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FOREWORD

The objective of this study was to examine a wide array of driver and situational factors that
impact commercial motor vehicle (CMV) safety. The study evaluated the prevalence of these
factors as well as their relationship to being involved in a crash or moving violation in a diverse
sample of over 21,000 truck drivers. The goal was to identify and prioritize driver individual
differences with respect to risk factors. Primarily, these risk factors consisted of personal factors,
such as demographic characteristics, medical conditions, personal attitudes, and behavioral
history. The study identified risk factors by linking the characteristics of individual drivers with
their driving records, especially the occurrence or absence of crashes, during the duration of the
study. The prospective study design afforded the opportunity to observe these drivers for up to 3
years using a combined dataset from carrier and national sources. This report documents the
methods, data analyses, results, and conclusions involved in successfully conducting this study
and evaluating the data.

NOTICE

This document is disseminated under the sponsorship of the U.S. Department of Transportation
(USDOQOT) in the interest of information exchange. The U.S. Government assumes no liability for
the use of the information contained in this document. The contents of this report reflect the
views of the contractor, who is responsible for the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the USDOT. This report does not
constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers named herein. Trademarks or
manufacturers’ names appear in this report only because they are considered essential to the
objective of this report.

QUALITY ASSURANCE STATEMENT

The Federal Motor Carrier Safety Administration (FMCSA) provides high-quality information to
serve Government, industry, and the public in a manner that promotes public understanding.
Standards and policies are used to ensure and maximize the quality, objectivity, utility, and
integrity of its information. FMCSA periodically reviews quality issues and adjusts its programs
and processes to ensure continuous quality improvement.
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SI* (MODERN METRIC) CONVERSION FACTORS

Approximate Conversions to Sl Units

Symbol | When You Know | Multiply By To Find | Symbol
Length
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
Area
in2 square inches 645.2 square millimeters mm?2
ft2 square feet 0.093 sguare meters m?
yd?2 square yards 0.836 square meters m?
ac Acres 0.405 hectares ha
mi2 square miles 2.59 sguare kilometers km?
Volume (volumes greater than 1,000L shall be shown in m3)
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
fts cubic feet 0.028 cubic meters m3
yd3 cubic yards 0.765 cubic meters m3
Mass
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2,000 Ib) 0.907 megagrams (or “metric ton”) Mg (or “t")
Temperature (exact degrees)
°F Fahrenheit 5(F-32)/9 or (F-32)/1.8 Celsius °C
Illumination
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
Force and Pressure or Stress
Ibf poundforce 4.45 newtons N
Ibf/in2 poundforce per square inch 6.89 kilopascals kPa
Approximate Conversions from Sl Units
Symbol I When You Know | Multiply By To Find | Symbol
Length
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
Area
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
Ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?2
Volume
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet fts
m3 cubic meters 1.307 cubic yards yds3
Mass
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or ‘") megagrams (or “metric ton”) 1.103 short tons (2,000 Ib) T
Temperature (exact degrees)
°C Celsius 1.8c+32 Fahrenheit °F
Illumination
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
Force and Pressure or Stress
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in2

* Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with
Section 4 of ASTM E380. (Revised March 2003, Section 508-accessible version September 2009.)
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EXECUTIVE SUMMARY

The goal of the Commercial Driver Safety Risk Factors (CDSRF) study was to identify and
prioritize commercial motor vehicle (CMV) driver individual differences with respect to risk
factors. Primarily, these risk factors consisted of personal factors, such as demographic
characteristics, medical conditions, personal attitudes, and behavioral history; however, they also
included work environmental conditions. The CDSRF study identified risk factors by linking
individual characteristics of drivers with their driving records, especially the occurrence of a
crash or moving violation, over the course of the study. Note that this was previously titled the
Commercial Driver Individual Differences Study (CDIDS).

The prospective study design afforded the opportunity to observe participant drivers for up to 3
years using a combined dataset from carrier and national sources. There were four primary
objectives of this study:

1. Examine the prevalence of CMV driver demographic characteristics, work experience,
lifestyle and behavioral habits, and medical conditions.

2. Determine whether individual factors (e.g., demographic characteristics, work
experience, lifestyle and behavioral habits, driving behaviors, medical conditions, etc.)
and/or contributing situational and environmental factors, result in increased risk for a
crash or moving violation.

Identify factors associated with the presence of obstructive sleep apnea (OSA).

4. Follow CMV drivers for up to 3 years after entry into the study to identify additional
crash data and conduct validation of study results.

DATA COLLECTION MEASURES

Table 1 shows the data collection measures used in the CDSRF study.

Table 1. Data collection measures used in the CDSRF study.

Questionnaire Description
Medical Examination Report for | A qualifying Medical Examination Report for Commercial Driver Fitness
Commercial Driver Fitness Determination is required of all non-exempt drivers with a commercial
Determination driver’s license (CDL). The examination form consists of biographical

information, such as name, date of birth, weight, height and gender, as well
as 64 items related to medical health.

Brief Medical Exam Collected demographic information (driver’s license number, gender, and
date of birth) as well as two pieces of objective medical information (blood
pressure and heart rate). Only collected for those drivers without a Medical
Examination Report.

Demographic Questionnaire Basic demographic information that was not covered in the Medical
Examination Report.

Epworth Sleepiness Scale (ESS) | A self-report screening tool for daytime sleepiness.

Berlin Questionnaire (BQ) A self-report screening tool for OSA.
Survey of Recent Life This survey lists recent life experiences that contribute to stress or “daily
Experiences (SRLE) hassles.”
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Questionnaire Description

Dula Dangerous Driving Index Assesses various aspects of driving behavior, including hostility felt and

(DDDI) expressed while driving.

Social Desirability Scale (SDS) Items which help determine if a respondent is attempting to appear in a
favorable light or is otherwise not responding truthfully.

Job in General (JIG) Sub-scale related to overall satisfaction at work. Research suggests that

individuals who are disgruntled or otherwise unsatisfied with their work
may be more prone to crash involvement than those who are satisfied with
their work.

SAFETY OUTCOMES

There were three different safety outcomes in the CDSRF study. The participating carrier
provided the research team with monthly crash files for the duration of the study. Additionally,
the research team obtained monthly Motor Carrier Management Information System (MCMIS)
reports. At the end of the study, the research team received a record of moving violation
convictions for each driver in the Commercial Driver’s License Information System (CDLIS).

METHODS

There were eight recruitment sites. Seven locations were associated with a single carrier and one
was an occupational health clinic (not aligned with the participating carrier). The eight
recruitment sites were located across the continental United States, with locations in the western,
southern, central, southeastern, and eastern United States. Drivers were recruited by fleet staff
during the driver orientation program at each carrier location. During driver orientation, drivers
who were new hires or rehires were given safety and administrative training and a Department of
Transportation (DOT) medical examination (i.e., Medical Examination Report) by Road Ready,
Inc. Fleet personnel distributed study materials (provided by researchers) on the first day of each
driver orientation program.

Data Entry and Reduction

Upon receipt of the Initial Driver Survey and Follow-up Survey, members of the research team
removed any personally identifying information that participants may have inadvertently
included on the questionnaires. Each questionnaire was entered into a database using a unique
participant number. Upon receipt of the Medical Examination Report, members of the research
team used the participant key, consisting of the driver’s commercial driver’s license (CDL) code
and name code, to assign the anonymous participant number to the Medical Examination Report.
Some sections of the Medical Examination Report included open-ended comments from the
driver and medical examiner regarding prior and current medical conditions, treatment for
existing conditions, recommendations for future testing/specialists, etc. These comments were
transcribed and coded by members of the research team.

Using the CDL code, name code, and the date of entry in the study, the research team developed
algorithms to search the carrier crash data, MCMIS crash files, and CDLIS files to identify
matching events for drivers in the study. When searching these files, the research team defined
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the date range using entry into the study as the begin date and end of data collection as the end
date (May 30, 2016) for each driver. Each match was verified via a manual review to confirm
that the driver in the crash and/or violation was a driver in the study.

Tenure at the participating carrier was used as a measure of exposure. Tenure was defined as the
length of time between the date of entry in the study and the end of data collection or the date
they left the participating carrier (if that occurred before May 30, 2016). Driver tenure was
unavailable for independent contractors. Once a driver left the participating carrier, the study
team could not verify if that driver was employed and/or driving a truck/bus for a living. Driver
exposure from the national analyses was defined as the length of time between the date of entry
in the study and the end of data collection.

DATA ANALYSIS

Several study designs were used to evaluate the different research questions. With different
safety outputs (e.g., crashes from the participating carrier, national crashes, and national
violations), each associated with different exposure/tenure, several analyses were performed
within each study design (if necessary). The national crash database, MCMIS, only included
DOT-recordable crashes, whereas the carrier data included crashes from all severity levels.
However, the carrier database only captured crashes while a driver was employed at the
participating carrier. Given the high turnover rate and short employment period for drivers at the
participating carrier, the observation period was relatively short. Thus, to fully use the collected
data, three separate analyses were conducted:

1. The first analysis only used the national crash databases (MCMIS), where exposure was
date of entry in the study until May 30, 2016.

2. The second analysis only used the national violation databases (CDLIS), where exposure
was date of entry in the study until May 30, 2016.

3. The third analysis only used the carrier crash files, where tenure was the length of
employment at the participating carrier up to May 30, 2016.

With no evidence of overdispersion, a Poisson regression model was used to model the
frequency of crashes with the Initial Driver Survey and Medical Examination Report during the
observation period. Preliminary analyses found that drivers’ age strongly correlated with the
number of crashes, but also with most of the medical outcomes. To adjust for this potential
confounding and interacting effect, the regression models were stratified by age using quartiles.
After stratification, each variable was evaluated individually in the regression model with
adjustment to age and body mass index (BMI). In addition to evaluating each individual variable,
stepwise regression was used to examine the joint effect of multiple variables on drivers’ risk
estimation. A nested case-control approach was used to examine variables collected in the
Follow-up Survey with their effect on risk. Lastly, the OSA predictive analysis calculated the
odds that a driver with each predictor variable (e.g., obese class 111, male, high blood pressure,
etc.) would be diagnosed with OSA. A stepwise regression was used for the generalized linear
model with a logit link; following, a classification tree was applied to find the hierarchical
structure of the covariates in explaining the presence of OSA.
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STUDY FINDINGS

Error! Reference source not found. and Table 3 provide a sample of key findings for the
research domains examined in the CDSRF study and some specific findings in the CDSRF study,

respectively.

Table 2. Sample of key findings for the CDSRF study research domains.

Research Question

Study Finding

Crash Risk for Medical
Conditions: Which medical
conditions and treatments had an
impact on future crash and/or
moving violation risk?

Overall, drivers being treated for certain medical conditions, such as
diabetes/elevated blood sugar, high blood pressure, and OSA, were no
riskier than drivers without that same medical condition. In some age
groups, treated drivers were less risky than those who did not have the
medical condition.

Crash Risk by Prior Moving
Violation: Did prior moving
violations have an impact on future
crash and/or moving violation risk?

Prior moving violation convictions in the last 3 years were associated with
increased crash and moving violation risk.

Crash Risk by Age and Driving
Experience: Did driver age and
driving experience have an impact
on future crash and/or moving
violation risk?

In general, more experienced drivers in the study sample age 52 and older
were less likely to be involved in crashes or moving violation convictions
compared to less experienced drivers in the study sample age 20-33. Note
there was 1 driver that was age 20 out of over 21,000 drivers in the study.

Obstructive Sleep Apnea
Predictors: Which predictors were
associated with a diagnosis of
OSA?

For drivers in the study sample, body mass index (BMI > 35.03) was the
best predictor, followed by being male, diagnosed high blood pressure, and
age (>33.5 years), and to a lesser extent the Berlin Questionnaire (multiple
choice self-assessment for OSA based on snoring, apneas, daytime
sleepiness, and blood pressure).

