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1 | INTRODUCTION

Caroline K. Smith |

Jesse L. Byrd

Introduction: The trucking industry has a high burden of work-related injuries. This
study examined factors, such as safety climate perceptions, that may impact injury risk.
Method: A random sample of 9800 commercial driver’s license holders (CDL) were sent
surveys, only 4360 were eligible truck drivers. Descriptive statistics and logistic
regression models were developed to describe the population and identify variables
associated with work-related injury.

Results: 2189 drivers completed the pertinent interview questions. Driving less-than-
truckload, daytime sleepiness, pressure to work faster, and having a poor composite
score for safety perceptions were all associated with increased likelihood of work-
related injury. Positive safety perception score was protective for odds of work-related
injury, and increased claim filing when injured.

Conclusions: Positive psychological safety climate is associated with decreased
likelihood of work-related injury and increased likelihood that a driver injured on the

job files a workers' compensation claim.

KEYWORDS
occupational health, injury, safety climate, surveillance, survey

projected growth of 11.3% between 2012 and 2022,° and as of
2014, it was the 16th largest occupation in Washington State.® In

The purpose of this study was to identify whether or not a general
measure of perceived psychological safety climate could be
associated with work-related injury occurrence in a large statewide
sample of truck drivers. Results can help guide the future of
trucking industry injury prevention in Washington State and
beyond.

The trucking industry in the United States has some of the
highest rates and costs of work-related injuries,? and, for 2014,
driver/sales workers and truck drivers had the highest number of
fatal injuries and one of the ten highest fatality rates (23.4 per
100 000 full-time equivalent worker [FTE])® of civilian occupations in
the United States. The 2014 Bureau of Labor Statistics Occupational
Employment Statistics estimate that were 1.6 million heavy and

tractor-trailer truck drivers in the United States as a whole,* with a

Washington State, truck driving has been identified as an occupation
with a high prevalence of work-related injuries.7'10 Previous work in
WA71° has focused on describing the injury burden of the WA
trucking industry and the associated costs, as well as surveillance
efforts to identify the main activities that account for the most
common injuries. Between 2005 and 2010 in Washington, there
were 10171 compensable claims in the trucking industry, with
associated costs of over $295 million dollars.”

The trucking industry is comprised of a variety of types of
trucking and driving assignments (eg, long haul, local, less-than-
truckload, truckload, specialized freight) and while roles and tasks
may differ across these, several common factors regarding the
nature of the work (physical, often alone, time constraints) can have

negative implications for worker health. These include: high numbers
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and rates of work-related musculoskeletal disorders
13-17

1011 and slips/

trips/falls?13; fatigue and sleepiness
14,17-22

and overweight and
obesity among others.

Specific occupational risk factors associated with truck drivers
include: working independently as either “lone workers” or working in
the absence of coworkers and supervisors for the majority of the work
day; dynamic, ever changing worksites, not tailored to the health and
safety of drivers that include highways, city roads, diverse customer or
supplier worksites; physical and cognitive strain due to hyper-vigilant
driving practices; extraneous factors such as weather, traffic conges-
tion, road quality and other traffic safety factors that can impact truck
driver safety. It is also important to note that while all of these factors
are associated with truck driver health and safety, due to the nature of
the occupation, these factors may also impact the health and safety of
clients and other drivers on the road. Thus, it is imperative to better
understand what contextual factors impact the health and safety of
workers in the truck driving industry.

1.1 | Safety climate

One possible avenue to address the complex health and safety
needs of trucking industry workers is safety climate. Safety climate
has been defined as the shared perceptions among workers of how
their organization prioritizes safety.?® There is a distinction
between individual level perceptions of safety climate (psychologi-
cal safety climate) and group level perceptions of safety climate
(organizational safety climate).2* Further, it is important to note that
the impact of safety climate on work-related injuries is most
commonly assessed retrospectively. Clarke?®> made a distinction
between retrospective designs (safety assessment post injury) and
prospective designs (safety climate assessment pre-injury), and
suggested that design type moderated the impact of safety climate
on workplace injuries. Building upon the work of Clarke [2006],
Beus et al posit that rather than two distinct designs that capture
safety climate, there are theoretical differences that result in two
competing frameworks that underpin the relationship between
safety climate and injury, 1) that injury impacts safety climate, and
2) that safety climate impacts injuries and that these processes may
be cyclic in their nature.?*

Recent work in the development of industry specific safety climate
scales have categorized truck drivers as lone workers, that is, workers
who do their jobs without direct supervision and in the absence of co-
workers.2é Huang et al found that not only are truck drivers lone
workers, but that they have what is termed “psychological safety
climate”; an individual rather than a shared perception of safety

culture,?¢?”

which may be due to their higher levels of job
independence and limited social interaction with their co-workers.2
Positive psychological safety climate has been identified as a predictor

2829 and has been linked to fewer total

of safety-related outcomes
work-related injuries and better reporting of these injuries.® In this
study, we tested a general measure of psychological safety climate
perceptions with a validated six item safety climate scale developed by

Hahn and Murphy.3!

1.2 | Theoretical Framework

Potential explanations of why poor psychological safety climate may
lead to work-related injuries include: Conservation of Resources (COR)

32,33

theory, which posits that individuals will act in order to minimize

34 where

their net loss of resources; the concept of “practical drift,
there exists “the slow steady uncoupling of local practice from written
procedure”; and social exchange theory, which highlights the
importance of perceived organizational support and leader-member

exchange,zg'35

with high quality interactions leading to positive
behaviors.

In the context of safety climate and work-related injury, workers
may face myriad competing demands. When encountering pressure at
work to be more productive (eg, working hard enough, long enough,
fast enough), a worker may be faced with job loss or job status loss
(resources), and will act to minimize resource loss (including potentially
working unsafely) to live up to management pressure or expectation.
Or workers may face situations where performing well or keeping ones
job may be perceived as being the more important, immediate concern,
and the threat of potential work-related injury (a relatively rare event)
is seen as more distant, and so everyday practice (eg, faster, longer
work) may differ from a company’s written or stated safety policy.
These individual perceptions, especially of management commit-
ment, 233437 can influence behavior and “safety performance depends
on management personnel as much as it does on front-line employ-
ees.”®” Safety communication in the workplace is also linked to
management safety commitment “which ultimately is predictive of
accidents.”?® While truck drivers may be considered lone workers, they
are stillinvolved in social exchange, and the quality of their perceptions
of their organization, leaders, and coworkers influence their perceived
roles and obligations. If workers are faced with management whose
interactions consist of pressure to produce, this may lead to role
conflict about their expected behavior, and increase the likelihood of
poor psychological safety climate perceptions and work-related
injuries.

Truck drivers, like other occupations, have competing demands
between doing the job safely and getting the job done on time. A strong
safety climate is likely to alter the salience of these demands for
workers, however, unlike most other occupational groups, truck
drivers work without the direct physical presence of supervisors and
co-workers. Research regarding the relationship between safety
climate and work-related injuries among lone workers is not well
studied. We hypothesize that positive psychological safety climate will
be associated with lower prevalence of work-related injuries in

Washington State truck drivers.

