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There are more than 1 million firefighters in the US, of which 70% are career, 30%
are volunteer, and 5% of the entire fire service is female. Physical characteristics, health
behaviors, and psychosocial factors have been explored in association with on-duty injury
among male career firefighters, but never in volunteer firefighters or female firefighters. The
aim of this study was to explore the role of obesity on the association between on-duty injury
and physical characteristics, health behaviors, and psychosocial factors in male and female,
career and volunteer firefighters.

Data for this cross-sectional study came from the Firefighter Injury and Risk
Evaluation Study (2008-2010), the Fuel 2 Fight study (2010-2013), The First Twenty for
Volunteer Firefighters study (2014-2017), and The Health of Women Firefighters study
(2013-2014). Male career (n=1,419), male volunteer (n=533), and female career (n=1,817)
firefighters were examined separately. On-duty injury was the dependent variable, obesity
was the effect modifier among the male firefighters, and the following factors were explored
as independent variables: sleep, total work hours, physical activity, depression, job stress, job

satisfaction, anxiety, rank, and age. Mixed effect multivariable logistic regression models



stratified by obesity with a group level factor of department were conducted among male
career and volunteer firefighters. A multivariable logistic regression model was conducted
among female career firefighters since there was no department selection factor to consider.
Potential confounders were evaluated using backward elimination approach and the change
in estimate of 10% applied to determine model efficiency. The odds ratios, stratified odds
ratio, 95% ClI, and p-value (p<0.05) were used to evaluate results for significance and model
fit was explored for models in each of the analyses.

Female career firefighters had the highest prevalence of on-duty injury, followed by
male career firefighters, and male volunteer firefighters. Male volunteer firefighters had the
highest prevalence of obesity compared to male career firefighters and female career
firefighters. Obesity modified the association between on-duty injury and sleep, physical
activity, depression, and job stress among male career firefighters. Among male volunteer
firefighters, obesity modified the association between on-duty injury and total work hours,
sleep, and depression. Depression and job stress were found to be significantly associated
with on-duty injury among female firefighters. The results of the study as a whole suggest the
risk profile for on-duty injury is different among non-obese and obese male firefighters, and
different from the risk profile for female firefighters likely due to the lower prevalence of
obesity among females.

Body composition should be examined as an effect modifier between on-duty injury
and its predictors among male firefighters. Findings from this study highlight the need to
address obesity, depression, job stress, sleep, and fitness to reduce the disproportionate

burden of on-duty injuries in the fire service.
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BACKGROUND
Literature Review
Total Worker Health

The National Institutes for Occupational Safety and Health Total Worker Health program
is defined as, “policies, programs, and practices that integrate protection from work-related
safety and health hazards with promotion of injury and illness prevention efforts to advance
worker well-being” (CDC, 2017). Total Worker Health aims to advance worker health and
safety beyond traditional occupational safety and health parameters by examining the interaction
between personal health and occupational health. Personal and occupational health interact
heavily in firefighting, particularly for those who are overweight or obese, work long hours, or
experience depression given the physical and psychological demand of the occupation, possibly
leading to injury. There is a clear need for research on this interaction to improve personal and
occupational health of the nation’s first responders.

Firefighter Occupation

Firefighters in the United States are the first responders to domestic crises, emergencies,
and natural disasters. The more than one million volunteer and career firefighters in the US
make up a major part of the public health safety framework. The physical and psychological
challenges firefighters encounter while on-duty have the potential to put the people they serve,
their fellow firefighters, and themselves in danger. Given the extreme demands of the
occupation, thousands of on-duty injuries occur every year. Firefighters and emergency medical
personnel have higher risk of non-fatal injury than most other occupations (Reichard & Jackson,
2010). Firefighter injuries resulting from overexertion cost $2.7-2.8 billion annually in the US

(CDC, 2017; National Institutes of Standards and Technology (NIST), 2005; Walton, Conrad,



Furner, & Samo, 2003). The high incidence and related cost of on-duty injuries signal the need
to explore the predictors of injury to improve occupational safety and prevention efforts and
worker health. How personal and occupational factors impact injury risk is not well understood.
Given the poor health of firefighters reported in numerous studies, a Total Worker Health
approach is needed to gain a more comprehensive understanding of injury risk factors for
prevention.

NFPA defines an injury as, “Physical damage suffered by a person that requires (or
should require) treatment by a practitioner of medicine (physician, nurse, paramedic, EMT)
within one year of the incident (regardless of whether treatment was actually received), or that
results in at least one day of restricted activity immediately following the incident” (Haynes &
Molis, 2016). The National Fire Protection Association (NFPA) provides annual statistics on
injury incidence rates, injury mechanism, type, body part affected, and activity performed among
career and volunteer firefighters.

Firefighter Injuries

In 2015, 68,085 on-duty firefighter injuries were reported to the NFPA during their
annual survey, an increase of 7.5% from 2014 (Haynes & Molis, 2016). Of these injuries,
29,130 (42.8%) injuries occurred during fireground operations. Non-fire emergency incidents,
other on-duty activities, training activities, and responding/returning from an incident accounted
for the remaining types of injuries (Table 1). The leading cause of injuries during fireground
operations were fall/slip/jump, followed by overexertion and strain. The leading types of injuries
were strains and sprains (56%). The percentage of injuries due to smoke or gas inhalation and

burns or smoke inhalation, the most common injury the public associates with firefighting, is



only about 3%. Thermal stress is also low at around 4%. The northeast region of the country
reported the highest number of on-duty injuries, 2.1 per 100 fires.

Epidemiologic studies have been conducted to capture Occupational Safety and Health
Administration (OSHA\) reportable injuries and non-OSHA department mandated reportable
injures due to potential for injury to progress to a repeated, more severe reportable injury. Injury
definitions across epidemiologic studies vary from injuries requiring an accident report for the
department, worker’s compensation, or medical care (S. A. Jahnke, Poston, Haddock, & Jitnarin,
2013), injuries requiring worker compensation only (Kuehl et al., 2012; W. S. Poston, Jitnarin,
Haddock, Jahnke, & Tuley, 2011), OSHA reportable injuries (requiring medical treatment,
restricted work time, or lost work time), department internally documented injuries requiring no
medical treatment, loss of job function, or capabilities, but were reported to document in the case
of leading to a OSHA reportable injury (Poplin, Harris, Pollack, Peate, & Burgess, 2012), and
injuries only treated in emergency rooms (Reichard & Jackson, 2010). While there is some
overlap with the NFPA definition of injury, the differences in injury definitions from
epidemiologic investigations can result in different conclusions.

Despite slightly different definitions of injury across epidemiologic studies, the pattern
and location of injuries has been similar between studies. Reichard and Jackson (2010)
examined NIOSH National Electronic Injury Surveillance System reportable injuries treated in
emergency departments during 2000-2001 foe emergency medical services, firefighting, and
police occupations (Reichard & Jackson, 2010). The majority (71%) of the 37,300 firefighter
injuries occurred among career firefighters as compared to volunteer. They found career

firefighters had an injury rate of 7.4 injuries per 100 full-time equivalent workers. The leading



type of injury among firefighters was sprain and strain (33%) and most were caused by bodily
motions (20%), which included overexertion.

Among 433 male, career firefighters who participated in the PHLAME study in Oregon
and Washington, 184 injuries occurred over five years after the wellness intervention (2001-
2005) (Kuehl et al., 2012). Over a third (37%) of the injuries resulted in a worker’s
compensation claim. Sprains and strains were the leading cause of injury (16%), the back was
the most common body part injured (35%).

Poplin et al. conducted a descriptive study of injuries among the Tucson Fire Department
from 2004-2009 (Poplin et al., 2012). During this period 902 injuries occurred, of which 45.3%
were repeated injuries. Approximately 67% were sprains and strains, 96% were classified as
minor injuries, and 53.1% were due to overexertion. Most of these injuries occurred among
firefighters and paramedics (52%), while 44% were incurred among recruits, engineers, and
captains. About one-third of the injuries happened during physical exercise and about 30% of all
injuries required lost time from work, with the median of 6 days lost.

In a population-based sample of 462 male, career firefighters from 11 departments from
2008-2010 in the Missouri Valley region of the US, which is comprised of seven states, almost
25% of the sample had at least one injury in the past 12 months requiring an accident report for
the department, worker’s compensation claim, or medical care (S. A. Jahnke et al., 2013). Most
injuries occurred during training (33.3%) or fire and rescue activities (27.9%), and most of the
training injuries happened during exercise (81.1%). Dislocation, sprains, and strains were the
leading type of injury, accounting for 18.8% of all injuries. In a study examining 20 departments
across the US (2011-2012), 11.4% of 522 male, career firefighters from departments engaging in

some type of wellness and fitness activities, and 7.0% of 480 male, career firefighters at



departments not implementing wellness and fitness programs had injuries reported to worker’s
compensation in the past six months (W. S. Poston, Haddock, Jahnke, Jitnarin, & Day, 2013).

Data from NFPA and epidemiologic studies consistently show most injuries occur on the
fireground or during training, are due to overexertion or slips, trips, and falls, and sprains and
strains are the leading type of injury. Data from epidemiologic studies have the advantage of
capturing risk factors for injury, which are not reported on NFPA OSHA reportable injury
reports. Risk factors such as total work hours, unfavorable body composition, sleep, fitness, and
psychosocial factors have been captured, but not evaluated, and will be utilized for this research.

Future examinations should investigate how the association between total work hours and
injury is impacted by obesity, sleep, and fitness. When firefighters are working long hours
across multiple jobs, they may have less time or opportunity to engage in healthy behaviors such
as regular exercise, adequate sleep, and preparation and consumption of healthy foods. With less
time and work stress, from consistently working long hours across multiple jobs, health
behaviors may be modified negatively. For example, job strain can lead to reduced intake of
fruits and vegetables, high levels of overtime work can act as a barrier to exercise, and long work
hours are associated with short sleep hours (Taris et al., 2011; Van der Hulst, 2003). In
firefighters, long work hours may lead to poor occupational fitness, inadequate sleep and
disrupted sleep, and obesity which all may impact occupational injury.

Total Work Hours and Injuries

US firefighters have unique work hours, active work and rest times, and shift structures
as compared to other occupations. The most common work schedules are 24-hours on-duty/48-
hours off-duty, 48-hours on-duty/96-hours off-duty, or rotating 10-hour day shifts/14-hour night

shifts (Haddock, Poston, Jitnarin, & Jahnke, 2013). These work schedules result in 8 to 12 shifts



of work per month for a full-time employee. Firefighters do not typically actively work the
entire shift. They are allowed rest periods and to sleep while on-duty, unlike other shift work
positions such as nurses and physicians. In addition, firefighters are only awake during the night
for emergency calls. Because of the unique job demands, it is difficult to generalize other
research on work hours and shift structures, such as overtime, extended or long work shifts, and
hours per week to the firefighter population. In addition, career firefighters and especially
volunteer firefighters often have additional jobs outside of the fire service. Thus, it is important
to consider work hours from all jobs when examining the association between work hours and
health or occupational outcomes.

Lusa et al. examined firefighter work hours, stress, sleep disturbance, and injuries among
Finnish firefighters (Lusa, Hakké&nen, Luukkonen, & Viikari-Juntura, 2002). They found those
working 70 to 100 hours per week had a 3.9 (95%CI: 1.6, 9.2) times higher odds of injury than
those working less than 50 hours per week, but those working 51-69 hours per week did not have
statistically significant higher odds of injury. The Lusa et al. study was conducted during a
strike, and therefore in understaffed situations. A direct comparison of these results to a staffed
fire station under normal working stressors may not be appropriate, but it does highlight the
impact working long hours can have on occupational injury among firefighter populations.

Dembe and colleagues investigated 110,236 employee job records among a nationally
representative sample of US working adults from the National Longitudinal Survey of Youth
(Dembe, Erickson, Delbos, & Banks, 2005). They found employees who worked extended work
hours every week (=60 hours) had 1.23 (95% CI: 1.05, 1.45) times higher risk of occupational
injury or illness than those who worked less than 60 hours a week. Those who worked >12

hours per day had 1.37 (95% CI: 1.16, 1.59) times higher risk of occupational injury or illness as



those who worked less than 12 hours. Those who reported working any overtime had 1.61 (95%
Cl: 1.43, 1.79) times the risk of occupational injury or illness than those who did not work over
time. Those who had extended hours per week, per day, overtime, or extended commute time
had 1.38 (95% CI: 1.25, 1.51) times the risk of occupational injury or illness than those who did
not report extended hours per week, per day, overtime, or extended commute time. This study
covered a large variety of jobs, controlled for age, gender, occupation, industry, and region
among a large cohort.

Working long hours was significantly associated with occupational injury among
firefighters as well as over 100,000 US workers in other occupations. Because there was only
one study directly examining work hours and injury among firefighters, future research needs to
examine this association among normal working conditions.

Injury Risk Factors

Evidence exists for potential fireground-specific injury risks and potential non-fireground
injury risks, which may be divided into fireground characteristics and worker health
characteristics. The main worker health characteristic associated with risk for injury among
firefighters is unfavorable body composition. Depression also has been positively associated
with risk for injury, although not as consistently associated with injury as body composition (S.
A. Jahnke et al., 2013). Total work hours, sleep, fitness, and psychosocial factors have been
associated with injury among firefighters and other occupational populations.

Obesity and Injury

The prevalence of overweight and obesity among firefighters is higher than that of the

general US population. The prevalence of BMI-defined overweight and obesity was 79.5% and

the prevalence of obesity was 33.5% among 478 male, career firefighters in the Missouri Valley.
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The prevalence of overweight and obesity was 78.4% and the prevalence of obesity was 43.2%
among 199 male, volunteer firefighters in the Missouri Valley region (W. S. Poston et al., 2011).
The prevalence of overweight was 53% and the prevalence of obesity was 35% among 358
Massachusetts firefighters (Soteriades, Hauser, Kawachi, Christiani, & Kales, 2008). Among
over 1,000 male, career firefighters from 20 departments across the US, the prevalence of BMI-
defined obesity was 25% and 36%, body fat percentage-defined obesity was 33% and 44%, and
waist circumference-defined obesity was 23% and 33% depending on the presence of a wellness
and fitness program (W. S. Poston et al., 2013).

Total Work Hours and Body Composition

Choi et al. examined the association between the number of 24-hour work shifts in the
past month and obesity status among 308 male firefighters in a single department in Southern
California (Choi, Dobson, Schnall, & Garcia-Rivas, 2016). They found those who worked 15,
16, and 17-21 24-hour work shifts in the past month had 4.57 (95%CI: 1.06, 19.68), 4.38
(95%Cl: 1.01, 18.90), and 6.03 (95%Cl: 1.31, 27.78) higher prevalence ratios for BMI-based
obesity compared to those working 8-11 shifts in adjusted models. The results were similar for
17-21 24-hour shifts and waist circumference and skin-fold thickness based obesity, although not
statistically significant (p=0.054).

Luckhaupt et al. examined 15,121 working US adults from the 2010 National Health
Interview Survey (Luckhaupt, Cohen, Li, & Calvert, 2014). They found individuals working
more than 40 hours per week had 1.08 (95%CI: 1.01, 1.17) times higher prevalence of obesity
than those working 35-40 hours per week. The authors suggest there may be other work related
variables such as occupational physical activity or sedentariness contributing to obesity, although

not examined.
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Long work hours have been associated with increased odds of obesity among coal mine
and university employees (Di Milia & Mummery, 2009), Korean workers (Jang, Kim, Lee,
Myong, & Koo, 2013), and commercial truck drivers (Lemke, Hege, Perko, Sbnmez, &
Apostolopoulos, 2015). Solovieva et al conducted a systematic review on the association
between long work hours and obesity. They reviewed four studies and concluded there was a
positive association of long work hours and weight gain among men and women (Solovieva,
Lallukka, Virtanen, & Viikari-Juntura, 2013).

Long work hours are positively associated with obesity and weight gain among adults in
many occupations. Only one study has examined this association in firefighters from only one
career department (Choi, Dobson, Schnall, & Garcia-Rivas, 2016) . This association needs to be
examined among larger, more representative samples of career and volunteer firefighters from
multiple departments across the country. No study has investigated obesity’s role in the
association between work hours and injuries among firefighters.

Body Composition and Injury

Lombardi et al (2012) examined the effect of BMI on injury risk among 101, 891
working adults in the US form the National Health Interview Survey (Lombardi, Wirtz, Willetts,
& Folkard, 2012). They found only obese individuals had 1.34 (95%CI: 1.09, 1.66) higher odds
of injury than normal weight individuals, not overweight individuals (p>0.05). Younger age was
protective of injury, females had lower injury risks, and work hours were positively associated
with injury.

Obesity has been a significant predictor of injury and injury related outcomes in
firefighters in cross-sectional and prospective studies (S. Jahnke, Poston, Haddock, & Jitnarin,

2013; S. A. Jahnke et al., 2013; Kuehl et al., 2012; W. S. Poston et al., 2011; Smith, DeBlois,
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Haller, Lefferts, & Fehling, 2015; Soteriades et al., 2008). Male firefighters with BMI-defined
obesity were 5.2 (95% CI: 1.1, 23.4) times more likely to experience a musculoskeletal injury
than normal weight firefighters in the Missouri Valley (S. Jahnke et al., 2013). Class Il and IlI
BMI defined obese male firefighters in the same cohort had nearly 5 (95% CI: 3.63, 6.58) times
the odds of missed work days due to injury than normal weight firefighters. Obese class | male
firefighters had 2.7 (95% CI: 2.01, 3.65) times higher odds than normal weight firefighters, and
overweight male firefighters had 2.6 (95% CI: 1.90, 3.41) times higher odds of having missed
work days due to injury compared to normal weight firefighters (W. S. Poston et al., 2011).
Male firefighters had 1.04 (95% CI: 1.00, 1.07) times the rate of self-reported poor physical
health days, which included injury and sickness, with every increase in one unit of BMI among a
national sample of male firefighters (Brown et al., 2014).

In an examination of obesity and firefighters’ worker’s compensation claims in Oregon
and Washington state, obese firefighters had 3 (95% CI: 1.17, 3.30) times the odds of filing an
injury claim than normal weight firefighters (Kuehl et al., 2012). Finally, in an examination of
obesity and job disability, every 1 kg/m? increase in BMI was associated with a 5% increased
risk of job disability among male firefighters in Massachusetts (Soteriades et al., 2008). Current
studies show obese male firefighters experience more injuries, miss more work days due to
injury, are more likely to file worker’s compensation claims, report more poor health days, and
have an increased risk of job disability as compared to normal weight firefighters.
Unfortunately, these studies utilized small samples in the limited geographic areas, limiting

generalizability and strength of evidence.
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Obesity is significantly associated with injury among firefighters and working adults in
the United States. However, previous studies have been limited to specific geographic areas and
only included career firefighters.

