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Abstract

Purpose: To determine the age-adjusted association between colorectal cancer (CRC) risk
factors and CRC prevalence among long-haul truck drivers (aged 21-85), after adjustment for
age.

Design: Pooled cross-sectional analysis using Commercial Driver Medical Exam (CDME) data.
Setting. National survey data from January 1, 2005, to October 31, 2012.

Participants: 47,786 commercial motor vehicle drivers in 48 states.

Measures: CRC prevalence was the primary outcome; independent variables included
demographics, body mass index (BMI), and concomitant medical conditions.

Analysis: Kruskal-Wallis tests to analyze continuous variables; Fischer’s exact tests to analyze
categorical variables; univariate and multivariable logistic regression for rare events (Firth method)
to quantify the association between the independent variables of interest and CRC prevalence.
Odds ratios (ORs) and 95% confidence intervals (Cls) were adjusted for age, gender, years with
current employer, year of exam, and BMI in a multivariate logistic regression.

Results: Many factors were statistically significant. Obesity (OR = 3.14; 95% CI = 1.03-9.61)
and increasing age (OR = 1.10 per year; 95% CI = 1.07-1.13) were significantly associated with
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CRC prevalence. Truckers with 4 or more concomitant medical conditions were significantly more
likely to have CRC (OR =7.03; 95% CI = 1.83-27.03).

Conclusions: Our findings highlight mutable risk factors and represent an opportunity for
intervention that may decrease CRC morbidity and mortality among truck drivers, a unique
population in the United States estimated to live up to 16 years less than the general population.

Keywords

body mass index; colonic neoplasms; diabetes mellitus; gastrointestinal diseases; occupational
health; gender role

Purpose

The American Cancer Society (ACS) estimates that 2021 will see 149,950 new colorectal
cancer (CRC) diagnoses in the United States, although the number may be higher since due
to the COVID-19 pandemic new CRC diagnoses declined by roughly 30% from January to
mid-April 2020, compared with the same period in 2019.1-2 In addition, an estimated 52,980
CRC-related deaths will occur in the United States in 2021.1:2 Significant racial and ethnic
disparities are apparent in CRC morbidity and mortality, with non-Hispanic (NH) Black and
Indigenous people generally having higher incidence and mortality.34

It is estimated that over half of all CRC can be attributed to modifiable lifestyle factors,®
including heavy alcohol use, obesity, high consumption of processed and red meat, a
sedentary lifestyle, and tobacco use.2:6-11 Little is known about the relationship between
occupation type and CRC risk, especially among long-haul truck drivers—also called
commercial motor vehicle (CMV) drivers—who experience several risk factors for CRC.
Sedentary lifestyles, observed at relatively high rates among truck drivers, have been linked
to CRC and may be a risk factor for CRC occurring in individuals aged under 50 (early-
onset colorectal cancer, or EOCRC).”12-14 Opesity and tobacco use are twice as high among
truckers as they are in the overall U.S. adult labor force, 116 and previous research has
shown that truck drivers often smoke cigarettes to stay awake.l-17:18 Truck drivers also
often have few nutritious options available to them while commuting, face challenges to
eating healthily,2% and have high rates of metabolic syndrome.2122 High-fat diets have been
associated with poor health among truck drivers.23 Essentially, compared with the general
U.S. population, truck drivers have higher rates of virtually all risk factors associated with
CRC,12.15.24 with the exception of alcohol use.> The high prevalence of these risk factors
poses significant health risks for truck drivers and also puts their livelihoods at risk.16:22.25

Despite a growing body of literature focused on the health of truck drivers and the

risk factors associated with truck driving as an occupation, knowledge gaps remain, and
available data on this population are inadequate.1215 Due to the difficulty of reaching

the long-haul truck-driving population, much of the literature on this group consists of
small-scale regionalized or localized studies.12:1%:25 Conventional survey methods such as
mail and telephone surveys are impractical because drivers are often away from home and
follow unpredictable work schedules.15:2% To our knowledge, no studies have systematically
investigated the health risk factors associated with long-haul truck drivers and CRC in the
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United States. Truck drivers have been estimated to live up to 16 years less than the U.S.
general male population.28 With CRC currently the third leading cause of cancer death in the
United States, it is important to examine whether an association exists between health risk
factors and CRC prevalence in the truck-driving population.3

