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Work-Related Fatigue
Relationship Between Perceived and Performance Fatigability in Career Firefighters
Amber N. Schmitz, MA, Hayden K. Giuliani-Dewig, PhD, Megan R. Laffan, MA, Abigail J. Trivisonno, MA,
Gena R. Gerstner, PhD, Jacob A. Mota, PhD, Nicholas A. Buoncristiani, MS, and Eric D. Ryan, PhD
LEARNING OUTCOMES

• Work-related fatigue can be measured by perceived self-re-
port or physical performance; however, the two fatigue con-
structs are not related in career firefighters.

• Our findings indicate that greater body fat negatively affects
performance fatigability in career firefighters, highlighting
the impact of obesity on firefighter fatigability.
Objective: The purpose of this study was to (1) examine the relationship be-
tween perceived work-related fatigue and performance fatigability, and (2) as-
sess the impact of percent body fat (%BF) on perceived fatigue constructs in ca-
reer firefighters. Methods: Thirty-nine career firefighters completed body
composition testing, the Occupational Fatigue Exhaustion Recovery (OFER15)
scale assessing three subscales of work-related fatigue (acute fatigue, chronic
fatigue, and inter-shift recovery), and maximal leg extensor isometric strength
testing prior to and following an isotonic fatiguing protocol. Results: Perfor-
mance fatigability was not associated with any of the OFER15 perceived
work-related fatigue variables (P ≥ 0.513). Greater %BF was associated with
greater %Δ peak torque (r = −0.41, P = 0.010) but none of the OFER15 per-
ceived work-related fatigue variables (P ≥ 0.638). Conclusions: Performance
fatigability was not associated with OFER15 perceived work-related fatigue,
and greater adiposity negatively impacted performance fatigability but not per-
ceived fatigability.
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Work-related fatigue impacts 37% of US employees, resulting in
reduced productivity, missed work, and an annual cost of

$136.4 billion.1–3 Further, numerous adverse health effects have been
linked to work-related fatigue including musculoskeletal injuries,4,5
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mental health disorders,6 cardiovascular disease,7 decreased quality
of life,8 and all-cause mortality.9 In 2019, the National Institute for Oc-
cupational Safety and Health (NIOSH) hosted a forum titled “Working
Hours, Sleep and Fatigue” to address knowledge gaps and highlight
the need for future research across various industries including the
public safety sector.10 Firefighters are critical to protecting public
health and safety. Due to their shiftwork, the strenuous nature of their
job tasks, and exposure to traumatic events and occupational stressors,
firefighters are considered to be more susceptible to work-related
fatigue.11–13

Work-related fatigue has been shown to negatively impact fire-
fighter job performance and safety.14–17 For example, firefighter
work-related fatigue has been associated with decrements in physical
(ie, balance,18 strength19) and cognitive (i.e., reaction time,20

vigilance21) variables, likely contributing to decreased performance
on firefighter critical tasks.12,14 For example, previous authors14 re-
ported an association between increased fatigability during an isotonic
leg extensor fatiguing task and decreased stair climb performance in
career firefighters. Further, work-related fatigue has been suggested
to contribute to an increased risk of motor vehicle accidents, fatal inju-
ries, and a four times greater risk of nonfatal injury and illness when
compared to other state and local government workers.15–17

Previous studies have assessed work-related fatigue with sub-
jective measures of perceived fatigue (the psychological attribute rep-
resenting deviations from homeostasis),13,22 while others have used
objective measures of performance fatigability (the capacity of skeletal
muscle and nervous system to sustain activity).19,22–24 Both constructs
of fatigue have previously been shown to negatively impact job
performance14,25 and injury risk26,27 in first responders. Although in-
dependent constructs of fatigue, previous authors have found associa-
tions between perceived fatigue and performance fatigability in clini-
cal populations.28–32 However, there is little work done exploring this
relationship in first responder populations. Evaluations of perceived
fatigue may be an efficient and cost-effective tool to track and manage
work-related fatigue in firefighters; however, it is unclear whether per-
ceived fatigue is associated with physical constructs of fatigue (i.e.,
performance fatigability). It is also important to consider that demo-
graphic characteristics previously associated with higher levels of
work-related fatigue (i.e., increased adiposity)33–35 are more prevalent
in the fire service when compared to the general population,36 poten-
tially confounding fatigue measurements and increasing their risk of
experiencing work-related fatigue. Thus, the purpose of this study
was to (1) examine the relationship between perceived work-related
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fatigue and performance fatigability and (2) assess the impact of per-
cent body fat (%BF) on each fatigue construct in career firefighters.
METHODS