Total Work Hours, Obesity, and Injury

In the Lombardi et al (2012) examination of the association between obesity and injury,
work hours was controlled for as a confounder (Lombardi et al., 2012). While both obesity and
work hours were positively associated with injury, obesity was not examined as an effect
modifier of work hours and injury. So, total work hours are significantly associated with obesity
and injury, and obesity is significantly associated with injury, but no study has examined the role
obesity plays in the relationship between total work hours and injury among any working
population.

Sleep and Injuries

Firefighting is a unique occupation requiring firefighters to sleep at the station while on-
duty. While on-duty, firefighters may be awoken for an emergency call, limiting the amount and
quality of sleep. Among a convenience sample of 112 career firefighters, 59% were classified as
sleep deprived (Carey, Al-Zaiti, Dean, Sessanna, & Finnell, 2011). Among 522 male, career
firefighters from 10 departments, 5.6% of departments with wellness and fitness programs had
doctor diagnosed sleep apnea and 5.1% of 480 male, career firefighters from 10 departments
which did not have wellness and fitness programs had sleep apnea (W. S. Poston et al., 2013).
Among 431 firefighters from the Columbus Ohio Division of Fire who participated in a sleep
intervention, 42% screened positive for at least one sleep disorder at baseline (J. P. Sullivan et

al., 2017a).
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Total Work Hours and Sleep

Haddock et al. examined excessive daytime sleepiness (EDS) among male, career
firefighters from the Missouri Valley region and found firefighters have a similar prevalence of
unadjusted EDS rates (13.7% on-duty, 14.02% off-duty) as compared to the general population
and other occupational populations (Haddock et al., 2013). Working a second job outside of the
fire service was significantly associated with off-duty EDS (EDS rate with second job 17.1%,
without 10.5%), as was working more hours outside of the fire service (P<0.05). Haddock et al.
call for future research on the impact of having a second job outside of the fire service, which
adds to the total burden of work hours on sleep related outcomes.

Lusa et al examined stress, work hours, and sleep disturbance among the Finnish
firefighters during a strike (Lusa et al., 2002). They found those working 51-69 hours per week
had 2.4 (95%Cl: 1.4, 4.2) times higher odds of sleep disturbance than those working less than 50
hours, and those working 70-100 hours had 3.7 (95% CI: 2.4, 5.9) times the odds of sleep
disturbance. Again, a direct comparison of these results may not be appropriate due to the
understaffed setting, and there more demand placed on the firefighters, but it does highlight the
impact working long hours can have on sleep among firefighter populations. Total work hours
was positively associated with sleep disturbances in both these career firefighter studies.
However, these study groups are limited to the Missouri Valley area and Finland, and do not
include volunteer firefighters or women.

Sleep and Injury

Lombardi et al (2012) examined the effect of sleep and BMI on injury risk among 101,

891 working adults in the US form the National Health Interview Survey (Lombardi et al., 2012).

They found poor sleep and obesity were significant independent predictors of injury, but there
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was not a significant interaction between them. Those who usually slept less than 6 hours per
night had 1.86 (95%CI: 1.37, 2.52) higher odds of injury than those who slept 7-7.9 hours, and
those who usually slept 6-6.9 hours had 1.46 (95%CI: 1.18, 1.80) higher odds of injury. Obese
individuals had 1.34 (95%CI: 1.09, 1.66) higher odds of injury than normal weight individuals,
but overweight individuals did not have significantly higher odds of injury than normal weight
individuals (p>0.05). Younger age was protective of injury, females had lower injury risks, and
work hours were positively associated with injury.

In the fire service, Jahnke et al. did not find daytime sleepiness to be significantly
associated with injury among 462 male, career firefighters from the Misssouri Valley region (S.
A. Jahnke et al., 2013). Looking at incident injuries only, daytime sleepiness was not a
significant predictor of incident injury among the same cohort (S. Jahnke et al., 2013). Sullivan
et al conducted a randomized clinical trial of a sleep health program on firefighter injury and
disability (J. P. Sullivan et al., 2017b). The study did not find significant differences in their key
outcomes, self-reported sleep or sleepiness. However, firefighters who attended at least one
education session had 24% (OR: 0.76; 95%CI: 0.60, 0.98) lower odds of filing an injury report
than those who did not attend any sessions. In addition, those completing the intervention had
46% fewer disability days than those in the control stations (p<0.05).

The current evidence does not provide strong support of a positive association between
sleep and injury (J. P. Sullivan et al., 2017a). These studies are not representative of the fire
service due to only career, Midwest firefighters explored in one study and one Midwest career
department explored in the other. Further investigation in broader samples among career and

volunteer firefighters with consistent measures is needed.
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Total Work Hours, Sleep, and Injury

Lombardi et al used National Health Interview Survey data to examine the association
between sleep, work hours, and occupational injury among 74, 415 working adults (Lombardi,
Folkard, Willetts, & Smith, 2010). They found compared with those who usually slept 7-7.9
hours, those who slept <5 hours had 2.65 higher odds of injury, those who usually slept 5-5.9
hours had 1.79 higher odds of injury, and those who usually slept 6-6.9 hours had 1.40 higher
odds of injury. Younger age was protective of injury, females had lower injury risks, and BMI
was positively associated with injury. Work hours were also significantly associated with
occupational injury (OR=1.10).

Sleep and work hours are independently significantly associated with occupational injury.
Lombardi also tested the interaction between daily sleep and work hours, but did not find a
significant interaction. However, the lack of an interaction may be due the variety of
occupations included in the analysis, which may diminish an association in a unique occupation,
such as firefighting. No study has examined the role sleep plays in the relationship between total
work hours and injury among any firefighters, career or volunteer.

Fitness and Injuries

One estimation of fitness used in the fire service is VOzmax. VO2max is the maximal rate
of oxygen consumption during exercise. The NFPA standard states firefighters should at
minimum meet the criterion of 12.0 metabolic equivalent (42 mL/kg/minute) (Donovan et al.,
2009; National Fire Protection Association, 2006; Poston et al., 2011). Physical activity level,
along with BMI, age, and gender can be used to estimate VOzmax in a non-exercise model in

epidemiologic studies (A. S. Jackson et al., 1990; A. S. Jackson & Ross, 1997; A. S. Jackson et
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al., 1995; A. S. Jackson et al., 1996; Jurca et al., 2005; Wier, Jackson, Ayers, & Arenare, 2006).
An individual with a low physical activity level will have lower fitness.

Among firefighters from 11 departments in the Missouri Valley region, only 38.7% of
career and 23.6% of volunteer male firefighters met the minimal criterion of 12.0 METs
regardless of their weight (W. S. Poston et al., 2011). Obese male, career firefighters had 96%
higher odds of not meeting the NFPA standard than normal weight firefighters, and male,
volunteer firefighters had 99% higher odds of not meeting the standard than normal weight
firefighters. Among male, career firefighters from 10 departments across the US who had a
health and fitness program, only 46.8% of firefighters met the NFPA standard and only 43% of
career firefighters from 10 departments across the US who do not have a health and fitness
program met the NFPA standard (W. S. Poston et al., 2013).

Total Work Hours and Fitness

Taris et al. examined the association between overtime, health behaviors, and subjective
health among 649 Dutch working adults (Taris et al., 2011). They authors report overtime lead
to lower levels of physical activity. They suggest this is because individuals do not have the
opportunity nor the energy to engage in physical activity. Van der Hulst found physical exercise
was not associated with extended work hours among the three studies reviewed, but all three
studies were among Japanese populations working in various occupations (Van der Hulst, 2003).
There is a limited amount of research on total work hours and fitness among working
populations and no research among firefighting. This association needs to be explored further

among a large, diverse sample of firefighters in the US.
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Fitness and Injury

Poplin et al. conducted a retrospective cohort to examine the association between aerobic
fitness and risk of injury among 799 fire service employees in a fire department in Tucson,
Arizona (Poplin, Roe, Peate, Harris, & Burgess, 2014). The mean VO2max among the firefighters
was 49.6 mL/kg/minute and 773 injuries were reported over the 5-year study period. A 1 unit
increase in VO2max decreased risk of injury 0.041 times (HR: 0.953; 95%CI: 0.939, 0.968), which
means improving a firefighter’s metabolic equivalent of a task (MET) (1 MET=3.5
mL/kg/minute) would reduce the risk of any injury by 14%. Those in the middle fitness category
(43-48 mL/kg/minute) were 1.38 (95%CI: 1.06, 1.78) times more likely to sustain an injury than
those in the highest fitness category (>48 mL/kg/minute). Those in the lowest fitness category
(<43 mL/kg/minute) were 2.22 (95%Cl: 1.71, 2.88) times more likely to sustain an injury than
those in the highest fitness category (>48 mL/kg/minute). Hazard ratios for risk of injury also
were increased significantly for both levels of fitness for sprains and strains, and for the lowest
level of fitness for exercise injuries. Poplin et al. also found age modified the association
between aerabic fitness and injuries. Specifically, firefighters less than 30 years of age in the
middle (HR: 2.28; 95%Cl: 1.41, 3.71) and lower (HR: 3.43; 95%CI: 2.10, 5.58) levels of aerobic
fitness were at higher risk of injury than those greater than 30 years of age in the middle (HR:
1.15; 95%CI: 0.85, 1.57) and lower (HR: 1.86; 95%CI: 1.36, 2.53) levels of aerobic fitness.

Poplin et al. used the same data to examine a more comprehensive measure of fitness in
relation to injury (Poplin, Roe, Burgess, Peate, & Harris, 2016). The comprehensive fitness
score, calculated for each person-year, was comprised of VO2max, resting heart rate, total grip
strength, flexibility, percent body fat, sit-ups, and push-ups. The study results were similar to the

VO2max measure in that those with lower comprehensive fitness levels had increased risk of
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injury compared to those with higher comprehensive fitness levels, and age modified this
association.

Fitness interventions have been conducted in the fire service to lower injury rates.
Griffin et al. conducted a pilot intervention among recruits and found a significant difference in
overall injury, injury during probationary year, claims frequency, and claims costs compared to
historical controls (Griffin et al., 2016). The return on investment for the intervention was 2.4%.
Damrongsak did not find an association between fitness and ever having lower back pain among
a convenience sample of firefighters from one department (Damrongsak, Prapanjaroensin, &
Brown, 2017). However, the measures of fitness used in this study were not as sensitive or
comprehensive as those in other studies such as Poplin et al.

Aeraobic capacity is one measurement of fitness, and planned physical activity, or
exercise, helps achieve or maintain fitness. Jahnke et al. found participants who engaged in on-
duty exercise had 4 times the odds of being injured as compared to those who did not exercise
and most of those were exercise related. However, those who engaged in on-duty exercise had
half the odds of sustaining non-exercise injuries among 462 male career firefighters from 11
departments in the Missouri Valley region (S. A. Jahnke et al., 2013). VO2max was not
significantly associated with injury. Looking at incident injuries only, self-reported physical
activity was not a significant predictor of incident injury among the same cohort (S. Jahnke et al.,
2013). Overall, the research among career firefighters shows a significant association between
fitness and injury, but not physical activity.

Total Work Hours, Fitness, and Injuries
Fitness is significantly associated with injuries among firefighters, but the association

between total work hours and fitness is less clear due to the limited amount of research
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conducted. Further no study has examined the role fitness may play in the relationship between
total work hours and injury among firefighters. This association should be examined in a large,
geographically diverse sample, among both career and volunteer firefighters.

Psychosocial Factors and Injuries
Psychosocial factors such as depression, anxiety, stress, family stress, job satisfaction, firefighter
self-efficacy, and work discrimination and harassment may lead to occupational injury.
Job stress and Injury

Poston et al. found perceived stress was not a significant predictor of missed work days
due to injury among 478 male, career firefighters from 11 departments in the Missouri Valley
region (W. S. Poston et al., 2011). Poston et al. also found that among over 1,000 male, career
firefighters from 20 departments, most firefighters disagreed to the statement “I have had stress
at work while carrying out duties during the last six months,” and strongly disagreed to “stress at
work interfered with performing duties during the last six months™ on a scale from strongly
disagree to strongly agree (W. S. Poston et al., 2013).

Kim et al. conducted a national survey among Korean firefighters to examine the
association between job stress and occupational injuries (Kim, Ahn, Kim, Yoon, & Roh, 2016).
For firefighters whose primary responsibility was fire suppression, high job demand (OR 1.49;
95%Cl: 1.25, 1.77), high interpersonal conflicts (OR 1.18; 95%CI: 1.02, 1.37), poor
organizational support (OR 1.33; 95%CI: 1.14, 1.55), and negative workplace environment (OR
1.41; 95%Cl: 1.21, 1.64) were all significantly associated with injury. For EMS personnel, high
job demand (OR 1.26; 95%CI: 1.03, 1.54), high interpersonal conflicts (OR 1.40; 95%CI: 1.19,
1.66), poor organizational support (OR 1.55; 95%CI: 1.33, 1.85), low rewards (OR 1.43; 95%ClI:

1.21, 1.69), and negative workplace environment (OR 1.30; 95%CI: 1.10, 1.54) were all
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significantly association with injury. For officers, a high job demand (OR 1.96; 95%ClI: 1.35,
2.85) and a negative workplace environment (OR 1.54; 95%CI: 1.13, 2.10) were all significantly
associated with injury. Damrongsak did not find an association between occupational stress and
ever having lower back pain among a convenience sample of firefighters from one department
(Damrongsak et al., 2017).

Male, career, firefighters in the US self-report low levels of job stress, even though they
were high stress jobs, suggesting they manage it well. Poston et al. found stress not to be
associated with missed work days due to injury, but stress was not examined in association with
occurrence of injury. Their results suggest stress was not associated with severe injuries which
would require missed days of work, but do not indicate if it is associated with injury itself. Job
stress was found to be significantly associated with injury among Korean firefighters. Job stress
needs to be examined with injury among a large, diverse sample of US male, career and
volunteer firefighters and female firefighters.

Job Satisfaction and Injury

Poston et al. found the 10 departments with a wellness and fitness program were
significantly more likely to report greater optimism (4.1 vs 3.7), job satisfaction (4.2 vs 3.8),
satisfaction with morale of coworkers (3.6 vs 2.9), better morale of the fire department (3.6 vs
3.1), and a sense of accomplishment (4.2 vs 3.9) than the 10 departments without a wellness and
fitness program (W. S. Poston et al., 2013). But, overall the scores for job satisfaction were high.
Poston et al. also examined job satisfaction and missed work days among 478 male, career
firefighters from 11 departments in the Missouri Valley region. Job satisfaction was not a

significant predictor of missed work days (W. S. Poston et al., 2011). Damrongsak did not find
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an association between job satisfaction and ever having lower back pain among a convenience
sample of firefighters from one department (Damrongsak et al., 2017).

Firefighters have high job satisfaction, but the ratings differ among career departments
with and without a wellness and fitness program. Job satisfaction was not a significant predictor
of injury among male, career firefighters from the Midwest or a significant predictor of low back
pain among a convenience sample from a single department. This association needs to be
explored among a large, geographically diverse sample of firefighters, including volunteer and
female firefighters.

Depression and Injury

Poston et al. found the prevalence of physician diagnosed depressive disorder among
firefighters was 6.2% among 10 departments (522 firefighters) with a wellness and fitness
program and 6.8% among 10 departments (480 firefighters) without a wellness and fitness
program, and the mean CESD-10 scores were low in both (1.7 and 1.8, respectively) (W. S.
Poston et al., 2013).

In the Jahnke et al. study on injuries among career firefighters in the Missouri Valley
region, those scoring in the range of concern for symptoms for depression had 2.33 times the
odds of injury than those not scoring in the range of concern for depression (S. A. Jahnke et al.,
2013). Looking at incident injuries only, depression was not a significant predictor of incident
injury among the same cohort (S. Jahnke et al., 2013). Depression also was not a significant
predictor of missed work days among the same population (W. S. Poston et al., 2011).

Tiesman et al. conducted the first prospective analysis of depression as a risk factor for
injury among a cohort of 1,493 men and women in rural lowa (Tiesman et al., 2006). They

found those who had depressive symptoms had a 41% (95%CIl: 1.10, 1.80) higher risk of injury
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than those who did not, after controlling for antidepressant medication use, gender, previous
injury, income, and sleepiness. The prevalence of those scoring in the range of concern for
depressive symptoms was 17%. While this was a general population-based study, it did include
workers and occupational injuries. Overall, depression appears to be significantly associated
with occupational injury, although there were conflicting results. This association needs to be
better understood among a larger, more geographic sample of career firefighters, and among
volunteer and female firefighters.
Anxiety and Injury

Poston et al. found the prevalence of physician diagnosed anxiety disorder among
firefighters was 3.2% among 10 departments (522 firefighters) with a wellness and fitness
program and 10.7% among 10 departments (480 firefighters) without a wellness and fitness
program (W. S. Poston et al., 2013). Anxiety needs to be explored as a predictor of injury
among all firefighter populations given the associations found for other mental health factors
such as stress and depression.

Female Firefighters

The percentage of females in the US fire service is estimated to be between 3.7% and
5.1% of the US fire service is female (S. A. Jahnke et al., 2012). This is extremely low
compared to similar occupations such as the military and police force, which have about 17%
females. The psychological and physical strain of firefighting, along with gender-based
harassment and a male dominated culture not accepting of females has been posited as the
explanations for the very low proportions of females in the fire service. A court decision set a
target goal of 16-22% women in the fire service, yet there are no efforts to track any potential

progress on this goal. An abysmal amount of research on female firefighters has been conducted
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in the fire service, and this has been acknowledged by Federal Emergency Management Agency
(FEMA), United States Fire Administration (USFA), and National Fallen Firefighters
Foundation (NFFF).

Murphy et al. utilized a cross-sectional design to described gender differences of job
stressors and symptoms of stress in firefighters in 1994 among 670 males and 41 females with 10
years or less experience firefighting (Murphy, Beaton, Cain, & Pike, 1995). They found female
firefighters reported significantly higher scores regarding job skill concerns, job discrimination,
and depression than males.

The International Association of Women in Fire and Emergency Services published “A
National Report Card on Women in Firefighting” in 2008 (Hulett, Bendick, Thomas, & Moccio,
2008). In this report, they found discrimination or harassment are prevalent in the fire service.
About 85% of women reported having experienced different treatment because of their gender,
while only about 12% of men reported unequal treatment. Additionally, as compared to less than
3% of men: 51% of women experienced shunning/isolation because of their gender, 46%
experienced negative incidents of privacy in showers, dormitories, or when changing clothes,
43% experienced verbal harassment issues, almost a third experienced pornography issues, 30%
experienced unwanted sexual advances, and 28% experienced incidents with dormitory
accommodations all because of their gender. Further, 30% said these incidents continue today.
In regards to addressing discrimination complaints, 65% of female firefighters and 43% of male
firefighters said their department has no procedure for addressing discrimination complaints.