The purpose of this study was to determine how, after adjustment for age, an a priori list of
potential risk factors were associated with CRC prevalence among long-haul truck drivers
(ages 21-85). Our hypothesis was that, after adjusting for age, long-haul truck drivers with
poor health would have a higher prevalence of CRC due to the confluence of CRC risk
factors experienced by this population.

The University of Utah Institutional Review Board approved this pooled cross-sectional
study (#35889). Participants were not required to provided informed consent for this study
as this was a secondary data analysis-focused study. These data have been used in other
reports and have been reported previously, and only relevant methodology is reported.27-30
Commercial Driver Medical Exam (CDME) data were obtained from a private company
that provides a web-based platform for recording CDME findings and medical certification
decisions for CMV driver licensure. The anonymized database includes CDMEs performed
by medical examiners on CMV drivers licensed in all 48 contiguous states. Most of the
drivers are classified as long-haul drivers.

Commercial drivers require medical certification to obtain and maintain a commercial driver
license. The medical examiner determines whether the driver meets the requirements for
medical certification (up to 2 years) or is not medically qualified to maintain a commercial
driver license. Examination data are entered into a computer program to ensure high data
quality and capture. We analyzed data from January 1, 2005, to October 31, 2012 (the total
span of time covered by the database) for 47,786 unique drivers. Data elements included
demographics (age and gender); medical history (e.g., neurological problems, medications,
sleep disorders, and diabetes mellitus); measured height, weight, and blood pressure; heart
rate; urinalysis; other medical tests (e.g., vision, cardiovascular, and hearing whisper test);
and examiner notes and comments. If drivers had multiple consecutive CDMEs in the
database, only the first COME was analyzed; all others were excluded.

Most single conditions were self-reported by the driver at the time of the exam.

These were then verified by the examiner, who asked additional probing questions if
warranted. Measured height and weight were used to calculate BMI. Concomitant medical
conditions were defined based on recommendations from the Federal Motor Carrier
Safety Administration (FMCSA). The FMCSA provides multiple sources of guidance for
examiners evaluating a CDME; this guidance is drawn from multiple sources, including
conference reports, evidence summaries, medical expert-panel recommendations, FMCSA
Medical Review Board recommendations, and other documents.31-36 Benchmarking
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examples include 1-year certifications, which are recommended by the FMCSA in the
presence of either hypertension or diabetes mellitus without any other condition.38 We
assessed the FMCSA Medical Review Board’s multiple-condition matrix, using comparable
data for most elements from the CDME. The purpose of the matrix is to provide

guidance regarding CMV driver-certification length based on suspected risks. Therefore, all
conditions within the matrix are weighted equally. For matrix analyses in this paper, counts
of relative disqualifying conditions were analyzed in relationship to CRC. Application of
the multiple-conditions table (Table 1) from the FMCSA recommendations data was also
analyzed.

The CDME does not include a specific question about CRC diagnosis. We therefore used
text recognition to identify specific terms in the CDME notes and comments and then
reviewed the entire CDME to determine the presence of a definite or probable CRC
diagnosis. We also identified 311 records by searching for the following terms: colon,
rectum, cancer, colorectal, CRC, and polyp. These were then reviewed by two researchers,
who were blinded to all other data, to identify definite and probable cases of CRC.

The focus of these analyses was to assess relationships between health risk factors and
CRC. Normality was assessed for continuous variables such as age and BMI. Continuous
variables were analyzed using the Kruskal-Wallis test; categorical variables were analyzed
using Fischer’s exact test. Logistic regression with the penalized likelihood method (Firth
method) for rare events was used to quantify the magnitude and direction of the association
between individual factors and CRC. The odds ratio (OR) and 95% confidence interval (CI)
were adjusted for age, gender, years with current employer, year of exam, and BMI in a
multivariate logistic regression. All analyses were conducted using SAS 9.4 (SAS Institute,
Cary NC).