Table 3. Some specific findings in the CDSRF study (listed in no particular order of importance or

magnitude).
Variable Specific Study Findings
BMI In general, higher BMI was found to reduce crash and moving violation conviction risk in
younger drivers. Increasing BMI was highly correlated with increasing age. Thus, older,
safer drivers were more likely to have a high BMI.
OSA Untreated OSA or potential OSA, which was undiagnosed and untreated, was associated

with an increased crash and moving violation conviction risk. This suggests the need for
treating this condition.

Elevated Blood
Pressure

Untreated elevated blood pressure or potential high blood pressure, which was
undiagnosed and untreated, was associated with an increased crash and moving violation
conviction risk. This suggests the need for treating this condition.

Nervous/Psychiatric
Condition

Treated and untreated nervous/psychiatric conditions were associated with an increase in
crash risk. Many specific conditions (e.g., anxiety, depression, etc.) were included in this
grouping, so it could be that one or more of these conditions is associated with the
increase in crash risk. This suggests that wellness programs that target driver wellbeing
should be made available to drivers.

Seat Belt Use

Drivers who reported they did not always wear their seat belt while driving a CMV were
associated with an increased crash and moving violation conviction risk. This suggests the
need for a robust seat belt policy and enforcement of that policy.
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Variable Specific Study Findings

Tobacco Use and Almost two-thirds of drivers reported tobacco use and over 50 percent were considered
Obesity obese. Tobacco use and obesity are associated with various comorbid health conditions,
such as OSA and elevated blood pressure. Thus, health and wellness programs that target
tobacco use and obesity can have positive health and safety implications.

One of the more striking findings was the profound effect of age and driving experience on
future crash risk. Younger and less experienced truck drivers were far more likely to be involved
in the safety outcomes compared to older and more experienced truck drivers. Moreover, older
drivers in the current study were more likely than their younger counterparts to have one or more
medical conditions. To address this issue, many of the analyses were stratified by age quartiles
so that the effects of medical conditions and treatment status could be analyzed by separate age
quartiles. Drivers in each age quartile were compared to other drivers in the same age quartile.
CMV driving experience was highly correlated with age and was thus not included in the
modeling approach. Moreover, CMV driving experience was available only for those drivers
who completed the Initial Driver Survey, whereas age was available for every driver in the
current study. Age therefore provided a more complete, consistent dataset for the drivers studied.

Another interesting finding was the degree to which drivers responded on the Initial Driver
Survey in a socially desirable way (i.e., trying to present themselves in a good light). Almost all
drivers who completed the Initial Driver Survey scored high on the SDS (99.1 percent), and the
mean scores on the DDDI and SRLE were well below the norms for those questionnaires.

Although the research team recruited truck drivers from across the United States, 20,745
participants were recruited from one large for-hire truck fleet. Moreover, those who completed
the Initial Driver Survey can be considered a convenience sample. Compared to other studies,*?
the current sample was slightly younger and contained fewer females and independent
contractors. The latter was expected given that the majority of the sample was recruited from a
for-hire carrier. Most of the drivers (58.4 percent) in the current study were obese, almost twice
the national prevalence of obesity in the U.S. working population (30.5 percent).®

The current study only found a significant trend between obesity and the safety outcomes for
drivers aged 20-33 in the individual regression analyses. Drivers with a BMI that classified them
as overweight or above were significantly less likely to be involved in a total carrier crash and a
carrier preventable crash compared to normal weight drivers. This was an interesting finding, as
this group of drivers had far fewer medical conditions compared to the other age quartiles. It
appears obesity itself does not increase crash risk; rather, the risk is increased by the comorbid
health conditions associated with obesity (the current study found several of these conditions
significantly increase risk if not treated). Over 60 percent of drivers who completed the Initial
Driver Survey in the current study reported using tobacco. Tobacco use rates in this population
remain significantly elevated compared to working adults in the United States (19 percent).®

Turnover, or driver churn, is problematic in the trucking industry, especially in the for-hire
truckload industry. The data in the current study seemed to support this issue, as the median and
mean number of days employed at the participating carrier were 114 days and 213 days,
respectively. However, these numbers are somewhat misleading for two reasons. First, they
include driver tenure from drivers who were employed at the participating carrier multiple times
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over the course of data collection (this would increase driver tenure). Second, they include a
cutoff of May 30, 2016, and many drivers likely remained at the participating carrier beyond this
date (this would decrease driver tenure).

Caffeine consumption is ubiquitous in the U.S. population, with almost 95 percent of the U.S.
population above the age of 18 consuming at least one caffeinated beverage each day.® The
results in the current study suggest CMV drivers may consume more than the U.S. population.
Almost all the drivers in the current study (99.6 percent) reported drinking at least one
caffeinated drink per day, and most drivers (77.2 percent) reported consuming two or more
caffeinated drinks per day.

Although only 12.6 percent of drivers in the current study who completed the Initial Driver
Survey reported a regular sleep schedule, 72.9 percent of the drivers reported 7 or more hours of
sleep each night. The proportion of truck drivers reporting more than 8 hours of sleep in the last
24 hours was more than four times greater than the U.S. working population (5 percent).® It is
possible that drivers may be self-reporting a picture of their sleep that is rosier than the actuality.
Truck drivers work extended hours and shifts that can start at various times of the day and night
and the conditions in the truck cab are not conducive to good quality sleep (due to noise, comfort
level, and temperature). All of these factors can adversely affect the amount and quality of sleep.

More than 95 percent of drivers in the current study reported “always” wearing their seat belt
while driving a CMV. Several of the analyses showed that drivers who wore their seat belt less
than always were significantly more likely to be convicted of a moving violation (45 percent to
234 percent more likely). Only 5 percent of the moving violation convictions in the current study
were related to lack of restraint use, indicating that the majority of drivers were being convicted
of other moving violations.

Drivers in the current study who reported a prior moving violation were significantly more likely
to be involved in a carrier preventable crash (54 percent more likely) or a national crash (58
percent more likely) or convicted of a moving violation (45-62 percent more likely) in the
individual regression analyses. They were also 26 percent more likely to be involved in a
national crash or convicted of a moving violation in the stepwise regression analyses.

Even with the likely underreporting and under diagnosis of medical conditions, many of the
prevalence rates for several of the medical conditions were similar to or greater than the U.S.
average. The prevalence of elevated blood sugar (9.4 percent versus 6.8 percent), hypertension
(24.4 percent versus 24 percent), and OSA (7.2 percent versus 4 percent) were similar to or
greater than those in the general population and other occupational cohorts, whereas heart
disease was lower (2.4 percent versus 6.7 percent).

The current study found protective effects for several medical conditions when those medical
conditions were being treated, but largely found that diagnosed drivers who received treatment
were no different than drivers without the medical condition. When there was an increased risk
in one of the safety outcomes, it meant the driver was not treating the medical condition or the
driver potentially had the medical condition (but wasn’t being treated, as the medical condition
was undiagnosed at this stage).
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In certain age groups, drivers receiving treatment for OSA, high blood pressure, and
diabetes/elevated blood sugar were less risky than drivers who did not have the condition.
Drivers aged 34-42 with OSA who were currently being treated were significantly less likely to
be involved in a carrier preventable crash compared to drivers without OSA (95.9 percent
reduction), whereas drivers aged 3442 who had OSA and weren’t being treated were
significantly more likely to be convicted of a moving violation (66.2 percent increase). Drivers
with potential OSA (thus untreated) were more likely to be involved in a carrier preventable
crash and moving violations. “Potential” OSA counts were based on driver self-reports and
physician comments in the Medical Examination Report.

Drivers aged 34-42 who had high blood pressure and received treatment were less likely to be
convicted of a moving violation (40 percent reduction). However, drivers aged 34—42 with high
blood pressure who weren’t being treated were significantly more likely to be convicted of a
moving violation (twofold increase), and drivers who potentially had high blood pressure were
significantly more likely to be involved in a total carrier crash (70 percent increase) or be
convicted of a moving violation (almost threefold increase).

Drivers aged 43-51 with treated diabetes/elevated blood sugar were 50 percent less likely to be
involved in a national crash compared to drivers aged 43-51 who did not have diabetes/elevated
blood sugar. Drivers with treated diabetes/elevated blood sugar were 38.7 percent more likely to
be convicted of a moving violation compared to drivers who did not have diabetes/elevated
blood sugar.

Post-hoc analyses were completed for these three medical conditions (i.e., OSA, high blood
pressure, and diabetes/elevated blood sugar) comparing treated and untreated drivers. As shown
in Table 4, in certain age groups, drivers receiving treatment for high blood pressure and OSA
were less risky than untreated, diagnosed drivers.

Table 4. Post-hoc analysis: safety outcomes (adjusted for age and BMI) of drivers treated for
diabetes/elevated blood sugar, OSA, or high blood pressure compared to drivers with the condition who were
not receiving treatment.

Crash/Moving Violation
Category Treated Drivers versus Untreated Drivers

Carrier-Defined Preventable | Treated OSA:

Crashes «  Drivers aged 34-42 with treated OSA were 92.2% less likely to be
involved in a carrier preventable crash than untreated drivers with OSA.

*  Drivers aged 43-51 with treated OSA were 68.9% less likely to be
involved in a carrier preventable crash than untreated drivers with OSA.

In all other age groups, there were no statistically significant differences in this
safety outcome between drivers with treated OSA and drivers with untreated OSA.

Treated Diabetes/Elevated Blood Sugar and Treated High Blood Pressure:
There were no statistically significant findings in this category for these conditions.
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Crash/Moving Violation
Category

Treated Drivers versus Untreated Drivers

National Crashes as Reported
to MCMIS

Treated OSA:

»  Drivers aged 43-51 with treated OSA were 59.7% less likely to be
involved in a MCMIS-reportable* crash compared to untreated drivers
with OSA.

In all other age groups, there were no statistically significant differences in this
safety outcome between drivers with treated OSA and drivers with untreated OSA.

Treated Diabetes/Elevated Blood Sugar and Treated High Blood Pressure:
There were no statistically significant findings in this category for these conditions.

Moving Violation Convictions
found in CDLIS

Treated High Blood Pressure:

»  Drivers aged 20-33 with treated high blood pressure were 69.3% less
likely to be convicted of a moving violation compared to untreated drivers
with high blood pressure.

»  Drivers aged 34-42 with treated high blood pressure were 72.6% less
likely to be convicted of a moving violation compared to untreated drivers
with high blood pressure.

»  Drivers aged 52 or older with treated high blood pressure were 51.5% less
likely to be convicted of a moving violation compared to untreated drivers
with high blood pressure.

In the 43-51 age group, there were no statistically significant differences in this
safety outcome between drivers with treated high blood pressure and drivers with
untreated high blood pressure.

Treated OSA:
«  Drivers aged 52 or older with treated OSA were 71.9% less likely to be
convicted of a moving violation compared to untreated drivers with OSA.

In all other age groups, there were no statistically significant differences in this
safety outcome between drivers with treated OSA and drivers with untreated OSA.

Treated Diabetes/Elevated Blood Sugar:
There were no statistically significant findings in this category for these conditions.

*A crash is MCMIS-reportable if it involves a vehicle meeting certain thresholds (i.e., a CMV) and results in a
minimum grade of damage or injury, or in a fatality.

The data in the current study support the use of objective criteria to screen drivers for OSA, as
BMI was the best predictor of those diagnosed with OSA, with the first split at a BMI of 35 or
greater. Some have argued this cutoff will impose a significant financial hardship on CMV
carriers and drivers, given that 25 percent of CMV drivers will meet this criterion. The current
study also found that high blood pressure was predictive of those diagnosed with OSA, and that
blood pressure measurements could possibly be added to the screening criteria to reduce the
number of false positive OSA diagnoses.

