
Copyri

ORIGINAL ARTICLE
Repeated Cross-Sectional Assessment of Commercial Truck
Driver Health
Matthew S. Thiese, PhD, Gary Moffitt, MD, Richard J. Hanowski, PhD, Stefanos N. Kales, MD, MPH,

Richard. J. Porter, PhD, PE, and Kurt T. Hegmann, MD, MPH
Objective: To assess relationships and trends over time in individual

conditions and multiple conditions among a large sample of independent,

nonoverlapping truck drivers using a repeated cross-sectional study design.

Methods: Commercial driver medical examinations were conducted on

95,567 commercial drivers between January 1, 2005, and October 31,

2012. Specific medical conditions that have been identified by the Federal

Motor Carrier Safety Administration’s Medical Review Board as possibly

increasing crash risk were examined. Prevalence and trends over time were

analyzed. Results: A total of 8 of the 13 conditions significantly increased

from 2005 to 2012. Prevalence of multiple concomitant conditions also

increased, with prevalence odds ratios as high as 7.39 (95% confidence

interval, 3.92 to 13.98) for four or more conditions in 2012 as compared with

2005. Conclusions: Individual and multiple conditions thought to be associ-

ated with increased crash risk significantly increased between 2005 and 2012.

C ommercial motor vehicle (CMV) drivers are one of the largest
employment categories in the United States, with an estimated

5.7 million CMV drivers in 2012.1 Trucking is also the most
common job in 29 of the 50 states.2 Truck driver crashes are a
disproportionate and leading cause of workplace fatalities, with
3602 total deaths in 2012 because of large truck crashes, with most
of the fatalities (67%) being occupants of passenger vehicles.3

Many CMV drivers reportedly have poor health status that is
commonly attributed to lifestyle and occupational factors (eg,
improper diet, inadequate physical activity, poor sleep hygiene,
shiftwork),4–7 as well as comorbid conditions including diabetes
mellitus, hypertension, and cardiovascular disease8–12 although
few data are available to understand the relative importance of
these factors. In addition to poor health status, CMV drivers also
have poor access to and utilization of the traditional health care
system.13–16

Multiple comorbid medical conditions and/or use of specific
medications are believed to increase the risk for crashes among
ght © 2015 American College of Occupational and Environm
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CMV drivers.17 The belief that combinations of risk factors increase
crash risk was a primary inspiration for the federal Safe, Account-
able, Flexible, Efficient Transportation Equity Act: A Legacy for
Users (SAFETEA-LU) legislation to revise the process for certify-
ing medical fitness to drive.18 Subsequently, there have been many
changes proposed for individual medical conditions, but there has
been just one published guideline for qualifying CMV drivers with
multiple medical conditions (Table 1).19,20

Interstate CMV drivers must successfully complete a com-
mercial driver medical examination (CDME) to maintain a com-
mercial driver’s license at least every 2 years. Medical examiner
certification guidelines vary on the basis of specific health con-
ditions (eg, high blood pressure), and many drivers are not medi-
cally certified for the full 2-year maximum length. Drivers are
evaluated for the presence of numerous potential health conditions
by the health care provider completing the examination. Although
some of these conditions are based on self-reported past diagnoses,
some of these conditions are objectively measured or calculated,
including weight, blood pressure, and body mass index (BMI).

This article aims to quantify the change in prevalence of these
multiple medical conditions between 2005 and 2012 among a large
repeated cross-sectional study of independent, nonoverlapping
CMV drivers. The secondary aim is to calculate prevalence odds
ratios (PORs) by year for these conditions after adjusting for
changes in population confounding factors (eg, age).
METHODS
This study was approved by the University of Utah Institu-

tional Review Board (#35889). Methods have been previously
described in detail and an abbreviated description of the methods
is presented here.21 Data were obtained from RoadReady, Inc (RR),
a private company that provides a web-based platform for recording
CMDE findings. The RR database includes CDMEs performed by
dozens of examiners on CMV drivers licensed in all 48 of the
contiguous states. The database contains CMV drivers who are both
employed by private carriers and independent owner/operator driv-
ers. Although the exact number is not known, it is estimated that the
majority of the drivers (>80%) are classified as over-the-road or
long-haul drivers, and thus considered at high risk for obesity and
poor health.22,23