2 | MATERIALS AND METHODS

2.1 | Trucking industry group definition

For this study, the definition of “trucking industry” follows what has

been described previously in Washington trucking industry injury

38

surveillance,”®® which includes workers in the North American
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Industrial Classification System (NAICS)®*° industry group and sub-
group codes: 4841 (General Freight Trucking), 4842 (Specialized
Freight Trucking), 492 (Couriers and Messengers), and 562 (Waste

Collection).

2.2 | Survey participants

A random sample of 9800 truck drivers in Washington State was
drawn from the Washington State Department of Licensing driver
license database. Truck drivers in this study were defined as holding a
Washington State commercial driver license (CDL) with a class B
(towing a trailer with weight rating of 10 000 or less) or class C (vehicles
carrying hazardous materials or towing a trailer with a weight rating of
26001 pounds or less) certification. CDL holders were cross-matched
to data from the Washington State Employment Security Department
to identify those who worked within a trucking NAICS industry group
(NAICS 484, 492, 5621). Potential research participants were drawn
from the driver license database in 2010 and 2012 for the two surveys.
A professional survey research group conducted the surveys, thus the
investigators were blind to the identity of the respondents. To assess
the possibility of duplicate respondents in the two survey years,
probability calculations using Washington State CDL population data
were run, resulting in an 11% probability of duplicates.*

Of the 9800 CDL-holders in the sample, 4360 respondents were
eligible for the survey (eg, reachable via phone or address, currently
driving a truck, or working in Washington) and of those, 2189
completed the interview questions pertinent to this study, a
response rate of 44.4% (Fig. 1). The majority (82%) of ineligible
potential participants were unreachable (bad address or no or wrong
phone number) and 13.9% were not current commercial truck
drivers.

All CDL holders Class B/C
=9,800

Eligible sample:
n=4,360

Not eligible:
n=5,440

Not reachable:
n=1,449

| —

Refused:
n=609

—

Interviewed:
n=2,302

Missing Safety
Climate:

n=113

Final response:
n=2,189

FIGURE 1 Response rate for survey of Washington state truck
drivers, 2010 and 2012
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2.3 | Survey design and procedures

Two state-wide surveys of truck drivers were administered, one in
2010 and one in 2012. Introduction letters describing the study and
providing the phone numbers to obtain further information or to opt
out of the study were sent out to all 9800 potential participants by the
survey research group. The surveys were sent via postal mail a week
after the introduction letters, with a cover letter that included a survey
pin number and a website address if they chose to complete the
interview online. Telephone follow-up was conducted by the survey
research group to reach those who had not responded to either the
mail or the internet survey options. Telephone follow-up was
conducted by calling each potential respondent up to a total of five
times at different hours of the day and different days of the week.
Approximately 81% of respondents completed the survey by mail, with
11% responding via phone and 9% responding via the web survey.
Data sharing agreements were in place with the State Licensing
and Employment Security Departments to assure security and
confidentiality of the data. Survey documents and methods were
approved by an Institutional Review Board prior to the beginning of
each wave of the statewide truck driver surveys, and participants gave

informed consent.

2.4 | Survey materials

Although the data come from two different surveys of truck drivers,
they share many common demographic and job-related variables. The
primary independent variable of interest in this study is the composite
score for safety perception, adapted from a validated safety climate
scale®! which was included on both surveys. The instrument captures
the following dimensions: coworker norms, safety feedback, manage-
ment commitment (three of the six items on the scale), and worker
involvement in safety.3! The composite score (or “safety perceptions
score”) is the average of the responses to the six items of the scale.
Additional variables of interest include age, sex, years on the job, type
of driving assignment (eg, long-haul, less-than-truckload, specialized
freight), and whether drivers were pressured to work long hours or
pressured to work faster.

While our chosen safety climate scale is not comprehensive, nor
specific to remote or lone workers, such as those developed after our

|'26

surveys were administrated by Huang et al,“® it is intentionally brief

and suited for a general assessment in a time-sensitive population.®?

2.5 | Statistical analyses

Descriptive statistics were computed to describe the study population
characteristics including reporting a work-related injury and, among
those respondents with a work-related injury, whether they filed a
workers' compensation claim. Logistic regression models were run
using survey procedures (svy) in Stata version 14 (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station, TX: StataCorp LP)
to identify variables associated with filing a workers’ compensation

claim. The primary independent variable of interest, the composite
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score for safety perceptions, was reverse coded so that a higher score
equals higher (more positive) psychological safety climate. Post-
stratification weights were calculated to adjust for population
characteristics of age and sex. Weights were only used in multivariable
models, not descriptive tables.

Body Mass Index (BMI) was calculated using self-reported height
and weight using the formula (weight [in pounds]/height [in feet]
squared and multiplied by 703). BMI is categorized into four groups:
Underweight (BMI <18.5), Normal (18.5-24.9), Overweight (25-29.9),
and Obese (>30).

Logistic regression models were created to identify variables
associated with self-reported work-related injuries. Based on prior
research, we tested all available covariates of interest in bivariate
logistic regression models. We retained variables with a P-value of
<0.15 in bivariate regression, for testing in the multivariable logistic
regression model. We used standard list-wise deletion (ie, full case
analysis) to fit the full logistic regression model. While list-wise
deletion is not usually recommended, this was done with consideration
to both statistical as well as case significance (ie, does x variable have a
reported relationship with y outcome), as well as the high probability
value of 0.15, we were able to assess the most parsimonious models
while still retaining literature-based significance of variables entered
and removed from the models.

We computed post-hoc chi-square tests between the 2010 and
2012 survey samples to compare differences in both the dependent
and independent variables in the logistic regression models. No

statistically significant differences were found.

3 | RESULTS

There were 2189 truck drivers who completed the survey, and of these,
473 (21.6%) had a work-related injury in the past 12 months. Of those
who had a work-related injury in the past 12 months, 284 (60%) filed a
claim for the injury (or for the most severe injury, if they had more than
one), and 250 (52.8%) missed work due to their injury. Table 1 presents
the demographic and health characteristics of the drivers in the survey,
by injury and claim status. The majority of drivers (92.3%) were male, and
75.1% were 45 years of age or older (Table 1); these proportions were
similar in drivers who were injured in the last year (91.8% male, 72.1% 45
orolder). In general, drivers were overweight or obese (80.7%), and rated
their health as good or very good (78.3%).

There were several significant differences in proportions between
drivers with a work-related injury and those who did not report having
an injury (Table 1); particularly, drivers with work-related injuries had a
lower proportion of those rating their health as “excellent” or “very
good.” Additionally, drivers with a work-related injury had a higher
proportion reporting that they got less than 7 h of sleep and a much
higher proportion reporting they sought the care of a health-care
provider (HCP) for work-related pain, symptoms, and/or discomfort
(76% vs 25.8% of drivers without injury; Table 1).