Jahnke et al. in 2012 reported on 18 career and 13 volunteer female firefighters from the
Midwest (S. A. Jahnke et al., 2012). The prevalence of percent body fat defined obesity among

female career firefighters was 38.9% (47.7% among male) and 46.2% among female volunteer
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firefighters (54.3% among male). Almost 28% of female career firefighters reported an injury in
the past month and only 7.7% of female volunteer firefighters reported injuries. Mental health
and job satisfaction were also examined. About one-quarter of female career firefighters
(22.2%) and 38.5% of female volunteer firefighters reported CESD scores in the range of
concern for depression. Approximately 28% of female career firefighters and 31% of volunteer
firefighters reported feeling nervous and stressed fairly often or very often. About 22% of
female career firefighters reported feeling angered because things were outside of their control
fairly often or very often. Overall, female career and volunteer firefighters reported strong
perceived coping skills.

Career female firefighters were satisfied with their job at their fire department but only
about half of volunteers were satisfied. Female volunteer firefighters reported a slightly higher
sense of accomplishment from work than career females (85% vs 77%). Female career
firefighters were more optimistic about their success with the fire department than female
volunteers (82% vs 54%). Female volunteer firefighters were more satisfied with the personal
morale at the fire department than female career firefighters (69% vs 53%), and were slightly
more satisfied with the morale of the crew than female career firefighters (62% vs 53%).

It is abundantly clear there are issues in the workplace for female firefighters which need
to be addressed to improve life for current and future female firefighters. Most of the current
research done among female firefighters has been descriptive. Therefore, it is unknown how
these psychosocial factors are associated with occupational injury among female firefighters.

Public Health Significance
According to the NFPA one firefighter injury occurs every 7 minutes and 43 seconds (Haynes &

Molis, 2016). Qualitative research among fire service personnel has emphasized concerns about
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obesity, fitness, mental health, and injuries (S. A. Jahnke, Poston, Jitnarin, & Haddock, 2012).
Further, US Fire service leadership has raised concerns about having a second job outside of the
fire service, and therefore total work hours, is an issue potentially related to health and sleep
(Elliot & Kuehl, 2007).

The role of obesity, sleep, and fitness on total work hours and occupational injury among
career and volunteer firefighters is unknown. Further, the impact of psychosocial factors on
occupational injury among male and female, career and volunteer firefighters is largely
unknown. Previous examinations of injuries among firefighters have primarily been conducted
among male career firefighters in the Midwest or single departments, with no ability to compare
predictors of injury by region, career or volunteer, or gender. The proposed research is indeed
novel and is expected to provide evidence of the interaction between personal and occupation
health on occupational safety. In doing so, the proposed research will inform Total Worker
Health personal and occupation health and safety prevention programs. This contribution will be
significant because it will pool data from four of the largest epidemiologic studies in the fire
service to date to create the largest, most representative, geographically diverse sample of
career, volunteer, male, and female firefighters to explore occupational health and safety in the
United States.

This project will elucidate the predictors of injuries among US career and volunteer
firefighters, and male and female firefighters, including two underserved occupational sub-
populations, volunteers and females. In the long term, this study will provide information to
inform prevention strategies and policies to reduce the incidence of on-duty injuries and improve

health of male and female career and volunteer firefighters.
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Hypothesis, Research Question, Specific Aims or Objectives
Aim la: To determine the role of body composition on the association between sleep and on-
duty injury among male, career firefighters from the FIRE (2008-2010) and Fuel 2 Fight (2010-
2013) cohorts.
Hypothesis Aim 1a: Firefighters in the obese stratum with poor sleep will have
higher odds of on-duty injury as compared to those in the normal weight stratum
with no sleep problems.
Aim 1b: To determine the role body composition and sleep have on the association between total
work hours and on-duty injury among male, volunteer firefighters from FIRE (2008-2010) and
The First Twenty (2014-2017) cohorts.
Hypothesis Aim 1b: Firefighters in the obese stratum, with poor sleep, and with
higher total work hours will have higher odds of on-duty injury as compared to
those in the normal weight stratum, no sleep problems, and with lower total work
hours.
Aim 2: Identify psychosocial predictors of on-duty injury among male, career and volunteer
firefighters.
Sub Aim 2a: Identify psychosocial predictors (stress and depression) of on-duty injury
among male, career firefighters from the FIRE (2008-2010) and Fuel 2 Fight (2010-2013)
cohorts.
Hypothesis Sub Aim 2a: Firefighters reporting job stress and depression will
have higher odds of on-duty injury as compared to those without stress or

depression.
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Sub Aim 2b: Identify psychosocial predictors (depression) of on-duty injury among
male, volunteer firefighters from the FIRE (2008-2010) and The First Twenty (2014-
2017) cohorts.
Hypothesis Sub Aim 2a: Firefighters reporting depression will have higher odds
of on-duty injury as compared to those with no depression.
Aim 3: Identify psychosocial predictors (stress, job satisfaction, depression, and anxiety) of on-
duty injury among female firefighters from the Health of Women Firefighters (2013-2014).
Hypothesis Aim 3: Firefighters reporting job stress, job dissatisfaction,
depression or anxiety will have higher odds of on-duty injury as compared to

those without job stress, job satisfaction, no depression or anxiety.
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JOURNAL ARTICLE
Sleep, Obesity, and Injury Among US Male Career Firefighters
Journal of Occupational and Environmental Medicine
Introduction

The US fire service has an alarmingly high prevalence of overweight and obesity. The
prevalence of BMI-defined overweight and obesity among male firefighters is around 80%,
which 25-36% are obese’-3. In the general population, the prevalence of overweight and obesity
among US adults is 70.7%, which 37.9% are obese*. Obesity is a risk factor for many poor health
outcomes including high blood pressure, coronary heart disease, stroke, diabetes, sleep apnea,
and mental illness®. Obesity is of particular concern to the fire service because cardiac death,
which obesity is a risk factor, is the leading cause of line-of-duty deaths in the fire service.
Obesity can also lead to difficulty with physical functioning®. Obesity has been a significant
predictor of on-duty injury and injury-related outcomes in firefighters in cross-sectional and
prospective studies® &°. The proposed mechanism for obesity on injury centers on excess fat
adding extra load and altering mechanics while performing locomotor tasks, stressing connective
tissue structures?®,

Beyond obesity, investigations into other personal health factors, such as physical
activity, associated with on-duty injury have been conducted across many occupations. Looking
at incident on-duty injury only, self-reported physical activity done anywhere was not a
significant predictor among firefighters®. On-duty exercise, a component of physical activity, has
been associated with on-duty injury among career firefighters. Engaging in on-duty exercise has
been associated with higher odds of on-duty injury, but firefighters who engaged in on-duty

exercise had half the odds of sustaining non-exercise injuries’.
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Sleep has been less explored than obesity and exercise with on-duty injury. Career
firefighters typically work in 24-hour shifts requiring them to stay overnight at the fire station
while on-duty. Overnight, firefighters often are allowed to sleep between calls, but may be
awoken for calls which reportedly limits the amount and quality of their sleep. Long work hours,
which can lead to decreased sleep quantity, are also associated with greater on-duty injury in
firefighters and other occupations® 2, Among a convenience sample of 112 career firefighters
from a single department, 59% were classified as sleep deprived®®. Among 431 firefighters from
a Midwest fire department, 42% screened positive for at least one sleep disorder4. In the fire
service, self-reported quantity of sleep or sleepiness and daytime sleepiness have not been found
to be associated with on-duty injury” %14, Only a handful of studies have been done, in the same
Midwest region, of which two used daytime sleepiness, a result of poor sleep, rather than a
measure of sleep quantity or quality. The proposed mechanism for sleep on injury draws from
short sleep or poor sleep leading to sleepiness and fatigue, which results in impaired performance
and safety!! 1518 Investigations outside the fire service among US working adults report poor
sleep and obesity are significant independent predictors of occupational injury®®. The interaction
between sleep and BMI on on-duty injury has not been examined in the fire service, a physical
demanding occupation where poor sleep and obesity are both prevalent.

In 2015, 68,085 on-duty firefighter injuries were reported to the National Fire Protection
Association (NFPA) during their annual survey, an increase of 7.5% from 2014, Data from the
NFPA and epidemiologic studies consistently show most injuries occur on the fireground or
during training or exercise. The leading causes of firefighter on-duty injuries are overexertion,
slips, trips, or falls, and sprains or strains are the leading types of injury®® 20-22_ Firefighters and

emergency medical personnel have higher risk of non-fatal injury than most other occupations?!.
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Poston et al. estimated the cost of absenteeism from on-duty injury due to excess weight among a
cohort of firefighters®. The attributable per capita costs for obesity-related absenteeism was
$74.41 per overweight firefighter over the last year, $254.00 per obese class | firefighter, and
$1,682.90 per class Il and 111 obese firefighter over the last year®.

The high incidence and related cost of on-duty injuries, and the high prevalence of
obesity and poor sleep signal the need to explore the predictors of on-duty injury beyond
traditional occupational factors to improve occupational safety and prevention efforts as well as
worker health. Previous examinations of injuries in the fire service have primarily been
conducted among Midwest departments or single departments across the nation, which may not
be representative of the US fire service as a whole. How personal and occupational factors
interact to impact firefighters” injury risk is not fully understood. The aim of this study is to
determine the role of obesity on the association between sleep and on-duty injury among male
career firefighters using two studies, the largest national cohort of over 1,000 firefighters and 478
firefighters from eight Midwest states.

Methods
Participants and Procedures

Data for this cross-sectional study are from the baseline assessments of the Firefighter
Injury and Risk Evaluation (FIRE) study and the Fuel 2 Fight (F2F) study. The longitudinal
FIRE cohort study was conducted in the US Midwest from 2008-2010. A list of fire departments
was obtained from all eight International Association of Fire Chiefs Missouri Valley region
states (Kansas, Missouri, lowa, Nebraska, North Dakota, South Dakota, Colorado, and
Wyoming) using the U.S. Fire Department Census Database. Fire departments were randomly

selected and then contacted for participation. Details of the sampling strategy and recruitment
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have been published 2. There were 11 career and 13 volunteer departments (N=736) in the IAFC
Missouri Valley region selected for participation, and 97% (N=714 total) of all firefighters
solicited from the departments consented to participate. For this study, only data from male,
career firefighters (n=478) were used. There were low numbers of female firefighters (n=21),
typical of the overall fire service; thus, females were excluded due to the inability to make
gender comparisons.

The F2F study was a longitudinal cohort study conducted from 2010-2013. The F2F
study used a purposive sampling approach to select 10 heterogeneous fire departments from
across the US self-reporting having implemented key aspects of the Fire Service Joint Labor
Management Wellness-Fitness Initiative (WFI)3. These departments were matched by size, call
volume, staffing, and catchment area to 10 standard departments not implementing the WFI. The
list of potential standard departments from across the country was generated from a solicitation
posted in Chief Billy Goldfeder’s “Secret List” (a popular, worldwide listserv for firefighters).
Departments were screened and selected by the research team and approved by an Expert Fire
Service Panel. Detailed information on sampling strategy and recruitment have been published?.
Overall, 94.4% (N=1,035) of firefighters solicited consented to participate. For this study, only
male firefighters (n=941) with complete data were included in the analyses and the small number
of female firefighters (n=33) in this career sample were also excluded.

In total there were 1,419 eligible male firefighters for this analysis. Institutional Review
Boards approved the FIRE and F2F study protocols prior to onset of the studies. Investigators
traveled to all fire departments in both studies for 2-8 days depending on department size and
shift structure to maximize participation. Interested firefighters were consented in person using

written consents for both studies.
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Measures

The same investigators conducted both studies coordinating with the department chiefs to
schedule data collection meetings to explain the study and complete consents for on-duty
firefighters. Firefighters in both studies were asked to complete paper questionnaires using
similar questions. The same trained investigators conducted the physical measurements (height,
weight, waist circumference, body fat) using identical protocols. Self-report demographic (age,
race/ethnicity, education) and occupational (years in fire service, rank, total work hours, fitness
using estimated VO2max in a non-exercise model®) information was collected along with the
following measures.
Injury

Injuries were assessed using questions based on the National Health Interview Survey
(CDC) and firefighter-specific questions modeled on wording from the National Institute of
Standards and Technology? ?4. The injury section began with the instruction, “The following
questions are about injuries you have incurred in the past 12 months. An injury is anything for
which you have or should have received medical care (by a physician or other medical
professional) whether you reported the injury or not.” The firefighters indicated the number of
on-duty injuries in the past 12 months for the FIRE study and in the past 6 months for the F2F
study. Responses from both studies were dichotomized as no injuries or one or more injuries.
Sleep

Sleep was assessed in the same manner in both studies by response to the following two
questions, “Most nights when I am on duty at the fire station, I get enough sleep” and “Most
nights when I am not on duty at the fire station and I am at home, I get enough sleep.”

Firefighters responded using a 5-point Likert scale from strongly disagree to strongly agree.
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Responses from these two variables were dichotomized into not enough sleep at the fire station
and/or at home, or enough sleep. Firefighters responding strongly disagree or disagree were
grouped to “not enough sleep,” and firefighters responding strongly agree, agree, and no opinion
were grouped to “enough sleep.”

Body Composition

Body Mass Index (BMI), waist circumference, and body fat percentage were measured
by study personnel. Height was measured using a stadiometer and weight using a Tanita 300.
BMI was categorized using standard CDC cut points for underweight (<18.5 kg/m?), normal
weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?)?3, Waist
circumference was measured using a spring-loaded tape measure following standard procedures.
Measures were dichotomized using standard CDC cut points for high risk for developing obesity
related conditions (high risk male, >102cm)?. Body fat percentage was measured using foot-to-
foot bioelectrical impedance Tanita 300 and was dichotomized using CDC cut points (unhealthy
male, >25%)2°.

All three measures of body composition were evaluated to determine the best single
measure for inclusion in statistical analyses. Obesity prevalence was similar across body
composition measurements, and BMI was chosen due to its ease for comparability to other
studies, its accuracy in defining obesity in this population (false positive 9.2% and false negative
14.6% compared to waist circumference)?5, and its ability to distinguish normal, overweight, and
obese firefighters.

Physical Activity
The Self-Report of Physical Activity (SRPA) questionnaire used in FIRE and F2F

measured physical activity pattern during the past 30 days?’. Firefighters chose their physical
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activity patterns by selecting a response from a range from 0 (Avoids walking or exertion) to 7
(>3 hours/week of vigorous activity). SRPA categories were collapsed to provide adequate cell
sizes during analyses.

Total Work Hours

Total work hours at the fire department and from employment outside the fire house were
assessed in the same manner in both studies by the following two questions: “Most weeks, I
work _ hours for the fire department” and “Most weeks, I work  hours OUTSIDE of the fire
department” requiring firefighters to write in the hours for both questions. The hours per week
were combined from both questions to create a total work hours per week variable, and then
categorized into “<50 hours per week,” “50-69 hours per week,” “70-89 hours per week,” and
“>=90 hours per week.”

Statistical Analyses

Statistical analyses were performed with Stata version 1528, The association between on
duty injury, sleep, and the potential confounders age, rank, total work hours, physical activity,
obesity, and years in fire service was evaluated using logistic regression. Potential confounders
were evaluated using backward elimination approach and the change in estimate of 10% applied
to determine model efficiency. Age was forced into the final model.

To account for sampling, a group level factor of “department” was entered as a random
effect in all multivariable models. A multivariable mixed effect logistic regression model was
created with the confounders. A multivariable, mixed effect logistic regression model stratified
by BMI categories was created to examine the presence of effect measure modification
comparing stratified odds ratios. The stratified odds ratio, 95% CI, and p-value (p<0.05) were

used to evaluate results for significance and model fit was explored.
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Results

Firefighter demographics stratified by BMI defined obesity are presented in Aim la
Table 1. In this large cohort of firefighters 81.4% were overweight or obese. Approximately 25%
of the sample experienced one or more injuries in the previous six months to twelve months.
Obese firefighters reported less vigorous physical activity, and fewer obese (11.5%) firefighters
met the NFPA fitness standard of 12 metabolic equivalents than normal (77.5%) and overweight
(50.5%) firefighters. Obese firefighters were slightly older, worked the most hours per week,
were a greater percentage minority, and had more years of service compared to those normal and
overweight.

In model building, years in the fire service was dropped due to collinearity with age. In
this cross-sectional study, the odds of reporting not getting enough sleep versus getting enough
sleep among male career firefighters who had an on-duty injury was 1.62 (95% ClI: 1.21, 2.16)
times more likely than among uninjured firefighters after adjusting for confounding (Aim la
Table 2). The odds of vigorous physical activity >3 hours per week versus avoiding exertion
among firefighters who had an on-duty injury was 1.76 (95% CI: 1.06, 2.92) as compared to
uninjured firefighters.

Results from effect measure modification analyses necessitated presenting stratified
results (Aim 1a Table 3). Among obese firefighters, the odds of not getting enough sleep versus
getting enough sleep among firefighters indicating an on-duty injury was twice the odds of the
uninjured. The odds of not getting enough sleep among normal weight firefighters who had an
on-duty injury was 1.59, and among overweight was 1.39, although neither were significant
(p>0.05). Obese firefighters who had an on-duty injury had double to triple the odds of

increasing duration and intensity of physical activity versus avoiding exertion among the
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uninjured. The association between on-duty injury and sleep appears to be modified by body
composition, and obese firefighters who had an on-duty injury had the highest odds of not
getting enough sleep compared to the uninjured.

Discussion

Firefighters are an occupational group with one of the highest prevalence of obesity?°.
Previous investigations have found obesity to be a significant predictor of on-duty injury, but this
is the first investigation in the fire service to examine body composition as an effect modifier
between other health behaviors (sleep) and the occupational outcome, on-duty injury.

Prior to our study, the association between sleep and on-duty injury has been relatively
unexplored in the fire service. Further, the effect of BMI on injury and sleep had not been
examined in the fire service, a physical demanding occupation where poor sleep and obesity are
prevalent. This study found obese firefighters with an on-duty injury have twice the odds of not
getting enough sleep than uninjured obese firefighters. The effect modification was not
significant for normal or overweight firefighters. Given the cross-sectional design of this study
and the measures used, we assumed the sleep reported was habitual and did not change before or
after the injury. The Lombardi et al. examination of sleep effects and BMI on injury risk among
working adults in the US found poor sleep and obesity were significant independent predictors of
injury, but effect modification was not significant'®. Effect modification may have been found
among firefighters because they may have interrupted sleep while on-duty or undiagnosed sleep
disorders but are expected to be alert and complete physically demanding tasks in high stress
situations. Further, short sleep is a risk factor for obesity, and obesity is a risk factor for sleeping
disorders. The interaction between sleep and BMI on injury is biologically plausible in this

occupation. Considering the proposed mechanisms, the extra weight altering mechanics placing
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stress on soft connective tissues, combined with fatigue due to poor sleep, potentially places
obese firefighters at high risk for impaired performance and safety.