CONCLUSIONS

One of the more important findings with respect to future research in this domain was the effect
of age and experience on safety outcomes and the relationship of age with BMI and medical
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conditions. Older drivers age 52 and older who had more CMV driving experience were safer
drivers (as they exhibited lower rates of safety outcomes). These older, safer, and more
experienced drivers were more likely to have a higher BMI and be diagnosed with one or more
medical conditions compared to their younger (age 20-33), less safe, and inexperienced
counterparts. Note there was only 1 driver that was age 20 out of over 21,000 drivers in the
study. Thus, controlling for age and BMI as a covariate was not enough to overcome this safety
selection.

From a regulatory perspective, the results suggest that the requirements for CMV drivers being
medically certified to drive are working with respect to safety outcomes. As noted, those
receiving treatment for a medical condition were no riskier than drivers without the medial
condition, and, in several cases, were less risky than those without a diagnosis of the medical
condition. When there was an increase in risk in one or more of the safety outcomes, it was
usually associated with the driver not receiving treatment or the driver not being officially
diagnosed with the medical condition (thus, not receiving treatment). A nervous/psychiatric
disorder was the only medical condition that consistently showed a trend for a significant
increase in risk for those being treated. The nervous/psychiatric disorder was comprised of a
variety of psychological conditions (mostly depression and anxiety).

Given that one of the more robust findings in the current study was that drivers being treated for
a medical condition were no riskier than drivers without that same medical condition, and, in
several cases, were less risky than those who did not have the medical condition, the benefits of
attending to drivers’ health become clear. Given the high rates of obesity and tobacco use, which
are both associated with a variety of adverse health outcomes, fleets should focus their efforts on
identifying solutions to address these two issues. The results also highlight the importance of
successfully recruiting, selecting, and retaining qualified safe drivers, as prior convictions for
moving violations were also predictive of future safety outcomes.
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1. INTRODUCTION

1.1 BACKGROUND

Approximately 3.5 million professional truck drivers transport more than 10 billion tons of
freight annually in the United States, grossing more than $700 billion in freight revenues,
according to estimates by the American Trucking Associations.(”) Since 2010, there has been an
increasing demand for freight services and truck drivers to move goods throughout the country.
As of 2017, 543,061 interstate motor carriers had recent activity operating in the United States.®
The trucking industry contributes significantly to the U.S. economic portfolio, employing
approximately 8.7 million people and moving more than two-thirds of the total freight
transported in the country. From 2016 on, it is anticipated that approximately 115,000 truck
driver job openings will be created annually by U.S. companies to address the demand for new
truck drivers.®

1.1.1 Commercial Motor Vehicle Driver Demographics

The median age of over-the-road truck drivers is 49 years,*% compared to 42 years for all U.S.
workers.? Private fleet drivers have an even higher median age of 52 years.*? Data from the
American Transportation Research Institute (ATRI) show the aging of the trucking industry does
not match changes in the general U.S. workforce.*3 Nearly 30 percent of the truck transportation
workforce is between 45 to 54 years of age and there has been a growth in the proportion of
trucking employees who are 55 years and older. The industry is seeing an influx of post-
retirement drivers entering the trucking workforce; accordingly, the median age is likely to
increase in coming years. Approximately 94 percent of commercial motor vehicle (CMV) drivers
are male,*¥ compared to 53 percent of all U.S. workers.*® Minorities represented 39 percent of
CMV drivers in 2014.49 Over the next decade, the trucking industry will likely hire nearly
90,000 new drivers per year in response to driver shortage issues due to industry growth, driver
retirement, and driver turnover.!”) State and Federal laws dictate specific qualifications in order
to become a CMV driver, including obtaining a commercial driver’s license (CDL), a medical
card, and a variety of endorsements. Obtaining a CDL typically requires multiple weeks of
training and testing, which can cost as much as $6,500.8)

1.1.2 Crashes and Violations

Large truck and bus crashes placed an estimated $134 billion burden on the U.S. economy in
2016,%9) including costs related to fatalities, lost productivity, property damage, medical and
rehabilitation costs, travel delays, legal costs, emergency services, insurance, and costs to
employers.®? In 2016, large trucks were involved in 367,000 property-damage-only crashes,
3,864 fatal crashes, and 104,000 injury crashes.??) Heavy and tractor-trailer truck drivers were
found to be 12 times more likely to die on the job®? and 3 times more likely to suffer an injury
involving time off work than the general U.S. worker population.?®

Two studies by ATRI found that previous crashes and violations are predictive of future
crashes.?42% In one study, the authors sampled data from 587,772 U.S. truck drivers from 2008
to 2009 to determine the future crash predictability of prior violations, convictions, and crashes.
This study concluded that drivers who had a past crash had an 88 percent increased likelihood of



being involved in a future crash.®® Violations that were highly predictive of a future crash
included convictions for failure to use/improper signal, improper passing and turning, improper
lane/location or erratic lane change, failure to obey traffic signs, and speeding. Interestingly, any
prior conviction was associated with a 65 percent increased likelihood of future crash
involvement. A key take away from both ATRI studies was that being aware of at-risk driving
behaviors can enable carriers and regulatory agencies to proactively address future crash risk.

1.1.3 Driver Factors and Crash Risk

Many different factors interact to impact crash risk, including driver factors, vehicle or
environmental factors, and situational factors. Research indicates a strong relationship between
driver factors and an increase in crash risk. Individual factors, including age, #2829
gender,®03:32) personality traits, including risk-taking and sensation-seeking,®* and driving
behaviors, such as seat belt use, distraction, speeding, and moving violations have all been
associated with an increase in crash risk (see references 35, 36, 37, 38, 39, 40, 41, and 42).
Health and medical conditions, including obesity, cardiovascular disease, diabetes, obstructive
sleep apnea (OSA), and musculoskeletal injuries have also been demonstrated to increase crash
risk (see references 43, 44, 45, 46, 47, 48, 49, and 50). Weigand and colleagues found that obese
CMV drivers were 1.37 times more likely than non-obese drivers to be involved in a safety-
critical event and were nearly twice as likely to be fatigued while involved in an at-fault safety-
critical event.®?

A case-control analysis of 4,448 drivers found that participants with non-medicated diabetes had
a threefold increased crash risk; stroke (odds ratio [OR] estimate = 1.93), history of myocardial
infarction (OR estimate = 1.77), depression (OR estimate = 2.43), and anxiety (OR estimate =
3.15) were also significantly associated with greater crash risk.®? A recent cross-sectional study
with nearly 800 CMV drivers found that conditions including low back pain, heart disease,
stress, and alcohol use were associated with crashes.®® A recent study by Burks et al. concluded
that CMV drivers with diagnosed OSA who did not adhere to positive airway pressure (PAP)
treatment had a fivefold greater risk of serious preventable crashes.®* Another interesting
finding from the Burks study was that drivers with diagnosed OSA who partially or fully
complied with PAP treatment had crash rates similar to those of drivers without OSA. Fatigue
has been shown to be a particularly prevalent factor in work-related crashes through reduced
alertness and impaired cognitive function, reaction time, and performance capabilities (see
references 55, 56, 57, 58, 59, 60, 61, and 62). Driver lifestyle and behavioral factors may also
play a role in crash risk. Obesity and comorbid diseases associated with poor nutrition and
sedentary behavior, including diabetes, cardiovascular diseases, and OSA, have been shown to
increase crash risk in truck drivers (see references 63, 64, 65, and 66). Short or inadequate
sleep® and alcohol use(®®% also increase crash risk, and caffeine has shown a protective effect
on crash risk for CMV drivers.("®

1.1.4 Environmental and Work Factors and Crash Risk

Several work and environmental factors have been shown to impact crash risk, including long
work hours; ™ pay, compensation, and benefits;"? traffic conditions; ™ irregular breaks, tight
delivery schedules, and lack of vehicle technology and safety devices; " driver training;"® and
driving experience.(®7" Job satisfaction may also impact crash risk indirectly through driver
retention and decreased turnover.(™® Safety policies and the culture within the workplace can also



influence CMV driver behaviors that are risk factors for crashes.("®% For example, health
programs initiated by carriers to address issues faced by drivers, including overweight conditions
and obesity, hypertension, and OSA, have been show to decrease driver turnover, 82 which is
linked to crash risk.®®

1.1.5 Situational Factors and Crash Risk

Situational factors and life events or experiences that cause stress, anxiety, depression, and other
strong emotions have also been linked to an increase in crash risk. Norris et al. observed that job
stress was highly predictive of future crashes and that financial stress has been shown to increase
the likelihood of more serious crashes.®¥ Interestingly, minor crashes were found to be
associated with high levels of stress whereas major crashes or the absence of crashes were
associated with low levels of stress.®® In addition to stress, Dobson et al. found that lower life
satisfaction scores were associated with increased rates of crashes.®® Having a relationship
partner was associated with fewer violations and lower crash risk. Studies have reported
relationships between aggressive driving and having an emotional or professional setback and
legal difficulties. ®7#® Stress has also been associated with risky driving behaviors. A study of
young drivers found that anxiety and depression were associated with risky driving behaviors,
such as speeding, not wearing a seat belt, and cell phone use while driving.®® Mental health
issues have not been extensively studied in the CMV population. A recent survey of 316 CMV
drivers reported the following prevalence estimates: loneliness (28 percent), depression (27
percent), chronic sleep disturbances (21 percent), anxiety (15 percent), and other emotional
problems (13 percent).©

1.2 SUMMARY

As shown above, many different factors impact crash risk. However, while the studies referenced
above investigated various specific factors, most did not consider the multitude of interactions
and how these interactions affect crash risk. Additionally, most of the studies use a retrospective
approach, which may be biased, as the crash may alter the driver’s perception or condition. For
example, Mayou and colleagues found that approximately 30 percent of drivers involved in a
crash that required an emergency room visit were likely to develop symptoms resembling post-
traumatic stress disorder, phobic travel anxiety, general anxiety, and depression.®® Lastly, many
of the studies reported above used self-reports of crash history and did not include a measure of
exposure (e.g., miles traveled). There is some evidence that self-reported crashes are suspect and
may not reflect actual behavior.®? Further, crashes independent of exposure are misleading (e.g.,
one crash after 1 month of driving compared to one crash after 3 years of driving).

The Commercial Driver Safety Risk Factors (CDSRF) study, reported herein, addressed many of
these issues. The comparison of crash-involved drivers to controls quantified the increased
probability of being involved in a crash associated with various driver and situational factors.
These personal and situational factors were selected at the onset of the study, and included some



questionnaires' that were eliminated by the Office of Management and Budget and are thus not
included in this report. Each factor was evaluated in terms of its likely importance with regard to
crash risk and feasibility for inclusion in the CDSRF study. Not only was the crash risk
associated with driver and situational factors determined, but assessments of these risk factors
were also combined. These crash risk predictions, whether based on single or multiple combined
factors, have important near-term applications in improving CMV safety management.

Thus, the objective of the CDSRF study was to examine a wide array of driver and situational
factors and determine the prevalence of these factors as well as their relationship to being
involved in a crash or moving violation in a diverse sample of more than 21,000 CMV drivers.
The CDSRF study sought to identify and prioritize CMV driver individual differences with
respect to risk factors. Primarily, these risk factors consisted of personal factors, such as
demographic characteristics, medical conditions, personal attitudes, and behavioral history. The
CDSREF study identified risk factors by linking the characteristics of individual drivers with their
driving records over the course of the study, especially the occurrence or absence of crashes. The
prospective study design afforded the opportunity to observe these drivers for up to 3 years using
a combined dataset from carrier and Federal sources. There were four primary objectives of this
study:

1. Examine the prevalence of CMV driver demographic characteristics, work experience,
lifestyle and behavioral habits, and medical conditions.

2. Determine whether individual factors (i.e., demographic characteristics, work experience,
lifestyle and behavioral habits, driving behaviors, medical conditions, etc.) and/or
contributing situational and environmental factors, result in increased risk for a CMV
crash or moving violation.

Identify factors associated with presence of OSA.

4. Follow CMV drivers for up to 3 years after entry into study to identify additional crash
data and conduct validation of study results.