The study population comprised the 47,786 unique drivers with data in the database. Most
participants (95.6%) were male, with a mean age of 49.9 years and a mean BMI of 31.6
kg/mZ2. Twenty-six (.05%) had diagnosed CRC and an additional 30 (.05%) had probable
CRC based on medical notes in the CDME. Age and BMI and were found to not be
normally distributed. Additional descriptive statistics for the entire population are in Table 2.

As shown in Table 3, even after statistical adjustment, each additional year of age and
each additional kg/m? of BMI was statistically significantly related to CRC risk. Diabetes
mellitus, high blood pressure, and heart disease were statistically significantly increased in
crude analyses; after adjustment, however, these increases were not significant, suggesting
that the relationship was confounded by one or more of the adjusted factors. Digestive
problems, using medication to control for high blood pressure and liver disease were
statistically significantly related to probable or definite CRC.

Crude analyses found that decreasing duration of medical certification was associated with
an increased risk of diagnosed or probable CRC; however, after adjustment, no statistically
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significant association with a risk of diagnosed or probable CRC was seen for participants
who were not medically certified or were certified for 3 months or less. Each additional
concomitant medical condition was statistically significantly associated with an increased
risk of diagnosed or probable CRC, and an increasing number of medical conditions was
statistically significantly associated with a higher likelihood of diagnosed or probable CRC
(test for trend P < .0001, data not shown). Also, a history of opioid use was strongly
associated with an increased likelihood of diagnosed or probable CRC, even after adjustment
for confounders. Results for the outcome of diagnosed CRC alone were analogous in
direction and magnitude but were generally less statistically significant because of smaller
number of cases and lower statistical power (data not shown).

Discussion

A high prevalence of CRC risk factors, including obesity, morbid obesity, increased age,

and concomitant medical conditions in the long-haul truck-driving population suggests a
need for investigation of truck-driver engagement with preventive health care and overall
health. For this reason, we aimed to investigate CRC risk among truck drivers. We found
that obesity was positively associated with the presence of diagnosed or probable CRC,
reaffirming the findings of other studies.37-39 Additionally, older drivers were more likely to
have diagnosed or probable CRC. Truck drivers with comorbid medical conditions were also
more likely to experience CRC, and the strength of this association rose as the nhumber of
medical comorbidities increased. Other studies have found elevated CRC incidence among
individuals with chronic medical conditions, including obesity, inflammatory bowel disease,
diabetes mellitus, and liver disease.3%-41 Thus, our findings align with our central hypothesis
that truck drivers with poorer health would have a higher prevalence of CRC.

Our results suggest that, compared with truck drivers of normal weight, obese, and
morbidly obese drivers have 3.58- and 4.33-times greater odds, respectively, of having
diagnosed or probable CRC. These findings align with the extensive body of literature
demonstrating a positive association between obesity and CRC, with a stronger relationship
for men compared with women and for colon cancer compared with rectal cancer.#2=47
Several factors are thought to contribute to this relationship, including gender-specific fat
distribution, chronic inflammation, insulin resistance, and nutrition.37:424748 |n general,
women have a greater proportion of peripheral subcutaneous fat, whereas men have more
centrally located visceral fat.#? Visceral fat is more metabolically active, secreting molecules
that can have inflammatory, coagulative, and other metabolic effects that likely contribute
to the higher association between BMI and risk of cancer in the colon, specifically, among
men.42:47.49.50 |nflammation, both systemic and in the colorectal mucosa, is strongly linked
to CRC risk.51-54 Additionally, abdominal obesity is associated with insulin resistance,
leading to increased concentrations of insulin in the bloodstream that can have direct

or indirect effects on mitogenic processes, suggesting another possible explanatory link
between obesity and CRC risk.25%6 A 2015 review of the published scientific evidence
relating to diet and CRC risk found that obesity increases the risk of CRC by 19%.57 As
obesity is twice as high among truckers as it is in the overall U.S. adult labor forcel>16

and as truckers have also been shown to have poorer diet and nutrition than the overall U.S.
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adult labor force,20-58:59 it is important for future research to consider interventions aimed at
reducing the impact of obesity on CRC risk in this population.