The questions on sleep (ability to get adequate sleep; average

hours of sleep; not enough sleep; having driven while drowsy;

excessive sleepiness during the day; Tables 1 and 2) had significant
(P < 0.05) differences in proportion in all questions between those who
had work-related injuries and those who did not. The proportion of
drivers with a work-related injury reporting that their schedule did not
impact their ability to get adequate sleep (“not at all, | get plenty of
sleep”) was much less (26%, Table 1) than that of drivers without a
work-related injury (43%, not shown); drivers who did not have a work-
related injury also had a significantly higher proportion of getting
enough sleep during the past 30 days (uninjured 41% [not shown],
injured 23%, Table 1). The differences in proportion were also
significant for driving their truck while feeling drowsy—for those
reporting a work-related injury, 14% reported that they drove drowsy
3 or more times a week during the past 12 months (Table 2), compared
to less than 6% of those without a work-related injury (not shown);
32% of those with a work-related injury reported having excessive
daytime sleepiness in the past 12 months (Table 2), compared to those
without an injury (15%, not shown).

The majority of drivers in the sample were employed in larger
fleets (25 trucks or more), worked more than 40 hours a week, and
were based in Washington State (Table 2). Drivers reporting average
miles driven per week were split into fairly even categories (about 25%
each), but those driving less than 500 miles per week were significantly
more likely to have a work-related injury (P < 0.01, Table 2).

There were 2111 drivers who completed all the safety climate
perception scale questions and for whom a composite score for safety
perception was calculated; the mean was 3.07 and had a range of 1-4
(Table 3). All of the climate scale questions were significantly different
in proportion injured (P<0.0001) and in mean climate score
(P <0.0001) between workers who had a work-related injury (mean
score 2.8) and those who did not have a work-related injury (mean
score 3.1) (Table 3).

Those who had a good (higher) perceived safety environment
(combined score 23.0), were less likely have a work-related injury
(P < 0.01) and more likely to file a claim for work-related injury when
injured (P < 0.02, Table 3) than those that had a poor composite score
for safety perceptions (combined score <3).

For the logistic regression model, 473 survey respondents
indicated they had suffered a work-related injury in the past
12 months. Age and sex were not significantly associated with having
a work-related injury in this study. Safety perceptions score
(continuous) was significant and protective with an odds ratio (OR)
of 0.65 (95%Cl 0.48-0.89) (Table 4), which was consistent with our
hypothesis. For every one-point increase in the composite safety
perceptions score, there was about a 35% lower odds of having a work-
related injury (Table 4). Additional covariates of interest include
sleepiness, feeling pressure to work faster and type of driving
assignment. Covariates were chosen that were potentially related to
increased odds of having a work-related injury based upon prior
literature, and were significant in the cross tabulations in Tables 1 and
2. Participants who reported they regularly had excessive sleepiness
during the day had an increased risk of having a work-related injury, OR
1.65 (95% Cl 1.05-2.59) (Table 4). Respondents who reported feeling
pressured to work faster were also at increased risk for an injury, OR
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TABLE 1 Demographic and health characteristics of current drivers, by injury and claim status, survey of Washington state truck drivers, 2010

and 2012
Respondents

Description n (%)
Total 2189
Gender

Female 168 (7.7)

Male 2021 (92.3)
Age

18-34 168 (7.7)

35-44 376 (17.2)

45-64 1446 (66.0)

65+ 199 (9.1)
Marital status

Married 1,546 (71.4)

Not married 619 (28.6)
Children (<18 years old) living at home

Yes 685 (32.8)

No 1,406 (67.2)
Have health insurance

Yes 1,862 (87.6)

No 264 (12.4)
BMI*

Underweight 89 (4.1)

Normal 333 (15.2)

Overweight 870 (39.7)

Obese 897 (41.0)
Self-rated health

Excellent 264 (12.1)

Very good 777 (35.6)

Good 932 (42.7)

Fair 191 (8.8)

Poor 19 (0.9)
Work schedule impact your ability to get

adequate sleep?

Not at all, | get plenty of sleep 862 (39.6)

Some, | am tired sometimes 987 (45.4)

A lot, | often feel fatigued 327 (15.0)
On average, how many hours of sleep do

you get in a 24 h period?

Less than 7 h 860 (39.5)

7-9h 1250 (57.5)

More than 9 h 65 (3.0)
During the past 30 days, how many days

did you feel you did not get enough

rest/sleep?

None, | get enough sleep 768 (37.7)

Of those who had
work-related
injury; n (%)

473 (21.6)

39 (8.2)
434 (91.8)

33 (7.0)
99 (20.9)
321 (67.9)
20 (4.2)

327 (69.9)
141 (30.1)

305 (67.0)
150 (33.0)

410 (87.2)
60 (12.8)

23 (4.9)
77 (16.3)
182 (40.4)
191 (40.4)

32 (6.8)
144 (30.5)
225 (47.7)
61 (12.9)
10 (2.1)

123 (26.2)
225 (48.0)
121 (25.8)

220 (47.0)
239 (51.1)
9 (1.9)

100 (23.2)

Of those w/WRI who filed a
claim for work-related
injury; n (%)

284 (60.0)

19 (6.7)
265 (93.3)

16 (5.6)
57 (20.1)
195 (68.7)

16 (5.6)

200 (71.2)
81 (28.8)

88 (32.5)
183 (67.5)

251 (89.0)
31 (11.0)

15 (5.3)
48 (16.9)
101 (35.6)
120 (42.3)

19 (6.7)
79 (27.9)
137 (48.4)
43 (15.2)

5(1.8)

81 (28.8)
138 (49.1)
62 (22.1)

125 (44.8)
148 (53.1)
6(2.1)

67 (26.3)

Of those w/WRI whose injury
required them to miss any
work; n (%)

250 (52.8)

13 (5.2)
237 (94.8)

16 (6.4)
52 (20.8)
171 (68.4)

11 (4.4)

172 (69.6)
75 (30.4)

84 (35.3)
154 (64.7)

210 (85.0)
37 (15.0)

87 (34.8)
44 (17.6)
87 (34.8)
107 (42.8)

17 (6.8)
65 (26.1)
125 (26.1)
35 (14.1)

7 (2.8)

65 (26.1)
122 (49.0)
62 (24.9)

115 (46.8)
125 (50.8)
6 (2.4)

55 (24.1)
(Continues)
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TABLE 1 (Continued)
Of those who had
Respondents work-related

Description n (%) injury; n (%)
1-13 days 915 (44.9) 207 (47.9)
14-29 days 297 (14.5) 102 (23.6)
All 30 days 59 (2.9) 23 (5.3)

In past year, sought care of health-care
provider (HCP) for work-related pain,
symptoms, and/or discomfort?
Yes 557 (25.8) 357 (76.0)
No 1,599 (74.2) 113 (24.0)

Of those w/WRI who filed a
claim for work-related
injury; n (%)

Of those w/WRI whose injury
required them to miss any
work; n (%)

122 (47.8) 104 (45.6)
54 (21.2) 58 (25.4)
12 (4.7) 11 (4.8)
242 (86.1) 215 (87.0)
39 (13.9) 32 (13.0)

WRI, work-related injury. Bold font indicates significant difference at P < 0.05 (chisq) versus other respondents (drivers with a WRI vs drivers without a work-
related injury, work-injured drivers who filed a claim vs work-injured drivers who did not file a claim, work-injured drivers who had to miss work vs work
injured drivers who did not miss work). Questions reference most severe injury if respondent has had more than one in last 12 months.

1.68 (95% Cl 1.14-2.49), and those whose primary driving assignment
was less-than-truckload (LTL), had higher odds of suffering a work-
related injury than long haul drivers (Table 4).