Participants
Thirty-nine male, career firefighters (all demographic data are

included in Table 1) participated in this study.37 Participants reported
no history of neuromuscular, cardiovascular, or metabolic diseases.
Participants were excluded if they were a smoker or had any major sur-
gery or recent injury (within the last 3 months) to the lower extremities
or lower back. This study was approved by the University of North
Carolina at Chapel Hill institutional review board (#18-1458) for the
protection of human subjects.

Experimental Design
Participants visited the laboratory in the morning on one occa-

sion. All participants were asked to fast for 8 hours, refrain from caf-
feine intake and smokeless tobacco use for 12 hours, and vigorous
lower body exercise for 48 hours prior to testing. To minimize the ef-
fect of acute fatigue, firefighters were asked to (1) reschedule if they
felt significantly fatigued prior to their scheduled visit, and (2) com-
plete the 0–10 rating of fatigue scale (0, not fatigued at all; 10, total fa-
tigue and exhaustion—nothing left) upon arrival.38 Each participant
completed an informed consent document, health history question-
naire, and the OFER15 scale, a 15-item questionnaire assessing three
components of work-related fatigue—acute fatigue (AF), chronic fa-
tigue (CF), and inter-shift recovery (IR). Participants then completed
a body composition assessment and were familiarized with the leg ex-
tensor strength and fatigue protocols. Following a 10-minute rest pe-
riod and consumption of a standardized meal (Carnation Breakfast Es-
sentials High Protein 8 fl oz; fat 6 g, carbohydrate 28 g, protein 15 g),
participants performed a maximal strength and fatigability assessment
of the leg extensor muscles.

Body Composition
Stature and bodymass were measured using a calibrated stadiometer

and scale (Health o meter 2101 KL, Bridgeview, IL). Dual-energy x-ray ab-
sorptiometry (DXA,GELunar iDXA,GeneralElectricMedical SystemsUl-
trasound& Primary Care Diagnostics, Madison,WI) scans were used to as-
sess participant body fat percentage. Participants were in the supine position
in the center of the DXA tablewearing athletic clothing free of metal. Partic-
ipants were instructed to remain still during the entire scan.
TABLE 1. Mean ± Standard Deviation (SD) and Range Values
for Demographic and Fatigue Variables

Mean ± SD Range

Age (yr) 32.7 ± 8.2 20–50
Stature (cm) 179.0 ± 7.4 159.2–194.6
Body mass (kg) 92.7 ± 19.1 65.1–133.2
BMI (kg/m2) 28.9 ± 5.3 20.9–41.1
%BF (%) 24.1 ± 8.0 9.9–39.4
Rating of Fatigue Scale (AU) 1.5 ± 1.1 0–5
%ΔPT (%) −10.9 ± 10.7 −35.8–10.2
CF score (AU) 13.9 ± 14.1 0–50
AF score (AU) 33.9 ± 18.3 0–66.7
IR score (AU) 75.8 ± 18.4 26.7–100

BMI, body mass index; %BF, percent body fat; %ΔPT, % change in peak torque; CF
score, chronic fatigue score; AF, acute fatigue score; IR score, inter-shift recovery score;
and AU, arbitrary units.
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Familiarization
Participants were familiarized with the lower body strength and

fatiguing protocol using their dominant leg, determined as the pre-
ferred foot to kick a ball. Each participant was provided with a
warm-up consisting of three isometric leg extension contractions be-
tween 50%–75% of their perceived maximum effort before performing
one isometric maximal voluntary contraction (MVC). Participants
then performed five isotonic leg extension contractions at 40% of their
familiarization MVC peak torque (PT). Active extension of the leg
through the entire range of motion was followed by the dynamometer
passively returning the leg to the starting position (please see details
below). Participants were providedwith a 10-minute rest period before
performing the isometric strength testing and fatigability assessments.

