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ABSTRACT 

LYNNE DEES 

PERCENED EFFECTS OF SLEEPINESS AND SLEEP DEPRN ATION 
AMONG FIREFIGHTERS AND EMERGENCY MEDICAL SERVICES 

PROVIDERS WORKING A 24/48 SHIFT SCHEDULE 

MAY2009 

Sleep deprivation has been identified as a threat to health and safety worldwide, 

including among populations that serve the public such as physicians, nurses, and police 

officers. The present study examined perceived sleepiness in a sample of 242 firefighters 

who were systematically surveyed using the Epworth Sleepiness Scale (ESS) and Duke 

Health Profile (DUKE). 

Overall, the current study found a significant level of perceived sleepiness in this 

cohort of firefighter/EMS providers. The results of the one-way ANOV A revealed that 

those firefighters with other employment had significantly greater sleepiness, especially 

those who were self employed. In addition, the one-way ANOV A revealed increased 

sleepiness in those who worked more than 20 hours weekly at a second job. The one-way 

ANOV A also revealed significantly increased sleepiness in those who commuted 20 or 

more miles to work. Pearson's product moment correlations revealed a significant 

positive relationship between increasing numbers of hours worked in another job with an 

increase in sleepiness, as determined by increased ESS scores. 
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A one-way MANOV A was conducted to examine the effect of sleepiness on 

DUKE health scores. Post hoc comparisons using Tukey' s HSD test revealed a 

significant univariate effect that identified that firefighters with high levels of sleepiness 

had significantly lower physical health, especially in the categories of perceived health 

and pain. The overall multivariate effect identified increased sleepiness with lower social 

health scores, higher anxiety levels, and increased pain. 

Finally, the results failed to reveal significant differences in the number of patient 

care report omissions or medical mistakes between day and night hours as determined by 

nonparametric chi-square tests of association; however, injuries and accidents were found 

to be significantly more likely to occur during day rather than night hours. Open-ended 

questions assessed the firefighters' sleep health. 

This study contributes to the undeveloped area of research within the empirical 

knowledge base regarding sleepiness and sleep deprivation among firefighters who work 

a 24/48 shift schedule. Study results serve as a needs assessment for sleepiness in this 

population and may assist health educators, fire administrators, and finally, firefighters in 

the identification and management of sleep deprivation. 
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CHAPTER I 

INTRODUCTION 

Rationale 

Although human beings are genetically predisposed for a waking period during 

daylight hours and sleep during the night (Dinges & Broughton, 1989; Hobson, 1995), 

the demands of global economy now require a 24-hour working day. An estimated 15% 

of the United States' labor force works a non-daytime schedule (Bureau of Labor 

Statistics [BLS], 2005), and because shift work conflicts with the normal circadian 

rhythm for humans, it creates an environment for chronic as well as short-term sleep 

deprivation and subsequent consequences. Shift work disorders have been reported in as 

many as 10% of shift workers (Drake, Roehrs, Richardson, Walsh, & Roth, 2004). 

One profession that requires a 24-hour workday includes the fire service and 

emergency medical services (EMS). Approximately 800,000 volunteer and 300,000 

career firefighters serve their communities in the United States (National Fire Protection 

Association [NFPA], 2005). Many municipal-based emergency providers work from 

busy fire stations which serve as a temporary home for their tour of duty, and never cease 

operations, even in the dead of night. Although other shift structures for emergency 

responders exist, Elliot and Kuehl (2007) noted that a 24-hour on-duty period with 48 

hours off duty was reported by 30% of respondents on a fire-related website, with a 

typical daily shift beginning at 7:00 a.m. and ending at 7:00 a.m. the following day. The 
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erratic frequency and unpredictable duration of emergencies often interfere with the 

emergency providers' sleep-wake pattern, resulting in both short-term and chronic sleep 

deprivation. 

The firefighting profession inherently poses more health and safety hazards than 

for other professionals who work non-traditional shifts, thereby creating heightened 

potential for disastrous results when combined with fatigue or sleep deprivation. Potential 

health risks for firefighter/EMS providers resulting from sleep disturbances include mood 

disorders (Rosen, Gimotty, Shea, & Bellini, 2006), obesity and other endocrine disorders 

(Gonzalez-Ortiz & Martinez-Abundis, 2005), cardiac arrhythmias (Sari et al., 2008), and 

coronary heart disease (Ellingsen, Bener, & Gehani, 2007; Zheng, Patel, Hryniewicz, & 

Katz, 2006). Between 1994 and 2004, 50% of volunteer firefighter deaths and 39% of 

career firefighter deaths were caused by heart attacks (Centers for Disease Control and 

Prevention [CDC], 2006) with an unknown number exacerbated by chronic sleep debt. In 

2007, a firefighter who worked three 24-hour consecutive shifts collapsed and died of 

sudden cardiac arrest shortly after going off duty (Hales, 2008). Although the subsequent 

investigation of this death uncovered several contributing factors, the National Institute of 

Occupational Safety and Health (NIOSH) subsequently recommended the limitation of 

the number of consecutive shifts a firefighter can work, even though the report stated that 

this and other recommendations were unlikely to have prevented the firefighter' s death 

(Hales). 

2 



Beyond threats to personal health, lack of sleep amplifies vehicle accidents, 

personal injuries, and medical mistakes by firefighter/EMS personnel. In several 

industries, devastating accidents that occurred during the early morning hours have been 

fully or partially attributed to fatigue and/or sleep deprivation. For example, the National 

Transportation Safety Board (NTSB) reported drowsiness as the cause of 100,000 

highway crashes with 1,500 fatalities, 16% of all marine casualties, and nearly 20 rail 

accidents during the 1990s. Fatigue has also been reported as a contributing factor to 

aviation mishaps, including a commercial airline crash in Little Rock, Arkansas in 2002 

(National Transportation Safety Board [NTSB], 2002). Currently, no published fire 

service reports exist that chronicle catastrophic sleep deprivation-related accidents, 

although small-scale near misses have been anecdotally reported (National Firefighter 

Near Miss Reporting System, 2008). The social, physical, legal, and financial 

implications of accidents and errors pose an enormous burden on the firefighter/EMS 

provider personally as well as the entity for which he or she works. 

A dearth of research has highlighted sleep deprivation in firefighters and EMS 

providers, although related literature was found in other industries that utilize shift work 

(Ayas et al., 2006; Dorrian, Hussey, & Dawson, 2007; Eriksen, Akerstedt, & Nilsson, 

2006; Ha & Park, 2005; Howard et al., 2003; Kivisto, Hanna, Sallinen, & Kalima, 2008; 

Lieberman et al., 2006; NTSB, 2002). Furthermore, a paucity of research specifically 

focused on sleepiness in those fire/EMS providers who worked 24-hour shifts (Mitani, 

Fujita, & Shirakawa, 2006; Motohashi & Takano, 1993; Paley and Tepas, 1994). Despite 
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two recent efforts (D.V. Becker, personal communication, March 30, 2008; Circadian 

Technologies, Inc., 2006), the lack of a significant body of current literature specifically 

relating to perceived sleepiness and sleep deprivation in fire/EMS providers working 24 

hours supported the need for this investigation. 

Purpose of the Study 

The impetus for this study was multi-faceted. The primary purpose of this study 

was to assess perceived sleepiness and/or sleep deprivation among emergency personnel 

such as firefighters, emergency medical technicians (EMTs ), and paramedics who work 

24-hour shifts in three north central Texas municipal fire departments. A secondary 

purpose was to investigate whether factors such as age, EMS certification level, station 

call volume, number of years on the job, commuting distance at shift's end, and dual 

employment significantly affected perceived sleepiness. An additional purpose was to 

assess relationships between perceived sleep deprivation and health, effects of sleep loss, 

and impact upon patient care as reported by the firefighter/EMS providers; and to identify 

strategies they utilized to manage sleepiness and sleep deprivation. The study also 

proposed to investigate the distribution of vehicle accidents, medical errors, and on-the

job injuries by time of day. The final purpose of the study was to examine individual 

sleep requirements, effects of sleep deprivation upon work and home life, and preferred 

methods of management of sleep deprivation by the firefighters. Thus, identification of 

the extent of the problem, barriers faced in acquiring adequate sleep, and cognizance of 
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the existence and usefulness of sleep health education served as a needs assessment for 

the development of an appropriate education program for the sleepy firefighters. 

Theoretical Foundation 

Firefighting is a unique occupation that lends itself well to a socio-ecologic 

theoretical framework for investigating and addressing sleep deprivation. The Ecological 

Model of Occupational Stress (Salazar & Beaton, 2000) was derived from 

Brofenbrenner's (1977) ecological model, and utilizes four nested environmental levels 

that frame influences upon this population of firefighters and EMS providers. The four 

influential levels include the microsystem and organizational, peri-organizational, and 

extra-organizational systems, which concurrently act with moderating factors such as an 

individual's expectations, health status, age, personality, and coping strategies (Salazar & 

Beaton). The model can be adapted to assess influences upon sleep health in this 

population. Similarly, Behavior-based Safety Systems promote a culture of safety and 

consider the multi-faceted dynamics that influence health and safety behavior using seven 

key principles, including environmental factors (Geller, 2005). 

Hypotheses 

The research hypotheses for this study were as follows: 

Hol: There is no significant difference in sleepiness between firefighter/EMS personnel 

who work at stations with different call volumes as indicated by scores on the Epworth 

Sleepiness Scale (ESS). 
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Ho2: There is no significant difference in perceived sleepiness between firefighters who 

are certified paramedics vs. those certified as EMTs vs. those no longer certified as 

measured by the Epworth Sleepiness Scale (ESS). 

Ho3: There is no significant difference in perceived sleepiness between firefighter/EMS 

personnel who report other employment vs. those who do not report other employment as 

measured by the Epworth Sleepiness Scale (ESS). 

Ho4: There is no significant difference in perceived sleepiness between firefighter/EMS 

personnel of different ages as measured by the Epworth Sleepiness Scale (ESS). 

Ho5: There is no significant difference in perceived sleepiness between firefighter/EMS 

personnel when grouped by years of job experience as measured by the Epworth 

Sleepiness Scale (ESS). 

H 06: There is no significant difference in perceived sleepiness between firefighter/EMS 

personnel who commute different distances as measured by the Epworth Sleepiness Scale 

(ESS). 

Ho7: There is no significant difference in perceived sleepiness and perceived health 

status as indicated by scores on the Epworth Sleepiness Scale (ESS) and scores on the 

Duke Health Profile (DUKE). 

Ho8: Perceived health as indicated by scores on the Duke Health Profile (DUKE) 

is not significantly associated with perceived sleepiness among firefighters/EMS 

personnel as indicated by scores on the Epworth Sleepiness Scale (ESS). 
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Ho9: There is no significant difference in number of patient care report omissions and/or 

medical mistakes between EMS calls made during day hours and those made during night 

hours as determined by QA/QI reports. 

HolO: There is no significant difference in the number of personal injuries reported for 

on-duty firefighter/EMS personnel between day and night hours as determined by 

personal injury reports. 

Holl: There is no significant difference in the number of vehicle accidents reported for 

on-duty firefighter/EMS personnel between day and night hours as determined by 

accident reports. 

Research Questions 

1. What strategies do firefighter/EMS providers use for managing their 

sleepiness? 

2. How does sleep deprivation impact firefighters and EMS providers, and do 

they report any actual or near-miss accidents, medical errors, and personal 

injuries which occurred as a result of their perceived sleepiness? 

3. What factors contribute to a good night's sleep for firefighters and EMS 

providers, including number of hours of sleep needed to feel rested? 

4. To what extent do firefighters and EMS providers perceive a need for health 

education to address sleepiness, sleep deprivation, and sleep hygiene? 
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Delimitations 

This study had the following delimitations: 

1. Only firefighters who also serve/have served as EMS providers participated in 

the study. 

2. Secondary data from QA/QI reports from the last two years were utilized to 

assess for vehicle accidents, personal injuries, and medical errors. 

3. Participants were fluent in written and spoken English. 

Limitations 

This study had the following limitations: 

1. Only firefighter/EMS providers from three selected municipalities in an urban 

area in north central Texas served as participants. 

2. The majority of the participants were male due to the demographics of the 

three municipalities from which the sample was derived. 

3. The majority of the participants were Caucasian due to the demographics of 

the three municipalities from which the sample was derived. 

4. The ESS survey instrument used to measure self-reported sleepiness and 

fatigue, by its nature, may not have accurately measure all aspects of sleep 

deprivation 

5. The DUKE survey instrument used to measure self-reported health, by its 

nature, may not have accurately measure all aspects of health. 
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6. The sample was derived from the entire population of three municipal fire 

departments, and participants represented a volunteer convenience sample. 

7. The surveys collected data that were subject to recall bias on the part of the 

participants. 

8. Only data collected over approximately a two month period was utilized for 

the survey. 

9. QA/QI identification of medical errors were attributed to actual medical errors 

rather than poor or incomplete patient documentation. 

Assumptions 

The study was conducted with the following assumptions: 

1. Participants completed the ESS and DUKE to the best of their ability, and 

answered the survey questions honestly. 

2. The secondary data gathered for QA/QI, accident, and personal injury reports 

were recorded in an objective, consistent manner without significant 

deviations or alterations from established protocol, and are intact and accurate. 

Definition of the Terms 

24/48 shift schedule - A common work format for firefighters and EMS providers 

who are assigned to duty for 24 hours with the subsequent 48 hours off-duty. 

Ecological Model of Occupational Stress - Theory focusing on the continuum of 

health and illness as influenced by individual stress responses, moderating factors, and 

four levels of environmental factors in an occupational setting (Salazar & Beaton, 2000) 
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Fire-based EMS - A configuration of work responsibilities where firefighters are 

also trained as EMTs and paramedics to respond to medical emergencies. 

Near-miss incident - A narrowly averted accident, mistake or event that would 

have negatively impacted or jeopardized health, safety, or caused property damage 

(Quality Interagency [QuIC] Task Force, 2000). 

Medical error - "An act of omission or commission in planning or execution that 

contributes or could contribute to an unintended result" (Grober & Bohnen, 2005, p. 42). 

For purposes of EMS patient care report (PCR) review, failure to follow the accepted 

standard of patient care as determined by the Department of Transportation, Texas 

Department of State Health Services, and treatment protocols established by the 

departments' respective medical directors. 

Perceived health status - Self-reported health as measured by scores on the Duke 

Health Profile for six health measures, including physical, mental, social, general, 

perceived health, self-esteem, anxiety, depression, pain, and disability (Parkerson, 

Broadhead, & Tse, 1990). 

Perceived sleepiness - Self-reported sleep propensity or tendency to doze in a 

variety of situations in daily life (Johns, 1994 ). 

Quality assurance (QA) - Retrospective review or inspection of services or 

processes that are intended to identify problems (National Highway Transportation Safety 

Administration [NHTSA], n.d.). Generally, a QA program ensures the adherence to 
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standards and procedures and assures that services meet performance requirements or 

protocols. 

Quality improvement (QI) - The continuous study and improvement of a process, 

system, or organization (NHTSA, n.d.). QA data are commonly utilized in conjunction 

with QI data to identify areas of strength and/or deficiencies for purposes of amending 

weaknesses and building upon strengths. 

Sleep loss - also termed sleep deprivation, sleep duration less than the average 

basal need of 7 to 8 hours (Colten & Altevogt, 2006). 

Significance of the Study 

Few studies have investigated sleepiness in relationship to health, safety, and 

patient care errors in firefighters/EMS providers who work 24-hour shifts. This study 

assessed the prevalence of sleepiness and determined the relationship of time of day with 

job performance, health, and safety. Prudence mandates the need to investigate the 

prevalence of sleep deprivation in addition to its potential interference with task 

performance and/or the creation of a dangerous work environment that may lead to 

accidents or mistakes. The goal of proactively addressing this health issue includes: 

improving firefighter health, ensuring public safety, and ultimately reducing liability 

from preventable errors. The study also served as a needs assessment to identify whether 

sleep deprivation and sleep hygiene issues exist for this population. Ultimately, this study 

illustrated the need for further research in sleep deprivation, including the development of 

culturally appropriate health education programs for the fire suppression/EMS industry. 
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CHAPTER II 

REVIEW OF LITERATURE 

Prevalence of Sleep Deprivation 

The relatively new field of sleep medicine has identified lack of sleep and 

disturbed sleep as a growing threat worldwide. The World Health Organization (WHO) 

cited that half of the world's population is at risk for some type of sleep problem, 

including one or more of the more than 90 identified sleep disorders ( 1998). Self-reported 

sleep survey data gathered in Finland from 1972 to 2005 indicated a loss of 

approximately 18 minutes of sleep over the past 33 years which decreased the proportion 

of eight-hour sleepers and increased the proportion of seven-hour sleepers, especially in 

the middle-aged working male population (Kronholm et al., 2008). 

The unfolding global threat of sleep deprivation is attributed to a plethora of 

factors that have converged to alter the environment of humans. Only fairly recently have 

leaders in health such as the WHO recognized both the contributing factors and negative 

outcomes of sleep deprivation: 

Over the past century, average nightly total sleep time has been reduced by more 

than 20%. With the advent of jet travel, shift work, and other modem disruptions 

in sleep, problems are greatly increased, adverse affects the quality of life, and 

endanger public safety by contributing to traffic and industrial accidents. (WHO, 

1998, p. 3) 
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Alarmed by the magnitude of the growing threat, the WHO (2004) called an 

international meeting for discussion of the topic of sleep and health. In this meeting, 

recommendations to standardize definitions and terminology were made with proposals 

to conduct sleep studies and draw up policies to reduce environmental noise in living 

areas. 

Sleep-related problems affect 50 to 70 million Americans (National Institutes of 

Health [NIH], 2003), including a marked increase over the last 20 years of the percent of 

individuals who sleep less than six hours, especially in the 30-64 year-old age group 

(Centers for Disease Control and Prevention [CDC], 2005). According to the National 

Sleep Foundation's (NSF) Sleep in America poll (2005), adult Americans sleep an 

average of 6.9 hours nightly, and 40% report sleeping less than seven hours on weekdays. 

The 2008 Sleep in America poll (National Sleep Foundation [NSF], 2008a), which 

utilized data from 1000 random telephone interviews, found similarly to the 2005 report 

that 44% of workers acquire less than seven hours of sleep on workdays. Compared to an 

average of 7 hours and 36 minutes slept nightly by adults in a study ranging over five 

decades before 1970 (Tune, 1968), a greater percent who are sleeping less than six hours 

nightly has increased significantly since 1977 (CDC, 2005). More recently, the Centers 

for Disease Control and Prevention (CDC) analyzed data gathered from the Behavioral 

Risk Factor Surveillance System (BRFSS) from telephone interviews in 2006 of 

Americans aged 18 and over from four states: Delaware, New York, Hawaii, and Rhode 

Island. Replies to the question "During the past 30 days, for about how many days have 
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you felt you did not get enough rest or sleep?" indicated that 10.1 % of the respondents 

reported insufficient rest or sleep every day for the preceding 30 days, and 29.6% of 

respondents reported no days of insufficient rest or sleep during the same time period 

(CDC, 2008a). One may therefore deduce that 60.3% reported the same for at least one 

day of the previous month. Despite substantial study limitations, the report was one of the 

first to report state-level information on sleep-related measures (CDC) and set a 

precedent for subsequent localized data-gathering. 

Lack of sufficient sleep has been identified by Healthy People 2010 as a health 

threat targeted for a concerted effort of improvement. Section 24, Respiratory Diseases, 

propounded the increased identification and medical management of individuals with 

obstructive sleep apnea. Objective 24-12 specifically proposed to reduce the proportion 

of vehicular crashes that are caused by excessively sleepy drivers (U.S. Department of 

Health and Human Services [DHHS], 2000). The Diagnostic and Statistical Manual of 

Mental Disorders, Fourth Edition (DSM-IV) currently identifies four categories of 

circadian rhythm sleep disorder, including delayed sleep phase, jet lag, shift work, as well 

as an unspecified category (American Psychiatric Association [APA], 2000; First, 2005). 

Efforts to identify individuals suffering from sleepiness and sleep disorders have 

intensified. Assessment for sleep disorders for those individuals aged 16 and older has 

been included since 2006 in the National Health and Nutrition Examination Survey 

(NHANES; CDC, 2008b ), which includes queries regarding number of hours slept 

nightly, incidence of sleep deprivation and not feeling rested during the day, prevalence 
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of daytime sleepiness, and deficits in functioning due to sleepiness. Two studies 

identified a lack of assessment for and prevalence of sleep disturbances and/or 

deprivation in the primary care setting (Alattar, Harrington, Mitchell, & Sloan, 2007; 

Sorscher, 2007). Increased emphasis upon sleep assessments as a component of patient 

history-taking by physicians has been recommended, with supporting literature to assist 

patients, medical providers, and employers (NIH, 1997; Rosa & Colligan, 1997). 

Awareness that a problem exists has intensified as a direct result of the gathering of 

epidemiological data. Nevertheless, research has only recently begun to elucidate the 

short- and long-term consequences of not getting a good night's sleep. 

Organization of the Literature Review 

Multiple layers of environmental, social, and personal factors influence firefighter 

and emergency medical responder sleepiness and its relationship to health and safety. 

Therefore, the literature review is organized conceptually. Related concepts appearing in 

the literature serve as the organizational shell and address the history of organized and 

discipline-specific sleep medicine which provided a foundation for the establishment of 

human sleep requirements. A discussion of the circadian rhythm precedes a discussion of 

its effect upon shift workers and the physiological consequences of sleep deprivation and 

sleep disturbance. In this section, endocrine, immune system, cardiovascular, 

reproductive, and neurological effects are highlighted. Safety and health threats caused 

by sleep deprivation have resulted in both high-profile and not so well-known 

catastrophes, including one of the most pervasive threats today: vehicle crashes due to 
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drowsy driving. Work-related injuries and accidents in the general workforce, law 

enforcement, and healthcare professions illustrate the toll taken on today's workforce by 

sleep deprivation and fatigue. The theory that framed the current study, the Ecological 

Model of Occupational Stress, precedes a chronicle of firefighting work and culture. 

Finally, shift work, sleepiness, and sleep deprivation in this population is discussed, 

specifically those who work a 24/48 shift schedule. The literature review culminates with 

the proposed utilization of the Behavior-based Safety Systems Model for the 

development of a health education program to address sleep deprivation and sleep health 

for firefighters and EMS providers. 

Development of Sleep Medicine 

For centuries, naturalists, philosophers, and physicians have surmised the 

meaning and purpose of sleep, many determining that sleep was a simply a passive, 

inactive state influenced partially by the reduction or absence of stimulation from the 

environment. The Roman poet and naturalist Titus Lucretius Carus ( c. 99 BC - c. 55 BC), 

postulated that sleep was simply the absence of wakefulness (Chokroverty, 2002; Lader, 

Cardinali, & Pandi-Perumal, 2006), an oversimplified and erroneous observation that 

persisted well into the twentieth century. 

Early sleep disturbance studies of humans were limited to anecdotal observations 

of victims with head injuries and illnesses affecting the brain. Reliance upon animal 

models has persisted since the inception of sleep studies throughout the nineteenth and 

twentieth centuries, as in Rolando and Flourens' birds (Hobson, 1995), canines 
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(Kleitman, 1927), and more recently with felines (Jouvet, 1967), cattle (Ruckebusch, 

1974), and rodents (Kohan, Sita, Le, & Hoffman, 2008; Rechtschaffen, Bergmann, 

Everson, Kushida, & Gilliland, 1989). Most recently, similarities between the circadian 

cycle and sleep of mammals and the common fruit fly, Drosophilia melanogaster have 

generated substantial interest among sleep researchers. A meta-analysis chronicled by 

Hendricks (2003) illustrated the timeline highlighting progress made in understanding the 

circadian clock through the study of the so-called clock gene in the fruit fly. Current 

ongoing study of this tiny, seemingly unrelated insect holds promise for future 

understanding of sleep in mammals. 

Beyond early anecdotal observations, the state of sleep science as it exists today 

relied upon a relatively recent cascade of discoveries and technological advances. In fact, 

since the 1950s, the convergence of several areas of study resulted in the rapid increase of 

knowledge about sleep's physiological origin and function (Shepard et al., 2005) which 

was summed up succinctly by Hobson (1995), "More has been learned about sleep in the 

past 60 years than in the preceding 6000" (p. 1 ). In the 1950s, electroencephalographs 

(EEG) confirmed different stages of sleep. In direct contrast to early beliefs that sleep 

was an absence of sensory stimulation or a temporary state of unconsciousness, modem 

research has confirmed sleep as a dynamic process that is controlled by elaborate, precise 

mechanisms (Hobson). In the Borbely Two-Process Model of sleep regulation (Borbely 

& Achermann, 2005), two loops or cycles have been found to operate concurrently to 

control the homeostatic sleep-wake mechanism. The first cycle, process S, is based upon 
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the increasing need to sleep as the waking day progresses, and sleep satiety as the night 

progresses (Borbely & Achermann; Dement, 1999). Operating simultaneously is the 24-

hour circadian cycle, or process C, an independently acting influence upon the propensity 

to sleep or be awake (Collop, Salas, Delayo, & Gamaldo, 2008). One of the most 

promising recent developments in sleep medicine includes the identification of specific 

genes that play a part in the sleep-wake cycle (Hendricks, 2003; NIH, 2003). Although 

much persists to remain hidden regarding the function of sleep and consequences of its 

absence, the development of key structural components served as the foundation for 

modem sleep science. 

Sleep medicine, the branch of clinical medicine devoted to the diagnosis and 

treatment of individuals who suffer from sleep disorders and/or chronic sleep loss 

(Institute of Medicine [IOM], 2006) remains in its infancy. Slow progress has been due, 

in part, to the ethical issues restricting experimentation upon the human brain, the key site 

responsible for sleep and wakefulness. The study of human sleep lagged for practical as 

well as ethical reasons. Historically, the study of medicine halted when the patient or 

participant went to sleep (Dement, 1999). Early all-night sleep recordings of brain wave 

patterns or EEGs began in the 1960s (Dement, 2005). Initially, few anchoring 

organizations, facilities, or experts in the field were in place to promote the study of sleep 

medicine. The infrastructure did not exist until nocturnal sleep studies were initiated with 

the launching, in 1970, of the Stanford University Sleep Disorders Clinic, followed in 
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1972 by the establishment of sleep disorders as a medical discipline at that same 

institution (Dement, 1998). 

Unlike multitudinous other medical specialties, sleep medicine is primarily 

multidisciplinary, and includes the fields of psychiatry, immunology, genetics, 

pulmonology, cardiology, mental health fields, epidemiology, endocrinology, 

environmental sciences, neurology, pediatrics (IOM, 2006; NIH, 2003), occupational and 

industrial medicine as well as health education. The American Academy of Sleep 

Medicine (AASM) was established in 1975, and currently remains the only professional 

society solely dedicated to the medical subspecialty of sleep medicine (American 

Academy of Sleep Medicine [AASM], 2008). In 1993, the National Heart, Lung, and 

Blood Institute (NHLBI) established the National Center on Sleep Disorders Research 

(NCSDR; IOM). The recognition of somnology, the branch of science devoted to the 

study of the physiology of sleep, the behavioral dimensions of sleep, and the 

consequences of sleep loss and sleep disorders for individuals' and society's health, 

performance, safety, and quality of life (IOM) preceded the American Medical 

Association's recognition of sleep medicine as a specialty in 1995 (Shepard et al., 2005). 

By 2001, approximately 1300 sleep laboratories were estimated to exist in the United 

States, although only 29% in three selected states surveyed were accredited by the AASM 

(Tachibana, Ayas, & White, 2005). Thus, the branch of medicine addressing sleep health 

remains in its developing stages with the promise of vast evolvement in the next few 

years. 
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Human Sleep Requirements 

The average basal sleep need for healthy adults ranges between seven to nine 

uninterrupted hours per night, and although agreed upon by most researchers (IOM, 

2006; NIB, 2003; NSF, 2008b; Roehrs, Timms, Zwyghuizen-Doorenbos, & Roth, 1989; 

Wehr et al., 1993), little definitive evidence supports a precise recommended sleep 

requirement. One study identified a required basal sleep need of 8.16 hours per night to 

prevent cumulative neurobehavioral deficits from sleep debt (Van Dongen, Maislin, 

Mullington, & Dinges, 2003). Dement (2005) noted most young adults reported sleeping 

7.5 hours on weekdays and 8.5 hours on weekend nights. In a study with 4,810 

participants, fewest reported daytime sleepiness if they slept 7-8 hours nightly rather than 

any other amount (Gangwisch et al., 2006). Nocturnal sleep duration is influenced by a 

number of factors including genetic inclinations, societal factors including volitional 

determinants such as staying up late and use of alarm clocks in addition to environmental 

factors such as noise and light (Dinges, Rogers, & Baynard, 2005). Weibel and 

Brandenberger (1998) noted the two outstanding stimuli influencing sleep, the light-dark 

cycle and social contacts, both of which play an enormous role in the firefighter' s life. 

Inherent circadian rhythm processes concurrently influence the relationship between the 

duration of sleep and the time when an individual sleeps (Carskadon & Dement, 2005). 

Despite the well-publicized recommended amount of sleep, Americans often become 

sleep-deprived for a number of reasons. "America is increasingly becoming a 24-hour per 
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day society with constantly escalating expectations for around-the-clock services, 

information, and entertainment" (NIH, 2003, p 2). 

The majority of research has definitively indicated the deleterious effects of total 

sleep deprivation (TSD) on a short-term basis; ~owever, a paucity of research highlights 

long-term sleep restriction or chronic partial sleep deprivation (PSD; Dunner & Dinges, 

2005; NIH, 2003), although the gap in this subspecialty of study is beginning to narrow. 

PSD may not prove as innocuous as initially believed. Chronic sleep restriction below 

seven hours nightly creates the same levels of daytime cognitive dysfunction as severe 

acute TSD (Banks & Dinges, 2007); therefore, a concerted effort merits addressing PSD, 

as is the most common form of sleep loss in the general public (Durmer & Dinges). 

Sleep architecture refers to the structure of sleep in an individual and 

encompasses the order and duration of the cycles of brain waves that make up the stages 

of sleep. The three stages include; (a) wakefulness (0); (b ), non-rapid eye movement 

(NREM), which is also called slow wave sleep (SWS); and (c) rapid eye movement 

(REM) or (R; Steriade, 2005). These stages are characterized by three physiologic 

correlates; brain wave activity as measured by the EEG, eye movements, and muscle tone 

(Steriade ). Recently redefined by the American Academy of Sleep Medicine in 2007, 

NREM sleep consists of three stages, 1-3 (Nl-N3). Four to six full NREM-REM cycles 

are seen nightly (Carskadon & Dement, 2005; Iber, Ancoli-Israel, Chesson, & Quan, 

2007). Stage 3 represents the most synchronized and deepest sleep, and occurs primarily 

within the first two to three hours of the night (Hobson, 1995). If awakened during stage 
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3 sleep, an individual will suffer grogginess, which is called sleep inertia. For this reason, 

naps are not recommended to be scheduled for this duration. While NREM sleep is said 

to have a restorative physiological function, the purpose of REM sleep, when dreaming 

occurs, is still unclear, although believed essential to health. In sleep-deprived 

individuals, an REM sleep rebound will occur after sleep is regained (Siegel, 2005). 

Age differences influence sleep architecture, specifically in sleep structure, 

quality, and timing. Changes in the four stages of sleep and the increase in number of 

awakenings increase markedly with age (Bliwise, 2005; Dement, 2005; Dijk, Duffy, & 

Czeisler, 2001 ). In addition, SWS or stage N3 sleep which makes us feel rested and 

refreshed, decreases and almost totally disappears as we age, along with a decrease in 

total sleep time to approximately seven hours (Hobson, 1995). Spiegel, Leproult, and Van 

Cauter (1999) found that, during sleep deprivation, the proportion of deep non-REM 

sleep (stages III and IV, or slow-wave sleep) was the highest during sleep debt, which 

resulted in a deficit of REM and non-REM (stages I and II) sleep during periods of sleep 

deprivation. Despite these age-related changes, the circadian pacemaker has been found 

to average 24.18 hours for a wide range of age groups (Czeisler et al., 1999). Both men's 

and women's sleep, due to hormonal shift at middle and old age may also become 

disrupted, and ultimately may result in broken, insufficient and unsatisfying sleep 

(Hobson; Redline et al., 2004). The lack of consolidated sleep is called sleep 

fragmentation which disturbs the natural progression and cycling of the sleep stages. 
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Because sleep is affected by normal aging, notwithstanding sleep disturbances 

such as obstructive sleep apnea (OSA), restless legs syndrome (RLS), insomnia, or other 

pathologies, interest is merited in the firefighter/EMT workforce, which is also aging. 

Currently, 46.3% of firefighters are age 40 and over (U.S. Fire Administration [USFA], 

2008). Also, in an individual who suffers from impaired sleep consolidation from normal 

aging who also is exposed to interruptions during sleep due to the need to respond to 

emergencies while on duty at the fire station, consequences of sleep deprivation can be 

magnified. 

The Circadian Rhythm 

Most living beings experience a daily ebb and flow of energy, alertness, and 

tendency to either be awake or sleep. The study of biological rhythms is called 

chronobiology and refers to the physiological cycle known as the circadian rhythm. The 

term circadian was introduced by Franz Halberg, and combines the Latin terms circa 

meaning around, near, or close to, and dies meaning day (Dement, 1999). A logical 

explanation exits for the length of the daily wake/sleep cycle: "One fundamental 

component of our biological world is a universal 24-hour oscillation in biochemical, 

physiologic, and behavioral processes, which occurs in almost all living organisms due to 

an ancient adaptation to the rotation of the earth" (Zhu, Zheng, Stevens, Zhang, & Boyle, 

2006, p. 3). In 1729, French astronomer Jean Jacques d'Ortous de Mairan demonstrated 

circadian rhythm in a heliotrope that persisted in opening and closing its leaves despite 

the removal of the varied levels of light which served as an environmental cue (Chassard, 
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Allaouchiche, & Boselli, 2005; Dement, 1998). His research foreshadowed similar 

findings among mammals in the twentieth century. 

A study with squirrel monkeys indicated the persistence of a 24-hour circadian 

rhythm when external cues were removed from their living environment, including light, 

sound, temperature change, and scheduled meal times. (Kierman, Boulos, Edgar, 

Mistlberger, & Moore-Ede, 1999, 2000). In 1938, Kleitman performed a study in 

Mammoth Cave, Kentucky, where he and his research partner subjected themselves to 

living several weeks with the absence of any exogenous environmental cues called 

zeitgebers ("time givers" in German) such as sunlight, dark, and change of temperature. 

He discovered a human sleep-wake cycle of approximately 24 hours in addition to slight 

fluctuations in body temperature that corresponded with level of alertness (Kleitman, as 

cited in Czeisler et al., 1999; University of Chicago Library, 2008), substantiated in a 

group of older healthy volunteers, young adults (Czeisler et al.), and in submariners 

living under the sea for a six week period (Kelly et al., 1999). 

The most influential zeitgeber influencing the circadian rhythm is light. Because 

the circadian pacemaker in mammals is located in the suprachiasmatic nuclei (SCN), a 

small mass of cells located in the anterior hypothalamus of the brain, and since the SCN 

receives signals directly from the retina of the eyeballs through the optic nerve (Kilduff & 

Kushida, 1999), the presence of light or darkness is sensed by the SCN. 

The inherent basis for the circadian rhythm is often called the clock gene. To date, 

nine circadian or clock genes have been identified in humans (Zhu et al., 2006), thus 
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reinforcing the evidence for genetic regulation of circadian pacemakers (Kilduff & 

Kushida, 1999). 

Researchers have found that the circadian cycle tended to dominate the 

homeostatic process of the aforementioned Two-Process Model of sleep regulation where 

the need for sleep increases as the waking day progresses while the need for continued 

sleep decreases as the night progresses (Kierman et al., 1999, 2000). Whereas nocturnal 

beings that experience their period of wakefulness at night humans appear predominantly 

diurnal or awake during the day (Dement, 1999). Those creatures' rhythms with 

numerous waking and sleeping periods are termed polycyclic. During two times of the 

24-hour circadian period, humans seem to experience a nadir for alertness and propensity 

for sleep, which includes the period between midnight and 7 o'clock a.m. and between 1 

o'clock p.m. and 4 o'clock p.m. (NIH, 1997). Alternately, a propensity for increased 

alertness exists in the early morning and between four and five o'clock in the afternoon 

(Dement). This more natural sleep-wake cycle in humans is embraced by certain cultures 

and groups who suspend post-lunch activities and allow for the circadian trough by 

means of the afternoon siesta. However, in certain professions that must operate around

the-clock, such as firefighting and emergency medical services, work responsibilities 

often conflict with the natural circadian cycle. 

When disturbed, the circadian system does not adjust overnight, which may prove 

challenging for firefighters and EMS providers working 24-hour shifts with 48 hours off 

duty. Generally, two nights of recovery are required to make up for one night's sleep loss, 
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return to the baseline sleep pattern, and restore alertness and performance levels (Dinges 

et al., 1997; NTSB, 1999; Paul & Miller, 2005). In fact, Axelsson et al. (2008) found that 

after a five day period with only four hours of sleep nightly, baseline sleepiness returned 

to normal after seven days of recovery sleep; however, reaction time lapses persisted. 

After potentially experiencing little or no sleep during their shift, firefighters may still be 

expected to return home and participate in a normal 8-5 day with family, household, 

social, and other employment responsibilities during the subsequent two days after their 

shift end. Those who work a double shift suffer from potentially 48 hours of sleep debt in 

addition to personal responsibilities and opportunity for recovery in only a 24-hour period 

before their upcoming shift. 

Shift Work and Shift Workers 

In technology-based societies with global economies, time is synonymous with 

money. Industrialization in the early 20th century was partially influenced by 

development of artificial light and telecommunications (Dinges, 1995). Sleeping in the 

21 st century is frequently seen as time wasted, stealing away from productivity. Although 

the 8-5 workday remains the norm in most areas of the world, in 2004, over 27 million 

full-time and salary workers (27.5% of the work force) worked flexible schedules (BLS, 

2005). Most shift workers (50.6%) serve in the protective service occupations, such as 

firefighting and police work (BLS). 

Several professions and industries rely upon the services of their employees 24 

hours daily, including the military, police officers, medical personnel, and firefighters. 
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Unfortunately, shift work that requires employees to be awake during times where sleep 

is most natural can conflict with intrinsic body rhythms, creating circadian desynchrony. 

Shift work type circadian disorder is recognized by the American Psychiatric Association 

(APA), which has indicated that " ... night-shift schedules (with shifting back to a day 

schedule on days off) and rotating-shift schedules are the most disruptive because they 

force sleep and wakefulness into aberrant circadian positions and prevent any consistent 

adjustment" (APA,2000, p. 623). Although the firefighter who works a 24/48 shift may 

lose a substantial amount of sleep while at work, his or her work environment may allow 

for naps or partial nighttime sleep and represents a shift schedule that is stable and does 

not consistently require wakefulness the entire night. "Work schedules that involve 

slowly rotating shifts or rotations to progressively earlier shifts (i.e., nights-aftemoons

days) are associated with higher degrees of sleep disturbance and other complaints than 

other types of rotating-shift schedules" (APA, p. 623-624 ), such as sleep fragmentation 

and shortened sleep duration (Arendt, Middleton, Williams, Francis, & Luke, 2006). 

Physiological Effects of Sleep Deprivation 

Whereas other medical disciplines possess a more clear understanding of the 

etiology for diseases and conditions, sleep medicine has not established similar definitive 

knowledge, although key discoveries have been made in a relatively short period of time. 

Human research regarding sleep deprivation has relied upon measurements based upon 

self-reported sleepiness and cognitive functioning testing; however, the most cogent 

evidence derives from studies that measure physiological markers such as blood cortisol, 
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melatonin, and insulin levels. Robust clinical studies with a larger number of participants 

and those that triangulate clinical measures, self-reported data, and psychomotor 

measurements have increasingly demonstrated the negative physiological influences of 

sleep deprivation (Gangwisch et al., 2006; Jennings, Muldoon, Hall, Buysse, & Manuck, 

2007; Taheri, Lin, Austin, Young, & Mignot, 2004; Vorona et al., 2005). 

Endocrine Effects 

The endocrine system regulates the body's activities through glands and their 

production of hormones, which are regulatory chemicals that are carried through the 

bloodstream to target organs. Working closely with the nervous system, endocrine 

influence is evident in virtually every other body system. Sleep restriction and chronic as 

well as acute sleep deprivation affect endocrine secretions and metabolic function. While 

certain hormones themselves fluctuate according to a 24-hour rhythm (Marino, Holt, 

Chen, & Davis, 2008), others fluctuate as a result of the sleep/wake cycle itself (Collop et 

al., 2008; Spiegel, LeProult, & Van Cauter, 2005). Noting the endocrine system's 

importance in homeostatic functions, Collop et al. explained, "Perhaps no physiologic 

system of the human body is more sensitive to sleep and circadian rhythms than the 

endocrine system" (p. 458). Endocrine system alteration secondary to circadian 

disruption has the potential to cause an array of nocuous systemic consequences. 

