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The Influence of Emergency Call Volume on Occupational
Workload and Sleep Quality in Urban Firefighters
Jacob D. Jelmini, MS, Phillip A. Gribble, PhD, Mark G. Abel, PhD, Lauren N. Whitehurst, PhD,
and Nicholas R. Heebner, PhD
LEARNING OBJECTIVES

• Identify the effect of firefighter emergency call volume on
exertion, autonomic activity, and sleep

• Compare the use of different subjective methods of assessing
exertion, stress, and sleep

• Recognize the potential use of physiological monitoring as a
method of assessing workload
Objective: The aim of the study is to determine the impact of emergency call
volume on exertion, autonomic activity, and sleep among urban structural fire-
fighters.Methods: Thirty-four firefighters wore a wrist-based monitor to track
sleep and autonomic parameters and rated their level of perceived exertion
(Borg Rating of Perceived Exertion) and subjective sleepiness after a 24-hour
shift. Predictive variables included total run time and total run time after
11:59 PM. Results: Total run time and sleep duration accounted for Borg Rat-
ing of Perceived Exertion and subjective sleepiness, while total run time and to-
tal run time after 11:59 PM accounted for sleep durations on-duty. Conclu-
sions:The current results suggest that emergency call volume is associatedwith
indicators of exertion and sleep. As such, call volume tracking is an important
consideration for departments to ensure personnel readiness and wellness and
provide a method of tracking the occupational demands experienced by fire-
fighters on-duty.

Keywords: autonomic nervous system, emergency responder, heart rate
variability, shift work

F irefighting has been cited as one of the most hazardous job occupa-
tions in the United States because of its physical demand and its

increased risk exposure.1 However, the hazards of firefighters are
not exclusive to the United States alone. In fact, both national and inter-
national reports have shownmusculoskeletal (MSK) injuries encompass
65% of all nonfatal injuries in firefighting, resulting in approximately
$430,000–$1,000,000 per fire department per year in total medical
and compensation costs.2,3 Despite a decline in reported fires over
the past four decades, the fireground injury rate since 2000 has re-
mained between 14.4–26.9 injuries per 1000 fires per year.4
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Previous research has identified a potential link between high
occupational stress with poor sleep quality, fewer hours slept, and in-
creased day time dysfunction.5 In particular, obese firefighters who
do not get enough sleep are twice as likely to sustain an on-duty injury
than thosewho have enough sleep.6 Consequently, biological stress ac-
tivation has been observed secondary to sleep deprivation.7 The auto-
nomic nervous system (ANS) indexes stress demands and responses
via two of its branches, the sympathetic and parasympathetic nervous
system, which work synergistically to predict and adjust physiological
responses, including heart rate, blood pressure, respiration, and hor-
mones to physical demands. Studies have shown that the ANS’s abil-
ity to recover in active-duty firefighters is intensity specific.8 It is pos-
sible, therefore, that higher levels of occupational stress exposure may
influence both factors of sleep quality and regulation of the ANS.

Occupational stress exposure may partly be influenced by the
nature of a firefighter’s work shift. Alterations in autonomic function
have previously been reported in shift work populations, including
firefighters.9 It has been suggested that changes in autonomic function
may compromise workers to perform their daily job tasks in the short-
term, along with their physical health outcomes long-term.10,11 A
24-hour shift is a common practice seen in firefighting and its impact
on autonomic function has been documented.12–14 In fact, one review
found a transition away from a parasympathetic dominant state after
24-hour shift work.12 Measuring autonomic activity, therefore, becomes
a critical assessment as any noted changes after a firefighter’s work shift
may be reflective of possible changes in occupational stress exposure.

