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ABSTRACT

Evidence suggests exercise can transiently decrease occupational performance in
firefighters. However, it is unclear how different modalities affect physiological and cognitive
outcomes. We aimed to determine on-shift resistance and aerobic exercise’s impact on
occupational performance and physiology during occupational tasks. Secondly, we aimed to
understand the relationship between time- and frequency-domain heart rate variability (HRV) and
cognitive function during occupational tasks. Lastly, we aimed to determine fitness metrics
relevant to occupational performance. Thirty-two participants completed two baseline
assessments. Three exercise sessions including resistance (RE), aerobic (AE), and control (CON)
were completed followed by an occupational task assessment (OTA; 4 rounds of 10 deadlifts and
0.15-mile sandbag carry) and a cognitive Wisconsin Card Sorting Task (WCST) at 35°C, 50%
humidity. RMANOVAs were used to compare differences by condition and a multiple-linear
regression included fitness scores to predict performance and physiological strain. There were not
differences in OTA time (p = 0.24). Heart rate, core temperature, and skin temperature were higher
during OTA following AE and RE compared to CON, and higher after AE compared to RE (ps <
0.01). WCST errors and response time did not differ by condition (ps > 0.27). Time-domain HRV
metrics did not differ by condition (ps > 0.05). All frequency-domain metrics, other than low-
frequency power (p = 0.03), did not differ by condition (ps > 0.24). Low-frequency power was
lower following AE compared to RE and CON (p < 0.01). This suggests job performance may not
be impacted, but physiological strain may be elevated. This elevated core temperature could

increase a firefighter’s risk for heat injury immediately following on-shift exercise, specifically



aerobic exercise. An acute bout of on-shift aerobic or resistance exercise may not impact cognitive
flexibility during subsequent occupational tasks, despite increased sympathetic drive following
aerobic exercise. Multiple-linear regression results show a significant model for OTA time, RPE,
skin temperature and blood lactate (ps < 0.02), but not core temperature, heart rate, ventilation, or
WCST errors (ps > 0.06). Aerobic capacity, body composition, strength and power may be useful
predictors of firefighter performance, perceived exertion, and physiological strain, but not

cognition during simulated occupational tasks.
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CHAPTER 1: INTRODUCTION

Firefighters are exposed to a broad spectrum of environments typically divided into two types:
fireground (vehicle fires, wildfires, structural fires) or non-fireground (medical emergencies,
vehicle accidents, natural disasters). Both fireground and non-fireground environments can present
risk for heat stress ranging from hot summer temperatures upwards of 32°C, wildland fire
suppression reaching 78°C (48), or the extreme heat of 300°C during structural fires (271).
Personal protective equipment (PPE) worn to protect firefighters from extreme heat weighs
approximately 17-25 kg (70,199). The added weight and restricted movement from PPE
exacerbate the stress imposed on the firefighters and limit occupational performance
(199,202,203). These high levels of physical, mental, and environmental stress imposed on
firefighters reinforce the need for fitness training opportunities and physical fitness standards. A
2017 study following recruits through the fire academy (16 weeks) and during their post-
graduation probationary period (22 weeks) revealed significant fitness losses in training
adaptations achieved during the 16-week fire academy training period. These included declines in
body composition, aerobic capacity, muscular strength, and muscular endurance, suggesting
overall health and fitness declined once firefighters left the academy (62). This extends past just
fire academy recruits, as a needs assessment by the National Fire Prevention Association suggests
that 70% of firefighters do not meet recommended health and fitness guidelines (192). This lack
of physical fitness has a dramatic impact on occupational readiness. Occupational readiness

directly translates to the safety of the firefighter, other emergency responders, and the community.
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Poor fitness and lack of a well-designed training program decrease occupational performance and
increase firefighters’ risk for overexertion injuries (78,151).

Research on exercise interventions in firefighters has revealed promising improvements in
occupationally relevant fitness parameters including general health outcomes (84,91,155,188),
body composition (24), cardiovascular fitness (24,155,216), muscular strength, endurance
(24,155,170,221), power (24), and flexibility (24,155), as well as improvements in simulated
occupational performance (204). However, only 27% of fire departments across the United States
provide such programs (192). A challenging work schedule may be a major limiting factor in
firefighters maintaining a consistent exercise regimen. Firefighters often work 24-hour shifts
followed by two days off or a 48-hour shift followed by four days off. Additionally, many
firefighters pick up shifts during their days off for supplemental income or when a station is
understaffed and may work other jobs on their days off. The importance of maintaining physical
fitness and the hectic schedule makes it crucial that firefighters are provided time to exercise while
on-shift. Research has shown that firefighters who participated in on-shift (within the station)
physical activity accumulated a higher level of total physical activity on a weekly basis and had
better cardiovascular health indicators than those that do not (91). However, on-site firefighter
exercise facilities and programs are often sparse, leaving the individual firefighter responsible for
their own physical fitness and occupational readiness (217).

Current literature indicates physiological measures (i.e., heart rate, skin temperature,
ventilation, and core temperature) are intensified when performing simulated firefighting tasks
(75,116,117,129,190,282). Many of these physiological and performance changes are further
amplified in heated environments, such as core temperature, heart rate, lactate concentrations, and

workload (63,95,99). Firefighters have expressed concern about adding the physiological stress of
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on-shift exercise to the stress of their daily job tasks (150,165). This added stress response may
lead to decrements in occupational performance. Two studies investigating the effects of training-
induced fatigue reported a 6.6% (241) and 9.6% (66) increase in time to complete a simulated
firefighting task after a bout of acute exercise. Interestingly, one study speculated that individuals
with higher levels of physical fitness may see lower impacts in both physiological and perceived
exertional outcomes during simulated occupational tasks (66).

Firefighting imposes high cognitive demands in areas such as attention and executive function
(144,145). Similar to the physiological decrements seen during simulated firefighting, there are
also impairments in executive functions (working memory and inhibitory control) as well as other
cognitive functions (information processing and psychomotor control) (145,190,248,282), and
increases in perception of exertion (87). Executive function refers to the grouping of effortful
mental processes necessary for attention and decision-making (67). Executive function is a vital
component of occupational readiness. Therefore, it is important that we not only understand how
on-shift exercise may impact the physiological outcomes associated with performance, but also
occupationally relevant cognitive function. Cognitive flexibility is the ability to utilize both
inhibitory control and working memory to make quick, situational decisions. Cognitive flexibility
is imperative for firefighters who must rapidly evaluate and react to challenging situations and
environments to make quick life-or-death decisions (57,227). Research indicates improved
cognitive flexibility following an acute bout of aerobic exercise (16,73,74). The acute effects of
resistance exercise on cognitive performance have been less widely studied. However, research
suggests components of executive function such as inhibitory control are benefited, but the effect
on cognitive flexibility and working memory remains unclear (243). These physiological and

cognitive factors must be accounted for when considering on-shift exercise for firefighters.
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There is evidence of performance decrements from exercise prior to simulated firefighting
(66,241). This suggests that a single on-shift exercise session may transiently impair the ability to
meet occupational requirements. However, to date no study to our knowledge has directly
compared the acute impact of resistance training and aerobic endurance training on both the
physiological and cognitive readiness in firefighters. Therefore, the purpose of this study is to
investigate the impact of resistance training and aerobic endurance training on the physiological

and cognitive outcomes related to firefighter occupational performance.

Specific Aims:
AIM 1: Determine how an acute bout of resistance and aerobic endurance training impact

physiological responses related to occupational performance during simulated occupational tasks.

Hypothesis 1: Compared to resistance training, aerobic exercise will have a greater impact on
occupational performance, by increasing time to complete, by increasing markers of exercise
intensity and fatigue (heart rate, skin temperature, body core temperature and blood lactate

concentrations) in healthy, physically active 19-45-year-old men and women.

AIM 2: Determine how an acute bout of resistance and aerobic endurance training impact

cognitive function and response reaction time during simulated occupational tasks.

Hypothesis 2: Aerobic exercise will result in higher levels of perceived exertion and

improvements in acute cognitive function compared to resistance training. We expect to see this
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change due to differences in cardiac autonomic function (indirectly measured by HRV) during

simulated occupational tasks in healthy, physically active 19-45-year-old men and women.

AIM 3: Determine how training status, fitness, and body composition impact occupational task

performance.

Hypothesis 3: VO2max, lactate threshold, and projected squat and deadlift 1-RM will be the best
predictors of occupational performance during simulated occupational tasks in healthy, physically
active 19-45-year-old men and women. We expect these factors to be the best predictors as
previous research has suggested aerobic endurance and lower body strength strongly correlate to

occupational task performance.
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CHAPTER 2: LITERATURE REVIEW

Introduction

Firefighters are a subgroup of tactical athletes, which is a growing population of interest in
the strength and conditioning world. A textbook specifically geared to training tactical athletes,
professional development conferences (Tactical Annual Training), and certifications (TSAC-F)
within the National Strength and Conditioning Association (NSCA) have recently been developed.
This distinction suggests that from the environmental stress, their shift schedule, and the
physiological and cognitive demands of their occupation, a tactical athlete is not your typical sport
athlete.

Firefighters are required to complete physically demanding tasks in extreme environments.
Firefighters often require anaerobic factors (strength, power, and speed) to quickly lift or move
objects, evacuate individuals, or evade debris. However, they also need to have aerobic endurance
for salvage, search, stair climbs, and shoveling (1). These operations result in a peak VO2 of 41.5
mL/kg/min or greater, heart rates of 84-100% of heart rate max, and peak lactate concentrations
up to 13.2 mM (29,94,197,249,259,273). Research using simulated firefighting tasks has also
shown the exacerbation of these physiological responses including lactate, heart rate, skin
temperature, ventilation, and core temperature (66,75,116,117,129,190,282). Some of these
physiological and performance changes are further impaired when in a heated environment,
including core temperature, heart rate, and lactate concentrations (63,95,99). Cognitive
performance is another important factor to consider. Firefighters must rapidly evaluate and react

to challenging situations and environments to make quick life-or-death decisions (57,227).
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Research indicates cognitive function (i.e., working memory, information processing,
psychomotor control, and inhibitory control) (190,282), as well as perception of exertion (87) are
impacted during simulated firefighting conditions/tasks.

Extreme heat is a firefighting requirement that can impact occupational performance and
physiological outcomes (87,113,154). This ranges from hot summer temperatures upwards of
32°C, wildland fire suppression reaching 78°C (48), or structural fires of 300°C (271). Personal
protective equipment (PPE) is worn to protect firefighters from the extreme heat and weighs
approximately 17-25 kg (70,199). The added weight and restricted movement from PPE limit
performance and exacerbate the stress imposed on the firefighters from physical activity and
extreme environments (199,202,203).

Due to the physical and environmental stress involved with this occupation, firefighters
must train regularly to meet these demands. However, it is also imperative that the acute training
stress doesn’t impair their daily physical and cognitive capacity to complete their occupational
responsibilities. Firefighting presents a multitude of stressors shown to impair physical
performance in other populations, including sleep deprivation (58,196), shift work (65), high-stress
(159,189), and heat (283). These same stressors, sleep deprivation (108,144,186), shift work
(145,248), high stress work (168,174), and heat (57,89,105,172), have also been shown to impair
cognitive function. In addition, exercise adherence is a barrier that impacts their physical and
cognitive performance due to their abnormal work schedules and hours. The American College of
Sports Medicine (ACSM) and the Center for Disease Control and Prevention (CDC) suggest that
individuals exercise a minimum of 30 minutes per day, 5 times per week (160). Firefighters often
work 24-hour shifts followed by two days off, or a 48-hour shift followed by four days off.

Additionally, many pick up shifts during their days off for supplemental income or when a station
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is understaffed. Working other jobs on their days off is also common, resulting in a majority of
firefighters working 72-96 hours straight (55). This makes it imperative that firefighters are
allotted time on-shift to exercise to meet recommended exercise guidelines (20). However, on-
shift exercise adds another exertional task to their occupational responsibilities. It is known that
when acute exercise is done chronically, it will lead to physiological and cognitive adaptations and
improved performance (119), but, if performed on-shift, it could transiently have negative impacts

on job performance due to the acute responses to exercise (66).

Acute Physiological Responses to Exercise

Acute exercise is defined as a single bout of exercise. Exercise is defined as a subset of
physical activity that is planned, structured, and repetitive and has as a final or intermediate
objective the improvement or maintenance of physical fitness (50,160). There are a series of
transient changes in physiology during a bout of aerobic exercise and resistance exercise. The
ACSM defines aerobic endurance exercise as activity that can be maintained continuously in a
rhythmic nature utilizing large muscle groups (160). Resistance exercise is a form of activity that
is designed to improve muscular fitness by exercising a muscle or a muscle group against external
resistance (160). Resistance exercise can take a variety of forms based on the goal (muscular
strength, muscular endurance, power, and hypertrophy).

Acute exercise results in an increase in oxygen consumption (VO2) and other changes
related to transportation, delivery, and utilization of that oxygen to the working musculature.
Chemoreceptors in the brain and arteries are sensitive to the increases in carbon dioxide (COz) and

decreases in oxygen (O2). In turn, breathing rate and tidal volume increase, allowing for an increase
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in oxygen intake. Other acute changes relate to the byproducts of Oz usage to create energy through
metabolism.

The delivery of oxygen to the muscle is directly related to cardiac output, a product of heart
rate and stroke volume. Catecholamines such as norepinephrine and epinephrine will signal
sympathetic nervous activity. This will lead to a faster heart rate. Heart rate is the number of
contractions (beats) of the heart per minute, which increases linearly with increasing workload
(258). This increase is typically higher during aerobic exercise compared to resistance exercise
due to the short duration of activity experienced during resistance exercise (10,210). Heart rate
increases are a result of increased sympathetic nerve activation and are supported by increased
catecholamines concentrations (210). Stroke volume is the amount of blood pumped by the heart
per beat. This change is a result of increases in end diastolic volume (EDV) resulting from
increased venous return from skeletal muscle contractions, that pump blood back to the heart (210).
This increase in EDV creates a slight stretch of the ventricles of the heart and improves the force
of contraction (245). The increase in stroke volume is more prominent with aerobic exercise than
resistance exercise because venous return is not dramatically altered during resistance exercise
(210,245). The increase in stroke volume is not proportionate to workload. There is a plateau or
blunted increase in stroke volume due to limited ventricular volume and lower filling time. This
lower filling time is a result of an increased heart rate (133).

During aerobic exercise there is also a decrease in total peripheral resistance (TPR) due to
vasodilation that allows for increased emptying of the ventricle (a higher stroke volume) during
contraction of the heart (133). TPR may not change or may even increase due to intrathoracic
pressure increases during resistance exercise (173). Blood pressure increases with both forms of

exercise, however the increases in cardiac output without decreases in TPR explain why the blood
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pressure responses during heavy resistance are usually higher than aerobic (112,269). This
increased blood flow is preferentially directed to the working muscle to supply the necessary
nutrients and oxygen. This oxygen will be utilized to produce adenosine triphosphate (ATP)
through oxidative phosphorylation in order to sustain the energetic demands of exercise (133). In
addition to oxidative metabolism, there is anaerobic metabolism.

Anaerobic metabolism involves the production of ATP through either the phosphocreatine
system (PCr) or fast glycolysis which do not require oxygen (133,214). Utilization of the PCr
system during exercise will result in a depletion of creatine and inorganic phosphate (214) and fast
glycolysis will decrease glucose availability (214). With more prolonged aerobic exercise,
oxidative phosphorylation (aerobic metabolism) becomes the predominant method of energy
production, which will result in a depletion of muscle glycogen and muscle triglycerides (136).
The level of glycogen and triglyceride depletion is substantially less following a typical resistance
exercise bout (140,143). This anaerobic metabolism becomes predominate during exercise at
higher intensities where oxidative metabolism cannot keep up with the energy demands (133).
When this occurs, the accumulation of H+ ions, a byproduct of glycolysis, results in acidosis.
These H+ ions are co-transported out of the cell into the blood with lactate by monocarboxylate
transporter 4 (MCT4) (31,93). Large increases in H+ ions will lead to a decrease in pH and impair
exercise capacity. In addition, hormones like cortisol, insulin, and testosterone are released and
regulate many of these processes, such as substrate utilization and inflammatory responses, and
are signaled during exercise (251).

Following an acute bout of exercise, cardiac output, vascular resistance, and venous return
are all decreased (103,104). Additionally, there is substantial fluid loss/dehydration from

thermoregulation (95,222). Sympathetic activity remains above baseline for upwards of 90 minutes
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post-exercise (206,228). Exercised-induced muscle damage (EIMD) is a result of mechanical work
done by the muscle (eccentric work) that results in muscle fiber damage and degradation. EIMD
signals an inflammatory response and increases satellite cell activity (200,256). This response is
dependent on the mechanical work done by the muscle, which is more predominate following
resistance exercise due to the higher eccentric loads experienced. It is also important to note the
neuroendocrine contributions to acute exercise. Following exercise, we see a decrease in these
mechanisms that will transiently decrease work capacity (222). However, not all post-exercise

changes are negative, specifically changes in cognitive function.

Cognition Function

Cognitive function and cognitive performance are synonymously used to describe
performance on tasks that require conscious mental effort (147). This conscious mental effort
involves learning, thinking, reasoning, remembering, problem-solving, decision-making, and
attention (81). Each of these tasks requires a subset of cognitive abilities that are broken down into
cognitive domains. Generally, the most common division of domains includes perception,
memory, attention, information processing, language abilities, and a group of higher-order
cognitive functions called executive function (109,135,158,184). These higher-order executive
functions are important for decision making, making them very relevant for firefighters in rescue
scenarios (144,145).