Metabolic Syndrome 

The metabolic syndrome is a condition that refers to the coexistence of obesity 

with a constellation of factors including elevated blood pressure, high blood levels of 
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triglycerides and glucose, low levels of high-density lipoprotein (HDL) cholesterol, 

increased insulin levels, and/or insulin resistance (Ford, 2004; Grundy et al., 2005; 

International Diabetes Federation [IDF], 2006; Jennings et al., 2007). 

Research has indicated that an individual diagnosed with the metabolic syndrome 

has a higher risk of developing Type 2 diabetes, cardiovascular disease, cancer, and 

arthritis (Grundy et al., 2005). A small pioneering study found that sleep restriction of 

four hours nightly for six days was associated with untoward endocrine and metabolic 

changes and weight gain in eleven healthy young men (Spiegel et al., 1999). A 

relationship between decreased sleep quality and/or night shift work and the presence of 

one or more factors contributing to the metabolic syndrome has been noted. (Jennings et 

al., 2007; Portela, Rotenberg, and Waissman, 2004). However, contrary to the 

aforementioned findings, no statistically significant relationship could be identified 

between shift work and hypercholesterolemia in a cohort of 5,510 workers followed over 

14 years (Dochi et al., 2008). Finally, Hall et al. (2008) found that the prevalence of 

metabolic syndrome was 22% in American adults aged 30-54 with odds for having the 

metabolic syndrome increased by >45% in those who slept more or less than 7-8 hours 

nightly. 

Type II Diabetes 

One potential complication of the metabolic syndrome is the development of type 

2 diabetes. Insulin, the key hormone involved in diabetes, regulates blood glucose levels. 

In type 2 diabetes, the pancreas' production of insulin may decrease or cease, and/or the 
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body's cells may become more resistant to the actions of insulin. Sleep duration less than 

5 to 6 hours nightly was found to be associated with an increased risk of developing 

diabetes in both the Nurses Health Study (Ayas et al., 2003) and the Massachusetts Male 

Aging Study (Yaggi, Araujo, & McKinlay, 2006). Spiegel et al., (2005) found study 

results suggestive of insulin resistance and impaired glucose tolerance after a period of 

sleep deprivation. 

Obesity 

Sleep deprivation, as it is hypothesized to play an essential role in energy balance, 

appears to be related to increased obesity. The hormone leptin, produced in adipocytes, 

inhibits appetite. Blood leptin levels increase during sleep, regardless of what time of day 

sleep occurs (Wright, 2006). Another hormone, ghrelin, which is produced mainly by the 

stomach, stimulates appetite. Blood levels of ghrelin rise between meals and decrease 

markedly after food intake (Wright). In animal studies, completely sleep-deprived rodents 

exhibited a marked increase in appetite (Kohan et al., 2008; Rechtschaffen et al., 1989). 

One human study discovered the decrease in mean daytime leptin levels and an increase 

of ghrelin levels in the afternoon and evening when sleep was restricted to four hours 

over a two-day period (Spiegel et al., 2005). The researchers also noted a 24% increase in 

hunger, 23% increase in appetite, with 33% increase in appetite for foods high in fat and 

carbohydrates. Similarly, data from the Wisconsin Sleep Cohort Study found that short 

sleep duration was associated with reduced leptin, elevated ghrelin levels, and increased 

body mass index (BMI) (Taheri et al., 2004). However, two studies with a limited 

30 



number of participants failed to find an altered leptin level secondary to sleep deprivation 

(Gonzalez-Ortiz & Martfnez-Abundis, 2005; Schoeller, Cella, Sinha, & Caro, 1997). 

Three recent studies with sizable samples found a statistically significant relationship 

between reduced sleep time and increased BMI (Cappuccio et al., 2008; Chaput, Despres, 

Bouchard, & Tremblay, 2008; Varona et al., 2005). A compelling relationship is 

suggested by the increase in overweight and obese Americans age 20-74 from 44.8% 

during 1960-1962 to 66% during 2000-2004 (National Center for Health Statistics, 2007) 

simultaneously with a decrease of the average nightly sleep duration over the past 30 to 

40 years (CDC, 2005; Kronholm et al., 2008; Tune, 1968; World Health Organization 

[WHO], 1998). Although researchers have long hypothesized a relationship between 

sleep loss and obesity, more definitive study results may unquestionably bridge the two. 

Autonomic Nervous System 

The sympathetic nervous system (SNS), responsible for the fight or flight 

response, appears affected by lack of restorative sleep. Levels of catecholamines in urine 

and blood plasma increase and heart rate quickens in the sleep-deprived individual 

(Spiegel et al., 2005). The stress hormone cortisol mobilizes and replenishes energy 

stores, promotes sustained arousal, vigilance, focused attention, and memory formation, 

inhibits growth and reproductive system function, and contains the immune response 

(Charney, 2004). Higher plasma concentrations of cortisol, which originates in the cortex 

of the adrenal glands, result after acute sleep deprivation, particularly in the late 

afternoon and evening hours (Spiegel et al.). Sustained high levels of stress hormones 
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circulating in the bloodstream are known to cause physiologic harm (Marino et al., 2008), 

and over time, may result in the development of a variety of disease processes. 

Immune System Effects 

Sleep deprivation may result in a compromised immune system. Researchers 

noted decreased resistance to bacterial infection in Drosophilia deprived of sleep 

(Williams, Sathyanarayanan, Hendricks, & Sehgal, 2007). 

One devastating consequence of a depressed immune system is the development of 

cancer. Shearer et al. (2001) noted that sleep deprivation for 88 hours provoked 

physiological changes in the immune system, particularly in white blood cell production 

of cytokines, which are both a causative agent and potential treatment for cancer. 

Melatonin, a hormone secreted by the pineal gland in the brain is active only at 

night during hours of darkness, and is referred to as the Dracula of hormones for that 

reason (NSF, 2008c). The release of melatonin, which itself follows a 24-hour pattern 

(Schernhammer & Hankinson, 2003), is influenced by the amount of light falling on the 

retina of the eyes (Stevens & Rea, 2001). Peaks in melatonin levels result a reduction in 

alertness which regulates the sleep cycle (NSF). 

Artificial light, which allows for working at night, prevents the secretion of 

melatonin during the usual nighttime hours. Melatonin is believed to be an oncostatic or 

cancer-inhibiting agent, and if melatonin secretion is suppressed, then an individual may 

be at an increased risk for the disease (Davis & Mirick, 2006; Schernhammer & 

Hankinson, 2003). Melatonin may also have an inhibitory effect on hormone-dependent 
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tumors, such as those seen in breast and prostate cancer (Davis & Mirick; Schemhammer 

& Hankinson). Increased risk of breast cancer was associated with night shift workers in 

four large studies (Davis, Mirick, & Stevens, 2001; Pinheiro, Schernhammer, Tworoger, 

and Michels, 2006; Schernhammer et al., 2001; Stevens, 2005). In addition, circadian 

rhythm disruption may ultimately prove more significant than sleep loss as a contributing 

factor to breast cancer (Stevens), although the two often go hand-in-hand. 

Prostate cancer, the most common and second most fatal cancer among men in the 

industrialized world possesses an unknown etiology although major risk factors have 

been identified (Zhu et al., 2006). One study found an inverse association between sleep 

duration and risk of prostate cancer (Kakizaki et al., 2008). One firefighter cancer study 

followed 2,447 men for 16 years, where researchers noted a moderately elevated risk of 

prostate cancer compared to the general population (Demers et al., 1994). 

Cardiovascular Effects 

The cardiovascular system exemplifies an incredibly orchestrated effort to 

maintain homeostasis through the coordinated workings of the heart, blood vessels, 

blood, hormones, and the nervous system. Although a robust association has been 

identified OSA and hypertension (Chobanian et al., 2003; Drager, Bortolotto, Krieger, & 

Lorenzi-Filho, 2009; Robinson & Guilleminault, 1999; Wolk, Shamsuzzaman, & Somers, 

2003), little research has established the effect of sleep deprivation in healthy individuals 

upon hypertension. Currently, scientific identification of the relationship between short 
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sleep duration and cardiovascular disease lags behind that which is known about the 

effects of shift work upon the circulatory system. 

The association between shift and/or overtime work and cardiovascular disease 

has been illustrated in several studies that examined workforce members who worked 

non-traditional daytime shifts (B~ggild, Saudicani, Hein, & Gyntelberg, 1999; Ellingson 

et al., 2007; Ha & Park, 2005; Kawachi et al., 1995; Knutsson, 2003; Van Amelsvoort, 

Schouten, & Kok, 2004). However, these study results did not directly associate sleep 

loss with cardiovascular disease. Upon reviewing the untimely death of a firefighter who 

had worked three consecutive 24-hour shifts prior to suffering sudden cardiac arrest, and 

despite making a recommendation to limit the number of consecutive shifts a firefighter 

was allowed to work, NIOSH noted the absence of data that linked chronic sleep 

deprivation with sudden cardiac death (Hales, 2008). Sadly, if any definitive data exist, 

they are yet to be illuminated. 

Hypertension 

The relationship between long work hours and cardiovascular disease may stem 

from the increased SNS response and its effect upon blood pressure and heart rate. Acute 

sleep deprivation or sleep loss and increased SNS control upon cardiac and blood 

pressure modulation have been identified in several studies (Hayashi, Kobayashi, 

Yamaoka, & Y ano, 1996; Speigel et al., 1999; Tochikubo, Miyajima, & Ishii, 1996; 

Zhong et al., 2005). In 4,810 normotensive participants in the first NHANES, a 
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statistically significant increased risk for hypertension was found for those who slept:::; 

five hours nightly (Gangwisch et al., 2006) 

Blood Chemistry 

Markers of cardiac disease include altered blood levels of various substances, 

including higher white blood cell counts and decreased blood clotting times (Liu, Wang, 

Luan, & Liu, 2008). Decreased clotting time (hypercoaguable state) is a known 

contributing factor for cerebrovascular accidents (CV A) and myocardial infarctions (Ml), 

while elevated white cell counts are recognized as an important cellular marker of 

systemic inflammation (Nishitani & Sakakibara, 2007). Elevated C-reactive protein 

(CRP) levels are a marker of inflammation that is predictive of cardiovascular morbidity, 

and were found in addition to increased blood pressure in sleep deprived participants 

(Meier-Ewert et al., 2004). As noted in other studies (Dinges et al., 1994; Shearer et al., 

2001; V gontzas et al, 2004 ), low level systemic inflammation also results from sleep 

deprivation. 

Myocardial Infarctions 

Another manifestation of cardiovascular disease is heart attacks. Liu and Tanaka 

(2002), identified a two to three fold increased risk of heart attacks in workers who 

experienced five or less hours of sleep daily for at least two days weekly. In addition, 

factors that contributed to heart attacks, such as increased triglyceride and cholesterol 

levels, may be associated with night shift workers who tend to sleep less than day 

workers (APA, 2000). Shorter sleep duration has recently been associated with increased 
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coronary artery calcification, a contributing factor to heart attacks (King et al., 2008). 

However, Mosendane, Mosendane, and Raal (2008) warned that cardiovascular disease 

in shift workers may be, in actuality, due to poor lifestyle choices, psychosocial factors, 

and stress secondary to working a non-traditional shift rather than due to shift work itself. 

Finally, Sari et al. (2008) associated sleep deprivation with electrocardiogram 

(ECG) changes that were precursors of a cardiac arrhythmia. Hait (2007) followed six 

participants for four years with similar findings. 

Reproductive Effects 

A fledgling area of research indirectly relates sleep to reproductive health, 

although researchers have more often pondered the effect of working nights or rotating 

shifts upon fertility. Frazier and Grainger (2003), in their meta-analysis, found that 

reproductive hormones in men and women both were affected by shift work; however, 

they hypothesized that potential deleterious effects upon fertility may have occurred as a 

result of other factors such as sleep deprivation. A population-based case-control study 

with 467 cases and 1,016 controls investigated the relationship between another threat to 

fertility and shift work. A large study found that the incidence of endometriosis was 

higher in women who worked the night shift (Marino et al., 2008). This information 

should elicit a high level of suspicion that shift work and/or circadian rhythm disruption 

affects sleep duration, which may contribute to adverse effects upon the reproductive 

system. 
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Neurological Effects 

Sleep loss affects the nervous system in that it impairs reaction time, thought 

processes, and coordination. Dinges noted the multifold effects of sleeplessness upon 

nervous system functions: 

Performance deficits are evident in the elementary cognitive processes that are the 

building blocks for higher order functions. Deficits include: increased periods of 

non-responding or delayed responding (lapses) on attention-based tasks; slowed 

information processing ( cognitive throughput); increases in optimum reaction 

times; reduced accuracy of short-term memory; and accelerated decrements in 

performance with time-on-task. (1995, p. 6.) 

Performance testing is a well-established method to identify the effects of partial as well 

as total acute and chronic sleep deprivation, and has been utilized in commercial and 

personal driving (Amedt, Wilde, Munt, & McLean, 2001; Hack, Choi, Vijayapalan, 

Davies, & Stradling, 2001; Mitler, Miller, Lipsitz, Walsh, & Wylie, 1997; Philip et al., 

2003, 2005; Powell, Schechtman, Riley, Li, Troell, & Guilleminault, 2001; Williamson & 

Feyer, 2000), the airline and space industry (Mollicone, Van Dongen, Rogers, & Dinges, 

2008), and in medical professions (Kahol et al, 2008). The earliest published study of 

performance testing in 1,896 monitored three participants who were continuously awake 

for 90 hours (Patrick & Gilbert as cited in Dorrian, Rogers, & Dinges, 2005; Durmer & 

Dinges, 2005; Fuchs & Burgdorf, 2008). 
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Instruments used to measure performance vary, and range from stimulus-response 

(S-R) tests such as simple reaction time tests and sustained-attention vigilance tests to 

measurements related to cognitive skills (Dorrian et al., 2005). The psychomotor 

vigilance task (PVT), a commonly used instrument, measures the expedience and 

accuracy of an individual to press a response button immediately upon seeing a bright red 

light (Dorrian et al.). Despite the overwhelming use of such testing techniques, Harrison 

and Home (2000), in their meta-analysis of studies regarding the impact of sleep 

deprivation on decision-making, warned that the utilization of simple, monotonous tasks 

to evaluate psychomotor and cognitive deficits may be misinterpreted as they bear little 

relationship to real-world settings. Nevertheless, until more operational studies are 

completed, such research will have to suffice. 

Several studies have elucidated decreased cognitive and psychomotor functions 

secondary to sleep deprivation (Belenky et al., 2003; Franzen, Siegle, & Buysse, 2008; 

Kahol et al., 2008; Scott, McNaughton, & Polman, 2006; Tsai, Young, Hsieh, & Lee, 

2005). Since firefighters and EMS personnel may be called to critically assess an 

emergency situation and perform appropriately, sleep deprivation has the potential to 

affect their cognitive (identifying, reasoning, evaluating) functioning and psychomotor 

(hands-on, coordination) skills. Law enforcement exemplifies a profession that possesses 

several similarities to firefighting in this respect. "Many of their (police) most difficult 

and complex decisions are made in the fluid, ambiguous, and emotionally charged 

situations where lives, property, and liberty can be lost in a split second" (Vila, 2006, p. 
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973). Kahol et al. found in a surgery simulator experiment with sleep-deprived surgical 

residents who were tested simultaneously for cognitive and psychomotor deficits, that 

there was a 32% increase in complex decision-making errors, but that psychomotor skills 

were not affected as deeply. In a study performed in a sustained operations (SUSOPS) 

setting, such as that which would be experienced by combat military personnel· or 

wildland firefighters over an extended period of time, 13 soldiers exhibited decreased 

cognitive function after 6.2 total hours of sleep within an 84 hour period; however, their 

performance levels remained stable (Lieberman et al., 2006). Krause (1995), in a study of 

Houston firefighters, noted that the ability to think rationally under stress was 

significantly associated with disturbed sleep. Currently, psychomotor and cognitive 

functions related to sleep deprivation are being studied with members of the Tempe Fire 

Department where scores on video games played by firefighters are being monitored (D. 

V. Becker, personal communication, July 29, 2008). 

Several researchers perused the ability of a sleep-deprived individual to 

recognize, assess, and correct their own lapses. Baranski (2007) noted that, in spite of the 

expected aberrancies in functioning, sleep-deprived adults who performed continuous 

cognitive exercises during 28 hours of sleep deprivation remained stable in their 

confidence-accuracy relation, suggesting that sleep-deprived individuals could accurately 

assess their own cognitive performance. Tsai et al. (2005) identified impaired cognitive 

ability to correct errors and omissions after one night's sleep loss. Murphy, Richard, 

Masaki, and Segalowitz (2006) examined 14 participants after 20 hours of continued 

39 



wakefulness who were subjected to a battery of psychomotor tests. They found that the 

participants became cognizant of their own sleepiness and declining performances and 

reacted accordingly during testing; however, their evaluation and remediation of the 

errors appeared impaired despite continued effort. Finally, more frighteningly, Harrison 

and Home (2000) suggested that experienced control room managers in incidents such as 

those at Chernobyl and Three Mile Island misdiagnosed and underestimated the pending 

disaster and embarked on clearly inappropriate courses of action, and then persevered, 

despite clear indications of their erroneous initial decisions. In professions such as 

aviation, where a culture change has occurred to promote a more realistic self-evaluation 

of fatigue and performance, only 26% of pilots agreed with a survey statement, "Even 

when fatigued, I perform effectively during critical times." However, representing a 

setting where fatigue education has not been nurtured, 60% of critical care medical 

personnel agreed with the statement (Sexton, Thomas, & Helmreich, 2000). 

Mood and affect are altered by sleep deprivation. Affect, a term referring to 

discrete emotions and mood, was found to suffer negatively after one night of TSD 

(Franzen et al., 2008). Scott et al. (2006) found sleep deprivation associated with negative 

consequences, particularly depression, in subjective ratings. Those participants who 

experienced 30 hours of sleep deprivation and participated in intermittent physical 

exercise were especially prone to mood alterations. Internal medicine residents who 

worked a 24-hour on-call period were assessed for sleepiness as reported by the ESS and 

mood. Study findings elicited pervasive dysphoria induced by sleepiness which took 

40 



considerable recovery time (Rose, Manser, & Ware, 2008). Since some firefighters in the 

current study have indicated that they exercise to combat fatigue, mood alterations may 

result. Dinges et al. ( 1997) found overall mood disturbances and tension in 16 young 

adults with partial sleep deprivation of 4.98 hours average over a seven night period. 

Harrison and Horne (2000) felt that, of all the neurological manifestations of sleep 

deprivation, mood was the only consistent finding overall when compared to performance 

results in their meta-analysis. In a study of 16 physician residents working a 32 hour on

call shift who averaged 4.5 hours of sleep, adverse mood changes as well as decreased 

alertness and concentration noted remind us of the potential danger to the public and the 

potential liability in physician-client relations (Leonard, Fanning, Attwood, & Buckley, 

1998). 

Finally, age plays a role in psychomotor performance. A small study (n=20) 

compared the reaction time (RT) of older and younger participants before and after 24 

hours of wakefulness and found that rested young individuals predictably possessed a 

shorter overall RT. However, in the face of sleep deprivation, they were affected 

significantly over the older participants, whose performances were not altered 

significantly (Philip et al., 2004). Despite evidence associating increased age with 

fatigue, psychomotor, and/or cognitive deficits in the face of shift work (Burgess, 2007; 

Sharman, 2005), a study using data from questionnaires and neuropsychological test 

results from a cohort of 3,237 male shift workers found no statistically significant 

difference in cognitive efficiency between age groups of workers, ranging from 32 to 62 
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(Rouch, Wild, Ansiau, & Marquie, 2005). A field study that looked at the interaction of 

age with subjective sleepiness and vigilance performance of aircraft maintenance workers 

found no direct link between age and subjective sleepiness or performance on the night 

shift although older workers seemed to require less sleep and were more "larks" than 

"owls" (Bonnefond et al., 2006). Interestingly, a small study found that younger (21-31 

years of age) men suffered a statistically significant deficit as measured on the PVT after 

40 hours of continued wakefulness when compared to older (61-70 years of age) men 

(Adam, Retey, Khatami, & Landolt, 2006). In the cohort of firefighters currently being 

studied, one must ask whether age and years on the job could harden or accustom the 

older individuals to shift work and sleep deprivation, or whether natural aging processes 

cause them to suffer more heavily in the face of circadian rhythm disturbance and lost 

sleep. 

The results of these studies provide useful information for the firefighting 

profession. First, firefighters may be capable of function in the psychomotor realm even 

when sleep-deprived, especially considering their repeated training on certain tasks that 

eventually become naturalized. Belenky et al. (2003) noted that individuals suffering 

from various levels of partial chronic sleep derivation of three, five, and seven hours over 

a seven-day period experienced decreased speed on the PVT when compared to those 

sleeping nine hours. In addition the individuals who slept five or seven hours, although 

they exhibited a decrease in function, they stabilized after a few days, although at a 

reduced efficiency, indicating a potential ability of the brain to adapt to chronic sleep 
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restriction. Since so many firefighters chronically possess a sleep debt, they may be 

functioning at a suboptimal level, but may not even realize it anymore. 

Second, in the firefighter, sleep deprivation may result in errors in judgment, 

assessment, and critical thinking areas. Mc Kenna, Dickinson, Orff, and Drummond 

(2007) noted that, after 23 hours of TSD, a small sample of 26 suffered altered decision

making regarding risks. In a similar study, after suffering 49.5 hours of sleep deprivation, 

participants began to exhibit risky behavior (Killgore, Balkin, & W esensten, 2006). 

Conversely, sleep deprivation was not found to be associated with increased impulsive 

behaviors after 24 hours of total sleep restriction in 20 men and women (Acheson, 

Richards, & de Wit, 2007). The consequences of bleary-eyed firefighters in leadership 

positions represent a hazard for all involved. While fire department policies arrange for 

relief from duty in long-term operations such as natural and manmade disasters and 

multiple casualty incidents (MCI), the average fatigued individual working a routine call 

during a routine shift may be overlooked. 

In conclusion, one must consider that individuals fare and perform differently in 

the face of sleep deprivation. Some individuals who function better in the morning are 

called larks and those who are more alert at night are called owls (Dement & Vaughan, 

1999; Home & Ostberg, 1977). Perhaps genetics also influences one's ability to handle 

various levels of sleep deprivation as it may influence numbers of hours of sleep required 

for individual optimal alertness, as noted by Galliaud et al. (2008). Finally, performance 
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in the face of sleep restriction may be individual-based, specifically influenced by 

. motivation and effort (Axelsson et al., 2008). 

Sleep disturbance, particularly in the face of shift work disrupts the natural 

circadian rhythm in the employee who works in an industry that operates 24 hours daily 

and 7 days per week. In addition to performance and cognitive deficits, sleep deprivation 

due to working shifts during non-day hours has demonstrated measurable deleterious 

health effects. Beyond medical diseases and conditions, sleepiness and sleep deprivation 

also presents a potential threat in terms of accidents and injuries. 

Safety and Health Threats Due to Sleep Deprivation 

Researchers continue to grapple with the question as to why mammals sleep. 

Despite the progress made since 1996 in both clinical and basic science related to sleep 

and sleep disorders, the functions of sleep defy comprehensive understanding through 

modem sleep neurobiology research (NIH, 2003). That which is more evident is the 

consequences of not getting sufficient sleep. Whereas approximately eight hours has been 

established as the average daily requirement of sleep for healthy adults, any additional 

wakefulness beyond an average of 16 hours daily is defined as sleep debt, which presents 

a neurobiological cost that accumulates over time (Van Dongen et al., 2003). Dinges 

underscored the dangers of sleep debt by stating, "In a world of congested highways, 

nuclear power plants, jumbo jets, super tankers, hazardous materials, and 24 hour 

operations, sleep is ignored at our peril" (1995, p. 12). 
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Transportation Accidents 

Indications point to the fact that humans need to sleep, and they need to be asleep 

during the late night and early morning hours; however, the increasing global pressure to 

operate 24 hours daily presses some individuals to function within that period that they 

should be asleep. In several industries, abysmal accidents that occurred during the early 

morning hours have been fully or partially attributed to fatigue and/or sleep deprivation. 

Fatigue itself is a multidimensional condition, not only resulting from time spent on a 

particular task, but also influenced by duration, quality, continuity, and time of day of 

sleep, as well as circadian rhythms and shift work (NTSB, 1999). 

The NTSB (2002) reported drowsiness as the cause of 100,000 highway crashes 

with 1,500 fatalities, 16% of all marine casualties, and nearly 20 rail accidents during the 

1990s. Some of history's most devastating accidents have occurred late at night or early 

in the morning such as the nuclear disasters at both Three Mile Island and Chernobyl, 

Ukraine (Mochizuki, 2007; United States Nuclear Regulatory Commission [NRC], 2000, 

2007), and the chemical emission in Bhopal, India, by the Union Carbide chemical plant 

(Broughton, 2005; Sharma, 2005). 

Several disasters have been attributed, in part, to human fatigue, sleep 

deprivation, and/or circadian rhythm disturbance. The most pernicious example was the 

Exxon Valdez incident which occurred on March 24, 1989, at 12:04 a.m. In subsequent 

investigations, the incident was attributed, in part, to fatigue on the part of the third mate 

of the ship who was steering the craft at the time of the grounding, and who had had 
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worked a physically demanding and stressful day with little as five or six hours of sleep 

in the previous 24 (NTSB, 1990). He most likely had been awake and on duty for up to 

18 hours preceding the incident (Alaska Oil Spill Commission, 1990). In addition, 

operator fatigue was cited as a significant contributing factor to the 2005 explosions and 

fire at the BP Texas City refinery (U.S. Chemical Safety and Hazard Investigation Board, 

2007). Finally, countless high-profile fatal incidents related to fatigue and sleep 

deprivation have occurred in the aviation industry, including the failure of the O-rings 

and subsequent explosion of the space shuttle Challenger on January 28, 1986 (Dement, 

1999; National Aeronautics and Space Administration [NASA], 1986). Human fatigue 

was also cited as partly or fully responsible for several commercial and military aircraft 

disasters (NTSB, 1999, 2001, 2006, 2007; Rosekind et al., 1996). More recently, on 

February 13, 2008, Mesa Airlines flight 1002 flew past its destination airport at Hilo, 

Hawaii, and failed to respond to air traffic control signals for 26 miles past its intended 

destination airport (NTSB, 2008a), allegedly because the pilots were sleeping. 

Highway Accidents 

While the aforementioned incidents demonstrate disastrous effects of sleep 

deprivation and breaches of circadian sleep-wake rhythm in several industries, highway 

accidents exemplify that which is the most pervasive public threat and that which most 

commonly may involve the sleepy firefighter and/or EMS provider. In 2006, 

approximately 1,480 or 2.6% of the total 38,588 fatal vehicle and motorcycle crashes in 
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the United States were conclusively attributed to driving while drowsy, although this 

contributing factor is most likely underreported (NHTSA, 2008). 

Commercial driver crashes. Concerns for highway safety and mandated limited 

driving times for commercial truck drivers began in 1935 when Congress directed the 

Interstate Commerce Commission (ICC) to establish hours-of-service rules not only per 

24 hour period, but also for a weekly basis (Wylie, 2005). Despite studies in 1941, 1954, 

and several in the 1970s that indicated driver decline in psychomotor tests and driving 

simulators after extended driving time and sleep deprivation, the relationship between the 

lack of sleep and degradation of driving ability was not officially recognized until 1989 

(Mitler et al., 1997). 

The NTSB (2008b) reported that human fatigue was the probable cause of an 

October 16, 2005 tractor-trailer rollover collision in Wisconsin that killed five and 

injured 35 in an oncoming motor coach. Duty time limitations have long been in place for 

commercial drivers, although a Department of Transportation (DOT) study indicated that 

truckers do not always use their designated time to sleep (Mitler et al., 1997). Most 

likely, a combination of elements will be required to resolve the deleterious issue of 

drowsy driving, including governmental and employer policies, vehicle technology, 

countermeasures such as highway rumble strips and well-placed highway rest stops, as 

well as personal responsibility. 
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Non-commercial driver crashes. The skyrocketing volume of available research 

regarding sleep deprivation, sleep disorders, and their association with non-commercial 

vehicle crashes represents the growing recognition of the problem along with the need for 

expeditious intervention. The National Highway Transportation Safety Administration 

(NHTSA, 2006) indicated that the majority of drowsy driving crashes occurred 

predominantly after midnight with a smaller peak in the mid-afternoon. Both times of day 

reflect the natural troughs in the human circadian cycle of alertness, circumstances that 

directly apply to firefighters who drive fire and ambulance apparatus while on duty. 

Drivers surveyed and interviewed in 2002 indicated that 48% who have nodded off while 

behind the wheel did so between 9:00 p.m. and 6:00 a.m. with 26% reported doing so 

between noon and 5:00 p.m. (Gallup Organization, 2002). Although firefighters who are 

traveling home at 7:00 a.m. after a 24-hour shift travel during the hours with the fewest 

(9%) nodding-off incidents (Gallup Organization), they may suffer a higher risk of 

misfortune, especially if sleep-deprived on their duty day. In addition, other high risk 

crash factors that are found in firefighters include gender and age. Males are five times 

more likely to be involved in motor vehicle crashes due to sleepiness, especially those 

less than age 30 (NHTSA). Taking into consideration that, of the 253,000 employed 

civilian firefighters documented in the 2000 census, approximately 9,000 were female, 

which leaves a sizable number of males (U.S. Census Bureau, 2008), the largest at-risk 

group for drowsy driving. In addition, the U.S. Fire Administration (USFA) (2008) 
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indicated the three largest firefighter age groups were 20-29 (21.1 %), 30-39 (28.7%), and 

40-49 (26.4% ), which concurrently includes the highest risk age group of drowsy drivers.

McConnell, Bretz, and Dwyer (2003) noted that 60.5% of 1,269 drivers involved 

in a sleepiness-related crash resulting in fatal or incapacitating injuries during a 1994-

1999 period in Tennessee were <25 miles from home, 75% were driving in rural or 

remote areas on two- or four-lane highways, and 91 % were male. In addition, the 

majority of crashes in the 15-54 age groups occurred from midnight to 8:00 a.m. 

A case-control study demonstrated high risk factors that contribute to drowsy 

driving incidents. Study cases included 467 North Carolina drivers involved in police

reported crashes in North Carolina whose physical condition at the time of the crash was 

identified as "asleep" or "fatigued." Controls included two driver groups: (a) those 

involved (n=529) in police-reported crashes who were not identified as asleep or 

fatigued, and (b) those not involved (n=407) in a crash (Stutts, Wilkins, & Vaughn, 

1999). First, drivers in drowsy-driver crashes were nearly twice as likely to work at more 

than one job and their primary job was more likely to involve non-standard hours. 

Second, the fewer hours slept nightly was also a strong risk factor for involvement in a 

sleep-related crash, with 50% acquiring six or fewer hours of sleep the night before the 

crash, compared to less than 10% for other drivers in crashes. Third, drivers in sleep

related crashes were more than twice as likely to have elevated scores on the Epworth 

Sleepiness Scale (Stutts et al.). In a pilot study conducted in New Zealand, 40 injured 

adult drivers involved in a motor vehicle crash (MVC) completed a health and sleep 
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pattern questionnaire, monitored sleep study (polysomnography), and completed the ESS. 

Whereas 15% stated they felt drowsy or sleepy prior to the accident, 25% had an ESS 

score of > 10 (Yee, Campbell, Beasley, & Neill, 2002). 

Liu et al. (2003) in a population-based case-control study similarly noted that 

while 19.86% of controls worked nights or shift work, 33.99% of cases involved in a 

vehicle crash did so. After adjustment for effects of age, sex, ethnicity, educational level, 

and alcohol consumption, drivers with scores of 10 or above on the ESS possessed a 

2.07-fold risk of crash, as compared with the drivers with an ESS of less than 10. An 

older study (Maycock, 1996) which queried 4,621 respondents in a self-report mailed 

survey also found a positive relationship between increased ESS scores and increased 

number of vehicle crashes, finding that drivers with an ESS score of 12 possessed a 1.7 

times increase in accident liability over drivers with an ESS score of zero. Powell, 

Schechtman, Riley, Li, and Guilleminault (2002) found a positive association between 

number of accidents and higher scores on the ESS in a cross-sectional Internet-linked 

survey of self-reported data. One study utilized the ESS in conjunction with a 20-minute 

driving simulation in 150 participants and found that higher scores on the ESS were 

positively associated with episodes of falling asleep at the wheel and near-miss accidents 

(Turkington, Sircar, Allgar, & Elliott, 2001). 

Despite such significant results using the ESS, self-reported data has limitations 

and is prone to recall bias. Eberhart, Hu, and Foresman (2000) identified physiologic, 

environmental, and personal factors as influencing perceived sleepiness. Results of one 
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study exemplified that approximately half of drivers involved in vehicle crashes in which 

sleepiness and/or fatigue were cited as a contributing factor by law enforcement 

personnel reported that they felt "slightly" or "not at all" drowsy before their crash (Stutts 

et al., 1999), which exemplifies the unreliability of self-reported drowsiness. Philip et al. 

(2003) and Powell et al. (2001) noted that, although driving reaction time was adversely 

affected by sleep deprivation, self-evaluation of performance did not correlate with actual 

performance. In the absence of a cognitive measurement to measure sleepiness, 

especially in drivers, cognitive deficits due to sleepiness has been recently quantified by 

comparing them to deficits in intoxicated patients. Blood alcohol content (BAC) refers to 

the amount of alcohol in the blood as a result of drinking, which is listed as 0.08 meaning 

8 parts of alcohol per 10,000 parts blood in the body. It also can be defined as grams of 

alcohol per 100 milliliters of blood (g/dL). As of May, 2007, the legal BAC of all 50 

states is 0.08% (DHHS, 2008). 

A landmark study by Dawson and Reid ( 1997) consisted of 40 participants in two 

separate experiments. First, the participants were kept awake for 28 hours, and then were 

subjected to cognitive psychomotor testing at half-hour intervals using a computer

administered test of eye-hand coordination. At a later date, the participants consumed 10-

15 grams of alcohol at 30 minute intervals until a mean blood alcohol concentration of 

10% was reached. They were then subjected to the same cognitive psychomotor 

performance test. After 17 hours of sustained wakefulness, their performance decreased 
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to a level equal to the impairment observed with a BAC of 0.05%, and after 24 hours of 

sustained wakefulness, their performance was at the equivalent level of a BAC of 0.10%. 

Another effort to quantify the performance deficits resulting from 28 hours of 

sleep deprivation measured the participants' performance on a battery of eight tests and 

comparing those scores to others by participants with BAC of 0.05% and 0.1 % 

(Williamson & Feyer, 2000). In the study, performance impairments due to sleep loss 

especially as applied to driving safety began to occur as early as 17 hours after waking, 

and averaged 18 hours. The deficits compared equivocally to a legal limit of 0.05% BAC 

alcohol intoxication. 

A study utilizing driving performance simulation specifically measuring steering 

performance and reaction time was used to measure performance of three groups of 

participants; normal participants with an ESS score of :SlO for the 24-hour sleep 

deprivation component, those for the alcohol study with BAC of 80mgdr1 (U.K. legal 

driving limit), and those from a sleep clinic with untreated OSA (Hack et al., 2001). 

Researchers noted the impairment of driving by those sleep-deprived, albeit not initially 

when the driving task began, as in the alcohol-impaired drivers. Time on task resulted in 

progressive deterioration of driving skills as the drive progressed. Additional studies have 

found similar relationships between cognitive deficits found in long periods of 

wakefulness similar to BAC levels of 0.05 to 0.10% (Amedt et al., 2001; Lamond & 

Dawson, 1999; Powell et al., 2001). 
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Neither performance assessments in a laboratory setting or self-reported 

sleepiness surveys alone elicit sufficient information to clarify that which constitutes a 

dangerous level of sleep deprivation. Future studies must include larger sample sizes and 

utilize triangulation in data collection. 

As previously discussed in the section entitled Development of Sleep Medicine, 

the miniscule fruit fly D. melanogaster may provide the key to quantifying sleepiness or 

the sleep drive. Amylase, an enzyme present in saliva, converts starch to sugar. The 

Amylase molecule has been shown to be highly correlated with increasing levels of sleep, 

both in the fly and in a human study with a small sample (Seugnet, Boero, Gottschalk, 

Duntley, & Shaw, 2006). 

Carskadon (2004) noted that sleep deprivation heavily impacts transportation and 

the public good and that "As the speed, power, and numbers of vehicles increase, so too 

grows the need for a steady hand and eye attending to the task of safely navigating the 

roadways" (p. 767). With the increased research and understanding of the necessity of 

sleep and disastrous effects of its absence, awareness has increased, partially influenced 

by several specific highway incidents. Maggie's Law was passed in 2003 in New Jersey 

(Geist, Merkt, & Altamiro, 2002) as a result of an incident where a driver who was awake 

for 30 hours prior to crashing his vehicle into and killing a 20 year-old college student on 

July 20, 1997. In 2008, 12 pending legislative bills exist in eight states related to the 

definition, penalty, and enforcement of drowsy driving and other sleep and transportation 

issues (National Sleep Foundation, 2007). Revised laws and standards regulating amount 
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of time allowed on duty for several industries illustrate the growing awareness of the 

multidimensional impact of sleep deprivation. 

Costly disasters that impact tens, hundreds, or even thousands of individuals may 

not be likely to result from fatigued or sleepy driving by firefighters. Nevertheless, the 

potential exists for a breach of personal and/or public safety, and current legislation and 

recommendations in the area of public transportation highlight the obligation to study and 

monitor drowsy drivers in all industries. Since firefighters and EMS providers operate 

heavy vehicles in the emergency mode, they possess a high level of responsibility to their 

coworkers, patients, and the public to maintain optimum alertness when driving. In the 

light of the unique shift schedule worked by many in the profession, the potential for 

drowsy driving exists. Many firefighters, especially those who live a great distance from 

their assigned station in order to arrive at their shift change time of 7:00 a.m., arise during 

the time of night when their circadian rhythm induces the most pressure to sleep. 

Daytime station duties and emergency calls may preclude nap-taking, and during the 

hours where the propensity to sleep is highest, these professionals may be required to 

awake and respond to an emergency. Finally, wake-up time at the fire station at the end 

of their tour of duty at 7:00 a.m. is usually 6:30, which begins the cycle of sleep 

deprivation again as it prevents the firefighter from 'sleeping in' before his or her 

commute and at-home activities. 
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Shiftwork-Related Injuries, Accidents, and Errors 

Vehicle Accidents While at Work or Commuting 

In many parts of the world, many workers are commuting longer distances to their 

work place. A potentially deadly situation involves a sleepy or fatigued employee who is 

manning an automobile on a public highway on his or her way home after work. 

The term microsleeps refers to the few seconds when a sleepy individual 

unintentially nods off, unaware of his or her status. Although no more than annoying 

when experienced at the theatre, or during a meeting or class, microsleeps during driving 

can elicit deadly results. First identified in 95% of 190 patients diagnosed with daytime 

sleepiness, researchers noted that microsleeps occur more often when the victim is 

engaged in a monotonous task not requiring extensive skill while in a warm, closed 

environment (Guilleminault, Billiard, Montplaisir, & Dement, 1975), such as driving a 

vehicle on a highway or country road. Although Dement (1999) more generously defined 

a microsleep as a sleep period lasting less than five minutes, one study revealed that two 

professional drivers and three vehicle passengers experienced microsleeps with a mean 

duration of 0.69 and 2.6 seconds respectively (Summala, Hakkanen, Mikkola, & 

Sinkkonen, 1999). Assessment of a sample of commuting coal miners in Australia who 

worked long night shifts revealed that 23% reported falling asleep at the wheel compared 

to 13% of day workers (Milia & Bowden, 2007). Adverse driving events such as crossing 

the center line or leaving the road were more highly associated with night workers who 

had received <5 hours of sleep than day workers who received 6-8 hours of sleep (Milia 
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& Bowden). Sleepy rescue workers, while driving emergency apparatus while on duty or 

when commuting to or from the fire station, may suffer microsleeps and thus endanger 

themselves, their patients, coworkers, families, and other drivers. 