Examination data are entered directly into the RR system by
the clinics through a computerized program to ensure high data
quality and capture. Data from RR spanning January 1, 2005, to
October 31, 2012, were analyzed. Data elements are those of the
Federal Motor Carrier Safety Administration (FMCSA) Commer-
cial Driver fitness determination form 649-F (6045) and include
demographics (age and sex), medical history (eg, neurological
problems, medications, sleep disorders, and diabetes mellitus),
measured height, weight (for BMI) and blood pressure, heart rate,
urinalysis, and other medical examinations (eg, vision, cardiovas-
cular, and hearing whisper screening test). If drivers had multiple
consecutive CDMEs in the RR database, only the first CDME was
analyzed, and any subsequent examinations were excluded. These
examinations are performed on those drivers who are renewing
commercial driver licenses as well as new commercial drivers.
 Medicine. Unauthorized reproduction of this article is prohibited 
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FIGURE 1. Breakdown by year of commercial driver medical
examination data.
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Therefore, when stratified by year of examination, calculations will
result in a measure of disease prevalence.

A total of 95,567 CDMEs encompassing all CDMEs per-
formed from January 1, 2005, to October 31, 2012, were extracted
from the RR database.

Comorbid Medical Conditions
The FMCSA has provided multiple sources of guidance for

examiners to utilize when evaluating a CDME including medical
expert panel recommendations, medical review board recommen-
dations, conference reports, and evidence summaries.17,19,24 There
are few conditions that are absolutely disqualifying (eg, uncon-
trolled epileptic seizures), although there is guidance on hundreds of
conditions (eg, being seizure-free and off-seizure medications for a
period if previously diagnosed with epilepsy).

To address concerns regarding combinations of multiple risk
factors, the FMCSA’s Medical Review Board developed a multiple
conditions matrix, shown on the left side of Table 1, to provide
guidance.19 For the analyses in this article, each of the 13 conditions
is given equal value and the total numbers of conditions were
summed for a per-driver score for each CDME from 2005 to
2012. Most, but not all, of the conditions are directly applicable
to the RR data, and a detailed description of the Medical Review
Board recommendations and the RR data used to fulfill that
recommendation are provided in Table 1.

Statistical Analyses
All analyses were conducted using SAS 9.4 (SAS Institute,

Cary, NC). The data set analyzed included all complete CDMEs
from individual, nonoverlapping CMV drivers who were in the RR
System. Data were stratified by calendar year that the examination
was performed. Mean and standard deviations or frequency and
percentage are presented for the 13 conditions and sum of con-
ditions by examination year. Logistic regression was used to
quantify the magnitude and direction of association between cal-
endar year and condition. Crude and adjusted PORs were calculated.
Prevalence odds ratios and 95% confidence interval (95% CI) were
adjusted for age, sex, and BMI in a multivariate logistic regression
with the first year (2005) being the reference year.
ght © 2015 American College of Occupational and Environmental

TABLE 1. Multiple Conditions Matrix and Data Used From the C

FMCSA’s Medical Review Board Multiple Conditions19,20

1. Body mass index >35 kg/m2 B
2. Diabetes mellitus requiring medication D
3. Cardiovascular disease or dysrhythmias H
4. Hypertension E

5. Requirement for a visual exemption C

6. Obstructive sleep apnea S
7. Renal disease K
8. Pulmonary disease with pulmonary function test abnormality L
9. Epilepsy seizure free for >10 yrs S

10. Musculoskeletal disease requiring medical, surgical,
or prosthetic treatment

S

11. Stroke S
12. Major psychiatric illness (as defined pending formal review

by the MRB)
N

13. Opioid or benzodiazepine use O

CDME, commercial driver medical examination; FMCSA, Federal Motor Carrier Safe

� 2015 American College of Occupational and Environmental Medicin
RESULTS
There were 95,567 drivers’ examinations included in these

analyses, with a minimum of 7618 (8.0% of total) examinations in
2011 and a maximum of 18,559 (19.4% of total) in 2007. Mean age
of the annually stratified population decreased between 2005 and
2012, from 47.0 to 44.1 years. Mean BMI steadily increased from
30.6 kg/m2 in 2005 to 32.6 kg/m2 in 2012, associated with a decline
in both normal weight (18.5 to 24.9 kg/m2; 19.5% to 11.2%) and
overweight (25.0 to 29.9 kg/m2; 32.6% to 29.3%) drivers and a
meaningful increase in obese (30 to 34.9 kg/m2; 25.0% to 28.2%)
and morbidly obese (�35.0 kg/m2; 22.2% to 31.2%) drivers
between 2005 and 2012 (Fig. 1).