Heart rate variability (HRV) is a reliable and noninvasive method
of assessing ANS function that analyzes the variability of time between
successive Rwaves, also referred to as NN distances or the inter-beat in-
terval.15 The distance between successive beats, or variability, have been
suggested as the system’s capacity to regulate and cope with a varying
environment.16 As such, observing the impact of a firefighter’s expo-
sure to job-related stressors may provide valuable insight into the indi-
vidual system’s capacity to mobilize and restore its resources in response
to external or internal stimuli. For example, Lyytikäinen and col-
leagues17 found that 48 hours is required to observe significant im-
provements in autonomic function after a 24-hour shift. However, the
researchers did not capture daily on-duty activity. As a result, how
on-duty exposures, such as a firefighter’s emergency call volume, may
have impacted autonomic function could not be determined. Moreover,
how occupational stress exposure may impact other physiological pro-
cesses, such as sleep, could not be inferred given the interactions and
implications between ANS function and sleep hygiene.5,18
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Sufficient sleep quality and sleep duration, typically 8 hours of
continuous sleep, are essential for general health.19,20 However, because
of nature of emergency services and responding to emergency calls,
firefighters may not be able to obtain optimal sleep (both sufficient du-
ration and consolidated) as a result of shift work.21 The effects of sleep
deprivation on cognitive function have been well documented,22–24

and its detrimental effects have also been particularly noted in tactical
populations.18,25–27 Poor sleep quality and sleep deprivation are com-
mon occurrences in firefighting due to job task demands. In addition,
occupational stress and poor sleep quality have been found in
firefighting, along with a significant relationship also identified be-
tween shift work and poor sleep quality.5,28 In fact, occupational stress
scores and MSK disorders are significantly higher in firefighters with
poor sleep quality,18 with a two-fold increased risk of injury when on
duty.5,6 For example, Grier and colleagues26 found an inverse relation-
ship between sleep duration and MSK injury. Moreover, individuals
who slept less than 4 hours were 2.35 times more likely to experience
a MSK injury compared to those who slept 8 hours or more.26 Work-
related stress has been identified as a significant indicator of insomnia
symptoms, short sleep duration, sleep dissatisfaction, and sleepiness.25

One plausible surrogate method of monitoring occupational demands
on-duty (ie, occupational workload) is quantifying the number of emer-
gency calls a firefighter responds towhile on-duty. Call volume tracking
may act as a potential option for monitoring occupational demand given
its direct translatability to the fire service. For example, individuals who
are routinely subjected to on-call work report difficulties in returning to
sleep after responding to calls and report sleeping less than the mini-
mum recommended amount.29 One study capturing objective sleep
measures via actigraphy found the average firefighter sleeps just under
5.5 hours while on-duty.27 However, sleep duration in isolation is not a
good predictor of sleep quality, but rather differences in sleep environ-
ment may also contribute to these findings.27 As such, capturing subjec-
tive measures that assess a firefighter’s perceived experience after a
24-hour shift may complement the objective measures currently in
use. For example, the Karolinska Sleepiness Scale has been previously
shown as a viable proxy for electroencephalographic activity and behav-
ioral indicators of sleepiness.30 Therefore, in addition to monitoring occu-
pational demand and objective sleep measures, assessment of firefighter
status using a subjectivemethod, such as sleepiness, may complement ob-
jective measures observed on-duty. Furthermore, developing a viable
method of monitoring firefighter workload is critical to evaluate how
emergency calls impact factors contributing to on-duty demand and sleep.

Tactical populations, in particular firefighters, constantly face
highly stressful, psychologically, and/or physiologically taxing situa-
tions. Previous research in sport suggests that periods of high psycho-
logical stress are significant contributors to athletic injury during the
competitive collegiate football season.31 Furthermore, chronic psy-
chological stress has a significant impact on the rate of muscle recov-
ery.32 Traditional sport has extensively researched how day-to-day
psychological and physical demands impact injury risk through the im-
plementation of workload monitoring.33–40 For example, large increases
in acute workload have been associated with increased injury risk,33 with
TABLE 1. Participant Demographic and Physical Characteristics

Mean ± SD Low

Age (yr) 35.26 ± 5.67 33.
Height (cm) 179.47 ± 8.19 176.
Weight (kg) 92.27 ± 13.97 87.
BMI (kg m−2) 28.53 ± 3.11 27.
Years of service with local FD 7.92 ± 5.80 5.
Total years of firefighter service 10.09 ± 6.74 7.