Interestingly, significantly increased odds of increasing duration and intensity physical
activity versus avoiding exertion among firefighters indicating on-duty injury compared to those
uninjured were only more likely among the obese. Jahnke et al. used only the FIRE data included
in this study to examine physical activity and on-duty incident injury but did not find a
significant association, however they did not stratify by obesity. These findings suggest obese
firefighters are suffering on-duty exercise injuries, however this cannot be confirmed in this
larger population because F2F did not collect information on type of injury, therefore non-
exercise injuries cannot be singled out.

Brown et al. found overall 25% of firefighters reported receiving weight loss advice from
a health care professional in the F2F cohort used in this study3°, and Wilkinson et al. found 48%
of obese firefighters received no weight loss advice®!. Given the high prevalence of obesity in the
fire service and its impact on on-duty injury, health care professionals should discuss weight
management with firefighters, especially with obese firefighters. Likewise, they should discuss
healthy sleep habits with firefighters and screen for sleep disorders.

Results from this study have implications for fire departments looking to implement
health and wellness programs. Fire departments should promote sleep hygiene, and ensure
sleeping quarters are set up optimally. Fire service leadership should promote safe and effective
exercise for obese firefighters to prevent on-duty injuries.

There are limitations to acknowledge. First, on-duty injury, sleep, physical activity, and
total work hours were all self-reported. However, using self-report injury data has been found to

be more sensitive to injuries less severe and not reported to the department or through worker’s
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compensation®?. The duration for the reference time frame for self-reporting on-duty injuries
differed by 6 months for the FIRE and F2F cohorts, which may introduce bias, however there is
no reason to expect it to be differential because departments were assessed throughout the year
across the US and we are unaware of any major events impacting these study departments during
the timeframe of the study. Injuries were dichotomized at none or one or more, so humbers of
injuries greater than one were not impacted by the different reporting periods. F2F did not collect
information on types of on-duty injuries, so more specific analyses into predictors of exercise
and non-exercise injuries could not be conducted. This is a cross-sectional study, so only
associations between factors can be investigated.

Despite the limitations, this study combined the two largest national cohorts of
firefighters to date to examine prevalent on-duty injuries spanning over 5 years. Body
composition measurements were conducted in person by the same investigative team using
validated protocols, and the results were compared to waist circumference and body fat
percentage with no discernable differences. This study is the first to examine sleep both on and
off duty and its association with occupational injury.

Conclusion

Body composition should be examined as an effect modifier in future examinations into
on-duty injury and sleep amongst career firefighters because of the elevated odds among obese
firefighters. Findings from this study highlight the need to address obesity, improve sleep and

fitness to reduce the disproportionate burden of on-duty injuries in the fire service.
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Aim la Table 1: Characteristics of US Male, Career Firefighters Stratified by Body Mass Index

(BMI), FIRE (2008-2010) & Fuel 2 Fight (2010-2013)

BMI Normal?
n=261 (18.6%)

BMI Overweight?
n=710 (50.6%)

BMI Obese?
n=433 (30.8%)

n (%) n (%) n (%)

Injury

>1 Injury 65 (25.6) 173 (25.0) 103 (25.1)
Physical Activity

<1hr Moderate/wk 20 (8.1) 66 (9.9) 75 (18.8)

>1hr Moderate/wk 27 (10.9) 81 (12.1) 90 (22.6)

<1hr Vigorous/wk 77 (31.2) 204 (30.5) 129 (32.4)

1-3hr Vigorous/wk 62 (25.1) 155 (23.2) 64 (16.1)

>3hr Vigorous/wk 61 (24.7) 163 (24.3) 40 (10.1)
Fitness®

Meet NFPA 193 (77.5) 340 (50.5) 46 (11.5)

Don’t Meet NFPA 56 (22.5) 333 (49.5) 354 (88.5)
Rank®

FF/Medic/Driver 178 (72.4) 502 (73.3) 290 (71.4)

LT/CPT/Chief 68 (27.6) 183 (26.7) 116 (28.6)
Education

High School or Less 24 (9.6) 62 (9.0) 42 (10.5)

Some College 157 (63.1) 462 (67.0) 282 (70.5)

College/Grad Degree 68 (27.3) 166 (24.0) 76 (19.0)
Minority

White non-Hispanic 203 (80.9) 506 (73.3) 267 (65.3)

Minority 48 (19.1) 184 (26.7) 142 (34.7)

Mean (SD) Mean (SD) Means (SD)

Total Work Hours 67.4 (17.3) 67.1 (17.7) 70.5 (20.2)
Age (years) 35.4 (9.4) 38.7 (8.9) 40.8 (9.0)
Years of Service 11.5(8.0) 13.9 (8.6) 15.8 (8.9)

aBMI normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?);
PNFPA Fitness cutoff: 12 METS; °FF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator
and LT/CPT/Chief=Lieutenant, Captain, Any type of Chief;
Missing: BMI (n=15); Injury (n=52); Physical Activity (n=94); Fitness (n=97); Rank (n=71);
Education (n=69); Minority (n=58); Total Work Hours (n=70); Age (n=8); Years of Service

(n=64)
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Aim la Table 2: Mixed Effects Logistic Regression for Injury on Sleep, FIRE (2008-2010) &
Fuel 2 Fight (2010-2013)

Sleep
Get Enough Sleep
Not Enough Sleep
BMI?
Normal
Overweight
Obese
Physical Activity
<1hr Moderate
>1hr Moderate
<lhr Vigorous
1-3hr Vigorous
>3hr Vigorous
Total Work Hours
<50 hours/week
50-69 hours/week
70-89 hours/week
90+ hours/week
Age (years)
<30
30-39
40-49
50+
Rank®
FF/Medic/Driver
LT/CPT/Chief

OR (95% CI)

Ref.
1.62 (1.21, 2.16)°

Ref.
0.98 (0.69, 1.39)
1.04 (0.70, 1.56)

Ref.

1.43 (0.84, 2.44)
1.30 (0.80, 2.10)
1.62 (0.98, 2.67)
1.76 (1.06, 2.92)

Ref.

0.93 (0.59, 1.46)
0.85 (0.53, 1.35)
0.95 (0.55, 1.63)

Ref.

1.16 (0.79, 1.72)
1.35 (0.89, 2.05)
0.95 (0.55, 1.63)

Ref.
0.84 (0.61, 1.15)

aBMI normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?)
bhold indicates significance p<0.05; °FF/Medic/Driver=Firefighter, Paramedic, Driver, or

Operator and LT/CPT/Chief=Lieutenant, Captain, Any type of Chief
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Aim 1a Table 3: Mixed Effects Logistic Regression for Injury on Sleep Stratified by BMI, FIRE
(2008-2010) & Fuel 2 Fight (2010-2013)

Sleep
Get Enough Sleep
Not Enough Sleep
Physical Activity
<1hr Moderate
>1hr Moderate
<l1hr Vigorous
1-3hr Vigorous
>3hr Vigorous
Total Work Hours
<50 hours/week
50-69 hours/week
70-89 hours/week
90+ hours/week
Age (years)
<30
30-39
40-49
50+
Rank®
FF/Medic/Driver
LT/CPT/Chief

BMI
Normal?
OR (95% CI)

BMI
Overweight?
OR (95% CI)

BMI
Obese?
OR (95% CI)

Ref.
1.59 (0.78, 3.21)

Ref.
1.73 (0.41, 7.23)
1.19 (0.34, 4.16)
1.29 (0.36, 4.57)
1.64 (0.45, 5.90)

Ref.
0.53 (0.20, 1.39)
0.57 (0.21, 1.56)
0.27 (0.07, 1.09)

Ref.
1.12 (0.52, 2.42)
1.29 (0.55, 3.07)
1.44 (0.40, 5.02)

Ref.
0.99 (0.47, 2.07)

Ref.
1.39 (0.94, 2.06)

Ref.
0.87 (0.39, 1.94)
0.81 (0.41, 1.60)
1.17 (0.59, 2.34)
1.23 (0.62, 2.43)

Ref.
1.27 (0.67, 2.43)
1.06 (0.54, 2.08)
1.75 (0.83, 3.72)

Ref.
1.04 (0.60, 1.78)
1.28 (0.72, 2.28)
0.99 (0.46, 2.12)

Ref.
0.84 (0.54, 1.32)

Ref.
2.00° (1.16, 3.43)

Ref.
2.44 (1.03, 5.81)
2.49 (1.09, 5.68)
2.59 (1.05, 6.41)
3.05(1.12, 8.31)

Ref.
1.00 (0.44, 2.30)
0.87 (0.37, 2.05)
0.72 (0.27, 1.93)

Ref.
1.19 (0.53, 2.67)
1.30 (0.60, 3.00)
1.26 (0.50, 3.21)

Ref.
0.77 (0.43, 1.40)

aBMI normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obese (>30 kg/m?)
bhold indicates significance p<0.05; °FF/Medic/Driver=Firefighter, Paramedic, Driver, or
Operator and LT/CPT/Chief=Lieutenant, Captain, Any type of Chief
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JOURNAL ARTICLE
Total Work Hours, Sleep, Obesity, and Injury in the Volunteer Fire Service
Journal of Occupational and Environmental Medicine
Introduction

There were 1,160,450 firefighters in the United States in 2015, of which 70% were
volunteer firefighters (814,850)*. Further, 67% of the 29,727 US fire departments were
completely volunteer. The volunteer fire service is aging: 42% of volunteer firefighters have
been firefighting for at least 10 years. Volunteer firefighters typically do not consider firefighting
their occupation. However, they are often on call 24 hours a day and complete the same tasks
required of a career firefighter.

The average annual number of on-duty injuries in the volunteer fire service from 2012-
2014 was 14,8702, According to the National Fire Protection Association, most volunteer
firefighter on-duty injuries occur on the fireground or during training. Compared to career
firefighters, volunteer firefighters experience a higher proportion of fireground injuries and a
lower proportion of non-fire emergencies, partly because many volunteer fire departments do not
run emergency medical service calls.

To date, predictors of on-duty injury among volunteer firefighters have remained
unexplored in epidemiologic research. Difficulties accessing volunteer firefighters may be part of
the reason there is limited epidemiologic data. About 95% of volunteer firefighters work in
departments serving less than 25,000 people and half are with rural departments serving less than
2,500 people. Most volunteer firefighters are spread throughout the US in small departments
serving small communities!, making it a challenge for investigators to reach large amounts of

volunteers efficiently. At this time epidemiologic investigations into factors associated with on-
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duty injury among career firefighters provide the only data to inform investigations among
volunteers.

Among career firefighters, self-reported physical activity was not a significant predictor
of incident injury*. On-duty exercise, a component of physical activity, was a significant
predictor of on-duty injury among career firefighters, although on-duty exercise was protective
against non-exercise injuries® 4. Volunteer firefighters had slightly lower metabolic equivalents,
or estimated amount of oxygen consumed at rest, than career firefighters among a cohort in the
US Midwest, suggesting a lower level of physical activity and fitness®.

Obesity is the most studied personal health factor in association with on-duty injury and
injury-related outcomes and has been consistently associated with on-duty injury among career
firefighters® # 68, The prevalence of obesity in the volunteer fire service is 43%, as compared to
34% among career firefighters®. The proposed mechanism for obesity on injury centers on excess
fat adding extra load and altering mechanics while performing locomotor tasks, adding stress to
connective-tissue structures®. Other personal health factors, including total work hours and sleep,
have been less explored in association with on-duty injury in the fire service.

Most volunteer firefighters have day jobs outside of the fire service and may be working
long hours. Long work hours have been found to increase risk for on-duty injury among Finnish
career firefighters working during a strike and among employees in the US general population'®
11, Working long hours have been associated with sleep disturbance and short sleep® 1% 13 and
with obesity and weight gain among adults in many occupations, including firefighting4-°,

About 42% of career firefighters in one Midwest department screened positive for a sleep
disorder and 59% of a convenience sample of career firefighters from a single department were

classified as sleep deprived?® 2L, Investigations into sleep and on-duty injury in the fire service
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have not found self-reported quantity of sleep or sleepiness and daytime sleepiness to be
associated with on-duty injury®# 20, Lombardi et al. (2012) found poor sleep is associated with
occupational injury among the general US working population using more direct measures of
sleep quality and quantity, rather than effects of poor sleep used in a previous study in the fire
service??. The proposed mechanism for sleep on injury draws from short sleep or poor sleep
leading to sleepiness and fatigue, which results in impaired performance and safety!? 23-26,

Sleep, obesity, and work hours are independently associated with occupational injury.
Lombardi (2010) tested the interaction between daily sleep and work hours but did not find a
significant interaction?®. The lack of an interaction between sleep and work hours may be due to
the variety of occupations included in the analysis, diminishing an association in a unique
occupation, such as firefighting. In another study by Lombardi et al (2012), work hours were
controlled for as a confounder in the examination of the association between obesity and injury?2.
While both obesity and work hours were positively associated with injury, obesity was not
examined as an effect modifier of work hours and injury. No study has examined the role sleep
or obesity play in the relationship between total work hours and on-duty injury among any
firefighters, career or volunteer. The aim of the current study is to determine the role sleep and
obesity have on the association between total work hours and on-duty injury among 201 male
volunteer firefighters from 13 departments across eight Midwest states coupled with 332 male
volunteer firefighters from ten departments located in ten states across the USA.

Methods

Participants and Procedures

Data for this cross-sectional study are from the baseline assessments of the Firefighter

Injury and Risk Evaluation (FIRE) study and The First Twenty study (TF20). Due to the
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challenges of accessing large numbers of volunteer firefighters, combining FIRE and TF20 study
cohorts provides a unique opportunity to have high quality data on a large sample from across
the US. Data from these studies were easy to combine as they were conducted by the same
research team utilizing the same measurements, questions, and protocols.

The longitudinal FIRE cohort study was conducted from 2008-2010 in the US Midwest.
A list of fire departments was obtained from all eight International Association of Fire Chiefs
Missouri Valley region states (Kansas, Missouri, lowa, Nebraska, North Dakota, South Dakota,
Colorado, and Wyoming) using the U.S. Fire Department Census Database. Fire departments
were randomly selected and contacted about potential interest in study participation. Details of
the sampling strategy and recruitment have been published . There were 11 career and 13
volunteer departments in the IAFC Missouri Valley region selected for participation. A total of
736 firefighters were approached about participating in this study, and 97% (N=714) of all
firefighters consented to participate. For this study, only data from male volunteer firefighters
(n=201) were used. There were low numbers of female firefighters, typical of the overall fire
service, thus they were excluded due to an inability to explore differences in gender.

The TF20 study was a cluster-randomized controlled trial conducted from 2014-2017.
Primary recruitment was achieved by soliciting interest from volunteer fire departments utilizing
the email listserv Chief Billy Goldfeder’s “Secret List” and the list serve of the National
Volunteer Fire Council. A list of interested fire departments across the nation was compiled and
every fire department underwent a telephone screening interview. Departments were selected
based on size, call volume, region, and interest in the study. Ten departments were selected to
participate and were randomized: five in the wait-list control arm and five in the treatment arm.

The departments were located in ten different states (Missouri, New Jersey, New Mexico, North
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Carolina, Ohio, Oregon, Texas, Utah, Virginia, and Washington), with at least one department in
each of the four major US Census Bureau Regions. For this study, only data from male
firefighters (n=332) were used due to the low number of females and an inability to make
statistical comparisons based on gender.

The combination of the two studies resulted in 533 volunteer firefighters eligible for
analysis. The FIRE and TF20 study protocols were approved by Institutional Review Boards
prior to onset of the studies. Consent for interested firefighters was done in person using written
consents for both studies.

Measures

The same investigative team conducted both studies and coordinated with the department
chiefs to schedule data collection meetings for on-duty firefighters. Investigators traveled to each
department for 1-8 days depending on the size and structure of the department. Self-report
questionnaires in both studies used like or similar questions. Physical measurements (height,
weight, waist circumference, body fat) using the same protocols were conducted by trained
investigators in both studies. Self-report occupational (rank, years in fire service, fitness) and
demographic (age, race/ethnicity, education, physical activity) information was collected in
addition to the following measures.

Injury

Questions based on the National Health Interview Survey (CDC) and firefighter specific
questions based on work from the National Institute of Standards and Technology were used to
asses injuries?’: 28, The injury section began with the instruction, “The following questions are
about injuries you have incurred in the past 12 months. An injury is anything for which you have

or should have received medical care (by a physician or other medical professional) whether you
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reported the injury or not.” Firefighters indicated the number of injuries they had in the past 12
months for the FIRE study and in the past 6 months for the TF20 study. Responses from both
studies were dichotomized as having incurred an injury or not.

Total Work Hours

Work hours outside of the fire department for FIRE was assessed by “Most weeks, | work
___hours outside of the fire department” requiring firefighters to write in the number of hours.
For TF20, work hours were assessed by “About how many hours do you work at a job aside from
being a volunteer firefighter” with response options “<20 hours per week,” “20-39 hours per
week,” and “40+ hours per week.” To create a comparable variable to FIRE, the TF20 response
“about <20 hours per week” was assigned the median value 10 hours per week, the option “20-
39 hours per week” was assigned the median value 30 hours per week, and the option “40+
hours per week” was assigned the most conservative value, 40 hours per week.

For both the FIRE and TF20 studies, volunteer hours for the fire department was assessed
by “On average, | spend __ hours each month volunteering for the fire department” requiring
firefighters to write in the hours. This value was divided by 4 to create a hours volunteering per
week for the fire department variable. The hours per week from all questions were combined to
create a continuous variable, total work hours per week. The total work hours (work hours
outside plus volunteer hours) were then categorized into “<40 hours per week,” “40-49 hours
per week,” “50-59 hours per week,” and “60+ hours per week.”

Sleep

Sleep was assessed by the response to the following question in FIRE, “Most nights, | get

enough sleep.” Firefighters responded using a Likert scale from strongly disagree to strongly

agree. Responses were dichotomized so firefighters responding strongly disagree or disagree
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were grouped to “inadequate sleep,” and firefighters responding strongly agree, agree, and no
opinion were grouped to “adequate sleep.”

Sleep was assessed by response to the following questions in TF20, “How many hours do
you typically need during the night to feel rested the following day?” and “Over the past week,
how many hours on average did you typically sleep per day?” Firefighters’ average hours of
sleep over the past week was subtracted from the average hours of sleep they typically need to
feel rested the following day. Firefighters whose sleep hours were less than their hours needed
were categorized as “inadequate sleep,” while firefighters whose average sleep equaled or
exceeded needed sleep hours were categorized as “adequate sleep.” Responses from FIRE and
TF20 variables were dichotomized into one sleep variable, “adequate or inadequate sleep.”
Body Composition

Trained study personnel measured Body Mass Index (BMI), waist circumference, and
body fat percentage using the same protocols in both studies. Height was measured using a
stadiometer and weight using a Tanita 300. BMI was categorized using standard CDC cut points
for not obese (<30 kg/m?) and obese (>30 kg/m?)?°. Waist circumference was measured using a
spring-loaded tape measure following standard procedures. Measures were dichotomized using
standard CDC cut points for high risk for developing obesity related conditions (high risk male
>102cm)?°. Body fat percentage was measured using foot-to-foot bioelectrical impedance Tanita
300 and was dichotomized using CDC cut points (unhealthy male >25%)2°.