Medical providers are also threatened by the potential of self-induced vehicle 

crashes due to sleepiness. A nationwide survey of 2,737 first year medical interns found 

that they were 2.3 times more likely to report a motor vehicle crash after working an 

extended work shift than a non-extended shift, and were 5.9 times more likely to report a 

near-miss accident than if they had worked a non-extended shift (Barger et al., 2005). In 

addition, every additional extended shift scheduled per month increased the total monthly 

motor vehicle crash rate by 9.1 % and the rate specifically on the commute from work to 

home by 16% (Barger et al.) In a study using an hour-long driving simulation in a rural 

setting, 23 student physicians demonstrated an increase in driving deficits after a night on 

duty (Ware, Risser, Manser, & Karlson, 2006). Kirkcaldy, Trimpop, and Cooper (1997) 

analyzed 2,500 questionnaires completed by medical and dental practitioners who 

worked the day shift with one-way commute distances averaging 7 .5 km. Study findings 

noted that those working more hours per week exhibited an increase in vehicle accidents. 

On-the-Job Injuries and Accidents 

Early documentation that denoted an increase in workplace accidents during the 

night shift was published in 1926 (Newhold as cited in Dinges, 1995). Approximately 50 

years later, Friedman, Bigger, and Kornfeld (1971) noted that medical interns made twice 

as many errors in interpreting ECGs after an extended shift of 24 hours or more when 
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compared to obtaining a sufficient night's rest. The majority of research that 

demonstrates an association between long work hours, shift work, and/or sleepiness and 

on-the-job injuries and accidents has focused upon eight or 12 hour work periods. 

However, in addition to firefighting and emergency medical services, various industries 

function around the clock such as production lines, mining, forestry, transportation, 

healthcare, military operations, and law enforcement. Most studies have focused upon the 

ill effects of shift work rather than sleep or the circadian rhythm. However, study results 

that report findings for 8-, 10-, and 12-hour shifts may prove useful for predicting 

outcomes in those who work 24/48 shift schedules. 

General workforce. Study findings relating to shift work and on-the job injuries 

possess a variety of outcomes. In a longitudinal study of 10,793 American workers who 

were tracked between 1987 and 2000, overtime work schedules were found positively 

associated with a 61 % higher injury hazard rate than jobs that did not include overtime. 

While work periods at least 60 hours per week were associated with a 23 % increased 

hazard rate, working at least 12 hours per day was associated with a 37% increased 

hazard rate (Dembe, Erickson, Delbos, & Banks, 2005). Extended work hours and 

injuries were noted after the ninth hour of work for all shifts according to injury reports 

from two national databases in Germany that analyzed 1.2 million accident reports 

(Hanecke, Tiedemann, Nachreiner, & Grzech-Sukalo, 1998). These data indicated that 

evening and night shifts experienced the highest number of injuries which increased 

exponentially beyond the eighth hour of work. Despite these findings, Johnson and Sharit 

57 



(2001) failed to identify an increased occupational injury rate after a cohort of workers 

changed from an 8-hour shift to a 12-hour shift, but did find a self-reported increase in 

worker satisfaction. Similarly, Caruso, Hitchcock, Dick, Russo, and Schmit (2004) 

reported that, in a meta-analysis of 52 studies, few reported effects upon functional 

abilities or number of injuries after the 1th hour on the job. 

Shift work is closely associated with sleep deprivation, sleep disturbances, and 

altered circadian rhythms; however, a scarcity of published literature specifically 

investigates the relationship between sleep loss and occupational accidents. A large 

prospective study with 47,860 individuals followed for 20 years in Sweden reported 166 

fatal occupational accidents. Significant predictors for the deaths included male gender, 

self-reported difficulties in sleeping for the previous two weeks, and non-daytime work 

(Akerstedt, Fredlund, Gillberg, & Jansson, 2002). In this study, recent sleep amounts or 

increasing shift lengths were not found to be significantly related to experiencing an at

work accident. However, a significant association was found between level of fatigue 

while at work and the number of self-reported near-miss accidents for the previous 12 

months (Lilley, Feyer, Kirk, & Gander, 2002). As managers become more aware of the 

hazards of sleepiness, sleep deprivation, and fatigue, the amount of related research will 

undoubtedly increase as it has in professions closely relating to that of the 

firefighter/EMT, such as law enforcement. 
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Law enforcement. Similarities exist between the fields of law enforcement, 

firefighting, and EMS operations. All three operate under similar conditions; around-the

clock operations with an unpredictable and varied number of activity periods and rest or 

sleep times. All three professions inherently involve high-risk interface with clients and a 

potential for deadly errors and mishaps. 

Law enforcement exemplifies a field that is currently making progress toward 

addressing sleepiness and fatigue in police officers. In 2000, Albuquerque Police 

Department found that 33% of preventable accidents involving patrol cars occurred 

between the hours of midnight and 6 a.m. with another 19% occurring between 1:30 and 

3:00 p.m. Both periods coincide with the daily circadian troughs. Many of the afternoon 

accidents involved officers who had worked either the evening or midnight shift and were 

enroute to mandatory daytime court appearances (Vila, Morrison, & Kenney, 2002). Like 

firefighters, police personnel have ample opportunities to participate in overtime work. 

However, like that which has occurred as a result of the curtailment upon excessive work 

hours for medical personnel (Landrigan et al., 2008), police have similarly resisted 

restriction of their overtime work. In 2006, the Boston Police Department began strictly 

enforcing a long-standing rule that limited officers to a maximum work time of 16 hours 

daily, 96 hours weekly, and 320 hours monthly. Within six months, 85 officers were 

disciplined for violating the rule (Slack & Cramer, 2006). The law enforcement work 

time restriction represents a cogent prediction for firefighters, many of whom work 

overtime or an off-duty job. The Philadelphia Police Shift Rescheduling Program 
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conducted from 1984 to 1988 compared sleep habits between a control group and a group 

of officers who underwent a "rest-friendly" shift rescheduling·, finding that the 

experimental group experienced a decrease in falling asleep at work, increased sleep 

time, and improved sleep quality along with a 40% decrease in on-the-job motor vehicle 

accidents (Vila, 2006). Currently, the Harvard Work Hours, Health, and Safety group is 

completing a study with U.S. police officers utilizing an Internet survey which included 

assessments of sleep duration, fatigue, work schedules, motor vehicle crashes, and work

related injuries (Coastal Florida Police Benevolent Association, 2006; Czeisler, 2007). 

Previous study results contributed to an educational program entitled 'Operation Healthy 

Sleep' that has been implemented in the Massachusetts State Police and Philadelphia 

Police Department (Czeisler). 

Healthcare professionals. The discussion of sleepiness and shift work in 

healthcare professionals provides pertinent information for the current study. Many 

firefighters also serve as emergency medical providers and function within stressful, life

or-death situations that require vigilance and precision. 

Like firefighters and EMS providers, many other health care professionals tend to 

work long shifts. Long-besieged with marathon shifts ranging from 24 to 30 hours, 

medical personnel, particularly those residents working on-call shifts in hospitals, have 

experienced a high incidence of medical errors (Barger et al., 2006; Landrigan et al., 

2004) as well as injuries (Ayas et al., 2006; Barger et al.). Medical errors range from 
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patient care to medication errors while injuries include personal injuries and accidents 

while at work to motor vehicle crashes while commuting home after work. 

A landmark report in 2000 regarding hospital medical errors attracted 

overwhelming attention from the lay population as well as the medical community. Upon 

extracting data from 33.6 million U.S. hospital admissions in 1997 and deaths secondary 

to hospital medical errors in Colorado, Utah, and New York, the Institute of Medicine 

extrapolated that the annual death rate from all U.S. hospitals ranged from 44,000 to 

98,000, more than deaths from motor vehicle accidents, breast cancer, or acquired 

immune deficiency syndrome (AIDS) in 1998 (Kohn, Corrigan, & Donaldson, 2000). 

The most sinister incident associated with medical staff error due to fatigue 

occurred in 1984 and involved an 18 year-old patient named Libby Zion who was 

admitted to a New York hospital for fever and chills. A relatively unsupervised intern and 

junior resident, both who had been working for over 18 hours without a break, 

misdiagnosed her condition and treatment, which contributed to her subsequent death. 

Although no criminal indictments ensued, one of the five circumstances stated by the 

grand jury as a contributing cause of her demise included the attending residents' sleep 

deprivation (Friedman, 2004), and they may have worked the typical amount of weekly 

time which exceeded 100 hours (Braverman, 2002). This case bears partial responsibility 

for subsequent mandates pertaining to work hours and rest for physicians. 

On July 1, 2003, the Accre~itation Council for Graduate Medical Education 

(ACGME) established work hour limits for resident physicians. The ruling limited 
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medical personnel to 30 consecutive hours and 80 total workweek hours with a minimum 

of 10 rest hours between duty periods (Friedman, 2004). In many cases, the work hour 

limits have not been followed (Chen, Vorona, Chiu, & Ware, 2008). Landrigan et al. 

(2008) followed 213 residents, and reviewed 6,007 daily self-reports of work hours and 

sleep along with 16,158 medication orders. Even after implementation of the ACGME 

revised duty standards, the time on shift that residents worked (mean 28.5 hours) did not 

significantly change nor did their amount of sleep. In addition, patient medication errors, 

resident depression, and injuries did not significantly change. 

Studies that focus upon errors and on-the-job injuries specifically secondary to 

sleepiness and sleep loss rather than shift length and shift work are sporadic. A mixed

method study representing six medical specialties in five health centers assessed effects 

of sleep loss and fatigue on 149 intern and residents. Researchers utilized qualitative 

semi-structured focus groups and a quantitative sleep questionnaire which included the 

ESS (Papp et al., 2004). Qualitative data analysis identified three categories that related 

to effects of sleep loss and fatigue; learning and cognition, job performance, and personal 

life. In 20 of the 22 focus groups, sleep loss and fatigue were stated to have affected the 

physicians' higher-order thinking skills and complex thought processes. In medical 

personnel, those qualities are utilized to formulate diagnoses and other medical decisions. 

Eighteen of the 22 focus groups expressed concern about committing medical errors 

secondary to fatigue and sleep loss. Seven of the groups mentioned decrements in fine 

motor skills such as those required for patient charting, writing prescriptions, or 
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performing intravenous (IV) therapy (Papp et al.). On the ESS, 41 % scored in the 

"moderate" category and 43% scored in the "severe" category of sleepiness. Thus, four 

out of five participants scored in the range for which clinical intervention is usually 

required (Papp et al.). In a simulated surgery setting with 35 residents, sleep deprivation 

was associated with a statistically significant increase in technical errors (Eastridge et al., 

2003). Of a cohort of 180 surveyed attending physicians, 13% who themselves reported 

exceeding the mandated 80 hour work limit, indicated that they committed medical errors 

secondary to fatigue (31.3% indicated that they agreed or strongly agreed) and writing 

incorrect orders (23.9% indicated that they agreed or strongly agreed) (Chen et al., 2008). 

In this group, 77% also reported hearing of other physicians who made medical errors 

due to sleep loss and fatigue. Similarly, 86% of surveyed anesthesiologists in New 

Zealand reported fatigue-related clinical errors associated with long working hours 

(Gander, Merry, Millar, & Weller, 2000). 

Like firefighters and law enforcement personnel, physicians may consider 

themselves immune to the effects of sleep deprivation and fatigue, partially due to the 

ingrained culture of the professions that require them to persevere when faced with an 

emergent situation. Unsafe incidents resulting from sleep deprivation may be 

underreported in this population. 

Beyond horrific harm to patients precipitated by medical errors, injury to 

healthcare providers themselves may occur due to sleep deprivation. Macias, Hafner, 

Brillman, and Tandberg ( 1996) reported that, of 393 recorded needle stick injuries and 
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biological fluid exposures experienced by emergency medicine residents, a statistically 

significant number of incidents occurred during the last two hours of the shift. 

Inexplicably, the exposure rate was also elevated during the first hour of the shift. A 

higher incidence of accidental blood and body fluid exposures was also associated with 

those working longer shift durations (Green-McKenzie & Shofer, 2007). In 109 medical 

trainees, fatigue secondary to working long hours and sleeping less the previous night 

resulted in an almost three-fold increase in needle stick injuries when compared to other 

rested healthcare workers (Fisman, Harris, Rubin, Sorock, & Mittleman, 2007). 

Beyond on-call physicians, the majority of medical providers do not work 

extended work periods. However, relating errors, accidents, and injuries due to worker 

sleepiness within a more traditional shift schedule can still provide useful information for 

the experiences of firefighters and EMS personnel that work a 24/48 shift schedule. 

Ecological Model of Occupational Stress 

Firefighting is a unique occupation that lends itself well to a socio-ecologic 

theoretical framework. The structural characteristics derived from the Ecological Model 

of Occupational Stress (Salazar & Beaton, 2000) frame influences upon this population 

of firefighters and EMS providers related to sleep health behavior. Derived from 

Bronfenbrenner's (1977) Ecology of Human Development model, which was originally 

developed to assess the human development of children, the current model also draws 

heavily upon Lewin's theories of social psychology and his work in group dynamics 

(Greathouse, 1997). Bronfenbrenner (1977), a pioneering advocate for the effects and 
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interaction of the environment upon human behavior, viewed the complex multi-level 

influences as a layered system, much like a set of nested Russian dolls (Bronfenbrenner, 

1983). The Ecology of Human Development model delineated the levels of social 

influence that interacted and influenced the individual into the microsystem, mesosystem, 

exosystem, and macrosystem (Bronfenbrenner, 1977). 

Like Bronfenbrenner' s ( 1977) model, the Ecological Model of Occupational 

Stress utilizes four nested environmental levels, which include the microsystem in 

addition to the organizational, peri-organizational, and extra-organizational systems, as 

shown in Figure 1. The four levels operate concurrently with moderating factors such as 

an individual's expectations, health status, age, personality, and coping strategies (Salazar 

& Beaton, 2000; see Figure 1). The theory's usefulness in the current setting is that it 

explains multifaceted phenomena that influence choices and outcomes. 

In the Ecological Model of Occupational Stress, the microsystem consists of the 

environment immediately surrounding the worker and includes the physical features of 

the environment, the interactions experienced by the worker, and the activities that occur 

in the work setting. The content or nature of the job is included in the microsystem, as is 

the job structure, an aspect that involves whether the work is suited to the worker and is 

sufficiently stimulating with skill requirements matched to the worker (Salazar & Beaton, 

2000). Finally, the microsystem's interactions include exchanges and relationships 

between the worker and his or her coworkers and supervisors. Group dynamics in this 

setting provides a key element in firefighter sleep health, and lack of support from 
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colleagues and managers can sabotage a firefighter' s best effort to take care of him or 

herself. 
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Figure 1. An Ecological Model of Occupational Stress: Layers of influences upon health 
behavior in a work setting. 

From "Ecological Model of Occupational Stress," by M.K. Salazar and R. Beaton, 2000, American Association of 

Occupational Health Nurses Journal, 48(10) , p. 472. Copyright 2000 by Mary K. Salazar. Reprinted with permission 

of the author. 

In this model, the microsystem is nested within the next level which is the 

organizational system. The second system includes structures such as the organization's 

size, physical arrangement, service or product, and influential participants in the 

organization such as labor unions. Leadership styles, organizational policies, and culture 

play sizable roles in the organizational system. Whereas some fire officers of a particular 
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shift and fire station may support firefighter' s eking out snippets of sleep when they are 

able, others may prohibit any activity such as naps that does not appear productive. 

Authoritative leadership styles may discourage firefighter discussion related to creative 

workload sharing in the case of a high call volume and lack of available sleep time. 

Salary, benefits, and/or departmental policies related to retirement benefits may 

influence the amount of overtime a firefighter may seek. Hierarchical structure may 

influence how quickly a firefighter/EMT or paramedic may promote, which may move 

him or her into a position where he/she may experience a lighter workload or more 

traditional daytime work hours instead of a 24/48 shift schedule, thus increasing available 

sleep time. 

The third level of organization, the peri-organizational system, includes forces 

within the society in which the individual and organization are imbedded that have an 

immediate effect upon the workplace. Examples include the makeup of the population 

and social conditions, economic conditions, and political climate. General community 

health is a component of the peri-organizational system that may influence fire 

department EMS call volume, resulting in firefighter sleep loss. In the fire service, poor 

overall economic conditions are often reflected in staffing, manpower, salary, raises, and 

benefits. Short handedness translates as a higher workload on firefighters, EMTs, and 

paramedics. Finally, the community's perception of the organization affects worker 

perception. Fortunately, firefighters and EMS providers remain respected public servants, 

providing a supportive element in the peri-organizational system. The location of the 
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workplace may influence workers' choices regarding their choice of residence. A high

crime, polluted, or congested surrounding community may influence workers' choosing 

to reside a great distance from work, resulting in a long commute time, which may take 

time away from sleep and increase the danger of falling asleep while on the road. 

The extra-organizational system includes the cultures, societal norms, and 

traditions related to the organization which will directly or indirectly affects workers. 

Included at this level are government and economic policies, regulations, and standards. 

Examples of such organizations in the fire service include the Occupational Health and 

Safety Administration (OSHA), the National Institute for Occupational Safety and Health 

(NIOSH), municipal civil service rules, National Fire Protection Agency (NFPA), U.S. 

Fire Administration (USFA), Texas Fire Commission, and Texas Department of State 

Health Services. Economic, technological, and demographic trends also influence the 

workplace at this level. Firefighters may volunteer for more overtime shifts and work 

longer hours at their second job to make ends meet, thus potentially decreasing their 

available sleep time. 

Moderating factors within the individual realm operate to exacerbate or buffer 

workplace influences from all four levels. Salazar and Beaton (2000) noted that these 

factors include personal attributes, coping strategies, and interactions of these employee 

variables with ecological stressors. Personal attributes include age, gender, marital status, 

psychological hardiness, state of health, and personality. The tendency toward enhanced 

individual performance either in the morning or evening ("morningness" or 
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"eveningness") is included in addition to an individual's ability to handle disturbed or 

lack of sleep. Family and coworker support may provide a buffer along with adequate 

exercise, good nutrition, and relaxation practices. Firefighters who cope with sleep 

deprivation by pressing forward, using energy drinks, nicotine, caffeine, or stimulant 

medications may exacerbate their fatigue over the long run. 

Finally, stress responses that may occur secondary to the four levels of 

organizational influence and subsequent moderating factors will, according to Salazar 

and Beaton (2000), result in either illness or health along a continuum. Stress responses 

may manifest in physiological, psychological, and/or behavioral disturbances. Many of 

the negative stress responses parallel ill effects secondary to sleep deprivation itself, and 

include cardiovascular, endocrine, immunologic, and nervous system changes along with 

performance errors and mood disturbances. 

Although the current model was originally designed to examine levels of 

influences that fueled the phenomena of workplace stress (Salazar & Beaton, 2000), the 

Ecological Model of Occupational Stress remains a useful model for framing perceived 

sleepiness and sleep deprivation in firefighters and EMS providers who work a 24/48 

shift schedule for several reasons. First, substandard sleep health itself provides a 

workplace stressor, which exacerbates stresses that are already inherent in the emergency 

services profession. Second, the social nature and teamwork approach of this population 

illustrates the need to use a sociological theory approach. Moe et al. (2002) tapped the 

natural team approach to promote healthy lifestyles in firefighters in the Promoting 
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Healthy Lifestyles: Alternative Models' Effects (PHLAME) study. Third, multiple levels 

of influences contribute to firefighters' perceptions of their work and personal health. 

Kenny (1999) noted that occupational illness was a social process and that individual 

workers are not unique and isolated cases, but is instead dependent upon cultural, social, 

political, and economic structures and processes. Disciplining a firefighter for falling 

asleep while driving and crashing an ambulance while enroute back to the fire station 

from the hospital in the middle of the night does not address the entire spectrum of 

factors that may have contributed to the crash, some which may have been beyond the 

individual's control. In fact, blaming and punishing the victim relieves society as a whole 

of the responsibility of taking action (Bond, as cited in Loewenson, 2007), whereas 

society may possess responsibility for the incident, either in part or in entirety. 

Salazar and Beaton (2000) applied the Ecological Model of Occupational Stress 

to a series of studies conducted with urban firefighters. Staley (2008) utilized a version of 

the social ecological model in his assessment of factors affecting firefighter fitness 

adherence within four municipal urban fire departments in North Carolina. Staley 

highlighted health behavior influences at the intrapersonal, interpersonal, and 

organizational levels in conjunction with community/society as well as policy influences, 

which closely paralleled Salazar and Beaton's model. The Ecological Model of 

Occupational Stress provides an appropriate foundation for assessing contributing factors 

to perceptions of sleepiness and sleep deprivation in the firefighter/EMS provider who 

works a 24/48 shift schedule. 
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Firefighting Work and Culture 

Firefighting has a 400 year-old history in the United States, beginning as a 

mandatory civic duty in the seventeenth century, growing into organized volunteer 

departments in cities in the eighteenth century, and metamorphosing into a highly trained 

professional career path in the nineteenth, twentieth, and twenty first centuries (Golway, 

2005). Overall, the firefighting and EMS profession is structured in a paramilitary fashion 

with a rigorous ranking system. The profession is considered one of the most dangerous 

in existence; in 1988 it was ranked fifth in occupational mortality (Leigh, 1988), and 

approximately twentieth in 2007 (U.S. Department of Labor, 2008). In addition, the 

occupational fatality rate for EMS workers, more than twice the national average for U.S. 

workers and comparable with police and firefighter fatality rates (Maguire, Hunting, 

Smith, & Levick, 2002). 

A unique occupation that incorporates prestige, high expectations, myths of 

invincibility, and rigorous standards, firefighting attracts a certain type of individual. 

Because they are held in high esteem by the general public, firefighters, like physicians, 

have experienced a hierarchical distancing from clients (Smith & Kleinman, 1989) or 

"status shield," Thus compelled to fulfill the expectations of the public's perception of 

"America's Heroes," firefighters represent an organization that indulges popular romantic 

accounts associating them with skill, heroism, and fearlessness that is primarily and 

historically male gendered (Tracy & Scott, 2006). "The American firehouse has been an 

outpost of masculinity like few others in contemporary life" (Golway, 2005, <J[ 8). Perhaps 
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this stigma associated with the profession is that which threatens firefighters' effective 

management of their own health and safety. Succumbing to a nap in the face of sleepiness 

is the antithesis to the role of the masculine hero who possesses the independence, 

physical, and emotional strength that constitutes the public identity of the firefighter. 

Contributing to this image is the cooperative yet competitive firefighter group 

mentality and peer pressure. Partially because of their lengthy shifts, firefighters develop 

a cohesive bond, and they work, eat, sleep, and play together. Staley (2008) noted the 

intensely social and tightly knit culture of firefighters in his qualitative assessment of 

attitudes concerning health and fitness. In the face of life and death emergency situations, 

the heavy emphasis upon teamwork, interdependence, and a reliance upon each other 

reigns paramount in the successful accomplishment of their professional tasks (Beaton, 

Murphy, Pike, & Corneil, 1997). This close bond may present a dichotomy of responses 

from coworkers by either drawing support or providing a divisive element regarding 

fatigue and management of sleep deprivation. Good-natured kidding and the resulting 

firehouse raucous humor directed toward the fatigued firefighter may ultimately result in 

his or her cessation of sharing information with cohorts. The concept of saving face holds 

high import in the group. 

Firefighters with others in similar professions such as police work may possess 

the attitude of toughing it out when faced with fatigue and sleepiness. In the task-oriented 

professions prevalent with can-do attitudes, many may treat lack of sleep as if it is a 

badge of honor. The attitude of invincibility while working long hours and/or additional 
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overtime has also been identified in the nursing profession (Beyea, 2004 ). Dinges ( 1995) 

related study results where healthcare workers who supported the adoption of 16-hour 

workdays indicated that they could manage their alertness solely by maintaining 

professionalism. Unfortunately, no substitute exists for sleep, and physiological deficits 

arise in circumstances where an individual is sleep-deprived. 

The aviation industry has suffered the same unwillingness to identify fatigue and 

self-admit errors by crew members, and this attitude persists to plague health care 

professionals (Sexton et al., 2000), particularly surgeons (Woodrow et al., 2008). The 

development of a paradigm shift toward a more open culture where the fire service 

accommodates the recognition of human limitations is exigent, and support on the 

interpersonal and fire administration levels must be concomitant. 

Firefighters themselves exemplify the "can do" attitude, and are problem-solvers. 

Given a task, they persevere until the job is accomplished. Extremely task-oriented, this 

cohort does not prefer idle time, which may influence their preference to pursue 

additional other employment, which is supported by the 24/48 work schedule. Often 

receiving modest pay, firefighters and EMS providers may require additional salary 

supplementation due to financial need. Such full schedules may not allow for the 

appropriate amount of sleep while earning a living, socializing, and participating in civic, 

community, and family responsibilities. 

Many individuals and industries remain unaware of the ill effects of sleep loss. 

Firefighters may lack awareness that fatigue presents a threat to safety while at work or 
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commuting home. Forestry workers in New Zealand who were surveyed were more 

likely to acknowledge fatigue as affecting their work quality and output, but less likely to 

acknowledge its effect upon safety (Lilley et al., 2002). In both firefighting and EMS, 

publicity highlighting the acute fatalities has resulted in the de-emphasis upon chronic 

health risks (Melius, 2001) such as sleep deprivation. Both physical and psychological 

stress bear partial responsibility for diseases such as cancer, strokes, and heart attacks, 

which may result partially from long and/or stressful work shifts (Melius). Much more 

research in the profession regarding stress has resulted from high profile events such as 

Hurricane Katrina in 2005 (Tak, Driscoll, Bernard, & West, 2007) and the events of 

September 11, 2001 (CDC, 2004; Katz et al., 2006) 

As safety and health concerns have magnified and as technology allowed, 

obstacles that threaten firefighter health have been overcome, which has resulted in the 

decrease of injuries and deaths due directly to incidents during fire suppression activities. 

Simultaneously, while such threats have become less perilous for fire and EMS 

personnel, an increase in attention has been paid to overall firefighter health and fitness. 

One example included the attention paid to cardiovascular health and contributing factors 

such as nutrition and physical fitness. Between 1994 and 2004, 50% of volunteer 

firefighter deaths and 39% of career firefighter deaths were caused by heart attacks 

(CDC, 2006). As the largest cause of morbidity and mortality with almost half of all on

duty deaths attributed to sudden cardiac death (Fahy, 2005), the ongoing study of 

cardiovascular disease in this population has elicited the greatest concentration of health 

74 



interventions. The effort has paid off, as the number of sudden cardiac deaths in 

firefighters has fallen by approximately one third from the late 1970s to 2004 (Fahy). 

Like other healthcare providers, the modem day firefighter, who likely also 

undertakes a lion's share of emergency medical care, may place his or her safety and 

health second to selflessly helping others. Those who are drawn to protective and public 

service professions tend to neglect or sublimate their own needs to serve others, which 

includes their family and community beyond clients. This passionate, determined, and 

driven cohort of individuals must experience ongoing gentle reminders to guide them 

toward self-caring so that they may better serve the public. 

One of the characteristics of the firefighter' s work schedule is the 24 hour nature 

of the work. "A relatively unique organizational aspect of firefighting includes the 24-

hour shift, which is often sleep-disrupted, characterized by uncertainty and potential 

danger, and is sometimes uneventful and boring" (Murphy, Beaton, Pike, & Johnson, 

1999, p. 180). Most career fire service professionals in the United States and Canada 

work this extended shift (Paul & Miller, 2005; U.S. Department of Health and Human 

Services, 2007) in the fire station setting, a second home that includes a sleeping and 

recreation area, living room, and kitchen. Traditionally, long hours derived from the days 

of all-volunteer companies where the men lived within walking distance to the fire station 

and could go home while on duty (M.L. Calfee, personal communication, November 17, 

2008). In fact, in the early days of departments such as the Denver, Colorado fire 

department, firefighters worked seven days on shift with one day per week off (A. Rayne, 
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personal communication, January 12, 2009). Lengthy shifts such as these were feasible in 

the early days of community protection because, at the time, fire departments were not 

responsible or trained for responding to interminable medical emergencies and ancillary 

activities. Fire departments have found themselves increasingly involved in the 

emergency medical business (Murphy et al., 1999). Unlike the early days of professional 

firefighting, the trend in the 21st century is instead, for fire departments to provide EMS 

partially because it is fiscally more responsible. Fire administrators are fully cognizant of 

the reasoning: 

The public, as the economy has changed, is requiring more from their fire 

departments, and managers have addressed that by keeping the firefighters busier 

with pre-fire planning, equipment maintenance activities, and community 

interface and education. In earlier times, firefighters could rest during the day in 

preparation for potentially being awake all night on an emergency. Now they are 

working the equivalent of an eight-to-five job without the opportunity to rest, and 

then often staying awake all night responding to emergencies. (B. Crawford, 

personal communication, December 21, 2008) 

In a 2007 survey of 270 fire departments in 45 states, Washington, D.C., and 

seven Canadian provinces, 1,828,139 fire calls were reported in addition to 7,225,673 

EMS calls (Neroulas & Roche, 2008). The USFA (2007a) reported that in 2004, 8.2% of 

all fire department runs responded to fires while 55.2% were made for medical 

emergencies. While all types of calls for aid are increasing, USFA reported that fire 
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responses nation wide in 2006 totaled 1,642,500 and had increased 2.5% from 2005, 

while medical aid responses totaled 15,062,500 in 2006, which represented an increase of 

4.8% from the previous year (2007b). 

In 2007, the percentage of all Americans who do not have health care insurance, 

at 15.3% (DeNavas-Walt, Proctor, & Smith, 2008), are relying more upon EMS as their 

primary healthcare provider, thus contributing to the increased call volume. In fact, when 

comparing a three year average for uninsured rates from 2005-2007, Texas had the 

highest percentage of uninsured, at 24.4% of the population (DeNavas-Walt et al.). As a 

result, some districts within a city experience a higher run volume of EMS calls, many of 

which may occur from 10:00 p.m. to 7:00 a.m., during normal sleeping hours. 

Firefighters and Second Jobs 

Despite steady increases in call volume, firefighters are generally protective of 

their 24/48 shift schedule, as two consecutive days off shift allows them to work a second 

job or an overtime shift at the fire station. In a survey of 2,050 paramedics and 

firefighters, holding of additional employment ranged from 42% averaging 25 hours per 

month for the paramedic-only workforce. In the firefighter-only sample, 32.6% reported 

outside employment averaging 18 hours per month. More than one-third of the cross

trained paramedic-firefighters reported working an average of 20 hours monthly (Beaton 

et al., 1997). When the study results were updated in 1999 in a dual-site longitudinal 

prospective study with 188 members of urban fire departments, 25-50% of professional 

fire service personnel were employed at second jobs (Murphy et al., 1999). Flexible and 
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alternative work schedules have been noted as desired by employees to increase capital 

and leisure time (Johnson & Sharit, 2001; Tepas, as cited in Dinges, 1995). 

Stress in Firefighters and EMS Providers 

Stress in relationship with the nature of the business of taking care of victims of 

illness and injury as well as fire, entrapment, and other rescue emergencies provides the 

most extensive body of literature in the fire service (Boudreaux, Jones, Mandry, & 

Brantley, 1996; Murphy et al., 1999; Regehr & Millar, 2007; Tak et al., 2007; Weibel, 

Gabrion, Aussedat, & Kreutz, 2003). However, stress, as related to shiftwork has also 

been studied in firefighters and EMS providers. In fact, chronic stressors such as sleep 

disruption may be more important elements of perceived stress in fire personnel beyond 

acute stressors in critical incidents (Gist & Woodall, 1995). Both types of job stressors 

were found to be associated with depressive symptoms and anxiety according to survey 

responses from 210 Anaheim, California firefighters (Tepper, Mueller, Hurrell, & Kang, 

2000). 

In a two year prospective longitudinal study with 136 participants, Cydulka, 

Emerman, Shade, and Kubincanek ( 1994) investigated stress levels in EMS providers in 

relation to a modification of their work schedule, investigating stress levels after a newly 

implemented shift schedule of 12-hour shifts as compared to those who remained on an 

eight hour shift schedule. Sleepiness and health were not assessed, beyond that which 

was covered on the Medical Personnel Stress Survey (MPSS-R). The researchers found 

that the new shift schedule was actually associated with overall increased stress levels 
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over the study period, albeit not necessarily on an individual basis. In an attempt to 

improve the flawed study methodology, Boudreaux, Mandry, and Brantley (1998) studied 

35 EMTs who underwent a work schedule change from 24- to 12-hour shifts, utilizing 

instruments that specifically measured emotional exhaustion, general affect toward their 

shift schedule, level of social/family life disruption, and disruption of their quality of life. 

Current discussion of this study is timely because these variables relate to some of the 

same contributing factors as does sleep deprivation. The researchers discovered that 

levels of emotional exhaustion initially decreased after the shift change; however, they 

eventually returned to baseline at the long term follow up at one year after the shift 

rescheduling. In a longitudinal design, van der Ploeg & Kleber (2003) assessed 221 

Dutch ambulance providers and noted that 1/10 of the sample exhibited a fatigue level so 

elevated that it put them at risk for subsequent sick leave or work disability. 

One early study investigated psychological and physiologic stress levels in 67 

paramedics as compared to 56 firefighters in the Houston Fire Department, and used a 

triangulation method with three measures. Instruments included two questionnaires; one 

measuring occupational stress and another that measured the extent of life changes over 

the preceding three months (Rahe Stress questionnaire) in addition to urinary 

measurements of corticosteroids such as cortisol and catecholamines such as 

norepinephrine and epinephrine (Dutton, Smolensky, Leach, Lorimor, & Hsi, 1978). All 

of the participants worked a six day work schedule including three 10-hour day shifts 

followed by three 14-hour night shifts. Descriptive statistics indicated that the average 
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age of the firefighters was 36 (range 22-59) and 55% maintained outside employment 

averaging at least 11 hours per week. Average age of the paramedics was 32 (range 24-

49). Although the study possessed severe limitations, notable information came to light 

from the study results. Job fatigue was found to be worse for the paramedics than the 

firefighters who did not possess responsibility for medical care, a finding that in a 2005 

study similarly illustrated high levels of negative impacts on physical health and 

psychological well-being even when compared to firefighters and police officers 

(Johnson et al., 2005). In the Dutton study, as compared to the firefighters, 22% more 

paramedics complained of exhaustion while 44% of them stated they lacked sufficient 

rest times. At this early date prior to the publication date of 1978, a work overload had 

already been identified, especially in large metropolitan area EMS systems. Almost 30 

years later literature began to surf ace that illustrated the increased impetus of recognition 

that a problem existed (Circadian Technologies, Inc., 2006; Elliot & Kuehl, 2007). 

On-the-Job Motor Vehicle Crashes 

The reporting of near-miss vehicle crashes is just as important as documenting 

actual crashes that occurred secondary to drowsy driving. Near-miss accident is defined 

as "an event or situation that could have resulted in injury, illness, or an accident, but did 

not, either by chance or through timely intervention" (QulC, 2000, p. 87). The National 

Fire Fighter Near-Miss Reporting System, in its 2006 annual report, indicated that those 

working a 24/48 shift totaled 28% of 580 respondents, and in the 2007 annual report, 

37% of 470 respondents reported working a 24/48 shift schedule (National Firefighter 

80 



Near-Miss Reporting System, 2007, 2008). The reader must realize that reporting in this 

venue was voluntary and includes reports from volunteers who may not work a specific 

shift and who respond to emergencies from their home or work. In both the 2006 and 

2007 reports, the majority of near-miss incidents were reported in the first four hours of 

the shift, with the numbers decreasing as the shift progressed. In the 2006 report, 44% 

and in the 2007 report, 37% of incidents occurred within the first four hours of the shift 

(National Firefighter Near-Miss Reporting System). The elevated number of crashes that 

occurred in the first part of each shift may be due to emergency responses made by 

volunteer firefighters who respond from their residences or workplace in personal 

vehicles. In the 2006 report, in the last seven hours of the shift, 9 .6% of near-miss 

incidents were reported, and in the 2007 report, in the last seven hours of the shift, 12.4% 

of near-miss incidents were reported. Unknown in this data is the starting or ending time 

of the shifts reported. Finally, in reports from both years, fatigue is listed in the four least 

contributing factors to the near-miss incident whereas situational awareness, decision

making, human error, and individual action were the most cited causes for both reports. 

In both reports, respondents could list up to five contributing factors for each incident. 

Considering the challenging situations in which driving occurs while on duty, 

firefighters and EMS personnel experience relatively few deaths in emergency vehicle 

crashes. According to NHTSA, in 2006, eight fatalities occurred in EMS personnel 

involved in ambulance crashes and four occurred in fire personnel operating and/or riding 

in fire apparatus during a crash (NHTSA, 2008). Karter and Molis (2008) reported, for 
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2007, a total of 25.3 million incidents responded to, with emergency vehicle collisions 

representing one tenth of 1 percent of all responses. In 14,650 collisions involving fire 

department vehicles while responding to or returning from incidents resulted in 915 

firefighter injuries, or 1.1 % of all injuries (Karter & Malis). The data did not identify 

time of day for the incidents. 

Those who perform solely EMS duties are also prone to becoming involved in 

ambulance accidents. The highest number of on-duty fatalities for EMS-specific 

personnel is associated with vehicle crashes, and it is speculated that many of the 

collisions are related to the lengthy scheduling practices of most providers (Maguire et 

al., 2002). 

Job-Related Injuries 

Overall, total firefighter injuries have decreased since 1981 from 103,340 to 

80,100 in 2007 (Karter & Malis, 2008). In this report, time of day of the injuries was not 

reported. Thorpe (2003) noted the paucity of existing information in the literature 

regarding firefighting accidents and fatalities with time of day, although the author did 

not specify the exact hours defined as night and day. Thorpe tabulated data from the 

Oregon Department of Forestry from 1975-1999, albeit in a wildland firefighting setting 

rather than a municipal setting. He determined that only 6% of firefighter injuries 

occurred during nighttime firefighting operations. The author also inspected data for 

1997-1998 from the National Wildfire Coordinating Group (NWCG) and found that 43 
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incidents resulting in 101 deaths occurred during daytime operations (42.6%) whereas 

eight incidents resulting in 13 fatalities occurred during the night (61.5% ). 

In another study, the timing of fireground injuries was chronicled (Karter, 2007). 

In this rare published assessment of firefighter injuries by time of day, the author found 

that the peak period for structure fires was noon to six o'clock in the evening (33.3%) and 

six to midnight (30.9% ). The smallest number of fires (15%) occurred between midnight 

and 6:00 a.m. Firefighter injuries from noon to 6 p.m. was 27.1 %, from 6 p.m. to 

midnight, 26.0%, and from midnight to 6 a.m. 25.6%. The author attributed the 

unexpectedly high number of injuries during the quietest time of the 24 hour period to 

lack of visibility, cold temperatures, and decreased firefighter alertness (Karter). 

Although age, shift work, sleepiness, and performance has been discussed 

previously in this study, Caruso et al. (2004) noted that few data exists relating the effect 

of age on health and safety, especially in the _face of sleep deprivation. Based upon 441 

self-report questionnaires from urban firefighters, years of service was associated with 

higher levels of psychological distress, possibly secondary to cumulative job wear and 

tear, although no sleep questions were included in the survey (Murphy, Bond, Beaton, 

Murphy, and Johnson, 2002). Sharman (2005) surveyed professional EMS personnel, 

finding that paramedics over the age of 40 experienced the most difficulty sleeping after 

long rotational shifts and indicated that fatigue negatively impacted their work 

performance. Burgess (2007) cited that workers older than age 45 have less ability to 

adapt to a night shift and demonstrate worse scores on cognitive tests, a consideration 
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that should be taken into account when creating shift schedules during emergency 

responses to long-term operations such as that which followed the attacks of September 

11, 2001. 

Shift Work and Firefighters' and EMS Providers' Perception of Sleepiness 

Firefighter and EMS providers' perception of sleepiness and sleep deprivation are 

most likely the most understudied chronic health issues in the industry. It is interesting to 

note that the majority of directly associated studies have occurred in countries other than 

the United States. A large portion of the highly relevant research dates to the twentieth 

century (Manacci et al., 1999; Motohashi and Takano, 1993; Paley and Tepas, 1994). 

Although firefighters and EMS professionals are often involved in research, it is usually 

related to data collecting for patient care issues and does not involve the health of 

emergency workers (Sharman, 2005). This high-risk and seldom-tapped profession is 

usually studied for health issues such as cardiovascular health and stress. 

Sleep deprivation in firefighters and EMS personnel has only recently come into 

the limelight among health professionals and leaders in this profession. Research in 

firefighting lags behind other professions that are inherently prone to sleep deprivation, 

fatigue secondary to shift work, circadian rhythm disturbance, and long work hours. 