Executive function refers to the grouping of effortful mental processes necessary for
attention and decision-making (33,67,183,184). These higher-order functions are related to tasks
where automatic or instinctual responses would be ill-advised (102). The three commonly

described core executive functions include inhibitory control, working memory, and cognitive
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flexibility (33,67,157,284). Inhibitory control (also known as inhibition, interference control,
selective attention, and self-control) involves controlling one’s attention, behavior, thoughts, or
emotions to override instinctual reactions (67,183,284). Working memory provides temporary
storage and manipulation of the information necessary for complex cognitive tasks like language,
comprehension, learning, and reasoning (15,183,284). When information is temporarily stored and
then mentally manipulated to achieve a particular goal or plan, the manipulation is attributed to
working memory (191). Short-term memory is the temporary portion of working memory (13).
Cognitive flexibility (also known as shifting, set-shifting, task-switching, mental flexibility, or
mental set shifting) is the ability to utilize both inhibitory control and working memory to make
quick, situational decisions (67,183,284) and refers to the repeated shifting between multiple
cognitive tasks varying in difficulty (187). Cognitive flexibility is often linked to creativity (67).
These cognitive functions can be manipulated or altered by environmental and physiological
stressors (34). Specifically, one well-reviewed stressor is acute exercise and how it leads to the

subsequent physiological responses that impact indices of cognitive function.

Acute Exercise and Cognition

Studies looking at how exercise influences cognitive function have led to several potential
mechanisms to explain this relationship (69,77). While the exact mechanism responsible remains
unclear, the proposed factors include autonomic regulation (82), neuromodulators (i.e., BNDF)
(80,163,257,274), plasma catecholamine/neurotransmitter concentration (i.e., dopamine,
norepinephrine, epinephrine) (178,286), and blood flow to the brain via changes in cardiac output.

Exercise also leads to an increase in plasma levels of catecholamines (178,286), cortisol levels
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(261,280,281), blood lactate concentrations, glutamate, and glutamine (195,278), which are
thought to impact cognitive function (11,22).

One of the physiological mechanisms that may explain the relationship between exercise
and cognitive function is increased blood flow to brain. Studies using contemporary imaging
techniques have shown significant increases in cerebral blood flow with medium and high intensity
exercise (96). Exercise transiently increases the delivery of necessary nutrients, neurotransmitters,
and catecholamines which in turn potentially improves cognitive function (96,139). While these
exercise-related changes are fairly homogenous, there are a variety of exercise modalities (types),
each causing a variety of physiological responses that may result in differential changes to indices

of cognitive function (9).

Exercise Modalities

Aerobic Exercise

Acute aerobic exercise has a greater positive effect on executive function than lower-order
cognitive functions (53,122). Specifically, increases in cognitive flexibility are common following
acute aerobic exercise (16,73,74). This, along with other recent research, suggests aerobic
exercise-induced changes in cognition may be intensity-dependent (19,38,59,176,209,229). Some
research suggests there is an inverted-U response, indicating the greatest benefits from moderate-
intensity exercise when compared to low- or high-intensity exercise (38,176). However, some
research shows high-intensity exercise results in the most significant changes in cognitive
functions, such as cognitive flexibility, planning, and verbal fluency (19,59,209). There is also
research suggesting even low-intensity exercise significantly impacts cognitive function (226).

Improvements resulting from low-intensity exercise were seen with all three core executive
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functions as well as processing speed (226). This same study also noticed a dose-response
relationship on cognitive function in regards to the duration of exercise, suggesting that factors
other than intensity impact the effect aerobic exercise has on cognition (226). A 2012 meta-
analysis analyzed summative data from the literature to determine the differences in cognitive
performance changes both immediately after exercise and 11-20 minutes post-exercise (53). Their
findings suggest that lower intensity exercise has the greatest effect immediately post-exercise, but
higher intensity exercise induces a larger effect if there is a delay between the assessment and
exercise session (53); this effect can last as long as 52 minutes after exercise (130). The time course
for the impact of exercise on cognitive function remains unclear and may be cognitive domain-
specific (130). It is important to note that while most of the literature supports the effect of acute
aerobic exercise on cognitive function, not all studies have shown an effect on cognitive
performance (101,115,123,208,244,267). One study indicated less fit individuals had lower
inhibitory control outcomes following acute exercise, but acute exercise did not impact cognitive
performance in fit individuals (115). Two studies focusing on children saw improvements in
inhibitory control but not cognitive flexibility or working memory (123,208,244). One study with
children revealed a decline in working memory following exercise (244). This suggests that
children may not have the same cognitive changes following exercise as adults. Changes in
inhibitory control are thought to be more sensitive to exercise, however, one study found
significant changes in working memory but not inhibitory control. The variability in findings
across the literature could be due to the complexity and variability of these cognitive processes.
The differential effects seen across the literature could be related to the differences in age, training

status, and exercise prescription, namely duration and intensity.
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Resistance Exercise

The acute effects of resistance exercise on cognitive performance have been less widely
studied. Multiple meta-analyses support the notion that some components of executive function
benefit from an acute bout of resistance exercise, including inhibitory control and attention
(243,270). However, the effect on cognitive flexibility and working memory remains unclear
(243,270). Some literature provides details related to intensity, population, and time course of the
impact resistance exercise has on indices of cognitive function (41,51,52,56,128). One study
investigating the dose-response relationship provides results similar to aerobic exercise intensity,
suggesting moderate- to high-intensity exercise elicits the most significant benefits in cognitive
function (51). Some studies have suggested high-intensity resistance exercise improves inhibitory
control at 15 minutes post-exercise (41,128). Low and moderate intensities elicited greater benefits
for cognitive flexibility than the control condition at 40-180 minutes post-exercise (41,56). Chang
(2014) showed that resistance exercise facilitated lower-order cognitive function improvements,
but had a more beneficial effect on cognition that involved executive control (52). It is important
to note that while a majority of literature supports the effect of acute resistance exercise, not all
studies have shown an effect on cognitive performance (72,128,211). In one study, there were no
significant changes in choice reaction time during a working memory assessment following
resistance training (211). Another study also revealed non-significant differences in executive
function and choice reaction time during an inhibitory control assessment (128). The findings in
these studies are likely due to the variability in populations, as well as the complexity and
variability in exercise prescription. Lastly, it is clear from the funnel plot provided by Wilkes et

al. that significant publication bias is present in current publications assessing the effects of acute
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resistance exercise and cognitive function; clearly more published work is needed to accurately

discern this relationship (270).

Aerobic vs. Resistance Exercise

A series of studies has investigated the differential effects of acute aerobic vs resistance
exercise. Some studies have shown a similar improvement in inhibitory control and processing
speed between modalities, but did not report improvements in cognitive flexibility, working
memory, or attention following resistance (9,72,128,211). Other research suggests that resistance
training may elicit similar or even greater performance enhancements for lower-order cognitive
functions (128,262). Lastly, it is worth noting that similar to the intensity dose-response
relationship, a 2018 study looked at the effect of chronic training volume on cognitive function
(83). The findings suggest higher training volumes lead to better improvements in inhibitory
control, suggesting a volume-based dose-response relationship (83). This finding can be applied
to both resistance and aerobic exercise and leads to more questions on the effect of single session
volume on executive function, which has not been investigated.

Physiological responses, such as blood flow and lactate production, differ between
modalities of exercise and could result in different changes in cognitive function. Resistance
training tends to produce lower levels of lactate than aerobic exercise (39,100). This could explain
the degree of change in cognitive function after resistance exercise, as lactate serves as a precursor
to glutamate, which is the main excitatory neurotransmitter in the brain (22). This relationship
suggests lactate concentrations may be one of the mechanisms that impact the degree of cognitive
performance changes following exercise. Strength and power-based resistance exercise is less

likely to produce high levels of lactate concentrations due to the rest periods and reliance on the
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PCr (anaerobic) system compared to aerobic exercise over 50% of VO2max. Additionally, because
of the alternation between work and passive rest during resistance training, there is an oscillation
of blood flow. This difference in blood flow, which is proposed to be a large modulator of cognitive
performance, could explain some of the differential responses seen between resistance and aerobic
exercise. This oscillation may decrease total blood flow delivered during the exercise session and
in turn, decrease the delivery of nutrients (IGF-1, GH, glutamate, glutamine, lactate, cortisol,
dopamine, norepinephrine, epinephrine). It is important to note there is a lot of variability in the
cognitive domains and assessments utilized to measure the impact of acute exercise on cognitive
function. This raises important considerations regarding cognitive assessment choice and

outcomes of interest when investigating this relationship.

Additional Cognitive Considerations

Because of the overlap and complexity of cognitive domains, many of the assessments that test for
one executive function still require the use of other executive and lower-order functions. For
example, there is debate on whether inhibitory control and working memory can be assessed
individually or not (67). The Stroop tasks are predominately used as an assessment of inhibitory
control (212). However, the Spatial Stroop task places minimal demands on working memory
because the stimuli indicate how one should respond. Therefore, the performance costs in the
incongruent trials should indicate lower inhibitory control function. Reordering items that the
individual has heard according to a rule limits the influence of inhibitory control and is most
closely related to working memory (67). Considerations like this are necessary when designating
all cognitive assessments, as it is difficult to disentangle each component completely. Additionally,

due to the high degree of change seen with cognitive functions, there is only moderate reliability
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in most cognitive assessments (33). Higher-order functions are inherently dependent on lower-
order functions and physiological stimuli, which can result in widely variable performance within
and between individuals. Longer task batteries and investigation of a multiple cognitive domains
may decrease the reliability of results (33). In addition, the effect exercise has on each domain of
cognition can be vastly different based on the endless combinations of intensity, duration, volume,
and modality of exercise as well as the temporal proximity of the cognitive assessment to the
exercise bout. The training status of the individual may also impact the effect acute exercise has
on cognition, where less fit individuals saw lower inhibitory control outcomes following acute
exercise (115). Lastly, it is worth noting the possible existence of a ceiling effect where individuals
with low levels of cognitive function experience great benefits for executive function following
exercise, while individuals with higher levels of cognitive function may not see as much benefit

(71,234).

Physiology and Cognitive Research in Firefighters

Research in firefighters has focused on the physiological and biomechanical demands and
the impact PPE has on occupational performance, as described above. Multiple studies have
investigated the environmental factors that present a risk for heat stress (48,271). Heavy PPE has
been shown to restrict movement and exacerbate the physiological stress imposed on firefighters
(199,202,203). Research has also focused on the fitness demands of firefighters based on
occupational tasks. Abel et al. outline the anaerobic demands (strength, power, and speed) to
quickly lift or move objects, evacuate individuals, or evade debris and aerobic endurance for
salvage, search, stair climbs, and shoveling (1). Other research has highlighted the high

physiological responses seen during these tasks, such as peak VO2 of 41.5 mL/kg/min or greater,
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heart rates of 84-100% of heart rate max, and peak lactate concentrations up to 13.2 mM
(29,94,197,249,259,273). Research has also investigated training interventions, general health
status, and health initiatives in firefighters. Research on exercise interventions in firefighters has
shown promising improvements in occupationally relevant fitness parameters including: general
health outcomes (84,91,155,188), body composition (24), cardiovascular fitness (24,155,216),
muscular strength, endurance (24,155,170,221), power (24), and flexibility (24,155), as well as
direct improvements in simulated occupational performance (204). However, only 27% of fire
departments across the United States provide such programs (192). Additionally, firefighters have
presented concerns with on-shift exercise, suggesting it may impact their occupational
performance (150,165).

Limited research has been completed regarding cognitive function in firefighters. This
literature suggests cognitive functions such as working memory, information processing,
psychomotor control, inhibitory control (190,282), and perception of exertion (87) are impacted
during simulated firefighting conditions/tasks. Additionally, few studies have looked at the impact
an acute bout of exercise has on occupational performance. Two studies investigating the effects
of training-induced fatigue reported increased time to complete a simulated firefighting task and
rating of perceived exertion after acute physical exertion (66,241). Smith et al. specifically looked
at the effect of repeated bouts of firefighting drills and saw a decline of 6.6% in simulated
firefighting performance (241). We would expect these repeated physically demanding firefighting
drills to produce similar responses to the effects seen with acute exercise. This was then expanded
by Dennison et al. using a circuit-based exercise training session completed prior to finishing
simulated firefighting tasks (66). These training sessions involved two rounds of five resistance

training protocols (cable row, bench press, deadlift, shoulder press, and plank) with treadmill
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walking at a slow pace and high incline. The exercises were completed at a moderate intensity for
10 reps and given a 1:1 work to rest ratio. Researchers observed a 9.6% increase in time to
complete the tasks (66). However, there were not significant differences in heart rate or blood
lactate concentrations during the simulated firefighting tasks (66). It is important to note this study
was underpowered due to the limited sample size. Interestingly, in this study, the authors
speculated that individuals with higher levels of physical fitness may see lower impacts in both

physiological and perceived exertional outcomes during simulated occupational tasks (66).

Study Specific Methods of Assessing Training Status

Body Composition

Research suggests that body composition or an individual’s distribution of fat and fat-free mass is
associated with performance and health outcomes (2,121). Body composition via dual-energy X-
ray absorptiometry (DEXA) is a more cost and time efficient method that places less burden on
the participants than hydrostatic weighting. DEXA also allows for quantitative data on regional
lean mass and fat mass distributions that provide additional insight into health status. DEXA was
chosen as it mitigates many of the issues that occur with hydrostatic weighing including participant
fears of being submerged in water, risk of high fiber diets causing gas to remain in gastrointestinal
tract, and not exhaling properly. DEXA has been well established as a safe, valid, and reliable

alternative to the hydrostatic weighing (124,125,171,215,236).

Training History Survey

The training history was a brief survey to better understand the participant’s experience level

regarding physical activity and exercise habits. This survey asked questions related to their current
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frequency, intensity, modality, and duration of their physical activity and exercise. Additionally,
this survey was used quantify how long (months/years) they had been performing these activities.
This survey provided us useful information that supported the exercise performance metrics

collected to help understand individual training status of participants.

Aerobic Capacity Assessments

Maximal oxygen consumption was assessed as a measure of cardiorespiratory fitness (CRF) level
utilizing the modified Bruce protocol for graded exercise testing (40,255). This protocol is closely
related to the standard Bruce protocol used as the gold-standard (14,107,153). The standard Bruce
protocol involves incremental increases in speed and incline starting at every three minutes until
the participant reaches volitional fatigue. The assessment began with a three-minute warm-up at
1.7mph and 0% incline, followed by a first stage of 1.7 mph and 10% incline. The modified Bruce
protocol involves an additional three-minute warm-up stage with a 5% incline to more gradually
introduce incline to the participants. All subsequent stages follow the standard Bruce protocol.
VO2max was determined as the maximal oxygen consumption achieved during the test.
Respiratory exchange ratio (RER), HRmax, and a blood lactate concentration (>8.0 mMol) was
utilized to verify the valid maximal effort was provided by the participant. By assessing the onset
of blood lactate accumulation during the VO2max assessment, we were able to estimate lactate
threshold (LT). LT was utilized as an indicator of fitness. Repeated lactate measures during the
acute exercise sessions, as well as during the simulated firefighting, provided us with an estimate
of exercise intensity and fatigue during each acute exercise trial. It has been established that blood

lactate concentrations are a marker of exercise intensity as well as fatigue and provide a more
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representative interpretation of cardiovascular endurance performance compared to VO

(79,93,265,266).

Muscular Strength and Power

Three-repetition maximum lifts (3-RM) performance were utilized to determine training load
during the acute resistance training session as well as an indicator of muscular strength for training
status classifications. 3-RMs have been proven to be a reliable and valid measure of muscular
strength (32,90). The vertical jump (VJ) was a counter-movement vertical jump completed on a
Leonardo Mechanograph® force platform. VJ performance has been validated as an assessment
of lower-body muscular power and will be utilized as such for training status classifications
(60,61). Portable force platforms like this have been previously validated for assessing VJ height

(219).

Study Specific Methods of Assessing Fatigue and Intensity

Equivital EQ02+ LifeMonitor

HR, HRV, ST, VE, and CT were monitored in real-time to assess the physiological stress and
intensity response during the exercise and heat chamber assessments utilizing the EQO02+
LifeMonitor (Equivital EQ02, Hidalgo, UK). Continuous rectal thermometer monitoring of CT is
the most valid and reliable method of monitoring (88,182,275) however it is an invasive and more
complex process than the EQO2+ LifeMonitor. Literature supports the use of the EQO02+
LifeMonitor as a valid and reliable option in estimating HR, ST, VE, HRV, and CT (8,44,164,264).
It is worth noting, however, that a recent publication did a highlight possible limitation to utilizing

EQO02+ LifeMonitor core temperature pill estimates of CT in heated environments during different
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occupational activity core temperatures (205). However, a research study has shown the
effectiveness of the heart-rate-derived CT estimate compared to the criterion standard, rectal

temperature monitoring (3).

Blood Lactate Concentrations

Blood lactate concentrations (BLC) indicate training status (76), exercise intensity (198), and
fatigue (254). By assessing the onset of blood lactate accumulation during the VO2max assessment,
one can obtain an estimated lactate threshold (LT) and, in turn an indicator of fitness (76). Repeated
lactate measures during the acute exercise sessions, as well as during the simulated firefighting,
provided us with an estimate of exercise intensity and fatigue during each acute exercise trial. It
has been established that blood lactate concentrations are a marker of exercise intensity as well as
fatigue and provide a more representative interpretation of cardiovascular endurance performance
compared to VO2 (79,93,265,266). This measure was specifically utilized as a marker of fatigue

and intensity during previous research simulated firefighting tasks (66).

Study Specific Methods of Assessing Cognitive Flexibility

The Wisconsin Card Sorting Task (WCST) was utilized to assess cognitive flexibility. This is one
of the most common, valid, and reliable tests utilized to assess cognitive flexibility for many years
(18,26,142,181,247). This cognitive assessment was selected as cognitive flexibility is one of the
three components of executive function. Cognitive flexibility involves situational decision-making
utilizing various perspectives to solve problems. Cognitive flexibility is also representative of the
other two components of executive function (inhibitory control and working memory) as it requires

an inhibitory response of our previous perspective (inhibitory control) and an activation response
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of a different perspective (working memory) (67). This executive function translates extremely
well to the cognitive demands imposed on firefighters due to the variety of emergency calls.
Firefighters need optimal cognitive flexibility in order to make rapid decisions based on a wide
range of variables (type of emergency, the environment the emergency is occurring in, the physical
limitations of the individual being rescued, etc.) (144,145). This assessment involved a computer-
based sorting tasks of a traditional deck of cards. The cards were sorted based on three factors:
color, shape, and number. After correctly sorting 10 cards, the category (the sorting rule) was
changed. This was repeated for a total of six sorting categories for a total of 60 trials. For a

complete description of the WCST see Berg et al. (26).

