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ABSTRACT
The relationship between work scheduling, fatigue, and risk of injury and illness among
Emergency Medical Services (EMS) workers is not well understood. Evidence in other
settings suggests that work duration contributes to fatigue and increases the risk of
accidents and occupational injuries. Rates of occupational injury are high. Extended
shifts and overtime hours are common. Workers often report fatigue and poor sleep
quality. Evidence is needed to inform policy-making and promote safety.

Shift schedules and occupational injury and illness reports were obtained for 14 EMS
agencies over a three-year period. The cohort contained 966,082 shifts, 4,382
employees, and 950 total injuries. Analyses examined the association between shift
length, weekly work hours, crewmember familiarity, and occupational injury and illness.
An increased risk of occupational injury and illness was hypothesized for individual
shifts >8 hours and ≥48 weekly work hours. The proposed mechanism for increased risk
was on-shift fatigue. A systematic literature review was performed to better understand
differences in prior estimates of fatigue in EMS by methodologic approach.
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Risk of occupational injury and illness was increased for shifts >8 & ≤12 hours (RR 1.43;
95% CI 1.04-1.97), shifts >12 & ≤16 hours (RR 1.82; 95% CI 1.17-2.82), and shifts >16
and ≤24 hours (RR 2.29; 95% CI 1.52-3.46), compared to shifts ≤8 hours in duration.
There was no increase in risk of occupational illness or injury with increasing weekly
work hours. Crewmember familiarity was not associated with the outcome. Nightshift
work was protective.

Shift length is associated with occupational injury and illness in this cohort. As shift
length increases, the risk of workplace injury and illness increases. These findings are
based on observational data and are not generalizable to all EMS agencies. Evidence
should be used to justify comprehensive prospective study.

These projects are significant to public health. Calls for research were addressed from
the National Occupational Research Agenda and the National EMS Advisory Council,
government bodies who identified gaps in the knowledge of these issues. These data
may serve as a foundation for future studies to inform decision-making at EMS agencies
nationally and protect the health of the EMS workforce.
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1.0

INTRODUCTION

Recent reports have called attention to the safety of Emergency Medical Services (EMS)
workers and the high rate of injury in this setting. There is reason to believe that
scheduling and shiftwork may contribute to fatigue and safety. This research study will
advance our current understanding of the relationship between work scheduling,
fatigue, and risk of injury and illness among EMS workers.

There is a considerable body of evidence in other settings to suggest that work duration
contributes to work-related fatigue and increases the risk of medical error, adverse
events, and occupational injury.1-5 Preliminary evidence suggests this problem is also
prevalent in EMS.6 The EMS community has recognized this evidence and identified the
need to determine the ideal shift length and rest intervals for the EMS workforce. Four
essential questions have been outlined that require answers to support future policymaking decisions.7 This dissertation addresses two of the four essential questions. First,
“Do extended shift structures in EMS result in fatigue and/or negative safety
outcomes”? This question will be addressed directly from multiple angles in Aims 2 and
3 of this dissertation, using several years of data from a diverse set of agencies across the
United States. Second, “How common is it for EMS providers to be fatigued while at
work? What is the magnitude of the problem?” This question will be addressed in the
work related to Aim 1 of the dissertation.
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EMS workers are at high risk for occupational injury. The rate of occupational fatalities
(6.3 per 100,000) is over 60% higher than the general public (4.0 per 100,000) by the
most conservative estimate, and has been reported as high as 2.5 times the rate of the
general working public.8,9 In one specific sector of EMS, helicopter EMS or HEMS, the
rate of fatal occupational injury has been estimated at 113 per 100,000 employees.10
Non-fatal injuries are common. There are approximately 20,000 non-fatal injuries
reported each year.8,11 The rate of non-fatal injuries requiring time away from work is
350 per 10,000 FTE, three times the rate of all private industry occupations.12 The cost
of injuries is estimated to be $250 billion annually in the general US workforce.13 The
rate of non-fatal injuries is disproportionately high in EMS even when compared to
other public safety sectors, such as police or fire.14 This burden of injury is significant
and impacts a considerable proportion of the estimated 1 million EMS workers
nationally.15

Shift work refers to “any arrangement of work hours other than standard daylight
hours”, commonly limited to hours between 7 a.m. and 6 p.m.16,17 Approximately 20% of
all workers are described as shift-workers.18 EMS workers are shift-workers by necessity
to meet need and demand 24 hours each day. Shift work has been associated with a
multitude of detrimental health effects, including coronary heart disease, decreased
kidney function, and obesity.19-21 Shift workers commonly report worse sleep than
standard day workers, even after exiting the workforce.22 Shift work has also been
shown to directly alter sleep, fatigue, and alertness and it is believed that many of the
health and safety risks linked to shift work are the result of fatigue-related performance
decrements.18,21,23,24 Aims 2 and 3 of this project will investigate the association between
2

shift structure and occupational injury in EMS. This investigation is focused on an
evaluation of a large dataset containing nearly 1,000,000 shift records and 1,000
injuries. This dataset represents the largest source of information on this topic to this
point available in the EMS population.

This project is seen as needed by government stakeholders as it seeks to address the
stated priorities of two independent government agencies. The National Occupational
Research Agenda (NORA), National Public Safety Agenda highlighted the public health
significance of these issues in 2009 by reporting the following as Strategic Goal 15:
“Identify and implement effective policies among EMS agencies regarding work
organization factors to reduce related illnesses and injuries”. Intermediate Goal 15.1
goes on to specify, “Develop effective guidelines to reduce worker fatigue and
occupational stress among EMS personnel”. Furthermore, Activity/Output Goal 15.1.1:
“Fatigue from work schedules in EMS – Identify the extent and severity of adverse
health outcomes such as job fatigue and sleep disorders that may be associated with
shift work, overtime, and other factors among EMS personnel”. These goals were
targeted for completion by 2012.25 Concern for injuries due to fatigued EMS workers has
also been voiced by the National EMS Advisory Council, who issued a call for the
Department of Transportation’s Office of EMS to address fatigue as a threat to worker
and patient safety.26

This analysis is limited to the EMS population. While EMS does have unique risk factors
for injury, the findings from this work may be generalizable to other populations. This
work will also expand the understanding of the impact of shift structure on hard
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outcomes such as injury – findings that will translate to other occupational injury
settings as well.

The project to be described in detail utilizes a cohort of shift records and occupational
injury and illness reports from 14 EMS agencies across the nation. In Aim 1, the
literature is reviewed to better understand the measurement of fatigue and sleepiness in
EMS settings. In Aim 2, the cohort of shifts is examined to determine the association
between weekly hours of work and reported occupational injury or illness. The final aim
tests the relationship between shift length and occupational injury or illness.

4

2.0

OVERARCHING BACKGROUND

2.1

WHAT IS EMS?

Emergency Medical Services (EMS) is a branch of public safety that responds to medical
emergencies reported to 911 dispatchers. It is a system of care and transport
characterized by rapid response, stabilizing treatment of life-threatening injury or
illness, determination of an appropriate facility where definitive treatment can be
obtained, continued care throughout the transport, and then a comprehensive handoff
to nurse and physician caregivers at the hospital. The workload is difficult to predict.
EMS workers will be sent to help if a motor vehicle accident occurs on the roadway, if a
sudden onset of chest pain occurs in the home, or if a patient requires assistance in
traveling to regular dialysis appointments.

EMS workers respond to emergencies 24 hours per day, 7 days a week. A multitude of
factors including setting, structure, ownership strategy, and available resources of the
agency, all combine to create a unique and unpredictable work experience across
agencies. A theoretical example of work demands is shown below. (Figure 1)
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Figure
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EMS workers operate under the license of a physican who provides medical direction for
the agency. These workers have varied levels of training, responsibilities and scopes of
practice across agencies and regions, as well as at the discretion of their medical
direction. Basic-level training presently involves approximately 120 hours of classroom
education. These workers may operate an ambulance, deliver oxygen, assist with
delivery of medication, and provide first-aid. Paramedic-level training is currently over
6

1,000 hours of classroom education. The scope of practice for paramedics includes
electrocardiogram interpretation, obtaining intravenous or intraosseous access,
medication

administration

(including

narcotic

and

vasoactive

medications),

endotracheal intubation, and other invasive procedures.27

2.2

WHAT IS SHIFTWORK?

Shift work refers to “any arrangement of work hours other than standard daylight
hours”- standard daylight hours being commonly understood as hours between 7 a.m.
and 6 p.m.16,17 Shift work is prevalent in industries and occupations where “around the
clock” coverage is required. Alterman et al. used data from the 2010 National Health
Interview Survey (NHIS) to calculate the prevalence of shift work in the United States.28
They characterized an alternative shift structure as anything other than regular day
shift. By this definition, 28-30% of the general working public was engaged in shift work
in 2010. The prevalence was higher in healthcare - between 30% and 41% of healthcare
practitioners and healthcare support staff reported shift work at their primary
workplace during the same time period.

In professions requiring 24-hour availability, at least some people must engage in shift
work to fulfill workforce needs. The optimal number and length of shifts is an
interesting and multifaceted problem. Shorter shifts may permit employees to perform
at a high level throughout the entire duration of the shift and thus may be safer. In
industry, short shifts have been associated with individual productivity and job
satisfaction.29 Short shifts, however, require more workers to be hired and trained to
7

fulfill workforce needs. Longer shifts in general allow for a smaller overall workforce,
thus lowering overhead benefit costs.30 Longer shifts may introduce a greater risk of
fatigue-related performance deficiency.31 These extended shifts likely require more
preparation on the part of the worker to arrive capable of working for an extended
period. Extended shifts also require a comparatively longer duration of downtime after
the shift for recovery purposes, particularly if the shift involves nighttime work.32

2.3

SHIFTWORK AND SAFETY OUTCOMES

There is substantial evidence that suggests shift workers more often experience
undesirable health outcomes when compared to day workers. Shift work has been
linked to cardiovascular disease, diabetes, stroke, cancer, and various other chronic
conditions; likely moderated to some extent by the adoption of harmful health behaviors
such as smoking and poor nutrition.33-38

Shift workers report worse sleep than day workers, even after the shift workers have
entered retirement.22 It has been posited that shift work may have a multiplicative effect
on fatigue.39,40 Shift workers report more sleepiness while driving to and from work, and
also have been linked to an increased likelihood of a motor vehicle accident on their
work commute.41 Fatigue and sleepiness have been associated with accidents, workplace
injury, and medical error.42,43
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Shift work has been linked to injury across a variety of workplace settings. A ten-year
national study of workers in Canada detected an excess risk of workplace injury of 14%
for women and 8% for men attributable to shift work.44 Violanti et al. noted a 72%
increased risk of injury among urban police officers on night shift relative to day shifts.45
Folkard and Lombardi reviewed the shift work safety literature in 2006. They noted that
the risk of injury varied across shift in nearly all published studies, with risk of injury
elevated for non-day shifts.46

Workplace safety may be compromised as shift length increases. Folkard and Tucker
observed twice the risk of workplace accident after 10 hrs on-shift.47 Rosa showed a
three-fold increase in risk of accident after 16 hrs on-shift.48 Other efforts focus on the
long-term perspective. Vegso et al. designed a case-crossover study to test this
viewpoint. They demonstrated an 88% increased risk of injury among workers who
exceeded 64 hours of work in the week preceding the shift under study, compared to a
standard 40 hour work week, and noted that hours worked prior to the injury were
significantly greater than hours worked in the control week.49

In-hospital provision of medical care is delivered by healthcare shift workers. Some
stakeholders have campaigned to limit work hours by healthcare workers to promote
patient safety. The European Union limits the maximum hours of work in a week to only
48 hours, with a maximum of 10 consecutive hours of work at a time, and at least 11
hours of required rest between shifts. Hours of work for healthcare providers were
largely unregulated in the United States for many years – particularly in the case of
physicians in training. In some instances, resident physicians worked 100 hours per
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week, or 36 consecutive hours at a time. In 2003, the Accreditation Council for Graduate
Medical Education (ACGME) governed the hours of work for medical residents,
restricting the average hours of work per week to 80 hours and the number of allowable
consecutive hours to 24. One day off entirely is required each week.50

A seminal study by Landrigan et al evaluating a randomized assignment of these
restrictions reported nearly 6 times as many diagnostic errors and a 36% increase in
serious medical errors with unrestricted scheduling compared to ACGME compliant
schedules.51 Prospective study of the changes in the decade since have been mixed, with
two recent reviews suggesting low quality evidence with equivocal results.52,53 Some
research does suggest shift length can have a downstream impact on patient-centered
outcomes. In a sample of 22,275 nurses, 577 hospitals, and four states, patients were
less satisfied with care when the hospital employed higher proportions of nurses
working shifts of 13 or more hours.54

Few efforts have sought to evaluate the impact of work hours and shift length on
accidents and injuries in a healthcare setting. Barger et al published an investigation on
this topic in the New England Journal of Medicine. They surveyed over 2,000 resident
physicians nationwide about hours of work, shift length, and falling asleep when they
did not intend to.55 A “near-miss” or an actual motor vehicle crash while traveling home
was more than twice as likely after a 24 hour shift, compared to a shift of shorter
duration. In fact, for every 24-hour or longer shift, the monthly risk of motor vehicle
crash increased by 9%.
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Other characterisics of shift work – including night work and recovery hours –
distinguish shift work from regular day work. Researchers were able to analyze over
7,000 injuries occurring to hospital employees in Oregon over a 7-year period. Relative
to day shifts, evening shifts increased risk of injury 81%, and night shifts increased risk
59%.56 After controlling for weekly work hours and shift length, non-day work was
associated with greater than 50% increased odds of injury in a different population of
nurses as well (OR 1.54; 95%CI 1.07-2.24).57 Eldevik surveyed over 1000 nurses in
Norway about time off between work shifts. Less than 11 hours of rest between shifts
was associated with sleepiness, fatigue, and shift work disorder.58

2.4

WHAT DO WE KNOW ABOUT SHIFT WORK IN EMS?