4 | DISCUSSION

Truck driving is characterized by long periods of sedentary driving
interspersed with intense physical tasks, and truck drivers face high
rates of work-related injuries as well as high rates of other health
conditions such as obesity. We found that positive perceived safety
climate score was associated with lower prevalence of work-related

injuries in this population, as hypothesized.

4.1 | Survey results

A positive safety perceptions score (Table 4) was found to be
protective against work-related injury in this population of Wash-
ington State truck drivers. The 35% reduction in odds of work-related
injury per 1-point increase in climate score reflects a significant
protective effect (Table 4).

These findings suggest that positive safety climate perceptions are
related to a reduction in the probability of experiencing a work-related
injury and that other factors such as excessive daytime sleepiness,
regularly feeling pressured to work faster and having a less-than-
truckload driving assignment increased the probability of experiencing
a work-related injury in truck drivers. These results broaden our
existing knowledge of the relationship between psychological safety
climate and occupational health and safety and more specifically, the
nature of this relationship in this population of truck drivers by
demonstrating a relationship between positive psychological safety
climate and work-related injury in an industry-specific sample.
Exploring and identifying the explanatory mechanisms of the identified
relationship between safety climate perceptions and work-related
injuries is a critical next step for study (eg, safety production conflict,

production pressure, overwork, mental fatigue, etc.).

The retrospective nature of this study limits inference regarding
the direction of the psychological safety climate and work-related
injury association; it was not possible to determine whether the injuries
reported were caused by poor perceived safety climate, or whether the
occurrence of injuries caused a poor perceived safety climate. It is
plausible that there is association in both directions between
psychological safety climate and work-related injuries. Following a
work-related injury, beliefs and perceptions may change, and one clear
possible change would be an increasingly negative psychological
safety climate perception following a work-related injury.

One mechanism that likely plays a role in the relationship of how
psychological safety climate may lead to a work-related injury is
pressure to work faster, which may be related to both safety climate
perception score and to management and dispatcher roles, which have
been shown to be critical to truck drivers.” Thirty-eight percent (38%)
of truck drivers in these surveys reported feeling pressured to work
faster (Table 3), which echoes perceptions from the NIOSH long-haul
survey where many drivers perceived their schedules to be unrealisti-
cally tight (16% often and 58% sometimes).*® One third (32%) of
drivers also reported regularly feeling pressure to work longer hours
(Table 3). In drivers who had a work-related injury in the past
12 months, the proportion of those who reported regularly feeling
these pressures increased to approximately 50% (Table 3). Perceived
pressure to work longer hours and faster may be indicative of the fact
that “management statements that safety is the primary goal are often
belied by pressures on employees to bend safety rules in order to
increase production or to meet tight deadlines.”** This highlights the
importance of management commitment and the importance of high
quality leader-employee interactions.?® Of the individual items, the
question with the highest proportion of disagree/strongly disagree
responses was “Workers and Management work together to ensure
the safest possible conditions.” This suggests a mismatch between
worker perceptions and management efforts.

In addition to safety perceptions, many of the lifestyle factors
characterized in this survey (Table 1) are particularly vulnerable to the

impact of management commitment to safety, including pressure to
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TABLE 2 Employment characteristics of current drivers, by injury and claim status, survey of Washington state truck drivers, 2010 and 2012

Description
What is your employment status?
Owner/Operator
Employee in small fleet (<25 trucks)
Employee in large fleet (25 trucks or more)
Years worked as a truck driver
1 year or less
2-10 years
11 or more years

How many hours a week do you usually
work (incl. driving & maintenance)?

Under 24 hours per week
24-40 hours per week
41-55 hours per week
56-70 hours per week
More than 70 hours per week
Trucking Type
General Freight
Specialized Freight
Couriers and Messengers
Waste Haul
Driving type
Less-than-Load (LTL)
Long Haul
Other
Carrier state
Washington
California
Oregon
Other

In the past 12 months, how often have you
driven your truck while feeling drowsy?

Never

Less than once a month
1 to 2 times a month

1 to 2 times a week

3 or more times a week

In the past 12 months, have you regularly
had excessive sleepiness during the day?

Yes

No

Respondents;
n (%)

104 (4.9)
840 (39.5)
1,182 (55.6)

22 (1.0)
560 (26.1)
1,563 (72.9)

47 (2.2)
356 (16.4)
1,027 (47.3)
683 (31.5)
57 (2.6)

921 (43.3)
713 (33.5)
244 (11.5)
248 (11.7)

481 (22.7)
228 (10.7)
1,413 (66.6)

1,706 (88.6)
29 (1.5)

74 (3.8)
116 (6.0)

804 (40.4)
409 (20.6)
374 (18.8)
257 (12.9)
145 (7.3)

352 (18.3)
1,566 (81.7)

Of those who had
work-related
injury; n (%)

15 (3.3)
182 (39.8)
260 (56.9)

<5
132 (28.5)
329 (70.9)

<5

65 (13.9)
231 (49.3)
154 (32.8)
16 (3.4)

187 (40.4)
171 (36.9)
53 (11.5)
52 (11.2)

130 (28.5)
33(7.2)
294 (64.3)

382 (89.7)
5(1.2)

15 (3.5)
24 (5.6)

127 (30.8)
68 (16.5)
90 (21.8)
70 (17.0)
57 (13.8)

127 (32.0)
270 (68.0)

Of those w/WRI who filed
a claim for work-related
injury; n (%)

6(2.2)
106 (38.4)
164 (59.4)

0
71 (25.4)
209 (74.6)

<5

36 (12.8)
146 (52.0)
92 (32.7)
6(2.1)

111 (39.5)
99 (35.2)
37 (13.2)
34 (12.1)

80 (29.3)
18 (6.6)
175 (64.1)

231 (89.2)
5(1.9)
8(3.1)

15 (5.8)

86 (34.1)
42 (16.7)
55 (21.8)
40 (15.9)
29 (11.5)

65 (27.3)
173 (72.7)

Of those w/WRI whose
injury required them to miss
any work; n (%)

9 (3.8)
90 (37.7)
140 (58.6)

0
72 (29.5)
172 (70.5)

<5

32 (13.0)
119 (48.2)
85 (34.4)
10 (4.0)

96 (38.9)
97 (39.3)
30 (12.2)
24 (9.7)

70 (29.3)
18 (7.5)
151 (63.2)

200 (90.5)
<5

7 (3.2)

11 (5.0)

75 (33.6)
33(14.8)
45 (20.2)
41 (18.4)
29 (13.0)

69 (32.2)
145 (67.8)

WRI, work-related injury. Bold font indicates significant difference at P < 0.05 (chisq) versus other respondents (drivers with a WRI vs drivers without a work-
related injury, work-injured drivers who filed a claim vs work-injured drivers who did not file a claim, work-injured drivers who had to miss work vs work
injured drivers who did not miss work). Questions reference most severe injury if respondent has had more than one in last 12 months. Full text of survey

questions available upon request.
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TABLE 3 Safety perceptions of current drivers, by injury and claim status, survey of Washington state truck drivers, 2010 and 2012
Of those who had  Of those w/WRI who filed  Of those w/WRI whose