Isometric Strength Testing
Participants were seated in a calibrated dynamometer (HUMAC

Norm; Computer Sports Medicine Inc, Stoughton, MA) to measure leg
extension PT. The dominant leg was flexed at 60° below horizontal
(0° = full extension). The center of the subject’s knee joint was aligned
with the axis of rotation of the dynamometer. The lower leg was secured
to a lever arm using a padded Velcro strap, 5-cm proximal to the lateral
malleolus of the ankle. Straps were placed around the chest, pelvis, and con-
tralateral limb to stabilize the participant during testing. After a warm-up of
three isometric submaximal leg extensions (between 50%–75%of perceived
max), participants were instructed to hold their arms across their chest and
kick out “as hard and as fast as possible” for 3–4 seconds with strong verbal
encouragement. Participants completed three MVCs, each separated
by a 2-minute rest period. The highest PT value measured was used
to calculate the load for the isotonic fatiguing protocol.

Fatigability
An isotonic fatiguing protocol, involving a constant load at 40% PT

and unconstrained velocity, was utilized because of its high relevance to ac-
tivities of everyday life.39 Participants performed 30 consecutive isotonic
contractions through 80° range of motion from 90° of knee flexion to 10°
of flexion (0° = full extension). Each participant was instructed to kick
out as hard and as fast as they could until their leg reached 10° of flexion.
The dynamometer then passively returned the leg to the starting position
(90°) at a speed of 45°•s−1. Participants performed one contraction every
3 seconds andwere instructed to fully relax during the passive return of their
leg. Immediately following the fatiguing task, participants performed an iso-
metric leg extensionMVC. The 30-repetition protocol was chosen because
the duration (90 seconds in total) is similar to previous studies40 who have
examined critical and essential firefighter tasks (eg, stair climb). During pi-
lot testing, a load of 40% PTwas found to be the highest load that partici-
pants could achieve near full range of motion for 30 repetitions.

Signal Processing
ABiopac data acquisition system (MP150WSW; Biopac Systems

Inc, Goleta, CA) was used to collect torque (Nm), position (radians), and
velocity (radians • s−1) at 2 kHz. All data were stored on a personal com-
puter (ThinkPad T420; Lenovo, Morrisville, NC) and processed off-line
with a custom-written program (LabVIEW 15; National Instruments,
Austin, TX). Torque, position, and velocity signals were filtered using a
fourth-order, zero phase shift low-pass Butterworth filter with a 150Hz
cutoff frequency.41 Isometric PTof baseline and post-fatigue MVCs were
determined as the highest 500millisecond epoch. Performance fatigability
was determined by the percent reduction in peak torque (%ΔPT) from
pre-fatigue and post-fatigue MVCs.

Fatigue Questionnaire
Each participant completed the OFER15, a questionnaire com-

prised of 15 questions examining three occupational fatigue compo-
nents: AF, CF, and IR.42 Previous authors have demonstrated that the
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scale has high internal reliability (Cronbach α, 0.84 to 0.86) and face,
construct, and discriminate validity.42 Participants were asked to re-
count their experiences in the last few months when responding to
the questions. The OFER15 scale is a seven-point Likert scale ranging
from 0 (strongly disagree) to 6 (strongly agree) with a combination of
positively and negatively keyed items. Negatively keyed itemswere re-
verse scored (ie, final score = 6 − original score). Specifically, in the
AF subscale, two questions (i.e., questions 9, 10) were negatively
keyed, and in the IR subscale, three questions (i.e., questions 11, 13,
15) were negatively keyed. A formula was used to calculate each sub-
scale score: (sum [item scores]/30) × 100. Higher AF and CF scores
indicated greater occupational fatigue, whereas greater IR scores indi-
cated better recovery.

Statistical Analysis
All descriptive data are presented as mean ± standard deviation.

Pearson product-moment correlation coefficients (r) were used to de-
termine the association between performance fatigue (%ΔPT) and
each perceived fatigue variable (CF score, AF score, and IR score).
A separate correlation analysis was also performed between each of
the fatigue variables (e.g., performance and perceived fatigue) and
the pre-testing rating of fatigue scores, %BF, and age. Due to the high
prevalence of obesity,36 large age range of career firefighters,43 and
previous research highlighting the impact of obesity and age on
fatigue,19,33–35 an additional partial correlation analysis controlling
for %BF and age was performed when examining the association be-
tween performance and perceived fatigue variables. All statistical pro-
cedures were performed using SPSS version 28 (IBM; Chicago, IL).
An alpha level of P≤ 0.05was set to determine statistical significance.