BMI, body mass index; CI, confidence interval; FD, fire department.

© 2024 American College of Occupational and Environmental Medicine
intensity and duration of load proportionally increasing risk.35 However,
such amodel has yet to be substantiated in an occupational setting, in par-
ticular firefighting. Given the adaptive actions occurring within the body
may be brought upon by either an external or internal stimulus,41 there has
been an increased interest in understanding the contribution of psycholog-
ical stress, physical stress, and their impact on health and function. Impair-
ments in health and function may not solely be reflective of increased
physical demand. Rather, physical and/or psychological stressorsmay im-
pact an individual’s overall well-being. As such, by identifying if emer-
gency call volume is one viable surrogate for monitoring firefighter
workload, future research may then continue to investigate its long-
term utility for minimizing firefighter injury.

Physical injury is not solely a result of a physical debilitation.
Rather, physical or psychological stressors may influence injury. Whether
the same results are prevalent in a tactical population remains unclear. As
such, there is a critical need to understanding howemergency call volume
as an indicator of occupational stress exposure may influence factors con-
tributing to stress and sleep in a firefighter population. Therefore, the pur-
pose of the current study was to determine the impact of emergency call
volume on exertion, autonomic activity, and sleep among urban structural
firefighters. We hypothesized that if firefighters responded to higher
emergency call volumes while on-duty, then they would report greater
levels of perceived exertion and increased levels of subjective sleepiness,
aswell as poorer sleep and decreased resting HRVvalueswhen compared
to firefighters who respond to lower call volumes.

METHODS

Participants
A convenience sample of 34 (male: 33; female: 1) firefighters

participated in the study. Each participant that volunteered for the
study was an active-duty member of a large urban fire department,
with an average of 10.1 ± 6.7 years of emergency service (for participant
characteristics, see Table 1). All participants were recruited from the same
large urban fire department. Recruitment of interested participants was by
word of mouth via the primary and co-investigators or by contacting the
study investigators via approved research study flyers located at fire sta-
tions throughout the city. Participantswere excluded from the study if they
were under 18 years of age or were not full-time active-duty (career) fire-
fighters. Participants were also excluded if they were on light-duty status
within 6months of the time of study enrollment. All participants were na-
ïve to the hypothesis of the study and provided consent after reading the
consent formoutlining potential risks and study procedures. The consent
form and procedures were approved by the University of Kentucky hu-
man subjects review committee.

Fire Department Demographic Profile
The fire department included in the current study is a large ur-

ban department located in the eastern United States. The department
currently has 601 employees, all of which are full-time, career fire-
fighters. The department’s shift cycle consisted of 24 hours on-duty,
95% CI

er Upper Minimum Maximum

35 37.17 23.00 51.00
72 182.22 160.02 193.04
57 96.97 63.64 122.73
48 29.58 21.20 37.40
97 9.87 1.00 22.00
82 12.36 1.00 24.00
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followed by 48 hours off-duty. However, personnel may also work
overtime shifts and/or swap shifts (ie, workback shift) depending on
schedule assignments. The fire company offers a combined service
providing both fire (ie, fire truck and ladder) and emergency medical
services (ie, ambulance), a total of 24 firehouses servicing the city. As
such, the department also provides patient transport with the provided
emergency medical services (EMS). Annual call volume for fire-
related emergencies is approximately 25,000 and for EMS is approxi-
mately 50,000.