' The following questionnaires were eliminated by the Office of Management and Budget, and were related to
personality correlates: International Personality Item Pool (which measures Agreeableness, Conscientiousness,
Extraversion, Neuroticism, and Openness to Experience), Sensation Seeking Scale, and Internal Control Index.



2. DATA COLLECTION MATERIALS

2.1 MEDICAL EXAMINATION REPORT FOR COMMERCIAL DRIVER FITNESS
DETERMINATION

A qualifying Medical Examination Report for Commercial Driver Fitness Determination is
required of all drivers with a CDL." The examination form consists of biographical information,
such as name, date of birth, weight, height and gender, as well as 64 items related to medical
health. The major targeted areas in the medical examination are listed below.

» General Information: includes driver information and health history.

e Testing: includes vision, hearing, blood pressure/pulse rate, and laboratory and other test
findings.

» Physical Examination: includes general appearance, eyes, ears, mouth and throat, lungs
and chest (not including breast examination), abdomen and viscera, vascular systems,
genitourinary system, extremities, spine and other musculoskeletal, and neurological.

In addition to the 64 mandatory items, there are three sections in the Medical Examination
Report that are dedicated to open comments. The first section is completed by the driver for a
more detailed description of his/her health history (e.g., past cancers, heart attacks, current
medications, etc.). The second section is completed by the medical examiner and is based on the
medical examiner’s discussion with the driver regarding his/her health history. The third section
is completed by the medical examiner to discuss anything noted during the physical examination
and whether the findings would affect the driver’s ability to safely operate a CMV.

In the current study, Road Ready, Inc. was responsible for collecting and recording all Medical
Examination Report information from the participating carrier who held participant data.

2.2 BRIEF MEDICAL EXAM

Prior to January 2015, the participating carrier required all newly hired drivers to obtain a
complete medical examination regardless of their current and valid medical card. However, in
January 2015, the participating carrier eliminated this requirement and accepted existing medical
certifications that had been completed within the previous 6 months from hire. Road Ready, Inc.
began to conduct brief medical exams for any new hire who, upon hire, had a current and valid
medical card within the prior 6 months. The brief medical exam consisted of CDL number,
gender, date of birth blood pressure, and heart rate.

it At the time this study was conducted, FMCSA had not yet implemented its Medical Examination Report (MER Form), MCSA-5875. Thus,
data collected during this study may differ from data currently collected via FMCSA’s MER Form.



2.3 INITIAL DRIVER SURVEY

The Initial Driver Survey was comprised of five main sections: demographic information,
Epworth Sleepiness Scale (ESS), Berlin Questionnaire (BQ), Survey of Recent Life Experiences
(SRLE), Dula Dangerous Driving Index (DDDI), and the Social Desirability Scale (SDS). The
Initial Driver Survey was made available to all participants in either English or Spanish and took
30-45 minutes to complete. See Appendix A for the Initial Driver Survey packet.

2.3.1 Demographic Information

The first five alpha-numeric characters of the driver’s CDL number were recorded, as were the
first two letters of their first name and the first six letters of their last name (name code). These
codes were used for identification and matching drivers with their medical and safety
information. This section collected demographic information, such as age; marital status; types
of trucking licenses and endorsements held; crashes and violations in the past 3 years; truck
driver training history; napping behavior; diet; and alcohol, caffeine, and tobacco use. Self-
reported height and weight were added to the Initial Driver Survey in January 2015, as these
measurements were no longer collected on the medical examination from drivers who had a
current and valid medical certification and were only required to complete a brief medical
examination. This information enabled the research team to calculate body mass index (BMI) for
each driver regardless of the type of medical examination conducted.

2.3.2 Epworth Sleepiness Scale

The ESS is a validated subjective tool to assess sleepiness. Drivers were asked to rate their
chances of dozing off or falling asleep while engaged in eight different activities, such as sitting
and reading or laying down to rest in the afternoon. Drivers would respond with selecting one of
four responses: no chance (0), slight chance (1), moderate chance (2), or high chance of dozing
(3). The sum of the ratings was then used to determine their level of sleepiness as being: lower
normal (0-5), higher normal (6-10), mild excessive (11-12), moderate excessive (13-15), or
severe excessive sleepiness (16-24).%

2.3.3 Berlin Questionnaire

The BQ is a validated screening tool to evaluate the risk of an individual having OSA. The
sensitivity of the BQ (i.e., the ability of the test to correctly identify patients with the disease,
known as the “true positive rate”) ranges from 54 percent to 86 percent, and the specificity (i.e.,
the ability of the test to correctly identify patients without the disease, known as the “true
negative rate”) ranges from 43 percent to 87 percent among primary care patients who are
seeking treatment.®* %:%) |n the current study, drivers were asked to respond to 10 questions
regarding their blood pressure, snoring, and frequency of events, such as not breathing while
sleeping or feeling tired, fatigued, or not up to par during waking time. Drivers responded by
choosing the frequency of these events happening: nearly every day, three to four times a week,
one to two times a week, one to two times a month, or never or nearly never. The questions were
separated into three categories (blood pressure, snoring, and fatigue) and rated for risk of OSA.
Each category was calculated as being either positive or negative based on the scores from
individual responses. A driver was determined to be at high risk for having OSA if two or more
categories were scored positive, whereas a participant was determined to be at low risk for OSA
if one or no categories were scored as positive.®”



2.3.4 Survey of Recent Life Experiences

The SRLE lists 41 life experiences that contribute to stress or “daily hassles.”®® Drivers
responded the extent to which each life experience has been a factor in their life in the previous
month. Drivers indicated whether the specific life experience was: (1) not at all part of my life,
(2) only slightly part of my life, (3) distinctly part of my life, or (4) very much part of my life.
Higher scores indicated greater stress. Drivers’ responses were summed and categorized by
stress level: very high stress, high stress, average stress, low stress, or very low stress. The 41 life
experiences are grouped into six subscales with a range of scores for each, including:

« Social and cultural difficulties: items relating to close interpersonal relationships, such as
friendship, family, and romance (e.g., “Gossip about yourself or been taken advantage
of”; range of 11 to 44).

» Work: items relating to dissatisfaction, conflict, and appreciation with your work (e.g.,
“Finding work uninteresting”; range of 7 to 28).

» Time pressure: items relating to complete work, insufficient leisure time, and too many
things to do (e.g., “Too many things to do at once”; range of 8 to 32).

e Finances: items related to one’s financial situation and troubles (e.g., “Failing to get
money you expected”; range of 6 to 24).

» Social acceptability: items relating to social rejection or dissatisfaction with one’s
attractiveness (e.g., “Being ignored”; range of 5 to 20).

» Social victimization: social mistreatment by others (e.g., “Being taken advantage of”’;
range of 4 to 16).

2.3.5 Dula Dangerous Driving Index

The DDDI measures one’s likelihood of driving dangerously.®® Drivers were asked to respond to
how often they engage in 31 different driving events, such as driving when angry or upset or
illegally passing a car/truck that is going too slowly. Drivers responded to these driving events
with one of five responses: (1) never, (2) rarely, (3) sometimes, (4) often, or (5) always. Higher
scores indicate a high propensity to drive dangerously. Each driver received an overall score of
risky driving behavior (28-140) as well as a score in three subcategories (based on 28 of the 31
items), including:

e Aggressive driving: items reflecting behaviors intentionally meant to annoy, irritate, or
punish other drivers (e.g., “I deliberately use my car/truck to block drivers who tailgate
me”’; ranging from 7 to 35).

* Negative emotional driving: items gauging irritability and anger while driving and the
tendency to be become annoyed with other drivers (e.g., “I lose my temper when
driving”; ranging from 9 to 45).

» Risky driving: items gauging willingness to engage in unsafe driving behaviors (e.g., “I
will race a slow-moving train to a railroad crossing”; ranging from 12 to 60).



2.3.6 Social Desirability Scale

Seven questions from the SDS®%) were embedded in the DDDI. These questions were used to
measure a driver’s intention to present themselves as socially desirable. Some examples of these
questions are: | am always courteous, even to people who are disagreeable; 1 am always willing
to admit when I’ve made a mistake. Drivers had the same response choices as for the DDDI, as
noted above. Each question was scored between zero and four, with four being the response for
high desirability. Total scores were computed for all seven questions for a total score ranging
from 0 to 28. Higher scores reflect higher social desirability, with total scores above 16 reflecting
an individual presenting themselves in a socially desirable way.

2.4 FOLLOW-UP SURVEY

The Follow-up Survey included six sections (see Appendix B): compensation (pay rate per mile,
trip, load, hour or other), SRLE, Job in General (JIG) Scale, ESS, BQ, and questions regarding
OSA or other sleep disorders (tested or diagnosed with OSA or any other sleep disorder, and if
he/she received treatment for OSA). The Follow-up Survey took approximately 15 minutes to
complete.

2.4.1 Job in General

The JIG was used to determine overall job satisfaction, including the potential of the responding
driver to quit his/her job.%) Drivers were presented with 18 adjectives that could be used to
describe one’s job in a positive or negative light, such as: “worthwhile,” “acceptable,” and
“waste of time.” The participant responded with a “Yes,” “No,” or “Not Sure” if the word was a
description of their job. Standard Job Descriptive Index scoring procedures were used for all
scales (i.e., using 0 for “no,” 1 for “?” and 3 for “yes” with negative adjectives being reverse
scored). The total JIG score was the sum of all 18 items, with high values indicating greater
overall job satisfaction. Mean scores on the JIG for non-managers was 39.79.02)

2.5 SAFETY DATA

2.5.1 Carrier Crash Files

The single carrier provided the research team with monthly crash files for the duration of the
study. There were 40 variables associated with each crash, including name; employee 1D
number; CDL number; incident date; location; road type; number of injuries; number of
fatalities; and crash type, cause, and cost. The data also indicated whether the crash was DOT
recordable, preventable, and if the driver was wearing their seatbelt. A DOT-recordable crash is
an occurrence where the crash resulted in a fatality, an injury requiring immediate medical
attention away from the scene, and/or one or more vehicles requiring tow-away from the scene.
The data also included driver tenure (i.e., termination date), which was used as a measure of
exposure.

2.5.2 Motor Carrier Management Information System

The Motor Carrier Management Information System (MCMIS) is an information system that
captures data on FMCSA inspection, crash, compliance review, safety audit, and registration data



from various field offices and States and compiles them into one source. States are required to

report crashes that meet the criteria of a DOT-recordable crash. The research team received
monthly downloads of the MCMIS crash files. These crash files had 22 variables associated with
the crash, including driver name, date of birth, CDL, employing carrier, crash date, location, and

first harmful event.

2.5.3 Commercial Driver’s License Information System

The Commercial Driver’s License Information System (CDLIS) is a nationwide computer
system that provides a complete record of convictions and crashes as well as personal driver’s
license and CDL information. At the conclusion of data collection, the research team received
CDLIS files on all drivers in the study. Variables of interest to the research team included driver
demographics (name, medical information, height and weight, commercial status), CMV crash

information (date, severity, etc.), and moving violation convictions (e.g., improper lane change,
failure to yield, etc.).
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3. METHODS AND APPROACH

Following is a description of the procedures and methods used to complete this study. The aim
was to provide these methods in chronological order (as they were initiated in this study), but
there may be some overlap of activities.

3.1 INSTITUTIONAL REVIEW BOARD

As required for all studies involving human subjects, the research team submitted an application
to the Virginia Tech Institutional Review Board (IRB) for their review and approval. The
application included the research protocol, which provided a detailed description of all study
tasks, data confidentiality, and data access. The application also contained an Informed Consent
Form (ICF) to be signed by each participating driver. See Appendix C for one of the ICFs used
in the study. The ICF outlined the study objectives and methods, data confidentiality, any
possible risks, compensation, and the rights of the participant (including freedom to withdraw
from the study at any time, for any reason). No human subject activities were conducted until
IRB approval was received on May 3, 2011, and Office of Management and Budget approval
(control number 2126-0052) was received on May 7, 2013.