Respondents; work-related a claim for work-related injury required them to miss
Description n (%) injury; n (%) injury; n (%) any work; n (%)
Do you regularly feel pressured to work
longer hours?
Yes 700 (32.2) 226 (48.1) 139 (48.9) 138 (55.2)
No 1,473 (67.8) 244 (51.9) 145 (51.1) 112 (44.8)
Do you regularly feel pressured to work
faster?
Yes 827 (38.0) 250 (53.2) 146 (51.8) 144 (57.8)
No 1,348 (62.0) 220 (46.8) 136 (48.2) 105 (42.2)
These six questions comprise a composite
“Safety Perception” score (see below):
New employees learn quickly that they are
expected to follow good health & safety
practices:
Strongly agree 547 (25.4) 85 (18.3) 56 (20.0) 45 (18.1)
Agree 1,170 (54.4) 238 (51.3) 149 (53.2) 119 (48.0)
Disagree 350 (16.3) 107 (23.1) 59 (21.1) 61 (24.6)
Strongly disagree 84 (3.9) 34 (7.3) 16 (5.7) 23 (9.3)
Employees are told when they do not
follow good safety practices:
Strongly agree 550 (25.4) 89 (19.1) 56 (20.1) 48 (19.4)
Agree 1,179 (54.5) 233 (50.1) 148 (53.1) 122 (49.4)
Disagree 364 (16.8) 119 (25.6) 64 (22.9) 64 (25.9)
Strongly disagree 69 (3.2) 24 (5.2) 11 (3.9) 13 (5.3)
Workers and management work together
to ensure the safest possible conditions:
Strongly agree 534 (24.6) 71 (15.1) 46 (16.3) 39 (15.6)
Agree 1,058 (48.7) 208 (44.2) 130 (46.1) 111 (44.4)
Disagree 443 (20.4) 139 (29.6) 78 (27.7) 64 (25.6)
Strongly disagree 136 (6.3) 52 (11.1) 28 (9.9) 36 (14.4)
There are no major shortcuts taken when
worker health and safety are at stake:
Strongly agree 741 (34.3) 130 (27.9) 85 (30.3) 66 (26.7)
Agree 1,001 (46.4) 185 (39.8) 115 (40.9) 96 (38.9)
Disagree 345 (16.0) 118 (25.4) 61 (21.7) 62 (25.1)
Strongly disagree 72 (3.3) 32 (6.9) 20 (7.1) 23 (9.3)
The health and safety of workers is a high
priority with management where | work:
Strongly agree 726 (33.5) 112 (24.1) 72 (25.8) 60 (24.4)
Agree 995 (46.0) 193 (41.6) 121 (43.4) 102 (41.4)
Disagree 349 (16.1) 117 (25.2) 63 (22.6) 58 (23.6)
Strongly disagree 96 (4.4) 42 (9.1) 23 (8.2) 26 (10.6)
| feel free to report safety problems where
I work:
Strongly agree 939 (43.2) 162 (34.5) 100 (35.5) 89 (35.7)
Agree 1,001 (46.1) 212 (45.2) 130 (46.1) 103 (41.4)
Disagree 172 (7.9) 68 (14.5) 41 (14.5) 40 (16.1)

(Continues)
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TABLE 3 (Continued)
Of those who had  Of those w/WRI who filed  Of those w/WRI whose
Respondents; work-related a claim for work-related injury required them to miss
Description n (%) injury; n (%) injury; n (%) any work; n (%)
Strongly disagree 61 (2.8) 27 (5.8) 11 (3.9) 17 (6.8)
Combined safety perception measure N (%) Mean, Median SD Range
Safety Perception 2,111 3.07, 3.00 0.62 1-4
Respondents; Of those who had ~ Of those who Filed a claim  Of those whose injury
n (%) work-related for work-related injury; required them to miss any
injury; n (%) n (%) work; n (%)
Good safety environment (comb. score 23.0) 1,405 (66.6) 226 (49.6) 148 (53.8) 121 (50.0)
Poor safety environment (comb. score <3) 706 (33.4) 230 (50.4) 127 (46.2) 121 (50.0)

WRI, work-related injury. Bold font indicates significant difference at P < 0.05 (chisq, t-test) versus other respondents (drivers with a WRI vs drivers without a
work-related injury, work-injured drivers who filed a claim vs work-injured drivers who did not file a claim, work-injured drivers who had to miss work vs work
injured drivers who did not miss work). Questions reference most severe injury if respondent has had more than one in last 12 months. Full text of survey
questions available upon request. A combined safety perception score was only calculated for respondents who had answered all six of the items on the scale
(there were 78 respondents who did not answer at least 1 item). The score is the average of the six items.

work faster/longer, schedule conflicts, and adverse working con-
ditions, which can in turn contribute to health problems.42 These
factors are relevant to the health and safety of truck drivers and
warrant discussion.

Washington truck drivers were predominately male and over
45 years of age, which is similar to previous studies of truck
drivers.}”?? Being over 40 years of age has also been associated
with increased risk of obesity in truck drivers.?* When looking at
calculated BMI, WA truck drivers had a higher percentage of
underweight (4.1%) compared to previous work with truck drivers
which reported less than 1% underweight.2”-?2 WA truck drivers also

had a higher percentage of overweight (but not obese) truck drivers,
39.7% compared to other truck driver surveys/administrative data (22-
27%)*"22 and lower percentage obese drivers (41.0%) than reported

by those studies (61-68%). However, the earlier studies'”?2

were
focused primarily on long-haul truck drivers, and our results suggest
that truck drivers in WA (of whom a majority have driving assignments
other than long haul), may have healthier metrics. While obesity was
not associated with likelihood of work-related injury in this study,
though it may be related to conditions that affect excessive daytime
sleepiness, which did increase odds of work-related injury. One such

condition, obstructive sleep apnea (OSA), is associated with obesity,

TABLE 4 Logistic regression model for work-related injury risk (n = 1782)

Variable
Age in years
18-34 years old
35-44 years old
45-64 years old
65+ years old
Female
Safety perceptions score
Primary driving assignment
Long haul
Less than truck load

Other type (eg, garbage route)

In the past 12 months have you regularly had excessive sleepiness during the day?

Yes
Do you regularly feel pressured to work faster?

Yes

Odds ratio [95% Conf. Interval]
1.00 - -
1.39 0.72 2.67
1.22 0.68 2.17
0.87 0.33 2.29
0.78 0.40 1.52
0.65 0.48 0.89
1.00 - -
2.12 1.02 4.43
1.79 0.90 3.57
1.65 1.05 2.59
1.68 1.14 2.49

Bold font indicates statistical significance at P < 0.05. Model weighted for non-response.
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and also with age and male sex.*3 A previous study found 14% of truck
drivers self-reported a diagnosis of sleep apnea,!” while other
estimates range from 28% in commercial drivers** to 42% in long-
haul drivers in Western Australia.*> Treating sleep apnea in drivers has
been shown to reduce health and disability costs and result in fewer
missed work days.*® Weight loss may also be beneficial in treating or
reducing apnea severity in some cases.*”

Despite age, obesity, and reported impacts of scheduling on healthy
eating, regular exercise, and sleep adequacy (Table 1), 90.4% of drivers
self-reported that their perceived health status was Good, Very Good, or
Excellent, which is higher than reported elsewhere.**2? Truck drivers
may feel this way because they can still do their job well. This is an
emerging cultural norm, with a national survey reporting 27% of
employed adults in the United States were obese in 2008, and in
2011-2012, another national health study found 34.9% of adults aged
20 and over were obese.*’ This may be especially true in transportation,
with studies of truck drivers reporting high proportions of overweight

and obese individuals,”?2

and thus truck drivers may underestimate the
health risks of being overweight or obese. In Washington State, truck
drivers were one of the two occupational groups with the highest risk of
obesity.'? This important finding merits further study.