However, a collaborative effort between the International Association of Fire Chiefs 

(IAFC), the USFA, and the faculty of Oregon Health & Science University examined 

sleep deprivation in firefighters and EMS responders (Elliot & Kuehl, 2007). This effort 

exemplified the genesis of enlightenment into this potential threat to health and safety. 
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Firefighter Shifts Shorter than 24 Hours 

Little data exists specifically reporting the health and safety of sleepy firefighters 

and/or EMS providers who work a shift shorter than 24 hours. Paley and Tepas (1994) 

reported upon sleep length, perceived sleepiness and mood in 21 firefighters/EMS 

personnel working for a college campus fire department on a rotating eight-hour shift. 

The researchers found a significantly shorter sleep period for night shift workers and a 

statistically significant increased level of sleepiness as determined by the Stanford 

Sleepiness Scale (SSS) in addition to a significantly worse mood. 

Firefighters who worked shift lengths varying from 12--48 hours were measured 

every 12 hours for postural stability while wearing their firefighting gear. As their time 

on duty progressed, their postural stability decreased, especially after 36 hours of on-duty 

time; however, the study results lacked statistical significance. In this study, although 

demographics were collected, unfortunately, age was not considered as an independent 

variable (Sobeih, Davis, Succop, Jetter, & Bhattacharya, 2006). 

Sporadic accounts also exist for sleepiness and sleep deprivation in private, aero 

medical EMS services, and third city services. An online survey of 34 7 paramedics in 

Victoria, Australia who worked 14 hour shifts revealed high levels of mandatory 

overtime work and long shifts that had affected the rescuers' judgment while at work 

(82%), which occurred at least once per month (24.5%) (Ambulance Employees 

Australia, 2008). In a study of 54 paramedics in a professional service in Edmonton, 

Alberta, Canada, 86.3% indicated that the long rotational shifts caused fatigue while at 
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work, 72.9% stated that fatigue negatively impacted their work safety, and 71.4% felt that 

the fatigue impacted their clinical judgment (Sharman, 2005). 

Firefighter Shifts of 24 or More Hours 

The majority of literature regarding firefighters and 24 hour shifts relates to stress, 

fatigue, psychomotor, and cognitive function. Mitani et al. (2006) noted no statistically 

significant differences in urine cortisol levels between on-duty days and off-duty days in 

a sample of ambulance men working 24-hour shifts. Sleep problems assessed by three 

survey questions contributed to subjective health and stress, but were not assessed 

separately in a cross sectional study performed in Sweden with 26 ambulance workers 

who worked a 24 hour shift (Aasa, Kalezic, Lyskov, Angquist, & Barnekow-Bergkvist, 

2006). In a 17-day field study in Japanese firefighters who worked 24 hour shifts, but 

were on duty only during a two hour slot from 2200 to 0700 hours, a 30 question survey 

measured subjective fatigue. They reported higher subjective fatigue if they worked the 

two duty periods between 0130 and 0515 than for other time periods (Takeyama et al., 

2005). Motohashi and Takano (1993) noted that 24 hour ambulance paramedics, when 

compared to those who worked 8 hour shifts, had fewer circadian changes. In a study of 

Dutch firefighters, researchers found a higher risk of subjective fatigue complaints 

(OR=2.2-2.8) for those working 24 hour shifts with energetically demanding activities, 

but did not find more fatigue complaints than the Dutch general working population (Bos, 

Mol, Visser, & Frings-Dresen, 2004). Saijo, Ueno, and Hashimoto (2008) surveyed 1,301 

firefighters who worked a 24-hour shift, age 18-60, and found that fire department-
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employed ambulance attendants suffered a higher rate of depressive symptoms than 

firefighters. 

A study that compared five shift schedules for Canadian firefighters determined 

that the 24/72 provided for cognitive effectiveness in the 90-100% range and complete 

cognitive recovery before the next work day (Paul & Miller, 2005). Other shifts that 

worked consecutive days and/or nights exhibited a marked decrease in cognitive function 

and little chance for recovery from lack of sleep due to nighttime alarms. 

In Austin, Texas, a large EMS workforce (263 medics) recently underwent shift 

restructuring from a 24/48 schedule after a workforce study identified that more than 

50% of the time, paramedics working at the 11 busiest stations received less than 2 hours 

of sleep in a 24 hour period. More than 50% of the medics reported being required to 

work 48 hours or more consecutively within a month, and 1/3 reported having to work 27 

or more consecutive hours without sleep in a week's period (Smith, 2006). The survey 

indicated that 34% of the work force scored at the level for excessive sleepiness on the 

ESS (Circadian Technologies, Inc., 2006). Making mistakes or errors due to inattention 

that occurred at least several times per month was reported by 47% of the medics, and 

having an accident or near accident due to fatigue was reported by 41 % of the workers 

(Circadian Technologies, Inc.). 

Aero medical responders experience similar shifts and stressors to those of ground 

medical personnel and fire,fighters. In a study that compared intubation success rates of 

aero medical teams that changed from a 12-hour to 24-hour shift schedule, no significant 
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differences were found in the number of successful intubations or intubation attempts 

between the two time periods on different shifts. The researchers concluded that 

psychomotor agility as measured by the endotracheal tube placement success rate 

collected from retrospective data was not affected to the potential additional fatigue 

resulting from working a 24-hour shift (Allen, Delbridge, Stevens, & Nicholas, 2001). In 

another situation where 12 flight nurses were assessed, comparing those working on a 12-

to those working a 24-hour shift, those working on a 24-hour shift did not significantly 

experience cognitive decline or increased stress or fatigue ratings as measured by testing 

and self-report (Manacci et al., 1999). An additional study performed in the aero medical 

realm using 133 mailed surveys reported that sleep debt incurred during their 24 hour 

shift was only 30 minutes on average, and that, although 81.1 % of the air medical team 

members reported outside employment, they did not report pre-duty sleep debt as a result 

(Frakes & Kelly, 2007). These results of these three aero medical studies indicate the 

future need to investigate those independent variables or confounding factors that may 

have resulted in the unexpected study outcomes. 

The Role of Health Education in Firefighter Sleepiness and Sleep Deprivation 

While the Ecological Model of Occupational Stress can be used to frame 

influences upon the perceived effects of sleepiness and sleep deprivation in firefighters, 

Behavior-based Safety Systems can be utilized to promote a culture of safety in a 

workplace setting. Ecological in nature, this model acknowledges the multifaceted 

dynamics that influence health and safety behavior using seven key principles, including 
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environmental factors (Geller, 2005). The fire and EMS industry is a complex subculture 

requiring an assemblage of means to access and implement a plan for amelioration of 

health and safety. An individual-based health education effort fails to address the 

multiple influences upon firefighter and EMS provider health in a 24/48 setting. Results 

of the PHLAME study with firefighters indicated that both a team-centered and 

individual-oriented health intervention promoted healthy behaviors in firefighters; 

however, the researchers stated that the team curriculum may enlist influences not 

accessible by the individual approach (Elliot et al., 2007). 

Behavior-Based Safety System Model 

Behavior-based Safety (BBS) incorporates a seven-step process toward managing 

occupational risk and preventing workplace injuries, and can be utilized to educate, 

advocate, and oversee behavior related to sleep health in the fire department setting. The 

first construct focuses upon the behavior itself as well as why it occurs, and the 

application of a research-supported intervention to improve the behavior. Second, 

external factors are identified that may influence the behavior, particularly promoters of 

negative or unsafe behavior which may include manager behavior or inadequate 

management systems. Sharman (2005) recognized the importance of management's 

participation in and support of healthy practices related to sleep deprivation in an EMS 

workforce. Third, that which activates the behavior is investigated. Human actions occur 

(or fail to occur) when the consequence or reward is strong enough for their purposes. 

Fourth, use of positive motivators is emphasized to change behavior. Fifth, the scientific 
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method is utilized to define and achieve target behaviors, using the pneumonic DO IT

(define, observe, intervene, test). In the current context of sleepiness and sleep 

deprivation, target behaviors should include (a) alertness while driving, (b) alertness 

while caring for patients, (c) safe driving on the way home after shift, and (d) safe 

practices while at work. After the behavior is defined, subsequent observation collects 

baseline data, which may include peer observation in the firefighting setting. At this 

point, observations should not result in punitive action. Next, an intervention must occur 

to influence target behavior, and may include consequences or rewards that are conducted 

in a timely manner, with certainty, and with a sizable or considerable cost. Positive 

consequences are preferable to negative consequences. Finally, the impact of intervention 

must be tested. Sixth, theory is utilized to integrate the information, allowing the data to 

drive the results. The seventh construct relates to designed interventions that are people

friendly and that motivate and educate with the ultimate purpose of cultivating a sense of 

teamwork (Geller, 2005). 

The worksite offers an excellent setting to promote health protection and health 

promotion, partially because of the heavy emphasis upon fitness as a job requirement in 

firefighting and EMS. BBS has been used in similar settings such as military medical 

practitioners (Smith, 2002). In addition, DePasquale and Geller (1999) noted its use to 

improve workers' use of personal protective equipment, vehicle safety belts, and to 

reduce driving speed. 
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Conclusion 

The prevalence of sleepiness and sleep deprivation, until recently unrecognized as 

a public health threat, has scarcely been identified in the firefighter and EMS provider 

population. Although other industries have recognized the prevalence and threat to health 

and public safety, the threat to firefighters was not formally identified until the 

publication in 2007 of Elliot and Kuehl's report entitled Effects of Sleep Deprivation on 

Fire Fighters and EMS Responders. 

Extensive physiological and psychological effects of sleep deprivation potentially 

affect millions worldwide and present a manifold challenge to health educators, 

workplace managers, and medical personnel, especially in the setting of an intensifying 

pace and number of activities people experience that preclude getting a good night's rest. 

Although little published data indicates that sleep deprivation is affecting 

firefighter and EMS providers' performance, health, and/or safety, the industry should be 

proactive rather than reactive in their addressing of the health threat. The liability 

assumed by fire departments for employee injuries and accidents for which sleepiness 

and sleep deprivation, particularly as manifested in drowsy driving and patient care errors 

is paramount. 

The opportunity for the fire service to identify and address this health threat and 

then to share findings and/or solutions with each other presents a potentially rewarding 

opportunity to build cohesion in this industry in providing a healthy work environment. 

Sharman (2005) noted the need to build a community of practice for EMS: 
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This community would provide management, staff, and the union a platform to 

build from upon their existing relationships, to ensure they have a vision with 

mutual goals and aspirations; a community that uses research and critical inquiry 

to solve its own problems and one that looks for new and imaginative goals to 

strive toward. (p. 3-4) 

Insight gained from the investigation and management of the health threat of sleep 

deprivation can be applied to other pressing issues in the fire service, resulting in a better 

comprehensive work environment for these deserving rescuers. 
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CHAPTER ill 

METHODS 

The descriptive study proposed to assess the prevalence of perceived sleepiness 

and sleep deprivation in a sample of firefighters and EMS providers working a 24/48 shift 

schedule in three north central Texas cities, and to identify any relationship with job 

performance, health, and/or safety. This chapter describes the procedures used in the 

study and the following topics will be covered: (a) research design, (b) study context, (c) 

participants, (d) protection of human participants, (e) procedure, (f) instrumentation, (g) 

data analysis, and (h) the summary. 

Research Design 

This mixed-methods study design used survey design and archival data. Survey 

data were predominantly quantitative in nature, with additional qualitative or open ended 

questions. In addition, previously collected data was gathered from each of the three fire 

departments, the purpose of which was to identify trends between time of day and 

number of employment-related vehicle accidents, personal injuries, and QNQI 

identification of patient care and/or patient documentation issues. "Triangulation is a 

validity procedure where researchers search for convergence among multiple and 

different sources of information to form themes or categories in a study" (Creswell & 

Miller, 2000, p. 126). The triangulation of data intended to illustrate a more 
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comprehensive overview of the state of perceived sleepiness and sleep deprivation in 

firefighter/EMS providers who worked a 24-hour shift schedule. 

Study Context 

Three municipal fire departments with 100% paid personnel from a heavily 

populated north central Texas urban area located in two adjacent counties were invited to 

participate in the study. Department W serves a town with a population of 24,836 (North 

Central Texas Council of Governments, 2008), and occupies 5.25 square miles protected 

by a single fire station (W. Crawford, personal communication, October 10, 2008). 

Department FB is located in a town with a population of 27,700 in 12.1 square miles and 

currently operates three fire stations (City of Farmers Branch, 2006). Department I is 

located in a city with a population of 201,927 th.at covers 67 .6 square miles, and is 

protected by 11 fire stations (C. Britland, personal communication, October 9, 2008). The 

cities of W and FB can be described as bedroom communities while the city of I serves as 

a base for a substantial number of large corporations in addition to a home for its 

residents. The three departments were chosen partially because of convenience, but also 

because of the variety in employee number and city size. An additional criterion for 

selection included the accessibility of retrospective data from the administrative staffs. 

Fire departments answer "calls" for their services, which are also designated as 

"runs." In 2007, Department W responded to 382 fire calls and 1173 EMS calls (B. 

Crawford, personal communication, October 10, 2008). In 2007, Department FB received 

1561 fire calls and 2074 EMS calls for a total of 3635 (S. Bock, personal communication, 

October 7, 2008). During the fiscal year (October 1, 2007-September 30, 2008), 
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Department I was dispatched to 18,759 fire calls and 13,811 EMS calls (C. Britland, 

personal communication, October 9, 2008). All of the cities served by the fire department 

have defined city limits and none are responsible for emergency responses into county or 

rural areas. However, like most fire departments, all three maintain mutual aid 

agreements with at least one adjacent city to supplement their manpower when resources 

are overwhelmed. 

Participants 

Participants in the present study consisted of a volunteer convenience sample of 

firefighter/EMS providers from a population of three fire departments in the north central 

Texas area. Participants who were currently firefighter personnel who were currently or, 

at one time had been certified EMS providers were invited to participate. All participants 

were scheduled to work a 24/48 shift schedule at the time of the study. Department W 

employs a total of 21 fire department members including 14 paramedics and 4 EMTs. Of 

the total, 18 work a 24/48 shift schedule (W. Crawford, personal communication, October 

7, 2008). Department FB has 67 total members with 34 field paramedics and 19 EMTs 

who work 24/48 shifts (S. Bock, personal communication, September 30, 2008). 

Department I employs 315 total fire department employees with 283 who work 24/48 

shifts (C. Britland, personal communication, October 9, 2008). Of the 164 paramedics 

and 60 EMTs, 155 paramedics and 60 EMTs work 24/48s. The total number of 

emergency providers eligible for this study was 286. 

Because of the accessibility and manageable size, the entire population was 

invited to participate. Participation was voluntary, thereby excluding the use of a random 

95 

., 

• 



sample. All participants were age 18 or over, had obtained at least a G.E.D., and were 

fluent in written and spoken English. A priori power analysis was performed to determine 

sample size, indicating a total of 159 participants were needed with a power of .80, alpha 

of .05, and a moderate effect size. 

Protection of Human Participants 

The principal researcher successfully completed the National Cancer Institute's 

Human Participants Protection Education for Research Teams online module on April 20, 

2008 ( certificate number 25624) in compliance with the requirements for conducting 

research per Texas Woman's University (TWU). Approval for the study was obtained by 

the Institutional Review Board (IRB) at TWU as exempted from further review on July 1, 

2008. Participants were informed of the purpose, procedures, duration, risks, and benefits 

of the study. Informed consent was acquired by the addition of the following statement at 

the end of the introduction to the study: "The return of your completed questionnaire 

constitutes your informed consent to act as a participant in this research." which was also 

placed on the first page of the online survey. Emphasis was placed by the researcher upon 

the participants' confidentiality whether they chose to complete the paper or online 

version of the surveys. Although the online survey was procured on a secure server, an 

additional disclaimer was added to the introduction of the online survey indicating that 

"There is a risk of confidentiality in all email, downloading, and Internet transactions." 

Procedure 

The researcher contacted each of the fire chiefs or his or her delegated personnel 

and presented a short presentation of the study' s purpose and methods. Permission was 
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gained by the researcher to conduct the study from each of the three fire chiefs (see 

Appendixes A, B, and C), and to collect data and administer surveys. The permission 

letters were included in the application for the Institutional Review Board (IRB) at TWU. 

After IRB approval was granted, each fire chief or his delegated personnel was contacted 

and arrangements were made to begin the study. 

Five volunteer fire/EMS professionals pilot-tested the online survey prior to the 

study, and were then contacted by the chief investigator to elicit approximate time spent 

completing the surveys and additional feedback regarding clarity and ease of use. 

Responses indicated an absence of unclear, insulting, or vague questions on the survey, 

and that the survey was of a reasonable length, taking a minimal amount of time ( 10-15 

minutes). No technical difficulties regarding the use of the online survey confronted any 

of the volunteers who pilot tested the instruments. None of the participants indicated that 

they had been interrupted while taking the survey. The principal investigator, upon 

receiving this information, determined that amendments were not needed on the two 

original surveys. 

Dates were selected for the principal investigator to visit the firefighters in order 

to introduce the study, and/or to meet with fire administration personnel to elaborate upon 

elements of the study. Firefighters are busy individuals, and meetings and presentations 

were required to coordinate and not interfere with ongoing training, emergency runs, and 

daily duties. The online survey was available from July 30, 2008 to October 4, 2008. 

Paper surveys were collected during the month of October, 2008. 
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Enrollment in the study included the following strategies: announcements made 

during the monthly continuing education (CE) classes by the principal investigator (see 

Appendix D), fliers posted at the fire stations (see Appendixes E and F), and email 

invitations posted by the fire chiefs or their chosen subordinates to the firefighters' 

workplace email accounts (see Appendixes G and H). Participants were given the 

opportunity to complete the instruments either using a paper format or online using 

Psychdata.com. All flyers and handouts included the URL to the online survey, and the 

email invitation contained a direct hyperlink to the online survey. 

The principal investigator personally visited each fire station on A, B, and C shift 

at departments FB and I to introduce the study, answer questions, and collect completed 

paper surveys. A cover letter attached to each survey explained the purpose of the study 

and provided the principal investigator's contact information (see Appendix I). Surveys 

were placed by the participants into a secure container at a common area of the fire 

station and were collected by the principal investigator at the end of each day. A small 

number of the firefighters completed the survey online, which provided a useful option 

for those members who were on vacation or sick leave the day the researcher visited their 

assigned station. Volunteer participants at department W completed their surveys online, 

and the study introduction and access to the survey was managed by the fire chief, who 

contacted the department's information technology (IT) department to allow Internet 

access for the firefighters while they were on duty so as to complete the surveys if they so 

desired. 
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Paper surveys were numbered to designate their order of input into the online 

survey for purposes of verification by the statistician. No surveys contained identifying 

information such as name, birth date, gender, race, ethnicity, or department name, and 

could not be linked to specific individuals. 

As an incentive to participate in the study, voluntary enlistment in a raffle for one 

of three prizes was offered after the completion of the study. For those who chose to 

complete the paper survey, a "coupon" was cut from the end of the last page which was 

completed by the participant containing contact information and was then deposited into 

a secure container separate from the survey itself. Participants who chose to complete the 

online survey clicked on a link at the end of the survey that directed them to another 

secure online document where they input their contact information, thereby providing 

confidentiality. Prizes were purchased by the principal researcher, and consisted of three 

gift cards for local businesses. The drawing for the three winners occurred during the 

month of March, 2009, and winners were contacted and the prizes delivered. 

After IRB approval, the three fire chiefs were informed of that which the 

researcher needed in terms of departmental data. Retrospectively collected data was 

requested for on-duty personal injuries and vehicle accidents reported by fire department 

personnel for the preceding two years, specifically by time of day of occurrence. In 

addition, results of QA/QI reviews regarding patient care reports (PCR) for the previous 

two years by time of day was requested. None of the data indicated, by name, fire 

department personnel involved, so as to maintain confidentiality. All data collection 
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records will be stored in a locked cabinet and office for a period of three years by the 

principal investigator. 

Instrumentation 

Two instruments were used in the study: the Epworth Sleepiness Scale and the 

DUKE Health Profile. 

Epworth Sleepiness Scale 

Created by M.W. Johns in 1990, the multiple choice instrument consists of eight 

items, and asks the respondent to self-assess his or her propensity to sleep in various 

settings (see Appendix J). The ESS can be completed in less than five minutes. Possible 

responses include 0 = would never doze, 1 = slight chance of dozing, 2 = moderate 

chance of dozing, and 3 = high chance of dozing. The instrument was chosen because it 

(a) has been used in a variety of settings and populations, (b) requires a minimal amount 

of time to complete, and ( c) exhibited properties of genericalness that would be most 

appropriate for this population. The ESS has been used extensively to measure the 

tendency to doze in selected specially target groups such as in Parkinson's disease 

patients (Hagell & Broman, 2007) and those diagnosed with sleep disorders (Johns, 1993; 

Violani et al., 2003). Gander, Marshall, Harris, and Reid (2005) utilized the ESS to assess 

sleepiness in the indigenous Maori population of New Zealand. Recently, community

wide assessments of sleepiness (Bartlett, Marshall, Williams, & Grunstein, 2008; Sanford 

et al., 2006) have offered insight into use of the ESS in the general population. In 

addition, the ESS has been validated in studies when translated to several languages, 

including Spanish (Chiner, Arriero, Signes-Costa, Marco, & Fuentes, 1999; Ferrer et al., 
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1999), Swedish (Hagell & Broman), Italian, (Garbarino et al., 2001; Vignatelli et al., 

2003), German (Bloch, Schoch, Zhang, & Russi, 1999), Chinese (Chen et al., 2002), and 

Greek (Nena et al., 2008; Tsara, Serasli, Amfilochiou, Constantinidis, & Christaki, 2004). 

The ESS was also translated to Portuguese and used in a large sample of Brazilian 

medical students (Aloe, Pedroso, & Tavares, 1997). 

Internal consistency of the ESS as measured by Cronbach's alpha ranged from 

0. 73 to 0.88, and test-retest reliability using the Pearson correlation coefficient was 0.822 

(p<0.001; Johns, 1992). Total scores may range from Oto 24. Johns (1991, 1993) 

indicated that the clinically normal range of scores total 2-10 with a statistically normal 

distribution and a model score of six. ESS scores > 16 in the 1991 study indicated a high 

level of daytime sleepiness and were encountered only in patients with narcolepsy, 

idiopathic hypersomnia, or OSA. In a study that assessed sleepiness in Greek railway 

drivers, an ESS score of >10 was used to designate increased sleepiness (Nena et al., 

2008), as did the Maori study (Gander et al., 2005), a study of 438 Brazilian lorry drivers 

(Canani, John, Raymundi, Schonwald, & Barreto, 2005), and a case-control study that 

investigated cases of vehicle crashes and a randomly selected control group of drivers 

(Liu et al., 2003). The researchers further identified a score of 10-15 as representative of 

moderate impairment and a score of 16-24 severe impairment. Mitler, Carskadon, and 

Hirshkowitz (2005) categorized an ESS score of 0 to 8 as normal, 9 to 12 as mild, 13 to 

16 as moderate, and greater than 16 as severe. 

Although the ESS has not been previously utilized in a published study for 

this population of firefighters and EMS workers, it has been used in circumstances related 
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to the content of the current study. For example, it was used to assess sleepiness of 

Brazilian lorry drivers in a country with a skyrocketing number of vehicle accidents 

(Canani et al., 2005). In another group of 843 long-haul truckers, the ESS was found to 

have strong internal consistency and reliability (Cronbach' s alpha = . 79) for this group of 

workers in a naturalistic setting (Heaton & Anderson, 2007). Permission was granted by 

the author to utilize the instrument specifically for the current study. 

DUKE Health Profile 

Authored by Parkerson et al. ( 1990), the DUKE instrument assesses various 

aspects of health and well-being using 17 items that can be completed within five minutes 

(see Appendix K). Participants are directed to rate various aspects of their psychological 

and physiological health by selecting one of several multiple choice responses, which 

vary according to the item. The instrument measures six health measures (physical, 

mental, social, general, perceived health, and self-esteem) and four dysfunction measures 

(anxiety, depression, pain, and disability; Parkerson et al.). Scores on the DUKE range 

from 0-100 with higher scores reflecting poorer health on scales for anxiety, depression, 

anxiety-depression, pain, and disability. For the categories of physical, mental, social, 

general, perceived health and self-esteem, higher scores indicate the best health status 

while lower scores designate worse health. The mean physical health score was 83.9 for 

patients with health maintenance problems as opposed to those with painful physical 

problems. The mean mental health score for patients with health maintenance was 79 .2 as 

opposed to those with mental health problems (Parkerson et al.). The manual available 
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from Duke University Medical center was obtained and used to score the survey in this 

study. 

The authors explained the rationale behind the development of the instrument: 

"[DUKE was] developed in response to the need for a measure of health outcomes that 

addresses basic health measurement issues and improves the potential for research, health 

promotion, and clinical applicability." (Parkerson et al., 1990, p. 1057). Although 

developed to measure generic health status, particularly in the primary healthcare setting, 

DUKE has been utilized in diverse settings and locales (Novella et al., 2001; Parkerson, 

Willke, & Hays, 1999; Vo, Guillemin, & Deschamps, 2005). The instrument was chosen 

for the current study for its (a) illustrated usefulness in a variety of settings with various 

populations, (b) brevity, (c) straightforward and simple wording, and (d) succinct 

coverage of several health concepts. 

In the original study, reliability for the DUKE was supported by Cronbach's 

alphas (0.55 to 0.78) with 0.78 for general health. Test-retest correlations (0.30 to 0.78) 

exceeded 0.50 for all categories except disability and pain (Parkerson et al., 1990). A 

study that utilized DUKE translated into French with 963 participants reported an 

acceptable internal consistency (Cronbach's alpha= 0.63-0.81), and a satisfactory test

retest reproducibility (intraclass coefficient correlation r = 0.63-0.78) except in pain and 

disability dimensions (Guillemin, Paul-Dauphin, Virion, Bouchet, & Brian�on, 1997). 

DUKE has not been previously utilized in a published study in public safety 

professionals. Permission was granted by the author to utilize the instrument specifically 

for the current study. 
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Two original surveys completed the series of four. First, 14 open-ended queries 

assessed firefighter-specific information regarding sleepiness and sleep deprivation on

and off-duty and affect upon patient care. Participants were also queried regarding 

amount of sleep they personally needed and required factors or the setting in which they 

were able to maximize their optimal sleep. Finally, they were to respond to their 

perceived need for a health education program to assist in their quest for sleep (see 

AppendixL). 

Demographic survey questions constituted the last survey in the series of four (see 

Appendix M). Twelve questions assessed the participants' age, number of years on the 

job, EMS certification level, commuting distance, details of any outside employment, and 

distribution of run volume at their assigned station. Considering the distractions and busy 

schedule of this population, surveys and survey questions were chosen and/or designed to 

be succinct, requiring the least amount of time and effort on the firefighters' part, unless 
I 

they chose to contribute lengthy responses. Demographic information such as race, 

ethnicity, and gender were deliberately eliminated so as to not appear invasive and elicit 

concern or result in incomplete surveys as a result of firefighter fear of being recognized. 

Also, a very small percentage of firefighters on all three departments were female and/or 

a race or ethnicity other than Caucasian, thus eliminating the potential statistical 

significance of, or purpose of collecting this data. 

Data Analysis 

Statistical Package for Social Sciences (SPSS) software package version 15.0 was 

used to analyze the data. Descriptive and inferential statistics were utilized in the data 
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analysis. Frequencies and percentages, means and standard deviations were used to assess 

demographic variables. Item analysis reviewed frequency responses for each of the ESS 

survey responses. One-way Analyses of Variance (ANOVA) were used to test Hol and 

Ho3 and Pearson's product moment correlations were used to test Ho2. Chi-square tests 

of association were conducted to test for patterns in the frequencies between categorical 

variables. Multivariate Analyses of Variance (MANOVA) were conducted to test for 

differences between levels of the categorical independent variables on the continuous 

subscales of the health survey. To test for significance, alpha (a) was set at .05. 

Qualitative data gathered from open-ended questions was assessed using content 

analysis which generated categories and explanations (Pope, Ziebland, & Mays, 2000). 

Data was then organized into categories based upon emerging themes and patterns 

(Taylor-Powell & Renner, 2003), and relationships (Seidel, 1998), which were all coded 

by hand. Emergent themes and their frequencies were summarized. 

Summary 

This study focused on a health issue in a population that has rarely been studied or 

accessed beyond the topic of cardiovascular health and occupational safety. This cohort 

of professionals at hand maintains a vested interest in the optimum health status to safely 

and effectively serve the public. Methodology was carefully selected to answer the 

purposes of the study in a population subculture that is not accustomed to being 

personally involved in research as participants and to elicit the largest number of 

responses in this relatively closed population. 
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The study also served as a needs assessment for a proposed health intervention to 

address sleep deprivation and sleep hygiene for this population, and to serve as a basis for 

the design of culturally appropriate health education programs for the fire suppression 

and EMS industry. 
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CHAPTER IV 

RESULTS 

The primary purpose of this study was to assess whether emergency personnel 

such as firefighters, EMTs, and paramedics who work 24-hour shifts in selected 

municipal fire departments in a north central Texas metropolitan area perceived 

sleepiness and/or sleep deprivation as a result of their job duties and shift schedule. The 

descriptive study proposed to assess the prevalence of perceived sleepiness and sleep 

deprivation in a sample of firefighters and EMS providers working a 24/48 shift schedule 

in three north central Texas cities, and to identify any relationship with job performance, 

health, and/or safety. The study also examined individual sleep requirements, effects of 

sleep deprivation upon work and home life, and preferred methods of management of 

sleep deprivation by the firefighters. Finally, firefighters were queries regarding the 

usefulness of sleep health education for sleep deprivation. 

Description of Sample 

The sample for the current study included 242 fire and EMS personnel who work 

24-hour shifts. The means and standard deviations for the demographic variables are 

displayed in Table 1. The respondents were, on average, 40 years old (M = 40.51, SD = 

10.16) and ranged from 20 to 74 years. Firefighter respondents had been working as a 

firefighter for an average of approximately 15 years (M = 14.94, SD= 9.84) and ranged 

from O to 52 years. EMT personnel reported working as an EMT for an average of 11 
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years (M = 11.31, SD = 7. 73) and ranged from 0 to 34 years. Respondents reported an 

average commuting distance of 36.67 miles (SD = 27 .45), with distances ranging from 0 

to 130. Finally, respondents who reported other employment indicated that they worked 

an average of 26 hours at their other jobs (M = 26.27, SD = 16.36), and ranged from 0 to 

135 hours. 

Table 1 

Descriptive Statistics for Age, Fire Fighting Years, EMT Years, Commute, Other 

Employment Hours 

N Mean SD Min 

Age 242 40.51 10.16 20 

Fire Fighting Years 242 14.94 9.84 0 

EMT Years 242 11.31 7.73 0 

Commute Distance 242 36.67 27.45 0 

Other Employment Hours per Week 145 26.27 16.36 0 

Max 

74 

52 

34 

130 

135 

As shown in Table 2, respondents reported making an average of six runs in a 24-

hour period (M = 6.30, SD= 3.32) and ranged from Oto 30 runs. More specifically, 

respondents indicated that they made an average of four day runs (M = 4.11, SD = 2.40) 

and two night runs (M = 2.38, SD= 1.42) in a 24-hour period. 
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Table 2 

Descriptive Statistics for Total Number of Runs in 24-Hour Period 

Total Runs in 24 Hours 

Total Day Runs in 24 Hours 

Total Night Runs in 24 Hours 

N 

239 

210 

206 

Mean 

6.30 

4.11 

2.38 

SD 

3.32 

2.40 

1.42 

Min 

0 

0 

0 

Max 

30 

20 

10 

The frequencies and percentages for current certification level, other employment, 

self-employment, and sleep deprived are displayed in Table 3. A majority of the 

respondents were certified at the paramedic level (68.4% ), a moderate proportion was 

certified at the EMT-B or EMT-I level (20.9%), and only a small proportion was certified 

at the ECA level (1.6%). Finally, a small proportion was not yet certified (4.1 %) or no 

longer certified ( 4.5% ). In terms of other employment, over half of the respondents

indicated that they had another job (59.0%). Less than half of the respondents reported

that they were self-employed (40.2%) and 28.3% reported that they were not self

employed. Finally, a majority of fire/EMS personnel reported being sleep-deprived while

on duty (91.4%) and only a small proportion of the same reported not being sleep

deprived while on duty (8.2%). A slightly smaller proportion indicated that they also felt

sleepy or sleep-deprived while off duty (82.8% ).
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Table 3 

Frequencies and Percentages for Certification, Other Employment, Self-Employment, 

Sleep-Deprived while On and Off Duty 

Frequency % 

Current certification level 
Not certified yet 10 4.1 
ECA 4 1.6 
EMT-B or EMT-I 51 20.9 
Paramedic 167 68.4 
No longer certified 11 4.5 

Other Employment 
No 98 40.2 
Yes 144 59.0 

Self-Employment 
No 69 28.3 
Yes 98 40.2 

Sleep-deprived (On Duty) 
No 20 8.2 

Yes 223 91.4 

Sleep-deprived (Off Duty) 
No 41 16.8 

Yes 202 82.8 

Note. Frequencies not adding to 244 and percentages not adding to 100% reflect missing 

data. 

The continuous demographic variables were recoded into categorical variables for 

use in subsequent analyses. The breakdowns for these variables, as well as the 

frequencies and percentages for the categories, are shown in Table 4. Approximately half 
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of the respondents were between 35 to 49 years of age ( 45 .1 % ), slightly fewer were 

younger than 34 years (32.8%), and about 20% were 50 years or older (21.3%). In terms 

of years of firefighting, the majority of respondents had been a firefighter for at least 1 0 

years, with 29.5% reporting that they served between 10 and 19 years and 35.2% 

reporting more than 20 years of firefighting. Approximately one-third indicated that they 

had been firefighting for nine years or less (34.4% ). In terms of years of EMT service, 

just over half of the respondents reported serving as an EMT for 10 or more years 

(56.6%) and 42.6% had served for less than 10 years. Commuting distance was recoded 

into three categories, with approximately one-third of the responses in each group. More 

specifically, 34.0% fell into the 20 miles or less group, 32.0% were grouped in the 21 to 

40 miles, and 33.2% were grouped into the 40 miles or more category. Finally, the item 

measuring the number of hours spent with other employment was recoded into two 

categories: 20 hours or less (27 .0%) or more than 20 hours (32.4% ). 

The items assessing the number of runs made during a 24-hour period were also 

recoded into categories (see Table 5). The total number of runs during a 24-hour period 

was grouped into three categories: 31.1 % of the respondents reported less than five runs, 

37.7% reported five to seven runs, and 29.1 % reported more than seven runs. The number 

of day runs made was grouped into two categories, with 42.2% of the sample falling into 

less than four day runs and 43.9% falling into four or more day runs. Finally, the number 

of night runs was also coded into two categories: two runs or less (51.6%) and more than 

two runs (32.8% ). 
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Table 4 

Frequencies and Percentages for Age, Firefighting Years, EMT Years, Commute 

Distance, and Other Employment Hours 

Frequency % 

Age 
34 and younger 80 32.8 
35-49 110 45.1 
50 and older 52 21.3 

Firefighting Years 
9 or less 84 34.4 
10-19 years 72 29.5 
20 or more 86 35.2 

EMT Years 
Less than 10 104 42.6 
10 or More 138 56.6 

Commute 
20 Miles or less 83 34.0 
21-40 Miles 78 32.0 
greater than 40 Miles 81 33.2 

Other Employment Hours 
20 Hours or Less 66 27.0 
More than 20 Hours 79 32.4 

Note. Frequencies not adding to 244 and percentages not adding to 100% reflect missing 

data. 
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Table 5 

Frequencies and Percentages for Total Runs in 24 Hour Period, Day Runs, Night Runs 

Frequency % 

Total Runs 
Less than 5 76 31.1 
5-7 92 37.7 
More than 7 71 29.1 

Day Runs 
Less than 4 103 42.2 
4 or More 107 43.9 

Night Runs 
2 or Less 126 51.6 
More than 2 80 32.8 

As part of the survey, respondents were also asked to indicate the type of work 

they perform outside of the fire department. The frequencies and percentages for the 

work categories are displayed in Table 6. The most common work categories outside the 

department were yard, landscaping, and mowing (21.7%); health care (13.9%); and 

construction ( 11.1 % ). The least common work categories were office/administrative 

support; retail; manufacturing; childcare; and media (all categories = 0.8% ); food service; 

dispatch; legal occupations; business/financial; production and hospitality (all categories 

= 0.4% ); and military and scientific/engineering (both categories = 0.0% ). 
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Table 6 

Frequencies and Percentages for Work Categories Outside the Fire Department 

Freguency % Freguency % 

Agricultural 24 9.8 Retail 2 0.8 
Animal care 8 3.3 Cleaning 4 1.6 
Construction 27 11.1 Business/financial 1 0.4 
Consulting 3 1.2 Entertainment 6 2.5 
Education, training 8 3;3 Manufacturing 2 0.8 
Food service 1 0.4 Industrial 1 0.4 
Health care 34 13.9 Military 0 0.0 
Sports, recreation 14 5.7 Metalworking 11 4.5 - Dispatch 1 0.4 Contractor 18 7.4 -~ Scientific, engineering 0 0.0 Childcare 2 0.8 
Installation, maintenance, repair 14 5.7 Media 2 0.8 
Ranching 21 8.6 Production 1 0.4 
Farming 16 6.6 Religious 2 0.8 
Plumbing 5 2.0 Sales 6 2.5 
Yard, landscape, mowing 53 21.7 Transportation 1 0.4 
Painting 6 2.5 Union 5 2.0 
Handyman 24 9.8 Management 4 1.6 
Volunteer 16 6.6 Government 7 2.9 
Mechanic 9 3.7 Hospitality 1 0.4 
Legal occupations 1 0.4 Community 4 1.6 
Office/administrative support 2 0.8 Other 22 9.0 
Electrical 6 2.5 



Hypothesis Testing 

Epworth Sleepiness Scale Score 

One-way analyses of variance (ANOVAs) were conducted to examine potential 

differences in the Epworth Sleepiness Scale based on differing levels of total runs, day 

runs, and night runs (see Table 7). The results failed to reveal significant effects for total 

runs, day runs, and night runs on the Epworth Sleepiness Scale (all ns). 

Table 7 

Means and Standard Deviations for Epworth Sleepiness Scale Score by Total Runs, Day 

Runs, and Night Runs 

N Mean SD F p 

Total runs 2.05 .131 
Less than 5 76 10.74 4.38 
5-7 92 9.86 4.16 
More than 7 71 11.10 3.55 

Day runs 0.30 .585 
Less than 4 103 10.73 4.14 
4 or More 107 10.42 4.00 

Night runs 1.18 .278 
2 or Less 126 10.34 4.23 

More than 2 80 10.98 3.83 

As shown in Table 8, Pearson's product moment correlations were conducted to 

examine the relationships between the Epworth Sleepiness Score and the continuous 
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measures of the total number of runs in a 24-hour period, number of day runs, and 

number of night runs. The results failed to reveal any significant relationships (all ns). 

Table 8 

Pearson's Product Moment Correlations for Epworth Sleepiness Scale Scores, Total 

Runs in 24 Hour Period, Day Runs, Night Runs 

Total Runs in 24 Hours 

Total Day Runs in 24 Hours 

Total Night Runs in 24 Hours 

Epworth Sleepiness Score 

0.075 

0.042 

0.101 

As shown in Tables 9 and 10, separate one-way ANOV As were conducted to 

examine the potential effects of certification, other employment, self-employment, hours 

of other employment, age category, years of firefighting and EMT service, commute 

distance, and sleep deprivation on the Epworth Sleepiness overall score. The results of 

the one-way ANOV A conducted for other employment on the Epworth Sleepiness Scale 

Score revealed a significant effect for other employment, F (1,240) = 4.72, p < .05. 

Those with other employment had significantly greater Epworth Sleepiness Scale scores 

(M = 10.98, SD= 3.97) than those who did not have other employment (M = 9.84, SD= 

4.02). 
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Table 9 

Means and Standard Deviations for Epworth Sleepiness Scale Score by Certification, 

Other Employment, Self Employment, and Other Employment Hours Category 

N Mean SD F p 

Certification 0.54 .463 
EMT-B or EMT-I 51 10.24 4.07 
Paramedic 167 10.72 4.11 

Other employment 4.72 .031 
No 98 9.84 4.08 
Yes 144 10.98 3.97 

Self employment 7.79 .006 
No 69 9.61 4.02 
Yes 98 11.33 3.84 

Other employment hours 9.17 .003 
20 Hours or Less 66 9.77 3.95 
More than 20 Hours 79 11.75 3.87 

The one-way ANOV A for self-employment on the Epworth Sleepiness Scale 

Scores revealed a significant effect for self-employment, F (1, 165) = 7.79, p < .01. The 

results revealed that self-employed respondents had significantly greater Epworth 

Sleepiness Scale Scores (M = 11.33, SD= 3.84) than those who were not self-employed 

(M = 9.61, SD= 4.02). Finally, the results of the one-way ANOVA conducted to examine 

differences based on other employment hours on the Epworth Sleepiness Scale Scores 

revealed a significant effect for employment hours, F (1, 143) = 9.17, p < .01. 
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Respondents who worked more than 20 hours at another job had significantly greater 

Epworth Sleepiness Scale Scores (M = 11.75, SD= 3.87) compared to thos~ who worked 

20 hours or less at another job (M = 9.77, SD= 3.95). 