Diet and nutrition also play a key role in inflammation and obesity.#8 Consuming large
amounts of fatty foods, red meat, processed meat, and sugar are risk factors for CRC; this

is an important consideration because high-fat diets are common among truck drivers.3:60.61
One intake of red meat per week increases CRC risk by about 40%; consumption of 50 g of
processed meat per week increases CRC risk by 20%.52 Foods with a higher glycemic index
and glycemic load have also been shown to have statistically significant direct associations
with CRC risk, especially among men.®3 Given the significant CRC burden in the United
States and recent increases in EOCRC incidence that have been postulated to be partially
attributable to poor diet quality,3-645 our findings warrant further investigation.

In our study, increasing age was positively associated with an increased probability of CRC
prevalence among truck drivers. Like many cancers, CRC is a disease that occurs more
frequently in older individuals, and our analyses suggest that this is also true for older truck
drivers.1:3 Older drivers have had prolonged exposure to risk factors such as a sedentary
lifestyle and smoking and more time to develop colorectal polyps and cancer-causing
mutations.1:712-14.17.18 Dye to the increased exposure to CRC risk factors among truck
drivers12:1524 amplified awareness and education about the importance of early-detection
screening for CRC may aid in reducing CRC morbidity and mortality in this population.

We saw a clear association between the prevalence of concomitant medical conditions and
CRC prevalence in our cohort. The trend of increasing CRC risk as the number of chronic
medical conditions increased also supports this relationship, which is further reinforced by
the association with opioid use. Our study design does not allow us to suggest directionality
or causation in this relationship; however, there are many reasons why this relationship
might exist. First, as age increases, the risk of both CRC and many chronic medical
conditions (e.g., hypertension, diabetes mellitus, and cardiovascular disease) increases.
Thus, age may confound the observed relationship. Second, several additional risk factors
(e.g., tobacco use, alcohol use, and physical inactivity) for comorbidities that we included
in our analysis and that are common among long-haul truck drivers are also risk factors

for CRC.56 These may be indicators of poor health behaviors that are more prevalent in

this population. Third, health professionals who provide individuals with a cancer diagnosis
may be more attuned to the screening, detection, and documentation of concomitant medical
conditions and/or physical disabilities, which may be a marker of increased health care
utilization and therefore increased screening and detection of CRC among these individuals.

Lastly, biologic etiologies may explain the association between specific medical conditions
and CRC risk. Obesity, metabolic disease, and liver conditions, for example, are independent
risk factors for colorectal adenomas and CRC, both of which may result from a chronic low
pro-inflammatory state, pro-inflammatory cytokines, or hormonal pathways.67:68 Qverall,
the presence of many chronic medical conditions may serve as an indicator or proxy of
advancing age, poor overall health, unhealthy lifestyle, receipt of medical care, or direct
cancer risk among long-haul truck drivers. As chronic conditions can also complicate CRC
treatment, increase risk for complications, and influence the likelihood of surviving CRC, it
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is critical that both providers and patients are aware of this association and that providers
emphasize the importance of CRC screening among truck drivers who have multiple medical
problems.59:70 Future studies should investigate how chronic medical conditions and specific
lifestyle behaviors augment cancer risk among truck drivers, as many of these factors are
mutable and thus are potentially modifiable.

Limitations and Strengths

This is a pooled cross-sectional study that is not able to establish a temporal relationship

or demonstrate a potential causal association between statistically significant factors and
diagnosed or probable CRC. However, these data meet other A.B. Hill criteria for
causation,’! including strength of association and dose response. The cross-sectional design
may also result in a healthy-worker effect, in which participants who have multiple
concomitant conditions are not in the working population, either by self-selecting out of
the workforce or because of the need to obtain medical certification to drive a commercial
vehicle.