Drowsiness or excessive daytime sleepiness can have serious
impacts on driving. In this sample, 39% of drivers reported driving their
truck while feeling drowsy 1 or more times a month (Table 2), and there
were significant differences between drivers with a work-related injury
and those without work-related injury, in regards to all the questions on
sleep/drowsiness (Tables 1 and 2); this may be comparable to recent
work in which 54.9% of respondents reported driving while sleepy,
dozing off, or falling asleep and that poor sleep quality was associated
with negative impact on job performance.?® These results indicate that a
focus on improving adequate sleep may be an important factor in any
efforts to reduce work-related injuries in truck driving. While we did not
ask questions about specific shift hours, which may significantly have
affected daytime sleepiness, we do know that the majority of truck
drivers (81%) interviewed worked over 40 hs a week (Table 1), and over
60% of drivers indicated that their work schedules impacted their ability
to get adequate sleep “Some” or “A lot” (Table 1), which may address the
same types of issues captured in shift type.

While the associations with sleepiness and feeling pressure to
work faster are logical, there is less clarity as to why less-than-
truckload (LTL) driving would increase risk of injury—possible reasons
include that LTL drivers are more likely to spend a significant portion of
their day loading/unloading cargo, connecting/disconnecting trailers
from trucks and that their routes involve more frequent stops and
travel in busy areas, as opposed to long stretches of highway driving in
long-haul trucking.®®

The percentage of truck drivers reporting at least one work-
related injury in the previous year in our sample was 21.6%, which is
almost three times higher than the percentage of drivers reporting
non-crash related injuries in the previous year (7.3%) in the NIOSH
national survey of long-haul truck drivers.*® This percentage is also
higher than a previous health survey of long-haul drivers that had 3.9%
reporting accident or injury in past 12 months,'* but lower than that

reported by a survey of light/short haul transport drivers in Australia
(41.4%).1* The Washington surveys did not differentiate between
injury mechanisms (crash vs non-crash), and included drivers with
several types of driving assignments, which may account for some of
the differences. Friswell and Williamson reported that of the injured
drivers, only 61.3% of cases were reported formally, and 45% required

11 which was similar to the results of these surveys, with 60%

time of
filing a claim and 52.8% that missed work due to their injury (Table 1).

Of note, in the NIOSH survey, the majority (68%) of company
drivers who lost work days did not report their injury to their
employers.*® The questions on the Washington surveys were
different, but 20.6% of the injured drivers who reported that they
missed work did not file a workers’ compensation claim (P < 0.0001,
data not shown). The role of safety climate in improving the
appropriate reporting of workers’ compensation claims is valuable,
and our results confirm work that links better safety climate with

better reporting,3*>°

with a significantly larger proportion of injured
drivers in our surveys filing for workers’ compensation for their injuries
of those with good safety climate perception (66.4%) than of those
with poor safety climate perception scores (55.7%) (P < 0.02, data not
shown). Improving safety climate perceptions is likely to improve
reporting of work-related injuries, which could improve knowledge of
risks/hazards and help identify prevention strategies.

Drivers with a work-related injury also had a higher proportion
reporting that they sought the care of a HCP for work-related pain,
symptoms and/or discomfort (Table 1); this is logical given the
retrospective nature of the survey—an injury may lead one to seek
health care. However, it is interesting to note that a quarter of drivers
who reported a work-related injury did not seek care, despite their
injury (Table 1) and 12% of drivers who did not have a work-related
injury also sought health care for a work-related issue (data not shown).
Improving safety climate perceptions which lead to increased
reporting of work-related injuries may then also lead to increased
access to healthcare and an improvement in health for these workers
(eg, weight loss, excessive daytime sleepiness) and prevention of work-
related injuries. The concept of a safe and healthy workplace should
include the ability of an employee to seek care.

Translating these implications into practice can be done by
recognizing the importance and the existence the relationship
between psychological safety climate and work-related injuries in
truck drivers. Practically speaking, safety climate perceptions in
themselves do not improve safety, but they can give a company a
good indication of how their safety policies and practices are perceived
by their drivers. Having a gauge with which to measure safety climate
perceptions could be very important in determining what may need to
change in terms of the safety plan. The short (six item) survey was
intentionally selected for its brevity and its successful usability in time-
sensitive industries,® and should be feasible for companies to easily
administer; subsequent safety meetings or trainings could be focused
on addressing areas of concern identified by the results. Safety
programs could be written to include special emphasis on management
commitment to safety, and to address steps employees can take to
report hazards and improve safety.
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4.2 | Strengths and limitations

There are several limitations to this study. First, this study relies upon
self-reported retrospective data, which may reflect some recall bias
and limits causal inference. Second, although these are Washington
State injured workers, due to the survey design (researchers blind to
participants’ identities), we were unable to confirm or provide numbers
regarding true filing of workers’ compensation claims. The report of
injuries and report of filings may be under or over estimated. Third, we
used a generic organizational level scale for safety climate perceptions
across an industry sector in Washington State, which is not how the
scale was intended to be used. At the time the surveys were
conducted, there was no readily available scale that was more suited to
truck drivers; a safety-climate scale intended for remote workers,
Huang et al., was not published until 2013. However, the safety climate
perception scale used was significantly related to the risk of having a
work-related injury in the past year. We believe that this scale was
appropriate to assess psychological safety climate, and that psycho-
logical safety climate is associated with higher risk of work-related
injury, as well as filing a workers’ compensation claim.

In addition, we lost a meaningful proportion of respondents in
multivariable models due to missing data. Post-hoc analyses of
differences between those who were retained for the model and
those who were dropped, showed no significant differences in the
covariates retained, except for the safety climate perception scale,
where those in the model had a mean score of 3.08 and those not
retained had a mean score of 2.96 (P=0.005). This may have
introduced some bias into the model.

Caution should be taken when interpreting the logistic regression
model for populations outside this study. While the probability of
duplicate responses from 2010 to the 2012 survey was low (11%),
there were some differences when the logistic regression models were
run separately by survey year. Although post hoc Chi-square tests
revealed no significant differences in the variables for excessive
sleepiness and feeling pressure to work faster, these variables were
significantly different between the two survey years in the full model.
The reasons for this may be due to sample size (n =1406 in 2010,
n =783 in 2012), resulting in the low number of work-related injury
cases (n=295 in 2010, n=178 in 2012). There may also be some
interaction with the covariates and the survey year, although post hoc
tests did not indicate any. Regardless, the primary independent
variable, safety climate perceptions, did not change significantly by
year, and this model presents the overall experience of truck drivers in
Washington State, specifically in relation to safety climate perceptions
and risk of work-related injury, and is not meant to serve as a predictive
model for injury prevention.