The one-way ANOV A conducted for commute distance on the Epworth 

Sleepiness Scale Scores revealed a significant effect for commute distance, F (2, 239) = 

7.01, p < .Ol (see Table 10). Post hoc comparisons using Tukey's HSD test indicated that 

that those who commuted 20 miles or less had significantly lower Epworth Sleepiness 

Scale Scores (M = 9.22, SD= 3.60) compared to those who commuted between 21 and 40 

miles (M = 11.38, SD= 3.96, p < .05) and those who commuted more than 40 miles (M = 

11.01, SD= 4.27, p < .05). There were no significant differences in the Epworth 

Sleepiness Scale Scores between those who commuted 21 to 40 miles and those who 

commuted more than 40 miles. 

The results of the one-way ANOVA for sleep deprivation on the Epworth 

Sleepiness Scale Scores revealed a significant effect for sleep deprivation, F (l, 241) = 

21.59, p < .001 (see Table 10). Respondents who reported that they were sleep deprived 

had significantly greater Epworth Sleepiness Scale Scores (M = 10.87, SD = 3.90) than 

those who reported that they were not sleep deprived (M = 6.65, SD= 3.77). 

Finally, the results failed to reveal significant effects for certification (see Table 

9), age, years of firefighting, or years of EMT service (see Table 10), on the Epworth 

Sleepiness Scale Scores (all ns). In other words, sleepiness scores did not differ based on 
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respondents type of certification, their age group, or the number of years they had been 

working as a firefighter or EMT. 

Table 10 

Means and Standard Deviations for Epworth Sleepiness Scale Score by Age Category, 

Fire Fighter Category, EMT Years Category, Commute Category, Sleep Deprived 

N Mean SD F p 

Age 1.55 .215 
34 and younger 80 9.96 3.90 
35-49 110 10.99 4.22 
50 and older 52 10.37 3.85 

Fire Fighter Years 2.20 .113 
9 or less 84 10.04 3.90 
10-19 years 72 11.33 4.29 
20 or more 86 10.30 3.93 

EMT Years 1.98 .161 
Less than 10 104 10.10 3.75 

10 or More 138 10.83 4.25 

Commute 7.01 .001 

20 Miles or less 83 9.223 3.60 

21-40 Miles 78 11.38b 3.96 

Greater than 40 Miles 81 11.0lb 4.27 

Sleep Deprived 21.59 .000 

No 20 6.65 3.77 

Yes 223 10.87 3.90 

Note. Means with differing superscripts differed significantly based on post hoc 
comparisons using Tukey' s HSD test. 

119 



In order to further examine the Epworth Sleepiness Score and potential 

relationships, Pearson's product moment correlations were conducted between the 

continuous demographic measures and the sleepiness score (see Table 11). The results 

revealed a significant relationship between other employment hours and the Epworth 

Sleepiness Score, r (204) = .226,p < .05. This result suggests that as the number of other 

employment hours increases, sleepiness scores also increase. The results failed to reveal 

significant relationships between the Epworth Sleepiness Score and age, fire fighting 

years, EMT years, and commute distance (all ns). 

Table 11 

Pearson's Product Moment Correlations for Epworth Sleepiness Scale Scores, Age, Fire 

Fighter Years, EMT Years, Other Employment Hours per Week, and Commute Distance 

Age 

Fire Fighting Years 

EMT Years 

Other Employment Hours per Week 

Commute Distance 

Note: * p < .05. 
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Epworth Sleepiness Score 

0.053 

0.061 

0.100 

0.226* 

0.111 



Epworth Sleepiness Scale and Duke Health Profile Scores 

Pearson's product moment correlations were conducted to examine the 

relationships between the Duke Health Profile Scores and the Epworth Sleepiness Scale 

items. As shown in Table 12, the results revealed several significant correlations between 

the Duke Health Scores and the Epworth items. In terms of patterns of significance, the 

Duke Health scores for Physical Health, General Health, and Pain were significantly 

correlated with the greatest number of Epworth items. The Duke physical health score 

was significantly negatively correlated with all of the individual items of the Epworth 

Sleepiness Scale, except "lying down to rest." 

These findings suggest that better health is related to lower chances of dozing 

during situations, including sitting and reading, r (241) = -.246, p < .001; watching TV, r 

(241) = -.231, p < .001; sitting inactive in a public place, r (240) = -.210, p < .001; 

passenger in a car for an hour, r (241) = -.155, p < .05; sitting and talking to someone, r 

(241) = -.181,p < .01; sitting quietly after lunch (no alcohol), r (241) = -.182,p < .01, 

and in a car stopped for a few minutes in traffic, r (241) = -.204, p < .01. In addition, the 

results indicated a significant negative correlation between physical health and the overall 

sleepiness score, r (241) = -.293, p < .0l, suggesting that better health is associated with 

less chances of dozing in general. 

Similar findings were found in relation to the Epworth Sleepiness items and the 

Duke score for General Health (see Table 12). The general health score was significantly 

negatively correlated with all of the Epworth items except "lying down to rest," "sitting 
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and talking to someone," and "in car stopped for a few minutes in traffic." In other 

words, better general health was related to less chances of dozing during situations 

including sitting and reading, r (242) = -.210,p < .01; watching TV, r (242) = -.181,p < 

.01; sitting inactive in a public place, r (241) = -.222, p < .001; passenger in car for an 

hour, r (242) = -.169, p < .0l; and sitting quietly after lunch (no alcohol), r (242) = -.135, 

p < .05. General health scores were also significantly negatively correlated with the 

overall sleepiness score, r (242) = -.251, p < .001, indicating that better general health 

was related to lower chances of overall dozing. 

The results also revealed significant relationships between the Duke Pain score 

and the Epworth items (see Table 12). Pain scores were significantly positively related to 

the Epworth items, with the exception of sitting and reading and lying down to rest. 

Greater pain scores were associated with greater chances of dozing off while watching 

TV, r (242) = .233, p < .001; sitting inactive in a public place, r (241) = .147, p < .05; 

passenger in a car for an hour, r (242) = .147, p < .05; sitting and talking to someone, r 

(242) = .193, p < .0l; sitting quietly after lunch (no alcohol), r (242) = .221, p < .001; and 

in a car stopped in traffic, r (242) = .191, p < .01. Similarly, pain scores were 

significantly positively correlated with the overall sleepiness score, r (242) = .262, p < 

.001. This finding suggests that greater pain is associated with greater chances of dozing 

off in general. 
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Table 12 

Pearson's Product Moment Correlations for Duke Health Profile Scores and Epworth Sleepiness Scale Scores 

Sit, Passen Sit& Sitting Stopped 
Sit inactive -gerin Lying talk to quietly for few Epworth 
& Watch public car for down some- after minutes Sleepi-

Duke Score Read TV p_lace hour to rest one lunch in traffic ness 

Physical Health -.246 ** -.231 ** -.210** -.155 * -.092 -.181 ** -.182** -.204** -.293 ** 

Mental Health -.055 -.152* -.052 -.058 .023 -.004 -.019 .021 -.069 
I-" 

Social Health -.107 -.032 -.172** -.125 -.066 -.036 -.064 -.051 -.135 * tv 
w 

Perceived Health -.180** -.113 -.118 -.156* -.187** -.060 -.112 -.040 -.198 ** 

Self-Esteem .000 -.013 -.061 -.082 .011 .031 .020 .002 -.027 

Anxiety .089 .067 .121 .141 * .065 .091 .091 .130 .155* 
Depression .089 .099 .080 .049 .001 .085 .045 .116 .107 
Pain .118 .233 ** .147* .147* .109 .193** .221 ** .191 ** .262** 
Disability -.021 -.015 -.085 -.030 -.020 -.107 -.075 -.065 -.076 
General Health -.210** -.181 ** -.222 ** -.169 ** -.084 -.120 -.135 -.125 -.251 ** 
Anxiety/ 
Depression .158 * .136* .129* .091 .027 .087 .064 .113 .159* 

Note. * p < .05, ** p < .001. In the Duke Health Profile, for physical health, mental health, social health, general health, self-
esteem, and perceived health, 100 indicates the best health status and 0 indicates the worst health status. For anxiety, depression, 
anxiety-depression, pain, and disability, 100 indicates the worst health status and 0 indicates the best health status. 



The overall scores for the Epworth Sleepiness Scale were recoded into a 

categorical variable reflecting low levels or no sleepiness (scores of 8 or less), moderate 

levels of sleepiness (scores of 9 to 11), and high levels of sleepiness (scores of 12 or 

more). A one-way MANOVA was then conducted to examine the potential effect of 

sleepiness (little or none vs. some vs. high) on the Duke Health Profile Scores. Means 

and standard deviations are displayed in Table 13. The overall multivariate effect was 

significant, F (18, 458) = 2.20, p < .01. The univariate analyses revealed a significant 

effect for sleepiness on the Duke Physical Health score, F (2, 236) = 9.68, p < .001. Post 

hoc comparisons using Tukey' s HSD test revealed that respondents with high levels of 

sleepiness had significantly lower Physical Health scores (M = 67.84, SD= 18.78) 

compared to those with moderate amounts of sleepiness (M = 75.00, SD= 15.01, p < 

.001) and those with little or no sleepiness (M = 79.58, SD= 16.86, p < .05). 

There was also a significant univariate effect for sleepiness on the Duke Perceived 

Health score, F (2, 236) = 3.22, p < .05. Post hoc comparisons using Tukey' s HSD test 

indicated that respondents with high levels of sleepiness had significantly lower 

Perceived Health scores (M = 78.41, SD = 28.16) compared to those with little or no 

sleepiness (M = 88.73, SD= 22.67, p < .05). In addition, there was a significant 

univariate effect for sleepiness on the Duke Pain score, F (2, 236) = 6.79, p < .01. Post 

hoc comparisons using Tukey' s HSD revealed that those with high levels of sleepiness 

had greater pain scores (M = 56.25, SD= 31.08) compared to those with little or no 

sleepiness (M = 39.44, SD= 32.64,p < .01) and those with moderate sleepiness (M = 
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42.50, SD= 29.87,p < .05). Finally, the results failed to reveal significant effects for 

sleepiness on the Duke scores for Mental Health, Social Health, Self-Esteem, Anxiety, 

Depression, and Disability (all ns). 

Table 13 

Means and Standard Deviations for Duke Health Profile Scores by Epworth Sleepiness 

Category 

N Mean SD F p 

Physical Health 9.68 .000 
Low Levels or No Sleepiness 71 79.58a 16.86 
Moderate Levels of Sleepiness 80 75.00a 15.01 
High Levels of Sleepiness 88 67.84b 18.78 

Mental Health 0.51 .604 
Low Levels or No Sleepiness 71 60.85 11.43 
Moderate Levels of Sleepiness 80 59.25 12.30 
High Levels of Sleepiness 88 58.98 13.05 

Social Health 1.38 .255 
Low Levels or No Sleepiness 71 64.23 17.38 
Moderate Levels of Sleepiness 80 65.13 15.34 

High Levels of Sleepiness 88 61.14 16.43 

Perceived Health 3.22 .042 

Low Levels or No Sleepiness 71 88.73a 22.67 

Moderate Levels of Sleepiness 80 81.88ab 25.46 

High Levels of Sleepiness 88 78.41 b 28.16 

Note. Means with differing superscripts differed significantly based on post hoc 
comparisons using Tukey's HSD test. In the Duke Health Profile, for physical health, 
mental health, social health, general health, self-esteem, and perceived health, 100 
indicates the best health status and 0 indicates the worst health status. For anxiety, 
depression, anxiety-depression, pain, and disability, 100 indicates the worst health status 
and 0 indicates the best health status. 
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Table 13, continued 

Means and Standard Deviations for Duke Health Profile Scores by Epworth Sleepiness 

Category 

N Mean SD F p 

Self-Esteem 0.91 .404 
Low Levels or No Sleepiness 71 58.73 13.41 
Moderate Levels of Sleepiness 80 61.50 11.48 
High Levels of Sleepiness 88 59.66 13.77 

Anxiety 1.80 .168 
Low Levels or No Sleepiness 71 39.79 14.79 
Moderate Levels of Sleepiness 80 42.60 12.85 
High Levels of Sleepiness 88 43.56 10.85 

Depression 1.07 .344 
Low Levels or No Sleepiness 71 46.62 15.49 
Moderate Levels of Sleepiness 80 48.25 12.30 
High Levels of Sleepiness 88 49.77 12.86 

Pain 6.79 .001 
Low Levels or No Sleepiness 71 39.44a 32.64 

Moderate Levels of Sleepiness 80 42.50a 29.87 

High Levels of Sleepiness 88 56.25b 31.08 

Disability 1.83 .162 

Low Levels or No Sleepiness 71 6.34 18.76 

Moderate Levels of Sleepiness 80 10.63 23.46 

High Levels of Sleepiness 88 5.11 15.24 

Note. Means with differing superscripts differed significantly based on post hoc 
comparisons using Tukey's HSD test. In the Duke Health Profile, for physical health, 
mental health, social health, general health, self-esteem, and perceived health, 100 
indicates the best health status and 0 indicates the worst health status. For anxiety, 
depression, anxiety-depression, pain, and disability, 100 indicates the worst health status 
and 0 indicates the best health status. 

126 



DUKE Health Scores 

A one-way MANOVA was conducted in order to examine potential differences in 

the Duke Health Scores based on sleep deprivation. Means and standard deviations are 

displayed in Table 14. The overall multivariate effect was marginally significant, F (9, 

229) = 1.81, p = .061. Although the overall effect was not significant at the .05 level, the 

univariate effects were examined due to the exploratory nature of the study. There was a 

significant effect for sleep deprivation on the Duke Physical Health score, F (1, 237) = 

10.97, p < .01. Respondents who were not sleep deprived had significantly greater 

physical health scores (M = 86.32, SD= 13.83) than those who were sleep deprived (M = 

79.64, SD= 17.53). 

In addition, there was a significant effect for sleep deprivation on the Social 

Health score, F (1, 237) = 4.58, p < .05. Those who were not sleep deprived had 

significantly higher social health scores (M = 71.05, SD= _11.50) compared to those who 

were sleep deprived (M = 62.73, SD= 16.60). The results revealed a significant effect for 

sleep deprivation on anxiety scores, F (1, 237) = 5.55, p < .05. Personnel who were not 

sleep deprived had significantly lower anxiety scores (M = 35.52, SD= 10.70) than those 

who were sleep deprived (M = 42.69, SD= 12.86). There was also a significant effect for 

sleep deprivation on the Duke Pain scores, F (1,237) = 4.68, p < .05. Personnel who 

were not sleep deprived had significantly lower pain scores (M = 31.58, SD= 29.86) than 

those who were sleep deprived (M = 47.95, SD= 31.81) F (1,237) = 4.68,p = .032. 

Finally, the results failed to reveal significant effects for sleep deprivation on the Duke 
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scores for Mental Health, Perceived Health, Self-Esteem, Depression, and Disability (all 

ns). 

Table 14 

Means and Standard Deviations for Duke Health Profile Scores by Sleep Deprivation 

While on Duty 

N Mean SD F p 

Physical Health 10.97 .001 
No, not sleep deprived 19 86.32 13.83 
Yes, sleep deprived 220 72.64 17.53 

Mental Health 0.28 .599 
No, not sleep deprived 19 61.05 8.09 
Yes, sleep deprived 220 59.50 12.61 

Social Health 4.58 .033 
No, not sleep deprived 19 71.05 11.50 
Yes, sleep deprived 220 62.73 16.60 

Perceived Health 0.54 .463 
No, not sleep deprived 19 86.84 28.10 
Yes, sleep deprived 220 82.27 25.81 

Self-Esteem 0.03 .854 
No, not sleep deprived 19 60.53 12.24 

Yes, sleep deprived 220 59.95 13.02 

Anxiety 5.55 .019 

No, not sleep deprived 19 35.52 10.70 

Yes, sleep deprived 220 42.69 12.86 

Note. In the Duke Health Profile, for physical health, mental health, social health, general 
health, self-esteem, and perceived health, 100 indicates the best health status and 0 
indicates the worst health status. For anxiety, depression, anxiety-depression, pain, and 
disability, 100 indicates the worst health status and 0 indicates the best health status. 
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Table 14, continued 

Means and Standard Deviations for Duke Health Profile Scores by Sleep Deprivation 

While on Duty 

N Mean SD F p 

Depression 3.70 .056 
No, not sleep deprived 19 42.63 8.72 
Yes, sleep deprived 220 48.82 13.76 

Pain 4.68 .032 
No, not sleep deprived 19 31.58 29.86 

Yes, sleep deprived 220 47.95 31.81 

Disability 0.56 .454 

No, not sleep deprived 19 10.53 26.77 

Yes, sleep deprived 220 7.05 18.70 

Note. In the Duke Health Profile, for physical health, mental health, social health, general 
health, self-esteem, and perceived health, 100 indicates the best health status and 0 
indicates the worst health status. For anxiety, depression, anxiety-depression, pain, and 
disability, 100 indicates the worst health status and 0 indicates the best health status. 

QA and QI Reports 

The results failed to reveal significant differences in the number of patient care 

report omissions or medical mistakes between EMS calls made during day hours and 

those made during night hours as determined by QA/QI reports (1-1-2007 to 12-31-08). 

These results should be interpreted with caution, however, because the 2008 report was 

created before the end of the year. 
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A nonparametric chi-square test of association failed to reveal a significant effect, 

x2 = 1. 75, p = .186. As shown in Table 15, reports with no issues were not significantly 

more likely to occur during day hours (59.0%) versus night hours (40.5%). Similarly, 

reports with issues were not significantly more likely to occur during day hours (55.9%) 

versus night hours ( 44.1 % ). 

Table 15 

Frequencies and Percentages of Reports with Issues and Without Issues 

Reports with No Issues Reports with Issues 
N % N % 

Day 581 59.5 278 55.9 

Night 395 40.5 219 44.1 

Total run reports 976 100.0 497 100.0 

The results also failed to reveal significant differences in the number of personal 

injuries reported for on-duty firefighter/EMS personnel between day and night hours as 

determined by personal injury reports. The non-parametric chi-square test of association, 

however, was significant, x2 = 27.16, p = .037. As shown in Table 16, injuries were 

significantly more likely to occur during day hours (83.9%) compared to night hours 

(16.1 %). 
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Table 16 

Frequencies and Percentages of Injuries by Time of Day 

Time of Injury 
Day Night 

N % N % 

125 83.9 24 16.1 

Based on accident reports, there were no significant differences in the number of 

vehicle accidents reported for on-duty firefighter/EMS personnel during day hours and 

night hours. It is important to note that the analysis excluded the "unknown" data. A 

nonparametric chi-square test of association was significant, I = 5.21, p = .026. As 

shown in Table 17, accidents were significantly more likely to occur during day hours 

(72.7%) compared to night hours (27.3%). 

Table 17 

Frequencies and Percentages of Accidents by Time of Day 

Time of Accident 

Day 
N % 

32 72.70 

Note. These numbers exclude "Unknowns." 

131 

Night 
N % 

12 27.3 



Open-Ended Questions 

In the current study, several open-ended questions were designed to elicit 

information from the firefighters that was not available from the established instruments 

utilized (see Appendix L). Questions included how firefighters dealt with both on- and 

off-duty sleepiness. Next, they were asked to delineate what factors must be in place to 

get a good night's sleep and the amount of sleep needed to feel rested. Firefighters were 

also asked to describe their perception of whether and how sleepiness affected patient 

care. Last, they were asked to determine whether and how education for sleep health 

would be useful to them. 

Interpretation of the open-ended questions was based on Taylor-Powell and 

Renner's (2003) five-step qualitative data analysis method that included (a) becoming 

familiar with the data in the context of the current study, (b) focusing the analysis by 

individual responses to each question, (c) categorizing the data by identifying themes and 

patterns in the responses and organizing them, ( d) identifying patterns and connections 

within and between categories, and ( e) interpreting the data. 

While 91.4% of firefighters reported that they were sleepy while on duty, their 

responses to how sleepiness at work affected them produced numerous themes that 

resulted in six categories (see Table 18). These categories included (a) mood and affect, 

(b) psychomotor and performance effects, (c) cognitive deficits, (d) health and safety 

issues, ( e) effects upon EMS patient care, and (t) eff~cts when responding to emergency 

calls. Some of the respondents listed several responses, which were all coded separately. 
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Table 18 

Effects of On-Duty Sleepiness upon Firefighters 

N % 

Mood and Affect 33 17.09 
Irritable, cranky, rude, short 19 9.84 
Negative, melancholy, moody, anxious 9 4.66 
Decreased tolerance and patience 5 2.59 

Psychomotor and Performance 33 17.09 
Slow to react, sluggish, sleepy, no energy 22 11.39 
Less motivated, lower productivity 11 5.69 . 

Cognitive Effects 77 39.89 
Concentration, focusing, clarity, memory 31 16.06 
Altered judgment, decision-making 16 8.29 
Decreased awareness, attentiveness 15 7.77 
Less retention of training, studies 8 4.14 
Slow thinking 7 3.62 

Personal Health and Safety 6 3.10 

Fatigued quicker 3 1.55 
Drive home sleepy, dulled senses 2 1.03 

More susceptible to illnesses 1 0.51 

Effects Upon Patient Care 15 7.77 
Decreased empathy, irritable, impatient 9 4.66 

Lapses in know ledge 6 3.10 

Responding to calls 29 15.02 

Mistakes: driving, equipment operation 14 7.25 

Fell asleep during; can't remember run 6 3.10 

Slow to respond 8 4.14 

Difficulty sleeping after run 1 0.51 

Total 193 100.00% 
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Overall, firefighters reported more cognitive effects from sleep deprivation than 

any other category (77 responses, 39.89% ). The biggest areas of complaint were 

difficulty concentrating and focusing along with clarity and memory problems (31 

responses). 

Psychomotor and performance effects were mentioned by 33 firefighters, as were 

difficulties with mood and affect. Personal health and safety was specifically mentioned 

only six times while 15 respondents cited undesirable effects of their sleepiness upon 

patient care during EMS runs. Patient care issues were addressed more extensively in 

another question and are discussed below (see Table 18). 

The most concerning responses (n=29) related to responding to emergency runs 

while at work. Firefighters cited missed or delayed response to runs, boarding the wrong 

apparatus, inability to recall directions to a particular address, making wrong turns, not 

recalling driving after they arrived at their destination, and falling asleep while riding or 

driving. One firefighter summed up challenges facing the sleepy firefighter: 

Sleep deprivation makes it difficult to remember information. There have been 

times when I have forgotten where a location that we frequently make runs to is. 

It has even happened in route, I have forgotten where we were going. There have 

been other times I have forgotten protocols for treatment. I have also fallen asleep 

in the back of an ambulance while in route to the hospital with a patient. 

Another firefighter indicated how he apparently functioned while in autopilot 

mode: "There are many times when I feel like I have slept thru the first thirty minutes of 
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a call, like I can't remember what happened." Of the total of 193 responses for this 

survey question, fortunately only 15.02% represented errors related to responding to runs 

and driving. 

Firefighters who reported sleepiness while on duty at the fire station were then 

asked how they managed their sleepiness while on duty. As shown in Table 19, multiple 

themes were identified that resulted in three general categories of sleepiness 

management, which included activities, use of various substances, and altering their 

frame of mind. A total of 330 responses were coded. 

Activities utilized by firefighters to deal with sleep deprivation comprised the 

majority of all responses (74.24%) with sleep or naps (37.87%) dominating the category. 

Overwhelmingly, across all subcategories, sleep-related responses represented the most 

common sleep debt management technique. Use of various substances such as caffeinated 

beverages, food, sugar, nicotine, and stimulants were mentioned in 23.03% of the 

responses while nine firefighters (2. 72%) responded that they persevere to stay awake 

when sleepy at the fire station. 

The firefighters were asked to ascertain if sleep loss affected them off-duty, and if 

so, how it affected them. A total of 202 (82.8%) firefighters reported experiencing sleep 

deprivation while off duty. Firefighters related how sleepiness affected them, and 

prevailing themes comprised the five categories of (a) physical, mental, and emotional 

effects (79 responses, 39.30%); (b) effects upon other activities such as their chores, 

second job, and education (43 responses, 21.39%); (c) effects upon their family and
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social life (25 responses, 12.43%); and (d) instances of drowsy driving (21 responses, 

10.44%). 

Table 19 

Methods for Managing On-Duty Sleepiness by Firefighters 

N % 

Activities 245 74.24 

Nap, sleep, rest during the day 125 37.87 

Stay busy: clean, project, busy work 39 11.81 

Work out; exercise 25 7.57 

Keep moving; avoid being still 19 5.75 

Keep occupied; games, TV, study, talk 11 3.33 

Go to bed earlier at night 10 3.03 

Be active 7 2.12 

Sleep more on days off 5 1.51 

Go outside for fresh air 2 0.60 

Take a break; sleep with CP AP 2 0.60 

Substances 76 23.03 

Caffeine (e.g. Cokes, Dr. Pepper, tea) 28 8.48 

Coffee 20 6.06 

Energy drinks 14 4.24 

Food, sugar 7 2.12 

Nicotine 4 1.21 

Stimulants 3 0.90 

Frame of Mind 9 2.72 

Just deal with it; work through it 3 0.90 

Willpower; fight it 3 0.90 

Try to stay awake/alert 2 0.60 

Make do 1 0.30 

Total 330 100.00% 
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In addition, 33 (16.41 %) of firefighters mentioned the invasive presence of sleep 

(see Table 20). Many firefighters reported having to nap in order to thwart the ill effects 

of sleep deprivation. The dilemma was chronicled by one firefighter: 

If I don't get to sleep because we had a busy night then when I get off I will sleep 

instead of spending time with my family, or I will be tired and not be able to 

enjoy the time that I have. If I am working at my part time job then I go to work 

tired and that makes it more difficult to perform to the best of my abilities. 

The effects upon the emotional, physical, and mental, realms were the most-often 

reported manifestation of their sleep deprivation. Irritability, moodiness, anger, and foul 

temper (29 responses, 14.42%) dominated the subcategory of emotional effects while 

physical signs and symptoms such as listlessness in addition to feeling tired and run

down (21 responses, 10.44%) dominated the physical realm. One firefighter discussed his 

own sleep deprivation in the face of trying to function in his life at home: 

If you have ever spent time with family or friends and needed sleep, but have 

forgone it in the interest of their enjoyment, it's likely you have been asked "Are 

you tired?" or "Why are you in a bad mood?" Sleep can affect your overall 

disposition when interacting with others. You get an overwhelming feeling that 

you want to lay down, and when you fight it, it's easy to get into a bad mood. 
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Table 20 

Effects of Off-Duty Sleepiness upon Firefighters 

N % 

Emotional, Physical, Mental effects 79 39.30 
Emotional 39 19.40 
Irritable, moody, angry, intolerant 29 14.42 
Unmotivated 6 2.98 
Anxiety, depression, stress, frustration 4 1.99 

Physical 28 13.93 
Tired, run-down, listless 21 10.44 
Felt ill, headache, poor diet, weight gain 7 3.48 

Mental 12 5.97 
Less alert, attention span, concentration 8 1.99 
Poor judgment, mental acuity 4 3.98 

Other activities 43 21.39 
Decreased chores and other responsibilities 30 14.92 
Interferes with second job 9 1.99 
Interferes with school activities and work 2 0.99 
Inability to relax and enjoy days off 2 0.99 

Family and Social Life 25 12.43 
Undesirable temperament with family 13 5.97 

Less family and social time 12 6.46 

Drowsy Driving 21 10.44 

Drowsy while driving home from work 21 10.44 

Need to Sleep 33 16.41 

Lost productive time due to need to sleep 23 11.44 

Forcing self to stay awake all day 4 1.99 

Had to sleep or was sleepy 6 2.98 

Total 201 100.00% 
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As shown in Table 21, firefighters recounted how they managed sleep deprivation 

while off-duty. Of 277 total responses, they chose to either succumb to sleep or naps (180 

responses, 64.98%) or fight sleepiness (97 responses, 35.01 %). Firefighters chose to busy 

themselves with activities to stay awake (51 responses, 18.41 %), which included exercise 

(11 responses, 3.97%) or work (8 responses, 2.88%). Firefighters also used various 

substances to assist them in staying awake ( 46 responses, 16.60% ), and preferred 

caffeinated drinks, such as coffee, tea, and soda, energy drinks, and to a lesser extent, 

food, energy supplements, nicotine, and other stimulants. 

When firefighters were asked how many hours nightly they needed to sleep to feel 

rested, 238 responses reported a mean time of 6.89 hours. Respondents were then asked 

to identify factors that needed to be in place in order for them to get a good night's sleep. 

Because numerous respondents provided more than one answer, the total number of 

answers understandably exceeded the total number of respondents. Table 22 illustrates 

firefighters' needs in order to obtain sufficient restorative sleep. From multiple themes, 

three main categories emerged, which included sleep setting, timing, and personal needs. 

An overwhelming majority of responses (84.56%) reflected the firefighters' need 

for a comfortable sleep area. Several subcategories arose within sleep setting, including 

characteristics of the sleep area and location. Room temperature, quiet, and darkness, 

with 84, 75, and 72 responses respectively, dominated the category. In addition, 44 

responses mentioned the comfort of the bed, sleeping in one's own bed, and/or being able 
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to sleep horizontally. A blanket, sheet, comfortable pillow, or chair accounted for 22 

responses while uninterrupted sleep accounted for 21 responses. 

Table 21 

Methods for Managing Off-Duty Sleepiness by Firefighters 

N % 

Sleep, nap 180 64.98 
Unspecified time/duration 144 51.98 
Go to bed earlier that night 14 50.54 
Sleep in the morning after arriving home 11 3.97 
Sleep in the afternoon the day after shift 5 1.80 
Sleep later the next day or rest 4 1.44 
Maintain consistent sleep hours 1 0.36 
CPAP 1 0.36 

Ignore/fight sleepiness 97 35.01 

Activities 51 18.41 
Use willpower and stay busy/fight it 19 6.85 
Various activities: fish, errands, chores 13 4.69 

Exercise 11 3.97 

Work 8 2.88 

Substances 46 16.60 

Caffeine, coffee, tea 22 7.94 

Energy drinks, soda 15 5.41 

Eat 3 1.08 

Energy supplements, stimulants 3 1.08 

Nicotine 2 0.72 

Medications 1 0.36 

Total 277 100.00% 
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Table 22 

Factors Required by Firefighters that Contribute to a Good Night's Sleep 

N % 

Sleep Setting/situation/location 378 84.56 
Cold or cool room 84 18.79 
Quiet 75 16.77 
Dark 72 16.10 
Comfortable bed, horizontal position 44 9.84 
Blanket, sheet, pillow, comfortable chair 22 4.92 
Uninterrupted sleep 21 4.69 
Fan or moving air 17 3.80 
Unspecified "comfort" 15 3.35 
Home, off-duty, on vacation 11 2.46 
White noise 10 2.23 
Spouse present/children asleep/TV 5 1.11 
"I can sleep anywhere" 2 0.44 

Timing 20 4.47 
Sufficient time to sleep/sleep amount 8 1.78 
Get in bed early enough 4 0.89 

Few/no runs if at fire station 4 0.89 

Not have to get up early 3 0.67 

Regular sleep pattern 1 0.22 

Personal Needs 49 10.96 

State of mind 21 4.69 

Clear conscience, stress/worry-free 16 3.57 

Time to wind down 4 0.89 

Good level of productivity that day 1 0.22 

State of body 28 6.26 

Medications/alcohol/CP AP 13 2.90 

Tired/sleepy 7 1.56 

Empty bladder 3 0.67 

Strenuous activity that day 2 0.44 

Sex 2 0.44 

Dinner/food 1 0.22 

Total 447 100.00% 
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Timing was a factor for satisfying sleep, but was not a formidable category 

compared to sleep setting. Firefighters felt more rested when they were allowed sufficient 

time for sleep (8 responses, 1.78%). The category of personal needs provided the second 

largest category of sleep necessities. Subcategories related to state of mind (21 responses, 

4.69%) and state of body (28 responses, 6.26% ). State of mind included factors such as a 

clear conscience, lack of stress, and time to wind down before bedtime. State of body 

included use of medications, alcoholic beverages, and continuous positive airway 

pressure (CPAP) machines among others. Responses in the category of personal needs 

were also far outnumbered by details of the sleep setting. 

One question assessed the effects of sleepiness and sleep deprivation upon patient 

care while responding to medical emergencies, resulting in a total of 215 responses. 

Table 23 illustrates the four categories of answers which included: (a) patient interface 

and medical treatment, (b) cognitive effects, (c) mood and affect, and (d) 

psychomotor/performance effects. The majority of responses (39.06%; n=84) related to 

patient interface and medical treatment; the most noteworthy subcategories included 

decreased tolerance, empathy, patience and compassion, shortcuts taken in patient care, 

and medical mistakes. 
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Table 23 

Effects of On-Duty Sleepiness on Patient Care 

N % 

Patient interface/medical treatment 84 39.06 
Decreased tolerance, compassion, empathy 27 12.55 
Decreased patience 19 8.83 
Shortcuts taken: skip steps, rush 18 8.37 
Medical mistakes 14 6.51 
Non-transport/transport to nearest hospital 6 2.79 

Cognitive effects 73 33.95 
Clouded thinking, confusion, lack of focus 30 13.95 
Decreased concentration; distracted 14 6.51 
Clouded judgment, bad decisions 10 4.65 
Forgetful, memory lapses 8 3.72 
Less perceptive, attention to detail 5 2.32 
Lethargic, fatigued, sleepy 5 2.32 
Headache 1 0.46 

Mood, affect 31 14.41 
Cranky, irritable, anger, bad temper 25 11.62 

Negative 3 1.39 

Generic attitude issues 3 1.39 

Psychomotor, performance 27 12.55 

Increased reaction time 19 8.83 

Medical procedural skills suffer 3 1.39 

Decreased awareness of danger and injury 2 0.93 

Decreased efficiency 1 0.46 

Trip and fall 1 0.46 

Effects upon driving 1 0.46 

Total 215 100.00% 
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One firefighter summed up the dilemma succinctly: 

Sleep loss affects firefighters patient care by rushing through the call so you can 

get back and go to sleep. You think the quicker I get this call done, the faster I can 

get back and go to bed. Also causes a rise in the number of refusals that are wrote. 

Firefighter may talk a patient out of going to the hospital that needs to so he/she 

may go back to the station, instead of transporting to the hospital. 

The most concerning aspect of patient care, making medical mistakes, was reported by 

only 6.51 % (n=14) of participants. 

Cognitive effects such as clouded thinking and judgment, forgetfulness, and 

decreased perception also resulted from sleepiness (33.95%; n=73). A smaller percentage 

of firefighters (14.41 %; n=31) noted that their mood deteriorated when sleepy, resulting 

in irritability, anger, and negativity, while 12.55% (n=27) stated that their skill level 

suffered. The largest percentage complained of increased reaction time (8.83%; n=19 

The final open-ended question in the survey sought to investigate the firefighters' 

perceived need for health education to improve their sleep. When queried, 42.4% of the 

firefighters stated that a health education program addressing sleep deprivation and sleep 

health would be helpful to them. Table 24 illustrates their responses. Two major 

categories surfaced which exemplified both proactive and reactive reasons to- access sleep 

health education. Proactive responses indicated the desire to educate themselves in order 

to obtain healthy sleep, and reactive responses exhibited an assumption that sleep 

deprivation was inevitable or already existed. Mention of proactive interventions were 
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cited by 52.63% (n=30) of the firefighters, and included the request for information 

related to how to get a good night's sleep, diagnosing sleep problems, and physiological 

effects of sleep deprivation. 

Table 24 

Perceptions of Health Information Needed by Firefighters for Sleep Health 

N % 

Proactive interventions 30 52.63 

How to get good sleep 8 14.03 

Diagnosing sleep problems, disturbed sleep 5 8.77 

Physiological effects of sleep deprivation 4 7.01 

Factors contributing to good sleep 4 7.01 

Healthy sleep habits 3 5.26 

Healthy eating habits 3 5.26 

Preventing sleep deprivation 1 1.75 

Circadian rhythm information 1 1.75 

Sleep apnea education and testing 1 1.75 

Reactive interventions 27 47.36 

How to handle sleep deprivation 9 15.78 

Coping with sleep deprivation 6 10.52 

Information about naps 7 7.01 

Catching up on sleep 2 3.50 

Sleep aids, vitamins, and supplements 2 3.50 

Sleeping too hard on duty 1 1.75 

Total 57 100.00% 
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Reactive responses comprised 47.36% (n=27) of the responses and included the 

expressed need for information that addressed sleep deprivation after it was already 

present. The most-cited reasons to access sleep education in this category related to 

useful methods to handle and cope with sleep deprivation (26.30%; n=l5). Firefighters 

also mentioned a desire to learn more about the usefulness of napping, methods to catch 

up on sleep, and use of sleep aids. 

Summary 

The results of this study provide valuable information regarding factors that may 

have bearing upon sleep deprivation in firefighters who work a 24/48 shift schedule. In 

addition, the results may help identify manifestations of sleep deprivation and methods of 

management while at work as well as off duty. Finally, assessment of determinants 

promoting restful sleep and the perceived need for education to promote healthy sleep 

habits in firefighters and EMS personnel may provide a basis for future health programs 

in this cohort. 
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CHAPTERV 

DISCUSSION 

This chapter summarizes the research study, and briefly reviews the methodology, 

overall study findings, and findings for the hypotheses. An overview of the study 

limitations precedes directions for future research, and a synopsis of the role of the health 

educator precedes the summary. 

Summary 

Statement of the Problem 

The primary purpose of this descriptive study was to assess perceived sleepiness 

and/or sleep deprivation among firefighters, EMTs, and paramedics who worked 24-hour 

shifts in three north central Texas municipal fire departments. A secondary purpose was 

to investigate whether the following factors significantly affected perceived sleepiness: 

age, EMS certification level, station call volume, number of years on the job, commuting 

distance at shift' s end, and dual employment. An additional purpose was to assess 

relationships between perceived sleep deprivation and health, effects of sleep loss, and 

impact upon patient care as reported by the firefighter/EMS providers; and to identify 

strategies utilized to manage sleepiness and sleep deprivation. The study also investigated 

the distribution of fire apparatus and ambulance accidents, medical errors, and on-the-job 

injuries by time of day. The overall goal was to determine factors associated with 
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perceived sleepiness in order to develop a health education program for this population in 

addition to reducing the number of accidents, errors, and on-the-job injuries. 

Review of the Methodology 

Study Design 

The study design was descriptive in nature using the survey design and archival 

records. Survey data were predominantly quantitative in nature, with additional 

qualitative or open ended questions. Two established instruments were used in the study; 

the ESS, which measured perceived sleepiness, and the DUKE, which measured various 

aspects of perceived health and well-being. Demographic information and sleep-related 

inquiries comprised the content of the final two surveys. 

In addition to data gathered by the surveys, previously collected data were 

secured from each of the three fire departments, the purpose of which was to identify 

trends between time of day and incidence of employment-related vehicle accidents, 

personal injuries, and patient care and/or patient care errors. 

Sample Description 

Participants in the study consisted of a volunteer convenience sample of 

firefighter/EMS providers from a population of three fire departments in the north central 

Texas area. Only participants that were scheduled to work a 24/48 shift schedule at the 

time of the study were included. The final sample consisted of 242 firefighters. 
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Data Analysis 

Descriptive and inferential statistics were utilized in the data analysis. Mean, 

mode, and frequencies were used to assess demographic variables. To test for 

significance, alpha (a) was set at .05, and inferential statistical tests were analyzed using 

SPSS version 15.0. Qualitative data gathered from open-ended questions were assessed 

using content analysis and assessed emergent themes and their frequencies. 

Conclusions 

Overall, firefighters overwhelmingly reported sleepiness while on duty, and also 

to a lesser extent while off duty. However, scores on the ESS did not reflect the 

extremely high levels of perceived sleepiness reported by the firefighters. Three 

independent variables that included outside employment, commuting distance, and 

perceived health were identified that appeared to significantly affect their sleepiness. 