Conclusion and Purpose Statement

Firefighting is a profession that involves both physically and cognitively demanding tasks.
These occupational responsibilities make fitness a critical job requirement. However, due to
abnormal shift schedules, it is difficult for firefighters to meet physical activity recommendations
on their own time. Allotting time on shift for exercise has been shown to be a feasible approach,
improving exercise adherence, and improving occupational performance. However, there are
concerns that exercising on-shift will impact the firefighter’s ability to meet occupational demands.
There are physiological decrements and cognitive improvements seen in response to acute
exercise. These transient, exercise-induced changes, in addition to an array of factors (sleep
deprivation, stress, and heat), can impact both physiological and cognitive performance, in turn
decreasing occupational readiness. While there is some limited evidence showing occupational
performance decrements following circuit-style exercise, none have compared exercise modality

(resistance and aerobic exercise) on physiological and cognitive measures. Physiological and
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cognitive effects of exercise differ by exercise modality, and no study to our knowledge has
directly compared the acute impact of different training modalities on both physiological and
cognitive performance during simulated firefighting. Therefore, the purpose of this study was to
investigate the impact of resistance training and aerobic endurance training on physiological and
cognitive outcomes related to occupational performance. Results from this study can guide better

exercise program design that improves occupational readiness in firefighters.
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CHAPTER 3: METHODOLOGY

Overall Study Design

This study utilized a repeated measures randomized controlled trial to investigate the effect of two
acute exercise modalities that potentially impact occupational performance in firefighters. The
participants recruited for this investigation were healthy men and women within the age range of
most active firefighters (19-45 years). Upon entry into the study, participants completed a series
of baseline assessments to measure cognitive, physiological, and performance outcomes.
Participants then completed the three sessions in randomized order: 1) resistance exercise session
(RT); 2) aerobic high-intensity interval training session (HIIT); or 3) rested control session (CON).
Statistical analyses (detailed below) were be performed to evaluate changes in performance
outcome measures between conditions as well as investigate the impact baseline fitness has on

simulated firefighting performance.
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Figure 1. Study Design: *Modality order was semi-randomized; OTA: occupational task

assessment; heart rate and core temperature will be monitored continuously.

Participants

Healthy men and women, free from factors that would make it unsafe for them to participate were
recruited for this study. The application, G*Power, was utilized a priori to determine a sample size
of 28 total participants necessary for a sufficiently powered study. To estimate sample size the
following values were used: test family = F tests, repeated measures ANOVA, one group, three
measurements, correlation among repeated measures = 0.5, non-sphericity correction € = 1.0, a. =
0.05, 1-B=0.80,12p = 0.06). This effect size was determined based on previous research observing
effect sizes from 0.01 — 0.56 with similar outcomes (66,169). Literature on exercise training
interventions suggests high attrition rates that range from 25-50% (162). To account for this
possible attrition, 41 participants were recruited. Inclusion criteria were as follows: (i) 19-45 years
of age, (ii) free of musculoskeletal injury, (iii) available to complete the full 5-week study timeline,
(iv) comfortable carrying out exercise tasks while in a heat chamber, (v) agreed to adhere to study
requirements, and (vi) passed a health screening. Exclusion criteria included: (i) known medical
condition, physical or psychological condition preventing participation in exercise, (ii) current or
rehabilitating from recent musculoskeletal injury, (iii) diagnosed with asthma (defined as
experienced symptoms, or prescribed any form of treatment within the past 4 years) were required
to obtain permission from their primary care physician to participate, (iv) history of heart condition
or high blood pressure, (v) felt pain in chest at rest, during activities of daily living, or when
performing physical activity or exercise, (vi) primary care physician had prescribed medically

supervised physical activity only, or (vii) recently experienced a heat-related illness or injury (i.e.,
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heat exhaustion, heat stroke, etc.). These inclusion/exclusion criteria are consistent with other
acute exercise and heat-related studies and were included for the protection of the participants for
possible adverse events and to control for confounding factors that may affect study outcome
measures. Recruitment efforts involved the use of flyers, social media posts, and word of mouth.
All interested participants completed an in-person or phone screening to determine eligibility;
screening questions were be based on the inclusion and exclusion criteria outlined above. All
participants who met the inclusion criteria following the phone screening were provided an in-
depth information session regarding the study requirements, procedures, and potential risks.
Following the information sessions, potential participants were given time to ask additional
questions and make a decision regarding their participation. Informed consent was obtained prior
to enrollment in the study. Approval from the Auburn University Institutional Review Board was

obtained for this protocol prior to the start of all research activity.

Procedures

Randomization

After consenting, participants were assigned a sequential study identification number. The order
of the three exercise trials was quasi-randomized using simple randomization for each participant

to avoid possible confounding effects of trial order and familiarization.

Baseline Fitness Assessments

Each participant completed a baseline fitness assessment (Day A and B) prior to completing the
acute exercise trials (Trials 1-3). Day A consisted of a dual-energy x-ray absorptiometry (DEXA)

body composition scan, a training history survey, a maximal oxygen consumption assessment
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(VO2max), as well as baseline physiological measures, including resting heart rate (HR) and lactate
threshold (LT). Day B included baseline cognitive assessments (WCST), one-repetition maximum
(1-RM) testing for back squat, bench, and trap-bar deadlift, a maximal vertical counter-movement
jump (VJ) and familiarization with the heat chamber and associated temperature. Prior to Day B
testing, we obtained resting lactate, heart rate, and core temperature. Adequate hydration (USG <

1.025) of each participant will be assured before Day A to ensure valid DEXA results are obtained.

Baseline Testing

Surveys
A health screening questionnaire and PAR-Q was completed to understand relevant health

considerations prior to beginning any research activity (see Appendix A and B).

Body Composition Assessment

Body composition (fat, muscle, and bone mineral density) was measured with DEXA. After
assessing hydration status, the participant’s height and weight was obtained. Participants were
required to wear clothing without zippers or buttons (athletic clothing) and lay still on a flat table

with minimal movement and normal breathing during the scan (~ 12 min).

Training History Survey

The training history survey involved a brief survey to better understand the participant’s recent
physical activity and exercise habits (Appendix C). This survey asked questions related to their
current frequency, intensity, modality, and duration of their physical activity, in addition to how

long they had been performing these activities. This survey was utilized to provide information
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that supports the exercise performance metrics collected to help understand individual training

status of participants.

VO2max

Maximal oxygen consumption (VOzmax) was assessed as a measure of cardiorespiratory fitness
(CRF) level utilizing a modified Bruce protocol for treadmill-graded exercise testing. This
VO:zmax protocol involved incremental increases in speed and incline every three minutes. First
there were two warm-up stages at 1.7 mph. The incline started at zero during the first stage prior
to increasing to 5% for the second stage. After the warm-up stages, the speed remained the same
and the incline was increased to 10%. Each subsequent stage involved an increase in both speed
and incline (see Appendix D). Participants were asked to give their best effort and continue until
they cannot go any longer. The test was terminated once participants reached volitional fatigue.
VOzmax was determined as the maximal oxygen consumption achieved during the test.
Respiratory exchange ratio (RER), HRmax, and a BLC (>8.0mMol) were utilized to verify the

valid maximal effort was provided by the participant.

Wisconsin Card Sorting Task

The WCST was utilized to assess cognitive function. This assessment involved a computer-based
sorting tasks using a traditional deck of cards. The participant sorted the cards based on three
factors: color, shape, and number. After correctly sorting 10 cards, the category (the sorting rule)
was changed. This was repeated for a total of six sorting categories (60 correct responses), or 128
trials have been completed. Our primary measure was perseverative errors. These errors represent

a participant’s inability to adapt to the new sorting rule and are representative of task-switching
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and cognitive flexibility (149). Additional secondary measures included response time of correct
responses, total errors, non-perseverative errors, number of categories completed, and total number
of trials administered (141). For the sake of time efficiency during the OTA, participants
completed 60 total responses instead of the traditional 60 correct responses with up to 128 total
trials (181). To reduce the variability of instructions from individual researcher differences,
participants were prompted to complete the assessment as fast as possible while minimizing errors.
They were additionally followed the instructions outlined on the computer screen, which reviewed

the rules of the WCST, before beginning the assessment.

Vertical Jump (VJ)

The vertical jJump was used to assess muscular power. This vertical jump was a counter-movement
vertical jump completed on a Leonardo Mechanograph force platform (Novotec Medical GmbH,
Pforzheim, Germany). The participant started by stepping onto the platform. Participants then were
instructed by the research team to jump as high as possible. Participants completed a total of three

jumps with a 1-minute rest between attempts.

3-Repetition Maximum Lifts (3RM)

Three repetition maximum testing (3RM) performance was utilized to determine training load
during the acute resistance training session, as well as an indicator of muscular strength. The squat,
bench press, and deadlift movements were used to assess upper- and lower-body strength. During
each attempt, participants were provided with spotters. For the squat, the participants were asked
to place the barbell and attached weights on the top of the shoulders behind the head and complete

a full squat. If the participant’s back angle began to change on the repetition, it was not counted.
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For bench press, they started by laying on their back on a lifting bench, setting 5 points of contact
(head, shoulders, buttocks, and both feet flat on the floor). To complete the lift, the participant
touched the bar to the chest (with a slight pause at the chest) and raised it back up to the starting
position. For the deadlift, the participants lifted the weight bar from the ground with both knees
and hips bent while maintaining a constant back angle throughout. If the weight was hiked or slid
up the thighs or their back angle changes, the repetition was not counted. The participants were
monitored by a certified strength and conditioning specialist to ensure they performed each
exercise completely and with proper form. Progression from warm-up to maximum attempts
included an empty bar, 50% of projected 3RM for 6-8 reps, 75% for 3-5 reps, and 85% for 1-3
reps, then the first attempt is at 95% of projected 3RM. Each set included a minimum of 2 minutes
rest and maximum of 5 minutes of rest. The maximum weight completed for 3 reps while
maintaining good form was utilized to project 1IRM. if they only achieved 1 rep at the attempted
weight that value was taken and utilized as their LRM and if they achieved 2 reps that was utilized

to project 1RM.

Equivital EQO2+ LifeMonitor
HR, SK, VE, HRV, and CT was monitored in real-time to assess the physiological stress and
intensity response during baseline testing, the exercise sessions, and heat chamber assessments

utilizing the EQO02+ LifeMonitor (Equivital EQ02, Hidalgo, UK).

Blood Lactate Concentrations

Blood lactate concentrations (BLC) was used to indicate training status, exercise intensity, and

fatigue. By assessing the onset of blood lactate accumulation during the VO2max assessment, we
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were able to estimate lactate threshold (LT). It has been established that blood lactate
concentrations are a marker of exercise intensity as well as fatigue. Lactate was measured
throughout baseline testing and acute exercise trials. The participant’s fingertips were disinfected
utilizing an alcohol wipe and dried with a gauze pad. Once dried, a fingerstick was administered
using a BD Microtainer ® auto-lancet (BD, Franklin Lakes, NJ) to draw a drop of blood from the
participant’s fingertip. This drop of blood was placed on the lactate test strip and inserted into the

Nova Biomedical Lactate Plus Meter (Nova Biomedical, Waltham, MA) for measurement.

Familiarization

Lastly, participants walked through the simulated firefighting protocol. They were instructed on
how to don the standard firefighter PPE, including turn-out gear, gloves, boots, and helmet. After
donning the PPE, they entered the chamber that is set at 35°C (95°F) with 50% relative humidity

and practiced the firefighting tasks that were completed during the following visits.

Acute Exercise Trials

Following baseline assessments and familiarization, participants completed each of the three
conditions with a 7-day wash-out period between each trial. Both acute exercise bouts included a
strength-based resistance exercise (RT) session and a high-intensity interval training (HIIT)
session. The third trial was a control trial with the participant remaining seated while scrolling on
their phone, studying, or completing a work-related task (e.g., answering emails or researching the

interweb) for the same duration of time.

Urinalysis
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Participants were given a specimen cup and guided to a private restroom where they provided a
urine sample upon arrival to the lab each visit to ensure they were adequately hydrated prior to
body composition assessment and safely hydrated during heated exercise to ensure accurate
results. In the event they could not provide a urine sample upon arrival, they were given the
opportunity to drink water to elicit urination. The sample was analyzed with a refractometer for
hydration status and the sample was then discarded. If they were dehydrated (USG = >1.025), they
were provided with water to drink, and then we tested a new urine sample to ensure accurate results

on the body composition assessment, and they are safely hydrated during heated exercise.

Resistance Exercise (RT) Session

This full-body resistance exercise session was programmed utilizing NSCA guidelines for strength
training (233). Participants completed four exercises emphasizing each major movement,
including a lower body push (back squat) and pull (trap-bar deadlift), upper body horizontal push
(barbell bench press), and horizontal pull (barbell bent-over rows). The exercises are ordered as
follows: 1) back squat, 2) barbell bench press, 3) trap-bar deadlift, 4) barbell bent-over rows.
Participants completed three sets of six repetitions of each exercise at ~80% of their 1-RM from
baseline testing with 2 minutes of rest between sets. If a participant was unable to complete a set
at the prescribed weight, the weight was lowered until the set was finished and remained at the
lower weight for all subsequent sets. Prior to starting the RT session, participants completed a
structured warm-up. The warm-up protocol followed the NSCA’s recommended structure of a
general and specific warm-up. The general warm-up involved a moderate-paced walk on a
treadmill (233). The specific warm-up involved dynamic movements that mimicked and prepared

the participant for the movement patterns of the acute resistance exercises. This included body
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weight squats, hip rotations, and scapular protraction/retraction (233). BLC measurements were

taken pre- and post-exercise session.

Aerobic Exercise Session

The aerobic bout involved a high-intensity interval training (HIIT) session. This exercise session
was based programmed utilizing NSCA guidelines for aerobic endurance training and a 2018
investigation of a cycling HIIT protocol (64,220). Each participant completed 5 rounds of 4
minutes of low intensity at approximately 50% of heart rate reserve (HRR) and 30 seconds of high
intensity at approximately 90% of HRR on a treadmill. The HRR values were calculated with the
Karvonen method utilizing resting and max heart rate values from the baseline assessment (132).
Prior to starting the HIIT session, participants completed a structured warm-up. The warm-up
protocol followed the NSCA’s recommended structure of a general warm-up, involving a
moderate-paced walk on a treadmill (220). BLC measurements were taken pre- and post-exercise

session.

Control Session

A control session was completed to assess any effect of exercise in general, regardless of modality.
This control session involved having the participant sit in the laboratory in a quiet control
environment where they were told they could work on their laptops, scroll on their phone, or read
a book. However, participants were told to avoid any stressful or overstimulating work. What
subjects did during the 30-minute time frame was recorded. This choice of activities was decided
in tandem with what the Auburn Fire Department described as activities they are able to do in the

down time they have on duty. Measurements were taken pre- and post-exercise session.
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Transition Period

Following the acute exercise sessions there was an immediate post-exercise BLC measurement.
After which, participants donned standard firefighting turnout gear and PPE as firefighters would
during a live call during a shift. This gear included a standard issue turnout jacket and trousers,
boots, gloves, hood, and helmet. Following this, participants were escorted to the heat chamber

where we assessed lactate again prior to beginning the simulated firefighting protocol.

Simulated Firefighting

The heat chamber was set to 35°C (95°F) with 50% relative humidity to mimic
temperatures similar to those experienced during highway extractions on a hot summer day, other
outdoor emergencies, and salvage (3,7,272). This heat was chosen rather than hotter temperatures
to replicate non-fireground scenarios, which make up 80% of southeastern United States
firefighter’s emergency calls (3). Inside the chamber, participants completed a series of tactically
relevant physical exertion tasks. This portion of the simulated firefighting tasks involved repeated
lift and carry and walking movements. To simulate this, a Rogue Fitness® sandbag (Rogue Fitness,
Columbus, OH) loaded to either 135Ibs or 85Ibs was used. This weight was chosen as Gledhill et
al. demonstrated that firefighters frequently have to lift, drag, and carry objects of this size during
emergency calls (94). Participants utilized the 135lb sandbag if their 3-RM deadlift was greater
than 175 Ibs and deadlift to body weight ratio greater than 1.25. Those that did not meet these
criteria used an 85lb sandbag. Next, they completed 10 repeated sandbag deadlifts. Following their
heavier deadlifts, they then lifted a lighter Rogue Fitness® sandbag, loaded to 40lbs to mimic the

average weight of a firehose, onto their shoulder while walking on a treadmill for 0.15 miles. This
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circuit of lifts and walking was repeated two times before stopping to complete a cognitive
assessment. Participants were reminded of the instructions for the WCST, and then asked to
complete the assessment while still in the chamber. Once the WCST was completed, participants
completed two more rounds of the exertional tasks previously listed. Participants were instructed
to complete the tasks to the best of their ability and as quickly and safely as possible. Termination
criteria, in addition to completing all exertional tasks and the cognitive assessment, included

volitional fatigue or the participant reaching a core temperature of 39.4°C.

Recovery Protocol

Upon completion of the heat chamber protocol, participants were escorted out of the
chamber and into an open area where they removed PPE except for the pants and boots. At this
point, participants were provided a chair to sit in. They were allowed to roll their pants down below
their knees, while boots are kept, on mimicking the procedures firefighters follow during their
recovery periods when on emergency calls. Participants were provided water to rehydrate, and HR,
HRV, and CT were monitored continuously during the recovery period. BLC was also assessed at
immediate-post simulated firefighting, 5-, 10-, 20-, and 40-minutes post-heat chamber. Following
the 40-minute BLC assessment, CT was monitored for an additional 20 minutes or until CT returns
to baseline. Exceptions to this methodology were made in the case of a continual rise in core
temperatures to above 39.4°C, in which case emergency action plans are initiated, taking
precedence over data collection for the safety of the participant. However, this instance never
occurred. For information regarding the emergency action plan implemented in these scenarios,

see Appendix E.
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Statistical Analysis

Chapter 4 Statistical Analysis Plan

The Shapiro-Wilks Test, Q-Q plot inspection, and Mauchly’s Test were used to evaluate
normality and sphericity respectively. A repeated-measures analysis of variance (ANOVA) was
performed to determine differences across conditions. For any significant main effects detected,
post hoc comparisons with Bonferroni adjustments will be utilized for multiple comparisons. The
independent variables included condition (training modality) and time; the dependent variables
included time to complete simulated firefighting tasks and WCST score. Additional variables that
will be assessed to describe the physiological mechanisms behind performance changes will
include heart rate, heart rate variability, blood lactate concentration, and RPE. Other additional
variables that will be assessed to describe the cognitive mechanisms behind performance changes
will include response time correct responses, errors, perseverative errors, non-perseverative errors,
number of categories completed, and total number of trials administered. Then we conducted an
equivalence test for ANOVA to determine if the exercise conditions resulted in practically
equivalent changes in time to complete OTA. A practical effect size to determine equivalence
bounds was calculated based on the mean difference in time to complete OTA based on the
recommendations of the local fire departments on the meaningful difference in time to complete
the outlined tasks in an actual occupational scenario. This value was then divided by the pooled
standard deviation of time to complete OTA from the actual data collected in this study to obtain
a practical effect size, then converted to a partial eta squared (n2p) utilizing the equation provided

below.