3.2 RECRUITMENT

Although the study team recruited truck drivers from across the United States, 20,745
participants were recruited from one large for-hire truck fleet. Moreover, those who completed
the Initial Driver Survey can be considered a convenience sample. As such, the results are not
generalizable to the national truck driver population.

There were eight recruitment sites. Seven locations were associated with a single carrier and one
was an occupational health clinic (not aligned with a carrier). As shown in Figure 1, the eight
recruitment sites were located across the continental United States, with locations in the western,
southern, central, southeastern, and eastern regions.
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Figure 1. Image. Locations of the eight recruitment sites.

Drivers were recruited by fleet staff during the driver orientation program at each carrier
location. During driver orientation, drivers who were new hires or rehires were given safety and
administrative training and a DOT medical examination (i.e., Medical Examination Report) by
Road Ready, Inc. Fleet personnel distributed study materials (provided by researchers) on the
first day of each driver orientation program. Each packet of study materials included a summary
of the study’s purpose and requirements for participation, two copies of the ICF (one kept by
participants, the other returned to the research team), contact information for the lead researcher,
and the Initial Driver Survey.

During the first day of orientation, the orientation instructor read a script provided by the
research team (see Appendix D for the script). Drivers were instructed to review the study
materials on their own time (down time was available to drivers between their skills test, medical
examination, and general training and education). Drivers were also shown a 5-minute video
prepared by the research team that included information about the study (see Appendix E for the
video script). The same procedures were employed at the occupational health clinic; however, a
member of the medical staff was responsible for the procedures noted above.

3.3 INITIAL DRIVER SURVEY METHODS

Interested drivers were instructed to complete the materials during their own time and given two
options to complete and return the Initial Driver Survey. One option was for drivers to return
their completed materials to the front office staff at their terminal (or the medical staff at the
occupational health clinic). The office staff ensured the ICF was signed and then sealed the
completed Initial Driver Survey in a tamper-proof envelope. If the ICF was not signed, the front
office staff would instruct the driver to sign the ICF. At no time were office staff allowed to
review drivers’ responses on the Initial Driver Survey. After sealing the Initial Driver Survey in
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the tamper-proof envelope, front office staff recorded the CDL code (the first five alpha-numeric
characters of the driver’s CDL number) and the participant name code (the first two characters of
the first name and first six characters of the last name) on the front of the envelope. This step was
a backup process for cross referencing data sources (e.g., matching crash and violations files,
Initial Driver Survey, and Medical Examination Report) in case the driver failed to write the
correct information on the Initial Driver Survey. The participant was immediately given $20
(cash or gift card) for completing the Initial Driver Survey and a business card that included
information on being contacted in the future for an additional questionnaire (i.e., Follow-up
Questionnaire).

Drivers also had the option to mail their completed Initial Driver Survey and ICF directly to the
Virginia Tech Transportation Institute (VTTI) in a self-addressed, postage-paid, tamper-proof
envelope. Upon receipt, researchers identified the drivers by matching their CDL code and
participant name code with their medical information from the Medical Examination Report
(which included their mailing address). Upon an accurate match, a $20 check was mailed to the
mailing address noted in the Medical Examination Report supplied by Road Ready, Inc.

3.4 CARRIER CRASH FILES, MCMIS, CDLIS, MEDICAL EXAMINATION
REPORT, AND BRIEF MEDICAL SCREEN METHODS

Each month, the participating carrier sent electronic files to the research team that contained the
monthly crash files for all carrier drivers. Every 4-8 weeks, the research team received the
MCMIS crash files for the entire United States carrier population via FMCSA’s Volpe Database.
At the conclusion of data collection, CDLIS files for all drivers in the study were requested. This
request was made by a member of the research team, using drivers’ names and CDL numbers.

The occupational health clinic sent a paper copy of consented drivers’ Medical Examination
Report with the Initial Driver Survey in the tamper-proof envelope. Road Ready, Inc. sent
electronic files to the research team that contained the Medical Examination Report and Brief
Medical Screen for all drivers who attended the participating carrier’s orientation. The drivers’
Medical Examination Report and Brief Medical Screens were collected and maintained by the
participating carrier, and thus were not protected health information and were not subject to the
Health Information Privacy and Portability Act. These forms were existing business records that
were collected for business purposes pursuant to the drivers’ employment at the participating
carrier.

To summarize, drivers were included in the study if they had one or more pieces of data: Medical
Examination Report or a Brief Medical Screen (all drivers who attended orientation at the
participating carrier) and/or an Initial Driver Survey (consented drivers).

3.5 FOLLOW-UP SURVEY METHODS

The carrier crash files and MCMIS files were scanned each month using drivers’ CDL numbers
and names. Each crash file match was reviewed to determine:

» If the identity of the driver in the crash matched the driver in the study.
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» Whether the crash was a preventable on-road crash (when employed at the participating
carrier) or a DOT-recordable crash for drivers not employed at the participating carrier
(excluding weather-related and vehicle-related crashes).

»  Whether the crash was not a “property-claim only” crash (only in the participating carrier
crash files).

e Whether the driver was a consented driver (i.e., had signed an ICF).

An attempt to contact the driver to complete a Follow-up Survey was conducted if the driver met
all four criteria. For each of these identified “high-risk” drivers, five random control drivers were
contacted to complete a Follow-up Survey. A control driver was a driver who did not have any
preventable crashes at the time of his/her selection and was also a consented driver.

A member of the research team contacted these drivers via phone to complete the Follow-up
Survey. Contact information was retrieved from the Medical Examination Report; however, this
information was not always correct or complete. The research team had access to Accurint to
receive updated contact information. Accurint is a program offered by LexisNexis that enables
government agencies to locate people, detect fraud, uncover assets, verify identity, perform due
diligence, and visualize complex relationships. For the purpose of this research, Accurint was
only used to find current contact information for participating drivers. No other personal
information that could be made available through this program (such as social security number)
was disclosed to the research team. By using information such as name and previous address or
phone number, Accurint gave up-to-date public records on last known addresses and phone
numbers associated with the participating driver.

Potential Follow-up Survey participants were contacted as soon as possible after the identifying
event (or being selected as a control). This was typically 1-3 months after the crash (due to the
reporting lag in receiving carrier and MCMIS data). Each driver was called three times in an
attempt to complete the Follow-up Survey over the phone. Upon contact, drivers were reminded
of the original study and given the option to complete the survey over the phone, via email, or
via regular mail (using a self-addressed, postage-paid envelope). After three phone call attempts,
if the driver was not reached over the phone, a packet containing an overview of the study and
the Follow-up Survey was mailed to the driver (including a self-addressed, postage-paid and
tamper-proof envelope for returning the completed survey back to researchers). All drivers who
completed and returned the Follow-up Survey were sent a $10 check via mail.

There were 1,134 case events where the driver involved in the event had signed an ICF. The
research team was able to contact 1,046 of these drivers (no contact information was available
for 88 of them) and 300 completed the Follow-up Questionnaire (28.7 percent response rate).
The research team identified 4,821 control drivers to complete the Follow-up Questionnaire. Of
these, 1,045 completed the Follow-up Questionnaire (21.7 percent response rate).
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3.6 DATA ENTRY, FORMATTING, AND REDUCTION

3.6.1 Questionnaire Data

Upon receipt of the Initial Driver Survey and Follow-up Survey, the research team removed any
personally identifying information that participants may have inadvertently included on the
questionnaires. Each questionnaire was entered into a database using a unique participant
number. Two different members of the research team entered the responses from each
questionnaire into the two different but identical databases. Any discrepancies between the two
databases were reconciled by viewing the original questionnaire. After reconciliation, the
guestionnaire was scanned and stored in a secure, password-protected server and the original
paper questionnaire was shredded.

3.6.2 Medical Examination Report Data

Upon receipt of the Medical Examination Report, members of the research team used the
participant key—the CDL code and name code—to assign the anonymous participant number to
the Medical Examination Report. In situations where there were identical CDL numbers and
name codes, the research team referred to the recruitment rosters for all orientation drivers
provided by the participating carrier. All Medical Examination Report data were delivered to
researchers in an electronic database; no manual data entry was required. Several sections of the
Medical Examination Report were binary responses (yes/no), indicating the presence or absence
of various medical conditions. These were recoded as “1” (yes) and “0” (no). Other sections of
the Medical Examination Report included open-ended comments from the driver and medical
examiner regarding prior and current medical conditions, treatment for existing conditions,
recommendations for future testing/specialists, etc., and physician indications about whether a
driver’s ability to safely operate a CMV might be affected by these conditions. These comments
were transcribed and coded by the research team. The research team reviewed the comments on
each Medical Examination Report and recorded the following: (1) current diagnosed medical
condition, (2) treatment for current diagnosed medical conditions (yes, no, unsure), and (3)
potential medical conditions (i.e., a formal diagnosis was not made by the medical examiner;
however, the driver was referred to another physician to confirm diagnosis). Each specific
medical condition was grouped into a general medical category (see Appendix F for categories).
No treatment was defined as no indication of treatment for the diagnosed medical condition or
non-compliant treatment (i.e., partial treatment) for the diagnosed medical condition.

3.6.3 Crash and Violation Data

Using the CDL code, name code, and the date of entry in the study (i.e., date of driver orientation
at the participating carrier or date they completed the Initial Driver Survey at the occupational
health clinic), the research team developed algorithms to search the carrier crash data, MCMIS
crash files, and CDLIS crash and violation files to identify matching events with participants in
the study (only those matches after the date of entry in the study were included). The date range
used when searching these files for each driver was the date of entry into the study as the begin
date and the end of data collection as the end date (May 30, 2016; MCMIS crash files were
collected after this date, but only included crashes up to May 30, 2016, due to delays in
reporting). Each match was verified via a manual review to confirm that the driver in the crash
and/or violation was a driver in the study. Although CDLIS contains crash and moving violation
conviction files for each driver’s personal vehicle and CMV, only the latter were included.
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The participating carrier included claims data in the supplied crash files, and the property-only
claims were identified and removed. Using the same procedures in Hickman et al.,(193104) the
research team reviewed the crash narrative and crash type (e.g., truck scratched mirror on client’s
building versus rear-end striking on a two-lane divided highway). Those incidents that were
considered “property-only claims” were curb strikes, mechanical failure, non-vehicle-to-vehicle
crashes in a parking lot, non-contact, backing into a dock, truck hit while parked, and vandalism.

The participating carrier determined whether the crash was “preventable.” A “preventable” crash
is one in which the driver failed to exercise every reasonable precaution to prevent the crash.
This is not the same as “at-fault,” which is a legal determination. This is irrespective of whether
there was property damage or personal injury, the extent of the loss of injury, to whom it
occurred, and the location of the crash. Carrier personnel used the police crash report, driver
and/or witness testimony, and their own investigative findings to make this determination.
MCMIS data did not contain enough detail to make a determination of preventability; however,
if the identical crash was in the MCMIS and carrier crash files, the carrier’s determination of
preventability was used. Otherwise, no determination of preventability was made unless it was
coded as an animal strike, vehicle malfunction, or weather related (all non-preventable). CDLIS
crashes were coded as preventable if the crash had one or more of several identified moving
violations associated with the crash (see Appendix G) or the identical crash was coded as
preventable in the carrier crash files. Given that there were many crashes that overlapped two or
more of the crash databases, a mutually exclusive master crash database was created. Priority
was given to the carrier crash file, as it contained the most detailed information.

The matched moving violation convictions (using the list of moving violations in Appendix G)

were further filtered to exclude all those moving violation convictions that were associated with
a crash. The goal was to identify moving violation convictions independent of crashes, with the
rationale being that the moving violation convictions in the crashes were only included because
of the crash. Had the crash not occurred, it is likely that the moving violation conviction would

not have been coded by enforcement personnel.