The shift work literature in the EMS setting is limited. There are few research efforts
that have sought to examine this topic. The Longitudinal EMT Attribute Demographic
Study (LEADS) is a 10-year, longitudinal survey of nationally registered EMS providers.
The LEADS survey found that EMT-Basics were available for EMS response a median of
48 hours per week, while EMT-Paramedics were available for 52 hours per week.59 This
estimate is the most robust available (a national sample of >100,000 providers), but is
difficult to interpret. The work hours are not stratified by volunteer status. Many EMS
workers nationally are volunteers, meaning they are generally unpaid employees who
could be at their homes and respond to the station only if a call occurred in the service
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area. There is likely variation in the interpretation of this question depending on the
volunteer status of the respondent.

It is common for EMS providers to work multiple jobs. A cross-sectional survey of EMS
providers in Washington state estimated that between 42% of all paramedic fire
personnel maintained outside employment, logging an average of 25 hrs per month at
their second job.60 The same effort derived sleep disturbances as the factor which
contributed the most to occupational stress in their sample. In another survey of 511
EMS workers nationally, 34% reported actively working at more than 1 EMS agency.6

Scheduling practices vary widely, but the most common shift lengths in EMS are 12 or
24 hours in duration. In our study of 511 EMS workers, approximately 50% (48.5%) of
respondents reported working 24-hour shifts, while 38.4% reported working 12-hour
shifts.6

It is commonly believed that rural agencies are more likely to schedule shifts of 24 hours
or longer duration. An increased prevalence of extended shifts in rural areas may be
necessary to provide 24-hour coverage with smaller workforces. The actual distribution
is not clear. Chng et al. found, among 425 conference attendees in Texas, 40% of urban
attendees worked 24-hour shifts, compared to 31% of rural attendees.61

Studies of shift length specifically in EMS are sparse. Allen et al. compared the
endotracheal intubation success rates of Air Medical providers for 12-hour and 24-hour
shifts after an organization wide change in shift length.62 They concluded that since
success rates were not different before and after the change, they psychomotor agility of
12

providers was not affected by increasing shift length from 12 to 24 hours. Thomas et al.
similarly found no difference in cognitive performance for 12 vs. 18 hour shifts in a
population of 10 flight nurses.63 In another study, 511 EMS providers nationally were
administered a cross-sectional survey on sleep, fatigue, and safety.6 The results
indicated the proportion of providers considered to be fatigued was highest among those
working 24 hour shifts. Boudreaux et al. performed a before and after study at a small
EMS agency, administering a series of stress and job satisfaction surveys before and
after eliminating 24 hour shifts and replacing them with 12 hour shifts.64 They found
that personnel viewed the 12-hour schedules more positively and described less
disruption in their social lives, but this positive viewpoint did not remain 12 months
later.

Five years of EMS patient care report (PCR) summary data from the state of Mississippi
were collected to perform an analysis of the impact of fatigue on performance
measures.65 The researchers attempted to reconstruct shifts for providers based on
periods of inactivity. When an EMT was active (listed on a filed PCR) marked the start of
a shift. They then looked at the next instance of activity. When 10 consecutive hours of
inactivity had passed, they marked the end of the shift. They used this characterization
to make two categories of shift length, 12 and 24 hours (described as short and long).
Shift length was treated as the exposure, and the primary outcomes of the analysis were
response time and the number of interventions performed during the transport. They
determined that response times were prolonged when the providers were on the
nighttime portion of 24-hour shifts, and fewer interventions were performed as well.
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Pirrallo et al. used LEADS data to evaluate the prevalence of sleep problems in EMS
workers nationally.66 They noted that sleep maintenance disorder was more common in
providers working 24-hour shifts, those working more than 40-hours in a week, and also
providers working in rural areas. We had observed an association between shift length
and fatigue, with providers working longer shifts reporting a higher prevalence of severe
fatigue, but this association resolved after adjustment for confounding variables.6

Sofianopoulos reviewed what is known regarding the effects of shift work on sleep
among prehospital providers.67 Twelve articles were identified using the following
search terms (mesh if available, otherwise keyword): shift work, sleep disorder, sleep
deprivation, circadian rhythm, fatigue, and occupational stress. This review is a suitable
introduction to what is known regarding the sleep quality of EMS providers, however,
the authors comment little on shiftwork. Shift work is not mentioned in the title or
abstract of any of the studies included in the review. It is implied that the findings are a
direct result of shift work, and recommendations are made as a part of the review. The
authors conclude that 1) Scheduling and sleep are important, 2) Clockwise rotation of
shifts may be undesirable, 3) Napping before, during, and after night shifts increases
performance and reduces fatigue.

14

2.5

PROVIDER SAFETY IN EMS

The delivery of prehospital emergency care by EMS workers is physically and mentally
demanding. In contrast to many other occupations, the need or demand for prehospital
care is not scheduled, and the amount of physical or mental work required for each
patient is unpredictable. EMS workers must possess both physical strength and aerobic
capacity to safely access and extricate patients. An EMS worker relies on core strength
and flexibility to move patients.68 Many EMS workers, however, are at risk of a non-fatal
injury due to poor physical health and conditioning.

The rate of occupational fatalities in EMS (6.3 per 100,000) is over 60% higher than the
general public (4.0 per 100,000) by the most conservative estimate, and has been
reported as high as 2.5 times the rate of the general working public.8,9 Driving with
lights and sirens is the most common cause of fatal injury.9 In one specific sector of
EMS, helicopter EMS or HEMS, the rate of fatal occupational injury has been estimated
at 113 per 100,000 employees.10

Non-fatal injuries are common. There are approximately 20,000 non-fatal injuries
reported each year.8,11 The rate of non-fatal injuries requiring time away from work is
350 per 10,000, three times the rate of all private industry occupations.12 The cost of
injuries is estimated to be $250 billion annually in the general US workforce.13 The rate
of non-fatal injuries is disproportionately high in EMS even when compared to other
public safety sectors, such as police or fire.14

15

EMS is a high-risk subset of shift workers with regard to occupational injury. There are
few similar jobs where the environment is uncontrolled and the work is physical in
nature, often with just a single partner for assistance in lifting and moving patients.
Despite this, there are few studies of occupational injury in the EMS setting. (Table 1)
Reichard et al studied EMS workers and found 99,400 injuries between 2003 and 2007
that resulted in treatment at an emergency department.8 The injuries were most
commonly sprains or strains (38%) and often to the neck or back (31%). Another survey
of 2,367 EMS workers in the US and Canada in 2010 and 2011 found that nearly half
(45.8%) reported sustaining an injury during their shift during the previous 3 months. 69
The injuries occurred most commonly while lifting or moving a patient, seemingly
consistent with the findings from Reichard et al.

Patients can pose additional hazards for EMS worker safety. The National Study to
Prevent Blood Exposure in Paramedics surveyed 2,664 paramedics and noted that
exposure to blood occurred 6 times in every 10,000 calls.70 More than 60% of EMS
workers in one system in California were assaulted while at work.71 The finding is not
unique to that system, as approximately 9% of all patient encounters were characterized
as violent by Grange et al, and Mock noted that the rate of violent patients to be 1 out of
every 19 calls.72,73
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Table 1. Summary of literature studying occupational injury in EMS

Title

Author

Year

Design

n

Evaluation of the injury
profile of personnel in a
busy urban EMS system

Hogya & Ellis

1990

Retrospective
cohort

254 injuries

Review of
accidents/injuries among
emergency medical
services workers in
Baltimore, Maryland

Gershon et al

1995

Retrospective
cohort

226 reports

Occupational fatalities in
emergency medical
services: A hidden crisis

Maguire et al

Occupational injuries
among emergency
medical services
personnel

Maguire et al

Health status in the
ambulance services: a
systematic review

Sterud et al

2002

2005

2006

Retrospective
cohort

Retrospective
cohort

Systematic
Review

17

(1 Agency)

(1 Agency)

114
fatalities
(FARS)
489 reports
(Two urban
agencies)

49 studies

Relevant Findings
EMT-B, young age at increased
risk

Fatigue was considered a factor in
two incidents (1%)

12.7 fatalities per 100,000 EMS
workers
5.0 fatalities per 100,000 general
workers

34.6 injuries per 100 FTE

“Surprisingly few studies have
investigated physical health,
especially musculoskeletal
complaints, of ambulance
workers”

Table 1. Continued
On the job illness and
injury resulting in lost
work time among a
national cohort of
emergency medical
services professionals

Studnek et al

2007

Panel Study
with crosssectional
analysis

(LEADS)

Case cohort

1,775
respondents

Characteristics of
emergency medical
technicians involved in
ambulance crashes

Studnek &
Fernandez

Occupational injuries
among emergency
responders

Reichard &
Jackson

2010

Patterson et al

2012

Crosssectional

2012

Crosssectional

2013

Retrospective
cohort

Association between poor
sleep, fatigue, and safety
outcomes in emergency
medical services
providers.
The association between
EMS workplace safety
culture and safety
outcomes
Injuries and fatalities
among emergency
medical technicians and
paramedics in the United
States

Weaver et al

Maguire et al

2008

1,862
workers

(LEADS)
Retrospective
cohort

18

21,900
reports
(NEISS)

8.1 per 100 FTE rate. Injury
associated with increasing call
volume, urban environment, and
history of back problems.
Reported sleep problems not
associated with injury.
Odds of involvement in an
ambulance crash significantly
higher for those reporting sleep
problems
3.0 per 100 FTE rate of injury
requiring treatment

511 workers

Fatigue associated with selfreported occupational injury

416 workers

Lower safety culture scores
associated with higher likelihood
of self-reported injury. 16% report
injury in previous 3 months.

21,749
reports
(DOL, BLS)

3.5 per 100 FTE rate resulting in
lost work time.

2.6

IS THERE RESEARCH INVESTIGATING BOTH SHIFTWORK AND
PROVIDER SAFETY IN EMS?

Varying rates of occupational injury are observed across different patterns of shift work
in a variety of settings, including in-hospital nurses.74 In EMS we know very little about
the relationship between shift work characteristics, fatigue, and safety outcomes such as
injury.7 There are four studies which specifically report on both elements of shift work
and occupational injury.

First, in 1995, Gershon et al. reviewed all accident and injury reports in the City of
Baltimore over the course of 1 year. The affected individual(s) listed a cause for each
reported event. In two cases (1%), fatigue was listed as the cause – one being a car
accident and the other a needlestick injury.

For the second and third studies, the LEADS survey described previously was utilized.
Initially, Studnek et al. examined sleep problems as a predictor variable and did not find
a significant association between reported sleep problems and overall reported
occupational injury.75 Then, Studnek and Fernandez designed a case-cohort study on the
same dataset; isolating as cases personnel who reported being involved in an ambulance
crash. They noted that the odds of being involved in an ambulance crash were
significantly higher for those respondents who also reported sleep problems.76
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The fourth study is the Patterson et al cross-sectional survey.6 Providers who most
commonly worked 24-hour shifts were more likely to report fatigue. Providers with
fatigue (≥4 on CFQ) were more likely to report recent injury (OR 2.9; 95% CI 1.8-4.6),
medical error or adverse event (OR 2.3; 95%CI 1.5-3.3), and safety compromising
behaviors (OR 4.9; 95%CI 2.4-9.8).6

The association between many characteristics of shift work and safety outcomes is not
known. No EMS research has tested whether weekly work hours are associated with
safety outcomes such as injury. Similarly, there have been no studies designed to
examine the safety of extended shifts. This dissertation aims to address these current
research needs.
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3.0

MEASUREMENT OF FATIGUE AND SLEEPINESS IN EMS: A
LITERATURE REVIEW

Objective This work provides a systematic review and critical evaluation of the
literature on fatigue and sleepiness measurement in EMS. Differences in fatigue and
sleepiness prevalence estimates are explored by measurement method and study
characteristic.

Methods The following databases were searched to identify literature indexed as
studying fatigue, sleepiness, or work schedule tolerance in a population of emergency
medical services providers: Scopus, PubMed, CINAHL, and EMBASE. We performed
secondary searches of manuscript bibliographies for relevant literature. Literature was
included if the research effort attempted to quantify or measure fatigue or sleepiness in
EMS providers. Literature was excluded if the study aim was to assess transient physical
fatigue or fatigability, emotional exhaustion, burnout, compassion fatigue, or stress
perception.