Additionally, some cases of CRC may not be documented in these data. Although drivers
are required to report all medical conditions to their examiner, under-reporting may occur.
However, unlike with conditions such as diabetes or seizure disorders, which directly affect
the ability to obtain medical certification to drive, there is no rationale for drivers to under-
report CRC outcomes. It is therefore likely that any under-reporting would be random and
would introduce only random error that underestimates associations. For this reason, the
associations reported here may be underestimates.

Similar to other published studies of commercial drivers, our sample included relatively few
women (4.4%). We performed a post hoc assessment for effect modification between female
gender and age, obesity, high blood pressure, heart disease, certification length, and number
of conditions, and detected no interaction. However, because of the small proportion of

women drivers in our sample, we cannot generalize these results to all women truck drivers.

We chose to exclude exams beyond the first one, as we have done in previous analyses,
because including multiple exams from the same driver in our analyses would violate the
assumption of independence for the statistical tests. We considered analyzing this subset in
a panel analysis but were unable to do so for two reasons: First, the number of drivers with
consecutive CDMEs in our sample (8.2%) was insufficient for analysis. Second, with only a
couple of cases of CRC in this subset, it was statistically underpowered.

Lastly, some of the data collected on examination report forms are self-reported, thus
introducing the risk of potential biases, such as recall or reporting bias. However, CRC
outcomes are documented by the examiner, rather than reliant on participant self-report.
Additionally, the examiner must attest under penalty of law that all examination-related data
collection is completely accurate, thus reducing the likelihood of reporting bias.

This study also has multiple strengths, the greatest of which is a large, nationally
representative sample collected over 7 years. No other study of commercial drivers has
such a large sample size, which allows for stable statistical estimates of risk for the rare
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outcome of diagnosed or probable CRC in this population. Moreover, our study contributes
to the sparse literature on CRC prevalence specifically among long-haul truck drivers, as we
currently know only that truck drivers are at an increased risk for death from cancer (33%),
heart disease (30%) and roadway accidents (11%).72 Other strengths are the use of objective
measures of potential confounders such as BMI and the collection of data by a trained health
professional. Lastly, this study was able to control for many confounders, providing robust
estimates for relationships between CRC outcomes and other factors.

In conclusion, this pooled cross-sectional study of a large, anonymized sample of long-
haul truck drivers found that obesity, older age, and the presence of concomitant medical
conditions were associated with an increased risk for diagnosed or probable CRC. Given
that about 50% of CRC incidence and mortality is attributable to modifiable risk factors,
our data call for further research to identify the best approaches to reaching this vulnerable
population with education and interventions to reduce the toll of this preventable disease.
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So What?
» What is already known on this topic?

Colorectal cancer (CRC) is common, and CRC risk is largely attributed to modifiable
lifestyle factors. Commercial motor vehicle drivers (long-haul truck drivers) experience
many risk factors for CRC, including poor diet, obesity, tobacco use, physical inactivity,
and multiple medical problems.

» What does this article add?

Obesity, increasing age, and an increasing number of concomitant medical conditions
were associated with CRC prevalence. Our results provide information that may aid
in improving understanding and screening of individuals in this high-risk population.
Additionally, it may educate prescribers and medical professionals who perform
occupationally required exams, such as commercial driver medical exams, about
increased risks for CRC among long-haul truck drivers.

» What are the implications for health promotion practice or research?

Long-haul truck drivers have reduced life expectancy and considerable CRC risk. Our
findings highlight several mutable risk factors for CRC in this population and may help
researchers develop interventions that effectively reduce CRC morbidity and mortality
among long-haul truck drivers. Findings from this study can be used to develop tailored
education about CRC risk in this population and, with CDME approval, make this
information available to the long-haul truck driver population either electronically or via
mailed materials.
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