Practical Effect Size Equation:
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Cohen’s d = Mdifference(estimated)/sDpooled(actual),‘ Cohen ’Sf= d/2,‘ I12p =f2/(1 +f2)
d = 180 sec/((301.62 sec + 214.23 sec + 261.23 sec)/3) ; f=(0.695/2); n2p =0.348 ?/(1

+0.348?)

The equivalence test was completed using the TOSTER package for R to compare the largest effect
size observed between exercise conditions against a practical effect size of N12p=0.11 (f=1.382).
If sphericity is violated, statistical interpretations will be made utilizing Greenhouse-Geisser
adjusted degrees of freedom. Data will be expressed as mean + standard deviation. Significance in
this investigation will be set a priori at a p-value < 0.05 for all measurements. R Statistical
Programming Software Version 4.1.2 (RStudio; Boston, MA) will be used for all statistical

analyses.

Chapter 5 Statistical Analysis Plan

The Shapiro-Wilks Test, Q-Q plot inspection, and Mauchly’s Test were used to evaluate
normality and sphericity respectively. First, we conducted a repeated-measures ANOVA
comparing perseverative errors by condition. Baseline WCST outcomes were not statistically
compared to the experimental trial conditions as it was only used as a familiarization with the
assessment due to the known practice effect of the assessment (23). HRV was assessed to
investigate the physiological mechanism (cardiac autonomic function) behind cognitive
performance. A repeated-measures ANOVA was performed on HRV values during the WCST
portion of the assessment to determine differences across conditions. For significant main effects
detected, post hoc comparisons with Bonferroni adjustments were utilized for multiple

comparisons. If sphericity was violated, statistical interpretations were made utilizing Greenhouse-
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Geisser adjusted degrees of freedom. Data is expressed as mean + standard deviation. Significance
in this investigation was set a priori at a p-value < 0.05 for all measurements. R Statistical
Programming Software Version 4.1.2 (RStudio; Boston, MA) was used for all statistical analyses
(224). The application, G*Power, was utilized a priori to determine a sample size of 28 total
participants necessary for a sufficiently powered study. The following values were used to estimate
sample size: test family = F tests, repeated measures ANOVA, one group, three measurements,
correlation among repeated measures = 0.5, non-sphericity correction € = 1.0, a.=0.05, 1-f = 0.80,
n2p = 0.06). The primary aim of the larger study was changes in time to complete occupational
tasks, therefore the effect size was determined based on previous research related to the Chapter 4
aim; previous research related to these outcomes yielded effect sizes ranging from 0.01 — 0.56

(66,169).

Chapter 6 Statistical Analysis Plan

Each participant received a z-score based on baseline assessment outcomes. These
assessments were then grouped based on strength (3RM bench, squat, deadlift, and max vertical
jump), aerobic (VOzpeak, VO: at Lactate threshold, and percent VOzpeak at Lactate threshold) or
body composition (lean mass (LM) and fat mass (FM)). The z-scores within each grouping were
averaged to receive a general “strength and power”, “aerobic” and “body composition” variables.
The fat mass was given a negatively weighted z-score, as higher fat mass would be indicative of
poorer body composition. These three variables were then included in a linear multiple regression
to compare our primary dependent variable time to complete the OTA and our secondary

physiological strain variables (core temperature, skin temperature, heart rate, ventilatory rate),

perceived exertion (RPE), and cognitive outcomes (WCST perseverative, non-perseverative, and
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total errors). All data were assessed for normality using the Shapiro-Wilks Test and Q-Q plot
inspection, and multicollinearity was assessed using Variance Inflation Factor (VIF) values and
correlation coefficients of the predictor variables. VIF values were all less than 3.0 (167), however
strength and power score was highly correlated with body composition score (R?=0.77). Data was
also assessed for independence, linearity, and homoscedasticity using residual plots. Data are
expressed as mean + standard deviation. Significance for this investigation was set a priori at p <
0.05 for all measurements. R Statistical Programming Software Version 4.1.2 (RStudio, Boston,
MA, USA) was utilized for all analyses (224). The application G*Power was utilized a priori to
determine a sample size of 32 participants were necessary to appropriately power this study. The
following values were input for the estimation of sample size in G*Power: test family = F tests,
linear multiple regression, effects size f2 = 0.4, a error probability = 0.05, 1-B = 0.80, number of
predictors = 3. This estimated effect size was a conservative estimate determined based on previous

research observing effect sizes of this size with similar outcomes (66,169).
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ABSTRACT: Purpose: Research suggests acute exercise may impair occupational performance in
firefighters. However, it is unclear how different exercise modalities affect physiological outcomes and
occupational performance. Therefore, we aimed to determine how a bout of resistance or aerobic exercise
impacts physiological responses and performance during firefighting occupational tasks. Methods: Thirty-
two non-firefighters (M/F: 17/15; 25.2 £ 4.1 yrs; 173.8 £ 9.8 cm; 75.6 £ 13.2 kg) completed two baseline
assessments, and three trials: resistance exercise (RE), aerobic exercise (AE), or rested control (CON).
Trials were immediately followed by an occupational task assessment (OTA; four rounds of 10 deadlifts
(85 or 135lbs) and 0.15-mile 40lb-sandbag carry) in an environmental chamber (35°C/50% humidity).
Results: ANOVA results suggest time to complete by condition was not significantly different (CON: 1134
+ 261, AE: 1198 + 214, RE: 1212 + 302 sec; p = 0.162). Equivalence test results support this as time to
complete was significantly equivalent (p < 0.02). Average heart rate (CON: 148.5 + 16.2, AE: 166.3 £ 11.5,
RE: 159.9 + 13.0 bpm; p < 0.01), core temperature (CON: 37.56 = 0.35, AE: 38.68 + 0.26, RE: 38.44 £
0.46°C; p < 0.01), and skin temperature (CON: 36.33 £ 0.54, AE: 37.48 + 0.58, RE: 36.87 + 0.86°C; p <
0.01) were elevated during OTA following AE and RE compared to CON, and higher following AE
compared to RE. Conclusion: Our findings suggest that while job performance may not be impacted,
physiological strain during the tasks may be elevated. This elevated physiological strain could increase their
risk for heat injury immediately following on-shift exercise, and more prominently following aerobic

exercise.

Keywords: Tactical Athletes, Environmental Stress, Resistance Training, Strength Training, Aerobic

Endurance Training, HIT
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1 INTRODUCTION

Firefighters are exposed to a broad spectrum of environments typically divided into two types:
fireground (vehicle fires, wildfires, structural fires) and non-fireground (medical emergencies, vehicle
accidents, natural disasters). Both can present a risk for heat stress ranging from hot summer temperatures
upwards of 32°C, with wildland fire suppression reaching 78°C (48) and structural fires reaching extreme
temperatures of 300°C (271). Personal protective equipment (PPE) worn to protect firefighters from
extreme heat weighs approximately 17-25 kg (70,199). This added weight and restricted movement can
exacerbate the stress imposed on the firefighters and limit occupational performance (199,202,203). These
high levels of physical and environmental stress imposed on firefighters reinforce the need for fitness
training opportunities and physical fitness standards. A study looking at the adaptations to fire academy
training saw significant improvements in fitness during academy training that were subsequently lost when
reassessed following firefighters’ probationary period (8 months later). This included declines in body
composition, aerobic capacity, muscular strength, and muscular endurance, suggesting overall health and
fitness declined once firefighters left the academy (62). A National Fire Prevention Association (NFPA)
report notes that 70% of firefighters do not meet recommended health and fitness guidelines (192). This
raises concern as research suggests poor fitness and lack of a well-designed training program decrease
occupational performance and increase firefighters’ risk for overexertion injuries (46,151) and increase
cardiovascular disease/event risk (92,239).

Research on exercise interventions in firefighters has revealed promising improvements in
occupationally relevant fitness parameters, including general health outcomes (84,91,155,188) and
occupational performance (204). However, only 27% of fire departments across the United States provide
health and fitness programs (192). Research has shown that firefighters who participated in on-shift (within
the station) physical activity accumulated a higher level of total physical activity on a weekly basis and had

better cardiovascular health indicators over those that do not (91). The importance of maintaining physical



fitness despite the hectic work schedule makes it crucial that firefighters are provided time to exercise while
on shift. However, it is important to consider the cumulative exertional stress this could impose.

Current literature indicates physiological measures (i.e., heart rate, skin temperature, ventilation, and
core temperature) are intensified when performing simulated firefighting tasks (75,116,117,129,190,282).
Core temperature, heart rate, lactate concentrations, and workload are all increased in heated environments
(63,95,99). Firefighters have expressed uncertainty about adding the physiological stress of on-shift
exercise to the stress of their daily job tasks (3,150,165), concerned the added stress response may lead to
decrements in occupational performance. Two studies investigating the effects of exercise training-induced
fatigue on simulated firefighting tasks and the physiological stress experienced after a bout of acute
exercise. They reported a 9.6% (66) and 45% (169) increase in time to complete 10 minutes after acute
exercise and a 9.8% increase in time to complete 60 minutes after exercise (169). These studies suggest that
a single on-shift exercise session may transiently impair the ability to meet occupational requirements.
While one of these studies used circuit-style training and the other involved high-intensity resistance
training, no study to our knowledge has directly compared the acute impact of resistance training and
aerobic endurance training on the physiological readiness of firefighters.

Therefore, the purpose of this study was to investigate the impact of resistance and aerobic endurance
exercise on physiological outcomes and performance related to firefighter occupational performance. We
hypothesized that aerobic exercise would have a greater impact on occupational performance compared to
resistance training by increasing time to complete and markers of physiological strain and fatigue (heart
rate, skin temperature, ventilation, core temperature, and blood lactate concentrations). A secondary aim
was to determine if the acute exercise bouts impair the rate at which the physiological variables recover
following occupational task performance. We hypothesized that aerobic exercise would result in a slower

rate of recovery following occupational task recovery compared to resistance training.
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2 METHODS
2.1 Study Design

This study utilized a repeated measures quasi-randomized control trial. Participants were local
members of the community rather than firefighters. This decision was made in order to obtain an adequate
sample size for the statistical analysis. Each participant completed a series of baseline assessments for
cognitive, physiological, aerobic, and anaerobic performance outcome measures as a part of the larger study
that was approved by the Institutional Review Board at XX (IRB protocol code #22-479 AR 2211). These
baseline assessments have been outlined below as we will utilize values to quantify the fitness level of the
population. Participants then completed three exercise sessions in quasi-randomized order: 1) resistance
exercise (RE); 2) aerobic high-intensity interval training (AE); or 3) rested control (CON). Each exercise
session was directly followed by an occupational task assessment (OTA). A seven-day wash-out period
was included between trials to reduce the risk of residual fatigue impacting subsequent trial performance.
Participants completed the CON condition second to reduce the number of potential unique trial order group
comparisons. Block randomization of trial order of exercise type was generated in Microsoft® Excel
(Microsoft Corporations, Redmond, WA USA). Independent variables included Pre-OTA condition (AE,
RE, CON). The primary dependent variable was OTA time to complete, with secondary dependent variables
including core temperature, blood lactate concentrations (BLC), skin temperature, heart rate, and

ventilatory rate.

2.2 Participants

Forty-one individuals were enrolled in the study. Thirty-two (15 males, 17 females) participants
completed all study requirements (25.19 £ 4.12 yrs., 173.78 £ 9.84 cm, 75.57 + 13.22 kg, 23.28 + 7.43%
body fat). All participants were individuals from the local community, none of whom were current
firefighters. Additionally, all participants met the following inclusion criteria: (i) 19-45 years of age, (ii)
free of musculoskeletal injury, (iii) available to complete the full 5-week study timeline, (iv) comfortable

carrying out exercise tasks while in a heat chamber, (v) agreed to adhere to study requirements, and (vi)
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passed a health screening. Participants were excluded if they: (i) had a known medical condition, physical
or psychological condition, preventing participation in exercise, (ii) had a current musculoskeletal injury or
were rehabilitating from a recent one, (iii) had been diagnosed with asthma (defined as experienced
symptoms, or prescribed any form of treatment within the past four years), (iv) had a history of heart
condition or high blood pressure, (v) experienced pain in chest at rest, during activities of daily living, or
when performing physical activity or exercise, (vi) had been prescribed medically supervised physical
activity only by a primary care physician, or (vii) had recently experienced a heat related illness or injury

(i.e., heat exhaustion, heat stroke, etc.). Informed consent was obtained prior to enrollment in the study.

2.3 Procedures

Each participant completed a baseline fitness assessment (Day A and B) prior to completing the
acute exercise trials (Trials 1-3). Participants were asked to refrain from caffeine and recent exercise for 24
hours leading up to Day A and Day B. Adequate hydration (USG < 1.02) of each participant was assessed
before testing on Day A and Day B. The urine sample was analyzed with a refractometer (\V-Resourcing,
Hunan, China) for hydration status. If the participant was dehydrated (USG = > 1.02), they were provided
16 oz of water to drink and provided a new urine sample. All participants were adequately hydrated before
they began baseline testing. Participants were encouraged to schedule visits at the same time of day and

maintain a consistent diet during the duration of the study, however, this was not controlled.

2.3.1 Day A (Body Composition and Aerobic Fitness)

Body composition (fat, muscle, and bone mineral density) was measured with a full-body dual-
energy X-ray absorptiometry (DXA) scan (Lunar Prodigy; GE Healthcare, Chicago, IL, USA). Participant’s
height and weight were obtained utilizing a digital scale and stadiometer (SECA, Hamburg, Germany).

Peak oxygen consumption (VO.peak) was assessed as a measure of cardiorespiratory fitness level
utilizing a modified Bruce protocol (255) for treadmill (Woodway, Waukesha, WI, USA) graded exercise

testing. Participants were asked to give their best effort and continue until they could go no longer. The test
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was terminated once participants reached volitional fatigue. VOpeak was determined as the maximal
oxygen consumption achieved during the test. Respiratory exchange ratio (RER > 1.15), HRmax (within
10 bpm of age-predicted max), BLC (>8.0 mM), and volitional fatigue were utilized to verify a valid
maximal effort was given by the participant. Additionally, lactate threshold was estimated as part of the
larger study. The participant’s fingertips were disinfected using an alcohol wipe and dried with a gauze pad.
Once dried, a fingerstick was administered using a BD Microtainer ® auto-lancet (BD, Franklin Lakes, NJ
USA) to draw a drop of blood from the participant’s fingertip. The first drop was wiped by the gauze pad
and the second drop of blood was placed on the lactate test strip and inserted into the Nova Biomedical
Lactate Plus Meter (Nova Biomedical, Waltham, MA USA) for measurement. The Lactate Plus Meter was
calibrated bi-weekly during testing with low and high control solutions and the accuracy was confirmed to
be within acceptable limits (i.e., low control solution: 1.0-1.6 mmol/L; high control solution: 4.0-5.4

mmol/L).

2.3.2 Day B (Muscular Strength, Power, and Familiarization)

Participants completed a counter-movement vertical jump on a Leonardo Mechanograph force
platform (Novotec Medical GmbH, Pforzheim, Germany) as an assessment of lower body muscular power.
The participant stepped onto the platform and was instructed by the research team to jump as high as
possible. This task was completed three times with a one-minute rest between attempts.

Three repetition maximum testing (3RM) performance was used to determine training load during
the acute resistance training session, as well as an indicator of muscular strength. The squat, bench press,
and hex-bar deadlift movements were used to assess upper and lower body strength. During each attempt,
participants were provided spotters. For the squat, the participants were asked to place the barbell and
attached weights on the top of the shoulders behind the head and complete a full squat. If the participant’s
back angle began to change on the repetition, it was not counted. For bench press, they started by laying on
their back on a lifting bench, setting five points of contact (head, shoulders, buttocks, and both feet flat on

the floor). To complete the lift, the participant touched the bar to the chest (with a slight pause at the chest)
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and raised back up to the starting position. For the hex-bar deadlift, the participants lifted the weight bar
from the ground with both knees and hips bent while maintaining a constant back angle throughout. If the
weight was hiked or slid up the thighs or their back angle changed, the repetition was not counted. The hex-
bar deadlift was utilized to reduce technical errors and potential injury risk in inexperienced lifters (250).
The participants were monitored by a certified strength and conditioning specialist (author - P.A.) to ensure
they performed each exercise completely and with proper form. Participants started the 3RM protocol by
completing the lift with a series of warm-up lifts (45-1b bar for 8-10 reps, 50% of projected 1-RM for 6-8
reps, 75% for 3-5 reps, and 85% for 1-3 reps). Their first attempt was at 95% of self-reported 3RM. Each
set included a minimum of two minutes of rest and a maximum of five minutes of rest. The maximum
weight completed for three reps while maintaining good form was utilized to project 1RM based on the
National Strength and Conditioning Association’s (NSCA) guidelines (148). If participants only achieved
one or two reps at attempted weight, that value was taken and utilized to project 1RM. During Day B,
participants were also familiarized with the Occupational Task Assessment (OTA). They were instructed
on how to don the standard firefighter PPE, including turn-out gear, gloves, boots, and a helmet. Afterward
they entered the chamber that was set at 35°C (95°F) with 50% relative humidity and practiced one round

of the OTA to reduce any learning effect associated with the OTA.