Table 2 provides demographic data and the frequency of each of
the 13 conditions, stratified by year. There were meaningful increases
over time for (1) opioid or benzodiazepine use, (2) BMI more than
35 kg/m2, (3) sleep apnea, (4) hypertension, (5) diabetes mellitus, (6)
cardiovascular disease, and (7) psychiatric disorders. Vision problem
was the only condition where the prevalence meaningfully decreased.

Drivers were increasingly more likely to have most con-
ditions over the 7-year period, with stronger PORs in later years
(Table 3). These results remained after adjustment for age, sex, and
BMI. The largest PORs and 95% CIs were observed for sleep
disorders (POR¼ 7.66; 95% CI, 6.25 to 9.39) and opioid and/or
benzodiazepine use (POR¼ 4.73; 95% CI, 3.58 to 6.24). Psychiatric
disorders, hypertension, cardiovascular disorders, and diabetes
mellitus—all had statistically significant PORs greater than 2.0.
In addition, many of these increases reached statistical significance
relatively quickly as compared with the 2005 year, for example both
hypertension and opioid and/or benzodiazepine use being statisti-
cally higher POR in 2006 and continuing to have statistically
 Medicine. Unauthorized reproduction of this article is prohibited 

DME Form for EACH CONDITION

Comparable Data Used in This Report From the Road Ready

Database of CDMEs

ody mass index >35 kg/m2

iabetes mellitus controlled by medication
eart disease, heart surgery, or heart abnormalities
levated blood pressure >140/90 mm Hg, or hypertension medication,

or self-reported history of hypertension
orrected vision in both eyes worse than 20/40 or horizontal field of vision
<708 in either eye

leep problems
idney disease
ung and chest abnormalities
eizures/epilepsy
pine or other musculoskeletal disorder

troke or paralysis
ervous or psychiatric disorders

pioid or benzodiazepine medication, including generic and trade names,
in the record

ty Administration; MRB, Medical Review Board.

e 1023



Copyright © 2015 American College of Occupational and Environmental

T
A

B
L
E

2
.

D
e
m

o
g

ra
p

h
ic

D
a
ta

Fr
o
m

C
o
m

m
e
rc

ia
l
D

ri
ve

r
M

e
d

ic
a
l
E
x
a
m

in
a
ti

o
n

b
y

Ye
a
r� M

ea
n

(S
D

)
o

r
n

(%
)

2
0

0
5

(n
¼

1
0

,5
7

4
)

2
0

0
6

(n
¼

1
7

,4
4

5
)

2
0

0
7

(n
¼

1
8

,5
5

9
)

2
0

0
8

(n
¼

1
5

,2
4

4
)

2
0

0
9

(n
¼

9
0

6
8
)

2
0

1
0

(n
¼

7
8

3
0
)

2
0

1
1

(n
¼

7
6

1
8

)
2

0
1

2
(n
¼

9
2

2
9
)

T
o

ta
l

(n
¼

9
5

,5
6

7
)

A
g

e,
y

rs
4

7
.0

(1
0

.4
)

4
6

.3
(1

0
.5

)
4

6
.1

(1
0

.5
)

4
6

.3
(1

0
.5

)
4

6
.7

(9
.9

)
4

5
.9

(1
0

.0
)

4
5

.0
(1

0
.0

)
4

4
.1

(1
0

.3
)

4
6

.0
(1

0
.4

)
B

M
I,

k
g

/m
2

3
0

.6
(6

.9
)

3
0

.9
(7

.0
)

3
1

.4
(7

.2
)

3
1

.7
(7

.3
)

3
2

.3
(7

.2
)

3
2

.5
(7

.5
)

3
2

.4
(7

.2
)

3
2

.6
(7

.2
)

3
1

.7
(7

.2
)

F
em

al
e

4
6

1
(4

.4
)

8
6

1
(4

.9
)

8
6

0
(4

.6
)

6
5

9
(4

.3
)

2
7

6
(3

.0
)

2
8

8
(3

.7
)

2
9

4
(3

.9
)

3
5

4
(3

.8
)

4
0

5
2

(4
.2

)
C

o
n

d
it

io
n

M
ed

ic
at

io
n
y

6
5

(0
.6

)
1

4
4

(0
.8

)
1

8
9

(1
.0

)
2

1
8

(1
.4

)
1

2
9

(1
.4

)
1

4
5

(1
.9

)
1

6
4

(2
.2

)
2

5
0

(2
.7

)
1

3
0

4
(1

.4
)