When comparing these variables, sleepiness scores were higher, indicating increased 

sleepiness when a firefighter reported outside employment, particularly as weekly part

time work hours increased than those reporting no part-time work or fewer hours. 

Sleepiness was also higher in those who reported longer commuting distances than those 

with shorter driving distances. In addition, increased sleepiness was found in firefighters 

who also reported poorer health. Finally, an association between sleepiness and health 

was found in that as perceived sleepiness increased, overall health decreased. 
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Significant differences were seen in on-duty vehicle accidents with time of day as 

well as in personal injuries and time of day. A higher number of both accidents and 

injuries were seen during the daytime hours rather than nighttime hours. 

In several areas, significant differences were not found. Independent variables that 

included fire station call volume, paramedic vs. EMT status, age differences, and years of 

job experience were not associated with a significant difference in perceived sleepiness. 

Finally, differences were not seen in the number of patient errors as determined by 

patient reports when compared to time of day. 

Open-ended questions elicited a wealth of information related to sleep and 

consequences of restricted sleep in the sample. Firefighters reported a need for an average 

of 6.89 hours of sleep nightly to feel rested, and reported various factors that contributed 

to restful sleep including a cool, dark, quiet room with a fan and/or white noise, a 

comfortable bed, and the ability to lie down flat. Few firefighters reported near-miss or 

actual incidents related to accidents, medical errors, and/or personal injuries resulting 

from their perceived sleepiness; some reported falling asleep while riding or driving the 

fire and ambulance apparatus and functioning while actually asleep. Many reported 

decreased cognitive abilities as a result of sleep loss as well as undesirable mood 

changes. Suboptimal patient care was reported, especially in terms of being short

tempered, less empathetic, and impatient with the patient. The population sample utilized 

various strategies to manage their perceived sleepiness, including naps, caffeinated 

beverages, exercise, and occupying themselves using various diversions. 
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Selected General and Demographic Findings 

Firefighters' Perceived Sleepiness 

The current study focused upon the perception of sleepiness and sleep deprivation 

in the sample of firefighters. While only 8.2% of respondents reported not ever feeling 

sleepy while on duty at the fire station, an overwhelming 91.4% reported that they did, 

and 82.8% of firefighters reported sleepiness while off duty. The average score on the 

ESS for the entire sample was 10.51, indicating a marginal level of sleepiness. An 

overwhelming percentage of firefighters reported sleepiness, which is not reflected in 

extremely high ESS scores. With a score range of 0-24, the clinically normal range for 

the ESS is 2-1 0 with a model score of six. A score of> 10 indicates increased daytime 

sleepiness, and a score over 16 indicates an extremely high level of daytime sleepiness 

(Johns, 1991, 1993, 1994). Two studies have used scores greater than 10 to designate 

increased sleepiness (Gander et al., 2005; Nena et al., 2008). The findings of the present 

study imply that firefighters are not unusually sleepy although they believe they are. Kim 

and Young (2005) noted a similar dichotomy between lower sleepiness scores and a 

higher rate of reported feeling unrested, attributing the conflicting results to an issue 

related to the instrument and or a need to triangulate data by using several studies that 

measure sleepiness, health, and sleep health habits. Johns ( 1994) also noted the 

complexity in measuring self-perceived sleepiness. Baldwin, Kapur, Holberg, Rosen, and 

Nieto (2004) concluded that the ESS was likely to identify men with subjective 
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sleepiness, especially when compared to women, a finding that seems to conflict with the 

present study findings. 

Other studies that specifically measured perceived sleepiness also found high 

levels of sleepiness in fire and EMS rescue personnel. Paley and Tepas ( 1994) reported 

upon sleep length, perceived sleepiness using the SSS, and mood in 21 firefighter/EMS 

providers working for a college campus fire department. Although the campus 

firefighters did not work a 24-hour shift, the personnel assigned to the night shift reported 

significantly decreased sleep time and increased sleepiness. Similarly, 60% of Austin, 

Texas paramedics assigned to a 24/48 shift schedule exhibited excessive sleepiness. 

(Circadian Technologies, Inc., 2006). In a related field, 84% of hospital-based medical 

residents also reported moderate to severe sleepiness (Papp et al., 2004). 

The instrument utilized in the current study, the ESS, measures solely self

reported perceived sleepiness. However, several other study results implied a difference 

between sleepiness levels and shift type in firefighters and EMS providers through the 

measurement of fatigue. Although the two conditions are often perceived as similar, 

fatigue itself is a multidimensional condition that results from time spent on a task along 

with duration, quality, continuity, time of day of sleep, circadian rhythms and shift work 

(NTSB, 1999). The episodic nature of firefighting and EMS generally negates extensive 

time spent on a task, and lengthy periods of monotonous driving or sustained periods of 

concentration are not characteristic of the profession. However, since six components of 

the NTSB definition of fatigue specifically relate to sleep, perusing study results that 
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assessed fatigue may prove useful in the identification of a trend of sleepiness in this 

population at hand. 

Shift length and overtime hours were related to self-reported fatigue in two 

studies of professional ambulance personnel (Ambulance Employees Australia, 2008; 

Sharman, 2005). Similarly, Japanese firefighters working 24 hour shifts also reported 

subjective fatigue (Takeyama et al., 2005), as did Dutch firefighters working 24 hour 

shifts (Bos et al., 2004). Again, although sleepiness was not specifically measured, 

similarities between these and the current study support the existence of a high level of 

sleepiness experienced within the profession. 

Age of Sample 

In the current study, the majority of firefighters were between the ages of 35 and 

49 with an average age of 40.51 years. Considering the physically demanding nature of 

firefighting and EMS work, the substantial number of older firefighters may seem 

unusual. However, Sharman (2005) found that 81.8% of a sample of paramedics fell 

between the ages of 30 and 49, supported by the most recent USFA report that cited that 

46.3% of firefighters were age 40 and over (USFA, 2008). 

Generally, the American work force is aging. According to the BLS, between 

1977 and 2007 the number of workers in the United States over the age of 65 has 
' 

increased 1 0 1 % compared to the overall increase of 59% for workers age 16 and older 

(U.S. Department of Labor, 2008). The number of older firefighters in the fire service 
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also reflects the substantial number of baby boomers (those born between 1946 and 1964) 

in the workforce (Mosisa & Hippie, 2006; Toossi, 2005). 

EMS Certification Level 

The current sample consisted of 68.4% paramedics and 20.9% EMTs. These 

ratios in the study are atypical when compared to the distribution of certified EMS 

personnel in Texas where approximately 33.8% of EMS personnel are paramedics while 

60% are EMTs (Texas Department of State Health Services [TDSHS], 2008). However, 

in large metropolitan areas where the fire departments also respond to EMS calls, as in 

the current study, a higher percentage of paramedics over EMTs may prevail whereas in 

rural communities, the smaller employee pool and/or lack of accessible funding, medical 

direction, and advanced training may preclude the availability of personnel trained at the 

more advanced paramedic level. 

Number of Years' Firefighting and EMS Experience 

In the current study, firefighting experience understandably dwarfed EMS 

experience with a mean of 14.94 years of experience as a firefighter as compared to a 

mean of 11.31 years in EMS. In many municipal fire department settings that provide 

both fire and EMS services to the public, the majority of employees will be firefighter

certified; however some individuals may serve their department several years as a 

firefighter before they become EMS certified. In this way, the distribution of years of 

experience is typical for the departments in the current study. 
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The range of experience as firefighters was essentially evenly divided between 

three ranges of nine and less years, 10-19 years, and 20 or more years in the profession. 

The sizable cohort of more experienced individuals in the sample again reflects the 

increased average age of the firefighters in addition to overall high work-satisfaction 

scores in the field (Glazner, 1992) which may deter them from leaving the profession. 

Firefighting is a highly specialized occupation that requires task-specific training which 

may provide another reason employees tend to remain on the job. Of EMS-certified 

firefighters, 42.6% had been certified for less than 10 years and 56.6% had been EMS 

certified for 10 or more years. Compared to firefighting, with its 400-year history in the 

United States (Galway, 2005), EMS is a relatively new profession, despite its earliest 

roots in 1860s Civil War battlefield medicine (LeMire, 2000). The publication of a 

seminal report entitled Accidental Death and Disability: The Neglected Disease of 

Modem Society in 1966 provided impetus to government policy and financial support 

inciting the rapid development of modem-day EMS, which has subsequently been 

assimilated into the fire service. The majority of firefighters who were EMS-certified for 

10 or more years in the present study illustrated the firm ensconcing of the still-young but 

growing EMS profession in the fire service. 

Hypotheses Findings 

As shown in Table 25, null hypotheses 1, 2, 4, 5, and 9 failed to be rejected while 

hypotheses 3, 6, 7, 8, 10, and 11 were rejected. Findings for each hypothesis are 

discussed below with implications for the results. 
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Hol: There is no significant difference in sleepiness between firefighter/EMS 

personnel who work at stations with different call volumes as indicated by scores on the 

ESS. No statistically significant differences in ESS scores were reported for total shift run 

volumes, including day or night periods. Results for Hypothesis 1 indicated that fire 

station run volume does not affect firefighters' sleepiness. 

While two-thirds of the firefighters reported two or fewer night runs, the majority of 

firefighters reported on-duty sleepiness. The average call volume for the sample totaled 

four day runs and two night runs. Although the fire and EMS call volume may vary 

widely from shift to shift, one would surmise that an average of two runs nightly would 

provide for at least some sleep time and thus alleviate sleepiness. However, even in a 

considerably busier fire department with a higher call volume, Krause (1995) found no 

correlation between levels of activity at fire stations on stress or sleep quality, although 

no direct relationship between self-reported sleepiness and number of runs at a fire 

station was assessed. Krause's findings also involved a slightly different shift schedule; 

although the Houston firefighters worked 24-hour shifts, their schedule was configured 

differently than the 24/48 schedule. 
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Table 25 

Summary of Null Hypotheses: Rejected or Not Rejected 

Null Hypothesis 

1. There is no significant difference in sleepiness 
between firefighter/EMS personnel who work at 
stations with different call volumes as indicated 
by scores on the ESS. 

2. There is no significant difference in perceived 
sleepiness between firefighters who are certified 
paramedics vs. those certified as EMTs vs. those 
no longer certified as measured by the ESS. 

3. There is no significant difference in perceived 
sleepiness between firefighter/EMS personnel who 
report other employment vs. those who do not report 
other employment as measured by the ESS. 

4. There is no significant difference in perceived 
sleepiness between firefighter/EMS personnel of 
different ages as measured by the ESS. 

5. There is no significant difference in perceived 
sleepiness between firefighter/EMS personnel when 
grouped by years of job experience as measured by 
the ESS. 

6. There is no significant difference in perceived 
sleepiness between firefighter/EMS personnel who 
commute different distances as measured by the ESS. 

7. There is no significant difference in perceived 
sleepiness and perceived health status as indicated by 
scores on the ESS and scores on the DUKE. 
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Null Hypothesis Rejected 
or Not Rejected 

Null hypothesis not rejected 

Null hypothesis not rejected 

Null hypothesis rejected 

Null hypothesis not rejected 

Null hypothesis not rejected 

Null hypothesis rejected 

Null hypothesis rejected 



Table 25, continued 

Summary of Null Hypotheses: Rejected or Not Rejected 

Null Hypothesis Null Hypothesis Rejected 
or Not Rejected 

8. Perceived health as indicated by scores on the Null hypothesis rejected 
DUKE is not significantly associated with perceived 
sleepiness among firefighter/EMS personnel as 
indicated by scores on the ESS. 

9. There is no significant difference in number of Null hypothesis not rejected 
patient care report omissions and/or medical mistakes 
between EMS calls made during day hours and those 
made during night hours as determined by QA/QI reports. 

10. There is no significant difference in number of Null hypothesis rejected 
personal injuries reported for on-duty firefighter/EMS 
personnel between day and night hours as determined 
by personal injury reports. 

11. There is no significant difference in the number of Null hypothesis rejected 
vehicle accidents reported for on-duty firefighter/EMS 
personnel between day and night hours as determined by 
accident reports. 

In the Austin-Travis County EMS (ATC-EMS) study, sleep and alertness were 

found to be definitively associated with the station location where a paramedic worked. 

Study results indicated that in rural stations that were less busy, paramedics working a 

24/48 hour shift reported more sleep and higher levels of alertness. In the more busy 
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urban stations, personnel reported less sleep and lower levels of alertness (Circadian 

Technologies, Inc., 2006). The aforementioned Houston and Austin studies did not 

specifically measure sleepiness in comparison with run volume, a point that must be · 

considered when comparing the results of the current study with other literature. 

However, in an unrelated study of sleepiness in nuclear power company shift workers, 

workload did exhibit a strong positive causal effect on sleep and fatigue (Smith et al., 

2005) 

Ho2: There is no significant difference in perceived sleepiness between 

firefighters who are certified paramedics vs. those certified as EMTs vs. those no longer 

certified as measured by the ESS. No significant differences in ESS scores were found 

when comparing paramedics with EMTs. Results for Hypothesis 2 imply that level of 

certification does not make a difference in self-perceived firefighter sleepiness. 

Too few participants in the sample who were no longer EMS-certified existed to 

determine a statistically significant difference between that group and the other two 

groups; therefore their data were not included in the results. However, paramedics self

reported no more sleepiness when compared to EMTs, a finding that is surprising, given 

that which is known about firehouse procedures. In two of three of the cities that 

participated in the current study, EMTs do not regularly respond to calls as an ambulance 

crew member, but work exclusively on the fire engine and the ladder truck. Since EMS 

runs outnumber fire calls in two of the three cities studied, higher levels of sleepiness 

among paramedics would seem logical. A cross-comparison between hypotheses 2, 4, 
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and 5 reveals that (a) paramedics do not exhibit more sleepiness than EMTs, (b) 

paramedics are generally older than EMTs, yet age also does not significantly make a 

difference in sleepiness (see Ho4), and (c) although paramedics have more years on the 

job than EMTs, their sleepiness is not significantly decreased or increased (see Ho5). 

Literature comparing sleepiness or fatigue in EMTs vs. paramedics is currently virtually 

nonexistent. 

Ho3: There is no significant difference in perceived sleepiness between 

firefighter/EMS personnel who report other employment vs. those who do not report 

other employment as measured by the ESS. The null hypothesis was rejected because 

firefighters employed outside of the fire station possessed higher ESS scores than 

firefighters not employed outside the fire station. Therefore, findings for Hypothesis 3 

revealed that firefighters with a second job were sleepier. 

Of 60% of the firefighters who reported outside employment, approximately 60% 

of those were self-employed. Self-employed firefighters exhibited higher levels of 

sleepiness than those who were not self-employed. Also, firefighter sleepiness for those 

who worked 20 or more hours weekly was higher than for those who worked less than 20 

hours per week. Finally, sleepiness was correlated with hours worked at another job 

implying that greater levels of sleepiness were associated with more hours worked. 

Part-time work is common in firefighters and current study results were consistent 

with previous research. Krause (1995) found that a large percentage (68.4) of firefighters 

held a second job, with 80.8% working over 15 hours weekly, although no relationship 
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was assessed between perceived sleepiness. Similarly, Murphy et al. (1999) identified 

that 25-50% of professional firefighters held a second job. However, the ATC-EMS study 

(Circadian Technologies, Inc., 2006) found that only 16% of paramedics working 24/48 

shifts held a second job and the majority of those worked less than 10 hours a week. The 

BLS identified that 5.7% of U.S. workers in 2001 worked multiple jobs (U.S. Department 

of Labor, 2002), which implies that firefighters work second jobs at a higher rate than the 

average U.S. worker. Findings of the current study indicated that firefighters who work a 

second job average 26.23 hours weekly. 

Increased part-time work associated with increased sleepiness and/or fatigue is 

not consistently supported nor refuted in the literature. Frakes and Kelly (2007), in their 

study of air medical team members found that, although 81.1 % reported outside 

employment, they did not report pre-duty sleep debt as a result However, farmers 

(average age 49) who were also bi-vocational and working 30-40 hours weekly at their 

part-time job, reported that they did not receive adequate sleep (Spengler, Browning, & 

Reed, 2004). Perceived sleepiness was not assessed in the study. Finally, in a sample of 

144 nurses that worked both 12 and 24 hour shifts, increased on-the-job sleep time in 

those who were allowed to nap while at work was found to be related to working a 

second job (Ribeiro-Silva et al., 2006). Finally, Vila et al. (2002) noted that 

nonsupervisory patrol officers in large urban police departments average 15-40 hours of 

overtime per month, which is considerably less than firefighters in the present study who 
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reported part-time work. Vila et al. also indicated a high level of fatigue in officers, 

particularly those who moonlighted at other jobs. 

In the current study, one-third of the queried firefighters who worked an 

additional job worked in the yard landscaping/mowing occupation. The second largest 

percentage (22.5%) worked in the healthcare field. Construction work employed 18.0% 

of firefighters' part-time work, while 16% worked as handymen. Firefighters who 

worked in ranching totaled 13.9%, and 12.1 % were contractors. Volunteer work occupied 

10.7% of the firefighters and 10.6% were involved in farming as their additional 

occupation. An analysis of those working in yard landscaping/mowing, which is a 

seasonal occupation, with ranching revealed no difference in sleepiness. No scholarly 

data were found in the literature that chronicled part-time work of firefighters; however, 

messages posted to firefighter forums indicated a high-level of part-time work in varied 

professions (Second job?, 2000). The largest reciprocal relationship to sleep was found 

for work time (Basner et al., 2007), which may be steadily encroaching upon sleep time 

during the 24-hour period. 

Ho4: There is no significant difference in perceived sleepiness between 

firefighter/EMS personnel of different ages as measured by the ESS. The null hypothesis 

was not rejected, as there were no significant differences in ESS scores for firefighters in 

different age groups. In addition, no significant association existed between age and ESS 

scores as determined by Pearson's Product Moment Correlation. Findings for Hypothesis 
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4 imply that age difference does not make a difference in perceived sleepiness nor is 

associated with increased or decreased levels of sleepiness. 

In light of a paucity of published literature that directly assessed the relationship 

between different age groups and sleepiness, findings of two closely-related studies 

supported the current study' s findings. Sanford et al. (2006) determined that age 

differences did not impact ESS scores in a sample of 703 individuals between the ages of 

20 and 98. In another study, younger age was associated with increased daytime 

sleepiness in a general population sample aged 35-74 although older participants 

possessed a greater tendency to doze. One limitation of this study included a low number 

of participants in the older age range (Kim & Young, 2005). Krause (2005) concluded 

that age was not significantly associated with sleep quality, although the perception of 

sleepiness was not directly assessed. The median age in the Krause study, at 32 years,. 

differed somewhat from the median age of 40.51 in the present study. 

Sleep is affected by normal aging in terms of reduced sleep time, decreased 

amount of deep and restorative sleep, and increased number of awakenings (Bliwise, 

2005; Dement, 2005; Dijk et al., 2001; Hobson, 1995; Redline et al., 2004). Thus, in 

addition to the expected lack of consolidated or fragmented sleep that may result in 

unsatisfying and insufficient sleep for older adults, fire station activities may further 

exacerbate already-existing sleep debt. Sharman (2005), upon surveying professional 

EMS personnel, found that paramedics over the age of 40, as compared to paramedics 

under age 29, experienced the most difficulty sleeping after long rotational shifts In 
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addition, they reported that fatigue negatively impacted their work performance. Burgess 

(2007) concluded that workers over age 45 possessed a decreased adaptability to night 

shifts. Although aging seems to affect sleep architecture, it does not appear that older 

individuals differ from younger ones in terms of perceived sleepiness. 

Ho5: There is no significant difference in perceived sleepiness between 

firefighter/EMS personnel when grouped by years of job experience as measured by the 

ESS. The null hypothesis was not rejected because there were no significant differences 

in ESS scores for respondents in three groups; with nine years or less experience, 10-19 

years experience, or 20 or more years of experience as firefighters. In addition, no 

significant differences were found in ESS scores and years of EMS experience as 

categorized into less than or more than 10 years. Additionally, upon the assessment of the 

association between firefighting or EMS years of experience and ESS scores, no 

correlation was found. The results imply that years of experience have no effect upon 

sleepiness and that no relationship exists between the two. 

Of firefighters with EMT experience, 43% had been EMS-certified less than 10 

years and 56.6% for 1 O or more years. Paramedics possessed more years on the job than 

EMTs and were older; however, age differences did not affect ESS scores (see Ho4), nor 

did paramedic vs. EMT status (see Ho2). 

Demographics for the present study exhibited similarities to previous literature. In 

the current study, firefighters had a mean of 11.31 years EMT experience while 

firefighters had 15 years of experience. Krause ( 1995) found the average tenure on the 
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job was 8.2 years for firefighters and EMS personnel while Circadian Technologies, Inc. 

(2006) reported that 46% of the paramedic workforce possessed more than 10 years EMS 

experience. 

Existing literature generally focuses more upon job experience in relation to 

fatigue rather than sleepiness. One such study related to truck drivers indicated that 

experience played an essential role in the development of skills to combat fatigue 

(Fournier, Montreuil, & Brun, 2007). However, increases in age and job experience were 

associated with increased drowsiness and sleepiness in a study of Japanese nuclear power 

company shiftworkers (Smith et al., 2005). 

Ho6: There is no significant difference in perceived sleepiness between 

firefighter/EMS personnel who commute different distances as measured by the ESS. The 

null hypothesis was rejected because firefighters with a commute of 20 or fewer miles 

exhibited lower ESS scores compared to firefighters who commuted 21-40 miles and 

those who commuted greater than 40 miles. Therefore, the results imply that perceived 

sleepiness is higher in those who commute longer distances. 

Firefighters reported commuting distances that ranged from O to 130 miles, and 

on average, the firefighters commuted 36.67 miles one way to home from their assigned 

fire station. 

Generally, the literature has focused upon commuting time rather than distance. 

Two related studies noted commuting issues by time. Paramedics in the ATC-EMS study 

that commuted one or more hours one way totaled 14% while 81 % commuted less than 
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45 minutes each way (Circadian Technologies, �c., 2006), and Houston firefighters' 

average one-way commute time was 31 minutes (range 2-210 minutes) (Krause, 1995). 

However, neither study measured differences in commuting distance in relationship with 

perceived sleepiness. The reciprocal relationship between commute time and sleep time 

was second only to that of work and sleep time (Basner et al., 2007), and study results 

imply that time spent commuting longer distances could be said to steal time away from 

sleep. 

Ho 7: There is no significant difference in perceived sleepiness and perceived 

health status as indicated by scores on the ESS and scores on the DUKE. 

The null hypothesis was rejected, as significant differences were found when 

comparing ESS scores and components of the DUKE, which included physical health, 

perceived health, and pain. Compared to firefighters reporting some or little to no 

sleepiness, those reporting high levels of perceived sleepiness were in poorer health. 

Further, firefighters with high levels of perceived sleepiness reported poorer perceived 

health compared to those reported some or little to no sleepiness. Finally, firefighters 

with high levels of perceived sleepiness reported higher amounts of pain compared to 

firefighters with some or little to no perceived sleepiness. The results indicate that 

firefighters reporting more sleepiness also reported more health problems. 

The literature generally has discussed health in terms of sleep disorders and/or 

sleep disturbances rather than in terms of self-reported sleepiness. In 772 participants 

surveyed by telephone, patients suffering from insomnia were 9.82 times more likely to 
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have clinically significant depression and 17.35 more likely to have clinically significant 

anxiety than those who did not report insom"nia (Taylor, Lichstein, Durrence, Reidel, & 

Bush, 2005). Granted, insomnia should be considered to possess other ramifications 

beyond sleepiness, which the aforementioned study did not measure. A study of 1,016 

Lithuanians found that persons self-reporting dissatisfaction with their sleep reported a 

poorer health-related quality of life in several categories as compared to respondents 

satisfied with their sleep quality (Andruskiene, Giedrius, Martinkenas, & Grabauskas, 

2008). In addition, a large sample of 1935 participants that rated their health as poor, 

including worse physical and mental health both and significant limited activity with pain 

syndromes and depression reported significantly higher rates of all sleep disturbance 

items (Alattar et al., 2007). The three aforementioned studies generally support the 

findings of Hypothesis 7 in the general population. 

Studies related to sleepiness and health in rescue workers have produced 

conflicting results. Krause (1995) concluded that shift work, disturbed circadian rhythms 

with resulting sleep disruption, and sleep deprivation were associated with a higher 

incidence of reported health problems in firefighters. However, Sterud, Hem, Ekeberg, 

and Lau (2008) concluded in their study of 1,180 Norwegian ambulance workers as 

compared to 31,618 members of the general population, that ambulance personnel have 

decreased anxiety and depression (in males) yet increased somatic complaints (1.6 times 

greater than the comparison group) such as musculoskeletal pain and disturbed sleep (3 .4 

times greater). 
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A TC-EMS reported a healthier lifestyle in paramedics, as assessed by a series of 

health questions, but noted increased scores on the ESS in 60% of the sample (Circadian 

Technologies, Inc., 2006). In addition, the health survey that was utilized was more 

specific and in-depth than the DUKE, and included queries related to health lifestyle 

habits, height, weight, sleep disorders and health problems. The data did; however, 

indicate lower depression ( 11 % ) and anxiety (9%) scores than the benchmark of the 

evaluation entity (Circadian Technologies, Inc.). A study of urban EMS workers also 

found no difference in anxiety levels for providers who worked either a 12 or 24 hour 

shift, and EMS workers exhibited no higher anxiety level than the general public (Mock, 

Wrenn, Wright, Eustis, & Slovis, 1999). Finally, paramedics also exhibited lower anxiety 

scores than EMTs and years of experience decreased anxiety scores (Mock et al.). 

Much of the published literature has not assessed perceived sleepiness along with 

perceived health, and other variables may have played a role in the difference seen in the 

present study. In addition, that which cannot be determined regarding the current results 

includes any directionality between the two variables of increased sleepiness and 

worsening health. 

Ho8: Perceived health as indicated by scores on the DUKE is not significantly 

associated with perceived sleepiness among firefighter/EMS personnel as indicated by 

scores on the ESS. The null hypothesis was rejected, due to the discovery of statistically 

significant relationships between sleepiness and physical health, social health, perceived 
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health, general health, anxiety, anxiety/depression, and pain. The results imply that 

firefighters reporting higher levels of sleepiness experience worsening health. 

Significant negative relationships were found between perceived sleepiness and 

perceived health, indicating that higher levels of sleepiness were associated with poorer 

physical, social, perceived, and general health. General health was similarly correlated 

with sleepiness in a sample of 129 health participants (Briones et al., 1996), suggesting 

that sleepiness and sleep quality impact health. 

In addition, a significant positive relationship was found between sleepiness and 

reported anxiety, anxiety/depression measures, and pain. Therefore, higher levels of 

sleepiness were associated with higher levels of anxiety, anxiety/depression, and pain. 

One study compared EMTs and paramedics in relation to sleep and health. 

Paramedics were found to exhibit lower anxiety levels than EMTs with a statistically 

significant inverse correlation between those with increased years of experience and 

decreased anxiety scores (Mock et al., 1999). Sleep disturbance was measured by the 

Karolinska Sleep Scale (KSS) which is not identical to the ESS in that it does not 

measure perceived sleepiness. Health was assessed in this study and measured specified 

body pain, headaches, gastrointestinal problems and vertigo. 

Although mood was not directly a measure assessed by the DUKE, the literature 

supports the link between increased sleepiness and worsened mood secondary to shift 

work in firefighters (Paley & Tepas, 1994). In the Taylor et al. (2005) insomnia study, 

after controlling for significant confounds, depression scores were found to increase with 
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insomnia frequency and mean number of nighttime awakenings. Also, as insomnia 

frequency increased, so did anxiety scores. 

Ho9: There is no significant difference in number of patient care report omissions 

and/or medical mistakes between EMS calls made during day hours and those made 

during night hours as d~termined by QA/QI reports. The null hypothesis was not 

rejected. Reports with issues were not significantly more likely to occur during day hours 

vs. night hours, as measured by a nonparametric chi square test of association. 

Bjerner, Holm, and Swensson (1955), in an early study, found that increased 

ledger errors at a gasworks occurred during two peak times; at 3:00 a.m. and 3:00 p.m., 

which represent circadian troughs in alertness. More recently, sleepiness and fatigue due 

to shift work has been associated with medical mistakes. A sample of 263 medics 

reported making mistakes or errors at least several times per month due to fatigue 

(Circadian Technologies, Inc., 2006), although time of day was not recorded. In a mixed 

method study with 149 medical residents in which the ESS was used to measure 

sleepiness, 18 of 22 focus groups expressed frequent concerns regarding medical errors 

as a result of sleepiness. Due to sleep loss, medical errors were reported in the form of 

erroneous information on the patient records, misdiagnoses, and report legibility. The 

residents admitted to 'cutting comers' on patient care when sleepy and they also reported 

taking longer to complete patient reports (Papp et al., 2004). On the other hand, no 

increase in procedural mistakes in aero medical personnel was identified as a result of 

longer shifts, although time of day was not assessed (Allen et al., 2001 ). 
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Ho JO: There is no significant difference in number of personal injuries reported 

for on-duty firefighter/EMS personnel between day and night hours as determined by 

personal injury reports. The hypothesis was rejected, as a nonparametric chi square test 

of association was significant, indicating that injuries were significantly more likely to 

occur during day hours compared to night hours. 

Few firefighter studies have investigated injury rate with time of day (Thorpe, 

2003). However, the author found a higher injury rate during nighttime wild land 

firefighting operations. Karter (2007) noted a higher injury rate from midnight to 6:00 

a.m., despite a lower number of structure fire incidents at that time. However, Glazner 

( 1996) found the distribution of firefighter injuries by time of day was highest (27 .8% 

and 40% of injuries) from 12:00 p.m. to 4:00 p.m. and 6:00 p.m. to midnight, 

respectively. Interestingly, in a related field, emergency medicine residents experienced a 

higher number of exposures to biological fluids and needle stick injuries during the last 

two hours of their shift, but also during the first hour as well (Macias et al., 1996). 

Fisman et al. (2007) found that fatigue was moderately associated with a significant 

increase (OR=8.58) in needle stick injuries in medical trainees who had been at work 

greater than 12 hours prior to the injury. The time frame would translate to the second 

half of a 24-hour shift in the current sample. 

Finally, in a study of a large cohort of Kentucky farmers who worked second jobs, 

although time of day was not investigated, perceived sleepiness and the risk of injury was 

measured, and a slight difference (1.29) was found (Spengler et al., 2004). 
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Ho 11: There is no significant difference in the number of vehicle accidents 

reported for on-duty firefighter/EMS personnel between day and night hours as 

determined by accident reports. The null hypothesis was rejected, as accidents were 

significantly more likely to occur during day hours compared to night hours, per the 

significant findings of a nonparametric chi square test of association. 

In those working a 24/48 shift schedule, the hours nearing the end of the shift 

(10:00 p.m. to 7:00 a.m.) would logically provide the time frame for the greatest number 

of accidents in sleepy firefighters. However, inconclusive evidence links time of day with 

on-duty vehicle accidents. The National Firefighter Near-Miss Reporting System noted 

that, in both its 2006 and 2007 annual reports, the highest number of near-miss incidents 

were reported for the first four hours of the shift (44% and 37% respectively); however 

the exact time of day was unreported, and the higher incidence may have been partially 

due to volunteer firefighters responding to calls from their residence in personal vehicles. 

Also, 41 % of EMS workers in Austin, Texas, reported an accident or near-miss 

accident due to fatigue, but again, time of day was not noted (Circadian Technologies, 

Inc., 2006). Sharman (2005) found that 72.9% of paramedics working long rotational 

shifts stated that fatigue negatively affected their work safety. 

Open-Ended Questions Findings 

In the current study, several open-ended questions were designed to elicit 

information from the firefighters that was not available from the established instruments

utilized. Questions included if and how sleepiness and sleep deprivation affected the 
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firefighters both on- and off-duty and if so, how they dealt with the problem. Next, they 

were asked to delineate what factors must be in place for them to get a good night's sleep 

and the amount of sleep needed to feel rested. Firefighters were also asked to describe 

their perception of whether and how sleepiness affected patient care. Last, they were 

asked to determine whether and how health education for sleep health would be useful to 

them. 

For the 91.4% of firefighters in the study that reported sleepiness while on duty, 

193 responses identified how sleepiness specifically affected them. Of the six categories 

identified, the majority of responses related to cognitive effects, including concentration, 

lack of focus and clarity, altered judgment, difficulties with decision-making, 

attentiveness, and slow thinking. 

The majority of research focused on the effects of both short- and long-term sleep 

deprivation has investigated influences upon cognitive faculties. Various manifestations 

of sleep debt upon cognition include altered judgment and decision making (Papp et al., 

2004 ), thinking rationally while under stress (Krause, 1995), slowed information 

processing, reduced short-term memory, and delayed responses (Dinges, 1995). 

Interestingly, although only 1.99% of the firefighters in the current study complained of 

cognitive deficits such as decreased alertness, short attention span, and inability to 

concentrate while off duty, 39.89% complained of similar disturbances while on duty. 

This finding may illustrate the increased pressure of being mentally sharp while at work. 
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Psychomotor and performance deficits were reported by firefighters in the current 

study, including slow reaction time, lack of energy or sluggishness, and decreased 

awareness. However, more than twice as many firefighters mentioned cognitive deficits 

than those who cited psychomotor and performance deficits. Similarly, in two studies, 

although cognitive faculties deteriorated after sleep deprivation, psychomotor skills and 

performance remained more stable (Kahal et al., 2008; Lieberman et al., 2006). Highly 

specialized training in this population may enable firefighters to perform their duties 

automatically in the face of sleep deprivation and/or fatigue. Further investigation should 

be made in this area. Finally, in the current study, firefighters also noted undesirable 

mood changes when sleep deprived, including irritability, rudeness, and crankiness. 

Surprisingly, personal health and safety were sporadically mentioned, which 

included becoming physically fatigued more quickly, driving drowsy, dulled senses, and 

increased susceptibility to colds and allergies. The most troubling responses, although 

few in number (14.5%; n=28) related specifically to difficulties when responding to 

emergency runs while at work. Firefighters cited missed or delayed response to runs, 

boarding the wrong apparatus, inability to recall directions to a particular address, making 

wrong turns, not recalling driving after they arrived at their destination, and falling asleep 

while riding or driving. In a driving simulation study, Ware et al. (2006) also found 

driving deficits in student physicians after a night on duty, while Milia and Bowden 

(2007) reported driving errors by night shift workers such as falling asleep at the wheel, 

crossing the center line, and leaving the road by night shift workers. 
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Firefighters who reported sleepiness while on duty at the fire station cited several 

methods for managing their sleepiness at the workplace. Generally, three categories of 

sleepiness management evolved, which included altering their frame of mind, use of 

substances, and various activities which included sleeping. Of 330 total responses, only 

nine firefighters (2.7%) responded that they used willpower to stay awake when sleepy. 

Because of the established "can-do" culture one might expect in the profession, the low 

number of responses may seem unusual. However, given the other available methods of 

management, such as napping, participation in various activities, and substances such as 

caff einated beverages, firefighters appear to have become proficient at overcoming. 

sleepiness and minimizing its effect. 

Overwhelmingly, sleep-related responses represented the most common 

management technique. Although respondents mentioned sleeping more on their days off 

or going to bed earlier while on shift, those who specifically mentioned permitted or 

subversive on-duty naps totaled 125 (37.87% of all responses). Naps can be taken 

proactively to combat the probability of being up all night while on duty or they may be 

reactive, in that they are taken to make up for sleep loss before the shift began. Kuhn 

(2001) noted that naps are most effective in preventing rather than alleviating sleep debt. 

While 82.8% of the surveyed firefighters indicated that sleep loss affected them 

off-duty, the majority reported emotional, physical, and mental effects (39.30%; n=79) as 

a result of their sleep deprivation. Emotional effects prevailed, such as irritability, anger, 

moodiness, and intolerance, especially in their relationship with their families. 
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Firefighters who reported ~ood effects while off duty (19.40%) compared similarly to 

those complaining of the same while on duty (17.09%), although the same individuals 

may not have answered both survey questions. Harrison and Home (2000) concluded that 

mood was the only consistent finding overall when compared to performance those 

deprived of sleep. In the current study, changes in mood were reported by firefighters 

who were sleepy both on- and off-duty as well as when providing patient care while at 

work. Mood changes were also seen in physician residents who worked a lengthy shift 

with a minimal amount of sleep (Leonard et al., 1998). 

Firefighters also reported decreased productivity in all aspects of their off-duty 

lives, including household chores, duties of their second job, and educational 

responsibilities. Sleep deprivation also affected their ability to unwind on their days off. 

Instances of drowsy driving were also reported (21 responses; 10.44%) as a result of off

duty sleepiness. This number is much lower than found in a cohort of nurses who 

reported nearly half of all vehicular near-accidents and drowsy driving between the hours 

of 7 :00 a.m. and 9:00 a.m. which coincided with driving time after the night shift 

(Dorrian et al. 2008). Drowsy driving presents a formidable danger for the firefighters on 

their way home after work. 

As seen in the sleepy on-duty firefighters, off-duty firefighters chose sleep as their 

primary means to manage sleepiness. Firefighters take advantage of their off-duty time to 

sleep, with over half reporting sleep or naps as their major means for dealing with sleep 

deprivation. 
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When firefighters were asked how many hours nightly they needed to sleep to feel 

rested, 238 responses reported a mean time of 6.89 hours. This is below the 

recommended seven to nine hours of uninterrupted sleep (IOM, 2006; NIH, 2003; 

National Sleep Foundation, 2008b; Roehrs et al., 1989; Wehr et'al., 1993) and slightly 

below that which 84% of ATC-EMS paramedics reported at seven or more hours nightly 

(Circadian Technologies, Inc., 2006). Clearly, these numbers illustrate the growing 

worldwide trend of a sleep-deprived workforce. 

Respondents were asked to identify factors that needed to be in place in order for 

them to get a good night's sleep. With an astounding total of 447 responses, firefighters 

were clearly cognizant of their sleep preferences. An overwhelming majority of responses 

included a cool room temperature, quiet, darkness, a comfortable bed, and moving air. 

The responses are in line with recommendations by the National Sleep Foundation 

(2008d). However, fewer responses addressed physiological needs such as the need to be 

tired, an empty bladder, activity earlier in the day, and use of CPAP, medications, 

alcohol, and avoidance of coffee. Fewer responses in this category which are included 

within current National Sleep Foundation recommendations (2008d) illustrate the need 

for health education in this area. 

Firefighters felt that sleepiness and/or sleep deprivation affected patient care.

Most reported a poor attitude, including decreased tolerance, patience, compassion, and

empathy, but they also included inappropriate brevity in patient care in order to return to

the fire station, particularly at night, so they could return to bed. Similar results were
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found in paramedics who reported that fatigue contributed to less than optimal clinical 

care (29%) and provided less than optimal customer service (42%) at least several times 

per month (Circadian Technologies, Inc., 2006). 

The most concerning aspect of patient care, making medical mistakes, was 

reported by only 14 participants. This finding contrasts a high rate of medical mistakes 

found in a study of physicians (Chen et al., 2008). Although few firefighters reported 

medical mistakes due to sleepiness, a single medical error may prove to be a deadly error 

and should not be taken lightly. 

Less than half of the firefighters stated that a health education program addressing 

sleep deprivation and sleep health would be helpful to them. The low number of 

affirmative responses may be due to ignorance regarding the purpose of health education 

in general. The firefighters may also resist being required to attend training that they 

perceive as a health class, or they may feel as though their off-duty activities would 

become restricted as a result of their sleep deprivation. However, their responses indicate 

a clear need for health education, whether it assists them in managing their activities and 

daily schedule so as to obtain more sleep or provides help for those seeking help for 

conditions such as insomnia or sleep apnea. At the least, health education could provide 

information related to the circadian rhythm, napping effectively, and healthy sleep habits. 

Limitations 

Several limitations played a role in the current study, potentially skewing the

results and precluding applicability to other populations of firefighters and EMS
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providers. First, members of the firefighting and EMS profession must understandably 

possess a minimum level of health and strength to perform their duties, and any 

population sample that is prone to the healthy worker effect may skew study results. 

Therefore, those who thus self-eliminated from fire service employment may have fared 

differently on the DUKE and/or ESS. 

Next, the sample was derived from three municipal professional fire departments 

in a north central Texas metropolitan area. Study results from the sample are not 

necessarily indicative of firefighters in non-EMS systems, volunteer firefighters, or those 

in small towns, larger metropolitan areas, or those with a markedly different community 

profile or run volume. The prevalence of Caucasian participants and paucity of females in 

the sample may also have affected the current study findings. 