Results Nineteen manuscripts met inclusion criteria and 16 manuscripts were written
in the English language and eligible for full analysis. There were nine different methods
for measurement of fatigue or sleepiness in EMS providers. Only half of all
manuscripts/studies reported the proportion of EMS workers classified as severely
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fatigued or excessively sleepy. Prevalence estimates of severe fatigue and excessive
daytime sleepiness ranged from 3% to 92%.

Conclusions Findings from this systematic review show wide variation in approaches
to measurement and prevalence estimates of fatigue and sleepiness among EMS
providers. Findings suggest caution be used when selecting a measurement method. The
optimal measurement method is not known.

3.1

INTRODUCTION

Emergency medical services (EMS) workers are available 24 hours a day, each day of the
year to aid and protect their local communities. They are a common gateway to other
health care services, with patient access to the health care system often initiated by
activation of emergency services. EMS workers transported an average of 19 million
patients annually from 2003-2010, corresponding to 16% of all visits to the Emergency
Department nationally.77 Financial compensation is modest,78

and many

EMS

personnel work multiple jobs, extended shifts (e.g., >12 hours), and overtime.6,79 These
occupational obligations and staff characteristics combine to influence the hours of work
(and hours of rest) to ensure adequate staffing at EMS agencies.

Delivery of EMS requires time-sensitive decisions and rapid performance of
interventions with limited information and resources. EMS personnel transport patients
in extremis, after removing them from uncontrolled and stressful environments.80 They
must operate an emergency vehicle on public roadways, often driving in an
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unconventional manner with other motor vehicle operators in close proximity. There is
most often a single caregiver or dyad of caregivers providing treatment for patients who
are ill or injured, in contrast to a hospital setting, where teams of providers provide
layers of support against error.81 Delivery of care in this manner makes it important to
identify areas of vulnerability to patient or provider harm and reduce risk of
unnecessary harm where possible.82

One area of vulnerability that is not well understood is the impact of fatigue and sleep
deprivation in EMS performance7 Available evidence indicates that there is increased
work-related fatigue among EMS workers.6,7,67,83 Greater than 50% of EMS workers
self-reported high levels of mental and physical fatigue.6,83 More than one-third of
workers suffer from excessive daytime sleepiness.66 Estimates of fatigue and pathologic
sleepiness, though, range widely. Further, the role of fatigue and sleepiness as a risk
factor for EMS worker and patient safety is not clearly understood at this time.

Lack of data and information on fatigue in EMS may be linked to a lack of reliable and
valid tools for measuring fatigue. There can be confusion between the distinct concepts
of fatigue and sleepiness, and the view that these concepts are one and the same.84
Sleepiness is generally defined as an urge to sleep, while fatigue is a subjective feeling of
tiredness that can vary in intensity and duration.18 Fatigue and sleepiness may be the
result of sleep loss or sleep debt. Fatigue or sleepiness from shift work, inadequate
sleep, or alteration of circadian rhythm impairs fine motor skills and performance on
cognitive tasks in controlled experiment settings.85-87 Fatigue prolongs reaction time
and has been implicated as a common factor in automobile accidents.86,88
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The larger medical community has recognized sleep and fatigue as important safety
issues. The Accreditation Council for Graduate Medical Education has twice altered
duty hour limits for physicians in training in hopes of improving the safety of medical
care.89 In one study, nearly half of 1,366 physicians reported a fatigue-related clinical
error in the previous 6 months.90 The physical and cognitive decrements produced by
inadequate or disturbed sleep may also present a threat to the safety of EMS providers
as well as the safety of the patients they treat. However limited research exists on sleep,
fatigue, and factors that impact sleep and fatigue in the EMS setting.

The balance between performance and fatigue has been identified as an ethical
challenge to the EMS profession.91 At present, the evidence base for linking sleep and
fatigue to poor workforce outcomes is insufficient to guide decisions on shift-length and
workload risk management policies. The purpose of this study is to contribute to this
discussion by systematically reviewing the literature on fatigue and sleep-related deficit
in EMS. The specific focus of the paper is to describe the methods used to measure
fatigue and sleepiness and to explore differences in prevalence of these issues by
measurement method and study characteristics.

3.2

METHODS

In this systematic review, the databases Scopus, PubMed, CINAHL, and EMBASE were
searched using the following population MeSH terms: emergency medical services,
emergency medical technicians, allied health personnel, or firefighters; with either of
the following fatigue MeSH terms, sleepiness, work schedule tolerance or fatigue. An
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article was also retrieved if the MeSH terms were applicable and fatigue or sleepiness
appeared in the article’s title or abstract (a complete listing of the search criteria is
included in Appendix A). The search was not limited to time period or language.

The articles returned by the search were pooled and duplicate manuscripts were
removed. The abstracts and titles were reviewed for relevancy. Inclusion criteria
required that the manuscript be primary research (not a review) and that the
manuscript attempted to quantify or measure fatigue or sleepiness in EMS providers as
a primary or secondary aim. Studies of fire personnel met criteria for inclusion only if it
was made clear in the description of the study population that the firefighters were
dispatched to medical emergencies and had duties including medical care. Full
manuscripts were acquired for final determination of inclusion/exclusion status by the
first author. The references of each manuscript that met criteria for inclusion were
reviewed to search for additional eligible manuscripts. Articles concerning transient
physical fatigue or fatigability (i.e. CPR quality), emotional exhaustion, burnout,
compassion fatigue, and stress perception were excluded. These exclusion criteria were
defined a priori in effort to isolate research on fatigue and sleepiness stemming from
shiftwork or sleep deprivation. Non-peer reviewed literature from trade journals and
magazines was also excluded.

Elements extracted from the studies included the study design, stated purpose of the
study, the setting, and the sample size. The measurement method was collected. The
proportion of the study sample classified as fatigued or sleepy was also extracted.
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A manuscript was considered to address fatigue or sleepiness as a secondary aim if the
article met inclusion criteria but did not explicitly state its purpose to be the assessment
of fatigue or sleepiness. Articles using a variety of methods to capture performance
deficit (suspected to be due to fatigue or sleepiness) were collapsed into a category
called neurocognitive test battery. The design of the study in each manuscript was
determined by the authors when it was not explicitly stated in the methods section. In
classifying study designs, cross-sectional and within subject designs (where subjects
were exposed to different shift structures) were not considered prospective in nature.

Counts and proportions are reported to summarize characteristics of the sample. Data
description was performed using Stata version 12 MP (College Station, TX). Figures
were produced using GraphPad Prism software version 4.

3.3

RESULTS

The search process yielded 794 unique manuscripts. After review and limiting per the
case definition, the final sample included 19 manuscripts. (Figure 1) The first paper on
this topic was published in 1978, with interest renewed in the early 1990’s and peaking
in recent years. (Figure 2) Three manuscripts (16%) were published in a language other
than English, prohibiting detailed review of the full manuscript. The remaining results
are presented for n=16 publications. (Table 1) One-half of these 16 research efforts used
a study sample from the United States. There were three manuscripts each set in
Australia and Japan respectively, and the remaining 2 manuscripts used European EMS
providers. One effort specifically targeted EMS workers serving rural areas.
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3.3.1 Study Design & Sample Size

The 16-study sample was comprised of 4,442 subjects. The most common study designs
were cross-sectional (n=6/16, 38%) and cohort designs (n=6/16, 38%). Cross-sectional
studies accounted for over 2/3 of the subjects in the total sample (n=3,072/4,442, 69%).
The cohort designs accounted for the second largest proportion of research subjects
(n=823/4,442, 19%). There were also two panel studies – repeat respondents from
national cross-sectional surveys conducted for several consecutive years. These panel
studies contributed 11% of the total number of subjects (n=503/4,442). The remaining
studies were within-subject comparisons of different shift lengths. There were 44 total
subjects enrolled in these efforts, or 1% of all subjects in the study sample.

3.3.2 Purpose

The assessment of fatigue or sleepiness was the primary aim of the research in 5 of the
manuscripts. Eleven of the manuscripts addressed fatigue or sleepiness as a secondary
aim. (Table 1)

3.3.3 Instruments & Methods

There were a total of 9 different measurement techniques/tools used for assessment of
fatigue or sleepiness across the 16 articles. All of the manuscripts used at least one
validated measurement method in the assessment of fatigue or sleepiness. Some reports
also included additional individual items related to fatigue or sleepiness that have not
yet been validated. The Epworth Sleepiness Scale was the most commonly used tool
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(25%). The next most frequently used tool was the Chalder Fatigue Questionnaire (19%).
The Checklist Individual Strength and Standard Shiftwork Index, respectively, were
each used in two efforts (13%). Studies using the CFQ, ESS, and CIS all used the same,
established cutpoints for classification of excessive sleepiness or severe fatigue. In six
studies (38%), an attempt was made to capture some physiologic information from the
participant, such as oral temperature, grip strength, reaction time, or dexterity.

3.3.4 Burden of Fatigue and Sleepiness

Eight manuscripts reported an estimate of the percentage of their population considered
fatigued or excessively sleepy. (Figure 3) Among these manuscripts, the lowest estimate
of fatigue was 3%, obtained by the Checklist Individual Strength (score >76) among 194
rescue workers who had not been exposed to an air disaster. Among 334 exposed rescue
workers in the same study, 12% were considered fatigued by the same measure. The
highest estimate of fatigue was 92%, obtained through a single-item self-rating of
fatigue in a cross-sectional sample of 60 Australian EMS providers. Other estimates of
fatigue ranged between these two extremes and were based upon different instruments,
the CFQ and VAS. (Figure 3)

Two reports examined the frequency of excessive

sleepiness using the Epworth Sleepiness Questionnaire (ESS>10).

Both studies

identified a similar prevalence of excessive daytime sleepiness of 30-36% in the samples,
respectively.
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3.4

DISCUSSION

There were 16 sources of primary research information identified in the review to
inform our knowledge on fatigue and sleepiness in EMS. The majority of studies
assessed fatigue or sleepiness indirectly through the use of a survey instrument. Only
eight manuscripts provided an estimate of the proportion of providers with fatigue or
excessive sleepiness, the other 50% of manuscripts used fatigue or sleepiness
measurement for other purposes – four compared task performance across different
shift length or scheduling characteristics, two manuscripts reported mean scores
compared to other working populations, and the final two manuscripts reported factors
associated with sleepiness scores.

The majority of studies found evidence of fatigued or sleepy EMS workers, but there is a
30-fold difference in these estimates across the studies (3% to 92%), suggesting a great
deal of uncertainty regarding the burden of fatigue or sleepiness. Some of the variation
in estimation of fatigue appears attributable to the method used for assessment. While
estimates across survey tools varied substantially, studies on separate populations using
the same tool were fairly consistent. Where a method was implemented in more than
one study population, the estimate of the burden of fatigue or sleepiness never varied by
more than 10%.

The most commonly used tool for the assessment of sleepiness was the ESS. Estimates
of the prevalence of sleepiness from the ESS were close, ranging only from 30% to 36%.
Longitudinal studies using the ESS did not report an estimate of sleepiness over time in
the population, but did detect an association between lower ESS scores and better
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perceived health.92 The ESS was developed in a population of subjects with sleepdisordered breathing complaints.93 The original intent of the ESS was not to measure
drowsiness, but rather, the propensity of a subject to fall asleep in eight different
hypothetical situations.94 This is unique among tools seeking to assess sleepiness, as it
seeks to capture a likely behavior, not an internal state, feeling, or symptom.95 The ESS
largely addresses trait sleepiness, or sleepiness that is persistent and stable, rather than
state sleepiness, which is the level of sleepiness at the specific time when the
questionnaire is completed. Other measures of state sleepiness include the Karolinska
Sleepiness Scale and the Stanford Sleepiness Scale.84 The ESS tool has been widely
implemented, likely due to its ease of use and minimal time necessary for completion.18

The lowest estimates of fatigue were consistently obtained when the Checklist Individual
Strength (CIS) was used to characterize fatigue (12% & 3% in one study, and 10% in
another). The CIS was developed for the purpose of chronic fatigue measurement.96 It
has demonstrated discriminant validity in an occupational setting.97 The tool may give
more weight to mental causes of fatigue than some other potential causes.97 The chronic
fatigue identified by the CIS is unlikely to be attributed to a single cause, and is likely to
impact quality of life and daily activities.84

The Chalder Fatigue Questionnaire (CFQ) seeks to measure enduring or chronic
symptoms of fatigue. It was developed in a population of general practice patients.98 In
the general population, approximately 18% of adults are considered to have severe
mental or physical fatigue using this tool.99 Two reports in this review used the CFQ to
assess fatigue, and observed a 44% prevalence of fatigue in a local, convenience sample
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of EMS workers, and a 55% prevalence of fatigue in a national sample of EMS
workers.6,83