V
is

io
n

2
4

9
(2

.4
)

1
0

9
9

(6
.3

)
4

4
4

(2
.4

)
7

0
(0

.5
)

1
0

4
(1

.2
)

6
2

(0
.8

)
4

0
(0

.5
)

5
2

(0
.6

)
2

1
2

0
(2

.2
)

B
M

I
>

3
5

.0
k

g
/m

2
2

3
4

8
(2

2
.2

)
4

0
1

1
(2

3
.0

)
4

7
5

5
(2

5
.6

)
4

1
3

6
(2

7
.1

)
2

6
2

3
(2

8
.9

)
2

3
5

8
(3

0
.1

)
2

3
1

1
(3

0
.3

)
2

8
6

8
(3

1
.1

)
2

5
4

1
0

(2
6

.6
)

S
le

ep
ap

n
ea

1
1

7
(1

.1
)

1
7

6
(1

.0
)

2
2

7
(1

.2
)

2
0

2
(1

.3
)

1
6

1
(1

.8
)

2
2

0
(2

.8
)

3
6

4
(4

.8
)

7
3

4
(8

.0
)

2
2

0
1

(2
.3

)
H

y
p

er
te

n
si

o
n

1
8

1
1

(1
7

.1
)

3
1

1
5

(1
7

.9
)

3
7

3
0

(2
0

.1
)

3
6

3
6

(2
3

.9
)

2
5

5
0

(2
8

.1
)

2
4

9
1

(3
1

.8
)

2
4

5
1

(3
2

.2
)

3
0

3
0

(3
2

.8
)

2
2

8
1
4

(2
3

.9
)

D
ia

b
et

es
m

el
li

tu
s

4
6

6
(4

.4
)

7
8

4
(4

.5
)

9
8

3
(5

.3
)

8
7

1
(5

.7
)

6
4

8
(7

.2
)

5
6

3
(7

.2
)

5
4

1
(7

.1
)

8
2

6
(9

.0
)

5
6

8
2

(5
.9

)
C

ar
d

io
v
as

cu
la

r
2

6
3

(2
.5

)
4

3
9

(2
.5

)
5

4
1

(2
.9

)
4

9
5

(3
.3

)
3

4
9

(3
.9

)
3

4
6

(4
.4

)
3

8
0

(5
.0

)
4

1
7

(4
.5

)
3

2
3

0
(3

.4
)

K
id

n
ey

d
is

ea
se

1
9

(0
.2

)
2

1
(0

.1
)

2
8

(0
.2

)
3

9
(0

.3
)

2
6

(0
.3

)
2

1
(0

.3
)

2
2

(0
.3

)
3

0
(0

.3
)

2
0

6
(0

.2
)

L
u

n
g

d
is

o
rd

er
s

2
2

6
(2

.1
)

3
3

2
(1

.9
)

3
9

5
(2

.1
)

3
6

0
(2

.4
)

1
9

9
(2

.2
)

2
0

0
(2

.6
)

1
8

2
(2

.4
)

2
1

8
(2

.4
)

2
1

1
2

(2
.2

)
M

u
sc

u
lo

sk
el

et
al

9
(0

.1
)

8
(0

.1
)

1
7

(0
.1

)
6

(0
.0

)
2

(0
.0

)
3

(0
.0

)
3

(0
.0

)
5

(0
.1

)
5

3
(0

.1
)

P
sy

ch
ia

tr
ic

1
3

3
(1

.3
)

2
3

2
(1

.3
)

3
0

7
(1

.7
)

2
5

7
(1

.7
)

1
5

6
(1

.7
)

2
1

7
(2

.8
)

1
8

3
(2

.4
)

2
4

1
(2

.6
)

1
7

2
6

(1
.8

)
S

ei
zu

re
3

(0
.0

)
9

(0
.1

)
1

1
(0

.1
)

7
(0

.1
)

7
(0

.1
)

4
(0

.1
)

0
(0

.0
)

2
(0

.0
)

4
3

(<
0

.1
)

S
tr

o
k

e
9

(0
.1

)
1

8
(0

.1
)

1
9

(0
.1

)
2

6
(0

.2
)

1
5

(0
.2

)
1

0
(0

.1
)

1
4

(0
.2

)
1

2
(0

.1
)

1
2

3
(0

.1
)

� M
ed

ic
al

co
n
d
it

io
n
s

ar
e

b
as

ed
o
n

th
e

C
D

M
E

fo
rm

’s
m

ed
ic

al
h
is

to
ry

se
ct

io
n
.1

9
.

y O
p
io

id
o
r

b
en

zo
d
ia

ze
p
in

e
u
se

.
B

M
I,

b
o
d
y

m
as

s
in

d
ex

;
S

D
,

st
an

d
ar

d
d
ev

ia
ti

o
n
.