25 Experimental Trials

After the fitness assessments (Day A and B), the participants completed the acute exercise trials
(Trials 1-3). Participants were asked to refrain from caffeine and exercise during the 24 hours leading up to
each of the three trials. Participant hydration was tested before each trial. If the participant was dehydrated,
they were provided with water to drink and provided a new urine sample for analysis. Each of the acute
exercise sessions were lead and monitored by a certified strength and conditioning professional (P.J.A) and

at least one other researcher.
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25.1 Acute Exercise and Control Trials

The full-body resistance exercise session was programmed utilizing NSCA guidelines for strength
training (233). Prior to starting the RE session, participants completed a structured warm-up. The warm-up
protocol followed the NSCA’s recommended structure of a general and specific warm-up involving a
moderate-paced walk on a treadmill (233) and dynamic movements that mimicked and prepared the
participant for the movement patterns of the acute resistance exercises, including bodyweight squats, hip
rotations, scapular protraction and retraction (233). After the warm-up, participants completed four
exercises emphasizing each major movement in the following order:1) back squat, 2) barbell bench press,
3) hex-bar deadlift, and 4) barbell bent-over rows. Participants completed three sets of six repetitions of
each exercise at ~80% of their projected 1-RM from baseline testing with two minutes of rest between sets.
If a participant was unable to complete a set at the prescribed weight, the weight was lowered until the set
was finished and remained at that weight for subsequent sets. BLC measurements were taken pre- and post-
exercise. Total exercise time varied between individual resistance sessions, due to variability in the number
of warm-up sets needed based on working weight.

The aerobic bout involved high-intensity interval training (HIIT). This exercise session was
programmed utilizing NSCA guidelines for aerobic endurance training and a 2018 investigation of a cycling
HIIT protocol (64,220). Prior to starting the AE session, participants completed a structured warm-up. The
warm-up protocol followed the NSCA’s recommended structure of a general warm-up, involving a
moderate-paced walk (4.8 kph) on a treadmill (220). Each participant completed five rounds of four
minutes of low-intensity exercise at approximately 50% of heart rate reserve (HRR) and 30 seconds of high
intensity at approximately 90% of HRR on a treadmill. The HRR values were calculated with the Karvonen
method (132) utilizing resting and max heart rate values from the baseline assessments. BLC measurements
were taken pre- and post-exercise. The aerobic exercise session was programmed to take approximately 27
minutes.

A control session was completed to assess any effect of exercise in general, regardless of modality.

This control session involved having participants sit in our laboratory in a quiet, controlled environment
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where they could work on their laptops, scroll on their phones, browse the internet, or read a book. However,
participants were told to avoid any stressful or overstimulating work, and activities during the 30-minute
time frame were recorded. The activity choices were decided in tandem with what the local Fire Department
described as activities that firefighters typically partake in during their on-duty downtime. BLC

measurements were taken pre- and post-control session.

2.5.2  Transition Period
Participants then donned standard firefighting turnout gear and PPE as they would during a live
emergency call. BLC was once again assessed prior to entering the environmental chamber where

participants completed the simulated occupational task assessment.

2.5.3  Occupational Task Assessment (OTA)

The environmental chamber conditions were set to 35°C (95°F) with 50% relative humidity to
mimic temperatures experienced during highway extractions on a hot summer day, other outdoor
emergencies, and salvage (7,272). This temperature was chosen, rather than hotter temperatures, to replicate
non-fireground scenarios known to constitute ~80% of firefighters' emergency calls in the southeastern
United States (3). Inside the chamber participants completed a series of tactically relevant physical exertion
tasks involving repeated lift and carry and walking movements. A Rogue Fitness® sandbag (Rogue Fitness,
Columbus, OH, USA) was loaded to either 135lbs or 85lbs. Firefighters frequently have to lift, drag, and
carry objects of this size during emergency calls (94). Participants utilized the 135lb sandbag if their 3-RM
deadlift was greater than 175 Ibs and deadlift to body weight ratio greater than 1.25. Those that did not meet
these criteria used an 85Ib sandbag. Participants completed 10 repeated sandbag deadlifts with the
prescribed sandbag load. They then lifted a lighter Rogue Fitness® sandbag, loaded to 40lbs to mimic the
average weight of a firehose, onto their shoulder and carried it while walking on a treadmill for 0.15 miles.
These movements were completed in a circuit twice before stopping to complete a cognitive assessment

(part of the larger study). Participants then completed two additional rounds of the OTA. They were
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instructed to complete the tasks to the best of their ability and as quickly and safely as possible. Termination
criteria included volitional fatigue. Additionally, for the safety of participants, they were removed from the

environmental chamber if they reached a core temperature of 39.4°C.

2.5.4 Recovery Protocol

Upon completion of the heat chamber protocol, participants were escorted out of the chamber and
into an open area where they removed the helmet, gloves, and turnout jacket and sat in a chair. While
recovering, they were allowed to roll their pants down below their knees. Boots were kept on mimicking
the procedures firefighters follow during emergency call recovery. Participants were provided one bottle of
room-temperature water to rehydrate. Heart rate, skin temperature, ventilatory rate, and core temperature
were monitored continuously during the recovery period. BLC was assessed at immediate post-simulated

firefighting, 5-, 10-, 20-, and 40-minute post-OTA.

2.6 Physiological Monitoring and Perceived Exertion Measurements

Heart rate, ventilatory rate, skin temperature, and estimated core temperature were monitored in
real-time to assess the physiological stress and intensity of response during the entirety of each trial utilizing
the EQO2+ LifeMonitor (Equivital EQ02, Hidalgo, UK). A validated heart-rate-derived algorithm (43,44)
is used by the Equivital Black Ghost software to estimate core temperature. This system has recently been
shown as a valid alternative to gold-standard rectal temperature monitoring in similar environments and
exercise conditions (4). The Equivital measures skin temperature at the torso using an infrared temperature
sensor on the back of the Equivital device, which is in contact with the individual's skin under the
individual's arm (at the mid-axillary line of the thorax in line with the individual's xiphoid process of the
sternum). BLC was measured before and after AE, RE, CON, and OTA. BLC was also measured during
recovery at 5-, 10-, 20-, 30-, and 40-minute timepoints. BLC measurements were obtained using the Nova
Biomedical Lactate Plus Meter and procedures outlined above for lactate threshold testing during Day A.

The OMNI 0-10 Rating of Perceived Exertion (RPE) scale was used during acute exercise, at the end of RE
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sets, at the end of both high and low intervals during AE, and at the beginning and end of the control session.
The Borg 6-20 RPE scale (37) was also collected after each OTA task (i.e., sandbag deadlifts and sandbag
carry) and every five minutes during recovery. The OMNI scale was used during RE to correlate to the
number of Reps in Reserve (RIR) (287) and provide an accurate training intensity. It was also used during
AE, allowing comparisons with RE perceived exertion. However, the Borg scale was used during the OTA

because of its correlation to heart rate (285).

2.7 Statistical Analysis

The Shapiro-Wilks Test, Q-Q plot inspection, and Mauchly’s Test were used to evaluate normality
and sphericity respectively. First, we conducted a traditional repeated measures ANOVA comparing the
total time to complete the OTA by condition. We then conducted an equivalence test for ANOVA to
determine if the exercise conditions resulted in practically equivalent changes in time to complete OTA. A
practical effect size to determine equivalence bounds was calculated based on the mean difference in time
to complete OTA based on the recommendations of the local fire departments on the meaningful difference
in time to complete the outlined tasks in an actual occupational scenario. This value was then divided by
the pooled standard deviation of time to complete OTA from the actual data collected in this study to obtain

a practical effect size, then converted to a partial eta squared (n2p) utilizing the equation provided below.

Practical Effect Size Equation:
Cohen’s d = Mdifference(estimated)/sDpooled(actual),' Cohen ’Sf: d/2; n2p :jﬁ/(l +f2)

d = 180 sec/((301.62 sec + 214.23 sec + 261.23 sec)/3) ; f = (0.695/2); #2p =0.348 /(1 +0.348?)

The equivalence test was completed using the TOSTER package for R to compare the largest effect
size observed between exercise conditions against a practical effect size of n2p = 0.11 (f = 1.382).
Additional variables assessed to describe the physiological mechanisms behind performance changes

included heart rate, core temperature, skin temperature, ventilatory rate, blood lactate concentration, and
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rating of perceived exertion (RPE). Average values were calculated based on the minute-to-minute values
for heart rate, core temperature, skin temperature, and ventilatory rate during OTA and recovery.
Additionally, the time to get to the environmental chamber and put on the firefighter gear (gear time) was
compared between AE, RE, and CON to understand differences in the time taken from exercise to OTA.
Four-minute averages were calculated for each of these variables for graphic representation and area under
the curve (AUC) calculations. The AUC was used as a metric of cumulative heat strain experienced
accounting for the maximum temperature reached and the time spent at elevated core temperatures. Five-
minute change scores underwent trapezoidal summation to calculate the total AUC for both OTA and
recovery. A repeated measures analysis of variance (ANOVA) was performed on average values for each
of the measures to determine differences across conditions and recovery. Core temperature was the only
peak value assessed due to its relation to exertional heat illness risk (45). Other peak values were not
assessed to reduce the risk of type I error from multiple testing. Equivalence tests were not used for variables
other than time to complete because it is unclear what a practically significant difference for these
physiological variables would be. For any significant main effects detected, post hoc comparisons with
Bonferroni adjustments were utilized for multiple comparisons. If sphericity was violated, statistical
interpretations were made utilizing Greenhouse-Geisser adjusted degrees of freedom. Data is expressed as
mean + standard deviation. Significance in this investigation was set a priori at a p-value < 0.05 for all
measurements. R Statistical Programming Software Version 4.1.2 (RStudio; Boston, MA) was used for all
statistical analyses (224). The application, G*Power, was utilized a priori to determine a sample size of 28
total participants necessary for a sufficiently powered study. To estimate sample size, the following values
were used: test family = F tests, repeated measures ANOVA, one group, three measurements, correlation
among repeated measures = 0.5, non-sphericity correction € = 1.0, o. = 0.05, 1-p = 0.80, n2p = 0.06. Effect
size classifications included a small effect (n2p = 0.010 — 0.059), moderate effect (n2p = 0.060 — 0.139),
and large effect (n2p > 0.14). This effect size was determined based on previous research observing effect

sizes from 0.01 — 0.56 with similar outcomes (66,169).
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3 RESULTS

3.1 Baseline Values

Pre-trial USG (F(2, 62) = 0.752; p = 0.475, 12p = 0.02) and Pre-BLC (F(2, 62) = 0.281; p = 0.281,

n2p = 0.04) were not significantly different. Full demographic information can be found in Table 1.

Table 1. Participant demographics

Variable N Mean + SD Min — Max [Range]
Age (yrs) Overall 32 25.19+4.12 19.00 — 35.00 [16.00]
Female 15 26.07 +4.17 20.00 — 35.00 [15.00]
Male 17 2441 +4.05 19.00 — 31.00 [12.00]
Height (cm) Overall 32 173.78 £ 9.84 153.50 — 193.00 [39.50]
Female 15 165.23 +5.73 153.50 — 175.30 [21.80]
Male 17 181.34 +5.44 171.50 — 193.00 [21.50]
Weight (kg) Overall 32 75.57 £ 13.22 52.40 — 103.00 [50.60]
Female 15 64.47 £ 6.53 52.40 — 76.30 [23.90]
Male 17 85.36 £9.16 66.80 — 103.00 [36.20]
Body Fat Percentage Overall 32 23.28£7.43 11.00 - 43.60 [32.60]
Female 15 27.80 +6.19 20.30 — 43.60 [23.30]
Male 17 19.29 £6.10 11.00 —38.10 [27.10]
VO2max (mL/kg/min) Overall 32  46.15+7.43 31.20 - 62.60 [31.40]
Female 15  42.14+5.78 32.50 - 50.60 [18.10]
Male 17  49.68 +7.03 31.20 - 62.60 [31.40]
Projected 1-RM Squat (kg) Overall 32 108.21 + 38.37 56.25 — 224.53 [168.28]
Female 15 80.24 £ 15.19 56.36 — 105.00 [48.64]
Male 17 133.32 + 35.50 73.18 + 225.00 [151.82]
Projected 1-RM Bench (kg) Overall 32 77.14 £ 36.04 26.76 — 142.88 [116.12]
Female 15  46.24+11.94 26.82 — 68.64 [41.82]
Male 17 104.71 + 26.47 51.36 — 143.18 [91.82]
Projected 1-RM Deadlift (kg) Overall 32 119.04 + 42.27 58.97 — 221.81 [162.84]
Female 15 87.67 £ 20.55 59.09 — 124.55 [65.45]
Male 17 147.19 + 36.62 95.91 — 221.27 [146.36]

Valu_es Reported as mean + standard deviation. M = males, F = females; 1-RM = 1 repetition
maximum.
3.2 Acute Exercise Intensity
Average heart rate (F(2, 62) = 395.57; p <0.001, n2p = 0.93), core temperature (F(2, 62) = 132.16;
p <0.001, n2p = 0.81), skin temperature (F(2, 62) = 34.70; p < 0.001, n2p = 0.53), ventilatory rate (F(2,
62) = 160.68; p < 0.001, n2p = 0.84) were all significantly higher following AE and RE compared to CON.
Additionally, Post-exercise BLC (F(2, 62) = 102.36; p < 0.001, n2p = 0.77) was all significantly higher

following AE and RE compared to CON. Average heart rate (p < 0.001) and ventilatory rate (p < 0.001)
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were significantly higher during AE compared to RE. BLC (p = 1.000), core temperature (p = 1.000), and
skin temperature (p = 1.000) did not significantly differ between AE and RE. Duration of exercise session
was significantly different between conditions (F(2,62) = 60.04; p < 0.001, n2p = 0.66). Post-hoc analysis
suggests that RE duration was significantly longer than AE and CON (ps < 0.001) and AE duration was
significantly longer than CON (p < 0.001). The gear time or time to transition from acute exercise, don
firefighter gear and start the OTA was significantly different between conditions (CON: 6.03 + 1.79, AE:
6.00 + 1.51; RE: 8.81 + 2.19; p = 0.001). Post-hoc analysis suggests the RE gear time was significantly
longer than AE and CON (p < 0.001). Full report including mean and standard deviations of average as

well as peak values for each of these variables can be found in Tables 2 and 3.

Table 2. Exercise prescription values

Aerobic Low Interval High Interval

Session

RPE 3.86 £1.19 8.32+1.11

Speed (km/h) 6.98 £ 1.42 19.78 £ 2.99

Resistance Squat Bench Deadlift Bent Row
Session

RPE 7.86+1.03 7.93+0.94 8.32+0.81 7.42+£0.95
Reps 6.00 £ 0.00 5.96 £ 0.32 594 +0.24 6.00 £ 0.00
Load (kg) 191.15 + 66.99 135.21 + 63.59 206.72 + 73.65 109.48 + 44.70

RPE = Rating of Perceived Exertion (OMNI 0-10 scale) *Denote significantly different than control
session; T Denotes significantly different than aerobic session. Statistical significance was set at p <
0.05.

Table 3. Physiological response to acute exercise
Variable Control Session
Peak HR (bpm) 105.53 + 20.12

Resistance Exercise
172.22 +19.51

Aerobic Exercise
185.81 +10.43

Avg HR (bpm) 74.07 £17.20 144.05 + 8.43* 127.40 + 19.62*7
Peak VE (brpm) 24.88 £ 6.23 50.59 + 7.40 37.78+7.21
Avg VE (brpm) 15.54 + 6.22 33.79£4.71* 27.08 + 4.08*"
Peak ST (°C) 34.63+£0.76 36.61 +0.97 35.88+2.11
Avg ST (°C) 33.16 £0.91 34.65+1.25 34.71+1.26
Peak CT (°C) 37.08 +0.27 38.42 +0.23 38.11+0.48
Avg CT (°C) 36.91+0.30 37.85+0.23 37.79+0.41
Post-BLC (mMol/L) 1.43 +0.50 8.31+2.81 8.41+3.35
Duration (minutes) 30.03+0.18 26.97 £1.12 36.72 £ 6.09

Bpm = Beats/minute; Brpm = breaths/minute; °C = degrees Celsius; mMol = milliMol/Liter; *Denotes
significantly different than control session; " Denotes significantly different than aerobic session.

Statistical significance was set at p < 0.05.

68



3.3 Occupational Task Assessment Results

The average time to complete was 1133.62 + 261.62 sec after CON compared to 1197.83 + 214.23
sec after AE and 1211.48 + 301.62 sec after RE. ANOVA results suggest that there was not as significant
difference between pre-OTA conditions (F(2,54) = 1.88; p = 0.162; n2p = 0.07). Based on our equivalence
test, we rejected the presence of effects in time to complete OTA between conditions more extreme than
n2p = 0.11, or 3 minutes (p = 0.014). a visual representation of the average time to complete the OTA

between conditions can be found in Figure 1.

Time to Complete OTA

2000
Em CON
T 3 AE
1500 3 RE

1000 l

500

Time To Complete (sec)

Figure 1. Occupational Task Assessment (OTA); Differences in time to complete across each pre-OTA
condition. CON: resting control; AE: aerobic exercise; RE: resistance exercise. No significant differences

present (ps > 0.05).

Heart rate (F(2, 62) =47.04; p <0.001, n2p = 0.60), core temperature (F(2, 62) = 195.00; p < 0.001;

n2p = 0.86), skin temperature (F(2, 62) = 38.69; p < 0.001; n2p = 0.56), and ventilatory rate (F(2, 62) =

7.98; p < 0.001; n2p = 0.21) were all significantly different between conditions during OTA. BLC
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immediate-post OTA was not significantly different (F(1, 62) = 2.794; p = 0.072; n2p = 0.09). Post hoc
analysis revealed heart rate during the OTA was significantly higher following AE and RE compared to
CON and significantly lower after RE compared to AE (ps < 0.002). Core temperature was significantly
higher during OTA following RE and AE compared to CON, and RE was significantly lower than AE (ps
< 0.002). Skin temperature was significantly higher during OTA following AE and RE compared to CON,
and RE was also significantly lower than AE (ps < 0.001). Ventilatory rate was significantly higher during
OTA following AE and RE compared to CON (ps < 0.004), but AE was not different from RE (p = 1.000).
When comparing peak physiological response experienced, max core temperature was significantly
different by condition (F(2, 62) = 102.12; p < 0.001, n2p = 0.77). Post-hoc analysis indicated max core
temperature was significantly higher following AE compared to both CON (p < 0.001) and RE (p = 0.002)
and RE was significantly higher than CON (p < 0.001).