The highest estimate of fatigue was obtained using a single-item measure where
participants were asked if they experienced fatigue over the last 6 months (92%). Most
subjects also reported that fatigue affected their work performance (88% overall). The
frame of reference (recall over the previous 6 months) does not differentiate between
acute episodes of fatigue or chronic fatigue. The investigators in this report also found
that the single-item measure of fatigue was negatively correlated with the Pittsburgh
Sleep Quality Index score, a continuous score from 0-21, with higher values indicating
worse sleep quality.100,101 A negative relationship between fatigue and sleep quality is
unexpected and perhaps a consequence of an overly sensitive measure of fatigue. Singleitem fatigue measures have been used in other settings, but are commonly implemented
as visual analog scales or other ordinal representations, allowing for an outcome that is
not dichotomous.84 Motohashi implemented these methods in papers captured in this
review, and they are commonly used as state sleepiness measurements.84,102,103

A meaningful, overarching goal of these works could be distilled to a determination of
whether EMS providers are impaired by fatigue or sleepiness while at work. The
majority of papers in this review did not attempt to measure fatigue or sleepiness during
the time the respondent was at work. Variation in estimates of fatigue is likely affected
by timing of measurement and historical time period they are instructed to reference.
This review suggests the proportion of providers who are impaired while at work is
unknown. Existing tools are also limited in this regard in that they were not designed to
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address this question. The CIS was designed to measure chronic fatigue.96 The CFQ does
not reference a time period for the fatigue reporting.98 The ESS seems to address a
different question, in assessing the likelihood of falling asleep in a hypothetical
situation.95

Neurocognitive batteries do measure cognitive impairment, and they are often
administered either before or after the time at risk in the studies captured in this review.
However, neurocognitive batteries take time and inherently deprive the subject of
cognitive reserve, limiting their utility as a form of regular momentary assessment.
Braude et al. made an effort to characterize the readiness to work of providers using a
computerized test battery.104 Providers demonstrated a diminished readiness score at
the end of the shift, and the readiness to work was also affected by sleep and rest. This
work is an important step forward in determining, at the time providers are expected to
perform their tasks and care for patients, whether a meaningful impairment is present.
An unobtrusive, objective, valid measurement of fatigue that is repeated while the
subject is at work would seem to be optimal.

There were 6 cross-sectional studies designed to estimate the prevalence of fatigue or
sleepiness in an EMS population .Two of the studies are limited by sample size and
sampling frame, and estimates of prevalence from these efforts should be viewed
conservatively.83,100 Another effort specifically examined fatigue among paramedics in
rural Australia – severely limiting its generalizability.105 The remaining three studies
comprise a total of 2,743 workers, and each of these research efforts utilized a different
method to measure fatigue and sleepiness.6,66,106 Our ability to generalize these results
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to a large and diverse body of workers is limited. Several efforts did provide data to
compare the fatigue, sleepiness, or sleep quality of EMS providers to those of normal
populations or other working populations – in every case the EMS worker scores were
more severe.83,106,107

3.5

LIMITATIONS

This review may be affected by structural limitations. Bias was reduced by ensuring the
criteria for inclusion in this review were specific so that the full breadth of literature
would be identified. However, in this process, some research may have been missed. It
was not uncommon for fatigue to be mentioned in various studies, but the population
was not specific to EMS, or it was not possible to distinguish EMS workers in the study
results. One such example is an effort by Hardy et al. from the National Health Service
(NHS).108 The authors sampled from among NHS employment groups to obtain a
representative estimate of the burden of fatigue across all NHS providers. EMS
personnel were included in the sample, but the estimates for these providers are
collapsed into a larger group inclusive of allied health professionals. Several studies
were included where fatigue was measured as part of an overarching goal – commonly
to compare the effects of varying shift schedules. Fatigue was measured and was a goal
of the study, but the outcome was reported in terms of differences across shift schedule,
not an estimate of prevalence of fatigue.

The search strategy included search terms relevant to firefighters as well as EMS
providers in order to be as sensitive as possible in our search strategy. There were
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several research efforts that captured fatigue in populations of firefighters. Those
articles were excluded unless the duties of study population specifically described
patient care. Exposure to fire suppression and the call volume of a fire-only service may
be sufficiently different from fire-EMS and EMS-only to require separate investigation.
Those interested in fire-specific efforts could review these relevant cited works.109-115

3.6

CONCLUSION

There is a small and limited body of evidence to inform our knowledge of the magnitude
of the problem of fatigue and sleepiness in EMS providers. The proportion of providers
determined to be excessively sleepy or severely fatigued seems to largely be determined
by the chosen measurement method. The optimal measurement method is not known.
Future efforts should seek to characterize fatigue and sleepiness while providers are at
work, and also provide comparisons to normative population data where it is possible.
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3.7

FIGURES

Figure 2. Flowchart of review process
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Figure 3. Trend in publications on fatigue and sleepiness in EMS workers
over time
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* In cases where the 95% confidence interval was not provided, the exact confidence
interval was calculated from a binomial distribution using the summary statistics
provided.

ESS: Epworth Sleepiness Questionnaire
CFQ: Chalder Fatigue Questionnaire
CIS: Checklist Individual Strength Survey
VAS: Visual analog scale
Figure 4. The proportion of EMS providers classified as fatigued or
excessively sleepy by survey method
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3.8

TABLES

Table 2. Summary of English language manuscripts which evaluated fatigue or sleepiness in EMS workers

Number Title

Year

Design

Aim

1

Alteration of circadian rhythm in
shift-working ambulance
personnel. Monitoring of salivary
cortisol rhythm.

Y Motohashi116

1992

Prospective
Cohort

Secondary 7

Visual Analog Scale

2

Effects of 24-hour shift work with
nighttime napping on circadian
rhythm characteristics in
ambulance personnel.

Y Motohashi &
T Takano117

1993

Prospective
Cohort

Secondary 42

Visual Analog Scale

3

Efficacy of 24-hour shifts:
prepared or impaired? A
prospective study.

C Manacci et
al.118

1999

Prospective
Cohort

Secondary 15

Neurocognitive Battery

4

Acute and chronic job stressors
among ambulance personnel:
predictors of health symptoms.

E Van Der
Ploeg & RJ
Kleber119

2003

Prospective
Cohort

Primary

Checklist Individual
Strength

5

Sleep and cognitive performance
of flight nurses after 12-hour
evening versus 18-hour shifts.

F Thomas et
al.120

2006

Within
Subject

Secondary 10

6

Psychological distress of rescue

AB Witteveen

2007

Retrospective Secondary 528
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n

Primary Measurement
Method

Author

123

Neurocognitive Battery
Checklist Individual

Table 2. Continued
workers eight and one-half years
after professional involvement in
the Amsterdam air disaster

et al.121

Cohort

Strength

7

Effects of a modified ambulance
night shift system on fatigue and
physiological function among
ambulance paramedics

H Takeyama et
al.122

2009

Prospective
Cohort

Primary

10

Original Questionnaire
(by the Industrial Fatigue
Research Committee of
the Japan Society for
Occupational Health)

8

Caring for the Carers: Fatigue,
Sleep, and Mental Health in
Australian Paramedic
Shiftworkers.

Courtney et
al.106

2010

Crosssectional

Primary

338

Modified Standard
Shiftwork Index

9

Sleep quality and fatigue among
prehospital providers.

PD Patterson
et al.123

2010

Crosssectional

Primary

119

Chalder Fatigue
Questionnaire

10

Exploring the impact of sleeprelated impairments on the
perceived general health and
retention intent of an Emergency
Medical Services (EMS) sample

G Blau124

2011

Panel

Secondary 288

Epworth Sleepiness Scale

11

Perceived health as a robust
correlate of perceived sleepiness
in an emergency medical services
(EMS) sample

G Blau92

2011

Panel

Secondary 215

Epworth Sleepiness Scale

12

The exploration of physical
fatigue, sleep and depression in
paramedics: a pilot study.

S
Sofianopoulos
et al.125

2011

Crosssectional

Primary

Epworth Sleepiness Scale

13

Association between poor sleep,
fatigue, and safety outcomes in
emergency medical services
providers.

PD Patterson
et al.126

2012

Crosssectional

Secondary 547

39

60

Chalder Fatigue
Questionnaire

Table 2. Continued

14

The prevalence of sleep problems
in emergency medical
technicians.

RG Pirrallo et
al.127

2012

Crosssectional

Secondary 1,854 Epworth Sleepiness Scale

15

The effect of shift length on
FX Guyette et
fatigue and cognitive performance
al.128
in air medical providers.

2013

Within
Subject

Secondary 34

Chalder Fatigue
Questionnaire

16

Caring for the Country: Fatigue,
Sleep and Mental Health in
Australian Rural Paramedic
Shiftworkers.

2013

Crosssectional

Secondary 150

Modified Standard
Shiftwork Index

Courtney et
al.129
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4.0

THE ASSOCIATION BETWEEN WEEKLY WORK HOURS, CREW

FAMILIARITY, AND OCCUPATIONAL INJURY AND ILLNESS IN EMS

Objective: Emergency Medical Services (EMS) workers are shift workers in a high-risk,
uncontrolled occupational environment. Fatigue has been associated with self-reported
injury in this population, but the influence of extended weekly work hours on injury risk
is unknown.

Methods: A retrospective cohort study was designed using historical shift schedules and
Occupational Safety and Health Administration (OSHA) 300 logs. We examined the
association between weekly work hours, crew familiarity, and a recorded injury or
illness.

Results: A total of 966,082 shifts and 950 OSHA records across 14 EMS agencies were
obtained over a 1-3 year period. Weekly work hours were not associated with
occupational injury or illness. Schedule characteristics that yield decreased exposure to
occupational hazards, such as part-time work and night work, conferred reduced risk of
injury or illness compared to full-time work and daytime work.

Conclusions: Neither extended weekly work hours nor crew familiarity were associated
with occupational injury or illness. Future work should focus on transient exposures and
agency-level characteristics that may contribute to adverse work events.
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4.1

INTRODUCTION

The average weekly hours of work for all occupations in the US is approximately 39
hours.130 As a process of scheduling or voluntary overtime, healthcare workers
commonly work beyond the weekly average, contributing to shorter sleep duration,
increased sleepiness, and fatigue.131,132 Evidence links extended weekly work hours and
extended shifts (e.g., >12-hours) to increased risks of poor worker performance, health,
and safety.133,134 Emergency Medical Services (EMS) clinicians typically work 12h or 24h
shifts. Approximately half of EMS workers exceed 45 hours of work per week, with many
working at more than one EMS job. More than half report work-related fatigue.6,79,83,135
Concern for EMS shift work, shift length, and work hours has risen, due in part to recent
data linking EMS worker fatigue to negative safety outcomes.6,7 Despite these data,
research on the link between EMS worker weekly hours, shift work, and occupational
injury is limited.

Emergency Medical Services (EMS) workers are vulnerable to negative safety outcomes.
An EMS clinician works in hazardous conditions where the workload and demands are
often unpredictable. Over half of EMS workers report being assaulted at work, and 510% of all calls involve a violent patient.71-73 Exposure to blood and infectious illness was
reported by 20% of providers nationally in a single year.70 Greater than 1% of EMS
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providers reported being involved in an ambulance collision in just a 3-month time
period.69

Approximately 20,000 non-fatal injuries are reported each year in the EMS setting; a
rate three times that of all private industry occupations.136-138 The rate of non-fatal
injuries is disproportionately high in EMS compared to other public safety sectors with
similar risk profiles, such as police or fire.139 While shift work is a known factor in safety
outcomes for other occupations, its role in safety for EMS workers remains unclear.7

There is have reason to believe that lack of familiarity between EMS workers combined
with excessive fatigue due to extended shift work may result in greater incidence of work
related injury.81,140 Communication and trust are key factors in teamwork and team
performance.141,142 When fatigued, communication and trust may be negatively affected,
raising the risk of a negative outcome.143 EMS workers have limited opportunities to
develop positive teamwork behaviors due to working on average with four different
partners every 10 shifts.81,144 Lack of familiarity between teammates/partners is
associated with poor performance and negative outcomes.145-147

The objective of this work is to determine if occupational injury is associated with
weekly hours of work for EMS providers, while controlling for familiarity between EMS
crewmembers (teammates). We hypothesized that increased weekly work hours would
significantly increase the likelihood of occupational injury and illness.
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4.2

METHODS

This study followed a retrospective cohort study design, utilizing information available
from 14 geographically distinct EMS agencies with 37 individual base sites distributed
across the United States. Participating organizations represent a convenience sample of
organizations providing historical scheduling records and occupational injury and
illness records for a period of 1-3 years. The unit of analysis was a workshift. Shifts were
characterized as exposed or unexposed based on the hours of work in the 7 days
preceding each shift (weekly work hours).

