate safety countermeasures to mitigate motor vehicle crashes involving
older adults, while keeping their independence, health, and quality of life.
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Appendix A

Survey on Motor Vehicle Crashes among Older People
The Illinois Department of Transportation (IDOT) is interested in your opinion on

driving safety and mobility issues, particularly the safety and mobility of older population
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in Illinois. Your answers to the following questions are totally voluntary and anonymous.
Please complete the survey and put it in the drop box or mail it back using the prepaid
envelop provided.

Demographic Characteristics
1. Your Gender: � Male � Female
2. Your Age: � 34 or less � 35–64 � 65–74 � 75–84 � 85 or older
3. Your Ethnicity: � Caucasian � African American � Asian � Hispanic � Other
4. Your Education: � Up to high school � Some college � College degree and above
5. Your Zip Code: ____________________________
Driving Exposure
6. How often do you drive in a week?
� Every day � 3–5 days � 1–2 days � only weekend � Other_____________
7. How many miles did you drive last year?
� Less than 5000 � 5000-10,000 � 10,001–15,000 � More than 15,000
8. What type of vehicle do you drive most often?
� Passenger Car � Pickup Truck � SUV � Mini-Van � Other____
9. What type of roadway do you travel most often?
� Local roads (up to 35 mph) � Highway (40–45 mph) � Freeway (65 mph and above)
Driving Behavior and Habit
10. How often do you use seat belts while driving?
� Most of the time � About half the time � Rarely � Never
11. How often do you drive over 5 mph faster than the posted speed limit?
� Most of the time � About half the time � Rarely � Never
12. In the past 60 days, have you driven a motor vehicle within 2 h after drinking

alcoholic beverages?
� Yes � No
13. Which driving conditions do you usually try to avoid (check all those apply)?
� Night driving � Bad weather � High speed roads � Heavy traffic � Drive alone
� Left turn across traffic� Long trips�Unfamiliar roads�Rush hour�Other_______________
Physical Conditions and Medications
14. Did you experience fall in last year?
� 3 times or more � 2 times � 1 time � None
15. Do you experience difficulty in any of the following daily life activities?
� Bathing self � Dressing and undressing � Using restroom � Feeding self
� Getting in and out of bed � Walking between rooms � None
16. Do you experience any of the following mobility difficulty?
� Using stairs � Walking more than 1

4 mile � Carrying heavy objects � None
17. What do you believe impairs your driving abilities the most?
� Stiff joints and muscles � Trouble seeing � Trouble hearing
� Slower reaction time � Medication � Other___________
18. Are you currently on prescription drugs of any of the following medication

classes?
� Barbiturates � Benzodiazepines � Hypnotics � Antidepressants � Opioid and

nonsteroidal analgesics � Anticonvulsants � Antipsychotics � Antiparkinsonian agents
� Skeletal muscle relaxants � Antihistamines � Anticholinergic medications � Hypo-
glycemic agents � Other_______________

19. Do you aware of or have you been warned by any healthcare provider on the
possible driving impairing side effect of prescribed drugs you take?

� Yes � No
Driving Safety
20. Have you experienced any crash or near-miss crash in the following type in last

two years?
� Overturned � Fixed objective � Parked vehicle � Turning � Rear-end
� Sideswipe � Head-on � Angle � Pedestrian/bicyclist � Other_______________
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21. What circumstance do you think as a risk when your drive (check all that apply)?
� Reading signs � Insufficient sight distance � Headlight glare at night
� Blowing materials � Embankment � Left turn at intersections
� Short merging/diverging segment � Small turn radius � Other_______________
22. What improvement in roadway design and operation do you think will improve

driving safety (check all that apply)?
� Bigger font on signs � Longer left turn signal � Longer non-parking zone at

intersections � Longer turn radius � Advanced warning of curves and embankments
� Longer merging/diverging segments� Enhanced crosswalks�Other______________
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