All three measures of body composition were examined to determine the best single
measure for inclusion in statistical analyses. BMI was chosen due to its ease for comparability to
other studies and its accuracy in defining obesity in this population (false positive 9.2% and false

negative 14.6% compared to waist circumference)®.
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Statistical Analyses

Statistical analyses were performed with Stata version 153!, The association between
injury, total work hours, sleep, obesity, and the potential confounders physical activity, age, rank,
and years in fire service was evaluated using logistic regression. A backward elimination
approach was used to evaluate confounders, and the change in estimate of 10% was applied to
determine model efficiency. A group level factor of “department” was entered as a random effect
in all multivariable models to account for sampling. A multivariable mixed effect logistic
regression model, with the confounders age and rank forced in the model, was used to assess the
role of total work hours and injury. To examine for the presence of effect measure modification
by sleep and obesity, multivariable mixed effect logistic regression models stratified by sleep and
another stratified by obesity were created. The stratified odds ratios, 95% Cls, and p-values
(p<0.05) were used to evaluate results for significance and model fit was explored.

Results

Overall, 44% of volunteer firefighters from both studies reported inadequate sleep and
80% were overweight or obese, of which 46% were obese. Approximately 11% of volunteer
firefighters experienced an on-duty injury in the past six months to a year. About 91% of
volunteer firefighters were non-Hispanic white, and the mean years of service was approximately
12 years.

Firefighter demographics stratified by sleep are presented in Aim 1b Table 1 and
stratified by obesity in Aim 1b Table 2. VVolunteer firefighters with adequate sleep were more
obese (49.5%) than volunteer firefighters with inadequate sleep (41.6%). Volunteer firefighters
with adequate sleep were also a few years older and had a few more years of experience than

those with inadequate sleep. Obese volunteer firefighters did less physical activity (679 minutes)
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than non-obese (841 minutes), reported less inadequate sleep, on average worked a few hours
more per week, and had a few years less experience than non-obese volunteer firefighters.

Years in the fire service was dropped from the regression models due to collinearity with
age. In the full multivariable mixed effect logistic regression model, no predictors were
associated with injury (p>0.05) (Aim 1b Table 3). Results from effect measure modification
analyses necessitated presenting stratified results (Aim 1b Tables 4 & 5). Among volunteer
firefighters with adequate sleep, the odds of working/volunteering 40-49 hours per week
compared to <40 hours per week among injured firefighters was 0.19 (95% CI: 0.05, 0.70) as
compared to uninjured firefighters (Aim 1b Table 4). Among those with adequate sleep, the
adjusted odds of working/volunteering 50-59 hours per week compared to <40 hours per week
among those with an injury was 0.07 (0.01, 0.60) as compared to those uninjured firefighters.
Among volunteer firefighters with adequate sleep, the odds of being obese compared to not
obese was 3 (95% CI: 1.03, 8.86) times more likely than among uninjured firefighters. The
association between total work hours and prevalent injury appears to be modified by sleep. Sleep
also appears to modify the association between obesity and prevalent injury.

Among obese firefighters, the odds of working/volunteering 40-49 hours per week
compared to <40 hours per week among injured firefighters was 0.05 (95% CI: 0.01, 0.45) times
less likely than among uninjured firefighters (Aim 1b Table 5). Among non-obese volunteer
firefighters, the odds of inadequate versus adequate sleep was 2.8 (95% CI: 1.06, 7.86) times
more likely among injured firefighters than uninjured firefighters. The association between total
work hours and prevalent injury also appears to be modified by obesity. Obesity is also

modifying the association between sleep and prevalent injury.
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Discussion

While volunteer firefighters make up the majority of the US fire service, limited research
is available to guide prevention and intervention efforts to reduce injury. The present study is the
first epidemiologic investigation into potential personal health predictors of on-duty injury
among volunteer firefighters. This is also the first exploration of sleep or obesity as effect
modifiers of the association between on-duty injury and total work hours in the fire service.

In the sleep stratified analyses, this study found volunteer firefighters with adequate sleep
who had an on-duty injury were less likely to work/volunteer between 40 and 59 hours per week
compared to <40 hours per week than uninjured firefighters . No association between total work
hours and on-duty injury among those reporting inadequate sleep were found. Among obese
volunteer firefighters, those with an on-duty injury were less likely to work/volunteer 40-49
hours per week compared to <40 hours per week. No association was found between total work
hours and sleep among the non-obese. Interestingly, non-obese firefighters who had an on-duty
injury were more likely to report inadequate sleep than uninjured firefighters. The results from
this study suggest volunteer firefighters who get adequate sleep, are obese, and work/volunteer
hours for a full-time job may be less prone to injury than those working/volunteering less than
full-time. Firefighters working/volunteering between 40-59 hours are perhaps more physically
active throughout their day or could be spending more time at the department training or have
more regular activity than those working/volunteering <40 hours.

Lombardi et al. did not find a significant interaction between daily sleep and work hours
among US working adults?. The lack of an interaction in the general US working population
may be due the variety of occupations included in the analysis. The effects specific to

firefighting may have been unmeasurable due to the inclusion of so many occupations with
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varying levels of physical demands. Firefighting is a unique and physically demanding
occupation requiring a high level of fitness which puts them at higher risk for injury. Lombardi
et al. also used working 31-40 hours per week as the referent category. Among volunteer
firefighters with adequate sleep, the odds of being obese or not was 3 times more likely among
injured versus uninjured firefighters. This finding suggests being obese is associated with on-
duty injury, even among those who get enough sleep.

Collectively, the findings of both stratified analyses suggest sleep, obesity, and total work
hours interact in association with on-duty injury among volunteer firefighters. This study
highlights obese firefighters may have different risks for injury than non-obese firefighters, and
adequate sleep may impact the association of total work hours and injury. The fatigue due to
poor sleep and decreased opportunity for sleep due to longer work hours!' 2326 and the extra
weight altering mechanics placing stress on soft connective tissues®, each place firefighters at
high risk for injury. Findings from this study have implications for volunteer fire departments
and health care professionals. Health care professionals should screen firefighters for sleep
disorders, discuss healthy sleep habits, and discuss weight management with volunteer
firefighters. Volunteer fire departments should promote healthy sleep habits, and weight
management through healthy eating and exercise.

The limitations of this study should be acknowledged. Total work hours and sleep were
measured differently for FIRE and TF20, and therefore the categorizing and combining of these
variables from each study may have biased study results. However, a conservative approach was
used for categorizing, thus any associations are likely minimized not exacerbated by this
approach. The duration for the reference time frame for self-reporting injury differed by 6

months for FIRE and TF20, and could bias results. However, differential bias is unlikely given
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that injuries were dichotomized as none vs any, so any additional injuries developed in the longer
time frame would not bias results, and the prevalence of injury is high in this occupation. This
study was cross-sectional, so only associations can be explored. Given the study design and the
measures used, we assumed the sleep reported was habitual and did not change before or after
the injury. Finally, injury, sleep, total work hours, and physical activity were self-report and are
subject to potential memory lapse. Self-report injury data may have the advantage of capturing
less severe injuries not reported in department records®?,

This study examined on-duty injuries among volunteer firefighters for the first time in an
epidemiologic study, in a population of firefighters relatively unexplored in the literature. This
study was conducted among the largest sample of volunteer firefighters by combining two
cohorts. Body composition measurements following valid protocols were conducted in person by
the same investigative team for this study, and the results were compared to waist circumference
and body fat percentage without major differences.

Conclusion

This is the first study to examine personal health characteristics and their association with
on-duty injury in the volunteer fire service, and to explore any effect modification in the
association. Total work hours, sleep, and body composition should be examined in future
investigations into on-duty injuries among volunteer firefighters. Risk factors for injury should
be explored among the not obese and obese separately in future investigations, and amongst
firefighters who get adequate sleep versus those who don’t get inadequate sleep. These findings
can be used to inform health promotion and prevention plans to mitigate occurrence of injuries

among volunteers and the need to address obesity and sleep issues.
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Aim 1b Table 1: Characteristics of US Male, Volunteer Firefighters Stratified by Sleep, FIRE
(2008-2010) & TF20 (2014-2017)

Adequate Sleep Inadequate Sleep
n=295 (55.8%) n=234 (44.2%)
n (%) n (%)

Injury

>1 Injury 26 (9.2) 29 (12.7)
BMI?

Not Obese 144 (50.5) 132 (58.4)

Obese 141 (49.5) 94 (41.6)
Rank®

FF/Medic/Driver 205 (72.2) 159 (72.6)

LT/CPT/Chief 79 (27.8) 60 (27.4)
Education

High School or Less 74 (25.5) 60 (25.6)

Some College 146 (50.3) 117 (50.0)

College/Grad Degree 70 (24.1) 57 (24.4)
Minority

White non-Hispanic 263 (91.3) 210 (89.7)

Minority 25 (8.7) 24 (10.3)

Mean (SD) Mean (SD)

Physical Activity Minutes® 759.2 (1160.7) 739.1 (1189.9)
Total Work Hours 47.0 (20.6) 47.7 (21.2)
Age (years) 40.6 (12.6) 36.6 (11.4)
Years of Service 12.8 (11.0) 10.5 (9.3)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); PTotal minutes of moderate and
vigorous physical activity per week; °FF/Medic/Driver=Firefighter, Emergency Medical
Services, Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of
Chief;

Missing: Sleep (n=4); Injury (n=20); BMI (n=22); Rank (n=30); Education (n=9); Minority
(n=11); Physical Activity (n=46); Total Work Hours (n=13); Age (n=8); Years of Service (n=11)
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Aim 1b Table 2: Characteristics of US Male, Volunteer Firefighters Stratified by Obesity, FIRE
(2008-2010) & TF20 (2014-2017)

Not Obese? Obese?
n=276 (54.0%) n=235 (46.0%)
n (%) n (%)

Injury

>1 Injury 27 (10.0) 26 (11.6)
Sleep

Adequate Sleep 144 (52.2) 141 (60.0)

Inadequate Sleep 132 (47.8) 94 (40.0)
Rank®

FF/Medic/Driver 197 (73.5) 156 (70.6)

LT/CPT/Chief 71 (26.5) 65 (29.4)
Education

High School or Less 70 (25.5) 61 (26.2)

Some College 133 (48.4) 124 (53.2)

College/Grad Degree 72 (26.2) 48 (20.6)
Minority

White non-Hispanic 247 (90.2) 211 (91.0)

Minority 27 (9.9) 21 (9.1)

Mean (SD) Mean (SD)

Physical Activity Minutes® 841.2 (1292.8) 678.8 (1049.3)
Total Work Hours 45.9 (22.4) 49.2 (18.9)
Age (years) 37.3(12.9) 40.2 (11.1)
Years of Service 10.4 (9.6) 13.2 (10.5)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); PTotal minutes of moderate and
vigorous physical activity per week; °FF/Medic/Driver=Firefighter, Paramedic, Driver, or
Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief;

Missing: Sleep (n=4); Injury (n=20); BMI (n=22); Rank (n=30); Education (n=9); Minority
(n=11); Physical Activity (n=46); Total Work Hours (n=13); Age (n=8); Years of Service (n=11)
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Aim 1b Table 3: Mixed Effects Logistic Regression for Injury on Total Work Hours, FIRE
(2008-2010) & TF20 (2014-2017)

Total Work Hours
<40 hours/week
40-49 hours/week
50-59 hours/week
60+ hours/week
Sleep
Adequate Sleep
Inadequate Sleep
BMI?
Not Obese
Obese
Physical Activity (minutes)
<58 minutes/week
58-180 minutes/week
181-385 minutes/week
386-1260 minutes/week
1261+ minutes/week
Age (years)
<30
30-39
40-49
50+
Rank®
FF/Medic/Driver
LT/CPT/Chief

OR (95% CI)

Ref.

0.50 (0.20, 1.28)
0.42 (0.14, 1.23)
0.86 (0.34, 2.20)

Ref.
1.51 (0.75, 3.04)

Ref.
1.23 (0.61, 2.48)

Ref.

1.14 (0.42, 3.12)
1.55 (0.55, 3.39)
0.72 (0.22, 2.31)
0.66 (0.18, 2.38)

Ref.

0.44 (0.16, 1.21)
1.46 (0.61, 3.51)
0.71 (0.22, 2.23)

Ref.
0.69 (0.31, 1.57)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); °FF/Medic/Driver=Firefighter,
Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief
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Aim 1b Table 4: Mixed Effects Logistic Regression for Injury on Total Work Hours Stratified by

Sleep, FIRE (2008-2010) & TF20 (2015-2017)

Total Work Hours
<40 hours/week
40-49 hours/week
50-59 hours/week
60+ hours/week
BMI?
Not Obese
Obese
Physical Activity (minutes)
<58 minutes/week
58-180 minutes/week
181-385 minutes/week
386-1260 minutes/week
1261+ minutes/week
Age (years)
<30
30-39
40-49
50+
Rank®
FF/Medic/Driver
LT/CPT/Chief

Adequate Sleep
OR (95% CI)

Inadequate Sleep
OR (95% CI)

Ref.
0.19 (0.05, 0.70)°
0.07 (0.01, 0.60)
0.58 (0.16, 2.13)

Ref.
3.02 (1.03, 8.86)

Ref.
0.96 (0.22, 4.16)
0.95 (0.24, 3.86)
0.26 (0.04, 1.66)
0.30 (0.05, 1.94)

Ref.
0.37 (0.08, 1.72)
0.53 (0.13, 2.21)
0.42 (0.09, 1.88)

Ref.
1.93 (0.60, 6.15)

Ref.
0.79 (0.21, 2.90)
1.12 (0.27, 4.55)
1.23 (0.24, 4.44)

Ref.
0.79 (0.30, 2.07)

Ref.
1.93 (0.44, 8.53)
2.84 (0.57, 14.31)
1.43 (0.29, 7.10)
1.00 (0.17, 5.77)

Ref.
0.46 (0.13, 1.70)
2.34(0.79, 6.95)
0.40 (0.04, 3.66)

Ref.
0.48 (0.14, 1.60)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); Pbold indicates significance p<0.05;
°FF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant,
Captain, Any Type of Chief
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Aim 1b Table 5: Mixed Effects Logistic Regression for Injury on Total Work Hours Stratified by

Obesity, FIRE (2008-2010) & TF20 (2014-2017)

Total Work Hours
<40 hours/week
40-49 hours/week
50-59 hours/week
60+ hours/week
Sleep
Adequate Sleep
Inadequate Sleep
Physical Activity (minutes)
<58 minutes/week
58-180 minutes/week
181-385 minutes/week
386-1260 minutes/week
1261+ minutes/week
Age (years)
<30
30-39
40-49
50+
Rank®
FF/Medic/Driver
LT/CPT/Chief

Not Obese?
OR (95% CI)

Obese?
OR (95% ClI)

Ref.
1.27 (0.36, 4.41)
0.75 (0.15, 3.63)
1.31 (0.34, 5.02)

Ref.
2.84 (1.06, 7.86)

Ref.
0.97 (0.22, 4.25)
2.15 (0.52, 8.90)
0.49 (0.09, 2.50)
0.95 (0.20, 4.54)

Ref.
0.81 (0.24, 2.72)
1.62 (0.48, 5.45)
0.46 (0.08, 2.60)

Ref.
1.07 (0.36, 3.19)

Ref.
0.05 (0.01, 0.45)°
0.22 (0.04, 1.35)
0.80 (0.14, 4.46)

Ref.
0.74 (0.19, 2.95)

Ref.
1.77 (0.31, 9.97)
1.31 (0.21, 8.40)
1.89 (0.21, 16.85)
0.18 (0.01, 4.72)

Ref.
0.12 (0.01, 1.34)
3.12 (0.42, 23.07)
1.50 (0.18, 12.79)

Ref.
0.30 (0.06, 1.45)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); Pbold indicates significance p<0.05;
°FF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant,

Captain, Any Type of Chief
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JOURNAL ARTICLE
Psychosocial Factors, Obesity, and Injury among US Male Career Firefighters
Journal of Occupational and Environmental Medicine
Introduction

The number of on-duty injuries reported to the National Fire Protection Association
(NFPA) increased by 7.5% from 2014 to 2015*. Most injuries occur on the fireground or during
training/ exercise, the leading type of injury was sprains and strains, and most injuries were due
to overexertion or slips, trips, or falls-®.

Investigations into personal health factors associated with injury, such as obesity, sleep,
and physical activity, have been conducted across many occupations, including firefighting.
Obesity has been a significant predictor of on-duty injury and injury-related outcomes in
firefighters in cross-sectional and prospective studies® 5. We found obesity modified the
association between on-duty injury and sleep among a large national sample of male career
firefighters®. Specifically, among obese firefighters who had an injury, the odds of not getting
enough sleep compared to enough sleep were twice as likely than among uninjured firefighters.

We also found on-duty injury was associated with self-reported physical activity among
obese firefighters only, not in normal or overweight firefighters®. In previous investigations in
the fire service looking at only one component of physical activity, on-duty exercise has been
associated with any type of on-duty injury, but firefighters who engaged in on-duty exercise had
half the odds of non-exercise injuries®. Our study findings highlight the need to explore obesity
as an effect modifier in investigations of on-duty injury predictors.

The association between psychosocial factors, such as depression and job stress, with on-

duty injury in the fire service has been less explored than obesity. Depression has been assessed
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in epidemiologic studies in the fire service using self-report healthcare provider diagnosis of
depressive disorder or using the Center for Epidemiological Studies Depression (CES-D)
screening tests for depression. The prevalence of physician diagnosed depressive disorder is
approximately 6%, and the mean CES-D-10 scores are low (approximately 1.7) among male
career firefighters'®. Jahnke et al. found those scoring in the range of concern for symptoms for
depression using the CES-D-10 had 2.33 times the odds of on-duty injury than those not scoring
in the range of concern for depression among Midwest career firefighters®. Depression was not a
significant predictor of incident on-duty injury® or missed work days® among the same cohort.
However, depression has been assessed as a predictor of injury among other occupations and
populations. Tiesman et al. conducted the first prospective analysis of depression as a risk factor
for injury among a cohort of 1,493 working men and women in rural lowa!!. They found those
who had depressive symptoms had a 41% higher risk of injury than those who did not have
depressive symptoms.