4.2.1 Study Protocol

Agencies participated voluntarily and provided historical administrative records of
employee shift schedules and Occupational Safety Health Association (OSHA)
occupational injury or illness reports. All reports were matched to specific shifts using
multiple variables including date, location (agency/base site), and employee
identification number. If the employee and location matched the injury record, but the
shift time did not, the injury record was matched to the most proximal previous work
shift as long as the shift occurred within 4 days of the recorded injury or illness. The
limit of 4 days was used to maximize the likelihood that the OSHA report be matched to
the shift on which the incident occurred. OSHA stipulates an injury must be recorded
within 7 days. Shift records were excluded from analysis if the shift was designated for a
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non-clinical task, for example, work as maintenance, billing staff, or vehicle service
technician.

4.2.2 Outcome Variable of Interest

The outcome of interest was OSHA-reportable work-related injury or illness.27 We
measured injury and illness using a standardized US-based reporting record of injuries,
the OSHA 300 log. The OSHA form 300 log was obtained from each of the participating
EMS agencies for all 37 base sites. The OSHA form contains a short, free-text
description of the event along with the assignment of the event into categories of injury
or illness, with several subcategories beneath the illness designation. Two investigators
reviewed each reported injury or illness and determined whether or not the report met
the OSHA definitions and criteria for occupational injury or illness. Reports were
excluded if they did not meet the benchmark for OSHA recording. The purpose of
reviewing each record was to minimize potential biases that could be present in cases of
differential thresholds for reporting injuries or illnesses across agencies and individuals.

4.2.3 Independent Variables of Interest

We extracted all independent variables of interest from historical shift schedules.
Cumulative hours of work in the 7 days preceding each shift was considered the primary
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independent variable of interest. Weekly work hours was defined as the total number of
work hours over a seven-day period and measured by summing the hours of work in the
7 days prior to each shift. We treated the variable as categorical in nature for practical
interpretation of the findings, as well as for comparison with prior benchmarking
publications.28 The categories of weekly work hours were <48 hrs, 48-59 hrs, and ≥60
hrs. Shifts with <48 hrs of work in the previous 7 days were considered the unexposed
referent group in the cohort analysis.

Teammate familiarity was defined as the number of shifts the employee worked with the
partner(s) assigned for the shift of the interest within the 8 weeks preceding the shift.
The familiarity variable was categorized using quartiles. The 8 week interval was chosen
based on prior literature suggesting that 8 weeks is the maximum period of recall of
team interactions.148,149

The recovery time, or the number of hours since the end of the most recent shift, was
calculated from the shift schedules. Recovery was treated as a binary variable situations where the end of the most recent shift occurred less than 11 hours prior to the
shift of interest were considered to have a short recovery periods.58 Night hours were
defined as hours of work from 10pm until 6am. The proportion of night hours was
calculated as the shift duration in hours divided by the number of night hours. Part-time
employees were defined in accordance with the Bureau of Labor Statistics (BLS)
standard.150 The BLS considers an employee to be part-time if their hours do not exceed
34 hours per week. We calculated the average hours worked per week for each month of
the study – employees averaging at or below 34 hours per week for that month were
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considered to be part-time employees for all shifts within that month. The number of
shifts in a month was calculated as the number of shifts worked in the 4 weeks
immediately preceding the shift start date, not including the shift of interest.

Workforce size has been associated with injury reporting in other settings.151,152 The
number of unique employees working a shift during a 4-week period was used to
estimate the number of workers employed by each agency. The month corresponding to
the midpoint of the data collection period was used to generate this estimate.

4.2.4 Statistical Analysis

Variables of interest are described using mean and standard deviation when normality is
present, and with median and interquartile range otherwise. The rate of OSHA reports
was calculated as the number of reports per 100 Full-time Equivalent (FTE) per year. An
FTE was defined as 2000 hours of work per year.

Multivariable mixed effects logistic models were constructed for hypothesis testing. The
fixed effects were specified as hours of work in the previous 7 days, categorical quartile
of familiarity of crew on the shift, recovery less than 11 hours, number of shifts in the
month, and the percentage of work hours occurring between the hours of 10pm and
6am. A random agency effect was implemented to account for the clustering of EMS
workers within agencies and a random worker effect to account for the correlation
between repeated measures within worker. The analysis was performed using Stata
version 12.1 MP, College Station, TX: StataCorp LP.
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The primary outcome was the presence/absence of an OSHA reportable occupational
injury or illness. A sensitivity analysis was performed to assess changes in the observed
associations after excluding reports classified as illness. Reports of illness may not share
the same relationship between exposure and outcome.

4.2.5 Ethical Statement

This study was reviewed and approved by the University of Pittsburgh Institutional
Review Board.

4.3

RESULTS

4.3.1 Study Sample

Administrative shift scheduling and injury data was obtained from 14 EMS
organizations, ranging in size from 96 to 348 EMS worker employees. Data are
representative of 4,382 employees and 966,082 total work shifts (Figure 1). Total
workdays varied by organization from 388 to 1,048. EMS workers in this sample
averaged 39 hours of work per week (SD 17). (Table 1)

4.3.2 Weekly Work Hours

Among EMS workers in the cohort, the mean weekly work hours was 39 (SD 17) and the
mean number of shifts per work week was 3.2 (SD 1.4). Over 1/3 of shifts were worked
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with the employee having already logged at least 48 cumulative hours of work in the
previous 7 days (n=345,595), and over 10% of shifts came after 60 hours of work in the
previous 7 days. (Table 2)

4.3.3 Crewmember/Teammate Familiarity

Nearly 75% of shifts (n=715,768) were comprised of a two-person crew, while 17.4%
(n=168,090) were single-person assignments. Twenty-three percent of all shifts were
staffed by a crew who had not worked together in the previous 8 weeks. The mean
number of shifts worked together over an 8-week period was 10 (SD 10), with a median
of 7 (IQR 1-19). (Table 2)

4.3.4 Injuries and Illnesses

A total of 1,128 occupational illnesses and injuries were documented by the EMS
agencies. We matched 86.2% of reports to a historical work shift (n=972). After removal
of non-clinical workers and review of eligibility criteria, 950 reports of occupational
illness or injury were included in the analysis. The analysis was performed on 705
occupational injuries and 245 occupational illnesses. (Figure 1) Among employees
reporting an injury, 27% reported multiple injuries or illnesses. The overall rate of
reported injury or illness was 5.36 per 100 FTE per year, and ranged from 1.56 to 44.55
per 100 FTE per year across agencies. (Table 1)
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4.3.5 Hypothesis Testing

Bivariate analyses revealed that none of the covariates of interest were associated with
OSHA reports of occupational injury or illness. (Table 3) In a multivariate model
controlling for other work schedule characteristics, familiarity of crewmembers, time of
day, and agency size, weekly work hours were not associated with OSHA report. (Table
3)

Familiarity of crewmembers was not significantly associated with the outcome (p=0.44).
Part-time worker status was protective against occupational injury or illness (OR 0.70;
95% CI 0.58-0.86). For each additional shift worked in the previous 4 weeks, the odds of
an OSHA report decreased by 4% (OR 0.96; 95% CI 0.94-0.98). Results of a model
excluding illnesses are very similar. (Appendix A)

4.4

DISCUSSION

In this study population of EMS workers and diverse EMS organizations, there was no
association between weekly work hours, crewmember familiarity, and occupational
injury or illness. Our findings differ from the general population captured via the
National Health Interview Survey, which detected an increasing incidence of injury for
40-50, 50-60, and greater than 60 weekly work hours.153 Research of 11,516 nurses, who
often face similar shift work challenges to EMS, concluded that working more than 40
hours per week on average was significantly associated with work-related injuries.154
Regarding the role of familiarity, our findings show no association between weekly work
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hours, familiarity, and injury. This differs from what we hypothesized based on findings
from previous research.145 To the best of our knowledge, our study is one of the first to
investigate this relationship in an EMS population.

There are several potential explanations for our findings. It is possible that in the EMS
setting, work-related exposures other than weekly work hours are more important
drivers of adverse workplace events. The occurrence of an occupational injury or illness
can be likened to Reason’s Swiss cheese model of system accidents.148 Deficits in
performance due to prolonged weekly work hour may be mitigated by downstream
layers of the model. Layers of defense against an injury or illness may be positive safety
culture, certain agency policies, or the presence of equipment designed to encourage
safety when lifting and moving patients.155

EMS care can be characterized as intermittent (episodic) in nature, - specifically, EMS
work is episodic in that paramedics and other EMS workers perform patient care when
dispatched to do so. This care is not scheduled and can be characterized as
unpredictable. Care episodes are separated by periods of rest and precipitated by
sensory activations such as alarms, lights, and sirens, which may encourage
wakefulness.61,156 There may be a correlation between the preferred work schedule of an
individual and their tolerance to chronic partial sleep restriction.149 Workers who
gravitate to this profession may also maintain vigilance effectively in stressful situations
– which may also partially explain the lack of association between familiarity and
injury.57
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We observed decreased risk of occupational injury or illness for shifts where the
previous week of work included a higher percentage of night hours, and also for shifts
worked by part-time employees. Workers on night shifts may be more susceptible to
sleepiness, disrupted circadian rhythms, and have less oversight from management.157
At the same time, EMS workers may receive sufficient rest during overnight shifts to
maintain high performance.158 Call volume is lowest during night hours60 and exposure
to occupational hazards most often occurs when workers are active. This is also relevant
when considering the part-time worker finding. Part-time workers are potentially
exposed to a lesser extent to the occupational hazards of emergency medical services
work.

Shift work, fatigue, and safety are visible and contentious issues in the EMS community.
This analysis contributes to the understanding of these issues by examining nearly 1
million shift records and 1,000 reports of occupational illness or injury. Our findings,
while in contrast to prior efforts in other settings, raise important questions which merit
further research in the EMS domain. Namely – staffing requirements and the safety of
those staffing structures vary by population density, service area, and job tasks. What is
a safe and sustainable amount of weekly work in each setting, assuming a given
workload and cognitive demand? Also, are historical OSHA 300 log records
representative of the burden of injury in a workplace? Further research should seek to
utilize and grow data sources to inform these questions.
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4.5

LIMITATIONS

This is a secondary analysis of administrative data.. The dataset lacks potential
explanatory information on work activities, including unit hour utilization, work
environment, and agency culture. Important individual confounding variables are also
unavailable – such as medical conditions, dietary habits, and sleep behaviors. Previous
literature suggests many EMS workers work multiple jobs.6,79 Any hours worked outside
of agencies participating in data collection are not captured in the analysis.

We consider use of a large dataset of shift schedules as one of several strengths of our
study over that of previous research. This may be the largest dataset and analysis of
work hours in EMS workers. Our findings suggests that EMS workers work a similar
amount of hours per week (39 on average) in comparison to the general working
population at their primary job (39 hours). Previous research has relied primarily on
self-report and cross-sectional surveys. These prior studies suggest that EMS workers
accumulate greater than or equal to 48-hours per week. Specifically, in the LEADS
survey (Longitudinal Emergency Medical Technician Attributes and Demographics
Study – a national survey of EMS providers constructed by sampling from providers
with active national certifications), respondents were asked the number of hours they
were available for an EMS response during a typical week. The median value for EMTBasics was 48.1 hours, compared to 51.8 hours for EMT-Paramedics.59 Several studies
suggest EMS workers often maintain employment at multiple organizations.6,83
Differences between our findings and previous research may be due to lack of capture of
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all EMS worker shifts. Future studies should determine how to include both secondary
and self-report data to obtain the most accurate measurement of weekly work hours.

Research in other settings using OSHA 300 logs suggests that they are commonly an
underestimate of the true burden of injury. The degree to which they underestimate
injury rates is thought be between 20 and 70%.159,160 The extent of underreporting varies
widely across occupational setting, and has not been quantified in an EMS setting.161
Previous studies have found that organizational safety culture is associated with injury
reporting. Organizations with negative safety climate had significantly higher rates of
underreporting of OSHA eligible injury or illness.162 We have previously found wide
variation in safety climate scores and safety culture as a whole across EMS agencies
nationally.123 We observed a 29-fold difference in OSHA reporting rates across the
participating EMS organizations. We attempted to remove potential agency-level
confounding by including a random-effect for agency in the multivariable model.