Research Design
The current observational study enabled the measurement of

occupational workload, HRV, perceived exertion, and sleep among
firefighters over a six-month period. The study was conducted from
April 2022 to October 2022. The current study adhered to the
STROBE Guidelines (Supplemental Digital Content, http://links.
lww.com/JOM/B575). Each participant received a wearable physio-
logical monitor (WHOOP, Boston, MA) worn on the wrist that tracked
HRVusing an optical based light sensor to measure capsular flow.42 In
addition, the monitor has also shown to capture objective measure-
ments of sleep (eg, sleep duration on-duty) via actigraphy.43–45 Partic-
ipants were asked to wear the monitor securely on their wrist for the
duration of the study and to go about their job and personal activities
as normal. As such, the researchers captured physiological measure-
ments for the entire 6 months (24-hour on-duty, 48-hour off-duty).
In addition, subjective measurements were also captured. Upon com-
pletion of a 24-hour shift, each participant indicated their level of per-
ceived exertion and sleepiness experienced on-duty via the Borg Rate
of Perceived Exertion Scale and the Karolinska Sleepiness Scale. All
survey data were collected via Research Electronic Data Capture
(REDCap). REDCap is a secure, web-based application designed ex-
clusively to support data capture for research studies.46 Each
24-hour shift began at 7:00 AMand finished at 7:00 AM the following
calendar day (Fig. 1).

Measurement of Emergency Call Volume
Emergency calls reported at each fire station were captured by

the local fire department. Fire station call logs were used to quantify
the total number of calls each firefighter responded to while on shift.
Call logs were provided to the research team on amonthly basis. Emer-
gency call volume was analyzed two ways. Total runs, or the total
number of emergency calls responded to during a 24-hour shift, as
well as total runs after 11:59 PM, were captured for analysis (ie, count
data). In addition, emergency call volume was also captured numeri-
cally by a firefighter’s total run time, or the total number of minutes
a firefighter was away from the fire station responding to emergency
calls during a 24-hour shift, along with total run time after 11:59 PM
were also collected to evaluate total duration outside of the fire station.
Run time was calculated from the time of dispatch to the time the
assigned firefighter reported that they completed the emergency call
(ie, marked in case log to indicate the apparatus is back online and
available). Emergency calls after 11:59 PM were also captured as pre-
vious evidence has noted workplace injury is at its highest at night and
early morning.47,48 For the current analysis, only shift cycles that
incorporated 24-hour on-duty, followed by 48-hour off-duty were
FIGURE 1. Firefighter shift cycle (24-hour on-duty, 48-hour off-duty
off-duty.
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included. Shift cycles that included overtime shifts, any switching of
shifts (ie, workback shift), or vacation days were omitted.

Measurement of Occupational Stress
Firefighters wore a physiological monitor (WHOOP, Boston,

MA) to track HRV during on-duty tasks. The monitor quantified
HRVusing photoplethysmography via light-emitted diodes on the bot-
tom of the sensor, with more recent evidence indicating its use as a
valid measure of HRV in the absence of gold-standard electrocardio-
gram (EKG).43–45 Participants were instructed to place the sensor di-
rectly on the skin approximately 10 mm proximal to the styloid pro-
cess of the ulna. In addition, participants were instructed to clean the
area to optimize the sensor’s capabilities to capture HRV data.

Measuring heart rate is a common metric used in both clinical
and research applications to assess the heart’s ability to respond to in-
bound stimuli.49 Heart rate variability quantified in the time-domain
uses R-R peaks, also referred to as the interbeat interval, to measure
the amount of variability between successive beats recorded over
time.49 Previous literature has shown HRV to be a reliable method of
assessing autonomic activity (for a review, see Shaffer and Ginsburg,
2017).49 In addition, its utility has been previously observed and re-
viewed within the fire service.17,50,51 As such, HRV is a beneficial
method to monitor an individual’s adaptability to internal or external
stressors.

Measurement of Sleep
The physiological monitor (WHOOP, Boston, MA) also esti-

mated sleep duration experienced on-duty based on measures of
movement and heart rate derived from actigraphy.43 For the purposes
of the current study, sleep duration was defined as the number of hours
a firefighter slept while on-duty. Sleep duration data was sent on a
weekly basis from the monitor’s manufacturer to the principal re-
searcher for analysis. The wrist-worn monitor allowed for objective
monitoring of sleep duration on-duty.