RESULTS
All mean ± SD and the range values are presented in Table 1.

None of the participants had to reschedule due to excessive fatigue
and reported minimal fatigue (1.5 ± 1.1 AU) prior to testing. There
were no significant associations between performance fatigability
(%ΔPT) and each of the OFER15 scores (AF, CF, or IR; r = −0.07–
0.11, P ≥ 0.513). Further, these associations were unaffected when
controlling for %BF and age (r = −0.13–0.07, P ≥ 0.387). Pre-testing
rating of fatigue scores were not significantly associated with any
FIGURE 1. The relationship between percent body fat and (A) chan
(CF), and (D) intershift recovery (IR).
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fatigue variables (r = −0.01–0.17, P ≥ 0.313). Age was not significantly
associated with any fatigue variables (r = −0.31–0.28,P≥ 0.058). Greater
%BF was associated with greater performance fatigability (r = −0.41,
P = 0.010) but none of the OFER15 fatigue variables including CF,
AF, or IR (r = −0.08–0.05, P ≥ 0.638) (see Fig. 1).
DISCUSSION
The primary findings of this study indicated that a laboratory-

based assessment of performance fatigability (%ΔPT) was not associ-
ated with any of the OFER15 perceived work-related fatigue variables
in career firefighters. However, greater %BF was negatively associ-
ated with %ΔPT (greater performance fatigability), but none of the
OFER15 perceived work-related fatigue variables.

Although we are unaware of previous authors examining the re-
lationship between perceived work-related fatigue and acute perfor-
mance fatigability in firefighters, previous studies have investigated
the relationship between perceived and performance fatigue in clinical
populations and have reported mixed findings.28–32,44,45 For instance,
in patients with multiple sclerosis (MS), performance fatigability of
the finger, elbow, and shoulder during a sustained isometric protocol
was associated (r = 0.41–0.59) with perceived fatigue measures (i.e.,
fatigue severity scale [FSS], modified fatigue impact scale).29,30,32

Similarly, in studies utilizing the leg extensor muscles, a significant
but weak association was reported between measures of perceived fa-
tigue (i.e., FSS, Functional Assessment of Chronic Illness Therapy Fa-
tigue Scale) and performance fatigability during an isokinetic protocol
in MS patients (r = 0.20) and a sustained isometric protocol (r = 0.30)
in rheumatoid arthritis patients.28,31 However, other previous studies
with MS patients are in agreement with our findings and did not find
a significant association between perceived fatigue (i.e., Neurological
Fatigue Impact [NFI-MS]) and performance fatigability involving in-
termittent handgrip contractions.44,45 However, caution is warranted
when comparing fatigue outcomes of healthy and clinical populations
due to the potential differences in the underlying mechanisms of
fatigue.

The discrepancies in results between our study and previous
work may be due to (1) the differences in the populations being tested,
(2) variables that may uniquely impact perceived fatigue and perfor-
mance fatigability, and (3) the timing of assessments. For example,
ge in peak torque (PT), (B) acute fatigue (AF), (C) chronic fatigue
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previous authors have reported a significant association between per-
ceived fatigue and performance fatigability in MS patients, but not
in healthy controls.29 It is possible that the greater variance in the per-
ceived fatigue values observed in clinical populations (SD = 0.9–1.59)
compared to healthy controls (SD = 0.6–0.79) may impact the pres-
ence of a positive association.29,30 It is also important to consider that
perceived fatigue and performance fatigability are different constructs
of fatigue, originating from distinct physiological mechanisms and
likely impacted by different factors. For instance, previous authors44