Thiese et al JOEM � Volume 57, Number 9, September 2015

1024 � 201
significantly higher prevalence through 2012 when compared with
the prevalence in 2005. By contrast, vision problems were signifi-
cantly higher in 2006 and then significantly decreased from 2008 to
2012, as compared with 2005.

The trend over time in prevalence of conditions in the
multiple conditions matrix (Table 1) was highly significant
(P< 0.0001) and is shown in Table 4. Table 5 illustrates the PORs
for the count of conditions over time, with high PORs for later years
with drivers having three or more, four or more, and five or more
conditions reaching statistical significance in years 2007, 2009, and
2010, respectively. These PORs indicate an increasingly unhealthy
population with a constellation of conditions becoming more fre-
quent as compared with 2005. These trends are not driven by a
single condition. Figure 2 demonstrates the significant increase in
counts of conditions per year, as compared with 2005.
DISCUSSION
This large, repeated cross-sectional study over 7 years of

more than 95,000 CMV drivers found significant increases in
prevalence of eight individual medical conditions. This study also
found large increases in the percentage of drivers recommended for
disqualification on the basis of the presence of multiple medical
conditions; in 2005, only 0.5% were recommended for disquali-
fication, but this increased to 2.2% in 2012. The registry of certified
medical examiners, which went into effect in 2014, did not play a
role in the increase of conditions seen in these analyses. Individual
conditions, but particularly drivers having multiple medical con-
ditions, are thought to contribute to increase the risk of crash.18 To
date, this study seems to be the first evaluation of changes in
prevalence of medical conditions over time among this population.

The multiple conditions matrix (Table 1) was developed by
the FMCSA Medical Review Board as a guideline for driver
certification on the basis of CDME findings that increase the risk
of being involved in a crash. This study is the first-reported
evaluation of the change of these conditions, both individually
and as a composite, over time. The significant increase in drivers
recommended for not being medially certified because they have
four or more conditions, with a POR of 7.39 from 2005 to 2012,
indicates that there is a meaningful increase in the prevalence of
multiple concomitant medical conditions that may increase the risk
of crashes. If this matrix correctly classifies crash risk, it may be a
usable tool to be implemented across the industry. Nevertheless, the
potentially causal interactions between these conditions and sub-
sequent crashes have not been prospectively evaluated.

The entire study sample (n¼ 95,567) had a mean BMI of
31.7 kg/m2, which is significantly higher than the general population
of 28.7 kg/m2 as reported in 2010.25 The proportion of CMV drivers
who had a BMI of more than 35 kg/m2 rose from 22.2% to 31.1%
between 2005 and 2012, which is meaningfully higher than the 2012
male general population older than 20 years with a BMI of more
than 35 kg/m2 prevalence of 11.9%.26 The same article reports that a
change in prevalence of adult obesity (BMI >30 kg/m2) rose from
34.3% in 2005 to 2006 to 34.9% in 2011 to 2012, a much slower rate
than was seen in this population (data not shown). When compared
with prior published subjective self-reports of obesity from CMV
drivers, the findings in this study are higher than previously reported
obesity prevalence.27,28 Two studies of truck drivers, one conducted
in 2002 and the other between 2010 and 2012, reported the
prevalence of drivers being overweight or obese.10,12 Evaluating
these two studies together, there are similar trends of increasing
BMI between the two time points, with 22.8% and 37% of the
drivers were overweight (BMI between 25 and 30 kg/m2), whereas
45% and 68.9% were classified as obese (BMI>30 kg/m2), respect-
ively, for the two studies.10,12 Another large study reported over
50% obesity among more than 19,000 drivers.29 The most
 Medicine. Unauthorized reproduction of this article is prohibited 
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comparable and recent study published in 2015 reports a similar
prevalence of BMI (�35 kg/m2) of 31.3% among men and 23.3%
among women among 1265 long-haul drivers collected in 2010.28