Subjective Measures of Exertion and Sleep
Measurement of exertion experienced while on-duty was col-

lected using the Borg Rating of Perceived Exertion (RPE) scale. The
Borg RPE scale was used to establish subjective measures of intensity
each time a firefighter completed a 24-hour shift. The scale was
assessed on a range of 6 to 20, with a 6 indicating “no exertion” and
a 20 signifying “maximal exertion.” The Borg RPE scale is a widely
used and reliable indicator to monitor exercise intensity and is consid-
ered valuable because of its ability to capture the perceived exertion
from central cardiovascular, respiratory, and central nervous system
functions.52 Furthermore, the Borg RPE scale has been shown as a vi-
able measure of assessing firefighter exertion when compared to phys-
ical bouts of exercise.53,54

In addition to perceived exertion, subjective measures of sleep
were also measured after completing a 24-hour shift. The Karolinska
Sleepiness Scale (KSS) was used to measure subjective sleepiness
upon completion of a 24-hour shift. The one-question assessment
was scored on a 10-point scale, with a higher score equating to in-
creased sleepiness (1 = extremely alert; 10 = extremely sleepy, can’t
keep awake).55 As previously described, the KSS has been suggested
) and time of assessment. Solid black line, on-duty; dotted line,

© 2024 American College of Occupational and Environmental Medicine
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as a useful alternative to electroencephalographic activity and behav-
ioral indicators of sleepiness.30 In addition, its use capturing subjective
levels of sleepiness has been previously observed with firefighter and
rescue service workers while on-duty.56

Data Reduction
Each firefighter reported the date they were on-duty upon com-

pletion of their regularly scheduled 24-hour shift. In other words, the
on-duty day was reported by each participant as the date they were
most recently on shift. Each data point (one on-duty shift) was col-
lected from each participant after they completed shift via a secure
REDCap link. The reported date the participant started the shift was
then cross-referenced with the fire station call logs to determine the
platoon and the apparatus (ie, ambulance, fire engine, or ladder) each
participant was assigned to, as well as the number of emergency calls.
The participant then subsequently responded to the Borg RPE and the
KSS using the same REDCap link. The reported on-duty day was then
cross-referenced to the reported date of completion of the Borg RPE
scale and the KSS to determine perceived exertion and subjective
sleepiness experienced on shift. In addition, participant age and years
of service were captured for analysis as a plausible link between these
factors to levels of stress has been suggested in the firefighter literature.57

Body mass index was also collected at intake given the relationship
between obesity, injury, and absenteeism observed in firefighting.58,59

Statistical Analysis
Descriptive statistics were calculated for each variable observed

in the current study. A general linear model with repeated measures
analysis and compound symmetry correlation measurement was used
to identify predictors of RPE, sleepiness, and sleep duration on-duty.
A correlationmatrix was first performed to determine variable eligibil-
ity. Variables were considered eligible for model inclusion if r values
≥0.10 were found. Each predictor variable was further examined for
collinearity via bivariate correlations to one another. Should collinear-
ity exist (r ≥ 0.70), the independent variable more strongly correlated
to the dependent variable was included in the model. Strength and in-
terpretation of correlation coefficients were based on previous work,60

with 0.90 to 1.00 defined as “very strong,” 0.70 to 0.89 as “strong,”
0.40 to 0.69 as “moderate,” 0.10 to 0.39 as “weak,” and 0.00 to 0.10
considered “negligible”. Akaike Information Criterion (AIC) was used
to evaluate model performance and to determine which model was the
best fit for the data. Statistical significance was accepted at an alpha level
of 0.05.All analyses in the current studywere conducted using a statistical
software package (SAS, [version 9.4]; SAS Institute Inc., Cary, NC).

RESULTS
Absolute values are presented in Tables 1 and 2. A total of 1240

observations (on-duty shifts) were captured during the study after
removal of overtime shifts, shift switches (workback shifts), and
TABLE 2. Outcomes of 24-Hour Shift Work in Urban Structural Fire

Mean ± SD L

Total runs 8.55 ± 4.95
Total run time (min) 352.90 ± 254.49 2
Total runs after 11:59 PM 1.22 ± 1.26
Total run time after 11:59 PM (min) 43.97 ± 53.43
Resting HRV (ms) 56.07 ± 23.51
Sleep duration (hr) 5.45 ± 1.57
Borg Rate of Perceived Exertion 12.73 ± 2.27
Karolinska Sleepiness Scale 5.92 ± 2.04

CI, confidence interval; HRV, heart rate variability.