4.6

CONCLUSION

Weekly work hours are not associated with OSHA-reportable occupational injury and
illness in this national cohort of EMS providers. Future research should explore the
impact of momentary exposures such as unit hour utilization, transient sleepiness and
fatigue, as well as incorporate information regarding agency policies and safety culture.
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4.7

FIGURES

Figure 5: Data obtained and determination of inclusion in the final sample
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4.8

TABLES

Table 3. Sampling frame and agency-level characteristics

Location
Agency 1
Agency 2
Agency 3
Agency 4
Agency 5
Agency 6
Agency 7
Agency 8
Agency 9
Agency 10
Agency 11
Agency 12
Agency 13
Agency 14
Total

Years
of data

Cumulative
hours of
work

2.50
1.08
2.50
2.76
2.67
2.91
2.91
2.52
2.00
2.91
2.85
2.91
1.82
1.83
34.17

1,773,139
219,762
778,834
820,096
832,416
1,600,990
1,097,959
461,899
777,045
718,311
1,179,573
1,015,161
384,328
524,790
12,184,303

OSHA
reports

OSHA rate
(per 100 FTE
per Year)

Midpoint
workforce
size

Hours of
work per
employee
per week
(Mean, SD)

90
23
26
68
20
136
51
40
219
36
50
23
156
12
950

4.07
19.42
2.67
6.02
1.80
5.84
3.19
6.87
28.22
3.44
2.97
1.56
44.55
2.49
5.36

348
132
170
145
117
255
186
96
255
148
220
222
138
174
2,606

40.0 (15.3)
35.2 (14.9)
33.9 (11.3)
44.0 (20.8)
50.2 (20.7)
41.0 (15.5)
40.9 (14.9)
38.3 (12.8)
35.6 (19.7)
38.4 (17.5)
38.4 (20.9)
34.8 (13.9)
33.7 (14.7)
33.9 (19.0)
38.8 (17.0)
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Table 4. Distribution of covariates across exposure categories

Familiarity (past 8 weeks)
Median (P25-75)
Hours of recovery
Median (P25-P75)
Number of shifts in the month
Mean (SD)
Proportion night hours
Mean (SD)
Unique employees
Part-time employees
Injuries (n (%))
Injuries with work
restriction only
Injuries requiring time
away from work

<48 hours
(n=620,487)

48-59 hours
(n=233,221)

≥60 hours
(n=112,374)

7 (1-20)

8 (1-19)

5 (1-17)

19 (12-84)

12 (12-36.5)

12 (11.5-24)

16 (12-60)

12.1 (4.6)

13.6 (4.0)

16.0 (4.8)

12.9 (4.7)

0.25 (0.29)

0.29 (0.27)

0.31 (0.26)

0.27 (0.28)

4,382
4,380
637 (0.10)

3,562
3,332
202 (0.09)

2,810
1,551
111 (0.10)

4,382
4,380
950 (0.10)

137 (0.02)

54 (0.02)

21 (0.02)

212 (0.02)

91 (0.01)

22 (0.01)

8 (0.01)

121 (0.01)

57

Total
(n=966,082)
7 (1-19)

Table 5. Mixed effects logistic regression model results

Hours of work previous 7
days
<48 hrs
48-59 hrs
≥60 hrs
Crewmember Familiarity
0-1 shifts
2-7 shifts
8-19 shifts
≥20 shifts
Short Recovery (<11 hrs)
Number of shifts in a
month
Proportion of night hours
Employment status
Full-time
Part-time
Midpoint Agency Size
(20 person units)

Unadjusted
OR Injury

pValue

Adjusted
OR Injury

p-value

Referent
0.93 (0.79-1.10)
1.04 (0.84-1.28)

---

Referent
0.92 (0.78-1.09)
1.12 (0.89-1.41)

--0.36
0.33

0.46

Referent
1.05 (0.89-1.25)
1.13 (0.94-1.36)
1.18 (0.95-1.47)
0.95 (0.77-1.17)

--0.54
0.19
0.15
0.60

0.08

0.96 (0.94-0.98)

<0.0001

0.80 (0.631.00)

0.05

0.78 (0.61-0.98)

0.03

Referent
0.90 (0.77-1.04)

--0.15

Referent
0.70 (0.58-0.86)

--0.001

0.99 (0.88-1.11)

0.84

0.99 (0.87-1.12)

0.84

0.61

Referent
1.04 (0.88-1.23)
1.11 (0.93-1.33)
1.12 (0.91-1.38)
0.93 (0.76-1.13)
0.99 (0.97-1.00)

--0.63
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5.0

AN OBSERVATIONAL STUDY OF SHIFT LENGTH, CREW

FAMILIARITY, AND OCCUPATIONAL INJURY AND ILLNESS IN EMS

5.1

INTRODUCTION

Emergency medical services (EMS) workers provide the public with medical care and
emergent transportation across the United States 24 hours a day. Workplace injury
among EMS workers is higher than the general working public and other high-risk
occupations.8,14,163 EMS work is high-risk and involves operating an ambulance at
elevated speeds on public roadways, carrying heavy equipment, lifting and moving
patients, and stabilizing the ill and acutely injured in settings characterized as
uncontrolled.71-73,164 EMS workers are commonly deployed in teams of two (a dyad) and
work shifts of 12 or 24-hours. Recent research raises concern about the safety of EMS
workers and patients, revealing a high-level of workplace fatigue and limited familiarity
between EMS dyadic crewmembers.6,81 While fatigue and limited teammate familiarity
have been linked to poor safety outcomes and poor performance in a variety of
settings,134 there is limited research involving EMS workers and thus a great deal of
uncertainty among investigators and EMS officials regarding the significance of shift
length and crew deployment.7,81

The Occupational Safety and Health Administration (OSHA) defines a normal work shift
as: “a work period of no more than eight consecutive hours during the day, five days a
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week with at least an eight-hour period of rest.”165 Most EMS workers are scheduled or
deployed to work extended shifts of >12-hours. Research has linked extended shifts to
adverse events, medical errors, and attentional deficits in diverse settings, including
healthcare.166 Recent research using cross-sectional survey data links EMS worker selfreported workplace injury to fatigue.6 Shift length was not a factor in this study, yet
there is ongoing uncertainty and debate on the contribution and significance of shift
length, timing, and rotation in EMS workplace safety.7 Specifically, many in EMS
administration perceive extended shifts as dangerous and advocate they be
eliminated.167 Others, including EMS workers, may feel differently given a lack of
research showing a direct link between shift work factors, including length, and safety
outcomes, such as injury or medical error.

Of equal importance is EMS crew deployment and its association with safety. Most EMS
systems deploy two crewmembers (a dyad) work staff and ambulance. In most cases,
one crewmember will operate the ambulance while the second crewmember provides
patient care. There is emerging body of literature that raises concern for the lack of
planned deployment of EMS crews. One recent study shows that EMS workers are
scheduled with 19 different crewmembers annually, with some workers scheduled with
more than 50 different partners in one year.81 Lack of familiarity between pilots and copilot dyadic crews has been linked to a higher rate of errors during take-off and landing
versus pilot/co-pilot teams with greater teammate familiarity. Another analysis of
aviation data shows that greater than 70% of accidents can be traced back to the
pilot/co-pilot dyad’s first flight first day together.145 Other studies also link limited
familiarity between teammates with poor performance and poor outcomes.168,169
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Because EMS work depends on two crewmembers working well together under stressful
conditions, there is reason to believe that the dangers of extended shift work combined
with limited teammate familiarity pose a risk to safety. In this paper, we explore the
interaction between extended shifts and teammate familiarity and the role these threats
may play in EMS worker injury. The purpose of this analysis was to evaluate the impact
of shift length on internal reports of occupational injury and illness in a national cohort
of EMS workers. We hypothesized that the risk of injury or illness would increase with
increasing shift length.

5.2

METHODS

This is an analysis of a retrospective cohort of 14 EMS agencies with 37 base sites
distributed across the United States. The exposure of interest was shift length, with the
outcome of interest OSHA reported injury or illness. Participating organizations
represent a convenience sample of organizations providing historical scheduling records
and occupational injury records for a period of 1-3 years.

5.2.1 Study Protocol

Agencies provided historical administrative records of employee shift schedules and
Occupational Safety Health Association (OSHA) occupational injury or illness reports.
OSHA reports were matched to specific shifts using a combination of variables including
date, location (agency/base site), and employee identification number. If the employee
and location matched the OSHA report, but the shift time did not, the OSHA report was
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matched to the most proximal previous work shift as long as the shift occurred within 4
days of the recorded injury or illness. The 4 day interval was used to maximize the
likelihood that the OSHA report be matched to the shift on which the incident occurred.
OSHA stipulates an injury must be recorded within 7 days. Shifts were excluded when
the unit variable described a non-clinical task, for example, maintenance worker, billing
staff, or vehicle service technician.

5.2.2 Outcome Variable of Interest

The outcome of interest was work-related injury or illness recorded on the agency OSHA
300 log.27 The OSHA form 300 log from each of the participating EMS agencies was
obtained for all 37 base sites. The OSHA form contains a short, free-text description of
the event along with the assignment of the event into categories of injury or illness, with
several subcategories beneath the illness designation. The assignment of the event into
categories is performed by an individual at the EMS agency. The outcome was defined as
any report from the OSHA log provided it met the following criteria: Injury: Any wound
or damage to the body resulting from an event in the work environment, requiring
medical treatment beyond basic first aid, or resulting in loss of consciousness or an
inability to perform normal duties without restriction. Illness or Unanticipated
Exposure to Illness was defined as: Any illness or exposure to infectious illness that
resulted from an event in the work environment and was not prevented by the use of the
personal protective equipment. Routine patient care of infectious persons in the course
of duty without incident did not meet the threshold for a report and was excluded as an
outcome. Each reported injury or illness was reviewed to determine whether or not the
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report met the criteria for inclusion as an outcome. The purpose of reviewing each
record for inclusion was to minimize potential biases that could be present in cases of
differential thresholds for reporting injuries or illnesses across agencies and individuals.

5.2.3 Exposure of Interest

The length of the shift was considered the primary independent variable of interest.
Shift length was extracted from historical shift schedules. Shift length was treated in
several ways for completeness. First, EMS agencies commonly schedule shifts of 8, 12,
16, and 24 hrs. The primary representation of the exposure in this analysis stratifies the
continuous shift hours variable into these four sections: Shifts ≤8 hrs were grouped
together, shifts >8 hrs and ≤12 hrs, then shifts >12 and ≤16 hours, shifts >16 and ≤24
hours, and shifts >24 hours. Shift length was also stratified into categories of 8-16, 1624, and greater than 24 hrs, as well as 8-12 and ≥12 hrs. Next, shift length was examined
as a dichotomous measure, considering shifts ≥12 hours to be extended in nature.
Lastly, shift length was treated as a continuous variable.

5.2.4 Independent Variables of Interest

Teammate familiarity was defined as the number of shifts the employee worked with the
partner(s) assigned for the shift of the interest within the 8-weeks preceding the shift.
The familiarity variable was categorized using quartiles. The 8-week interval was chosen
based on prior literature suggesting that 8-weeks is the maximum period of recall of
team interactions.148,149
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Other relevant covariates were also constructed from the shift schedules. The recovery
time was calculated as the number of hours since the end of the most recent shift.
Recovery time was treated as a continuous variable. Each shift was classified as
overnight or not. The following were defined as overnight shifts: Shifts of at least 16 hrs
duration starting at or after 3pm, shifts of at least 12 hrs duration starting at or after
6pm, shifts of at least 8 hrs starting at or after 10pm, and all shifts lasting 24 hrs or
more. Any shift with a start-time ≤2 hrs after the end of the most recent shift was
considered consecutive in nature.

Part-time employees were defined consistent with the Bureau of Labor Statistics (BLS)
standard.150 The BLS considers an employee to be part-time if their hours do not exceed
34 hours per week. Part-time status was determined for each shift by calculating
retrospectively the average work hours for the previous 4-weeks for each shift of each
employee. Thus an employee could transition from part-time to full-time status
depending on their work schedule throughout the study period.

Workforce size has been associated with injury reporting in other settings.151,152 The
number of unique employees working a shift during a 4-week period was used to
estimate the number of workers employed by each agency. The month corresponding to
the midpoint of the data collection period was isolated to generate this estimate.

5.2.5 Statistical Analysis

The variables of interest are reported using mean and standard deviation when
normality is present, and with median and interquartile range otherwise. The rate of
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OSHA reports was calculated as the number of reports per 100 FTE per year. An FTE
was defined as 2,000 hours of work per year.

Multivariable mixed effects logistic models were constructed for hypothesis testing. The
variables of interest were specified a priori. The fixed effects were the length of the shift
in hours, categorical quartile of familiarity of crew on the shift, hours of recovery,
whether or not the shift encompassed overnight hours, whether the shift started within
2 hours of the most recent shift end (consecutive shift) full-time vs. part-time
employment status, and the size of agency’s workforce. A random agency effect was
utilized to account for the clustering of EMS workers within agencies and a random
worker effect was implemented to account for the correlation between repeated
measures within worker. The analysis was performed using Stata version 12.1 MP,
College Station, TX: StataCorp LP.

The primary outcome was the presence/absence of an OSHA reportable occupational
injury or illness. A sensitivity analysis was perform to examine the association excluding
reports classified as illness as they are often exposures to infectious illness, and may
have a different relationship with shift length compared to that of injury. Estimates from
the multivariable models were used to calculate the number needed to be exposed for
one additional

person be harmed (NNEH),

confounders.170
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after

adjustment

for

potential

5.2.6 Ethical Statement

This study was reviewed and approved by the University of Pittsburgh Institutional
Review Board.