3.6.4 Driver Exposure

Tenure at the participating carrier was used as a measure of exposure. Tenure was defined as the
length of time between the date of entry in the study and the end of data collection or the date a
driver left the participating carrier (if that occurred before May 30, 2016). Many drivers left the
participating company after entry into the study and were rehired at a later date (sometimes
several times). The length of time for this additional tenure was calculated for each driver up to
May 30, 2016. Driver tenure was unavailable for independent contractors. As shown in Figure 2,
driver tenure at the participating carrier was relatively short; thus, the analysis approach detailed
in Section 4 considered two types of driver exposure: tenure at the participating carrier (using
crashes collected by the participating carrier) and national exposure (using crashes and violations
from the national datasets). The mean number of days that a driver was employed at the
participating carrier was 231.9 days; however, the mode was 3 days and the median was 114
days. Once a driver left the participating carrier, the study team could not verify if that driver
was employed and/or driving a truck/bus for a living. As shown in Figure 3, national exposure
for drivers was the length of time between their date of entry into the study and the end of data
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collection on May 30, 2016. The mean number of days a driver was followed by the research
team was 616.5 days (the mode was 516 days and the median was 636 days).
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Figure 2. Graph. Number of drivers by carrier tenure (in days) at the participating carrier.
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Figure 3. Graph. Number of drivers by national exposure (in days) in the national dataset.
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4. DATA ANALYSIS APPROACH

Several analytic approaches were used to evaluate the different research questions. With
different safety outputs (e.g., crashes from the participating carrier, national crashes, and national
violations), each associated with different exposure/tenure, several analyses were performed
within each study design (if necessary). For example, the safety outcomes were from three
different sources: the participating carrier’s crash files and two national crash databases (MCMIS
and CDLIS). There were distinct characteristics among these three sources. The national crash
database, MCMIS, only included DOT-recordable crashes, whereas the carrier data included
crashes from all severity levels. However, the carrier database only captured crashes while a
driver was employed at the participating carrier. Given the high turnover rate and short
employment period for drivers at the participating carrier (as shown in Figure 2), the observation
period was relatively short. Thus, to fully use the collected data, three separate analyses were
conducted:

1. In the first analysis, only the national crash database (MCMIS) was used and exposure
was date of entry in the study until May 30, 2016.

2. Inthe second analysis, only the national violation database (CDLIS) was used and
exposure was date of entry in the study until May 30, 2016.

3. Inthe third analysis, only the carrier crash files were used and tenure was the length of
employment at the participating carrier up to May 30, 2016.

Analyses using the carrier crash data included all crashes and only those identified by the carrier
as preventable.

4.1 PROSPECTIVE COHORT

The questionnaire and medical data (via Medical Examination Report) were collected at the time
of recruitment. Each driver was observed (crashes and exposure/tenure) after entry into the
study. With no evidence of overdispersion, a Poisson regression model was used to model the
frequency of crashes and moving violations with the Initial Driver Survey and Medical
Examination Report during the observation period. The model specification, as shown in Figure
4, was:

Y;~Poisson(E;, ;)

Figure 4. Formula. Poisson regression model used to model the safety outcomes.

where Y; was the number of crashes for driver i; E; was the total exposure/tenure for driver i; and
A; was the expected crash rate for driver i. Preliminary analyses found that drivers’ age
correlated with the number of crashes, but also with most of the medical outcomes. Figure 5
shows the relative risk or risk ratio (RR) estimates for crashes by age groupings with the
comparison group being 21- to 25-year-olds. For example, the left image in Figure 5 shows that
drivers aged 36-55 were 25 percent less likely to be involved in a total carrier crash than drivers
aged 21-25. To adjust for these potential confounding and interacting effects, the regression
models were stratified by age using quartiles, which was approved by independent peer
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reviewers. That is, the research team divided all the drivers into four groups using quartiles, then
ran a Poisson regression within each age quartile.
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Figure 5. Graphs. RRs for crashes by age groupings: left image shows total carrier crashes, center image
shows carrier preventable crash, and right image shows national crashes.

After stratification, each variable was evaluated individually in the regression model with
adjustment to age and BMI. Drivers’ age was kept in the models, as it was a confounding factor
within each stratum, especially as the age bins are relatively wide. For each age stratum, log link
function was used to link the expected crash or moving violation rate with the explanatory
variables (e.g., Initial Driver Survey and Medical Examination Report) using the formula shown
in Figure 6:

log(A;) = Bo + BiXF + Bage X5 + PomiXEM!

Figure 6. Formula. Log link function used to link the expected crash or moving violation rate with the
explanatory variables.

where X/ was the value of variable k for driver i; X;® and X?M! were the age and BMI for
driver i respectively; and §’s are the regression coefficients. If X; was a categorical variable,
then each non-reference level had g as a coefficient, and exp(f) measured the relative risk of the
corresponding level compared to the reference level. If X; was a continuous variable, then the
variable had only one g coefficient, and exp(/8) measured the relative risk of the current value
compared to one unit less.

In addition to evaluating each individual variable, stepwise regression was used to examine the
joint effect of multiple variables on drivers’ risk estimation. All candidate variables in the model
were checked to see if their significance had been reduced below the specified tolerance level. If
a nonsignificant variable was found, it was removed from the model. However, this approach
had two main drawbacks: (1) the interaction between the variables could influence the
coefficients estimation, changing the direction of the sign compared to the individual regression
result, and (2) the missing value problem. As every driver who completed an Initial Driver
Survey did not also have a Medical Examination Report (or vice versa), the stepwise regression
was performed with all medical conditions in the Medical Examination Report and a separate
step-wise regression was performed for all the variables in the Initial Driver Survey. Missing
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data within each of these “bundles” was still an issue. The Akaike information criterion (AIC)
was used for variable selection in the step-wise regression. Given that age has a curvilinear
relationship with crashes, age was added as a quadratic term in the model.

4.2 NESTED CASE-CONTROL STUDY

A nested case-control approach was used to examine variables collected in the Follow-up Survey
with regard to their effect on risk. After a case-crash was identified (described above), up to five
consented non-crash drivers were contacted to complete a Follow-up Survey. In this analysis,
each crash (case) had up to five matched controls that didn’t experience a crash at the time of the
case’s crash. A mixed effect regression model was used to evaluate the risk factors. As shown in
Figure 7, the model setup was as follows:

logit(P(Y;e = 11p)) = Bo + BiXE + Bage X;™

Figure 7. Formula. Mixed effect regression model used to evaluate the risk factors.

where u; was the random effect for samples from the same reference date i; Y;; represents
observation ¢ from reference date i; X¥, X8 and the Bs were defined as in the prospective
cohort study, except X* were variables collected from the Follow-up Survey. The nested case-
control approach was based on a clear definition of case-crashes (described above); thus, there
was no need to distinguish between the national and carrier crash databases.

4.3 OBSTRUCTIVE SLEEP APNEA PREDICTIVE ANALYSIS

This analysis evaluated the factors that significantly influenced the presence of OSA. Ten
covariates were selected into the candidate pool based on domain knowledge, including age,
BMI, gender, ESS, BQ, diagnosed high blood pressure, diagnosed high blood sugar, and self-
reported sleep schedule and average sleep per night. Then, two analysis tools were involved in
variable selection. First, a stepwise regression was used for the generalized linear model with a
logit link, as shown in Figure 8:

logit(P(Y; = 1)) = X/ B

Figure 8. Formula. Stepwise regression used for the generalized linear model with a logit link.

where Y; = 1 indicates the presence of OSA for the ith driver, X; were the corresponding
covariates, and the ’°s were the regression coefficients. AIC was used as the selection criterion.
Second, a classification tree was applied to find the hierarchical structure of the covariates in
explaining the presence of OSA. We first fit a full tree by maximizing the Gini gain in every
split, then pruned the tree based on the cross-validation error. The Gini gain was defined as:

Gini(t) = 1— Z[p(flt)]2
j

Figure 9. Formula. Tree fit using Gini gain.
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where p(j|t) was the relative frequency of class j at split ¢, j = 0,1.
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5. RESULTS

This section presents the results of the various analyses identified in Section 4. As discussed in
the Executive Summary and in Section 3, this study relied on a convenience sample, so findings
presented in this section are not generalizable to the entire national truck driving population.
First, the descriptive results, which characterize the general makeup of the drivers who
participated in the study, are presented. Second, the prospective cohort results for the Initial
Driver Survey are presented. Third, the prospective cohort results for the Medical Examination
Reports are presented. Fourth, the nested case-control analysis results for the Follow-up
Questionnaire are presented. Lastly, the OSA predictive analysis results are presented. Each of
these analyses are presented in turn.

5.1 DESCRIPTIVE ANALYSES

The descriptive analyses presented in this section, and subsequent analyses, include data from
drivers in the study. Figure 10 shows the number of completed Initial Driver Surveys, Medical
Examination Reports, and Brief Medical Screens (total of 20,753 drivers). For example, 7,296
drivers completed the Initial Driver Survey and Medical Examination, 2,879 drivers completed
the Initial Driver Survey and the Brief Medical Screen, etc. Thus, the number of drivers that
completed each data collection instrument determines the total number of drivers with data for
that instrument. For example, medical information was only available for drivers who completed
the Medical Examination Report (13,724 drivers), data from the Initial Driver Survey was only
available from 11,314 drivers, etc. Drivers who only completed an Initial Driver Survey were
likely at a location that did not have staff to conduct the Brief Medical Screen, or left orientation
after completing the Initial Driver Survey, but before the medical certification exam. Some
drivers had multiple Initial Driver Surveys, Medical Examination Reports, and/or Brief Medical
Screens for various reasons (e.g., rehire at the participating carrier, attended multiple driver
orientations, or used carrier medical staff for the medical certification). Only the first completed
measure (i.e., Initial Driver Survey, Brief Medical, or Medical Examination Report) was used in
the analyses.
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Figure 10. Diagram. Number of completed Initial Driver Surveys, Medical Examination Reports, and Brief
Medical Screens.

5.1.1 Driver Demographic Characteristics

Table 5 shows drivers” demographic characteristics, including gender, age quartiles, BMI,
marital status, academic degree, English as a primary language, and employment status
(company driver or independent contractor). Gender was completed on the Medical Examination
Report and the Brief Medical Screen; age was completed on the Medical Examination Report,
Initial Driver Survey, and Brief Medical Screen; BMI was calculated from the driver’s height
and weight from the Medical Examination Report, CDLIS, or Initial Driver Survey; and marital
status, academic degree, and English as a primary language were self-reported on the Initial
Driver Survey. Independent contractors were identified by their lack of tenure information
supplied by the participating carrier, as not all drivers completed the Initial Driver Survey. Please
note the frequencies in the tables and figures below may not be equal due to missing data or
driver non-response on items. As indicated above, most of these variables were collected from
the Initial Driver Survey and/or Medical Examination Report. The Brief Medical Screen
contained a few variables. The percentages reflect the distribution of responses for drivers where
data was available (excluding missing data or driver non-response on items) and does not reflect
the distribution of all 20,753 drivers. As shown in Table 5, most drivers were male (95.87
percent), obese (58.45 percent), married (47.72 percent), had obtained an associate’s degree
(58.44 percent), spoke English as a primary language (92.26 percent), and were company drivers
(88.93 percent). Thus, the interpretation of these distributions would be as follows: 14.73 percent
of drivers had a BMI greater than 40 for those drivers where we could calculate BMI; it does not
reflect the entire sample of 20,753 drivers.
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Table 5. Drivers’ demographic characteristics.