Data acquired by self-reported responses using a survey design are subject to 

social desirability bias and recall bias, the Hawthorne or John Henry effect, and 

experimenter effects. Social desirability was reduced by emphasis upon the freedom to 

either participate or not, and then by self-extrication of the researcher from the setting so 

as to not influence participation and/or responses. In addition, firefighters may not have 

fully revealed their feelings on the surveys for fear of retribution or having their 24/48 

shift modified to a less desirable schedule for them. Krause ( 1995) identified the 

protective nature of firefighters over their shift schedule, and a general mistrust of studies 

and lack of secrecy has been identified in this population (Aardal-Eriksson, Eriksson, 

Holm, & Lundin, 1999). To reduce the fear of retribution, the survey process emphasized 
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confidentiality and firefighters were instructed to avoid including identifying information 

such as their name on the surveys. The researcher also emphasized the educational 

purpose of the study, assuring the firefighters that she was not representing an 

organization that might utilize the study findings to influence or modify their work 

schedule. 

Because the study employed a cross-sectional design, the data collected 

represented the participants' feelings at a particular point in time. For example, the ESS 

instructions indicated that the respondent should answer the statements regarding sleep as 

they applied spedfically during recent times. The DUKE assessed health and/or activities 

for the past week or for the current day. Therefore, the collected data implied that the 

reported level sleepiness was constant throughout the year, which may not have been the 

case. 

The ESS may also lack sensitivity in the present population as it failed to indicate 

a level of sleepiness markedly out of the normal range while the firefighters' reported 

perceived sleepiness exceeded 80% for the off-duty period and approached 100% while 

on duty. Next, the relatively low number of runs as compared to other municipal fire 

departments may have created an environment where reported firefighter sleepiness may 

have resulted from another cause other than emergency response workload. 

The worksite setting in which the survey was distributed may also have 

influenced questionnaire responses, where peer pressure is an inherent component of 

firehouse life. Motivational or ulterior motives tha� the participants may have maintained 
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may also have influenced honesty as well as the decision whether to complete or not 

complete the surveys. 

A lack of published research exists that addresses the firefighter population and 

sleep. In the literature, some of the more relevant studies were identified as masters and 

doctoral dissertations from U.S. and Canadian universities. Unpublished or inaccessible 

data may have provided additional supporting or conflicting data for the present study. 

Directions for Future Research 

Future research related to sleepiness in firefighters and EMS providers should 

include focus groups and/or individual interviews along with retrospective data and 

survey information to maximize reliability. A more in-depth mixed-method study that 

could serve as a model for future research focused upon qualitative data in combination 

with use of the ESS in resident-physicians (Papp et al., 2004), which is a group that 

possesses similarities to firefighters and EMS personnel. Errors and/or near-miss errors, 

accidents, and injuries personally experienced by the firefighters should be inventoried. 

Input from administrators, especially those who have, at some time, served as a 

firefighter/EMT or firefighter/paramedic would strengthen the study and represent 

additional stakeholders. Future research should introduce a cognitive and performance 

function measurement with other physiological measurements to assess sleepiness and its 

resulting deficits. In addition, surveys should include questions related to stress, home 

and family life, support systems, personal practices for sleep health, and additional 

questions focused upon general health. In fact, recently developed instrumentation such 
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as wrist actigraphy may more comprehensively measure the constructs of health, fatigue, 

and sleepiness (Bailes et al., 2006). Because of the possible lack of sensitivity of the ESS 

in this population, a concurrent validity study with one of the more recent instruments 

that contains comprehensive questions should be performed. Consideration should also 

be given to new instrument design that is more appropriate for this population. Since 

obesity, OSA, and RLS are closely related to sleepiness, sleep deprivation, and fatigue, 

such queries should play an integral role in future surveys. In addition, respondents 

should be asked to indicate their use and quantity of caffeine, nicotine, alcohol, energy 

drinks, and sleep-promoting or sleep-averting medications. Finally, amount of vacation 

and sick time used should be assessed, as Sharman (2005) found an increase of sick time 

taken in 56.8% of respondents who worked long rotational shifts. A decrease in sick time 

resulted from restructuring of firefighter shifts in San Jose, California from 24/48 to 

48/96 shift schedules, along with a reported decrease in sleepiness (Hoenisch, 2003) 

Recommendations for Health Educators 

The current study served as a needs assessment for a proposed health intervention 

to address sleep deprivation and sleep hygiene for this population, and aspired to serve as 

a basis for the design of culturally appropriate health education programs for the fire 

suppression and EMS industries. 

The idea of science-based health education is a novel concept in the firefighting

profession, and few theory-driven, health education, intervention, and evaluation

programs have been established. Gist and Woodall (1995) posited that several operatives
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have presented a challenge for change in the fire service which must be considered in the 

development of a health education program: 

1. Socially and occupationally, the fire service has maintained an insular status, 

which inhibits outside information from entering and maintains already

accepted information and practices, ultimately providing a barrier to change. 

2. In the fire service as well as in EMS, technique has traditionally been 

promoted over theory, a paradigm that has been driven by the task-oriented 

practical nature of the profession. The paradigm shift toward a theoretical 

approach may prove challenging. 

3. Again, due to the task-specific duties of firefighting and EMS, training has 

traditionally been valued over education. As the fire service shifts from a basis 

in technology to an information and service enterprise, a holistic education 

will be increasingly crucial for the efficient and appropriate delivery of 

services. 

4. As the fire service transforms itself from a technical to an informational and 

service enterprise, different types of employees will be attracted to the 

industry, with an increased focus upon people, both within and outside the 

department. 

5. With the increased emphasis upon people, human resource and management 

issues, which have historically existed as an ancillary component to the 
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execution of the mission of firefighting and emergency medical care, will play 

a more central role. 

6. Few reliable information channels exist for the fire service illustrated by a 

paucity of peer-reviewed literature in addition to few science-driven 

information and dissemination vehicles. Trade journals and trade conferences 

have not consistently promoted accuracy and/or soundness of data. 

Keeping in mind the current paradigm transformation in the fire service, a social 

ecological framework such as the Ecological Model of Occupational Stress (Salazar & 

Beaton, 2000), as applied to the issue of sleep deprivation in firefighters may be useful in 

conjunction with Behavior-based Safety Systems (BBS; Geller, 2001, 2005) to assess, 

promote, and implement a sleep health program in the fire service. Salazar and Beaton's 

theory explains multifaceted phenomena that influence choices and outcomes in the 

workplace setting, and has previously been used in urban firefighter populations. In 

addition, because of few theory-driven approaches to understanding the determinants of 

low participation in worksite-based health programs, a social ecological model should 

also be utilized in that context (Linnan, Sorensen, Colditz, Klar, & Emmons, 2001 ). 

Because BBS represents a teamwork and people-friendly approach to on-the-job safety 

and risk management, utilization of this model provides an optimal framework for 

managing sleep health and fatigue for the firefighter. Notwithstanding the inherent 

emphasis upon the team in dealing with the multifaceted and task-oriented job 

requirements of the firefighting and EMS profession, recognition that Truck 2 or Medic 4 
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represents an array of individuals places a responsibility upon managers to maintain focus 

upon the physiological and psychological needs of each individual firefighter. 

After gathering input from all involved stakeholders, health education approaches 

that are palatable to members of the profession should be designed to alleviate the 

dangers of daytime sleepiness, sleep deprivation, and subsequent potential performance 

deficit precipitated by sleep debt. Caldwell ( 1997) and Spengler et al. (2004) identified 

activity-scheduling adjustments, exercise and relaxation techniques, and healthy lifestyle 

habits conducive to the promotion of healthy sleep in the air transportation industry and 

farming profession, respectively. Because the nature of the problem is multifaceted, the 

chronobiologist and health educator both should investigate informal as well as formal 

firefighter support systems when designing interventions. Since difficulty has occurred in 

sustaining a healthy living program in the firefighter population (Staley, 2008), a 

concerted effort to design, implement, and evaluate a sleep health program using best 

practices methodology and proven science must involve all of the stakeholders beyond 

fire department personnel, including firefighters' families and other support systems, 

community leaders, labor organizations, legislators, as well as the communities protected 

by these public servants. 

Summary 

This study was significant in that it represented one of few published accounts 

that focused upon sleep deprivation in members of a population that depends heavily 

upon optimal mental alertness and peak physical performance to safely execute their job 
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duties. Methodology was carefully designed to address the hypotheses and research 

questions while implementing a culturally appropriate approach in a relatively closed 

subculture that is unaccustomed to involvement as research participants. 

Potential interventions may include research and subsequent adjustment of shift 

types that are most conducive to firefighter rest, alertness, and safety. However, the 

current 24/48 shift may prove to be one of the more supportive schedules for the 

alleviation of fatigue over more traditional eight- or 12-hour shifts. Even more 

nontraditional shift schedules may alleviate excessive sleep deprivation and fatigue. In 

fact, Paul and Miller (2005) reported full cognitive recovery of cognitive effectiveness in 

firefighters 72 hours after their 24-hour duty day. Recent reports from fire departments 

that use the newer 48/96 shift schedule have indicated additional lower levels of 

sleepiness (Hawkes, 2006; Hoenisch, 2003). The benefits of the condensed duty times 

include highly coveted longer off-duty periods and fewer commutes to the workplace, 

which allows for additional freedom in choosing a home location. The absence of 

definitive proof that 24-hour shifts in the fire service promote sleepiness, fatigue, or 

accidents, injuries, and errors may negate a schedule alteration. 

Naps represent one of the more useful methods for alleviating sleep deprivation. 

When used proactively as a response to anticipated sleep loss rather than as an after fact 

to catch up on previous sleep debt, naps may prove useful in the setting of 24-hour 

firefighting and EMS operations. For example, on-duty prophylactic naps have been 

found useful in long-haul flight crews (Walsh, Dement, & Dinges, 2005). The science of 
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napping should be explored for this population in order to promote a high level of 

alertness and performance. 

This study can serve as a springboard for future and more in-depth research that 

delve into more specific aspects of sleep deprivation, including physical wellness, aging, 

and identification of symptoms of sleep disorders such as OSA and insomnia. In addition, 

labor organizations, firefighter associations, and fire department administration can 

utilize study results to develop advocacy platforms for firefighters to alleviate sleep 

deprivation. One current effort by the National Public Safety Sub-sector Agenda (2008) 

promotes the development of effective guidelines to (a) examine the cultural and 

economic barriers to implementing wellness and fitness programs within fire departments 

by 2011, and (b) reduce worker fatigue and sleep disorders among EMS personnel that 

may be associated with shift work and overtime by the year 2012. 

Finally, educational strategies should be developed for the firefighter and EMS 

professional. Although the temptation may be to focus upon a single training session, 

Monk (2000) emphasized that the aim of health education should be to keep shift workers 

continuously aware of the physiological and behavioral aspects of sleep deprivation. An 

assessment and engagement of the available social capital can promote sleep health. 

Lessons learned in areas such as aviation, trucking, nursing, and medicine can be applied 

to the fire and EMS profession. 

The cohort of professionals at hand maintains a vested interest in their own 

optimum health status to safely and effectively serve the public. In addition, other 
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stakeholders involved deserve the most physically and mentally fit emergency providers 

possible, particularly the community members that firefighters serve. Further 

investigation should determine if, indeed, firefighters are sleepy, and if so, how to best 

manage their sleep deprivation. 

188 



REFERENCES 

82engine, QuintlMedic, chevelle ss, kissmibut, Lieutenant Gonzo, 9m18, et al. (2000, 

June 27). Second job? [Msgs. 1-63]. Messages posted to 

http://forums.firehouse.com/showthread.php?t=32625 

Aardal-Eriksson, E., Eriksson, T.E., Holm, A-C., & Lundin, T. (1999). Salivary 

cortisol and serum prolactin in relation to stress rating scales in a group of 

rescue workers. Biological Psychiatry, 46, 850-855. 

Aasa, U., Kalezic, N., Lyskov, E., Angquist, K-A., Barnekow-Bergkvist, M. (2006). 

Stress monitoring of ambulance personnel during work and leisure time. 

International Archives of Occupational and Environmental Health, 80, 51-59. 

Acheson, A., Richards, J.B., & de Wit, H. (2007). Effects of sleep deprivation on 

impulsive behaviors in men and women. Physiology and Behavior, 91(5), 579-

587. 

Adam, M., Retey, J.V., Khatami, R., & Landolt, H-P. (2006). Age-related changes in the 

time course of vigilant attention during 40 hours without sleep in men. Sleep, 29 

(1), 55-57. 

Akerstedt T., Fredlund, P., Gillberg, M., & Jansson, B. (2002). A prospective study of 

fatal occupational accidents-relationship to sleeping difficulties and occupational

factors. Journal of Sleep Research 11, 69-71. 

189 



Alaska Oil Spill Commission. (1990). Spill, the wreck of the Exxon Valdez: Implications 

for safe transportation of oil [Final report]. Juneau, AK. Retrieved March 8, 2009, 

from http://www.evostc.state.ak.us/ 

Alattar, M., Harrington, J.J., Mitchell, C.M., & Sloane, P. (2007). Sleep problems in 

primary care: A North Carolina family practice research network (NC-FP-RN) 

study. Journal of the American Board of Family Medicine, 20(4), 365-374. 

Allen, T.L., Delbridge, T.R.,_Stevens, M.H., & Nicholas, D. (2001). Intubation success 

rates by air ambulance personnel during 12- versus 24-hour shift: Does fatigue 

make a difference? Prehospital Emergency Care, 5, 340-343. 

Aloe, F., Pedroso, A., & Tavares, S.M. (1997). Epworth Sleepiness Scale outcome in 616 

Brazilian medical students. Arquivos de Neuro-psiquiatria, 55(2), 220-226. 

Ambulance Employees Australia. (2008). Victorian paramedic fatigue survey. Liquor, 

Hospitality, and Miscellaneous Union. Retrieved March 8, 2009, from http:// 

www .lhmu.org.au/ 

American Academy of Sleep Medicine. (2008). About AASM. Retrieved February 6, 

2009, from http://www.aasmnet.org/AboutAASM.aspx 

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental 

disorders. (4th ed.). Washington, DC: Author. 

Andruskiene, J., Giedrius, V., Martinkenas, A., & Grabauskas, V. (2008). Factors 

associated with poor sleep and health-related quality of life. Medicina (Kaunas), 

44(3), 240-246. 

190 

... 

:. . . 



Arendt, J., Middleton, B., Williams, P., Francis, G., & Luke, C. (2006). Sleep and 

circadian phase in a ship's crew. Journal of Biological Rhythms, 21(3), 214-221. 

Amedt, J.T., Wilde, G.J.S., Munt, P.W., & MacLean, A.W. (2001). How do prolonged 

wakefulness and alcohol compare in the decrements they produce on a simulated 

driving task? Accident Analysis and Prevention, 33, 337-344. 

Axelsson, J., Kecklund, G., Akerstedt, T., Donofrio, P., Lekander, M., & Ingre, M. 

(2008). Sleepiness and performance in response to repeated sleep restriction and 

subsequent recovery during semi-laboratory conditions. Chronobiology 

International, 25(2-3), 297-308. 

Ayas, N.T., Barger, L.K., Cade, B.E., Hashimoto, D.M., Rosner, B., Cronin, J.W., et al. 

(2006). Extended work duration and the risk of self-reported percutaneous 

injuries in interns. JAMA, 296(9), 1055-1062. 

Ayas, N.T., White, D.P., Al-Delaimy, W.K., Manson, J.E., Stampfer, M.J., Speizer, F.E., 

et al. (2003). A prospective study of self-reported sleep duration and incident 

diabetes in women. Diabetes Care, 26(12), 380-384. 

Bailes, S., Libman, E., Baltzan, M., Amsel, R., Schondorf, R., & Fichten, C.S. (2006). 

Brief and distinct empirical sleepiness and fatigue scales. Journal of

Psychosomatic Research, 60, 605-613. 

Baldwin, C.M., Kapur, V.K., Holberg, C.J., Rosen, C., & Nieto, J. (2004). Associations 

between gender and measures of daytime somnolence in the Sleep Heart Health 

Study. Sleep, 27(2), 305-311. 

191 



Barnes, S., & Dinges, D.F. (2007). Behavioral and physiological consequences of sleep 

restriction. Journal of Clinical Sleep Medicine, 3(5), 519-528. 

Baransky, J.V. (2007). Fatigue, sleep loss, and confidence in judgment. Journal of 

Experimental Psychology: Applied, 13(4), 182-196. 

Barger, L.K., Ayas, N.T., Cade, B.E., Cronin, J.W., Rosner, B., Speizer, F. E., et al. 

(2006). Impact of extended-duration shifts on medical errors, adverse events, and 

attentional failures. PLoS Medicine, 3(12), 2440-2448. 

Barger, L.K., Cade, B.E., Ayas, N.T., Cronin, J.W., Rosner, B., Speizer, F. E., et al. 

(2005). Extended work shifts and the risk of motor vehicle crashes among interns. 

New England Journal of Medicine, 352(2), 125-134. 

Bartlett, D.J., Marshall, N.S., Williams, A., & Grunstein, R.R. (2008). Sleep health New 

South Wales: Chronic sleep restriction and daytime sleepiness. Internal Medicine 

Journal, 38, 24-31. 

Basner, M., Fomberstein, K.M., Razavi, F.M., Banks, S., William, J.H., Rosa, R.R., et al 

(2007). American time use survey: Sleep time and its relationship to waking 

activities. Sleep, 30(9), 1085-1095. 

Beaton, R.D., Murphy, S.A., Pike, K.C., & Corneil, W. (1997). Social support and 

network conflict in firefighters and paramedics. Western Journal of Nursing 

Research, 19(3), 297-313. 

192 



Belenky, G., Wesensten, N.J.,Thome, D.R., Thomas, M.L., Sing, H.C., Redmond, D.P., 

et~- (2003). Patterns of performance degradation and restoration during sleep 

restriction and subsequent recovery: A sleep dose-response study. Journal of 

Sleep Research, 12, 1-12. 

Beyea, S.C. (2004). Too tired to work safely? Journal of the Association of 

PeriOperative Registered Nurses, 80(3), 559-562. 

Bjemer, B., Holm, A, & Swensson, A. (1955). Diurnal variation in mental performance. 

British Journal of Industrial Medicine, 12(2), 103-110. 

Bliwise, D.L. (2005). Normal aging. In M.H. Kryger, T. Roth, & W.C. Dement (Eds.), 

Principles and practice of sleep medicine (4th 
ed., pp. 24-38). Philadelphia: 

Elsevier Saunders. 

Bloch, K.E., Schoch, O.D., Zhang, J.N., & Russi, E.W. (1999). German version of the 

Epworth Sleepiness Scale. Respiration, 66(5), 440-447. 

B~ggild, H., Saudicani, P., Hein, H.O., & Gyntelberg, F. (1999). Shift work, social 

class, and ischaemic heart disease in middle aged and elderly men: A 22 year 

follow up in the Copenhagen Male Study. Occupational Environmental Medicine, 

56, 640-645. 

Bonnefond, A., Hanna, M., Hakola, T., Sallinen, M., Kandolin, I., & Virkkala, J. (2006). 

Interaction of age with shift-related sleep-wakefulness, sleepiness, performance, 

and social life. Experimental Aging Research, 32, 185-208. 

193 



Borbely, A.A., & Achermann, P. (2005). Sleep homeostasis and models of sleep 

regulation. In M.H. Kryger, T. Roth, & W.C. Dement (Eds.), Principles and 

practice of sleep medicine (4th ed., pp. 405-417). Philadelphia: Elsevier Saunders. 

Bos, J., Mol, E., Visser, B., & Frings-Dresen, M. (2004). Risk of health complaints and 

disabilities among Dutch firefighters. Internal Archives of Occupational and 

Environmental Health, 77, 373-382. 

Boudreaux, E., Jones, G.N., Mandry, C., & Brantley, P.J. (1996). Patient care and daily 

stress among emergency medical technicians. Prehospital and Disaster Medicine, 

11(3), 188-194. 

Boudreaux, E., Mandry, C., & Brantley, P.J. (1998). Emergency medical technician 

schedule modification: Impact and implications during short- and long-term 

follow-up. Academic Emergency Medicine, 5(2), 128-133. 

Braverman, A. (2002, October). End of the medical marathon? University of Chicago 

Magazine, Alumni News, 95(1). Retrieved March 8, 2009, from http:// 

magazine.uchicago.edu/0210/features/marathon.html 

Briones, B., Adams, N., Strauss, M., Rosenberg, C., Whalen, C., Carskadon, M., et al. 

(1996). Sleepiness and health: Relationship between sleepiness and general health 

status. Sleep, 19(1), 583-588. 

Bronfenbrenner, U. (1977). Toward an experimental ecology of human development. 

American Psychologist, 32, 513-531. 

Bronfenbrenner, U. (1983, July 4). This week's citation classic. Current Contents, 27, 24. 

194 



Broughton, E. (2005). The Bhopal disaster and its aftermath: A review. Environmental 

Health: A Global Access Science Source, 4(6). 

Bureau of Labor Statistics. (2005, July 1). Workers on flexible and shift schedules in 

May, 2004. Retrieved March 8, 2009, from http:// 

www .bls.gov/news.release/flex.nrO.htm 

Burgess, P.A. (2007). Optimal shift duration and sequence: Recommended approach for 

short-term emergency response activations for public health and emergency 

management. American Journal of Public Health, 97(Sl), S88-S92. 

Caldwell, J .A. ( 1997). Fatigue in the aviation environment: An overview of the causes 

and effects as well as recommended countermeasures. Aviation, Space, and 

Environmental Medicine, 68(10), 932-938. 

Canani, S.F., John, A.B., Raymundi, M.G., Schonwald, S., &_ Barreto, S.S.M. (2005). 

Prevalence of sleepiness in a group of Brazilian lorry drivers. Public Health, 119, 

925-929. 

Cappuccio, F.P., Taggart, F.M., Kandala, N-B., Currie, A., Peile, E., Stranges, S., et al. 

(2008). Meta-analysis of short sleep duration and obesity in children and adults. 

Sleep, 31(5), 619-626. 

Carskadon, M.A. (2004 ). Sleep deprivation: Health consequences and societal impact. 

Medical Clinics of North America, 88, 767-776. 

195 



Carskadon, M.A., & Dement, W.C. (2005). Normal human sleep: An overview. In M.H. 

Kryger, T. Roth, & W.C. Dement (Eds.), Principles and practice of sleep 

medicine (4th ed., pp. 13-23). Philadelphia: Elsevier Saunders. 

Caruso, C.C., Hitchcock, E.M., Dick, R.M., Russo, J.M., & Schmit, J.M. (2004, April). 

Overtime and extended work shifts: Recent findings on illnesses, injuries, and 

health behaviors. V .S. Department of Health and Human Services. Retrieved 

March 8, 2009, from http://www.cdc.gov/niosh/docs/2004-143/pdfs/ 

2004-143.pdf 

Centers for Disease Control and Prevention. (2004, September 10). Mental health status 

of World Trade rescue and recovery workers and volunteers-New York City, 

July 2002-August 2004. Morbidity and Mortality Weekly Report, 53(35), 812-

815. Retrieved March 8, 2009, from http://www.cdc.gov/mmwr/preview/ 

mmwrhtml/mm5335a2.htm 

Centers for Disease Control and Prevention. (2005, September 23). Percentage of adults 

who reported an average of::; 6 hours of sleep per 24-hour period, by sex and age 

group-United States, 1985 and 2004. Morbidity and Mortality Weekly Report, 

54(37), 933. Retrieved March 8, 2009, from http://www.cdc.gov/mmwr/ 

preview/mmwrhtml/mm5437a7 .htm 

196 



Centers for Disease Control and Prevention. (2006). Fatalities among volunteer and 

career firefighters: United States, 1994-2004. Morbidity and Mortality Weekly 

Report, 55(16), 453-455. Retrieved March 8, 2000, from 

http://www.cdc.gov/mmwr/preview/ mmwrhtml/mm5516a3.htm 

Centers for Disease Control and Prevention. (2008a, February 29). Perceived insufficient 

rest or sleep-four states, 2006. Morbidity and Mortality Weekly Report, 57(8), 

200-203. Retrieved March 8, 2009, from http://www.cdc.gov/mmwr/preview/ 

mmwrhtml/mm5708a2.htm 

Centers for Disease Control and Prevention. (2008b ). National health and nutrition 

examination survey: 1999-2008 survey content. U.S. Department of Health and 

Human Services. Retrieved March 8, 2009, from http://www.cdc.gov/ 

nchs/data/nhanes/survey _content_99 _ 08. pdf 

Chaput, J-P., Despres, J-P., Bouchard, C., & Tremblay, A. (2008). The association 

between sleep duration and weight gain in adults: A 6-year prospective study 

from the Quebec family study. Sleep, 31(4), 517-523. 

Charney, D.S. (2004). Psychobiological mechanisms of resilience and vulnerability: 

Implications for successful adaptation to extreme stress. American Journal of 

Psychiatry, 161(2), 195-216. 

Chassard, D., Allaouchiche, B., & Boselli, E. (2005). Timing is everything: The 

pendulum swings on. Anesthesiology, 103(3), 454-456. 

197 



Chen, I., Vorona, R., Chiu, R., & Ware, J.C. (2008). A survey of subjective sleepiness 

and consequences in attending physicians. Behavioral Sleep Medicine, 6, 1-15. 

Chen, N-H., Johns, M.W., Li, H-Y., Chu, C-C., Liang, S-C., Shu, Y-H., et al. (2002). 

Validation of a Chinese version of the Epworth Sleepiness Scale. Quality of Life 

Research, 11, 817-821. 

Chiner, E., Arriero, J.M., Signes-Costa, J., Marco, J., & Fuentes, I. (1999). Validation of 

the Spanish version of the Epworth Sleepiness Scale in patients with a sleep apnea 

syndrome. Archivos de Bronconeumologia: Organo Oficial de la Sociedad 

Espanola de Patologia Respiratoria, S.E.P.A.R., 35(9), 422-427. 

Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A., Izzo, J.L., et 

al. (2003). Seventh report of the joint national committee on prevention, 

detection, evaluation, and treatment of high blood pressure. Hypertension, 42, 

1206-1252. 

Chokroverty, S. (2002). Physiological changes in sleep. In C.W. Bazil, B.A. Malow, & 

M.R. Sammaritano (Eds.). Sleep and epilepsy: The clinical spectrum. New York: 

Elsevier. 

Circadian Technologies, Inc. (2006, April). Austin-Travis County EMS: Fatigue study 

results, paramedics and commanders in field. Lexington, MA: Author. 

City of Farmers Branch. (2006). Demographics. Retrieved March 8, 2008, from 

http://www.ci.f armers-branch. tx. us/work/city-demographics 

198 



Coastal Florida Police Benevolent Association. (2006, June). Officers are wanted for 

Harvard sleep study. BOLO, 2, 6. Retrieved March 8, 2008, from http://www 

.cfpba. us/bolo/Bolo6-06edited. pdf 

Collop, N.A., Salas, R.E., Delayo, M., & Gamaldo, C. (2008). Normal sleep and 

circadian processes. Critical Care Clinics, 24, 449-460. 

Colten, H.R., & Altevogt, B.M. (Eds.). (2006). Sleep disorders and sleep deprivation: An 

unmet public health problem. Washington, DC: The National Academies Press. 

Creswell, J.W., & Miller, D.L. (2000). Determining validity in qualitative inquiry. 

Theory into Practice, 39(3). 124-130. 

Cydulka, R.K., Emerman, C.L., Shade, B., & Kubincanek, J. (1994). Stress levels in 

EMS personnel: A longitudinal study with work schedule modification. Academic 

Emergency Medicine, 1 (3), 240-246. 

Czeisler, C.A. (2007). Evaluation of the potential for translation to practice of a sleep 

disorders management program for police. CDC Health Protection Research 

Initiative: Evaluation of Workplace Health Promotion Research Projects. 

Abstract RO 1 OH009403-01. Atlanta, GA: Centers for Disease Control and 

Prevention. Retrieved March 8, 2008, from http://www.cdc.gov/od/science/ 

phresearch/grants/fy2007 _004.htm 

Czeisler, C.A., Duffy, J.F., Shanahan, T.L., Brown, E.N., Mitchell, J.F., & Rimmer, D. 

W., et al. (1999). Stability, precision, and near-24-hour period of the human 

circadian pacemaker. Science, 284, 2177-2181. 

199 



Davis, S., & Mirick, D.K. (2006). Circadian disruption, shift work and the risk of cancer: 

A summary of the evidence and studies in Seattle. Cancer Causes Control 17 
' ' 

539-545. 

Davis, S., Mirick, D.K., & Stevens, R.G. (2001). Night shift work, light at night, and risk 

of breast cancer. Journal of the National Cancer Institute, 93(20), 1557-1562. 

Dawson, D., & Reid, K. (1997). Fatigue, alcohol and performance impairment. Nature, 

388, 235. 

Dembe, A.E., Erickson, J.B., Delbos, R.G., & Banks, S.M. (2005). The impact of 

overtime and long work hours on occupational injuries and illnesses: New 

evidence from the United States. Occupational Environmental Medicine, 62, 

588-597. 

Dement, W.C. (1998). The study of human sleep: A historical perspective. Thorax, 

53(Supplement 3), S2-S7. 

Dement, W.C. (1999). The promise of sleep. New York: Dell. 

Dement, W.C. (2005). History of sleep physiology and medicine. In M.H. Kryger, T. 

Roth, & W.C. Dement (Eds.), Principles and practice of sleep medicine (4
th 

ed., 

pp. 1-12). Philadelphia: Elsevier Saunders. 

Demers, P.A., Checkoway, H., Vaughan, T.L., Weiss, N.S., Heyer, N.J., & Rosenstock, 

L. ( 1994 ). Cancer incidence among firefighters in Seattle and Tacoma, 

Washington (United States). Cancer Causes and Control, 5, 129-135. 

200 



DeNavas-Walt, C., Proctor, B.D., & Smith, J.C. (2008). Income, poverty, and health 

insurance coverage in the United States: 2007. Current Population Reports, P60-

235. U.S. Census Bureau, Washington, DC: 2008. 

Department of Health and Human Services. (2008). Maps and charts. Alcohol Policy 

Information System. Retrieved March 8, 2008, from http://alcoholpolicy 

.niaaa.nih.gov/index.asp? 

DePasquale, J.P., & Geller, E.S. (1999). Critical success factors for behavior-based 

safety: A study of twenty industry-wide applications. Journal of Safety Research, 

30(4), 237-249. 

Dijk, D-J., Duffy, J.F., & Czeisler, C.A. (2001). Age-related increase in awakenings: 

Impaired consolidation of nonREM sleep at all circadian phases. Sleep, 24(5), 

565-577. 

Dinges, D.F. (1995). An overview of sleepiness and accidents. Journal of Sleep 

Research, 4(Suppl. 2), 4-14. 

Dinges, D.F., & Broughton, R.J. (Eds.). (1989). Sleep and alertness: Chronobiological, 

behavioral, and medical aspects of napping. New York: Raven Press. 

Dinges, D.F., Douglas, S.D., Zaugg, L., Campbell, D.E., McMann, J.M., Whitehouse, 

W.G., et al. (1994). Leukocytosis and natural killer cell function 

parallel neurobehavioral fatigue induced by 64 hours of sleep deprivation. 

Journal of Clinical Investigation, 93(5), 1930-1939. 

201 



Dinges, D.F., Pack, F., Williams, K., Gillen, K.A., Powell, J.W., Ott, G.E., et al. (1997). 

Cumulative sleepiness, mood disturbance, and psychomotor vigilance 

performance decrements during a week of sleep restricted to 4-5 hours per night. 

Sleep, 20(4), 167-277. 

Dinges, D.F., Rogers, N.L., & Baynard, M.D. (2005). Chronic sleep deprivation. In 

M.H. Kryger, T. Roth, & W.C. Dement (Eds.), Principles and practice of sleep 

medicine (4th ed., pp. 67-76). Philadelphia: Elsevier Saunders. 

Dochi, M., Sakata, K., Oishi, M., Tanaka, K., Kobayashi, E., & Suwazono, Y. (2008). 

Relationship between shift work and hypercholesterolemia in Japan. 

Scandinavian Journal of Work, Environment, and Health, 34(1), 33-39. 

Dorrian, J., Hussy, F., & Dawson, D. (2007). Train driving efficiency and safety: 

Examining the cost of fatigue. Journal of Sleep Research, 16, 1-11. 

Dorrian, J., Rogers, N.L., & Dinges, D.F. (2005). Psychomotor vigilance performance: 

Neurocognitive assay sensitive to sleep loss. In C. Kushida (Ed.), Sleep 

deprivation: Clinical issues, pharmacology, and sleep loss effects (pp. 39-70). 

New York: Marcel Dekker. 

Dorrian, J., Tolley, C., Lamonde, N., van den Heuvel, C., Pincombe, J., Rogers, A.E., 

et al. (2008). Sleep and errors in a group of Australian hospital nurses at work and 

during the commute. Applied Ergonomics, 39, 605-613. 

202 



Drager, L.F., Bartolotto, L.A., Krieger, E.M., & Lorenzi-Filho, G. (2009). Additive 

effects of obstructive sleep apnea and hypertension on early markers of carotid 

atherosclerosis. Hypertension, 53(1), 64-69. 

Drake, C.L., Roehrs, T., Richardson, G., Walsh, J.K., & Roth, T. (2004). Shiftwork 

sleep disorder: Prevalence and consequences beyond that of symptomatic day 

workers. Sleep, 27(8), 1453-1462. 

Durmer, J .S., & Dinges, D.F. (2005). Neurocognitive consequences of sleep deprivation. 

Seminars in Neurology, 25(1), 117-129. 

Dutton, L.M., Smolensky, M.H., Leach, C.S., Lorimor, R., & Hsi, B.P. (1978). Stress 

levels of ambulance paramedics and fire fighters. Journal of Occupational 

Medicine, 20(2), 111-115. 

Eastridge, B.J., Hamilton, E.C., O'Keefe, G.E., Rege, R.V., Valentine, R.J., Jones, D.J., 

et al. (2003). Effect of sleep deprivation on the performance of a simulated 

laparoscopic surgical skill. The American Journal of Surgery, 186, 169-174. 

Eberhart, R., Hu, X., & Foresman, B.H. (2000). Dangers of sleepiness and 

inattention while driving. Journal of the American Osteopathic Association, 100 

(8), S9-S 14. 

Ellingsen, T., Bener, A., Gehani, A.A. (2007). Study of shift work and risk of coronary 

events. Journal of the Royal Society for the Promotion of Health, 127(6), 265-

267. 

203 



Elliot, D.L., Goldberg, L., Kuehl, K.S., Moe, E.L., Breger, R.K.R., & Pickering, M.A. 

(2007). The PHLAME (Promoting healthy lifestyles: Alternative models' effects) 

firefighter study: Outcomes of two models of behavior change. Journal of 

Occupational and Environmental Medicine, 49, 204-213. 

Elliott, D.L., & Kuehl, K.S. (2007, June). Effects of sleep deprivation on firefighters and 

EMS responders. Portland: Division of Health Promotion and Sports 

Medicine, Oregon Health and Science University. 

Eriksen, C.A., Akerstedt, T., & Nilsson, J.P. (2006). Fatigue in trans-Atlantic airline 

operations: Diaries and actigraphy for two- vs. three-pilot crews. Aviation, Space, 

and Environmental Medicine, 77(6), 605-612. 

Fahy, R.F. (2005, June). U.S. firefighter fatalities due to sudden cardiac death, 1995-

2004. Fire Analysis and Research Division. Quincy, MA: National Fire 

Protection Association. 

Ferrer, M., Vilagut, G., Monasterio, C., Montserrat, J.M., Mayos, M., & Alonso, J. 

( 1999). Measurement of the perceived impact of sleep problems: The Spanish 

version of the functional outcomes sleep questionnaire and the Epworth sleepiness 

scale. Medicina Clinica (Barcelona), 113(7), 250-255. 

First, M.B. (2005). DSM-IV-TR coding alert. Retrieved March 14, 2009, from 

http://www.dsmivtr.org/codingalert.cfm 

204 



Fisman, D.N., Harris, A.D., Rubin, M., Sorock, G.S., & Mittleman, M.A. (2007). 

Fatigue increases the risk of injury from sharp devices in medical trainees: 

Results from a case-crossover study. Infection Control and Hospital 

Epidemiology, 28(1), 10-17. 

Ford, E.S. (2004). Prevalence of the metabolic syndrome in U.S. populations. 

Endocrinology and Metabolism Clinics of North America, 33, 333-350. 

Fournier, P-S., Montreuil, S., & Brun, J-P. (2007). Fatigue management by truck drivers 

in real life situation: Some suggestions to improve training. Work: A Journal of 

Prevention, Assessment, and Rehabilitation, 29(3), 213-224. 

Frakes, M.A., & Kelly, J.G. (2007). Sleep debt and outside employment patterns in 

helicopter air medical staff working 24-hour shifts. Air Medical Journal, 26(1 ), 

45-49. 

Franzen, P.L., Siegle, G.J., & Buysse, D.J. (2008). Relationships between affect, 

vigilance, and sleepiness following sleep deprivation. Journal of Sleep Research, 

17, 34-41. 

Frazier, L.M., & Grainger, D.A. (2003). Shift work and adverse reproductive outcomes. 

Clinics in Occupational and Environmental Medicine 3(2), 279-292. 

Friedman, W.A. (2004). Resident duty hours in American neurosurgery. Neurosurgery, 

54(4), 925-933. 

Friedman, R.C., Bigger, J.T., & Kornfeld, D.S. (1971). The intern and sleep loss. New 

England Journal of Medicine, 285(4), 201-203. 

205 



Fuchs, T., & Burgdorf, J. (2008). Replication and pedagogy in the history of psychology 

IV: Patrick and Gilbert (1896) on sleep deprivation. Science and Education, 

17(5), 511-524. 

Galliaud, E., Taillard, J., Sagaspe, P., Valtat, C., Bioulac, B., & Philip, P. (2008). Sharp 

and sleepy: Evidence for dissociation between sleep pressure and nocturnal 

performance. J oumal of Sleep Research, 17, 11-15. 

Gallup Organization. (2002). National survey of distracted and drowsy driving attitudes 

and behaviors: 2002. Retrieved March 8, 2008, from http://www.nhtsa.dot.gov/ 

people/injury/drowsy_drivingl/survey-distractive03/index.htm 

Gander, P.H., Merry, A., Millar, M.M., & Weller, J. (2000). Hours of work and fatigue

related error: A survey of New Zealand anaesthetists. Anaesthesia and Intensive 

Care, 28(2), 178-183. 

Gander, P.H., Marshall, N.S., Harris, R., & Reid, P. (2005). The Epworth Sleepiness 

Scale: Influence of age, ethnicity, and socioeconomic deprivation. Epworth 

Sleepiness scores of adults in New Zealand. Sleep, 28(2), 249-253. 

Gangwisch, J.E., Heymsfield, S.B., Boden-Albala, B., Buijs, R.M., Kreier, F., Pickering, 

T.G., et al. (2006). Short sleep duration as a risk factor for hypertension: Analyses 

of the first National Health and Nutrition Examination Survey. Hypertension, 47, 

833-839. 

206 



Gabarino, S., De Carli, F., Mascialino, B., Beelke, M., Nobili, L., Squarcia, S., et al. 

(2001). Sleepiness in a population of Italian shiftwork policemen. Journal of 

Human Ergology, 30, 211-216. 

Geist, G.F., Merkt, R., Altamuro, S. (2002). An act concerning vehicular homicide and 

amending N.J.S.2C: 11-5. State of New Jersey. Retrieved March 8, 2008, 

from http://www.njleg.state.nj.us/2002/Bills/A1500/1347 _R2.htm 

Geller, E.S. (2001). Behavior-based safety in industry: Realizing the large-scale potential 

of psychology to promote human welfare. Applied and Preventive Psych,ology, 

10, 87-105. 

Geller, E.S. (2005). Behavior-based safety and occupational risk management. Behavior 

Modification, 29(3), 539-561. 

Gist, R., & Woodall, S.J. (1995). Occupational stress in contemporary fire service. 

Occupational Medicine: State of the Art Reviews, 10(4), 763-788. 

Glazner, L.K. (1992). Shift work and its effects on fire fighters and nurses: Night workers 

may face medical, biological and social maladaptations. Occupational Health 

and Safety, 61 (7), 43-58. 

Glazner, L.K. ( 1996). Factors related to injury of shiftworking fire fighters in the 

Northeastern United States. Safety Science, 21(3), 255-263. 

207 



Golway, T. (2005, November/December). Firefighters: The people who stand ready to 

trade their lives for ours are part of a tradition that goes back 400 years. American 

Heritage Magazine, 56(6). Retrieved March 8, 2008, from http://www 

.americanheritage.com/articles/magazine/ah/2005/6/2005_6_36.shtml 

Gonzalez-Ortiz, M., & Martinez-Abundis, E. (2005). Impact of sleep deprivation on 

insulin secretion, insulin sensitivity, and other hormonal regulations. Metabolic 

Syndrome and Related Disorders, 3( 1 ), 3-7. 