5.3

RESULTS

5.3.1 Study Sample

Administrative shift scheduling and injury data was obtained from 14 EMS
organizations. (Table 1) Data are representative of 4,382 employees and 966,082 total
work shifts. (Figure 1)

5.3.2 Shift Length

The mean shift length overall was 12.6 hrs (SD 4.40), while the median length was 12
hrs (IQR 12, 12). (Table 1) The average shift length varied across agencies. (Figure 2)

5.3.3 Injury or Illness

The overall rate of OSHA reports in this sample was 5.36 per 100 FTE per year (Table 1).
There were a total of 950 reports from 677 employees. Nearly ¾ (74.2%) of reports were
categorized as injuries (Table 2). One in five injuries or illnesses resulted in the
individual being restricted in their normal work activities (22.3%), while 12.7% resulted
in time away from work.
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5.3.4 Independent Variables

The greatest familiarity was observed for shifts >12 and ≤16 hrs duration, where
partners had a median of 11 shifts together in the previous 8 weeks (Table 3).
Consecutive shifts were most common for longer shift length categories. Over 20% of
shifts longer than 24 hours began immediately following the end of the most recent
previous shift. Hours of recovery were greatest for shifts 16-24 hours, with a median of 2
days off-work prior to those shifts in this cohort. Shifts 8-12 hours in duration had a
median of 12 hours recovery. Although shifts longer than 24-hours were rare, over 15%
of all workers in this sample worked at least one shift of this type during the study
period.

5.3.5 Univariable Models

Shift length was associated with reported injury or illness without adjustment for
confounding variables (p=0.003), while teammate familiarity was not (p=0.62). A
quadratic term for shift-length was not significant, suggesting a linear relationship
between shift length and the outcome. Other covariates of interest, including overnight
shift, consecutive shift, hours of recovery, part-time worker status, and agency
workforce size were not associated with the outcome.
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5.3.6 Multivariable Models

Compared to shifts ≤8 hours in duration, shifts >8 & ≤12 hours increased the risk of
occupational injury or illness by 43%, and shifts 12 & ≤16 hours increased the risk by
82%. Shifts greater than 16 hours and as long as 24 hours more than doubled the risk of
injury or illness. (Table 4) Characterizing shift length in other ways yielded similar
results. Shifts 12-hours in duration or greater increased the risk of occupational injury
or illness by 49% (RR 1.49; 95% CI 1.18-1.88). For every additional hour of shift length,
the risk of injury or illness increased by 4% (RR 1.04; 95% CI 1.02-1.06). (Figure 3)

Familiarity, agency workforce size, part-time status, and hours of recovery were not
associated with occupational injury or illness. Consecutive shifts also did not
significantly alter the risk of occupational injury or illness. Overnight shifts were safer,
demonstrating a 22% decrease in risk compared to all other shifts. (Table 4)

5.3.7 Number Needed to Expose to Observe Harm

After adjustment for other potentially confounding variables, the number of shifts
needed to result in harm decreased sequentially from shorter to longer shifts. (Figure 4)

5.4

DISCUSSION

The analysis suggests an increased risk of injury and illness sequentially with increased
shift duration. The effect was statistically significant for 12-hour shifts compared to less
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than 12-hour shifts, and the greatest risk was observed for 24-hour shifts. Shift length
appeared to have a linear relationship with the outcome. (Appendix B)

The relationship between shift length and safety outcomes is poorly understood and
little data exists to guide decision-making.7 The endotracheal intubation success rates of
Air Medical providers was evaluated at one organization after a change in scheduling
policies.62 Success rates did not vary by increasing shift length from 12 to 24 hours.
Thomas et al. similarly found no difference in cognitive performance for 12 vs. 18 hour
shifts in a population of 10 flight nurses.63 Another effort in Air Medical providers found
no difference in cognitive performance between 12 and 24-hour shifts, and also reported
reduced fatigue at the end of a 24-hour shift compared to the beginning.158 A crosssectional survey of 511 EMS providers nationally found the proportion of severely
fatigued providers was highest among those working 24-hour shifts, and that severe
mental or physical fatigue was associated with injury, medical errors, and safetycompromising behaviors. Shift length was not associated with these outcomes when
fatigue was also included in the model.6

The rate of fatal injuries in EMS workers exceeds that of the general public and
transportation crashes are the most common cause.8,12 Driving emergently relies on
reaction time and judgment for safety, both of which are impaired by fatigue.69,171
Drowsiness increases the risk of a crash 8-fold.47 Multiple studies have demonstrated
similar impairment from alcohol intoxication and sustained wakefulness.172 Williamson
and Feyer showed that reaction time for subjects who slept adequately (7 hours) and
then remained awake for approximately 18 hours was the same as when those subjects
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were legally intoxicated.173 Our data suggest that EMS workers may not arrive to work
fully rested – obtaining 6 hours of preshift sleep on average,170 and shifts of 18 hours or
more are common. These factors combined suggest that without restorative rest,
impaired mental and physical performance may be present.

EMS agencies vary widely in terms of structure, coverage area, demands for service,
monetary resources, available workforce, and other factors. There is no optimal
schedule to meet the needs of all potential workplaces. In many cases, adequate staffing
would not be possible without extended shifts. Extended shifts that allow for restorative
sleep and rest may protect against the development of fatigue and sleepiness. Frakes
showed EMS providers averaged 7 hours of sleep on 24-hr shifts79, and Guyette
observed improved performance on select tasks at the end of a 24-hour shift compared
to the beginning, likely aided by on-shift sleep.158 Studies of innovative scheduling
practices among EMS providers in Japan suggest that protected inter-shift rest periods
may alleviate perceived fatigue.174 However, some workplaces do not permit sleep while
employees are on shift, and calls for service may preclude rest opportunities.

The evidence provided by this study is not sufficient to change current practice. These
findings are early observational evidence of a preventable exposure associated with
injury and illness and should be tested in a randomized design.

5.4.1 Limitations

There are several important limitations that should be considered when interpreting our
results. First, this is an observational study, and the neither the exposure nor the
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outcome was recorded in the interest of examining the hypothesized question. No
agency-level demographic information was collected. Based on the number of active
employees at each agency during the study period, our sample is not representative of
agencies with workforces with less than 100 employees. There is no information on call
volume, rurality, or existing fatigue management systems, important factors when
interpreting these results. It is possible that this sample is composed entirely of high
volume non-rural agencies, where rest on shift may be uncommon or not permitted.

The social norms at participating agencies regarding injury reporting are unknown.
Safety culture has been associated with injury reporting in other settings, with a higher
rate of underreporting in workplaces with negative safety culture.175 In EMS, previous
research suggests higher odds of self-reported occupational injury in agencies with
negative safety culture.176 Safety culture was not available as a covariate in this analysis.

Relevant individual characteristics, such as age, sex, medical conditions, and personal
lifestyle habits, were not available. The sleep habits of individuals in the study could
potentially explain our findings. The number of jobs that each individual worked was
not known. Many EMS workers are employed at multiple agencies simultaneously,6,79
and the likelihood of employment at more than 1 agency may be related to the most
common shift length worked. Individuals who primarily work 24-hour shifts may have
greater time availability with which to obtain other employment. Multiple job holders
may be at increased risk of fatigue and injury due to a combination of factors, including
reduced sleep, increased fatigue, long work hours, and increased commuting time.54

71

The use of OSHA 300 logs to capture occupational injury has limitations. OHSA logs are
widely believed to underestimate the burden of injury and illness, somewhere between
20 and 70%.159,160 Underreporting may be especially prevalent among healthcare
workers.27 Evidence suggests underreporting is particularly common in instances of
musculoskeletal injury and needlestick injury, among the most common injuries
sustained by EMS providers.8 Any injuries related to shift length that occurred outside
of work hours were not captured. There is an increased risk of motor vehicle crash
commuting to and from the workplace for extended shifts, with a 9% increased crash
risk for every 24-hour or longer shift.50,177

The dataset lacked granularity to examine the evolution of risk over successive hours on
duty. The OSHA report was matched to a shift, with no knowledge of how many hours
into the shift the injury or illness occurred. OSHA reports were also matched to the most
recent shift within the previous 4 days. This method assumed that the event described
occurred on the most recent shift. If reporting was delayed or inaccurate the report may
not be matched to the shift on which it occurred.

5.5

CONCLUSION

Extended shifts are associated with occupational injury and illness. Findings may be
interpreted as preliminary evidence for a randomized, controlled trial to guide policymaking.
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5.6

FIGURES

Figure 6. Data obtained and determination of inclusion in the final sample

73

Figure 7. Frequency of shift length categories in the sample and across
agencies
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** Each estimate is from a separate mixed effects logistic model controlling for hours of
recovery, night shift, part-time employment status, and agency workforce size, with
random effects for agency and employee.

Figure 8. Results of sensitivity analysis testing different ways to
characterize shift length
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Figure 9. Number of shifts of a given length needed to observe harm
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5.7

TABLES

Table 6. Agency level characteristics of study sample

Location
Agency 1
Agency 2
Agency 3
Agency 4
Agency 5
Agency 6
Agency 7
Agency 8
Agency 9
Agency 10
Agency 11
Agency 12
Agency 13
Agency 14
Total

Proportion
Number of
Part-time Start Date
Employees
Employees
545
30.17%
1/1/11
153
58.33%
11/1/12
231
68.24%
1/1/11
254
37.24%
2/27/11
170
14.53%
3/27/11
491
42.75%
1/1/11
314
41.40%
1/1/11
220
61.46%
5/21/11
387
78.04%
10/1/11
262
53.38%
1/1/11
447
48.64%
1/22/11
516
55.41%
1/1/11
154
94.20%
10/31/11
241
64.94%
10/1/11
4,382
52.38%
1/1/11

End
Date
6/30/13
11/29/13
6/30/13
11/29/13
11/29/13
11/29/13
11/29/13
11/29/13
9/30/13
11/29/13
11/29/13
11/29/13
8/26/13
7/31/13
11/29/13

Number of
Shift Length
Shifts
(Mean, SD)
n (%)
143,119 (14.81) 12.39 (2.90)
19,190 (1.99)
11.45 (1.62)
65,229 (6.75) 11.94 (0.66)
50,237 (5.20) 16.32 (6.39)
42,006 (4.25) 19.82 (5.94)
131,182 (13.58) 12.20 (2.99)
93,661 (9.69)
11.72 (1.40)
41,061 (4.25)
11.25 (3.86)
61,751 (6.39)
12.58 (3.99)
58,247 (6.03) 12.33 (4.13)
94,290 (9.76) 12.51 (4.96)
90,988 (9.42) 11.16 (3.21)
48,041 (4.97)
8.00 (0)
27,080 (2.80) 19.38 (6.48)
966,082 (100) 12.61 (4.40)
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OSHA
Report
s
90
23
26
68
20
136
51
40
219
36
50
23
156
12
950

Rate
(per 100 FTE
per year)
4.07
19.42
2.67
6.02
1.80
5.84
3.19
6.87
28.22
3.44
2.97
1.56
44.55
2.49
5.36

Table 7. Work-related injuries and illnesses

Total Reports
(n=950,
100%)
Category
Injury
705 (74.2)
Illness
245 (25.8)
Skin disease or disorder
4 (0.4)
Respiratory condition
16 (1.7)
Poisoning
2 (0.2)
Hearing loss
3 (0.3)
All other illnesses
169 (17.8)
Not specified
51 (5.4)
Severity
Restricted work
activity
Days away from work
Death
Other or unspecified

Median
(p25-P75)
-----------------

212 (22.3)

8 (1-23)

121 (12.7)
0 (0.0)
617 (64.9)

8 (2-25)
-----
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Table 8. Covariates of interest across exposure categories

≤8 hrs
(n=121,093)
15,237 (12.58)
3 (0, 13)
10,791 (8.91)
16 (16, 46)

Overnight shifts (n, %)
Partner familiarity (Median, IQR)
Consecutive shifts (n, %)
Hours of Recovery (Median, IQR)
Number of shifts past 7 days
4 (3, 5)
(Median, IQR)
Unique workers (n, %)*
3,490 (79.64)
Total injuries and illnesses (n, %)
197 (0.16)
Resulting in work restriction
12 (0.01)
Resulting in time away from work 43 (0.04)

>8 & ≤12 hrs
(n=675,630)
156,420 (23.15)
8 (1, 21)
14,108 (2.09)
12 (12, 60)

>12 & ≤16 hrs
(n=61,239)
4,900 (8.00)
11 (1, 20)
899 (1.47)
24 (11-59)

3 (3, 4)

3 (2, 4)

4,141 (94.50)
586 (0.09)
146 (0.02)
56 (0.01)

2,144 (48.93)
49 (0.08)
13 (0.02)
6 (0.01)

>16 & ≥24 hrs
(n=106,267)
100,296 (94.38)
4 (0, 11)
10,906 (10.26)
48 (24, 73)
2 (2, 3)

>24 hrs
(n=1,853)
1,853 (100)
6 (2, 13)
385 (20.78)
24 (7.5, 60)
3 (2, 4)

Total
(n=966,082)
101,949 (95.49)
7 (1, 19)
37,089 (3.84)
16 (12, 60)
3 (2, 4)

2,017 (46.03)
117 (0.11)
40 (0.04)
16 (0.02)

681 (15.54)
1 (0.05)
1 (0.05)
0 (0.00)

4,382 (100)
950 (0.10)
212 (0.02)
121 (0.01)

* Percentage calculated using denominator of 4,382 total unique EMS workers in study. All other percentages are column
percentages.
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Table 9. Multivariable model results

Shift Length (category)
≤8 hrs
>8 & ≤12 hrs
>12 & ≤16 hrs
>16 and ≤24 hrs
>24 hrs
Overnight shift
Consecutive shift
Crew Familiarity
0-1 shifts
2-7 shifts
8-19 shifts
≥20 shifts
Hours of recovery (4 hr units)
Employment Status
Full-time
Part-time
Midpoint Agency Size (20 person
units)

Relative Risk (95%
CI)

p-value

Referent
1.43 (1.04-1.97)
1.82 (1.17-2.82)
2.29 (1.52-3.46)
1.68 (0.23-12.42)
0.78 (0.65-0.93)
0.84 (0.62-1.15)

--0.03
0.008
<0.0001
0.61
0.005
0.29

Referent
1.05 (0.88-1.24)
1.08 (0.90-1.30)
1.14 (0.91-1.41)
1.00 (1.00-1.00)

--0.59
0.39
0.25
0.85

Referent
0.91 (0.78-1.07)
0.99 (0.86-1.13)

--0.26
0.88
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6.0

OVERARCHING DISCUSSION

Several themes emerged from the combined results of these efforts. First, shift length
may be an important, modifiable risk factor for occupational injury and illness. Second,
short-term familiarity alone does not seem to be an important factor for occupational
injury or illness in EMS worker partnerships. Third, overnight work was protective in
our dataset – an interesting finding which reinforces the unique nature of EMS work
and the need for more targeted EMS occupational safety research. Finally, we observed
substantial agency-level variation – suggesting that agency-level interventions may be
promising and also that agency-level factors are important when considering relevant
confounding factors.