Average RPE was significantly different by condition (F(2, 62) = 26.83; p < 0.001; n2p = 0.46).
Post hoc analysis revealed RPE during OTA was significantly higher following AE and RE compared to
CON (ps < 0.001), but not significantly different between AE and RE (p = 1.000). Additionally, gear time
(time between acute exercise and OTA) was significantly longer (F(2, 56) = 31.55; p <0.001, n2p = 0.53).
Post-hoc analysis showed gear time was significantly longer following RE compared to AE and CON (p <
0.001), but AE was not significantly different from CON (p = 1.000). AUC (cumulative heat stress
experienced during OTA) was significantly different by condition (F(2, 60) = 15.66; p <0.001, n2p = 0.34).
Post-hoc analysis revealed AUC was significantly higher following AE and RE compared to CON (ps <
0.010), but not different between AE and RE (p = 0.092). Mean and standard deviations for average in these
physiological variables and perception of exertion can be found in Table 4. Pre- to post-OTA blood lactate
concentrations are visually represented in Figure 2. Graphs highlighting the rate of increase in these

physiological variables can be found in Figure 3.

Table 4. Physiological response and perceived exertion during OTA
Variable Control Aerobic Exercise Resistance Exercise
Average Heart Rate (bpm) 148.49 + 16.227 166.28 + 11.47* 159.91 + 12.99*f
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Average Ventilation Rate (brpm) 37.19 +4.787 40.24 £ 6.58* 39.69 + 5.49*

Average Skin Temperature (°C) 36.33 +£ 0.54f 37.48 + 0.58* 36.87 + 0.86*"
Average Core Temperature (°C) 37.56 + 0.35f 38.68 £ 0.26* 38.44 + 0.46*"
Pre-Chamber BLC (mMol/L) 1.54 £ 0.56 7.13+2.50 6.15 £ 2.65
Post Chamber BLC (mMol/L) 7.85+3.94 7.10 £ 2.62 8.58 +3.71
Average RPE 12.72£1.79 14.27 + 1.56* 14.69 £ 1.62*

Bpm = Beats/minute; Brpm = breaths/minute; °C = degrees Celsius; RPE = Rating of Perceived
Exertion (Borg 6-20) *Denotes significantly different than control session; " Denotes significantly
different than aerobic session. Statistical significance was set at p < 0.05.

OTA Blood Lactate Concentrations

20-
B CON
154 =3 AE
3 RE

BLC (mMol/L)
)
1

(2]
|

+

T T
Pre BLC IMP BLC

Figure 2. Blood lactate concentrations immediately before (Pre) and immediate post (IMP) Occupational
Task Assessment (OTA) based on pre-OTA condition. CON: resting control; AE: aerobic exercise; RE:
resistance exercise. No significant differences present (ps > 0.05). Data is presented as mean and individual

values.
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Figure 3. Physiological Strain during the Occupational Task Assessment (OTA) based on pre-OTA
conditions. CON: resting control; AE: aerobic exercise; RE: resistance exercise. 2Denotes significant
difference from aerobic; PDenotes significant difference from resistance; ‘Denotes significant difference

from control; (p < 0.05); Values represented are 4-minute mean and standard deviation.

3.4 Recovery Responses

During recovery, there were not statistically significant differences in average heart rate (F(2, 62)
=1.17; p=0.318; n2p = 0.04), core temperature (F(2, 62) = 1.85; p=0.165; n2p = 0.06), skin temperature
(F(2,62) =0.10; p=0.905; n2p < 0.01), ventilatory rate (F(2, 62) = 0.49; p=0.618; n2p = 0.02), or change
in BLC (F(2, 62) = 1.84; p = 0.168; n2p = 0.06). There was a significant difference in AUC between
conditions (F(2, 62) = 70.94; p < 0.001; n2p = 0.70). Post hoc analysis indicated CON recovery AUC was
significantly lower than AE and RE (ps > 0.001), but AE and RE were not significantly different (p =

0.630). A visual representation of the rate of recovery for these variables is included in Figure 4.
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Figure 4. Rate of recovery of physiological variables following Occupational Task Assessment (OTA)
based pre-OTA condition. CON: resting control; AE: aerobic exercise; RE: resistance exercise. No

significant differences present (ps > 0.05). Values represented are mean and standard deviation.

4 DISCUSSION

NFPA recommends firefighters exercise on-shift (193). Previous research suggests firefighters
frequently have on-site access to barbells and treadmills allowing them to complete both aerobic and
resistance exercise on-shift (3). However, firefighters have expressed concerns that exercising on-shift may
decrease their ability to respond to emergency calls, making it important to understand the impact acute on-
shift exercise has on firefighter occupational performance. Therefore, this study aimed to determine if

resistance or aerobic training impacts occupational performance and physiological strain.
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Contrary to our primary hypothesis, we did not find evidence that exercise modality impacted
occupational performance despite finding evidence of elevated markers of physiological and perceptual
strain (elevated skin temperature, core temperature, heart rate, and RPE) in both AE and RE conditions
compared to CON. These findings differed from previous research investigating the effect of acute exercise
on occupational performance (66,169). Methodological differences likely contributed to the differences in
findings. The aim of both previous investigations involved an acute exercise prescription of high-intensity
circuit-style resistance training (66,169). This has good application, as many firefighters currently engage
in this form of exercise training. Our study aimed to add to these findings through the comparison of
conventional resistance exercises and high-intensity interval training (HIIT) to help elucidate how the two
exercise stressors may impact occupational performance differently. The divergence in findings may also
relate to the circuit-style fashion, which can replicate more similar demands (repeated lifting and moving
tasks with minimal rest), resulting in fatigue of the same musculature and depletion of the same substrates
utilized during occupational tasks to a greater degree than resistance or aerobic exercise, therefore leading
to larger interference with occupational performance. Taken together, these findings provide a more
comprehensive understanding of how different training methods may have unique impacts on occupational
performance.

Core temperature, heart rate, and skin temperature were all elevated in the acute exercise conditions
when compared to CON and elevated the most following AE. An elevated core temperature following an
acute bout of aerobic exercise could potentially limit a firefighter’s ability to continue work during extended
operations (longer than the average 20 minutes experienced in this study), possibly putting firefighters at
an increased risk for fatigue and exertional heat injury (30). This is already a primary concern of fire
services (240), with almost 75% of firefighters experiencing heat injury symptoms in a calendar year (137).
These elevated physiological responses warrant future investigations involving longer occupational task
assessments to further elucidate this risk.

Participants in our study did not use a self-contained breathing apparatus (SCBA) during our

investigation, because firefighters would not utilize a SCBA during the operations we intended to replicate,
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However, ventilatory rates were investigated because of the relationship between breathing rate, oxygen
consumption, and the depletion of the air experienced when a firefighter is using a SCBA. Previous research
has shown that acute exercise 10 minutes before an occupational task assessment, but not 60 minutes prior,
increased air depletion (169). Our results indicate ventilatory rates were significantly higher during acute
exercise (AE and RE) compared to CON. This may suggest prior acute exercise may influence SCBA
depletion rate. However, this is speculative as we did not assess the SCBA depletion in this study.

Unlike the previously mentioned variables, BLC was not significantly different between
conditions, possibly due to the use of a high-intensity interval-based aerobic workout. A long, slow,
continuous aerobic workout may have resulted in lower lactate levels going into the OTA, resulting in lower
post-OTA BLC. An interesting observation was that participants, on average, experienced almost no change
(0.03 mMol/L decrease) in BLC following AE; while there was a 2.4 mMol/L increase following RE. This
could be a result of increased reliance on rapid glycolysis aerobic metabolism and subsequently higher
lactate accumulation during the OTA following RE, compared to AE. This difference was not statistically
significant, although there was a moderate effect (n2p = 0.09). This warrants future investigations into
lactate response and its influence on occupational demands, specifically in higher intensity or even longer
duration tasks where lactate levels may limit performance.

When considering the physiological responses experienced it is worth considering the average time
to complete the tasks and the type of tasks completed in this study compared to previous work. In previous
investigations, the times to complete occupational tasks were ~7 minutes or less (66,169), while we aimed
to understand acute exercise’s impact on extended occupational tasks (~20 minutes in duration). Taken with
the physiological variables measured across our study and previous work we can reasonably consider that
acute exercise may decrease performance of short, high-intensity occupational demands through increased
fatigue from acidosis; while increasing heat injury risk during longer, moderately high-intensity tasks due
to increases in core temperature. This is supported by the lower levels of blood lactate concentrations
following our occupational tasks compared to previous studies (66,169) and elevated core temperatures

observed in the current investigation. While the current and previous investigations provide an
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understanding of acute exercise’s impact on both short and moderate duration occupational tasks (66,169),
firefighting scenarios can extend to longer durations. When considering a firefighter’s SCBA lasts on
average 30-60 min (134) and is worth investigating occupational scenarios of this duration in future work.
In addition to the increased physiological strain experienced during the OTA, perceived exertion was
elevated following both RE and AE when compared to CON. This could likely be a consequence of the
elevated core temperature and skin temperature increasing thermal stress, resulting in the OTA feeling more
demanding even though participants were able to complete the tasks at the same rate.

Acute exercise bouts did not impair the rate at which participants recovered following occupational
task performance, contrary to our secondary hypothesis. We hypothesized aerobic exercise would have a
slower rate of recovery following the OTA due to the added volume of exertion from acute exercise. Yet,
our findings indicate heart rate, core temperature, skin temperature, ventilatory rate, and blood lactate
concentrations were not significantly different on average or at the end of the 40-minute recovery. However,
AUC between conditions was elevated during recovery from AE and RE. This suggests the individuals’
core temperature spent a larger portion of the recovery at an elevated level. There may have been elevated
fatigue or thermal stress experienced that was not accounted for in the current investigation, even though
participants returned to similar resting values. This could impact subsequent occupational readiness for
future calls during their shift.

An important limitation of this study to note is the choice to use members of the community rather
than current firefighters. We acknowledge that firefighters have unique experiences working in the heat
(213), and previous research has suggested that long-term, career firefighters do experience specific heat
adaptations that may differ from the experiences of the population sampled in the current investigation
(276). Additionally, previous literature suggests that firefighters are, on average, older and have poorer
cardiovascular outcomes (185) than our relatively young and healthy sample, which may impact the
responses seen. However, this was an intentional decision as the local fire departments in our area are
younger (87) and more physically active (3) than the national average, similar to the sample presented in

our investigation. Therefore, when considering this and the limited number of local firefighters and more

76



specifically female firefighters the use of local community ensured an adequate and diverse sample
population. This population also aids in understanding the responses experienced by new firefighters that
have not yet experienced these adaptations. Additionally, the movements chosen for the OTA in this study
were based on recommendations of the local fire department, which were limited based on the confines of
our environmental chamber and do not represent all firefighting task demands. We also did not measure
thermal sensation, which would have provided supplemental information to help understand potential
behavioral thermoregulatory measures (i.e., slowing pace down or stopping between tasks) that may have
been impacted by an acute exercise bout. Lastly, the gear time was ~2 — 3 minutes longer following the
resistance training session compared to aerobic and resting control partly due to the location of our weight
room being further from our environmental chamber than our aerobic and control testing area. This gear
time was not standardized as we wanted to replicate immediate post-exercise conditions with no rest. While
this difference could have had a small impact on OTA responses, had we standardized the rest period, the
participants would have had 2-3 minutes of passive rest prior to entering the chamber after the aerobic and
resting control conditions, which would have likely had a larger impact on OTA responses.

The current study sought to determine immediate decrements from acute exercise on occupational
performance. However, if the call comes in hours after on-shift exercise fatigue, delayed onset muscle
soreness, and other factors may differentially influence occupational readiness. One study aimed to address
the difference between a 10-minute and 60-minute post-exercise occupational task assessment. The findings
suggested that while there were impairments at 10 minutes, they were statistically recovered by 60 minutes
post-exercise (169). The potential for an emergency call to arrive at any time during their work shift
warrants further investigation into the time course of the impact of acute exercise on occupational tasks. In
addition to the considerations of on-shift exercise, off-shift exercise presents its own considerations in
future research, specifically for factors related to substrate availability and delayed on-set muscle soreness.
Lastly, we chose conventional strength training and high-intensity interval training based on the common
equipment resources accessible (3) and preferred methods of aerobic training of firefighters, as well as the

demand for both strength and aerobic capacity in firefighters. However, there are a multitude of different
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exercise prescription choices that could influence the acute response to exercise (i.e., sets, reps, intensity,
rest intervals, and movements chosen) that should be investigated in the future to fully understand
prescription recommendations to optimize improvements in occupationally relevant fitness while

minimizing decrements in occupational readiness in fire services.

5 Conclusions

The data presented suggest a firefighter may be able to exercise while on-shift and respond to a call
without meaningful decrements in performance. However, these potential increases in physiological strain
provide precautionary data that individuals may be at an increased risk of overexertion or heat-related injury
while completing occupational tasks if they exercised immediately beforehand. This risk may be even
higher after aerobic exercise. Fire departments and fitness professionals working with fire services can
utilize these findings to guide training programs. With the knowledge that aerobic fitness and muscular
strength are required for this population to meet the demands of their occupations, it is important we
understand how to address fitness most effectively and efficiently without interfering with their
occupational readiness. It may be beneficial for fire service strength and conditioning professionals to
prescribe aerobic exercise off-shift and focus on resistance exercise on-shift to minimize this risk while still
working toward improvements in fitness through the implementation of on-shift exercise. However,
limitations related to adherence to unsupervised exercise may make this difficult. If aerobic exercise is
performed on-shift, firefighters should be aware of the potential increased risks, and take precautions

including the utilization of cooling methods to mitigate this increase during exercise.
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ABSTRACT: Background: Acute exercise can transiently enhance cognitive flexibility.
The cognitive demand of firefighters makes it relevant to understand if on-shift exercise could
produce similar improvements in cognitive performance during subsequent occupational tasks.
Metrics of heart rate variability (HRV), such as time- and frequency-domain outcomes, may shed
light upon the influence exercise has on cognition, as they discern information related to cardiac
autonomic (sympathetic/parasympathetic) function. We aimed to determine if acute resistance and
aerobic exercise impact cognitive flexibility during occupational tasks and its relation to HRV.
Methods: 32 participants completed a baseline Wisconsin Card Sorting Task (WCST) and three
experimental trials: resistance exercise (RE), aerobic exercise (AE), or a rested control (CON). An
occupational task assessment (OTA), including four rounds of 10 deadlifts and a 0.15-mile
sandbag carry in an environmental chamber (35°C/50% humidity), was completed after each trial.
The second round was followed by the WCST. Repeated measures ANOV As were used to analyze
differences by condition. Results: For the WCST, total, perseverative, and non-perseverative errors
did not differ (ps > 0.39). Time-domain HRV metrics were not different (ps > 0.05). All frequency-
domain metrics, other than low-frequency power, were not different (ps > 0.24). Low-frequency
power was lower based on condition (p = 0.03). Post hoc analysis showed low-frequency power
was lower following AE compared to RE and CON. Conclusions: Results suggest an acute bout
of on-shift aerobic or resistance exercise may not impact cognitive flexibility during subsequent

occupational tasks, despite an increased sympathetic drive following aerobic exercise.
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1 INTRODUCTION

In addition to the obvious physical demands of firefighters, cognitive function is a vital
component of their occupational responsibilities (144,145). These occupational demands require
high levels of executive function to make rapid life-or-death decisions in challenging situations
and environments (57,227). Executive function refers to the grouping of effortful mental processes
necessary for attention and decision-making (67). Cognitive flexibility, a subdomain of executive
function, is the ability to utilize both inhibitory control and working memory to make quick,
situational decisions. This ability to make situational decisions, suggests cognitive flexibility is a
valuable component of occupational readiness in firefighters (144,145).

Heart rate variability (HRV) is one potential factor that provides insight into the connection
between exertion, physiology, and cognitive function. HRV is the measure of variation in the time
interval between heartbeats (127,253) and represents the body’s ability to adjust to changing
demands through variations in parasympathetic and sympathetic activities (47,114,253). HRV
decreases in response to an acute bout of exercise due to the rise in sympathetic activity needed to
increase the cardiac output and systemic vascular tone required to meet physiological demands of
exercise (179,180,279). It has been proposed that neuroanatomical connections between the central
and autonomic nervous systems provide an interaction between parasympathetic cardiac
autonomic regulation and executive function controlled by the prefrontal cortex (252). Various
studies have reported individuals who performed better in cognitive tasks often had greater cardiac
parasympathetic control than those with poorer cognitive performance (106,138,166,252).
Consideration of physical and cognitive function in firefighters is important for the maintenance

of occupational readiness.
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Research has shown that executive functions (working memory and inhibitory control) and
other cognitive functions (information processing and psychomotor control) (145,190,248,282)
decline during simulated firefighting. One potential method to mitigate these declines is on-shift
exercise. Research indicates cognitive flexibility is transiently improved following an acute bout
of aerobic exercise (16,73,74), however the acute effects of resistance exercise on cognitive
performance have been less widely studied. Research suggests components of executive function
such as inhibitory control are improved following acute resistance exercise, but the effect on
cognitive flexibility and working memory remain unclear (243).

While evidence suggests that a single on-shift exercise session may transiently impair a
firefighter’s ability to meet occupational demands (66,169,241), there may be a cognitive benefit
to acute on-shift exercise. However, no study to our knowledge has directly compared the acute
impact of resistance training and aerobic endurance training on cognitive readiness in firefighters
and its relation to HRV. Therefore, the aim of this study was to investigate the impact of resistance
and aerobic endurance exercise on cognitive outcomes related to firefighter occupational
performance and the influence of HRV on cognitive performance. We hypothesized that resistance
exercise would induce a larger reduction in cardiac parasympathetic tone (indicated by lower
HRV) (111) resulting in impaired cognitive function during simulated firefighting tasks, compared

to aerobic exercise and a rested control condition.