These similarities among individual cross-sectional studies suggest
that trends seen in these analyses may not be artifacts but represent
worsening health measures among CMV drivers. It should be
noted that this study found considerable proportions of drivers
above the different BMI screening thresholds that range from
30.0 to 35.0 kg/m2 for sleep apnea, an issue associated with an
increased crash risk.19,24

Although this study has highlighted the change of prevalence
of health factors over time, the reasons for these changes are not
known. It is possible that for certain conditions, such as diagnosis of
sleep problems (including obstructive sleep apnea), increased
research and attention has improved surveillance and detection.
Yet, the changes in the CDME form to include screening for
obstructive sleep apnea date to 2002, and thus precede this study’s
time frame. There have not been meaningful changes in the diag-
nosis criteria for these 13 conditions during this study time frame,
suggesting that these trends cannot be explained by changes in
definitions or regulations. It is possible that changes including
increased attention to the health of drivers, adoption of more
stringent examination criteria by examiners, and the publication
of Joint Task Force Guidelines for obstructive sleep apnea30

improved detection and reporting of some of these medical con-
ditions. In addition, there has been an increase in screening for some
conditions (eg, sleep apnea screening by Schneider National). This
may partially explain the increased prevalence of some of these
conditions; nevertheless, it is unlikely to be responsible for the
entire increase observed in these data. A residual cohort effect is
also possible. Another possible reason for the differences seen over
time is the economic change, which may have influenced the driving
population, with CMV driving jobs being perceived as less desirable
yet the next choice for those who lost non-CMV driving jobs. There
are some data that suggest that the recession resulted in overall lost
jobs where drivers with poor records and poor health were laid off
and drivers were not replaced.31 Many of these conditions, such as
measured high blood pressure, cholesterol, and BMI, are less subject
to reporting bias. The increasing trends over time in prevalence of
these more objective conditions suggest that these relationships may
not be artifacts of reporting bias.

It is likely that there is differential, nonrandom underreporting
and underdiagnosis of many of these factors because drivers are aware
that the more factors they report, the less likely they are to be
medically certified. The underreporting and underdiagnosis is more
likely to occur in unhealthy drivers. There have been no studies
evaluating the magnitude of this underreporting. Although this
relationship is not likely to change over time, with the increasing
number of conditions noted, it is possible that true change of condi-
tions over time arestronger than those demonstrated by these analyses.
The movement for a national drug/alcohol testing clearinghouse
may impact the prevalence of some conditions, including opioid
and benzodiazepine use, during medical examinations in the future.

Strengths of this study include the large sample size and
nationwide representation. Demographic measures, including age,
sex, and BMI, are comparable to other published reports of CMV
drivers.1,10,29,32–37 This study affords an objective approach by
utilizing CDME data, including health conditions confirmed by a
medical examiner and measured hypertension and calculated BMI.
This accuracy allows for stronger conclusions than self-reported
prevalence. This study does have limitations, which bound con-
clusions. The population size decreased significantly during the
economic recession of 2007 to 2009 and did not completely recover
by 2012. The losses in truck driving population during that time
removed some of the drivers from the studied population. Most
conditions were self-reported unless discovered by the examiner and
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 5. Prevalence Odds Ratios and 95% Confidence Intervals for Multiple Medical Conditions by Year After Adjusting for
Age, Sex, and BMI

Number of

Conditionsa

2005

(n¼ 10,574)

2006

(n¼ 17,445)

2007

(n¼ 18,559)

2008

(n¼ 15,244)

2009

(n¼ 9068)

2010

(n¼ 7830)

2011

(n¼ 7618)

2012

(n¼ 9229)

POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI) POR (95% CI)

�1 1.00 (reference) 1.22� (1.14–1.30) 1.16� (1.09–1.23) 1.25� (1.18–1.34) 1.42� (1.33–1.53) 1.78� (1.65–1.92) 1.86� (1.72–2.00) 2.09� (1.95–2.25)

�2 1.00 (reference) 1.28� (1.14–1.44) 1.33� (1.19–1.49) 1.53� (1.36–1.71) 1.81� (1.60–2.05) 2.50� (2.20–2.85) 2.93� (2.58–3.34) 3.43� (3.04–3.88)