Demographic Characteristic Number Percent
Driver Sex: Male 15,827 95.87%
Driver Sex: Female 682 4.13%
Subtotal 16,509 100%
Driver Age: 20-33+ 4,956 25.40%
Driver Age: 34-42 4,697 24.07%
Driver Age: 43-51 5,174 26.52%
Driver Age: >52 4,684 24.01%
Subtotal 19,511 100%
BMI > 40 (Obese Class I1I) 2,008 14.73%
35 < BMI < 40 (Obese Class II) 2,176 15.96%
30 < BMI < 35 (Obese Class I) 3,786 27.76%
25 < BMI < 30 (Overweight) 3,922 28.76%
18.5 <BMI < 25 (Normal) 1,693 12.42%
BMI < 18.50 (Underweight) 51 0.37%
Subtotal 13,636 100%
Marital Status: Single 4,443 39.00%
Marital Status: Married 5,436 47.72%
Marital Status: Divorced 1,419 12.46%
Marital Status: Widowed 93 0.82%
Subtotal 11,391* 100%
Academic Degree: General Education Development (GED) 722 6.43%
Academic Degree: High School 2,017 17.97%
Academic Degree: Associate’s Degree 6,558 58.44%
Academic Degree: Bachelor’s Degree 1,237 11.02%
Academic Degree: Master’s Degree 577 5.14%
Academic Degree: Doctorate 94 0.84%
Academic Degree: Medical Degree 14 0.12%
Academic Degree: None Previous 3 0.03%
Subtotal 11,222 100%
English as a Primary Language: Yes 10,392 92.26%
English as a Primary Language: No 872 7.74%
Subtotal 11,264 100%
Independent Contractor: Yes 2,221 11.07%
Independent Contractor: No 17,844 88.93%
Subtotal 20,065 100%

LOf the roughly 21,000 drivers sampled, 1 was age 20.
*Some drivers selected more than one option.

5.1.2 Commercial Vehicle Driving Experience

Figure 11 shows the frequency of self-reported CMV driving experience (i.e., total experience
driving a commercial vehicle for a living). As shown in Figure 11, the mean of CMV driving
experience was 102.1 months (the mode was 12 months and the median was 60 months).
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Figure 11. Graph. Number of drivers by self-reported CMV driving experience in months.

5.1.3 Self-Reported CDL Endorsements

Table 6 shows the frequency and percent of self-reported CDL endorsements (drivers could
indicate more than one endorsement). To drive certain types of vehicles with a CDL, it may be
necessary to add an endorsement or remove a restriction. Of the drivers who completed the
Initial Driver Survey, most were rated to operate a tank vehicle (47.1 percent), double or triple
trailer (35.3 percent), or a vehicle containing hazardous materials (32.6 percent).

Table 6. Frequency and percent of self-reported CDL endorsements.

Endorsement N Percent
Hazardous Materials 3,683 32.6%
Tank Vehicle 5,324 47.1%
Passengers 1,145 10.1%
School Bus 486 4.3%
Double/Triple Trailers 3,997 35.3%
Combination HazMat/Tank 1,730 15.3%

5.1.4 Self-Reported Seat Belt Use

Figure 12 shows self-reported seat belt use in the driver’s personal vehicle or CMV (via the
Initial Driver Survey). Most drivers who completed the Initial Driver Survey indicated they
always used their seat belt as they operated their personal vehicle or CMV (90.2 percent and 96.8
percent, respectively).
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Figure 12. Chart. Self-reported seat belt use in personal vehicle and CMV.

5.1.5 Truck Training Experience

Table 7 shows the self-reported amount (in weeks) of formal truck driver training (e.g., truck
driving school), informal truck driver training (training with a friend or relative), and on-the-job
training (training performed while employed driving a truck) via the Initial Driver Survey. It
appears drivers may have misunderstood this question, as a large number of drivers indicated no
prior formal training or on-the-job training, despite the fact that the participating carrier only
hired drivers with at least 6 months of prior CMV driving experience.

Table 7. Self-reported amount of truck driver training.

Weeks Formal Training Informal Training On-the-job Training
0 3,098 7,398 1,307
<1 144 147 487
1 126 234 834
2 799 489 904
3 1,778 595 661
4 1,717 696 1,162
5 344 127 266
6 787 403 728
7 116 37 113
8+ 1,484 1,118 2,430
Unknown* 100 100 864

*Training indicated, but no amount given.

5.1.6 Prior Safety Record

Table 8 shows the number of self-reported crashes (for those who indicated a crash), by fault, in
the driver’s personal vehicle or CMV in the prior 3 years. The last two columns are responses
where the driver indicated a crash, but did not indicate fault. For example, 107 drivers indicated
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they had two CMV at-fault crashes in the prior 3 years. Few drivers self-reported a crash in the
prior 3 years. However, for those who did indicate a prior crash, most indicated one prior crash
in the prior 3 years.

Table 8. Self-reported crashes in prior 3 years.

Non-
CMV CMV Personal | Personal Fault Fault
CMV Vehicle Vehicle Personal Vehicle Vehicle Vehicle Vehicle
Vehicle Non- Fault Not | Vehicle Non- Fault Not Not Not

Crashes | At-Fault Fault Specified | At-Fault Fault Specified | Specified | Specified
1 542 839 303 133 469 91 14 44
2 107 79 58 2 27 7 1 1
3 21 12 12 0 7 1 1 1
4 6 1 2 0 1 0 0 0
5 0 1 1 0 0 0 0 0
6+ 0 1 0 0 0 0 0 0

Table 9 shows the number of self-reported moving violations (for those who reported a moving
violation) in the driver’s personal vehicle or CMV in the prior 3 years. A moving violation could
include a conviction for speeding, following too closely, failure to obey traffic signal, etc. For
example, 220 drivers indicated they had two moving violations in a CMV in the prior 3 years.
For those drivers who indicated a prior moving violation, most self-reported one prior moving
violation in the prior 3 years.

Table 9. Self-reported moving violations in prior 3 years.

Moving Violations | Commercial Vehicle | Personal Vehicle
1 1,469 1,319
2 220 220
3 34 29
4 4 4
5 3 0
6+ 3 0

Table 10 shows the number of drivers’ self-reported out-of-service (OOS) violations (for those
who reported an OOS violation) in a CMV in the prior 3 years. Vehicle violations can include
violations for brakes, tires, etc., and driver violations can include violations for hours of service,
log violations, etc. For example, five drivers indicated they had three driver violations in the
prior 3 years. Few drivers indicated a prior OOS violation in the prior 3 years. However, for

those drivers who indicated a prior OOS violation, most self-reported one OOS violation in the
prior 3 years.

Table 10. Self-reported OOS violations in prior 3 years.

OOS Violations Driver Violations Vehicle Violations

1 339 491
2 21 94
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OOS Violations Driver Violations Vehicle Violations
3 5 18
4 3 10
5 1 2
6+ 2

5.1.7 Self-Reported Diet, Exercise, Tobacco Use, Caffeine Use, Alcohol Use, and Sleep
Habits

Table 11 shows the self-reported diet, exercise per week, tobacco use, caffeine use per day,
alcohol use per week, and sleep habits from the Initial Driver Survey. Some drivers reported a
range (e.g., 4-5 hours) regarding their self-reported average sleep per night. If a range was
reported, the mean was used (rounding down from 0.5) to the nearest whole number. Reponses
greater than 10 hours of sleep per night were excluded, as they did not appear feasible. Most
drivers self-reported an average diet (60.57 percent), no exercise each week (28.63 percent), use
of tobacco products (63.26 percent), consuming two servings of caffeine per day (33.11 percent),
consuming zero servings of alcohol per week (69.55 percent), napping during the day (72.5
percent), having a somewhat regular sleep schedule (52.98 percent), and sleeping 8 hours per
night (32.31 percent).

Table 11. Drivers’ diet, exercise, tobacco use, caffeine use, alcohol use, and sleep habits.

Response N Percent
Diet: Poor 704 6.26%
Diet: Below Average 1,977 17.57%
Diet: Average 6,817 60.57%
Diet: Above Average 1,373 12.20%
Diet: Excellent 383 3.40%
Subtotal 11,254 100%
Exercise per week: 0 times 3,161 28.63%
Exercise per week: 1 time 777 7.04%
Exercise per week: 2 times 1,870 16.94%
Exercise per week: 3 times 2,349 21.28%
Exercise per week: 4 times 1,177 10.66%
Exercise per week: 5 times 887 8.04%
Exercise per week: 6 times 219 1.99%
Exercise per week: 7 times 305 2.76%
Exercise per week: 7+ times 294 2.66%
Subtotal 11,039 100%
Use Tobacco Products: Yes 7,181 63.26%
Use Tobacco Products: No 4,171 36.74%
Subtotal 11,352* 100%
Caffeine per day: 0 drinks 26 0.35%
Caffeine per day: 1 drink 1,646 22.40%
Caffeine per day: 2 drinks 2,433 33.11%
Caffeine per day: 3 drinks 1,223 16.64%
Caffeine per day: 4 drinks 668 9.09%
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Response N Percent
Caffeine per day: 5 drinks 475 6.46%
Caffeine per day: 6+ drinks 877 11.94%
Subtotal 7,348 100%
Alcoholic Drinks per Week: 0 drinks 7,740 69.55%
Alcoholic Drinks per Week: 1 drink 3,350 30.10%
Alcoholic Drinks per Week: 2 drinks 39 0.35%
Subtotal 11,129 100%
Nap during the Day: Yes 8,100 72.5%
Nap during the Day: No 3,072 27.5%
Subtotal 11,172 100%
Regular Sleep Schedule: Yes 1,343 12.55%
Regular Sleep Schedule: Sometimes 5,669 52.98%
Regular Sleep Schedule: No 3,688 34.47%
Subtotal 11,172 100%
Average Sleep per Night: >8 hours 1,382 12.92%
Average Sleep per Night: 8 hours 3,456 32.31%
Average Sleep per Night: 7 hours 2,955 27.62%
Average Sleep per Night: 6 hours 2,284 21.35%
Average Sleep per Night: 5 hours 517 4.83%
Average Sleep per Night: <4 hours 103 0.96%
Subtotal 10,697 100%

*Includes tobacco use on the Medical Examination Report.

5.1.8 Epworth Sleepiness Scale

Figure 13 shows the results from drivers’ responses to the ESS. The ESS is a validated subjective
tool to assess daytime sleepiness with higher scores indicating greater likelihood of daytime
sleepiness. Most drivers scored in the normal range (91 percent), whereas 9 percent would be at
increased risk for daytime sleepiness.
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Figure 13. Chart. ESS groupings.

5.1.9 Berlin Questionnaire

Figure 14 shows the results from drivers’ responses on the BQ. The BQ is a validated screening
tool to evaluate the risk of an individual having OSA. Results showed that 81.4 percent of the
drivers screened low risk for OSA, while 18.6 percent of the drivers scored high-risk.

= Low Risk for

OSA
n=1948 = High Risk for
(18.6%) OSA

n = 8,543 (81.4%)

Figure 14. Chart. Berlin groupings.

5.1.10 Survey of Recent Life Experiences

Table 12 shows overall mean and subscale means on the SRLE. The SRLE lists 41 life
experiences that contribute to stress or “daily hassles.” Higher scores indicate greater stress.
Participants’ responses were summed and categorized by stress level: very high stress, high
stress, average stress, low stress, or very low stress. Although the mean scores in Table 12 appear
low, these scores also include missing responses, which were somewhat prevalent on the SRLE.

31



Table 12. Subscale results on the SRLE.

SRLE Subscales Mean Subscale Range®®)
Social and Cultural 16.2 11-44
Work 11.1 7-28
Time Pressure 14.3 8-32
Finances 11.1 6-24
Social Acceptability 7.8 5-20
Social Victimization 6.9 4-16

5.1.11 Dula Dangerous Driving Index

Table 13 shows mean scores on the DDDI by gender as well as the mean scores in Dula et al.%
The DDDI measures one’s likelihood of driving dangerously. Higher scores indicate a high
propensity to drive dangerously. Each participant received an overall score of risky driving
behavior (28-140) as well as a score in three subcategories. As with the SRLE, drivers skipped
several of the items on the DDDI, which explains the low mean scores for males and females
reflected in Table 13 (compared to the norms).

Table 13. Mean scores by gender on the DDDI.