2 METHODS
2.1  Study Participants
Data herein are part of a larger study approved by the Institutional Review Board at XX

(IRB protocol code #22-479 AR 2211). Of 41 participants recruited, 29 completed study
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requirements for the current investigation. These participants included 13 females and 16 males
from the local community (not active firefighters) who met the following criteria: ages 19-45 years
old, no current musculoskeletal injury, available to complete all study visits, comfortable
exercising in an environmental chamber, agreed to adhere to study requirements, and passed a
PAR-Q health screening. Exclusion criteria included known medical condition, physical or
psychological condition preventing participation in exercise, diagnosed with asthma in the past 4
years, or recently experienced a heat injury. Informed consent was obtained prior to enrollment in

the study.

2.2  Research Design

This manuscript reports a secondary analysis of variables measured during a repeated-
measures quasi-randomized control study (6). Participants completed two visits including a
baseline assessment for cognitive function, anaerobic fitness, and aerobic fitness. Participants then
completed three experimental conditions: 1) resistance exercise (RE), 2) aerobic high intensity
interval training (AE), and 3) rested control (CON); each followed immediately with an
occupational task assessment (OTA). A seven-day wash-out period was included between trials to
reduce the risk of residual fatigue impacting subsequent trial performance. Randomization details

have been previously submitted for publication (6).

2.3 Baseline Testing and Familiarization
Participants first completed a 10-minute resting period to assess resting heart rate for heart
rate reserve (HRR) estimation for the aerobic exercise intensity prescription. Three-repetition

maximum testing (3RM) performance for barbell bench, squat, and hex-bar deadlift were used to
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determine training load during the acute resistance training session. Additional information related
to the protocol used to obtain the participants’ 3RM has previously been submitted for publication
(6). Participants were instructed on how to don standard firefighter personal protective equipment
(PPE), including turn-out gear, gloves, boots, and helmet. They then entered the environmental
chamber set at 35°C (95°F) with 50% relative humidity and practiced one round of the OTA to
reduce any learning effect during testing. Additional baseline assessments unrelated to the current

analysis have been submitted for publication previously (6).

2.4 Wisconsin Card Sorting Task (WCST)

A baseline assessment of cognitive flexibility was completed using the modified Wisconsin
Card Sorting Task (WCST) to control for the practice effect associated with the task prior to
completing all physically demanding baseline assessments (23). The WCST uses a computer-
based card sorting task completed in a quiet space with no potential distractors (devices, flashing
lights, clocks, posters, etc.). WCST trials were completed in the environmental chamber with no
external noise or potential distractors. Participants sorted the cards based on three factors: color,
shape, and number. The category (the sorting rule) changes after sorting 10 cards. This was
repeated for a total of six sorting categories (60 total responses). Our primary variable was
perseverative errors. These errors represent a participant’s inability to adapt to the new sorting rule
and are representative of task-switching and cognitive flexibility (149). Additional secondary
measures include response time, correct responses, errors, and non-perseverative errors (141).
Participants completed 60 total responses, instead of the traditional 60 correct responses with up
to 128 total trials (181), for the sake of time efficiency during the OTA. Participants were prompted

to complete the assessment as fast as possible while minimizing errors. Instructions outlined on
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the computer screen reviewed the rules of the WCST before beginning the assessment to reduce

the variability of instructions from individual researchers.

2.5  Acute Exercise and Control Sessions

Participants were asked to refrain from caffeine and exercise during the 24-hours leading
up to each visit. Urine specific gravity (USG) was assessed to determine if participants were
adequately hydrated prior to completing the session (USG < 1.025). Those who did not meet this
USG value were given water and reassessed prior to starting the visit. The RE condition included
a full-body resistance workout (Table 1) following National Strength and Conditioning
Association (NSCA) guidelines for strength training (233). If the prescribed weight was too heavy
for the participant, the weight was lowered to finish the set and all remaining sets. The AE session
(Table 2) involved high-intensity interval training (HIIT) on a treadmill (Woodway, Waukesha, WI,
USA). The HRR values were calculated with the Karvonen method (132). A control session was
completed to assess any effect of exercise in general, regardless of modality. During the control
session participants were seated in a quiet, controlled environment. This session was 30-minutes
in duration and participants were instructed to engage in activities they would normally do with
30-minutes of down time (i.e. working on laptops, answering emails, scrolling on their phone, or
reading a book), but to avoid stressful/overstimulating activities. Participants then transitioned to
the environmental chamber and put on standard-issue firefighter gear including a helmet, bunker

jacket and pants, gloves, and boots.

Table 1. Resistance Exercice Session Prescription
Exercise Weight RPE Sets Reps
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Barbell Back Squat 80% 1RM 8 4 6

Barbell Bench 80% 1RM 8 4 6
Hex-Bar Deadlift 80% 1RM 8 4 6
Barbell Bent-over Row * 8 4 6

1RM = 1 repetition maximum lift; RPE = rating of perceived exertion; Reps = repetitions;
*Prescribed weight for the barbell bent-over row weight was estimated based on RPE during
warm-up sets

Table 2. Aerobic Exercise Session Prescription

Exercise Duration Intensity Rounds
Low Intensity Intervals 4 minutes 50% of HRR 4
High Intensity Intervals 30 seconds 90% of HRR 4

HRR = heart rate reserve [(max heart rate — resting heart rate)/resting heart rate)]

2.6 Occupational Task Assessment (OTA)

Environmental chamber conditions were set to 35°C (95°F) and 50% humidity. This was
chosen based on the prevalence of these conditions during firefighter emergency calls in the
southeastern United States (3,7,272). These conditions represent a hot summer day, outdoor
emergencies, and salvage rather than structural fire conditions. Upon entering the chamber
participants completed a series of repeated lift and carry movements. A Rogue Fitness® sandbag
(Rogue Fitness, Columbus, OH, USA) was loaded to either 135Ibs or 85lbs. A deadlift 3RM
>175Ibs and deadlift to body weight ratio > 1.25 were used as criteria for the use of the 135Ib
sandbag; all others used the 85lbs sandbag. The circuit involved 10 repeated sandbag deadlifts
followed by lifting and carrying a 40-Ib Rogue Fitness® sandbag (mimicking a firehose) on a
treadmill for 0.15 miles. These movements were completed in a circuit fashion twice before

stopping to complete the WCST. Participants then completed two additional rounds to conclude
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the OTA. Participants were encouraged to complete the OTA to the best of their ability while doing
so as quickly and safely as possible. The tasks chosen in this assessment were based on firefighter

occupational demands outlined in previous research (94).

2.7  HRV Analysis

HRV RR intervals were measured continuously using the Equivital EQ02+ LifeMonitor
(Equivital EQ02, Hidalgo, UK) 2-lead electrocardiogram (ECG). The 256 Hz sampling frequency
ensured measures within 3.9 ms for each RR value were recorded. Sampling rates greater than 250
Hz have been shown to be acceptable for HRV time-domain and frequency-domain analysis (146).
RR intervals obtained from the EquivitalEQ02+ LifeMonitor have been previously validated for
HRYV analysis (8). Our analysis included time- and frequency-domain HRV measures. The time-
domain measures included the standard deviation of NN intervals (SDNN; NN intervals: normal
RR intervals free of artifacts), root mean square of successive differences (RMSSD), and percent
of detected RR intervals greater than 50ms different from the immediately preceding NN intervals
(PNN50). Our frequency-domain measures included low-frequency (LF; 0.04 —0.15 Hz) and high-
frequency (HF; 0.15 —0.40 Hz) power as well as the low-frequency to high-frequency contribution
ratio (LF/HF ratio). These measures were chosen based on their relevance and validity during
short-term HRV measurement (4-6 minutes) (17,49,225,231,232). Raw RR interval recordings

were processed through Kubios HRV software (Kubios Oy; Kuopio, Finland).

2.8 Statistical Analysis

The Shapiro-Wilks Test, Q-Q plot inspection, and Mauchly’s Test were used to evaluate

normality and sphericity respectively. First, we conducted a repeated-measures ANOVA
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comparing perseverative errors by condition. Baseline WCST outcomes were not statistically
compared to the experimental trial conditions as it was only used as a familiarization with the
assessment due to the known practice effect of the assessment (23). HRV was assessed to
investigate the physiological mechanism (cardiac autonomic function) behind cognitive
performance. Data was assessed for outliers, which were defined as a data point greater than 3
standard deviations outside the mean. One participant’s low-frequency power, high-frequency
power, and pNN50 values were classified as outliers and therefore their data were removed. A
repeated-measures ANOVA was performed on HRV values during the WCST portion of the
assessment to determine differences across conditions. For significant main effects detected, post
hoc comparisons with Bonferroni adjustments were utilized for multiple comparisons. If sphericity
was violated, statistical interpretations were made utilizing Greenhouse-Geisser adjusted degrees
of freedom. Data are expressed as mean + standard deviation. Significance in this investigation
was set a priori at a p-value < 0.05 for all measurements. R Statistical Programming Software
Version 4.1.2 (RStudio; Boston, MA) was used for all statistical analyses (224). GraphPad Prism
Version 9.2.0 (GraphPad Software, Boston, MA) was used to generate all figures. The application,
G*Power, was utilized a priori to determine a sample size of 28 total participants necessary for a
sufficiently powered study. The following values were used to estimate sample size: test family =
F tests, repeated measures ANOVA, one group, three measurements, correlation among repeated
measures = 0.5, non-sphericity correction € = 1.0, a2 = 0.05, 1-B = 0.80, n2p = 0.06). The primary
aim of the larger study was changes in time to complete occupational tasks, therefore the effect
size was determined based on previous research related to this aim; outcomes of these studies

yielded effect sizes ranging from 0.01 — 0.56 (66,169).
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3 RESULTS
3.1  Demographics

Twenty-nine participants (female/male: 13/16) were included in the final analysis (24.90
+4.19yrs; 174.47 £ 9.46 cm; 76.47 £ 12.17 kg). The average total errors, perseverative errors,

non-perseverative errors, and response time from the baseline WCST can be found in Table 3.

Table 3. Baseline Wisconsin Card Sorting Task Results

Variable Mean + SD
Total Errors 10.97 +5.16
Perseverative Errors 7.03+2.18
Non-perseverative Errors 3.93+331
Response Time (ms) 1811 + 616

ms = milliseconds

3.2 Wisconsin Card Sorting Task

Total errors were not significantly different by condition (F(2, 56) = 0.810; p = 0.45; n2p
= 0.028). Perseverative errors were not significantly different by condition (F(2, 56) = 0.247; p =
0.782; n2p = 0.009). Non-perseverative errors were not significantly different by condition (F2,
56) = 0.947; p = 0.394; n2p = 0.033). Average response time did not significantly differ by
condition (F(2, 46) = 2.288; p = 0.113; n2p = 0.090). Total time to complete the WCST was not
significantly different by condition (F(2, 56) = 1.294; p = 0.282; n2p = 0.044). Visual

representation of the mean and standard deviation of WCST errors can be found in Figure 1.
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Figure 1. Wisconsin Card Sorting Task (WCST) outcomes; data are reported as mean * standard

deviation with individual data points overlayed; ns: not significant (p > 0.05).

3.3  Heart Rate Variability

Average RR intervals were significantly different by condition (F(2, 56) = 17.059; p < 0.001; n2p
= 0.379). Post hoc analysis indicate CON Mean RR intervals were significantly higher than AE
and RE conditions (ps < 0.004), but AE and RE were not significantly different (0.200). A visual

representation of the Mean RR intervals by condition can be found in Figure 2.
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3.3.1 Time Domain Analysis

SDNN did not significantly differ by condition (F(2, 58) = 3.075; p = 0.054 ; n2p =0.096). RMSSD
were not significantly different by condition (F2, 58) = 2.133; p = 0.128; n2p = 0.069).
Participants” pNN50 was not significantly different by condition (F(1.51, 40.88) = 0.793; p =
0.443; n2p = 0.028). A visual representation of the mean and standard deviation for time-domain

variables can be found in Figure 2.
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Figure 2. Average RR intervals and Time-Domain HRV outcomes; data are reported as mean +
standard deviation with individual data points overlayed. SDNN: Standard deviation of NN
intervals (normal RR intervals free of artifact); RMSSD: Root mean square of successive RR
interval differences; pNN50: Percentage of successive RR intervals that differ by more than 50ms;

*Denotes p < 0.05.

91



3.3.2 Frequency Domain Analysis

LF was significantly different by condition (F(1.57, 42.33) = 4.313; p = 0.028; n2p = 0.138). Post
hoc analysis indicated that LF was significantly lower after AE when compared to control CON
(p = 0.014). LF was not significantly different following RE when compared to CON or AE (ps >
0.085). HF was not significantly different by condition (1.44, 39) = 1.938; p = 0.167; n2p = 0.067).
LF/HF ratio did not differ significantly by condition (F(1.65, 44.43) = 1.476; p = 0.239; n2p =
0.052). Visual representation of mean and standard deviation for frequency-domain variables can

be found in Figure 3.
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Figure 3. Frequency-domain HRV outcomes, data is expressed as mean + standard deviation with
individual data points overlayed. LF/HF ratio: Low-frequency to high-frequency power ratio;

*Denotes p < 0.05.

4 DISCUSSION
This study is the first to our knowledge to look at the influence of acute exercise on
cognitive function during simulated firefighter occupational tasks, and its relation to HRV metrics

associated with autonomic control. Our main findings suggest that there was not evidence that
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cognitive flexibility, as assessed by the WCST, was impacted by prior acute exercise. Additionally,
time-domain HRV variables were not significantly impacted during cognitive testing by prior
acute exercise. Additionally, prior acute exercise (resistance and aerobic) significantly decreased
mean RR interval during the cognitive assessment. This suggests that prior acute exercise resulted
in an elevated heart rate during the cognitive assessment when compared to the control condition.
However, time-domain HRV variables were not significantly impacted during cognitive testing by
prior acute exercise. Investigation of frequency-domain variables revealed low-frequency power
was also significantly lower during the cognitive assessment following aerobic exercise. High-
frequency power and low-frequency to high-frequency contribution ratios were not different
during the cognitive assessment based on condition. Therefore, acute exercise before an
emergency call may influence sympathetic activity, but not parasympathic tone, or
parasympathetic/sympathetic balance during cognitively demanding occupational situations.
Contrary to our hypothesis, we observed negligible, non-significant differences in
cognitive flexibility during simulated firefighter occupational tasks regardless of prior acute
exercise (resistance or aerobic). Previous research has not looked at changes in cognitive flexibility
while firefighting but did observe differences in other domains of cognitive function during
firefighting tasks (190,282). One possible explanation for the lack of change could be that the
occupational task demands chosen for the OTA may have required less cognitive resources than
other firefighting tasks. For example, breaching through a door or navigating debris and physical
obstacles may require more cognitive resources than the lift and carry tasks chosen in this
investigation.  If cognitive resources are drained from more complex occupational tasks,
subsequent cognitive performance may be more sensitive to the effects of acute exercise

(110,120,235).
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The findings did not provide evidence supporting our original hypothesis that prior
resistance exercise would impair cognitive flexibility, in part due to a reduction in parasympathetic
tone. Our findings suggest that despite higher sympathetic drive following aerobic exercise, there
were negligible differences in cognitive flexibility. This lack of difference may be more accurately
understood once we account for the other frequency-domain measures, including LF/HF ratio,
which is associated with the balance of parasympathetic and sympathetic activity (232), and high-
frequency power, which is commonly associated with parasympathetic activity (49). While there
was not a significant decrease in high-frequency power following aerobic exercise (mean
difference from control = 307.10; mean differences from resistance exercise 551.15; p = 0.067),
there was a large numeric decrease when compared to the control session. This likely explains the
lack of difference in LF/HF ratio between conditions and could suggest that the balance between
these parasympathetic and sympathetic activities allowed for maintenance in cognitive flexibility.

Average RR interval time during the cognitive assessment significantly decreased by
condition, confirming that heart rate was in fact higher during the cognitive assessment following
conditions that involved exercise; however, there was not evidence of a difference between the
aerobic and resistance exercise conditions. Our time-domain metrics of HRV were not
significantly different during the WCST following acute exercise when compared to the control
condition. SDNN and RMSSD did not significantly differ between conditions. These time-domain
variables are indicators of parasympathetic activity (231). This may suggest that acute exercise
(resistance or aerobic) prior to firefighter occupational tasks may not impair parasympathetic
activity, which is responsible for regulating blood pressure and heart rate (25). This is an important
consideration when considering that these variables play an integral role in cognitive function and

decision making (35).
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Low-frequency power is often associated with sympathetic activity, while high frequency
power reflects parasympathetic cardiac drive (27). Therefore LF/HF ratio is thought to measure
sympathetic/parasympathetic balance. It is worth noting that this has been challenged in recent
work and therefore these findings should be taken with caution (28,260). It may, however, reflect
cardiac autonomic outflow of baroreflexes (97). Previous research suggests that when low-
frequency power is decreased there is an increase in blood pressure variability, an impaired ability
to respond to acute challenges to the maintenance of BP, and an increased risk of sudden cardiac
events (97). If this impairment continues throughout occupational scenarios, this could suggest
that acute on-shift aerobic exercise may increase the risk for sudden cardiac events (246). This risk
is especially important when considering the large proportion of firefighters with existing co-
morbidities for cardiac disease (92) and their high rates of sudden cardiac deaths (238). These
deaths consist of over 45% of all duty-related fatalities. This risk should be considered when
recommending on-shift exercise for firefighters. Resistance training exercise may provide a safer
option for on-shift exercise, while aerobic exercise is completed off shift. This recommendation,
however, should be taken with caution to ensure that aerobic exercise is not neglected as it is a
vital component of both health and performance in firefighters (54).

The differential effects seen across the literature could be related to exercise prescription
variables such as volume and intensity varying between studies on acute exercise and cognitive
function. Generally, positive effects are most prominent following acute aerobic exercise, but other
literature has found no changes in cognition in agreeance with the results of our study
(101,115,123,208,244,267). However, these prescription choices may be attributable to
differences from previous research. We chose HIIT for its strong translation to the occupational

demands of firefighters as well as considering the time effectiveness of it for practical
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implementation in fire services. Previous research commonly uses light to moderate continuous
steady-state exercise (53) compared to the high-intensity interval training used in the current
investigation. Research on the ideal intensity is still inconclusive as some research suggests the
biggest effects are seen following high-intensity exercise (19,59,209). However, others suggest
moderate intensity results in the largest enhancements in cognition (38,176). Similarly, even
though research in the past looking at the acute cognitive effect of resistance exercise commonly
prescribed training with higher loads, lower set counts, and more total exercises (118), our exercise
prescriptions were used to more accurately reflect the strength demands and time restriction of
firefighters. This may suggest intensity or volume play a large role in the enhancement of cognitive
flexibility after aerobic and resistance exercise.