demonstrated a significant association between perceived fatigue and
cognitive performance fatigability (Continuous Performance Test),
but not with any of the physical performance assessments (6-minute
walk test and repetitive maximal hand grip test) inMS patients. Unlike
physical assessments of performance fatigability, cognitive perfor-
mance fatigability has been linked to disrupted brain activation
control.46,47 Because perceived work-related fatigue has been shown
to negatively affect similar mechanisms (i.e., disruptions to prefrontal
cortex control over the sympathetic nervous system),48 it is possible
that measures of cognitive performance fatigability may be more sen-
sitive to work-related fatigue than physical performance fatigability
measures. However, future studies are necessary to test this hypothe-
sis. In addition, assessment timing may impact the relationship be-
tween performance fatigability and perceived work-related fatigue.
For instance, Giuliani et al19 reported a significant association
(r = 0.352) between scores on the IR subscale and changes in isometric
leg extensor strength across a “Kelly” shift rotation (three 24-hour
shifts in a 9-day cycle) in career firefighters. It is likely that because
the IR subscale captures the perceived recovery between the end of
one shift and the onset of the next,42 it is more strongly associated with
the changes in isometric strength across a shift cycle, rather than an
acute measure of performance fatigability at one time point. Similarly,
it is possible that the CF subscale is more strongly associated with per-
formance fatigability assessments that are captured over longer pe-
riods that may better capture CF. However, it is important to note that
the AF subscale was not associated with the acute performance fatiga-
bility assessment.

The results of this study indicated that%BFwas associated with per-
formance fatigability, but none of the OFER15-perceived work-related fa-
tiguevariables.Our findings are supported by authorswhodemonstrated that
obese individuals experience greater performance fatigability.49–52 Although
speculative, previous authors49–52 have suggested that obesity-related reduc-
tions in performance fatigability are due to a combination of physiological
mechanisms. For example, obese individuals have reducedmuscle capillarity,
potentially limiting muscle blood perfusion, oxygen delivery, and metabolite
clearance during exercise.53,54 Additionally, authors50,55 suggest that the
greater proportion of highly fatigable type II muscle fibers in obese individ-
uals may contribute to greater performance fatigability. It is possible that par-
ticipants with lower levels of %BF engaged in more physical activity, which
may improve their fatigue resistance.56However, this is speculative, aswe did
not examine their current exercise habits in this study.

Contrary to our findings, previous authors have reported that
obesity, measured by BMI and waist circumference, is associated with
greater perceived fatigue in the general population33,35 and factory
shift workers.34 However, it is important to note that previous
authors33–35 utilized various questionnaires to assess work-related fa-
tigue. For instance, Lin et al34 utilized the Multidimensional Fatigue
Symptom Inventory, a questionnaire measuring perceived fatigue over
the past one-week period by taking the sum of five subscales (i.e., gen-
eral fatigue, physical fatigue, emotional fatigue, mental fatigue, and
vigor). It is possible that differences in the survey (i.e., subscale types,
scoring the survey as a sum vs scoring each subscale separately, amount
of time participants were asked to recount) could impact perceived fa-
tigue scores and contribute to the contrasting results. In support of this,
previous authors19 utilizing the OFER15 scale have reported a signifi-
cant association between BMI and perceived work-related fatigue
among career firefighters. Although it is unclear why%BF is associated
© 2024 American College of Occupational and Environmental Medicine
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with performance fatigability but not perceived work-related fatigue in
firefighters, a possible explanation is that obesity-related reductions in
performance fatigability have been directly linked to physiological
mechanisms (i.e., limited blood perfusion, muscle fiber type composi-
tion). Meanwhile, perceived work-related fatigue may be more complex
and heavily influenced by additional variables such as sleep deprivation
and emotional exhaustion, commonly reported consequences of fire-
fighter shift work.57,58 Further work is needed identify key factors that
contribute to perceived work-related fatigue.

In summary, the findings of the current investigation indicated
that performance fatigability was not associated with any of the
OFER15 perceived work-related fatigue subscales in career firefighters.
Although greater %BF was associated with greater performance fatiga-
bility, it was not associated with any of the OFER15 perceived work-re-
lated fatigue subscales. These findings are significant given firefighters
are considered to be more susceptible to work-related fatigue11,12 and
are more likely to be overweight and obese when compared to the gen-
eral public.36 Given the complexity of firefighter work-related fatigue,
this study may provide novel insight into the proper assessment and
management of work-related fatigue in an at-risk population.
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