Shift length was associated with occupational injury in our sample, while weekly work
hours were not. This finding suggests that transient exposures isolated to the shift under
study may be more important than long-term exposures thought to increase risk – such
as weekly work hours. We hypothesize that the increased risk linked to extended shifts is
attributable to fatigue-related performance deficit, but we did not directly directly
address fatigue in our analyses. The results from the literature review suggest the
methodology to test this hypothesis is currently lacking, but modern technologies may
allow for more informed testing of this hypothesis in the near future.

One example is the SleepTrackTXT trial, whose design was published in the journal
Trials.170 The trial recruited individual EMS workers nationally to provide fatigue,
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sleepiness, and concentration measures at the beginning of each work shift, every 4
hours during the shift, and then again at the end of the shift using a text message data
collection system. This form of momentary assessment represents a step forward in our
understanding of the evolution of fatigue throughout a 6-month period of shiftwork. The
SleepTrackTXT trial was an interventional trial designed to reduce reported fatigue,
sleepiness, and difficulty concentrating using text message strategies. A similar trial
powered to detect differences in fatigue across different shift length categories would be
able to formally test our proposed mechanism.

The risk of occupational injury or illness increased in a linear fashion with increasing
shift length. This finding was suggested by the similar increases in relative risk for each
shift length category, with the exception of shifts longer than 24 hours, which were likely
underpowered. (Appendix C) The presence of linearity was also formally tested in a
mixed effects logistic model containing the continuous linear predictor as well as its
quadratic equivalent. The linear predictor was significant (RR 1.14; 95% CI 1.02-1.28;
p=0.02), while the quadratic term was not (RR 1.00; 95% CI 0.99-1.00; p=0.07).

An argument could be made that the increased risk observed with increasing shift length
is strictly attributable to increased exposure – in other words, by working more, there is
by definition a higher likelihood you will experience an injury. We cannot rule this out
as a possibility in our study. In order to exclude this, we would need to be able to
capture the moment in the shift during which the injury occurred. Our dataset only
provides the detail necessary to link an injury to a shift as a whole. One way to
investigate whether increased exposure has explanatory power could be to combine the
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exposures of interest – weekly work hours and shift length – in a single model. This
would inform whether individuals who worked more reported more injuries. The results
of a model containing shift length, weekly work hours, overnight shift, and familiarity
are below. (Table 10)

Table 10. Combined model

Shift Length (category)
≤8 hrs
>8 & ≤12 hrs
>12 & ≤16 hrs
>16 and ≤24 hrs
>24 hrs
Overnight shift
Weekly Work Hours
<48 hrs
48-59 hrs
≥60 hrs
Familiarity (quartiles)
0-1 shifts
2-7 shifts
8-19 shifts
≥20 shifts

Relative Risk (95%
CI)

p-value

Referent
1.47 (1.07-2.03)
1.88 (1.21-2.91)
2.52 (1.67-3.80)
1.72 (0.23-12.67)
0.78 (0.65-0.93)

--0.02
0.005
<0.0001
0.60
0.005

Referent
0.89 (0.76-1.05)
0.99 (0.80-1.23)

--0.18
0.96

Referent
1.04 (0.88-1.23)
1.09 (0.91-1.30)
1.16 (0.94-1.44)

--0.68
0.36
0.15

After controlling for weekly work hours (hours of work in the 7 days preceding the shift),
shift length becomes an even stronger predictor of injury than in a model without
weekly work hours. This provides some evidence to suggest that increased risk with
extended shifts is not attributable to increased time at risk in the work environment.
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Familiarity between partners did not significantly impact injury risk in our data. We
examined familiarity as a short-term exposure – specifically within the 8-weeks prior to
the shift of interest. We chose this approach based on literature suggesting periods
longer than 8 weeks may introduce difficulty in recall for teamwork interactions.148,149
However, many individuals in our study likely had long-term exposures to one another
via work prior to the start of the study. Short-term familiarity does not give a complete
picture of the extent of crew familiarity, which may be several years removed. It is also
possible that intangibles not captured in this study are more important than familiarity
alone. For example, positive teamwork behaviors are desirable, and they are not
necessarily created with increased familiarity. Familiarity can promote trust and
communication through shared experiences, but effective teamwork is complex and
requires additional elements as well.178

The database of shift schedules analyzed in this dissertation represents the largest
database of its kind to be reported in the literature. Overwhelming, the most common
shift length among agencies in this study was 12 hours. Prior to this report, we have
relied on self-reported data from EMS providers, who were asked to report the shift
length that they most commonly worked.6,7,83,173 Previous self-reported data suggested
the most common shift lengths in our industry were 12 and 24 hours. We now know, at
least among agencies similar to those described in our study, the distribution of shifts is
heavily skewed toward 12-hour shifts. The most common shift length also varied across
agency.
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Night work hours and night shifts as a whole were found to be protective against OSHA
reports in both analyses. This is in contrast to previous work in police officers, which
suggests a substantial increase in injury risk on night shifts.45 It seems that fatigue
would be most prevalent on night shifts,74,179 and also that staffing levels would be
lowest during off-peak hours, reducing the availability of backup when lifting and
moving patients. These factors may be outweighed by the reduced call volume on night
shifts, and perhaps the increased likelihood of recent rest to mitigate fatigue.

This project enhanced our understanding of the rate of occupational injury experienced
by EMS providers. Previous research either utilized government databases that were
unable to inform at the employee-shift level,8,9,11,12,180 or were limited to a single city’s
perspective.14,148 The overall rate of OSHA reporting observed in our study is similar to
the rate of injuries resulting in lost work time in these previous works, confirming that
EMS does have an elevated safety risk in comparison to the general workforce. One of
the most interesting findings from our more detailed database was the variation in
OSHA reporting rate that exists across different EMS agencies.

A nearly 30-fold variation in injury rate was observed across participating agencies. We
attempted to minimize agency-level confounding by introducing a random-effect for
agency in the multivariate model, but the effect of workplace cannot be entirely removed
in the analysis phase. We did explore removing agencies with the highest injury rates
from the analysis (Figure 13), and observed in one case our conclusions remained
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entirely the same, and in the other statistical significance did not remain for some
comparisons, while the direction of the association remained the same.

Our data source to capture occupational injury is the OSHA 300 log. In the United
States, most employers are required to maintain records of work-related injuries and
illnesses. (OSHA Regulation 29 CFR Part 1904) Exceptions are granted if you employ 10
or fewer personnel at all times, or if you are on a small list of low hazard industries.
Certainly, agency-level factors could play a large role in recording the outcome. Agency
size, availability and training of support staff, and workplace safety culture are all
relevant factors that could account for some agency-level variation.151

Underreporting of injuries is a concern, and one that is difficult to quantify. One large
Canadian study of 20,000 workers estimated that 50% of injuries go unreported to their
employer.159 This estimate, 50%, has been reported in other studies as well, but noted to
vary widely across occupational setting.161 Previous studies have found that
organizational safety culture is associated with injury reporting. Specifically,
organizations with negative safety climate had significantly higher rates of
underreporting of OSHA eligible injuries.162 We have previously found wide variation in
safety climate scores and safety culture as a whole across EMS agencies nationally.123
These characteristics could potentially impact agency-level injury rates, however, we
also found that EMS providers who report more negative perceptions of safety climate
were more likely to report occupational injuries – not less.176 These injuries were
obtained by self-report, not by collection of OSHA 300 logs. If our estimates of injury
are biased by using this data source to capture our outcome, we anticipate the bias to
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manifest in calculated injury rates that are lower than actual injury rates. We have little
reason to expect differential reporting across exposure categories (shift length and other
characteristics of shift work). If agencies systematically fail to report serious injuries,
and the agency does not have a random distribution of shift lengths and weekly work
hours, our estimates will be biased toward the null for the shift length and weekly work
hours that are most commonly represented at those agencies. We can only address this
bias through statistical methods.

There is also the possibility of over-reporting. If there were agencies or individuals who
submit minor injury or illness reports that do not meet the threshold for injury
reporting by our definition, they would bias our results away from the null for the shift
length or weekly work hours that they most commonly work. We attempted to minimize
some of the reporting biases across agencies and individuals by reviewing all the OSHA
reports and excluding reports which did not meet the OSHA required recording
standard. We excluded 12 minor reports (Appendix C, Table 11), which were distributed
across different shift lengths but were isolated to the two agencies with the highest rate
of reporting.

There is an adage commonly heard among peers, If you have seen one EMS agency, you
have seen one EMS agency. It seems particularly relevant to the work described here.
At the time of this writing, there are 65 EMS agencies in Allegheny County alone (the
county which houses the City of Pittsburgh, Pennsylvania and its surrounding area).
Each of them is truly unique. The findings and associations observed in our study do not
generalize to all of them. For example, by many metrics, this is an urban area. However,
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there are surely many agencies that can and do safely deploy 24-hour shifts with a
leisurely workload. In order to understand the intricacies of shift work and safety, we
must have more finely textured datasets with information on both individual-level
workload and agency policies. The work must be carried forward prospectively to
confirm or reject our conclusions.

This project is significant to public health. While the findings should not be used in
isolation to change policy, they are compelling initial data and present a foundation for
future work. Future work is imperative because the health and safety of EMS workers
concerns not only that specific worker population – but also the residents of the
communities where those EMS workers serve. EMS workers are the safety net for all
public citizens, and it is likely that their role in the healthcare system will only increase
in the future.177 The health and safety of the EMS workforce must be prioritized in order
to ensure a healthy safety net for the public.
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APPENDIX A: WEEKLY WORK HOURS

Figure 10. Weekly work hours sensitivity analysis comparing models of all
OSHA reports and with illnesses excluded
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APPENDIX B: SHIFT LENGTH

Figure 11. Sensitivity analysis of all OSHA reports vs injury alone

90

Figure 12. Linearity of shift length predictor with and without shifts longer
than 24 hours
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The overall n is 966,082, with 950 OSHA reports. Removal of agency 13 excludes 48,041
shifts and 156 OSHA reports. Removal of agency 9 excludes 61,751 shifts and 219 OSHA
reports.
Figure 13. Sensitivity analysis demonstrating change in results with
exclusion of highest OSHA reporting agencies
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Table 11. Description of excluded OSHA reports (n=12)

1

2
3
4
5

6

7

8

9
10
11
12

Description
Agency
Ache/discomfort/strain/sprain of back when
putting stretcher back into
ambulance - report that pain subsided by next
9
call and didn't have trouble
repeating the task
Potential for contamination – coworker
contacted medic stating she was
9
diagnosed with Pertussis
Possible exposure to TB - unknowingly in
contact with patient being
9
treated for TB for a short period of time
Struck parked car while driving golf cart - no
9
major damages
Possible exposure to TB -transporting patient
that had been continually
9
treated for TB
No observable condition - precaution of
chemical exposure to lungs from
9
contact with patients exposed to Hydrofluoric
Acid
Possible exposure to TB or Meningitis from
direct care of very sick
9
patient - precaution (full PPT worn)
Possible Contamination Exposure - response
to call for sick male with
neck pain, so precautionary measures were
9
taken - hospital later confirmed
patient had infectious disease
Possible raw sewage exposure when station
13
flooded
Possible raw sewage exposure when station
13
flooded
Possible environmental exposure from a
house with urine and trash
13
present
Bed bugs exposure when transporting
13
infested patient to hospital
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Shift length (hrs)
24

16
16
12
12

12

12

12

8
8
8
8
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