© 2024 American College of Occupational and Environmental Medicine
vacation days. Table 2 describes the outcomes of 24-hour shift work
in the study’s sample. The average number of emergency calls per indi-
vidual per shift across all observations was 8.55 ± 4.95 calls per individ-
ual per shift, with an average total run time of 352.90 ± 254.49 minutes
per individual per shift. Supplemental Table 1 (http://links.lww.com/
JOM/B576) displays the outcomes of 24-hour shift work by apparatus
assignment. By comparison, the average total run time when assigned
to an ambulance was 235% greater than those assigned to a fire engine
and 455% greater than those assigned to the ladder (Supplemental Table
1, http://links.lww.com/JOM/B576).

Table 3 displays the correlation matrix between emergency call
volume, RPE, subjective sleepiness, HRV, and sleep duration on-duty.
Total runs and total runs after 11:59 PM were weakly correlated with
RPE (r = 0.283; r = 0.207, respectively), subjective sleepiness
(r = 0.325; r = 0.302, respectively), and sleep duration on-duty
(r = −0.386; r = −0.382, respectively). In addition, total run time and
total run time after 11:59 PM were weakly correlated with RPE
(r = 0.339; r = 0.270, respectively), subjective sleepiness (r = 0.312;
r = 0.334, respectively), and moderately correlated with sleep duration
on-duty (r = −0.411; r = −0.446, respectively). No significant correla-
tion coefficients were found between HRV and any of the observed
emergency call volume variables, including total runs, total runs after
11:59 PM, total run time, and total run time after 11:59 PM.While age
was weakly correlated to RPE (r = −0.152), total years of firefighter
service was weakly correlated to RPE and subjective sleepiness
(r = −0.161; r = −0.148, respectively), and body mass index (BMI)
was weakly correlated to subjective sleepiness and negligible to sleep
duration on-duty (r = −0.178; r = 0.066, respectively), neither age, to-
tal years of firefighter service, nor BMI improved performance of the
models. Neither age nor total years of firefighter service correlated
with sleep duration on-duty.

To account for the presence of collinearity, total run time and
total run time after 11:59 PM were the two independent variables in-
cluded in the model. The general linear model with repeated measures
indicated that total run time and sleep duration on-duty were the stron-
gest predictors of RPE (P = 0.005; AIC = 4070.30) (Table 4). Interest-
ingly, total run time and sleep duration on-duty also accounted for the
greatest model performance for subjective sleepiness (P < 0.001;
AIC = 3719.20)(Table 5). The current study found that a one-minute
increase in total run time was associated with a 0.00582 increase in
RPE and a 0.00208 increase in sleepiness. Conversely, a 1-hour in-
crease in on-duty sleep was associated with a 0.228 decrease in re-
ported RPE and a 0.485 decrease in subjective sleepiness. Total run
time in tandem with total run time after 11:59 PM was the strongest
performing model predicting the amount of sleep experienced on-
duty (P < 0.001; AIC = 3598.40). In fact, the current study found that
a one-minute increase in total run time was associated with a 0.00130
decrease in hours of sleep on-duty. Moreover, a 1-minute increase in
total run time after 11:59 PM was associated with a 0.00740 decrease
in hours of sleep on-duty (Table 6).
fighters

95% CI

ower Upper Minimum Maximum

6.89 10.21 1.00 23.00
67.36 438.44 11.20 1796.00
0.80 1.64 0.00 7.00
26.01 61.93 0.00 490.80
48.17 63.97 13.00 165.00
4.92 5.98 0.63 10.56
11.97 13.49 6.00 20.00
5.23 6.61 1.00 10.00
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DISCUSSION
The purpose of the current studywas to determine the impact of

emergency call volume on exertion, autonomic activity, and sleep
among urban structural firefighters. It was hypothesized that call volume
would be associated with greater perceived exertion and subjective sleep-
iness, along with poorer sleep and decreased HRV values. The results of
the current study indicate that total run time and sleep duration on-duty
were the strongest predictors of both RPE and subjective sleepiness.
These findings are congruous with previous research noting proportional
increases in subjective fatigue and sleepiness to frequency of shift work.61