Despite these limitations, there are also several strengths to this
study. First, this is an underserved, aging population that faces a
confluence of employment and lifestyle factors that contribute to their
health and injury risks and need prevention efforts that are tailored to
their risks. Previous work on truck drivers focuses primarily on long-
haul drivers, which does not represent the majority of Washington
State truck-drivers (10.7%, Table 1;38). Less-than-truckload driving
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assignment in particular is highlighted by this study as being at
increased risk of work-related injury that warrants further investiga-
tion. To reduce work-related injuries in truck-drivers in Washington,
surveys such as these, which engage the voices of a locally
representative sample and characterize the population, are needed.
The mix of trucking types varies by state across the U.S., and to best
target prevention efforts, state-focused studies are valuable whether
they produce new findings or not. Secondly, drawing the sample from
the population of WA CDL holders and cross-matching with ESD data
were an efficient strategy to reach eligible respondents. Finally,
improving safety climate perceptions is likely to improve reporting of
work-related injuries, and through this, potentially access to care.
While other studies have also demonstrated the link between positive
safety climate/management interactions and improved reporting of

work-related injuries,So"r’o’51

our study is the first, to our knowledge, to
do so on an individual level with truck-drivers psychological safety
climate perceptions, as opposed to organizational level climate in
construction and other industries. Under-reporting to workers’
compensation leads to the shifting of cost from the employer to the
worker and the general public health care system. Reducing under-
reporting of injuries is valuable as it would lead to more accurate
assessment of the substantial personal, social, and economic burden of
work-related injuries and the needs of individual workplaces and truck

drivers, as well as informing more efficient prevention strategies.

5 | CONCLUSIONS

This study suggests that positive psychological safety climate
perception was correlated with reduced odds of having a work-
related injury, while having a less-than-truckload driving assignment,
excessive daytime sleepiness, and regularly feeling pressured to work
faster all increased the odds of work-related injury. Work-related
injuries are not disconnected events that occur at random and health
promotion and injury prevention work to improve truck driver health
and safety should broaden in focus to take into account psychological
safety climate and management roles (who may have control over
essential work organization factors such as job design, work schedules,
shift work, and work hours). The results further demonstrate the utility
of a safety climate perception score in assessing occupational health
and safety in truck driving. The role of management in safety climate,
both as a whole, and in particular contexts such as pressure to work
faster, appears to be a potentially valuable focus for future prevention
and intervention efforts.

AUTHORS’ CONTRIBUTIONS

NA and CS participated in the conception of the work and study design.
CS managed the original acquisition of the data, and participated with
NA in the analysis of the data for the work. NA, CS, and JB all
participated in the interpretation of the data, as well as drafting and
revision of the work for important intellectual content, final approval,

and agreement to be accountable for all aspects of the work in ensuring



ANDERSON ET AL

722 AMERICAN JOURNAL
=L - WILEY
that questions related to the accuracy or integrity of any part of the

work are appropriately investigated and resolved.

ACKNOWLEDGMENTS

The authors would like to offer special thanks to Moni Blazej-
Neradilek, biostatistical consultant, for his assistance with survey
weighting methods and modeling; and to Michael Foley and Elyette

Martin for manuscript proofing and comments.

FUNDING

This work was supported by the Washington State Department of
Labor and Industries and Grant sponsor: Centers for Disease Control
and Prevention (CDC), National Institute for Occupational Safety and
Health (NIOSH); Grant number: U60 OH008487.

ETHICS APPROVAL AND INFORMED CONSENT

The work was performed at Safety and Health Assessment and
Research for Prevention (SHARP) Program, Washington State
Department of Labor & Industries. All survey work was approved by
the Washington State Institutional Review and participants gave
verbal or written informed consent, depending on their method of
survey completion.

DISCLOSURE (AUTHORS)

The authors report no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD

Steven Markowitz declares that he has no conflict of interest in the

review and publication decision regarding this article.

DISCLAIMER

The contents are solely the responsibility of the authors and do not
necessarily reflect the official views of the Washington State

Department of Labor and Industries or NIOSH.

ENDNOTE

1 Probability of duplicates was simply the sample drawn divided by the total
possible number of subjects (population of drivers in that year [2010 and
2012]), then multiplying the two probabilities together.

REFERENCES

1. Leigh J, Waehrer G, Miller T, Keenan C. Costs of occupational injury
and illness across industries. Scand J Work Environ Health. 2004,
30:199-205.

2. US. Bureau of Labor Statistics. 2014a. EMPLOYER-REPORTED
WORKPLACE INJURIES AND ILLNESSES - 2013. BLS News Release.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. U.S. Bureau of Labor Statistics. 2015. Census of Fatal Occupational

Injuries (CFOI); Fatal occupational injuries, total hours worked, and rates
of fatal occupational injuries by selected worker characteristics,
occupations, and industries, civilian workers, 2014p. Fatal Injury Rates.

. U.S. Bureau of Labor Statistics. 2014b. Occupational Employment

Statistics,
May 2014.

53-3032 Heavy and Tractor-Trailer Truck Drivers,

. U.S. Bureau of Labor Statistics. 2013. Employment Projects, Table 1.2

Employment by detailed occupation, 2012 and projected 2022.

. U.S. Bureau of Labor Statistics. 2014c. Occupational Employment

Statistics, May 2014 State Occupational Employment and Wage
Estimates Washington.

. Anderson N, Bonauto D, Adams D. 2013. Prioritizing Industries for

Occupational Injury and lliness Prevention and Research, Washington
State Workers’ Compensation Claims Data, 2002-2010. Olympia,
Washington, USA: Safety and Health Assessment and Research for
Prevention (SHARP) Program Washington State Department of Labor
and Industries.

. Bonauto D, Silverstein B, Adams D, Foley M. Prioritizing industries for

occupational injury and illness prevention and research, washington
state workers’ compensation claims, 1999-2003. J Occup Environ
Med. 2006; 48:840-851.

. Smith CK, Williams J. Work related injuries in Washington State’s

Trucking Industry, by industry sector and occupation. Accid Anal Prev.
2014; 65:63-71.

Spielholz P, Cullen J, Smith C, Howard N, Silverstein B, Bonauto D.
Assessment of perceived injury risks and priorities among truck drivers
and trucking companies in Washington State. J Safety Res. 2008;
39:569-576.

Friswell R, Williamson A. Work characteristics associated with injury
among light/short-haul transport drivers. Accid Anal Prev. 2010;
42:2068-2074.

Lin L-J, Cohen HH. Accidents in the trucking industry. Int J Ind
Ergonomics. 1997; 20:287-300.

Shibuya H, Cleal B, Kines P. Hazard scenarios of truck drivers’
occupational accidents on an around trucks during loading and
unloading. Accid Anal Prev. 2010; 42:19-29.

Apostolopoulos Y, Sonmez S, Shattell MM, Gonzales C, Fehrenbacher
C. Health survey of U.S. long-haul truck drivers: work environment,
physical health, and healthcare access. Work. 2013; 46:113-123.
Hege A, Perko M, Johnson A, Yu C, S6nmez SAY. Surveying the impact
of work hours and schedules on commercial motor vehicle driver
sleep. Saf Health Work. 2015; 6:104-113.