Greathouse, J. (1997, May). Kurt Lewin. History of psychology archives, Muskingum 

College Department of Psychology. Retrieved M~ch 8, 2008, from http:// 

www .muskingum.edu/% 7Epsych/psycweb/history.htm 

Green-McKenzie, J., & Shofer, F.S. (2007). Duration of time on shift before accidental 

blood or body fluid exposure for housestaff, nurses, and technicians. Infection 

Control and Hospital Epidemiology, 28(1), 5-9. 

Grober, E.D., & Bohnen, J.M.A. (2005). Defining medical error. Canadian Journal of 

Surgery, 48( 1 ), 39-44. 

Grundy, S.M., Cleeman, J.I., Daniels, S.R., Donato, K.A., Eckel, R.H., Franklin, B.A., et 

al. (2005). Diagnosis and management of the metabolic syndrome: An American 

Heart Association/National Heart, Lung, and Blood Institute scientific statement. 

Circulation, 112, e285-e290. 

208 



Guillemin, F., Paul-Dauphin, A., Virion, J.M., Bouchet, C., & Brian~on, S. (1997). 

The DUKE health profile: A generic instrument to measure the quality of life 

tied to health. Sante Publique, 9(1), 35-44. 

Guilleminault, C., Billiard, M., Montplaisir, J., & Dement, W.C. (1975). Altered states of 

consciousness in disorders of daytime sleepiness. Journal of the Neurological 

Sciences, 26, 377-393. 

Ha, M., & Park, J. (2005). Shiftwork and metabolic risk factors of cardiovascular disease. 

Journal of Occupational Health, 47, 89-95. 

Hack, M.A., Choi, S.J., Vijayapalan, P., Davies, R.J.O., & Stradling, J.R. (2001). 

Comparison of the effects of sleep deprivation, alcohol, and obstructive sleep 

apnoea (OSA) on simulated steering performance. Respiratory Medicine, 95, 

594-601. 

Hagell, P., & Broman J-E. (2007). Measurement properties and hierarchical item 

structure of the Epworth Sleepiness Scale in Parkinson's disease. Journal of 

Sleep Research, 16, 102-109. 

Hait, G. (2007). Sleep deprivation, an independent preventable risk factor for paroxysmal 

atrial fibrillation in patients with normally structured hearts without obstructive 

sleep apnea. Journal of Jnterventional Cardiac Electrophysiology, 18(1), 79-82. 

209 



Hales, T. (2008, March). After working three consecutive 24-hour shifts and fighting an 

extensive structure, a 47-year old career lt suffers sudden cardiac death during 

physical fitness training-California. Fire Fighter Fatality Investigations and 

Prevention Program, National Institute of Occupational Safety and Health. 

U.S. Department of Health and Human Services. Retrieved March 8, 2008, 

from http://www.cdc.gov/NIOSH/FIRE/reports/face200722.html 

Hall, M.H., Muldoon, M.F., Jennings, R., Buysse, D.J., Flory, J.D., & Manuck, S.B. 

(2008). Self-reported sleep duration is associated with the metabolic syndrome in 

midlife adults. Sleep, 31(5), 635-643. 

Hanecke, K., Tiedemann, S., Nachreiner, F., & Grzech-Sukalo, H. (1998). Accident risk 

as a function of hour at work and time of day as determined from accident data 

and exposure models for the German working population. Scandinavian Journal 

of Work Environment, and Health, 24(Suppl. 3), 43-48. 

Harrison, Y., & Home, J.A. (2000). The impact of sleep deprivation on decision-making: 

A review. Journal of Experimental Psychology, 6(3), 236-249. 

Hawkes, A. (2006). Evaluation of the 48-96 shift for West Metro Fire Rescue. St. 

Anthony Central Hospital. Retrieved March 8, 2009, from 

http://www.westmetrofire.org/docs/2006/ops/st.as_final_ 4896.pdf 

Hayashi, T., Kobayashi, Y., Yamaoka, K., & Yano, E. (1996). Effect of overtime work 

on 24-hour ambulatory blood pressure. Journal of Occupational and 

Environmental Medicine, 38(10), 1007-1011. 

210 



Heaton, K., & Anderson, D. (2007). A psychometric analysis of the Epworth Sleepiness 

Scale. Journal of Nursing Measurement, 15, 177-188. 

Hendricks, J.C. (2003). Sleeping flies don't lie: The use of Drosophilia melanogaster to 

study sleep and circadian rhythms. Journal of Applied Physiology, 94(4), 1650-

1659. 

Hobson, J.A. (1995). Sleep. New York: Scientific American Library. 

Hoenisch, M. (2003, April). 48/96 work schedule: Special report to San Jose Firefighters 

Local 230. Retrieved March 8, 2009, from http://www.sjff.org/index 

.cfm ?Section= l 8&pagenum=98&titles=O 

Home, J.A., & Ostberg, 0. (1977). Individual differences in human circadian rhythms. 

Biological Psychology, 5(3), 179-190. 

Howard, S.K., Gaba, D.M., Smith, B.E., Weinger, M.B., Herndon, C., Keshavacharya, 

S., et al. (2003). Simulation study of rested versus sleep-deprived 

anesthesiologists. Anesthesiology, 98(6), 1345-1355. 

Iber, C., Ancoli-lsrael, S., Chesson, A.L., & Quan, S.F. (2007). The AASM manual for 

the scoring of sleep and associated events: Rules, terminology, and technical 

specifications. Westchester, 11: American Academy of Sleep Medicine. 

Institute of Medicine. (2006). Sleep disorders and sleep deprivation: An unmet public 

health problem. Washington, DC: The National Academies Press. 

211 



International Diabetes Federation. (2006). The IDF consensus worldwide definition of the 

metabolic syndrome. Retrieved March 8, 2008, from http://www.idf.org/ 

webdata/docs/MetS_def_update2006.pdf 

Jennings, J.R., Muldoon, M.F., Hall, M., Buysse, D.J., & Manuck, S.B. (2007). Self

reported sleep quality is associated with the metabolic syndrome. Sleep, 30(2), 

219-223. 

Johns, M.W. (1991). A new method for measuring daytime sleepiness: The Epworth 

Sleepiness Scale. Sleep, 14(6), 540-545. 

Johns, M. W. (1992). Reliability and factor analysis of the Epworth Sleepiness Scale. 

Sleep, 15(4), 376-381. 

Johns, M.W. (1993). Daytime sleepiness, snoring, and obstructive sleep apnea: The 

Epworth Sleepiness Scale. Chest, 103(1), 30-37. 

Johns, M.W. (1994). Sleepiness in different situations measured by the Epworth 

Sleepiness Scale. Sleep, 17(8), 703-710. 

Johnson, M.D., & Sharit, J. (2001). Impact of a change from an 8-h to a 12-h shift 

schedule on workers and occupational injury rates. International Journal of 

Industrial Ergonomics, 27(5), 303-319. 

Johnson, S., Cooper, C., Cartwright, S., Donald, I., Taylor, P., & Millet, C. (2005). The 

experience of work-related stress across occupations. Journal of Managerial 

Psychology, 20(2), 178-187. 

212 



Jou vet, M. ( 1967). Paradoxical sleep. Scientific American. Retrieved March 8, 2008, 

from http://sommeil.univ-lyonl.fr/articles/jouvet/scientific_american/p5.html 

Kahol, K., Leyba, M.J., Deka, M., Deka, V., Mayes, S., Smith, M., et al. (2008). Effect of 

fatigue on psychomotor and cognitive skills. The American Journal of Surgery, 

195, 195-204. 

Kakizaki, M., Inoue, K., Kuriyama, S., Sone, T., Matsuda-Ohmori, K., Nakaya, N., et al. 

(2008). Sleep duration and the risk of prostate cancer: The Ohasaki Cohort Study. 

British Journal of Cancer, 1-3. 

Karter, M.J. (2007, February). Patterns of firefighter fireground injuries. Fire Analysis 

and Research Division, National Fire Protection Association, Quincy MA. 

Retrieved March 8, 2008, from http://www.nfpa.org 

Karter, M.J., & Molis, J.L. (2008, February). U.S.firefighter injuries- 2007. Fire 

Analysis and Research Division, National Fire Protection Association, Quincy, 

MA. Retrieved March 8, 2008, from http://www.nfpa.org 

Katz, C.L., Smith, R., Silverton, M., Holmes, A., Bravo, C., Jones, K., et al. (2006). A 

mental health program for ground zero rescue and recovery workers: Cases and 

observations. Psychiatric Services, 57(9), 1335-1338. 

Kawachi, I., Colditz, G.A., Stampfer, M.J., Willett, W.C., Manson, J.E., Speizer, F.E., 

et al. (1995). Prospective study of shift work and risk of coronary heart disease in 

women. Circulation, 92(11), 3178-3182. 

' ;.\ , 

213 



Kelly, T.L., Neri, D.F., Grill, J.T., Ryman, D., Hunt, P.D., Kijk, D.J., et al. (1999). 

Nonentrained circadian rhythms of melatonin in submariners scheduled to an 18-

hour day. Journal of Biological Rhythms, 14(3), 190-196. 

Kenny, D.T. (1999). Occupational stress: Reflections on theory and practice. In D.T. 

Kenny, J.G. Carlson, F.J. McGuigan, & Sheppard, J.L. (Eds.), Stress and health: 

Research and clinical applications (pp. 375-396). Amsterdam: 

Gordon Breach/Harwood Academic Publishers. 

Kierman, E.B., Boulos, Z., Edgar, D.M., Mistlberger, R.E., & Moore-Ede, M.C. 

( 1999). Circadian and homeostatic influences on sleep in the squirrel monkey: 

Sleep after sleep deprivation. Sleep, 22(1), 45-59. 

Kierman, E.B., Boulos, Z., Edgar, D.M., Mistlberger, R.E., & Moore-Ede, M.C. 

(2000). EEG delta activity during undisturbed sleep in the squirrel monkey. 

Sleep Research Online, 3(3), 113-119. 

Kilduff, T.S., & Kushida, C.A. (1999). Sleep disorders medicine: Basic science, technical 

considerations, and clinical aspects. In S. Chokroverty (Ed.), Sleep disorders 

medicine (2nd ed.). Retrieved March 8, 2009, from http://www.mdconsult.com/ 

das/book/body/115651367-2/0/1121/0.html 

Killgore, W.D.S., Balkin, T.J., & Wesensten, N.J. (2006). Impaired decision making 

following 49 h of sleep deprivation. Journal of Sleep Research, 15(1), 7-13. 

Kim, H., & Young, T. (2005). Subjective daytime sleepiness: Dimensions and 

correlations in the general population. Sleep, 28(5), 2005. 

214 



King, C.R., Knutson, K.L., Rathouz, P.J., Sidney, S., Liu, K., & Lauderdale, D.S. (2008). 

Short sleep duration and incident coronary artery calcification. JAMA, 300(24 ), 

2859-2866. 

Kircaldy, B.D., Trimpop, R., & Cooper, C.L. (1997). Working hours, job stress, work 

satisfaction, and accident rates among medical practitioners and allied personnel. 

International Journal of Stress Management, 4(2), 79-87. 

Kivisto, M., Hanna, M., Sallinen, M., & Kalimo, R. (2008). Work-related factors, sleep 

debt and insomnia in IT professionals. Occupational Medicine, 58, 138-140. 

Kleitman, N. (1927). Studies on the physiology of sleep. V. Some experiments on 

puppies. American Journal of Physiology, 84, 386-395. 

Knutsson, A. (2003). Health disorders of shift workers. Occupational Medicine, 53(2), 

103-108. 

Kohan, M., Sita, L.V., Le, W.W., & Hoffman, G.E. (2008). Sleep deprivation of rats: The 

hyperphagic response is real. Sleep, 31(1), 927-933. 

Kohn, L.T., Corrigan, J.M., & Donaldson, M.S., (Eds.). (2000). To err is human: 

Building a safer health system. Committee on Quality of Health Care in America. 

Institute of Medicine. Washington, DC: National Academy Press. 

Krause, T.M. (1995). Survey of shift and work tolerance of city of Houston emergency 

medical service personnel. Dissertation Abstracts International, 56(12). (UMI 

No. 9610030) 

215 



Kronholm, E., Partonen, T., Laatikainen, T., Peltonen, M., Harm, M., Hublin, C., et al. 

(2008). Trends in self-reported sleep duration and insomnia-related symptoms in 

Finland from 1972 to 2005: A comparative review and re-analysis of Finnish 

population samples. Journal of Sleep Research, 17(2), 54-62. 

Lader, M., Cardinali, D.P., & Pandi-Perumal, S.R. (2006). Sleep and sleep disorders: A 

Neuropsychopharmacological approach. New York: Springer Science and 

Business Media. 

Lamond, N., & Dawson, D. (1999). Quantifying the performance impairment 

associated with fatigue. Journal of Sleep Research, 8, 255-262. 

Landrigan, C.P., Fahrenkopf, A.M., Lewin, D., Sharek, P.J., Barger, L.K.,Eisner, M., et 

al. (2008). Effects of the Accreditation Council for Graduate Medical Education 

duty hour limits on sleep, work hours, and safety. Pediatrics, 122, 250-258. 

Landrigan, C.P., Rothschild, J.M., Cronin, J.W., Kaushal, R., Burdick, E., Katz, J.T., et 

al. (2004). Effect of reducing interns' work hours on serious medical errors in 

intensive care units. New England Journal of Medicine, 251(18), 1838-1848. 

Leigh, J.P. (1988). Odds ratios of work related deaths in United States workers. British 

Journal of Industrial Medicine, 45(3), 158-166. 

LeMire, J.M. (2000, December 14). History of Emergency Medical Services (EMS). The 

History of Medicine Lecture Series. University of Florida Society for the History 

of Medicine. Retrieved March 8, 2009, from http://medinfo.ufl.edu/other/ 

histmed/lemire/ 

216 



Leonard, C., Fanning, N., Attwood, J., & Buckley, M. (1998). The effect of fatigue, sleep 

deprivation and onerous working hours on the physical and mental wellbeing of 

pre-registration house officers. Irish Journal of Medical Science, 167(1), 22-25. 

Lieberman, H.R., Niro, P., Tharion, W.J., Nindl, B.C., Castellani, J.W., & Montain, S.J. 

(2006). Cognition during sustained operations: Comparison of a laboratory 

simulation to field studies. Aviation, Space, and Environmental Medicine, 77(9), 

929-935. 

Lilley, R., Feyer, A-M., Kirk, P., & Gander, P. (2002). A survey of forest workers in New 

Zealand: Do hours of work, rest, and recovery play a role in accidents and injury? 

Journal of Safety Research, 33, 53-71. 

Linnan, L.A., Sorenson, G., Colditz, G., Klar, N., & Emmons, K.M. (2001). Using 

theory to understand the multiple determinants of low participation in worksite 

health promotion programs. Health Education & Behavior, 28(5), 591-607. 

Liu, G-F., Han, S., Liang, D-H., Wang, F-Z., Shi, X-Z., Yu, J., et al. (2003). Driver 

sleepiness and risk of car crashes in Shenyang, a Chinese northeastern city: 

Population-based case-control study. Biomedical and Environmental Sciences, 

16, 219-226. 

Liu, Y., & Tanaka, H. (2002). Overtime work, insufficient sleep, and risk of non-fatal 

acute myocardial infarction in Japanese men. Occupational Environmental 

Medicine, 59, 447-451. 

217 



Liu, H., Wang, G., Luan, G., & Liu, Q. (2008, July 3). Effects of sleep and sleep 

deprivation on blood cell count and hemostasis parameters in healthy humans. 

Journal of Thrombosis and Thrombolysis. Retrieved March 8, 2008, from 

http://www.springerlink.com/content/wh8185q43g23254m/ 

Loewenson, R. (2007). Exploring equity and inclusion in the responses to AIDS. AIDS 

Care, J9(Supplement 1), S2-Sl 1. 

Macias, D.J., Hafner, J., Brillman, J.C., & Tandberg, D. (1996). Effect of time of day and 

duration into shift on hazardous exposures to biological fluids. Academic 

Emergency Medicine, 3(6), 605-610. 

Maguire, B.J., Hunting, K.L., Smith, G.S., & Levick, N.R. (2002). Occupational fatalities 

in emergency medical services: A hidden crisis. Annals of Emergency Medicine, 

40(6), 625-632. 

Manacci, C., Rogers, K., Martin, G., Kovach, B., Mancuso, C., & Fallon, W. (1999). 

Efficacy of 24-hour shifts: Prepared or impaired? A prospective study. Air 

Medical Journal, 18(1), 20-25. 

Marino, J.L., Holt, V.L., Chen, C., & Davis, S. (2008). Shift work, HCLOCK t31 l 1C 

polymorphism, and endometriosis risk. Epidemiology, 19(3), 477-484. 

Maycock, G. (1996). Sleepiness and driving: The experience of U.K. car drivers. 

Journal of Sleep Research, 5(4), 229-237. 

218 



McConnell, C.F., Bretz, K.M., & Dwyer, W.O. (2003). Falling asleep at the wheel: A 

close look at 1,269 fatal and serious injury-producing crashes. Behavioral Sleep 

Medicine, 1(3), 171-183. 

McKenna, B.S., Dickinson, D.L., Orff, H.J., & Drummond, S.P.A. (2007). The effects of 

one night sleep deprivation on known-risk and ambiguous-risk decisions. Journal 

of Sleep Research, 16, 245-252. 

Meier-Ewert, H.K., Ridker, P.M., Rifai, N., Regan, M.M., Price, N.J., Dinges, D.F., et al., 

(2004). Effect of sleep loss on C-reactive protein, an inflammatory marker of 

cardiovascular risk. Journal of the American College of Cardiology, 43(4), 678-

683. 

Melius, J. (2001). Occupational health for firefighters. Occupational Medicine, 16(1), 

101-108.

Milia, L.D., & Bowden, B. (2007). Unanticipated safety outcomes: Shiftwork and drive

in, drive-out workforce in Queensland's Bowen Basin. Asia Pacific Journal of 

Human Resources, 45( 1), 100-112. 

Mitani, S., Fujita, M., & Shirakawa, T. (2006). Circadian rhythm variation of cardiac

autonomic nervous profile is affected in Japanese ambulance men with a working

system of 24-h shifts. International Archives of Occupational and Environmental

Health, 79, 27-32. 

219 



Mitler, M.M., Carskadon, M.A., & Hirschkowitz, M. (2000). Evaluating sleepiness. 

In M.H. Kryger, T. Roth, & W.C. Dement (Eds.), Principles and practice of 

sleep medicine 4th ed.), pp.1417-1423. Philadelphia: W.B. Saunders Company. 

Mitler, M.M., Miller, J.C., Lipsitz, J.J., Walsh, J.K., & Wylie, C.D. (1997). The sleep of 

long-haul truck drivers. New England Journal of Medicine, 337, 755-761. 

Mochizuki, H. (2007). Analysis of the Chernobyl accident from 1:19:00 to the first power 

excursion. Nuclear Engineering and Design, 237(3), 300-307. 

Mock, E.F., Wrenn, K.D., Wright, S.W., Eustis, T.C., & Slovis, C.M. (1999). Anxiety 

levels in EMS providers: Effects of violence and shifts schedules. American 

Journal of Emergency Medicine, 17(6), 509-511. 

Moe, E.L., Elliot, D.L., Goldberg, L., Kuehl, K.S., Stevens, V.J., Breger, R.K.R., et al. 

(2002). Promoting healthy lifestyles: Alternative models' effects (PHLAME). 

Health Education Research: Theory and Practice, 17(5), 586-596. 

Mollicone, D.J., Van Dongen, H.P.A., Rogers, N.L., & Dinges, D.F. (2008). Response 

surface mapping of neurobehavioral performance: Testing the feasibility of split 

sleep schedules for space operations. Acta Astronautica, 63(7-10), 833-840. 

Monk, T.H. (2000). What can the chronobiologist do to help the shift worker? Journal 

of Biological Rhythms, 15(2), 86-94. 

Mosendane, T., Mosendane, T., & Raal, F.J. (2008). Shift work and its effects upon the 

cardiovascular system. Cardiovascular Journal of Africa, 19(4), 210-215. 

220 



Mosisa, A., & Hippie, S. (2006, October). Trends in labor force participation in the 

United States. Monthly Labor Review, 35-57. Retrieved March 8, 2009, from 

http://www.bls.gov/opub/mlr/2006/l0/art3full.pdf 

Motohashi, Y., & Takano, T. (1993). Effects of 24-hour shift work with nighttime 

napping on circadian rhythm characteristics in ambulance personnel. 

Chronobiology International, 10(6), 461-470. 

Murphy, S.A., Beaton, R.D., Pike, K.C., & Johnson, L.C. (1999). Occupational stressors, 

stress responses, and alcohol consumption among professional firefighters: A 

prospective, longitudinal analysis. International Journal of Stress Management, 

6(3), 179-195. 

Murphy, S.A., Bond, G.E., Beaton, R.D., Murphy, J., & Johnson, L.C. (2002). Lifestyle 

practices and occupational stressors as predictors of health outcomes in urban 

firefighters. International Journal of Stress Management, 9(4), 311-327. 

Murphy, T.I., Richard, M., Masaki, H., & Segalowitz, S.J. (2006). The effect of 

sleepiness on performance monitoring: I know what I am doing, but do I care? 

Journal of Sleep Research, 15(1), 15-21. 

National Aeronautics and Space Administration. (1986). Report of the presidential 

commission on the space shuttle Challenger accident. Retrieved March 8, 

2009, from http://history.nasa.gov/rogersrep/genindex.htm 

National Center for Health Statistics. (2007). Health, United States, 2007. With 

chartbook on trends in the health of Americans. Hyattsville, MD. 

221 



National Fire Fighter Near-Miss Reporting System. (2007). Annual Report 2006. 

Retrieved March 8, 2009, from http://www.firefightemearmiss.com 

National Fire Fighter Near-Miss Reporting System. (2008). Annual Report 2007. 

Retrieved November 30, 2008, from http://www.firefightemearmiss.com 

National Fire Protection Association. (2005). U.S. fire department profile through 2003. 

Quincy, MA: National Fire Protection Association. 

National Highway Transportation Safety Administration. (2006, March 9). Drowsy 

driving and automobile crashes: NCSDRINHTSA Expert Panel on Driver Fatigue 

and Sleepiness. Retrieved March 8, 2009, from http://www.nhtsa.dot.gov/ 

people/injury/drowsy_drivingl/drowsy.html 

National Highway Transportation Safety Administration. (2008). Traffic safety facts 

2006: A compilation of motor vehicle crash data from the Fatality Analysis 

Reporting System and the General Estimates System. Washington, DC: U.S. 

Department of Transportation. Retrieved March 8, 2009, from http://www-nrd. 

nhtsa.dot.gov/Pubs/TSF2006FE.pdf 

National Highway Transportation Safety Administration. (n.d.). A leadership guide to 

quality improvement for emergency medical services systems. Department of 

Transportation. Retrieved March 8, 2009, from http://www.nhtsa.dot.gov/people/ 

injury/ems/leaderguide/ 

222 



National Institutes of Health. (1997). Problem sleepiness in your patient. (NIH 

publication No. 97-4073). Bethesda, MD: National Institutes of Health. Retrieved 

March 8, 2009, from http://www.nhlbi.nih.gov/health/prof/sleep/pslp_pat.pdf 

National Institutes of Health. (2003, July). 2003 National Sleep Disorders Research Plan. 

Bethesda, MD: U.S. Department of Health and Human Services. Retrieved 

March 9, 2009, from http://www.nhlbi.nih.gov/health/prof/sleep/res_plan/ 

National Public Safety Sub-Sector Agenda. (2008, March). 3/21/08 draft preliminary 

public comment version. National Occupational Research Agenda (NORA). 

Retrieved March 9, 2009, from http://www.cdc.gov/niosh/nora/comment/ 

public/PubSafSubDraftMar2008/ 

National Sleep Foundation. (2005). Sleep in America poll: Summary of findings. 

Retrieved March 9, 2009, from http://www.sleepfoundation.org/ 

National Sleep Foundation. (2007). State bills on drowsy driving. Retrieved March 9, 

2009, from http://www.drowsydriving.org/site/c.lqLPIROCKtF/b.3344259/ 

National Sleep Foundation. (2008a). Sleep in America poll: Summary of findings. 

Retrieved March 9, 2009, from http://www.sleepfoundation.org/ 

National Sleep Foundation. (2008b ). Poll stats. Retrieved March 9, 2009, from 

http://www.sleepfoundation.org/ 

National Sleep Foundation. (2008c). Melatonin: The basic facts. Topics: A to ZZZZs. 

Retrieved January 1, 2009, from http://www.sleepfoundation.org/ 

223 



National Sleep Foundation. (2008d). Sleep tips. Retrieved March 9, 2009, from http:// 

www .sleepfoundation.org/site/c.huIXKjM0ixF/b.4813227 /k.2F67 / 

Sleep_ Tips.htm 

National Transportation Safety Board. (1990, March). Marine accident report: 

Grounding of the U.S. tankship Exxon Valdez on Bligh Reef, Prince William 

Sound near Valdez, Alaska. Washington, DC: National Transportation Safety 

Board. 

National Transportation Safety Board. (1999, May). Evaluation of U.S. Department of 

Transportation efforts in the 1990s to address operator fatigue. Safety Report 

NTSB/SR-99/01. Retrieved March 9, 2009, from http://www.ntsb.gov/ 

publictn/l 999/sr9901. pdf 

National Transportation Safety Board. (2001). Aircraft accident report: Runway overrun 

during landing, American Airlines flight 1420, McDonnell Douglas MD-82, 

N215AA, Little Rock, Arkansas, June 1, 1999. Retrieved March 9, 2009, 

from http://www.ntsb.gov/publictn/2001/ AAR0 102.pdf 

National Transportation Safety Board. (2002, April 3). NTSB chairman highlights fatigue 

as major cause of transportation accidents. Press release SB-02-09. Retrieved 

March 9, 2009, from http://www.ntsb.gov/Pressrel/2002/020403.htm 

224 



National Transportation Safety Board. (2006). Collision with trees and crash 

short of the runway, Corporate Airlines flight 5966, BAE Systems BAE-13201, 

N875JX, Kirksville, Missouri, October 19, 2004. Retrieved March 9, 2009, 

from http://www.ntsb.gov/pub1ictn/2006/AAR060l.pdf 

National Transportation Safety Board. (2007). Attempted takeoff from wrong runway, 

Comair flight 5191, Bombardier CL-600-2B19, N431CA, Lexington, Kentucky, 

August 27, 2006. Retrieved March 9, 2009, from http://www.ntsb.gov/ 

publictn/2007 / AAR0705.pdf 

National Transportation Safety Board. (2008a, June 10). NTSB recommends FAA 

address fatigue management systems in aviation. Washington, DC: NTSB News. 

Retrieved March 9, 2009, from http://ntsb.gov/Pressrel/2008/080610a.html 

National Transportation Safety Board. (2008b, September 16). NTSB calls for actions to · 

help prevent fatigue accidents following a semitrailer-motorcoach accident that 

killed five. Washington, DC: NTSB News. Retrieved March 9, 2009, from 

http://www.ntsb.gov?Pressrel/2008/0809 l 6b.html 

Nena, E., Tsara, V., Steiropoulos, P., Constantinidis, T., Katsarou, Z., Christaki, P., & 

Bouras, D. (2008). Sleep-disordered breathing and quality of life of railway 

drivers in Greece. Chest, 134(1), 79-86. 

Neroulas, E., & Roche, K. (2008). National run survey: June 1, 2008. Firehouse. 

Retrieved March 9, 2009, from http://www.firehouse.com 

225 



Nishitani, N. & Sakakibara, H. (2007). Subjective poor sleep and white blood count in 

male Japanese workers. Industrial Health, 45, 296-300. 

North Central Texas Council of Governments. (2008). Census 2000 profile of general 

demographic characteristics for zip code 76148. Retrieved March 9, 2009, 

from http://www.nctcog.org/rd/city.asp?4452 

Novella, J., Ankri, J., Morrone, I., Guillemin, F., Jolly, D., Jochum, C., et al. (2001). 

Evaluation of the quality of life in dementia with a generic quality of life 

questionnaire: The Duke Health Profile. Dementia and Geriatric Cognitive 

Disorders, 12(2), 158-166. 

Paley, M.J., & Tepas, D.I. (1994). Fatigue and the shiftworker: Firefighters working on a 

rotating shift schedule. Human Factors, 36(2), 269-284. 

Papp, K.K., Stoller, E.P., Sage, P., Aikens, J.E., Owens, J., Avidan, A., et al. (2004). The 

effects of sleep loss and fatigue on resident-physicians: A multi-institutional, 

mixed-method study. Academic Medicine, 79(5), 394-406. 

Parkerson, G.R. Jr., Broadhead, W.E., & Tse, C.K. (1990). The Duke health profile. A 

17-item measure of health and dysfunction. Medical Care, 28(11), 1056-1072. 

Parkerson, G.R., Jr., Willke, R.J., & Hays, R.J. (1999). An international comparison of 

the reliability and responsiveness of the Duke Health Profile for measuring 

health-related quality of life of patients treated with alprostadil for ~rectile 

dysfunction. Medical Care, 37(1), 56-67. 

226 



Paul, M.A., & Miller, J.C. (2005, October). Consideration of 5 Canadian forces fire 

fighter shift schedules. (Report No. DRDC Toronto TR 2005-227). Toronto, 

Ontario, Canada: Defence Research and Development Canada. 

Philip, P., Sagaspe, P., Moore, N., Taillard, J., Charles, A., Guilleminault, C., et al. 

(2005). Fatigue, sleep restriction, and driving performance. Accident Analysis 

and Prevention, 37, 473-478. 

Philip, P., Sagaspe, P., Taillard, J., Moore, N., Guilleminault, C., Sanchez-Ortuno, M., 

et al. (2003). Fatigue, sleep restriction, and performance in automobile drivers: A 

controlled study in a natural environment. Sleep, 26(3), 277-280. 

Philip, P., Taillard, J., Sagaspe, P., Valtat, C., Sanchez-Ortuno, M., Moore, N., et al. 

(2004). Age, performance, and sleep deprivation. Journal of Sleep Research, 13, 

105-110. 

Pinheiro, S.P., Schernhammer, E.S., Tworoger, S.S., & Michels, K.B. (2006). A 

prospective study of habitual duration of sleep and incidence of breast cancer 

in a large cohort of women. Cancer Research, 66(10), 5521-5525. 

Pope, C., Ziebland, S., & Mays, N. (2000). Qualitative research in health care: Analysing 

qualitative data. BMJ, 320, 114-116. 

Portela, L.F., Rotenberg, L., & Waissmann, W. (2004). Self-reported health and sleep 

complaints among nursing personnel working under 12h night and day shifts. 

Chronobiology International, 21 (6), 859-870. 

227 



Powell, N.B., Schechtman, K.B., Riley, R.W., Li, K., Troell, R., & Guilleminault, C. 

(2001). The road to danger: The comparative risks of driving while sleepy. 

The Laryngoscope, 111, 887-893. 

Powell, N.B., Schechtman, K.B., Riley, R.W., Li, K., & Guilleminault, C. (2002). 

Sleepy driving: Accidents and injury. Otolaryngology-Head and Neck Surgery, 

126, 217-227. 

Quality Interagency Task Force. (2000). Doing what counts for patient safety: 

Federal actions to reduce medical errors and their impact. Retrieved March 9, 

2009, from http://www.quic.gov/report/toc/htm 

Rechtschaffen, A., Bergmann, B.M., Everson, C.A., Kushida, C.A., & Gilliland, M.A. 

(1989). Sleep deprivation in the rat: X. Integration and discussion of the findings. 

Sleep, 12(1), 68-87. 

Redline, S., Kirchner, H.L., Quan, S.F., Gottlieb, D.J., Kapur, V., & Newman, A. (2004). 

The effects of age, sex, ethnicity, and sleep-disordered breathing on sleep 

architecture. Archives of Internal Medicine, 164, 406-418. 

Regehr, C., & Millar, D. (2007). Situation control: High demand, low control, and low 

support in paramedic organizations. Traumatology, 13( 1 ), 49-58. 

Ribeiro-Silva, F., Rotenberg, L., Soares, R.E., Pessanha, J., Ferreira, F.L., Oliveira, P., et 

al. (2006). Sleep on the job partially compensates for sleep loss in night shift 

nurses. Chronobiology International, 23(6), 1389-1399. 

228 



Robinson, A., & Guilleminault, C. (1999). Obstructive sleep apnea. In S. Chokroverty 

(Ed.), Sleep disorders medicine (2nd ed.). Retrieved March 9, 2009, from http:// 

www.mdconsult.com/das/book/body/115651367-2/0/1121/0.html 

Roehrs, T., Timms, V., Zwyghuizen-Doorenbos, A., & Roth, T. (1989). Sleep extension 

in sleepy and alert normals. Sleep, 12(5), 449-457. 

Rosa, R.R., & Colligan, M.J. (1997, July). Plain language about shiftwork. DHHS 

(NIOSH Publication No. 97-145). Cincinnati, OH: National Institute for 

Occupational Safety and Health. 

Rose, M., Manser, T., & Ware, J.C. (2008). Effects of call on sleep and mood in internal 

medicine residents. Behavioral Sleep Medicine, 6, 75-88. 

Rosek.ind, M.R., Gregory, K.B., Miller, D.L., Co, E.L., Lebacqz, J.V., & Brenner, M. 

( 1996). Crew fatigue factors in the Guantanamo Bay aviation accident. Sleep 

Research, 25, 571. 

Rosen, I.M., Gimotty, P.A., Shea, J.A., & Bellini, L.M. (2006). Evolution of sleep 

quantity, sleep deprivation, mood disturbances, empathy, and burnout among 

interns. Academic Medicine, 81(1), 82-85. 

Rouch, I., Wild, P., Ansiau, D., & Marquie, J-C. (2005). Shiftwork, experience, age, and 

cognitive performance. Ergonomics, 48(10), 1282-1293. 

Ruckebusch, Y. (1974). Sleep deprivation in cattle. Brain Research, 78, 495-499. 

229 



Saijo, Y., Ueno, T., & Hashimoto, Y. (2008). Twenty-four-hour shift work, depressive 

symptoms, and job dissatisfaction among Japanese firefighters. American Journal 

of Industrial Medicine, 51, 380-391. 

Salazar, M.K., & Beaton, R. (2000). Ecological model of occupational stress: 

Application to urban firefighters. American Association of Occupational Health 

Nurses Journal, 48(10), 470-479. 

Sanford, S.D., Lichstein, K.L., Durrence, H.H., Riedel, B.W., Taylor, D.J., & Bush, A.J. 

(2006). The influence of age, gender, ethnicity, and insomnia on Epworth 

sleepiness scores: A normative U.S. population. Sleep Medicine, 7, 319-326. 

Sari, I., Davutoglu, V., Ozbala, B., Ozer, 0., Baltaci, Y., Yavuz, S., et al. (2008). Acute 

sleep deprivation is associated with increased electrocardiographic P-wave 

dispersion in healthy young men and women. Pace, 31, 438-442. 

Schemhammer, E.S., & Hankinson, S. E. (2003). Light at night: A novel risk factor for 

cancer in shift workers. Clinics in Occupational and Environmental Medicine, 

3, 263-278. 

Schemhammer, E.S., Laden, F., Speizer, F.E., Willett, W.C., ~Iunter, DJ., Kawachi, I., 

et al. (2001 ). Rotating night shifts and risk of breast cancer in women 

participating in the Nurses Health Study. Journal of the National Cancer 

Institute, 93(20), 1563-1568. 

230 



Schoeller, D.A., Cella, L.K., Sinha, M.K., & Caro, J.F. (1997). Entrainment of the 

diurnal rhythm of plasma leptin to meal timing. Journal of Clinical Investigation, 

100(7), 1882-1887. 

Scott, J. P.R., McNaughton, L.R., & Polman, R.C.J. (2006). Effects of sleep deprivation 

and exercise on cognitive, motor performance, and mood. Physiology and 

Behavior, 87(2), 396-408. 

Seidel, J.V. (1998). Qualitative data analysis. Qualis Research. Retrieved March 9, 2009, 

from ftp://ftp.qualisresearch.com/pub/qda. pdf 

Seugnet, L., Boero, J., Gottschalk, L., Duntley, S.P., & Shaw, P.J. (2006). Indentification 

of a biomarker for sleep drive in flies and humans. Proceedings of the National 

Academy of Sciences, 103(52), 19913-19918. 

Sexton, J.B., Thomas, E.J., & Helmreich, R.L. (2000). Error, stress, and teamwork in 

medicine and aviation: Cross sectional surveys. British Medical Journal, 320 

(7237), 745-749. 

Sharma, D.C. (2005). Bhopal: 20 years on. Lancet, 365(9454), 111-112. 

Sharman, R. (2005). Leveraging a healthy work environment for urban paramedics. 

Dissertation Abstracts International, 44(01). (UMI No. MRO4148) 

Shearer, W.T., Reuben, J.M., Mullington, J.M., Price, N.J., Lee, B-N., Smith, E.O., et al. 

(2001 ). Soluble TNF-a receptor 1 and IL-6 plasma levels in humans subjected to 

the sleep deprivation model of spaceflight. Journal of Allergy and Clinical 

Immunology, 107( 1 ), 165-170. 

231 



Shepard, J.W., Jr., Buysse, D.J., Chesson, A.L., Jr., Dement, W.C., Goldberg, R., 

Guilleminault, C., et al. (2005). History of the development of sleep medicine in 

the United States. Journal of Clinical Sleep Medicine, 1(1), 61-82. 

Siegel, J.M. (2005). REM sleep. In M.H. Kryger, T. Roth, & W.C. Dement (Eds.), 

Principles and practice of sleep medicine (4th ed., pp. 120-135). Philadelphia: 

Elsevier Saunders. 

Slack, D., & Cramer, M. (2006, February 17). 82 officers punished for excess workload. 

The Boston Globe. 

Smith, A.C., III, & Kleinman, S. ( 1989). Managing emotions in medical school: 

Students' contacts with the living and the dead. Social Psychology Quarterly, 

52, 56-69. 

Smith, H.F. (2002). Military medicine: Establishing a more comprehensive strategy for 

improved worker health. Military medicine, 167(8), 611-615. 

Smith, J. (2006, July 21). EMS: Let 'em rest. The Austin Chronicle. Retrieved March 9, 

2009, from http://www.austinchronicle.com/gyrobase/Issue/story?oid=388475 

Smith, L., Tanigawa, T., Takahashi, M., Mutou, K., Tachibana, N., Kage, Y., et al. 

(2005). Shiftwork locus of control, situational and behavioural effects on 

sleepiness and fatigue in shiftworkers. Industrial Health, 43, 151-170. 

Sobeih, T.M., Davis, K.G., Succop, P.A., Jetter, W.A., & Bhattacharya, A. (2006). 

Postural balance changes in on-duty firefighters: Effect of gear and long work 

shifts. Journal of Occupational and Environmental Medicine, 48, 68-75. 

232 



Sorscher, A.J. (2007). How is your sleep: A neglected topic for health care screening. 

Journal of the American Board of Family Medicine, 21, 141-148. 

Spiegel, K., LeProult, R., & Van Cauter, E. (1999). Impact of sleep debt on metabolic 

and endocrine function. The Lancet, 354(9188), 1435-1439. 

Spiegel, K., LeProult, R., & Van Cauter, E. (2005). Metabolic and endocrine changes. 

In C.A. Kushida (Ed.), Sleep Deprivation: Basic Science, Physiology, and 

Behavior (pp. 293-318). Lung Biology in Health and Disease, Monograph #192. 

New York: Marcel Dekker. 

Spengler, S.E., Browning, S.R., Reed, D.B. (2004). Sleep deprivation and injuries in 

part-time Kentucky farmers: hnpact of self-reported sleep habits and sleep 

problems on injury risk. American Association of Occupational Health 

Nurses, 52(9), 373-382. 

Staley, J.A., III. (2008). The determinants of firefighter physical fitness: An inductive 

inquiry into firefighter culture and coronary risk salience. Dissertation Abstracts 

International, 69(04 ). (UMI No. 3304381) 

Steriade, M. (2005). Brain electrical activity and sensory processing during waking and 

sleep states. In M.H. Kryger, T. Roth, & W.C. Dement (Eds.), Principles and 

practice of sleep medicine (4th ed., pp. 101-119). Philadelphia: Elsevier Saunders. 

233 

























d 
he 1!f9tc!I.I 
s,has:ch 
ab(!, 









@ 
























