For example, Shen and colleagues61 found the frequency with which
workers engage in shift work has a significant effect on their subjective
fatigue experienced. Furthermore, more fatigued shift workers display
poorer sleep quality scores, reduced sleep efficiency, and decreased total
sleep time.62

Shift work and disrupted sleep is a commonality in firefighting
associated with several long-term health ailments (for a review, see
Soteriades et al, 2011).63 Firefighters experience rapid changes in
heart rate immediately following an initial alarm often reaching max-
imum or near-maximum levels,64 and sometimes occurring during the
early morning hours. In fact, disrupted and fragmented sleep has been
associated with increased sympathetic nervous system activation.65

Moreover, heart rate remains elevated when individuals are subjected
to reduced sleep times (less than 5 hours).66 It is possible, therefore, that
a reduction in overall sleep time after a high call volume shift may sub-
sequently compromise adequate firefighter recovery after shift.

In addition to recovery, a reduction in sleep time on-duty may
also influence a firefighter’s risk of MSK injury. Grier and colleagues26

found in other tactical populations that individuals who slept less than 4
hours were 2.35 times more likely to sustain a MSK injury when com-
pared to thosewho slept greater than 8 hours. An increase in emergency
call volume may impact a firefighter’s opportunity to sleep while on-
duty. In other populations, injury risk increases when an increase in
training load or training intensity is coupled with a decrease in hours
slept.67 However, whether firefighter injury risk is exacerbated with ha-
bitual sleep loss with increases in call volume remains unknown. The
present study found firefighters, on average, only slept 5.45 ± 1.57 hours
on-duty. Although this is above the threshold found by Grier and col-
leagues,26 there are instances where firefighters slept less than 4 hours.
In addition, previous evidence has shown that less than 6 hours of sleep
is enough to impair stress and fatigue,68 with further impairments (less
than 4 hours) impacting both recovery and performance.69Moreover, shift
work and suboptimal sleep also have been associated with increased fa-
tigue61 and increased MSK pain.70,71 In addition, increased job stress
among firefighters has been associatedwith increased frequency of injury
and occurrence of occupational injury.72 As such, further investigation is
warranted to determine howchronic exposure to increased emergency call
volumes may influence long-term health outcomes. Future work should
expand on how emergency call volume and frequency of sleep distur-
bances may influence firefighter MSK injury risk and long-term health.
Moreover, such work should also consider how other factors on-duty,
such as apparatus assignment, may impact firefighter outcomes.

When analyzing autonomic activity via resting HRV values, no
significant differences were found. These findings contrast previous ev-
idence indicating a decrease in reported HRV values in the time-domain
coupled with increased sympathetic nervous system activity after
24-hour shift work.12 Differences in the collection of HRV may illustrate
such discrepancies between studies. Assessing autonomic functions is
considered valuable, particularly when measuring neurocardiac function
and the system’s response to internal and/or external stimuli.73–75 Surpris-
ingly, no evidence of any changes in ANS activity were found despite
a decrease in hours slept on-duty and an increase in RPE and subjec-
tive sleepiness reported. Poor sleep hygiene in firefighting has been
previously linked to increased occupational stress,5 daytime dysfunc-
tion,5 and job stress scores.18 Moreover, increased sympathetic
586 © 2024 American College of Occupational and Environmental Medicine
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nervous system activity has been observed secondary to acute sleep
deprivation.7 Lyytikäinen and colleagues17 found firefighters require
at least 2 days to recover from 24-hour shift work to restore changes
in ANS activity. However, the use of a wearable device to capture au-
tonomic activity on-duty is one possible explanation for differences
between the current study and other studies evaluating autonomic ac-
tivity in shift work populations.