Depression and job stress have a reciprocal causal relationship and have both been
associated with a variety of occupational illnesses and injury*2. Male career firefighters in the US
self-report low levels of job stress, even though they work in high stress jobs, suggesting they
manage the stress well'°. Poston et al. found stress not to be associated with missed work days
due to on-duty injury, but stress was not examined in association with on-duty injury
occurrence®. Job stress was found to be significantly associated with injury among Korean
firefighters assessed using an in-depth measure of job stress'®. Specifically, high job demand,
high interpersonal conflicts, and negative workplace environment were components of job stress

significantly associated with on-duty injury among different ranks of Korean firefighters.
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The psychological burden from repeated exposure to traumatic events and the potential
association with on-duty injury signal the need to explore psychosocial predictors of injury.
Musculoskeletal injury, the most common type of injury in the fire service®> 14 is caused by
biomechanical factors (physical characteristics of work and mechanical load) and psychosocial
factors (work design, management)*?. Physical and psychosocial risk factors independently
predict musculoskeletal injury, but also have interactive effects stronger than their independent
effects?. Overall, depression and job stress appear to be associated with on-duty injury in the fire
service, although results are conflicting from the small number of studies. These associations,
along with physical factors like obesity, need to be explored among a larger, more
geographically diverse sample of career firefighters. The aim of this study was to identify
psychosocial predictors (job stress and depression) of on-duty injury among male career
firefighters in the largest national cohort of over 1,000 firefighters, coupled with almost 500
firefighters from multiple fire departments in eight Midwest states.

Methods
Participants and Procedures

Data from baseline assessments of the Firefighter Injury and Risk Evaluation (FIRE)
study and the Fuel 2 Fight (F2F) study were used in this cross-sectional study. FIRE, a
longitudinal cohort study of Midwest firefighters, was conducted from 2008-2010. The U.S. Fire
Department Census Database was used to create a list of fire departments from all eight
International Association of Fire Chiefs Missouri Valley region states (Kansas, Missouri, lowa,
Nebraska, North Dakota, South Dakota, Colorado, and Wyoming). Sampling strategy and
recruitment details have been published®®. Approximately 97% (N=714) of all firefighters

solicited from the 11 career and 13 volunteer departments (N=736) randomly selected for
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participation consented to participate. The low numbers of female firefighters (n=21) in this
study warrant their exclusion due to the inability to make gender comparisons, so only data from
male career firefighters (n=478) are used.

The longitudinal cohort study F2F was a conducted from 2010-2013. Ten heterogeneous
fire departments self-reporting to implement key aspects of the Fire Service Joint Labor
Management Wellness-Fitness Initiative (WFI) were selected using a purposive sampling
approach'®, Ten standard departments that had not implemented the WFI were matched by size,
call volume, staffing, and catchment area to the 10 WFI departments. A solicitation posted on
Chief Billy Goldfeder’s “Secret List” (a popular, worldwide listserv for firefighters) was used to
generate a list of potential standard departments. The research team along with an Expert Fire
Service Panel screened and selected departments. The sampling strategy and recruitment
information have been published®. Of the firefighters solicited, over 94% (N=1,035) consented
to participate. This study will use only male firefighters (n=941) with complete data in the
analyses because of the inability to make gender comparison with the low number of female
firefighters (n=33) in this career sample.

There were 1,419 eligible firefighters from the FIRE and F2F study. Both study protocols
were approved by Institutional Review Boards prior to onset of the studies. The 21 fire
departments were visited by investigators for 2-8 days depending on shift structure and
department size to maximize participation. Consent was obtained in person using written
consents.

Measures
Data collection meetings for on-duty firefighters were scheduled with departments and

the same investigative team conducted both studies. Similar sets of questions were answered by
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firefighters in both studies using paper questionnaires. Physical measurements (height, weight,
waist circumference, and body fat) were done using the same protocols by trained investigators.
Occupational (years in fire service, rank, total work hours, fitness using estimated VO2max in a
non-exercise model'®) and self-report demographic (age, race/ethnicity, education) information
were collected along with the following measures.
Injury

Questions based and modeled off the National Health Interview Survey (CDC) and
firefighter-specific questions from the National Institute of Standards and Technology were used
to assess injuries'® 17, The injury section began with the following, “The following questions are
about injuries you have incurred in the past 12 months. An injury is anything for which you have
or should have received medical care (by a physician or other medical professional) whether you
reported the injury or not.” Firefighters indicated the number of injuries they had in the past 12
months for the FIRE study and in the past 6 months for the F2F study. Responses from both
studies were dichotomized as no injuries or one or more injuries.
Depression

The presence of depressive symptoms was measured by the Center for Epidemiologic
Studies Short Depression Scale (CESD-10) in both studies®®. Firefighters responded yes or no to
ten statements about how they felt or behaved in the past week, including: “I felt depressed,”
“My sleep was restless,” “I felt sad,” and “I could not get going.” Selecting four or more
symptoms in the past week indicates being in the range of concern for depression. Presence of
depressive symptoms were dichotomized yes/no based on the four or more symptom cut point.

Job Stress
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Job stress was measured in both studies using the following question from the DOD
Worldwide Survey!®, “During the past 12 months, how much stress did you experience at work
while carrying out your duties in the fire service?”. Firefighters responded by selecting, “a lot,”

29 ¢

“some,” “a little,” or “none at all.” Job stress was categorized using the same categories as the
response options.
Body Composition

Study personnel measured body mass index (BMI), waist circumference, and body fat
percentage. A stadiometer was used to measure height and a Tanita 300 to measure weight.
Standard CDC cut points for not obese (<30 kg/m?) and obese (=30 kg/m?)% were used to
categorize BMI. A spring-loaded tape measure was used to measure waist circumference
following standard procedures. Measures were dichotomized using standard CDC cut points for
high risk for developing obesity related conditions (high risk male, >102cm)?°. The Tanita 300
measured foot-to-foot bioelectrical impedance and body fat percentage was dichotomized using
CDC cut points (unhealthy male, >25%)%,

The three measures of body composition were evaluated to determine the best measure
for inclusion in analyses. BMI was chosen due to its ease for comparability to other studies, the
prevalence was similar across the body composition measurements, and it is accuracy in defining
obesity in firefighters (false positive 9.2% and false negative 14.6% compared to waist
circumference)?.

Sleep
Sleep was assessed by response to the following two questions in both studies, “Most

nights when | am on duty at the fire station, | get enough sleep” and “Most nights when | am not

on duty at the fire station and | am at home, | get enough sleep.” Firefighters responded using a
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5-point Likert scale from strongly disagree to strongly agree. Responses from these two
variables were dichotomized into not enough sleep at the fire station and/or at home, or enough
sleep. Firefighters responding strongly disagree or disagree were grouped to “not enough sleep”,
and firefighters responding strongly agree, agree, and no opinion were grouped to “enough
sleep.”

Physical Activity

FIRE and F2F measured physical activity pattern during the past 30 days using the Self-
Report of Physical Activity (SRPA) questionnaire??. Firefighters selected their physical activity
patterns from a range from 0 (Avoids walking or exertion) to 7 (>3 hours/week of vigorous
activity). SRPA categories were collapsed to provide adequate cell sizes during analyses.
Statistical Analyses

The association between injuries, depression, job stress, and the potential confounders
age, rank, total work hours, physical activity, obesity, sleep, and years in fire service was
evaluated using logistic regression. Backward elimination and change in estimate of 10% was
used to evaluate the potential confounders and model efficiency. Age and rank were forced into
the final model.

A group level factor of “department” was entered as a random effect in all multivariable
models to account for the sampling approach. A multivariable mixed effect logistic regression
model was created with the confounders and stratified by BMI defined obesity to examine the
presence of effect measure modification by comparing stratified odds ratios. The stratified odds
ratio, 95% CI, and p-value (p<0.05) were used to evaluate results for significance and model fit

was explored. Stata version 15 was used to perform statistical analyses?.

75



Results

In this large cohort of firefighters, 15% scored in the range of concern for depression,
36% reported a little job stress, 39% reported some, and 13% reported a lot of job stress.
Approximately 81.4% were overweight or obese and 25% of the sample experienced one or
more injuries in the previous six to twelve months. Firefighter demographics stratified by BMI
defined obesity are presented in Aim 2a Table 1. Obese firefighters reported less vigorous
physical activity, and fewer obese (11.5%) firefighters met the NFPA fitness standard of 12
metabolic equivalents than non-obese firefighters (57.8%). Obese firefighters worked more
hours per week, were slightly older, and had the most years of service compared to non-obese
firefighters.

In model building, years in the fire service was dropped due to collinearity with age. The
odds of scoring in the area of concern for depression among male career firefighters who had an
on-duty injury was 1.64 (95% CI: 1.15, 2.35) times more likely than scoring in the area of
concern for depression among uninjured firefighters, after adjusting for confounding (Aim 2a
Table 2). The odds of reporting a little job stress versus no job stress among male career
firefighters who had an on-duty injury was 2.57 (95% CI: 1.43, 4.61) times more likely than
among the uninjured. The odds of reporting some job stress versus no job stress among on-duty
injured firefighters was 2.52 (95% CI: 1.40, 4.55) times more likely, and the odds or reporting a
lot of job stress among on-duty injured firefighters was 4.14 (95% CI: 2.12, 8.06) times more
likely than uninjured firefighters.

Stratified results from effect measure modification analyses are presented in Aim 2a
Table 3. Among non-obese firefighters, the odds of scoring in the area of concern for depression

among firefighters who had an on-duty injury was 2.32 (95% ClI: 1.53, 3.53) times more likely
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compared to scoring in the area of concern for depression among uninjured firefighters, after
adjusting for confounding. Among non-obese firefighters, the odds of reporting a little job stress
versus no job stress among male career firefighters who had an on-duty injury was 3.18 (95% CI:
1.52, 6.68) times more likely, the odds of some job stress was 3.08 (95% CI: 1.46, 6.50) times
more likely, and the odds of a lot of job stress was 6.09 (95% CI: 2.65, 13.99) times more likely
than among uninjured firefighters. On-duty injury was not associated with either depression nor
job stress among the obese firefighters. However, among obese firefighter who had an injury, the
odds of not getting enough sleep were 1.90 (95% CI: 1.08, 3.32) times as likely than among
uninjured firefighters. Among obese firefighters who had an injury, the odds of increasing
intensity and duration of physical activity versus avoiding exertion were two to three times as
likely than among uninjured firefighters. On-duty injury was not associated with neither sleep
nor physical activity among the non-obese.
Discussion

Firefighters work high stress jobs, are exposed to traumatic events, and also have a high
prevalence of obesity. Previous investigations have found depression and obesity are
independently associated with on-duty injury, but this is the first investigation in the fire service
to examine obesity as an effect modifier between depression and job stress and on-duty injury.

Using a large national sample, this study found non-obese firefighters with an on-duty
injury were more likely to score in the range of concern for depression than uninjured
firefighters, but the association was not significant among the obese. Previous investigations
found depression was associated with injury among Midwest firefighters®, but was not associated

with incident on-duty injury or missed work days due to injury® 8,
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In a large prospective study among a cohort of working men and women in rural lowa,
Tiesman et al. found depression was a risk factor for injury!*. Although the current study cannot
establish depression occurred before the injury, the Tiesman et al. results indicate depression is a
risk factor for injury. Further, the proposed mechanism for depression impairing cognitive
functioning, hindering the ability of the firefighter to take information, process information, and
act up on it, possibly leading to injury is plausible in this fast-paced occupation?.

In addition to depression, only non-obese firefighters who had an on-duty injury were
more likely to report job stress compared to uninjured firefighters. The previous investigation in
the fire service by Poston et al. suggested stress was not associated with severe injuries which
would require missed days of work®, but did not indicate if it is associated with injury itself,
particularly less severe injuries, which this study established. The results of the current study do
align with the results of the Kim et al. study conducted among Korean firefighters'3, and among
many other occupations®?, which have found job stress is associated with occupational injury.

Interestingly, on-duty injury was associated with both psychosocial factors among the
non-obese, and among the obese on-duty injury was associated with the health behaviors sleep
and physical activity. We found on-duty injury was associated with sleep and physical activity
among the obese, but did not find any significant associations among the non-obese®. The results
of both of these studies suggest the risk profile for injury among the obese and non-obese
firefighters may be different. In addition, the interaction between physical and psychosocial
factors in association with injury are similar to findings from the Leka et al. review on the health
impact of occupational psychosocial hazards*?.

The physical and psychological demands of firefighting necessitate firefighters be

physically and mentally healthy. Fire departments looking to implement health and wellness
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programs should include mental health resources for firefighters, and work to reduce workplace
stress at an organizational level to improve the workplace culture and manage depression and job
stress. Job stress and depression have a reciprocal causal relationship*2. Fire departments should
prioritize managing and improving job related stress for factors that can be influenced, which can
then also make an impact on depression. Health care professionals should screen and treat mental
health disorders and discuss weight management and healthy sleep habits with firefighters.
Previous research has found health care providers don’t provide weight loss advice to most
firefighters (69%), and only half of class I-111 obese firefighters reported receiving weight loss
advice?®.

There are limitations to be acknowledged. Depression, job stress, sleep, physical activity,
and injury were self-report, although self-report injury data can be more sensitive to less severe
injuries which firefighters feel do not need to be reported to the department?®. There was a
difference of 6 months in the reference time frame for FIRE and F2F cohorts. However, by
dichotomizing injury as any injury or none, it is not likely this differentially biased study results,
especially given the high prevalence of injury. More specific analyses on injury subtypes could
not be conducted because F2F did not collect detailed injury information. While self-report
depressive symptoms were measured rather than a medical diagnosis, the CES-D has good
psychometric properties and can capture firefighters who have not sought help but have
depressive disorder symptoms. Depressive symptoms were measured over the past week, but
injuries were measured over the past 6 months to a year. It was assumed depression was present
before and after the injury, although it is possible depression developed after the injury?’. This is

a cross-sectional study, so only associations between factors can be investigated.
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Although there were limitations, these two national firefighter cohorts constitute the
largest dataset in the fire service to date with injuries spanning over 5 years. The same
investigative team conducted in person body composition measurements using validated
protocols in both studies. Importantly, this was the first study to examine psychosocial factors
with injury stratified by obesity in the fire service.

Conclusion

Obesity should be examined as an effect modifier in future examinations of physical and
psychosocial predictors of injury amongst career firefighters. The results of previous studies and
this study suggest non-obese and obese firefighters have different risk factors for on-duty injury.
Findings from this study and others highlight the need to address depression, job stress, obesity,

and sleep in the fire service.
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Aim 2a Table 1: Characteristics of US Male, Career Firefighters Stratified by Body Mass Index
(BMI), FIRE (2008-2010) & Fuel 2 Fight (2010-2013)

Not Obese?
n=971 (69.1%)

Obese

n=433 (30.8%)

n (%) n (%)

Injury

>1 Injury 238 (25.2) 103 (25.1)
Physical Activity

<1hr Moderate/wk 86 (9.4) 75 (18.8)

>1hr Moderate/wk 108 (11.8) 90 (22.6)

<lhr Vigorous/wk 281 (30.7) 129 (32.4)

1-3hr Vigorous/wk 217 (23.7) 64 (16.1)

>3hr Vigorous/wk 224 (24.4) 40 (10.1)
Sleep

Get Enough Sleep 313 (33.6) 145 (35.9)

Not Enough Sleep 618 (66.4) 259 (64.1)
Fitness®

Meet NFPA 533 (57.8) 46 (11.5)

Don’t Meet NFPA 389 (42.2) 354 (88.5)
Rank®

FF/Medic/Driver 680 (73.0) 290 (71.4)

LT/CPT/Chief 251 (27.0) 116 (28.6)
Education

High School or Less 86 (9.2) 42 (10.5)

Some College 619 (65.9) 282 (70.5)

College/Grad Degree 234 (24.9) 76 (19.0)
Minority

White non-Hispanic 709 (75.3) 267 (65.3)

Minority 232 (24.7) 142 (34.7)

Mean (SD) Mean (SD)

Total Work Hours 67.2 (17.6) 70.5 (20.2)
Age (years) 37.8(9.1) 40.8 (9.0)
Years of Service 13.3 (8.5) 15.8 (8.9)

aBMI not obese (18.5-29.9 kg/m?) and obese (>30 kg/m?); °PNFPA Fitness cutoff: 12 METS;
°FF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant,
Captain, Any type of Chief;

Missing: BMI (n=15); Injury (n=53); Physical Activity (n=94); Sleep (n=73); Fitness (n=97);
Rank (n=71); Education (n=69); Minority (n=58); Total Work Hours (n=70); Age (n=8); Years
of Service (n=64)
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Aim 2a Table 2: Mixed Effects Logistic Regression for Injury on Depression and Job Stress,
FIRE (2008-2010) & Fuel 2 Fight (2010-2013)

Depression?
<4 CES-D 10 Score
>4 CES-D 10 Score
Job Stress
None at all
A little
Some
A lot
BMI¢
Not Obese
Obese
Sleep
Enough Sleep
Not Enough Sleep
Physical Activity
<lhr Moderate
>1hr Moderate
<l1hr Vigorous
1-3hr Vigorous
>3hr Vigorous
Age (years)
<30
30-39
40-49
50+
Rankd
FF/Medic/Driver
LT/CPT/Chief

OR (95% CI)

Ref.
1.64 (1.15, 2.35)P

Ref.

2.57 (1.43, 4.61)
2.52 (1.40, 4.55)
4.14 (2.12, 8.06)

Ref.
1.05 (0.78, 1.42)

Ref.
1.39 (1.03, 1.88)

Ref.

1.33(0.77, 2.33)
1.39 (0.84, 2.29)
1.67 (0.99, 2.81)
1.81 (1.07, 3.07)

Ref.