Pylkkénen M, Sihvola M, Hyvérinen HK, Puttonen S, Hublin C, Sallinen
M. Sleepiness, sleep, and use of sleepiness countermeasures in shift-
working long-haul truck drivers. Accid Anal Prev. 2015; 80:201-210.
Thiese M, Ott U, Robbins R, et al. Factors associated with truck crashes
in a large cross section of commercial motor vehicle drivers. J Occup
Environ Med. 2015; 57:1098-1106.

Birdsey J, Sieber WK, Chen GX, et al. National survey of US long-Haul
truck driver health and injury: health behaviors. J Occup Environ Med.
2015; 57:210-216.

Bonuato D, Lu D, Fan Z. Obesity prevalence by occupation in
washington state, behavioral risk factor surveillance system. Prev
Chronic Dis. 2014; 11.

Guan J, Hsiao H, Bradtmiller B, Zwiener J, Amendola A, Weaver D.
2015. Anthropometric Study of Truck Drivers National Institute for
Occupational Safety and Health, Division of Safety Research,
Morgantown, WV.

Moreno C, Louzada F, Teixeira L, Borges F, Lorenzi-Filho G. Short sleep
is associated with obesity among truck drivers. Chronobiol Int. 2006;
23:1295-1303.

Sieber WK, Robinson CF, Birdsey J, et al. Obesity and other risk
factors: the national survey of U.S. long-Haul truck driver health and
injury. Am J Ind Med. 2014; 57:615-626.



ANDERSON ET AL.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Zohar D. Safety climate in industrial organizations: theoretical and
applied implications. J Appl Psychol. 1980; 65:96-102.

Beus JM, Payne SC, Bergman ME, Arthur Jr W. Safety climate and
injuries: an examination of theoretical and empirical relationships.
J Appl Psychol. 2010; 95:713-727.

Clarke S. The relationship between safety climate and safety
performance: a meta-analytic review. J Occup Health Psychol. 2006;
11:315-327.

Huang Y-h, Zohar D, Robertson MM, Garabet A, Lee J, Murphy LA.
Development and validation of safety climate scales for lone workers
using truck drivers as exemplar. Transp Res Part F Traffic Psychol Behav.
2013; 17:5-19.

Christian MS, Bradley JC, Wallace JC, Burke MJ. Workplace safety: a
meta-analysis of the roles of person and situation factors. J Appl
Psychol. 2009; 94:1103.

Hofmann D, Morgeson F. Safety-Related behavior as a social
exchange: the role of perceived organizational support and leader-
Member exchange. J Appl Psychol. 1999; 84:286-296.

Johnson S. The predictive validity of safety climate. J Safety Res. 2007;
38:511-521.

Probst TM, Estrada AX. Accident under-reporting among employees:
testing the moderating influence of phsychological safety climate and
supervisor enforcement of safety practices. Accid Anal Prev. 2010;
42:1438-1444.

Hahn S, Murphy L. A short scale for measuring safety climate. Saf Sci.
2008; 46:1047-1066.

Hobfoll S. 1988. The Ecology of Stress. Washington, DC, US:
Hemisphere Publishing Corp. p. 360.

Hobfoll S. Conservation of resources: a new attempt at conceptualiz-
ing stress. Am Psychol. 1989; 44:513-524.

Snook S. 2011. Friendly Fire: The Accidental Shootdown of U.S. Black
Hawks over Northern Irag. reprint ed. Princeton, NJ, US: Princeton
University Press. 280 p.

Hofmann D, Morgeson F, Gerras S. Climate as a moderator of the
relationship between leader-Member exchange and content specific
citizenship: safety climate as an exemplar. J Appl Psychol. 2003; 88:170-178.
Oz B, Ozkan T, Lajunen T. An investigation of professional drivers:
organizational safety climate, driver behaviours and performance.
Transp Res Part F Traffic Psychol Behav. 2013; 16:81-91.

Zohar D, Huang YH, Lee J, Robertson M. A mediation model linking
dispatcher leadership and work ownership with safety climate as
predictors of truck driver safety performance. Accid Anal Prev. 2014;
62:17-25.

Rauser E, Smith CK, Williams J. 2014; Trucking Industry: Examining
Injuries for Prevention. Washington State, 2006-2012. In:Program S
editor Olympia, Washington Washington State Department of Labor
and Industries.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

723
AMERICAN JOURNAL
WILEY- -

U.S. Census Bureau. 2012. North American Industry Classification
System: Executive Office of the President, Office of Management and
Budget.

Chen GX, Sieber WK, Lincoln JE, et al. NIOSH national survey of long-
haul truck drivers: injury and safety. Accid Anal Prev. 2015; 85:66-72.
Leveson N, Dulac N, Marais K, Carroll J. Moving beyond normal
accidents and high reliability organizations: a systems approach to
safety in complex systems. Organ Stud. 2009; 30:227-249.

Schulte PA, Wagner GR, Ostry A, et al. Work, obesity, and
occupational safety and health. Am J Public Health. 2007; 97:428-436.
Young T, Skatrud J, Peppard P. Risk factors for obstructive sleep apnea
in adults. JAMA. 2004; 291:2013-2016.

Pack A, Dinges D, Maislin G. 2002; A Study of Prevalence of Sleep
Apnea Among Commercial Truck Drivers. Revised July 2008 ed.:
Federal Motor Carrier Safety Administration (FMCSA).

Meuleners L, Fraser M, Govorko M, Stevenson M. Obstructive sleep
apnea, health-Related factors, and long distance heavy vehicle crashes
in western Australia: a case control study. J Clin Sleep Med. 2015;
11:413-418.

Hoffman B, Wingenbach D, Kagey A, Schaneman J, Kasper D. The
long-Term health plan and disability cost benefit of obstructive sleep
apnea treatment in a commercial motor vehicle driver population.
J Occup Environ Med. 2010; 52:473-477.

Dixon J, Schachter L, O'Brien P. Polysomnography before and after
weight loss in obese patients with severe sleep apnea. Int J Obes. 2005;
29:1048-1054.

Huang Y, Hannon P, Williams B, Harris J. Workers’ health risk
behaviors by state, demographic characteristics, and health insurance
status. Prev Chronic Dis. 2011; 8.

Ogden C, Carroll M, Kit B, Flegal K. Prevalence of childhood and adult
obesity in the United States, 2011-2012. JAMA. 2014; 311:806-814.
Probst TM, Brubaker T, Barsotti A. Organizational injury rate
underreporting: the moderating effect of organizational safety
climate. J Appl Psychol. 2008; 93:1147-1154.

Lipscomb HJ, Schoenfisch AL, Cameron W. Non-reporting of work
injuries and aspects of jobsite safety climate and behavioral-based
safety elements among carpenters in Washington State. Am J Ind Med.
2015; 58:411-421.

How to cite this article: Anderson NJ, Smith CK, Byrd JL.
Work-related injury factors and safety climate perception in
truck drivers. Am J Ind Med. 2017;60:711-723.
https://doi.org/10.1002/ajim.22737


https://doi.org/10.1002/ajim.22737
https://doi.org/10.1002/ajim.22737