DDDI Scales Males Females Males in Dula et al.(") Females in Dula et al.(1%)
Total Score 40.66 39.05 70.73 65.68
Agagressive Driving 8.93 8.49 17.40 15.26
Negative Emotion 17.03 16.53 26.76 26.53
Risky Driving 14.70 14.03 34.53 31.19

5.1.12 Social Desirability Scale

Figure 15 shows the number and percent of drivers who presented themselves in a socially
desirable way on the SDS. These questions were used to measure the participant’s intention to
present themselves as socially desirable. Higher scores reflect higher social desirability, with
total scores above 16 reflecting an individual presenting themselves in a socially desirable way.
All but 99 drivers who completed the SDS scored high on it (0.9 percent). This is not surprising
given that drivers completed the Initial Driver Survey during an orientation meeting, and thus
may have felt heightened pressure to depict themselves in a favorable manner.
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Figure 15. Chart. Percent of drivers’ responding in a socially desirable way on the SDS.
5.1.13 Medical Information via the Medical Examination Report

Table 14 shows the number and percent of diagnosed medical groupings, followed by the
frequency of treatment for the diagnosed medical groupings (yes, no, unsure), and the frequency
and percent of potential medical groupings (i.e., a formal diagnosis was not made by the medical
examiner). A total of 13,724 drivers completed the Medical Examination Report; thus, the
percentages reflect that total. For example, 216 drivers were diagnosed with allergies (1.57
percent of drivers). Of these, 209 were treated, 4 were untreated, and the research team was
unsure if 3 drivers were treated. Twelve drivers had a potential allergy diagnosis (0.09 percent of
drivers). These counts were based on lab results, driver self-reports, and physician comments in
the Medical Examination Report. The three most commonly diagnosed medical groupings were
high blood pressure (24.39 percent), diabetes/elevated blood sugar (9.38 percent), and OSA (7.15
percent). The three most common potential medical groupings were OSA (6.40 percent), high
blood pressure (4.07 percent), and kidney disease (1.59 percent). See Appendix F for the counts
of each specific medical condition in the medical groupings.'

Table 14. Frequency of diagnosed medical groupings, treatment for diagnosed medical groupings, and
potential medical groupings, for all drivers.

Total Diagnosed | Diagnosed: Diagnosed: Diagnosed: Potential
Medical Grouping (%) Treated Untreated Unsure (%)
Abdomen and Viscera 133 (0.97%) 9 51 73 13 (0.09%)
Alcohol use 48 (0.35%) 1 0 47 0 (0%)

il Table 12 lists the total frequencies for the medical groupings, whereas Appendix F lists the specific medical
conditions within those groupings. The Medical Examination Report lists general medical groupings; a medical
examiner can check a box for a medical grouping, but not indicate the specific medical condition (the specific medical
conditions are listed in the comments). Thus, a medical examiner could check Abdomen and Viscera, but never
indicate the specific medical condition.
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Total Diagnosed | Diagnosed: Diagnosed: Diagnosed: Potential

Medical Grouping (%) Treated Untreated Unsure (%)
Allergies 216 (1.57%) 209 4 3 12 (0.09%)
Blood Disorder 17 (0.12%) 13 4 0 1 (0.01%)
Cancer 25 (0.18%) 16 6 3 18 (0.13%)
Diabetes/Elevated 1,287 (9.38%) 1,118 147 22 | 105 (0.77%)
Blood Sugar
Digestive Problems 479 (3.49%) 415 23 41 9 (0.07%)
Dyslipidemia 796 (5.8%) 791 3 2 9 (0.07%)
Ear Disorder/ 949 (6.91%) 791 3 155 9 (0.07%)
Hearing/Balance
Eye Disorder 112 (0.82%) 26 16 70 14 (0.10%)
Genitourinary 286 (2.08%) 114 117 55 77 (0.56%)
Head/Brain Injuries 128 (0.93%) 38 2 88 3 (0.02%)
Heart/Cardiovascular 330 (2.4%) 224 47 59 90 (0.66%)
Disease
High Blood Pressure 3,347 (24.39%) 3,105 178 64 | 559 (4.07%)
Hormone Dysfunction 34 (0.25%) 34 0 0 3 (0.02%)
Hormone Therapy 11 (0.08%) 11 0 0 1 (0.01%)
Inflammatory Disease 7 (0.05%) 3 3 1 0 (0%)
Kidney 131 (0.95%) 14 95 22 | 218 (1.59%)
Disease/Disorder
Loss/Altered 13 (0.09%) 0 0 13 1 (0.01%)
Consciousness
Lung and Chest 367 (2.67%) 274 28 65 13 (0.09%)
Missing/Impaired Limb 117 (0.85%) 4 5 108 0 (0%)
Mouth and Throat 16 (0.12%) 4 0 12 0 (0%)
Muscular Disease 151 (1.10%) 61 14 76 14 (0.10%)
Nervous/Psychiatric 401 (2.92%) 325 34 42 18 (0.13%)
Disorder
Neurological 93 (0.68%) 17 17 59 9 (0.07%)
Organ Failure 3 (0.02%) 2 0 1 0 (0%)
Seizures/Epilepsy 5 (0.04%) 1 0 4 0 (0%)
Skin Disease/Disorder 66 (0.48%) 38 14 14 6 (0.04%)
OSA 981 (7.15%) 724 139 118 | 879 (6.40%)
Other Sleep Disorders 42 (0.31%) 36 4 2 0 (0%)
Spine/Other 488 (3.56%) 232 54 202 | 15(0.11%)
Musculoskeletal
Stroke or Paralysis 20 (0.15%) 1 0 19 0 (0%)
Thyroid Disorder 164 (1.19%) 162 1 1 2 (0.01%)
Tobacco Use 664 (4.84%) 17 639 8 7 (0.05%)
Vascular 89 (0.65%) 66 13 10 9 (0.07%)
Viral Infection 25 (0.18%) 20 3 2 (0.01%)
Vitamin 10 (0.07%) 9 0 1 (0.01%)

Deficiency/Excess
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Total Diagnosed | Diagnosed: Diagnosed: Diagnosed: Potential
Medical Grouping (%) Treated Untreated Unsure (%)
Weight Control 8 (0.06%) 7 0 26 (0.19%)

Table 15, Table 16, Table 17, and Table 18 show the frequency of diagnosed medical groupings,
treatment for diagnosed medical groupings, and potential medical groupings for drivers in the

20-33, 34-42, 43-51, and 52 and older age quartiles, respectively.

Table 15. Frequency of diagnosed medical groupings, treatment for diagnosed medical groupings, and

potential medical groupings for drivers in the 20-33 age quartile.

Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
Abdomen and Viscera 2 4 7 0
Alcohol Use 0 0 5 0
Allergies 36 2 1 1
Blood Disorder 0 0 0
Cancer 0 0 1
Diabetes/Elevated Blood 43 16 2 15
Sugar
Digestive Problems 32 2 6 3
Dyslipidemia 18 0 0 0
Ear Disorder/ 18 0 22 0
Hearing/Balance
Eye Disorder 2 5 10 2
Genitourinary 4 18 4 8
Head/Brain Injuries 11 0 14 1
Heart/Cardiovascular 6 7 7 19
Disease
High Blood Pressure 158 19 7 109
Hormone Dysfunction 1 0 0 0
Hormone Therapy 3 0 0 0
Inflammatory Disease 0 2 0 0
Kidney Disease/Disorder 2 10 4 55
Loss/Altered Consciousness 0 0 2 0
Lung and Chest 69 8 19 1
Missing/Impaired Limb 1 3 16 0
Mouth and Throat 1 0 0 0
Muscular Disease 11 3 17 3
Nervous/Psychiatric 37 14 11 3
Disorder
Neurological 0 3 9 0
Organ Failure 0 0 0 0
Seizures/Epilepsy 0 0 1 0
Skin Disease/Disorder 1 4 2 0
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Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
OSA 104 24 11 254
Other Sleep Disorders 2 0 0 0
Spine/Other 7 7 24 0
Musculoskeletal
Stroke or Paralysis 0 0 0 0
Thyroid Disorder 11 0 0 0
Tobacco Use 3 163 3 0
Vascular 2 0 0 0
Viral Infection 3 0 0 0
Vitamin Deficiency/Excess 0 0 0 0
Weight Control 0 0 0 6

Table 16. Frequency of diagnosed medical groupings, treatment for diagnosed medical groupings, and
potential medical groupings for drivers in the 34-42 age quartile.

Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
Abdomen and Viscera 1 10 14 2
Alcohol use 0 0 13 0
Allergies 42 1 0 4
Blood Disorder 5 2 0 0
Cancer 0 2 0 1
Diabetes/Elevated Blood 185 32 6 26
Sugar
Digestive Problems 83 7 4
Dyslipidemia 85 0 1
Ear Disorder/ 85 0 27
Hearing/Balance
Eye Disorder 4 1 13 2
Genitourinary 7 30 12 15
Head/Brain Injuries 10 0 23 1
Heart/Cardiovascular 19 4 11 15
Disease
High Blood Pressure 505 37 7 152
Hormone Dysfunction 10 0 0 0
Hormone Therapy 2 0 0 0
Inflammatory Disease 1 0 0 0
Kidney Disease/Disorder 3 17 4 38
Loss/Altered Consciousness 0 0 6 1
Lung and Chest 61 5 12 4
Missing/Impaired Limb 0 0 21 0
Mouth and Throat 0 0 0 0
Muscular Disease 15 1 16 2
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Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
Nervous/Psychiatric 84 9 7 3
Disorder
Neurological 0 5 10 2
Organ Failure 1 0 0
Seizures/Epilepsy 0 0 0
Skin Disease/Disorder 8 2 1
OSA 170 38 27 278
Other Sleep Disorders 5 1 0 0
Spine/Other 36 8 43 2
Musculoskeletal
Stroke or Paralysis 0 0 2 0
Thyroid Disorder 23 0 0 1
Tobacco Use 6 173 2 4
Vascular 3 3 1 0
Viral Infection 2 0 0 0
Vitamin Deficiency/Excess 0 0 0 0
Weight Control 2 0 1 8

Table 17. Frequency of diagnosed medical groupings, treatment for diagnosed medical groupings, and
potential medical groupings for drivers in the 43-51 age quartile.

Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
Abdomen and Viscera 2 12 13 3
Alcohol use 0 0 18 0
Allergies 68 1 2 2
Blood Disorder 1 2 0 1
Cancer 2 1 7
Diabetes/Elevated Blood 377 46 6 33
Sugar
Digestive Problems 148 5 11 1
Dyslipidemia 257 2 1 0
Ear Disorder/ 257 37 0
Hearing/Balance
Eye Disorder 7 4 18 7
Genitourinary 21 37 16 26
Head/Brain Injuries 9 1 29 0
Heart/Cardiovascular 56 18 12 22
Disease
High Blood Pressure 1,003 67 27 169
Hormone Dysfunction 13 0 0 0
Hormone Therapy 6 0 0 0
Inflammatory Disease 0 1 0 0
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Diagnosed: Diagnosed: Diagnosed:

Medical Grouping Treated Untreated Unsure Potential
Kidney Disease/Disorder 4 32 4 55
Loss/Altered Consciousness 0 0 2 0
Lung and Chest 80 5 18 2
Missing/Impaired Limb 0 0 23 0
Mouth and Throat 2 0 2 0
Muscular Disease 14 8 15 4
Nervous/Psychiatric 102 8 12 8
Disorder
Neurological 6 4 15 5
Organ Failure 0 0 0 0
Seizures/Epilepsy 1 0 1 0
Skin Disease/Disorder 13 2 4 4
OSA 207 43 28 269
Other Sleep Disorders 15 3 0 0
Spine/Other 69 18 62 2
Musculoskeletal
Stroke or Paralysis 0 0 5 0
Thyroid Disorder 49 1 1 0
Tobacco Use 2 156 2 2
Vascular 21 0 3 7
Viral Infection 7 0 1 0
Vitamin Deficiency/Excess 5 0 1 0