1.10 (0.74, 1.64)
1.23 (0.81, 1.89)
1.09 (0.64, 1.86)

Ref.
0.79 (0.57, 1.11)

aScore >4 range of concern for depression; bold indicates significance p<0.05; °BMI not obese
(18.5-29.9 kg/m?) and obese (>30 kg/m?); 9FF/Medic/Driver=Firefighter, Paramedic, Driver, or

Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief
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Aim 2a Table 3: Mixed Effects Logistic Regression for Injury on Depression and Job Stress

Stratified by Obesity, FIRE (2008-2010) & Fuel 2 Fight (2010-2013)

Depression®
<4 CES-D 10 Score
>4 CES-D 10 Score
Job Stress
None at all
A little
Some
A lot
Sleep
Enough Sleep
Not Enough Sleep
Physical Activity
<1hr Moderate
>1hr Moderate
<lhr Vigorous
1-3hr Vigorous
>3hr Vigorous
Age (years)
<30
30-39
40-49
50+
Rankd
FF/Medic/Driver
LT/CPT/Chief

BMI
Not Obese?
OR (95% CI)

BMI
Obese?
OR (95% CI)

Ref.
2.32 (1.53, 3.53)¢

Ref.
3.18 (1.52, 6.68)
3.08 (1.46, 6.50)
6.09 (2.65, 13.99)

Ref.
1.16 (0.81, 1.67)

Ref.
0.99 (0.48, 2.04)
0.93 (0.50, 1.74)
1.24 (0.66, 2.35)
1.38 (0.73, 2.60)

Ref.
1.01 (0.64, 1.59)
1.16 (0.71, 1.89)
1.04 (0.53, 2.01)

Ref.
0.80 (0.53, 1.19)

Ref.
0.71 (0.34, 1.50)

Ref.
1.62 (0.60, 4.39)
1.63 (0.60, 4.39)
2.43 (0.74, 7.95)

Ref.
1.90 (1.08, 3.32)

Ref.
2.51 (1.00, 6.26)
2.89 (1.22, 6.83)
2.77 (1.07, 7.15)
3.10 (1.10, 8.75)

Ref.
1.27 (0.55, 2.92)
1.46 (0.61, 3.52)
1.35 (0.51, 3.55)

Ref.
0.79 (0.43, 1.45)

aBMI not obese (18.5-29.9 kg/m?) and obese (>30 kg/m?); ®Score >4 range of concern for
depression; bold indicates significance p<0.05; 9FF/Medic/Driver=Firefighter, Paramedic,
Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief
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JOURNAL ARTICLE
Depression, Obesity, and Injury in the Volunteer Fire Service
Journal of Occupational and Environmental Medicine
Introduction

Volunteer firefighters are critical to the US public health safety framework. VVolunteer
firefighters make up 70% of the US Fire Service, and 67% of fire departments in the US are
staffed entirely by volunteers®. In the largest epidemiologic study to date among volunteer
firefighters, we found the prevalence of overweight and obesity was 80%, and 46% of those
volunteer firefighters were obese?. The 46% prevalence of obesity among volunteer firefighters
is higher than the prevalence among careers (31%72), and the general US population (37.9%?2).
Obesity is a risk for many poor personal health outcomes, including cardiac death, the number
one cause of line-of-duty deaths in the fire service. Obesity is also a risk factor for occupational
health and safety outcomes in the fire service, including on-duty injury*%.

Our investigation into on-duty injury among volunteer firefighters found obesity, sleep,
and total work hours interact in association with on-duty injury?. Among obese volunteer
firefighters, working/volunteering 40-49 hours per week compared to <40 hours per week among
injured firefighters was less likely than among uninjured firefighters. Further, among non-obese
volunteer firefighters, the odds of inadequate sleep among injured firefighters was nearly three
times as likely than among uninjured firefighters?. This research suggests the risk factors for
injury among the obese differ than those among the non-obese. Obesity has not been explored as
an effect modifier between psychosocial factors and on-duty injury in the fire service.

The association between depression and injury in the fire service has only been explored

among career firefighters in a limited amount of studies. Self-report healthcare provider
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diagnosis of depressive disorder and the Center for Epidemiological Studies Depression (CES-D)
screening tests for depression have been used to assess depression in the fire service.
Approximately 6% of male career firefighters have physician diagnosed depressive disorder, and
the mean CES-D-10 scores are low (approximately 1.7)°. This prevalence of depressive disorder
among career firefighters is similar to the 4.8% among males in the general US population®®. The
odds of injury were 2.33 times higher among Midwest male career firefighters scoring in the
range of concern for symptoms for depression using the CES-D-10 than those not scoring in the
range of concern for depression®, although depression was not a significant predictor of incident
injury® or missed work days due to injury® among the same cohort. But, Tiesman et al. found
working men and women in rural lowa with depressive symptoms had a 41% higher risk of
injury than those without depressive symptoms in the first prospective analysis of depression as a
risk factor for injury*?.

According to the National Fire Protection Association (NFPA), most on-duty injuries
among volunteer firefighters occur on the fireground, and a lower proportion during non-fire
emergencies because many volunteer fire departments do not run Emergency Medical Services
(EMS) calls. The average annual number of injuries in the fire service from 2012-2014 was
14,870%,

Firefighting is a psychologically demanding occupation which may expose firefighters to
traumatic events. The unique demands of firefighters signal the need to explore psychosocial
predictors of injury in the volunteer fire service. Physical and psychosocial risk factors
independently predict musculoskeletal injury, the most common type of injury in the fire
service'?, and their interactive effects are stronger than their independent effects)*3. Current

evidence suggests depression is a risk factor for occupational injury, but the small number of
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studies mostly conducted among career departments, which may not be representative of the
volunteer fire service, have found conflicting results with on-duty injury related outcomes.
Depression, along with physical factors like obesity, have never been explored in the volunteer
fire service. The aim of this study is to determine the association between depression, obesity,
and on-duty injury among 201 male volunteer firefighters from 13 departments across eight
Midwest states coupled with 332 male volunteer firefighters from ten departments located in ten
states across the USA.
Methods

Participants and Procedures

This cross-sectional study utilized Firefighter Injury and Risk Evaluation (FIRE) study
and The First Twenty (TF20) study baseline assessment data. FIRE was a longitudinal cohort
study of Midwest volunteer and career firefighters conducted from 2008-2010. Investigators
generated a list of fire departments, using the U.S. Fire Department Census Database, from all
eight International Association of Fire Chiefs Missouri Valley region states (Kansas, Missouri,
lowa, Nebraska, North Dakota, South Dakota, Colorado, and Wyoming). Previous publications
detail the sampling strategy and recruitment4. Eleven career and 13 volunteer departments
(N=736) were randomly selected for participation in the IAFC Missouri Valley region. Over
97% (N=714) of firefighters consented to participate from solicited fire departments. Female
firefighters were excluded from analyses for this study due to low numbers and the inability to
explore differences in gender, so only male volunteer firefighters (n=201) were used.

The TF20 study, a cluster-randomized controlled trial, was conducted from 2014-2017.
The email listserv Chief Billy Goldfeder’s “Secret List” and the list serve of the National

Volunteer Fire Council (NVFC) was used to solicit interest for recruitment. Interested fire
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departments across the nation underwent a telephone screening interview. Departments were
selected based on size, call volume, region, and interest in the study. Five departments in the
wait-list control arm and five in the treatment arm were selected to participate. There was at least
one department in each of the four major US Census Bureau Regions, spread across ten different
US states (Missouri, New Jersey, New Mexico, North Carolina, Ohio, Oregon, Texas, Utah,
Virginia, and Washington). Only data on male firefighters (n=332) were used in this analysis due
to the low number of females.

There were 533 volunteer firefighters eligible for analyses from these two studies.
Institutional Review Boards approved FIRE and TF20 study protocols prior to onset of the
studies. Written consent was obtained in person from interested firefighters for both studies.
Measures

The investigative team and the department chiefs coordinated to schedule data collection
meetings for firefighters in both studies. Each department was visited for 1-8 days by
investigators depending on the size and structure of the department. Investigators provided a
description of the study in person prior to consent. Similar demographic and risk factor questions
were included in both studies. The same trained investigators conducted the physical
measurements (height, weight, waist circumference, and body fat) using identical protocols in
both studies. Self-report occupational (rank, years in fire service, total work and volunteer hours)
and demographic (age, race/ethnicity, education, physical activity) information was collected in
addition to the following measures.

Injury
Injuries were assessed using questions based on the National Health Interview Survey

(CDC) and modeled off firefighter specific questions from the National Institute of Standards
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and Technology'® 6. The injury section began, “The following questions are about injuries you
have incurred in the past 12 months. An injury is anything for which you have or should have
received medical care (by a physician or other medical professional) whether you reported the
injury or not.” Firefighters indicated the number of injuries they had in the past 12 months for
the FIRE study and in the past 6 months for the TF20 study. Responses were dichotomized as no
injuries or any injury.
Depression

The Center for Epidemiologic Studies Short Depression Scale (CESD-10) was used to
measure the presence of depressive symptoms in both studies'’. Firefighters indicated how they
felt or behaved in the past week by responding to ten statements, including: “I felt depressed,”
“My sleep was restless,” “I felt sad,” and “I could not get going.” Firefighters selecting four or
more symptoms in the past week were in the range of concern for depression. Presence of
depressive symptoms were dichotomized yes/no based on the four or more symptom cut point.
Body Composition

Standard CDC cut points were used to categorize not obese (<30 kg/m?) and obese (=30
kg/m?) firefighters)'® from measured weight using a Tanita 300 and height using a stadiometer.
Standard CDC cut points for high risk for developing obesity related conditions (high risk male
>102cm) were used to dichotomized waist circumference)'® from measured waist circumferences
using a spring-loaded tape measure following standard procedures. Body fat percentage was
dichotomized using CDC cut points (unhealthy male >25%) and measured using foot-to-foot
bioelectrical impedance from the Tanita 300)*8.

Trained personnel conducted all three body composition measurements. BMI was chosen

in this analysis due to its ease for comparability to other studies and its accuracy in defining
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obesity in this population (false positive 9.2% and false negative 14.6% compared to waist
circumference)®®.
Sleep

In FIRE, firefighters responded using a Likert scale from strongly disagree to strongly
agree to the following question, “Most nights, | get enough sleep.” Firefighters responding
strongly disagree or disagree were grouped to “inadequate sleep,” and firefighters responding
strongly agree, agree, and no opinion were grouped to “adequate sleep.”

In TF20, firefighters wrote in responses to the following questions, “How many hours do
you typically need during the night to feel rested the following day?”” and “Over the past week,
how many hours on average did you typically sleep per day?” Firefighters were categorized into
inadequate and adequate sleep by subtracting firefighters’ average hours of sleep over the past
week from the average hours of sleep they typically need to feel rested the following day.
Firefighters with inadequate sleep had reported sleep hours less than their hours needed, while
firefighters with adequate sleep reported average sleep equal to or exceeding needed sleep hours.
Responses from FIRE and TF20 variables were combined and dichotomized into one sleep
variable, inadequate sleep or adequate sleep.

Statistical Analyses

Logistic regression was used to evaluate the association between injuries, depression and
the potential confounders age, rank, total work hours, physical activity, obesity, sleep, and years
in fire service. Potential confounders were evaluated using backward elimination approach and
the change in estimate of 10% applied to determine model efficiency. Age, obesity, and rank

were forced into the final model.
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A multivariable mixed effect logistic regression model was created with a group level
factor of “department” entered as a random effect in all multivariable models. The multivariable
mixed effect logistic regression model included confounders and was stratified by BMI defined
obesity to examine effect measure modification. The stratified odds ratio, 95% CI, and p-value
(p<0.05) were used to evaluate results for significance and model fit was explored. Statistical
analyses were done with Stata version 15%°.

Results

Approximately 11% of volunteer firefighters experienced an on-duty injury in the past six
months to a year, 20.6% scored in the range of concern for depression, and 80% were overweight
or obese, of which 46% were obese. Volunteer firefighter demographics stratified by BMI
defined obesity are presented in Aim 2b Table 1. Obese volunteer firefighters did less physical
activity (679 minutes) than non-obese (841 minutes), reported less inadequate sleep, worked a
few hours more per week, and had a few years less experience than non-obese volunteer
firefighters.

Years in the fire service was dropped from the regression models due to collinearity with
age. Inthe full multivariable mixed logistic regression model, no predictors were associated
with injury (p>0.05) (Aim 2b Table 2). BMI defined obesity stratified results are presented in
Aim 2b Table 3. Among non-obese volunteer firefighters, the odds of scoring in the area of
concern for depression among volunteer firefighters who had an on-duty injury was 3.52 times
more likely compared to scoring in the area of concern for depression among uninjured volunteer

firefighters. On-duty injury was not associated with depression among the obese firefighters.
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Discussion

Depression and obesity are independently associated with injury in firefighters, but this is
the first investigation in the volunteer fire service to examine obesity as an effect modifier
between depression and on-duty injury.

The odds of scoring in the range for depression among non-obese volunteer firefighters in
this study who had an on-duty injury was more likely than among uninjured firefighters, and this
association was not significant among the obese. Previous investigations into depression and
injury among career firefighters found mixed results® © 8, but using a large national sample of
volunteer firefighters this study found there was an association. The results of this study may
also differ from the results of previous examinations in the fire service because the analyses were
stratified by obesity, rather than adjusted for with obesity as a confounder. Our results do
coincide with Tiesman et al. who also found depression was a risk factor for injury in a large
prospective cohort of working men and women in rural lowa'l. The proposed mechanism?! for
depression to impact injury describes depression as impairing cognitive functioning, which
hinders the firefighter’s ability to take, process and act on information. This mechanism could
be plausible in an occupation like firefighting requiring physical and mental fitness to perform
primary duties.

Depression was associated with on-duty injury only among the non-obese, and no other
factors were associated with on-duty injury among the non-obese or obese volunteer firefighters.
We found total work hours were associated with injury only among the obese, and inadequate
sleep was associated with injury only among the non-obese?. Using the same population and
adding depression, total work hours was no longer an important risk factor to be included and

sleep was no longer associated with injury. These results, along with the results from Kaipust,
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propose obese and non-obese may have different risk profiles for injury, and depression appears
to be an important factor in association with on-duty injury. These results demonstrate there is an
interaction between physical and psychosocial predictors of injury, similar to those found in
other occupations. 3.

Firefighting is a physically and psychologically demanding occupation. Health care
professionals should discuss weight management and screen and treat mental health disorders to
improve firefighter health and safety. Mental health resources should be provided by fire
departments looking to implement health and wellness programs. Because job stress has a
reciprocal causal association with depression*?, and both were found to be associated with injury
among career firefighters?, fire departments should work at an organizational level to reduce
workplace stress and manage depression. Job stress could not be evaluated among volunteer
firefighters in this study because it was not evaluated in TF20. Future examinations into on-duty
injury in the fire service should examine job stress, in addition to depression.

The limitations of this study should be acknowledged. Depression, sleep, and injury were
self-report, although self-report injury data is more sensitive to less severe injuries®?. The self-
reporting reference time frame for injury differed by 6 months for FIRE and TF20. However, this
was unlikely to differentially bias results given the high prevalence of injury and the
dichotomization of on-duty injury into none or any. Unfortunately, more specific analyses into
injury types could not occur because TF20 did not collect detailed information on injuries.
Because sleep was measured differently for FIRE and TF20, the combining of these variables
may have biased study results, although it’s likely it was non-differential. Although depressive
symptoms were self-report, the CES-D can capture firefighters who have not sought treatment

and has good psychometric propertiest’. Only associations with injury can be explored in this
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study due to the cross-sectional design. It is possible depression developed as a result of the
injury®. Depressive symptoms were measured over the past week while injuries were assessed
over the past 6 months to a year.

This study combined two cohorts to examine the association between depression and
injury among the largest sample of volunteer firefighters from across the US in an epidemiologic
study, a population of firefighters relatively unexplored due to the difficulty accessing large
numbers of volunteer firefighters. BMI defined obesity is an appropriate measurement in
firefighters given the accuracy of this measurement in this population®® and the results of this
study using different body composition measurements were similar.

This study was the first epidemiologic study to examine depression in association with
injury among the volunteer fire service, and to examine obesity as an effect modifier between
depression and injury in the volunteer fire service.

Conclusion

Future examinations of injury among volunteer firefighters should examine body
composition as an effect modifier between physical and psychosocial factors. Findings from this
study and the existing literature highlight the need to address depression and obesity in the

volunteer fire service.
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Aim 2b Table 1: Characteristics of US Male, Volunteer Firefighters Stratified by Obesity, FIRE
(2008-2010) & TF20 (2014-2017)

Not Obese? Obese?
n=276 (54.0%) n=235 (46.0%)
n (%) n (%)

Injury

>1 Injury 27 (10.0) 26 (11.6)
Sleep

Adequate Sleep 144 (52.2) 141 (60.0)

Inadequate Sleep 132 (47.8) 94 (40.0)
Rank®

FF/Medic/Driver 197 (73.5) 156 (70.6)

LT/CPT/Chief 71 (26.5) 65 (29.4)
Education

High School or Less 70 (25.5) 61 (26.2)

Some College 133 (48.4) 124 (53.2)

College/Grad Degree 72 (26.2) 48 (20.6)
Minority

White non-Hispanic 247 (90.2) 211 (91.0)

Minority 27 (9.9) 21 (9.1)

Mean (SD) Mean (SD)

Physical Activity Minutes® 841.2 (1292.8) 678.8 (1049.3)
Total Work Hours 45.9 (22.4) 49.2 (18.9)
Age (years) 37.3(12.9) 40.2 (11.1)
Years of Service 10.4 (9.6) 13.2 (10.5)

aBMI not obese (18.5-29.9 kg/m?) and obese (>30 kg/m?); °FF/Medic/Driver=Firefighter,
Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief;
“Total minutes of moderate and vigorous physical activity per week

Missing: BMI (n=22); Injury (n=20); Sleep (n=4); Rank (n=30); Education (n=9); Minority
(n=11); Physical Activity (n=46); Total Work Hours (n=13); Age (n=8); Years of Service (n=11)
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Aim 2b Table 2: Mixed Effects Logistic Regression for Injury on Depression, FIRE (2008-2010)
& TF20 (2014-2017)

OR (95% CI)

Depression?

<4 CES-D 10 Score Ref.

>4 CES-D 10 Score 1.76 (0.86, 3.66)
Sleep

Adequate Sleep Ref.

Inadequate Sleep 1.25 (0.64, 2.42)
BMIP

Non-Obese Ref.

Obese 1.32 (0.70, 2.51)
Age (years)

<30 Ref.

30-39 0.40 (0.16, 1.03)

40-49 1.33 (0.61, 2.93)

50+ 0.76 (0.27, 2.14)
Rank®

FF/Medic/Driver Ref.

LT/CPT/Chief 1.04 (0.51, 2.14)

aScore >4 range of concern for depression; PBMI not obese (18.5-29.9 kg/m?) and obese (=30
kg/m?); °FF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator and
LT/CPT/Chief=Lieutenant, Captain, Any type of Chief
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Aim 2b Table 3: Mixed Effects Logistic Regression for Injury on Depression Stratified by
Obesity, FIRE (2008-2010) & TF20 (2014-2017)

Depression®
<4 CES-D 10 Score
>4 CES-D 10 Score
Sleep
Adequate Sleep
Inadequate Sleep
Age (years)
18-29
30-39
40-49
50+
Rankd
FF/Medic/Driver
LT/CPT/Chief

Not Obese?
OR (95% CI)

Obese?
OR (95% ClI)

Ref.
3.52 (1.43, 8.66)°

Ref.
2.11 (0.82, 5.44)

Ref.
0.65 (0.20, 2.14)
1.50 (0.49, 4.60)
0.69 (0.15, 3.17)

Ref.
1.77 (0.64, 4.92)

Ref.
0.52 (0.12, 2.22)

Ref.
1.09 (0.39, 3.04)

Ref.
0.15 (0.03, 0.87)
1.26 (0.37, 4.25)
0.60 (0.13, 2.75)

Ref.
0.72 (0.24, 2.18)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); PScore >4 range of concern for
depression; *bold indicates significance p<0.05; 9FF/Medic/Driver=Firefighter, Paramedic,
Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any Type of Chief
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JOURNAL ARTICLE
Job Stress, Depression, and Injury among Female Career Firefighters
Journal of Occupational and Environmental Medicine
Introduction

The percentage of females in the US fire service is estimated to be 3.7%-6.0%?! 2. This
prevalence is extremely low compared to similar occupations such as the military and police
force, which have about 17% females® 2. A small amount of research on female firefighters has
been conducted and published in the fire service compared to male firefighters. The lack of
published research on female firefighters is due to the small number of women in the fire service
resulting in small numbers captured in previous studies, usually resulting in their exclusion from
reports®. Women have been included in research studies, they just represent such a small
percentage of the total firefighters in studies making their results not generalizable.