The current study used a wearable wrist-worn physiological
monitor to track both autonomic activity and sleep while on-duty.
Wearable sensors have increased in popularity in both general and ath-
letic populations as a ‘light-weight’ alternative to measuring heart rate
without the hassle of using a clinical EKG to capture R-R peaks.76

However, limitations in measuring autonomic activity do exist between
wearable sensors and a clinical EKG. For example, accuracy and reli-
ability for wearable sensors are noticeably diminished with increased
movement or alterations in exercise load (for reviews, seeGeorgiou et al,
201877 and Shei et al, 202278). In addition, the HRV values described in
the current study were limited by the manufacturer’s proprietary algo-
rithm. The resting HRV values reported were values captured at the time
of each participant awakening from sleep (as indicated by the device),
which coincidedwith the end of the firefighter’s shift.We acknowledge,
therefore, that the type of wearable sensor used may have affected the
possibility to observe any significant differences. To optimize the per-
formance of the sensor, the participants were asked to securely fasten
the monitor to their wrist to deter any accessory movement. In addition,
the participants were instructed to clean the surface area of the skin
where the sensor was in contact in order to maximize the sensor’s capa-
bility. At the same time, we also recognizemeasuring autonomic activity
may be influenced by a myriad of extrinsic and intrinsic stressors, as
well as factors such as health status, age, dietary intake/metabolism,
and sleep.49,78 In addition, differences in job task responsibilities while
on shift may influence individual metrics. For instance, the role of each
firefighter on an apparatus may vary on-duty depending on rank
and personnel (ie, acting officer, driver, paramedic). For example,
Kaikkonen and colleagues79 estimated the physiological load and psy-
chological stress of Finnish firefighters during a 24-hour work shift.
The researchers found that the distribution of psychological stress
and recovery varies considerably both between individuals and across
shifts.79 Differences in cognitive or physical demands on shift, and
therefore autonomic response, may vary between individuals, particu-
larly when responding to an emergency call. Future research should
compare similar wearable technology to a clinical EKG to determine
whether similar findings are observed using a standardized approach
when assessing the impact of emergency call volume on autonomic
activity.

Another limitation of the current study was not accounting for
firefighter off-duty responsibilities. For example, a firefighter maywork
a second job outside of emergency services on their off-duty days. As
such, it is unclear how off-duty activities may potentially influence an
individual’s subjective reporting of RPE and/or subjective sleepiness.
In addition, other factors such as a firefighter’s physical activity level
and/or prioritization of home and family obligations may attenuate fire-
fighter recoverability.80,81 It is possible, therefore, that stressors outside
of a firefighter’s shift may illustrate the lack of observable differences in
autonomic activity. Future research should also consider off-duty activ-
ities and obligations when assessing on-duty activity as both may con-
currently influence firefighter recovery. In addition, the current study
did not screen for the presence of sleep disorders. As such, it is possible
individuals with a diagnosed sleeping disorder, such as Obstructive
Sleep Apnea, may have influenced HRV metrics captured in the cur-
rent study as previous evidence suggests adults with Obstructive Sleep
Apnea may demonstrate diminished vagal tone and higher sympa-
thetic responsiveness.82,83 Lastly, total sleep does not account for naps
that may have been taken on-duty. Although napping has been estab-
lished as an important method in maintaining adequate sleep, methods
that utilize wearable technology, such as those used in this study, have
© 2024 American College of Occupational and Environmental Medicine
not established valid methods of capturing naps. As such, they were not
captured in this study.

CONCLUSIONS
The results of the current study showed total run time over a

24-hour shift and sleep duration were the strongest predictors of
RPE and subjective sleepiness experienced on-duty. Furthermore, we
have also shown that total run time over a 24-hour shift and total run
time after 11:59 PMare strong predictors of sleep experienced on-duty.
To our knowledge, no study to date has investigated both sleep and auto-
nomic function using a wearable sensor and emergency call volume in a
firefighter population. These findings suggest that emergency call volume
may compromise a firefighter’s on-duty perceived exertion, subjective
sleepiness, and sleep experienced after a 24-hour shift.
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