�3 1.00 (reference) 1.15 (0.90–1.48) 1.46� (1.14–1.85) 1.59� (1.24–2.03) 1.91� (1.46–2.49) 2.80� (2.15–3.65) 3.16� (2.42–4.13) 4.69� (3.65–6.02)

�4b 1.00 (reference) 1.27 (0.64–2.51) 1.86 (0.98–3.55) 1.43 (0.72–2.83) 2.45� (1.23–4.90) 3.89� (1.98–7.66) 5.69� (2.93–11.04) 7.39� (3.91–13.96

�5 1.00 (reference) 2.41 (0.32–17.93) 3.68 (0.53–25.80) 2.02 (0.24–16.78) 5.17 (0.66–40.28) 8.53� (1.17–62.26) 10.46� (1.41–77.54) 9.06� (1.22–67.52

�P< 0.05.
a As compared with having zero of the multiple medical conditions.
bThose with four or more conditions are recommended for disqualification.19

CI, confidence interval; POR, prevalence odds ratio.

TABLE 4. Number of Relative Disqualifying Conditions From Commercial Driver Medical Examination Stratified by Year

Number of

Conditions

2005

(n¼ 10,574)

2006

(n¼ 17,445)

2007

(n¼ 18,559)

2008

(n¼ 15,244)

2009

(n¼ 9068)

2010

(n¼ 7830)

2011

(n¼ 7618)

2012

(n¼ 9229)

0 6,392 (60.5%) 9,918 (56.9%) 10,365 (55.9%) 8,103 (53.2%) 4,389 (48.4%) 3,515 (44.9%) 3,429 (45.0%) 3,975 (43.1%
1 2,989 (28.3%) 5,266 (30.2%) 5,527 (29.8%) 4,679 (30.7%) 2,917 (32.2%) 2,588 (33.1%) 2,406 (31.6%) 2,873 (31.1%
2 911 (8.6%) 1,757 (10.1%) 2,030 (10.9%) 1,865 (12.2%) 1,323 (14.6%) 1,236 (15.8%) 1,250 (16.4%) 1,568 (17.0%
3 231 (2.2%) 424 (2.4%) 529 (2.9%) 502 (3.3%) 364 (4.0%) 401 (5.1%) 408 (5.4%) 607 (6.6%)
4� 43 (0.4%) 66 (0.4%) 92 (0.5%) 83 (0.5%) 68 (0.8%) 75 (1.0%) 105 (1.4%) 179 (1.9%)
5 8 (0.1%) 14 (0.1%) 13 (0.1%) 11 (0.1%) 7 (0.1%) 12 (0.2%) 19 (0.3%) 24 (0.3%)
6 0 (0.0%) 0 (0.0%) 3 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.0%) 1 (0.0%) 3 (0.0%)
7 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

�Those with four or more conditions recommended for disqualification until resolution of one or more conditions.19

FIGURE 2. Prevalence odds ratios and 95% confidence interval for the number of multiple conditions per year compared with
2005, adjusted for age, sex, and body mass index.
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included on the form. The repeated cross-sectional nature of these
data is likely the largest limitation, and therefore this study cannot
demonstrate temporality. The changes over time for these conditions
do not demonstrate causal relationships on the basis of these
analyses alone. In addition, the possibility of a self-selection bias
exists; however, the similarity between these data and other
published results suggests that selection bias(es) seem to be
minor.1,10,29,32–37

Further study on changes over time of prevalence of health
conditions is needed. There is a particular need for publications
assessing the relationship(s) of individual, but especially multiple
conditions on risks of crash.

CONCLUSIONS
Among 95,567 truck drivers, there has been an increase in the

prevalence of many of the conditions from the FMCSA Medical Review
Board multiple conditions matrix between 2005 and 2012. Conditions
with a statistically significant increase include (1) opioid and/or benzo-
diazepine use, (2) BMI more than 35 kg/m2, (3) sleep problems, (4)
hypertension, (5) diabetes mellitus, (6) cardiovascular disease, (7) kidney
disease, and (8) psychiatric disorders. Vision problem was the only
condition that statistically improved over this time frame. There also was
an increase in the prevalence of drivers who had multiple conditions over
this time frame, which may be indicative of an increase in crash risk. The
strong increase in prevalence of having four or more conditions
(POR¼ 7.40) is the most concerning, as this is the recommended
threshold for not medically certifying a driver. Although 8 of the 13
conditions significantly increased over time, it is not known how these
individual factors relate to crashes.
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