On-duty injury data among female firefighters is extremely limited in the literature.
Jahnke et al. in 2012 reported on 18 career and 13 volunteer female firefighters from the
midwest*. Almost 28% of these female career firefighters reported an on-duty injury in the past
12 months. This prevalence is similar to that found by Kaipust et al, where 25% of 1,400+ male
career firefighters reported an on-duty injury in the previous six to twelve months®. While the
prevalence of on-duty injury by gender seems similar, on-duty injury needs to be described
among a larger sample of female firefighters to accurately estimate the prevalence.

The prevalence of job stress and depression have been described among a small sample
of female firefighters. Murphy et al. used a cross-sectional design to describe gender differences

of job stressors and symptoms of stress in firefighters among 670 males and 41 females with 10
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years or less experience firefighting®. They found female firefighters reported significantly
higher scores regarding job skill concerns, job discrimination, and depression than males.

Jahnke et al. found about one-quarter of the Midwest female career firefighters (22.2%)
reported scores in the range of concern for depression?. Further, 28% of female career
firefighters reported feeling nervous and stressed fairly often or very often, and 22% reported
feeling angered because things were outside of their control fairly often or very often. However,
overall female career firefighters also reported strong perceived coping skills.

The association between job stress and depression has been explored among male career
firefighters. Kaipust found 15% of male career firefighters scored in the range of concern for
depression, 13% reported a lot of job stress, 39% reported some, and 36% reported a little>. Male
firefighters with on-duty injury had higher odds of job stress and were more likely to score in the
range of concern for depression versus uninjured firefighters. In models stratified by obesity
status, only non-obese male career firefighters with on-duty injury had elevated odds of reporting
job stress and scoring in the range of concern for depression compared to uninjured firefighters.
There are no data on the relationship of these variables among female firefighters.

The previous research done among female firefighters has been primarily descriptive.
The scant evidence among small samples suggests female firefighters experience more injuries
and have a higher prevalence of depression than males. It is unknown how psychosocial factors
are associated with occupational injury among female firefighters, but evidence among males
demonstrates the need to explore the association. The aim of this study was to identify
psychosocial predictors (job stress, job satisfaction, depression, and anxiety) of on-duty injury

among female firefighters using the Health of Women Firefighters (2013-2014).
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Methods

Participants and Procedures

Data for this cross-sectional study are from the Health of Women Firefighters cross-
sectional survey conducted in 2013 and 2014. A snowball sampling technique was used to
identify potential female participants. Primary recruitment was achieved by contacting female
participants from the research team’s previous studies, through membership of iWomen (a
national organization of females in the fire service), email recruitment from the Center for Fire,
Rescue & EMS Health Research’s email listserv, utilizing the email listserv Chief Billy
Goldfeder’s “Secret List,” and requesting females who participated to solicit their fellow female
colleagues for participation. Sampling procedures have been described in detail in Jahnke et al.3.

Study protocols were approved by Institutional Review Boards (IRB) prior to onset of the
study. Interested female firefighters were directed to a web-based survey developed by the
investigators. Screening questions at the start of the survey ensured only career female
firefighters were eligible to participate. A total of 1,817 female career firefighters responded to
injury questions and 1,897 female firefighters responded to job stress questions. The initial page
of the web-based survey served as the informed consent describing the study, the confidentiality
of responses and providing contact information for the investigators and the IRB.
Measures

The study collected demographic (age, number of children under 18, history of health
professional diagnosis of an anxiety disorder), health (height, weight), and occupational (job
satisfaction, rank, years of service, having a job outside of fire service) information along with
the following measures.

Injury
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On-duty injury was assessed using questions from the National Health Interview Survey
(CDC) and firefighter-specific questions from the National Institute of Standards and
Technology’-8. Firefighters were prompted with the following at the start of the injury section,
“The following questions are about injuries you have incurred in the past 12 months. An injury is
anything for which you have or should have received medical care (by a physician or other
medical professional) whether you reported the injury or not.” Female firefighters indicated the
number of on-duty injuries they had in the past 12 months and responses were dichotomized as
no injuries or one or more injuries.
Job Stress

Job stress was assessed using the DOD Worldwide Survey® question, “During the past 12
months, how much stress did you experience at work while carrying out your duties in the fire
service?”. Firefighters selected, “a lot,” “some,” “a little,” or “none at all.”
Depression

Self-report history of depression diagnosis was assessed by the following question, “Has
a doctor or other healthcare provider EVER told you that you have a depressive disorder
(including depression, major depression, dysthymia, or minor depression)?”1% 1, Depression
diagnosis was dichotomized based on history of health professional diagnosis of depression or
not.
Statistical Analyses

Statistical analyses were performed using Stata version 152, Chi-square analyses were
used to determine the crude association between injury and each of the exposures: job stress,
depression, anxiety, and job satisfaction. The exposures along with the potential confounders

obesity, age, rank, years in fire service, having a second job, education, and having children
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under age 18, were evaluated in a multivariable logistic regression model. The correlations
between exposures were examined to determine if they could be included in a single model.
Potential confounders, and model efficiency were evaluated using a backward elimination and
10% change in estimate approach. Age and rank were forced into the final model as confounders.
Obesity was evaluated as an effect modifier due to its association with injury among male career
and volunteer firefighters®. A multivariable logistic regression model was created with the
confounders. The odds ratio, 95% CI, and p-value (p<0.05) were used to evaluate results for
significance and model fit was explored.
Results

Overall, the average age of female firefighters was 40 years old and 14 years was the
average years of experience in the fire service. The prevalence of obesity was about 14%.
Approximately 45% of the women indicated an injury in the past 12 months and 21% indicated
they had received a diagnosis of depression from a health care provider. About 28% of the total
sample indicated a little job stress, 41% indicated some job stress, and 26% indicated a lot of job
stress. Overall, female firefighters had a high prevalence of job satisfaction.

Female firefighter demographics stratified by injury prevalence are presented in Aim 3
Table 1. Female firefighters who did not incur an injury in the past 12 months had a slightly
higher prevalence of optimism about their future in their department (88% vs 83%), and a
slightly higher percentage of the uninjured would recommend being a firefighter to other women
(91% vs 87%) than those who had an injury. The female firefighters who had an injury had a
higher prevalence of a lot of job stress (31% vs 22%), depression (25% vs 18%) and anxiety

(20% vs 13%) than those who did not have an injury.
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In model building, years in the fire service was dropped due to collinearity with age.
Obesity, having a second job, and having children under age 18 were also dropped during model
building as they did not meet the 10% change in estimate criteria. Obesity was not an effect
modifier between the psychosocial exposures and on-duty injury. In this cross-sectional study,
female firefighters who had an injury over the past 12 months had more than double the odds
(OR=2.24, 95% ClI: 1.35, 3.74) of having a lot of job stress over the past 12 months verses no job
stress compared to the uninjured (Aim 3 Table 2). In addition, the odds of having diagnosed
depression was 1.35 (95% CI: 1.06, 1.74) for female firefighters with an injury compared to
female firefighters without an injury.

Discussion

This is the first study to examine factors associated with on-duty injury among female
career firefighters in a large epidemiologic study. Female firefighters indicated a much higher
prevalence of on-duty injury than male career firefighters. Kaipust found 25% of male career
firefighters experienced one or more on-duty injuries over the past six months to a year® while
45% of female career firefighters experienced an on-duty injury over the past year. The high
prevalence of job stress and depression are associated with on-duty injury among this group of
female career firefighters.

Female career firefighters had a higher prevalence of job stress than male career
firefighters, including more than double the prevalence of a lot of job stress. Kaipust found 36%
of male career firefighters reported a little job stress, 39% reported some, and 13% reported a lot
of job stress®. This study found 28% of female firefighters indicated a little job stress, 41%
indicated some job stress, and 26% indicated a lot of job stress. Korean female firefighters also

reported more job stress on some subscales compared to males®3. The odds of a lot of job stress
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was 2.37 among female career firefighters with an injury compared to those with no injury. The
odds of a little job stress versus no job stress among male career firefighters with an on-duty
injury was 2.57 times more likely than among uninjured firefighters, the odds of some job stress
was 2.52 times more likely, and the odds of a lot of job stress was 4.14 times more likely than
uninjured firefighters®. Even though the prevalence of job stress was higher among females, the
magnitude of the association between injury and job stress was lower than that in male career
firefighters. This suggest there may be other factors, such as gear fit, sleep, and physical activity
or fitness, driving the association with on-duty injury among females but not explored in this
study.

In the US general population, the prevalence of lifetime depression is higher among
females (11.7%) than males (5.7%), and is lower than the reported prevalence of 21% among
female firefighters in this study*. The prevalence of health care provider diagnosed depression
among female firefighters from this sample is similar to the 22% found using the CES-D-10
screening tool among 18 female career firefighters?.

Kaipust found 15% of male career firefighters scored in the range of concern for
depression using a screening tool for depression (CES-D-10) while this study found 21% of
female firefighters had received a diagnosis of depression from a health care provider, a more
conservative measurement than the CES-D-10°. A reciprocal causal relationship between Job
stress and depression exists*®, so it is logical female career firefighters had a higher prevalence of
depression than male career firefighters given the females reported higher job stress. Female
firefighters who had an on-duty injury had greater odds (OR=1.47) of having been diagnosed
with depression compared to uninjured female firefighters. Kaipust found male career

firefighters who had an on-duty injury were 64% more likely to score in the area of concern for
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depression versus not as compared to uninjured firefighters®. The odds of depression among
injured female career firefighters compared to uninjured were slightly lower than the odds
among male career firefighters.

Kaipust further stratified their analyses between injury, depression, and job stress by
obesity among male career firefighters and found different associations with on-duty injury
among the obese and non-obese®. Interestingly, the female results were not stratified or adjusted
by obesity as the lower obesity prevalence among female firefighters was not found to be
significant in the relationship with on-duty injury as it was in the males. The odds of depression
and job stress among female firefighters who had an on-duty injury were lower in magnitude
than among male firefighters but were still significant. This finding suggests there may be more
important factors in association with on-duty injury among female firefighters not included in
this analysis. Hulett et al. found nearly 80% of female firefighters reported ill-fitting equipment,
compared to the 21% of male firefighters®. Future investigations should explore gear fit among
female firefighters and its association with on-duty injury. In addition, future investigations
should examine other factors such as sleep, exercise, discrimination and harassment, family
stress, and also look into these associations with different types of injury (e.g. fireground,
exercise, training).

This study has limitations to discuss. The data from this study was all self-report.
However, self-report injury data can be more sensitive as it can collect information on injuries
not severe enough to be reported to the department!®. Depression was self-report history of
health care provider diagnosis, which ensures females who reported depression had diagnosed
depression, but may miss those who have not been diagnosed because they have not sought help.

The studies amongst male firefighters used the CES-D ,which was self-report, but allows the
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capture of depression of those who have not sought help. The history of ever being diagnosed
with depression does not indicate whether the firefighter experienced depression in the past year
when they were injured, and it is also possible depression came after injury. Height and weight
were self-reported rather than measured. Self-report height and weight was highly correlated
with measured height and weight among male career firefighters, but the correlation is unknown
among female career firefighters'’. Finally, this was a cross-sectional study, so only associations
can be explored. However, there is evidence from other studies conducted among many
occupational groups that depression and job stress are predictors of injury*® 8,

Despite the limitations, this is the largest and only study among female career firefighters
to explore associations with on-duty injury. This study provides a contribution to the small
amount of literature on the health and safety of female firefighters, and underserved population,
and identifies important avenues for future research in the area.

Conclusion

Female career firefighters have a higher prevalence of injury, depression, and job stress
than male career firefighters. Female career firefighters with an on-duty injury had higher odds
of reporting depression and a lot of job stress as compared to uninjured female career
firefighters. Behavioral support programs are needed for all firefighters in the fire service, and
these data support woman may need special attention. Future research on on-duty injury should
examine associations with health behaviors, physical characteristics, workplace issues, and

should aim to better understand factors associated with job stress.
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Aim 3 Table 1: Characteristics of US Female Career Firefighters Stratified by Injury, Health of
Women Firefighters (2013-2014)

No Injury One or More Injuries
n=993 (54.7%) n=824 (45.3%)
n (%) n (%)

Job Satisfaction

Optimistic Future 852 (88.3) 668 (82.7)

Recommend Firefighting 882 (91.1) 699 (86.6)
Job Stress

None at all 57 (5.8) 29 (3.5)

A Little 296 (29.9) 201 (24.5)

Some 415 (41.9) 334 (40.6)

A Lot 222 (22.4) 258 (31.4)
Depression

Yes 176 (17.9) 208 (25.3)
Anxiety

Yes 132 (13.4) 163 (19.9)
BMI?

Not Obese 841 (85.4) 716 (87.5)

Obese 144 (14.6) 102 (12.5)
Rank®

FF/Medic/Driver 680 (71.0) 561 (69.9)

LT/CPT/Chief 278 (29.0) 242 (30.1)
Second Jab

Yes 363 (37.9) 296 (37.0)
Education

High School or Less 38 (4.0) 28 (3.5)

Some College 472 (49.0) 400 (49.8)

College/Grad Degree 453 (47.0) 376 (46.8)
Children

Have children <18 360 (40.6) 314 (41.5)

Mean (SD) Mean (SD)

Age 40.0 (9.2) 40.5 (8.8)
Years of Service 13.6 (8.0) 13.6 (7.8)

aBMI not obese (18.5-29.9 kg/m?) and obese (=30 kg/m?); °FF/Medic/Driver=Firefighter,

Paramedic, Driver, or Operator and LT/CPT/Chief=Lieutenant, Captain, Any type of Chief;
Missing: Optimistic Future (n=44); Recommend Firefighting (n=42); Job Stress (n=5);
Depression (n=10); Anxiety (n=10); BMI (n=14); Rank (n=56); Second Job (n=58); Education
(n=50); Children (n=173); Age (n=47); Years of Service (n=70)
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Aim 3 Table 2: Logistic Regression for Injury on Job Stress and Depression among US Female
Career Firefighters, Health of Women Firefighters (2013-2014)

OR (95% CI)

Job Stress

None Ref.

A Little 1.42 (0.86, 2.37)

Some 1.62 (0.99, 2.65)

A Lot 2.25 (1.35, 3.74)°
Depression

No Ref.

Yes 1.35(1.06, 1.74)
Anxiety

No Ref.

Yes 1.28 (0.97, 1.69)

Job Satisfaction
Optimistic Future

Agree Ref.
Disagree 1.23(0.92, 1.64)
Recommend Firefighting
Agree Ref.
Disagree 1.27 (0.92, 1.76)
Age Decade (years)
<30 Ref.
30-39 1.26 (0.92,1.71)
40-49 1.20 (0.87, 1.64)
50+ 1.20(0.83, 1.72)
Rank?
FF/Medic/Driver Ref.
LT/CPT/Chief 0.96 (0.76, 1.21)

aFF/Medic/Driver=Firefighter, Paramedic, Driver, or Operator and
LT/CPT/Chief=Lieutenant, Captain, Any type of Chief; Pbold indicates significance p-
value<0.05
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Table 1: National Fire Protection Association Firefighter On-duty Injuries: Location, Cause,
and Type, 2015.

Total Number of Injuries

Location (n=68,085)
Fire-ground 29,130
Non-fire emergency 14,320
Other activities 13,275
Training 7,560
Responding/returning from call 3,800

Percentage of Total Injuries

Cause
Fall/slip/jump 2704
Overexertion/strain 279%
Other 16%
Contact with object 7%
Exposure to fire products 8%
Struck by object 9%
Chemical/radiation exposure 3%
Extreme weather 204

Type
Strains/sprains 56%
Wound/cut/bleeding/bruise 15%
Other 14%
Thermal stress 4%
Burns (fire/chemical) 3%
Dislocation/fracture 3%
Smoke/gas inhalation 204
Other respiratory distress 20
Heart attack or stroke 1%

Burns & smoke inhalation 1%

NFPA, 2015 (Haynes & Molis, 2016)
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CONCLUSION

The association between on-duty injury and sleep, physical activity, depression, and
job stress among male career firefighters was modified by obesity. Among male volunteer
firefighters, the association between on-duty injury and total work hours, sleep, and
depression was modified by obesity. On-duty injury was significantly associated with
depression and job stress among female career firefighters, and obesity did not modify this
association, likely due to the low prevalence among female firefighters. The results of the
study as a whole suggest the risk profile for on-duty injury is different among non-obese and
obese, male career and volunteer firefighters. Further the risk profile for female career
firefighter on-duty injury is different from that of males.

This study relied on self-report injury, sleep, physical activity, work hours and
depression data, and the female data was entirely web-based self-report survey. In addition,
because multiple studies were combined, the duration of the reference time frame for on-duty
injury differed for male firefighters, subtypes of injury were unable to be explored among
male and female firefighters, and the way sleep and total work hours were measured among
male volunteer firefighters differed. Finally, this was a cross-sectional study, and it is
possible sleep problems, depression, and job stress could have developed after the on-duty
injury.

This study combined multiple large national cohort studies to examine injury among
male career firefighters and male volunteer firefighters. This was the first study to examine
predictors of on-duty injury among male volunteer firefighters and female career firefighters.

Further, this was the first study to examine obesity as an effect modifier between on-duty
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injury, health behaviors, and psychosocial factors among male career and male volunteer
firefighters.

Future research should examine obesity as an effect modifier between on-duty injury
and its predictors among male firefighters. Future research among female firefighters should
examine the association of on-duty injury with health behaviors, gear fit, physical
characteristics workplace issues, and stress. Healthcare professionals should discuss weight
management with male firefighters and screen for sleep and mental health disorders. Fire
departments looking to implement health and wellness programs should promote health sleep
habits and provide optimal sleeping quarters, promote safe and effective physical activity and
healthy eating, provide mental health resources, and reduce workplace stress at an

organizational level.
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