These exercise prescription differences between the current investigation and previous
research may also influence our HRV metrics. One study that guided our hypothesis was an
investigation into acute resistance and acrobic exercise’s influence on HRV during recovery. This
previous research investigated the notion that resistance exercise caused a greater decline in HRV
metrics, including low- and high-frequency power, that was still present during recovery (111).
Their findings suggested that resistance exercise may result in a more dramatic decrease in
parasympathetic tone compared to aerobic exercise due to different neural modulation following
each mode of exercise. However, the previous study’s resistance exercise prescription included
more exercises at a higher training volume, lower intensity, and with shorter rest periods, compared
to our prescription. Additionally, this study used a steady-state cycling at 65% of VVO2peak aerobic
session, compared to our study which used alternating high (90% HRR) and low (50% HRR)
intervals treadmill running. This interval structure may induce parasympathetic and sympathetic

responses more akin to resistance exercise rather than steady-state aerobic exercise. Therefore,
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future work should consider investigating the impact of different exercise prescription variables
and their impact on ensuing cognitive performance during firefighter occupational tasks.

In addition to the prescription considerations, a potential factor that explains differences in
our findings from previous literature is highlighted in a 2012 meta-analysis which analyzed the
time course effect of acute exercise on cognitive function. The summative data from the literature
to determine the differences in cognitive performance changes both immediately after exercise and
most prominently after 11-20 minutes post-exercise (53). During our investigation the methods of
exercise training were done approximately 18 minutes before the WCST, however the time
between exercise and cognition included physically exerting occupational tasks that may have
influenced this response. Additionally, the occupational tasks were completed as fast as possible
by participants; therefore, there was variability in the time (~8 — 23 min) between the end of
exercise and the start of the WCST.

Previous work in heart rate variability research highlights a limitation of this investigation,
which is that cognitive function and HRV measures are complex and difficult to attribute to a
single physiological response (67,161,207). Therefore, interpretations from these outcomes should
be taken with caution. The variability of these measures along with the fact that our sample size
was determined based on an aim of the larger study at whole, it is possible that a larger sample
size would improve the ability to detect differences in these outcomes. Additionally, there was not
a baseline cognitive assessment prior to each experimental condition or more frequently
throughout the OTA (i.e. pre- and post-assessment). This was an intentional decision to provide
timely transitions between exercise, OTA, and recovery that would more accurately reflect the
experience of a firefighter. Future research should consider the addition of assessments to

understand the day-to-day variability and time course of cognitive performance in firefighters
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following acute exercise. The aim of this investigation was to assess the relation between HRV
and cognitive flexibility during simulated firefighting after acute exercise, however there are many
other areas of physiological changes such as lactate concentrations (277), blood flow (156), and
core temperature (12,131) after exercise that may contribute to cognitive performance.
Additionally, future research in this area should consider other domains of cognition
(109,135,158,184) to help further elucidate the impacts of acute exercise on cognitive function
during firefighter occupational tasks. Lastly, it is worth acknowledging that the current
investigation we chose to use local community members rather than career firefighters to ensure a
larger sample size was obtained due to the limited number of local firefighters. Previous literature
has highlighted that long-term career firefighters may have protective adaptations from heat which

could influence the responses investigated in the current study (276).

5 CONCLUSIONS

The results of this investigation suggest that firefighters that perform acute aerobic or
resistance exercise while on shift may not experience deleterious effects on cognitive flexibility.
However, sympathetic drive and baroreceptor activity may be depressed by prior performance of
acute aerobic exercise, which may influence heart rate and blood pressure regulation. It is
important to acknowledge that this is not a recommendation to avoid aerobic exercise, as it is vital
to cardiovascular health and occupational safety in firefighters (126). Instead, firefighters should
be aware of this potential risk when scheduling aerobic exercise around their work schedule, such

as completing aerobic training when off duty.
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ABSTRACT

Background: Firefighting requires strength and power to evacuate individuals and lift, move, and
evade debris. Yet aerobic endurance is needed for salvage, search, and stair climbs. Previous
research suggests fitness is relevant for occupational performance, but its influence on
physiological strain, perceived exertion, and cognitive function under occupationally relevant
conditions has yet to be fully elucidated. Therefore, we aim to determine if strength and power,
aerobic capacity, and body composition can predict occupational performance, physiological
exertion, perceived exertion (RPE), and cognitive function during a simulated firefighting task.
Methods: 33 participants completed two baseline visits involving strength and power, aerobic
endurance, and body composition assessments. Participants then completed a third visit involving
an occupational task assessment (OTA,; four rounds of 10 deadlifts and a 0.15-mile sandbag carry)
in an environmental chamber (35°C/50% humidity). A cognitive flexibility assessment was
completed after the second round. Multiple linear regressions were used to understand if strength
and power, aerobic capacity, and body composition outcomes predicted physical performance,
cognitive performance, physiological strain, and perceived exertion. Results: Results show a
significant model for time to complete the OTA, RPE, skin temperature, and blood lactate
concentrations (ps < 0.020). Our analyses resulted in a nonsignificant model for core temperature,
heart rate, ventilatory rate, and cognitive flexibility errors (ps > 0.056). Conclusions: Aerobic
capacity, body composition, strength and power may be useful metrics to predict firefighters’
performance, perceived exertion, and some metrics of physiological strain, but not cognitive

function during simulated occupational tasks.
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1 INTRODUCTION

Firefighters require strength to quickly evacuate individuals as well as lift, carry, and move
objects or debris (237) ranging from 80-135 Ibs. (94). Aerobic endurance is also required for tasks
such as salvage, search, stair climbs, and shoveling (1). These operations result in a peak VO2 of
41.5 mL/kg/min or greater, heart rates of 84-100% of heart rate max, and peak lactate
concentrations up to 13.2 mM (94,259). In addition, personal protective equipment (PPE) is worn
to protect firefighters from extreme heat and other dangers (70,199). This external load and the
restricted movement from PPE exacerbate the stress imposed on the firefighters and limit their
performance (199,202,203). Added to the physical demands, firefighters are also chronically
exposed to extreme environments (i.e., hot summer days or structural fires), and both impact
occupational performance and physiological outcomes (48,87,113,154,271). Impairments in
cognitive function have also been observed when firefighters experience hot environments (272)
and sleep deprivation (144). One possible action to protect firefighters from these detrimental
effects is higher fitness and regular exercise (54).

Previous research suggests aerobic fitness and relative lower-body muscular strength are the
strongest predictors of work efficiency, which has been positively correlated with firefighter
occupational task performance (1). Another study revealed age, lean mass, body fat percent,
oxygen consumption, upper- and lower-body strength, and weekly activity levels were associated
with improved times on firefighter physical abilities tests (218). The previous literature provides
evidence of the relationship between fitness and occupational performance and firefighter physical
ability test performance, yet few studies investigate this question while simulating environmental
conditions often experienced in fire services. This is an important factor when considering that hot

and humid summer climates are frequent work conditions for firefighters in many regions of the
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United States (3,68). Additionally, research thus far has not interrogated fitness’ influence on
cognitive performance in firefighters. Research has shown that poor health outcomes (i.e.
metabolic syndrome) impair cognitive function (230) in firefighters, while regular exercise
training has shown improved cognitive function (98) in general populations.

Understanding the impact fitness level has on a variety of occupationally relevant performance
outcomes will help improve our understanding of what relevant assessments should be
implemented by fire services to evaluate occupational readiness. Therefore, we aim to understand
the influence of fitness level on relevant occupational and cognitive performance, as well as
physiological strain during simulated occupational tasks. We hypothesized that strength, aerobic
endurance, and body composition would predict occupational task performance, the level of

physiological strain experienced, and cognitive performance during simulated occupational tasks.

2 METHODS
2.1  Participants, Design, and Procedures

This study was part of a larger multi-study project. Detailed explanations of all methods
have been previously submitted for publication (5,6). Thirty-three participants (18 males, 15
females) were included in the current investigation (25.18 + 4.06 yrs., 174.01 £ 9.77 cm, 75.94 +
13.18 kg, 23.05 £ 7.42% body fat). All participants were from the local community and met the
inclusion criteria previously described in a submitted publication (6). Informed consent was
obtained prior to enrollment in the study. Participants completed two baseline fitness assessments
prior to an experimental trial involving an assessment of fitness and cognitive function.
Participants were asked to refrain from caffeine and exercise for 24 hours leading up to all visits.

Participants provided a urine sample to ensure proper hydration as determined by urine-specific
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gravity (USG < 1.025). Urine samples were analyzed with a refractometer (\VV-Resourcing, Hunan,
China) to ensure participants were adequately hydrated. Participants were encouraged to complete

all testing at the same time of day and maintain a consistent diet throughout study enrollment.

2.2  Body Composition Assessment

After assessing hydration status, the participant’s height and weight were obtained. A
digital scale and stadiometer (SECA, Hamburg, Germany) were used to measure height and
weight. Lean body mass, fat mass, and percent body fat were measured with DEXA (Lunar
Prodigy; GE Healthcare, Chicago, IL, USA). Participants were required to wear clothing without
zippers or buttons (athletic clothing) and lay still on the DEXA with minimal movement and

normal breathing during the scan (~ 12 min).

2.3 Aerobic Fitness

Peak oxygen consumption (VOzpeak) was assessed using a modified Bruce treadmill
protocol (Woodway, Waukesha, WI, USA). Lactate threshold was estimated during the VO2 peak
assessment using a Nova Biomedical Lactate Plus Meter (Nova Biomedical, Waltham, MA USA).
These assessments were used as a measure of aerobic endurance capacity. Validation criteria,
measurement, and quality assurance protocols have been outlined in previous publications related

to this study (6).

2.4 Baseline Cognitive Assessment

On the second day of baseline testing, the modified Wisconsin Card Sorting Task (WCST)

was completed. After a 10-minute rest in a quiet space within the laboratory, a baseline WCST
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was completed prior to all physically demanding assessments. The baseline WCST was conducted
to give participants familiarity with the task, thereby minimizing practice effects associated with
it (23). Cognitive flexibility was chosen as the executive function domain of interest as it involves
situational decision-making utilizing various perspectives to solve problems, while also
incorporating the other domains of executive function (inhibitory control and working memory)
(67). Executive function is needed for firefighters to make rapid decisions based on a wide range
of variables (e.g., type of emergency, environment, physical limitations of the individual being
rescued) (144,145). The current investigation used the computer-based 60-response version of the
WCST. This task was completed with no potential distractors. During the baseline assessment the
task was completed in a quiet room, while all OTA trials were completed in the environmental
chamber. Participants sorted the cards based on three factors: color, shape, and number. The
category for sorting was changed after every 10 cards and was repeated six times for a total of 60
responses. The modified 60 response version of the assessment was chosen for this study instead
of the traditional version which involves 60 correct responses with up to 128 total trials (181). This
decision was made to ensure an assessment of cognitive flexibility could be completed in a time
efficient fashion during the occupational task assessment (OTA). Researchers prompted the
participants to complete the assessment quickly while minimizing errors. All additional
instructions were outlined on the computer screen, and participants were told to review the rules
of the WCST before taking the assessment. Computerized instructions were used to reduce the
variability of instructions from individual researcher differences. Outcome measures from this
assessment include total errors, perseverative errors, non-perseverative errors, and response time.
The use of this assessment has been previously outlined in an article submitted for publication as

part of a separate aim from this work (5).
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2.5  Vertical Jump (VJ)

A maximal effort standing vertical jump was used to assess muscular power. Participants
completed a counter-movement vertical jump on a Leonardo Mechanograph force platform
(Novotec Medical GmbH, Pforzheim, Germany). Participants completed a total of three jumps
with a 1-minute rest between attempts and were instructed to jump as high as possible. The highest

of three attempts was recorded as the participant’s max vertical jump.

2.6 Three Repetition Maximum Lifts (3RM)

Upper and lower body muscular strength was assessed using three repetition maximum
(3RM) testing of barbell squat, bench press, and hex-bar deadlift. Criteria for a successful lift were
based on the National Strength and Conditioning Association’s (NSCA) recommendation for 3RM
testing (175). Participants completed warm-up sets at 50% of self-projected 1RM for 6-8 reps,
75% for 3-5 reps, and 85% for 1-3 reps. Their first attempt was then completed at 95% of self-

projected 3RM with 2-5 minutes of rest between sets.

2.7 Occupational Task Assessment (OTA)

To control for levels of activity prior to the experimental trial, participants were seated in
a quiet room for 30 minutes and allowed to work or browse on their laptops/phones or read a book.
These tasks were based on recommendations from the local fire department’s description of
activities commonly done during firefighter downtime between occupational duties. Additionally,
participants were informed to abstain from overstimulating or stressful work or activities. Upon

completion of the 30-minute rest period, participants were equipped with standard firefighting
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turnout gear and PPE as they would during a live emergency call. These items included bunker
pants and jacket, gloves, boots, and helmet.

To begin the OTA, participants first entered the environmental chamber with conditions
set to 35°C (95°F) and 50% humidity. Participants then completed repeated lift and carry tasks.
The circuit began with 10 repeated sandbag deadlifts utilizing a Rogue Fitness® sandbag (Rogue
Fitness, Columbus, OH, USA) loaded to either 135Ibs or 85Ibs. A deadlift 3RM >175Ibs and
deadlift to body weight ratio > 1.25 were used as criteria for the use of the 135lb sandbag. This
was followed by lifting a 40-Ib Rogue Fitness® sandbag (mimicking a firehose) from the floor and
proceeding to carry the sandbag while on a treadmill. The carry task was continued until the
participant reached 0.15 miles at a self-selected pace. After completing two rounds of this circuit,
participants sat in a chair in the corner of the environmental chamber to complete the WCST using
the same protocols as the baseline WCST. Next, two additional rounds of the circuit were
completed. Researchers recorded time to complete the OTA, starting when the participant
approached the sandbag for the repeated deadlifts and was stopped after completing the final
sandbag carry. Researchers encouraged participants to complete the tasks to the best of their
ability, as quickly and safely as possible. The environmental conditions were chosen based on their
prevalence during firefighter emergency calls in the southeastern United States and are

representative of hot summer days, outdoor emergencies, and salvage (3,7,94,272).

2.8 Physiological Monitoring and Perceived Exertion Measurements
During the OTA, an EQ02+ LifeMonitor (Equivital EQ02, Hidalgo, UK) was used to
measure heart rate, ventilatory rate, skin temperature, and estimate core temperature. Equivital

Black Ghost software uses a validated algorithm using heart rate to estimate core temperature
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(4,43,44). Torso skin temperature is measured by this system using an infrared temperature sensor
on the device in contact with the individual's skin at the mid-axillary line of the thorax in line with
the xiphoid process of the sternum. Blood lactate concentration (BLC) was measured upon arrival,
after the 30-minute rest period, as well as pre- and post-OTA as a measure of exercise intensity.
BLC measurements were obtained using the Nova Biomedical Lactate Plus Meter (Nova
Biomedical, Waltham, MA USA) used for lactate threshold testing and procedures outlined in a
previous publication (6). Rating of perceived exertion was recorded after each task of the OTA

(i.e., sandbag deadlifts and sandbag carry) using the Borg 6-20 RPE scale (37).

2.9  Statistical Analysis

Each participant received a z-score based on baseline assessment outcomes. These
assessments were then grouped based on strength (3RM bench, squat, deadlift, and max vertical
jump), aerobic (VO2zpeak, VO: at Lactate threshold, and percent VOzpeak at Lactate threshold)
and body composition (lean mass (LM) and fat mass (FM)). The z-scores within each grouping
were averaged to receive a general “strength and power”, “aerobic” and “body composition” score.
The fat mass was given a negatively weighted z-score, as higher fat mass would be indicative of
poorer body composition. These three variables were then included in a linear multiple regression
to compare to our primary dependent variable, time to complete the OTA, and our secondary
physiological strain variables (core temperature, skin temperature, heart rate, ventilatory rate),
perceived exertion (RPE), and cognitive outcomes (WCST perseverative, non-perseverative, and
total errors). All data were assessed for normality using the Shapiro-Wilks Test and Q-Q plot

inspection, scatter plots of the residuals were inspected to assess homoskedasticity, and

multicollinearity was assessed using Variance Inflation Factor (VIF) values and correlation
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coefficients of the predictor variables. VIF values were all less than 3.0 (167), however strength
and power score was highly correlated with body composition score (R? = 0.77). Data are
expressed as mean =+ standard deviation. Statistical significance for this investigation was set a
priori at p < 0.05 for all measurements. R Statistical Programming Software Version 4.1.2
(RStudio, Boston, MA, USA) was utilized for all analyses (224). The application G*Power was
utilized a priori to determine a sample size of 32 participants was necessary to appropriately power
this study. The following values were input for the estimation of sample size in G*Power: test
family = F tests, linear multiple regression, effects size 2 = 0.4, a error probability = 0.05, 1- =
0.80, number of predictors = 3. This estimated effect size was a conservative estimate determined

based on previous research observing effect sizes of this size with similar outcomes (66,169).

3 RESULTS
3.1 Demographics Values

Thirty-three participants (Females/Males: 15/18; 25.18 + 4.06 yrs; 174.01 £ 9.77 cm; 75.94
+ 13.18 kg) were included in the current investigation. Full details including mean and standard

deviations for the fitness assessments are included in Table 1.

Table 1. Participant Performance Demographics

Variable Mean + SD
Strength and Power
Composite Strength and Power Z-scores 0.00£0.92

Barbell Bench 3 Repetition Maximum L.ift 78.25 + 35.97 kg
Barbell Squat 3 Repetition Maximum Lift 106.85 £ 34.07 kg
Hex-bar Deadlift 3 Repetition Maximum Lift  120.34 + 42.12 kg

Maximum Vertical Jump Height 52.86 + 12.80 cm
Aerobic Capacity

Composite Aerobic Capacity Z-scores 0.00+£0.71

VOzpeak 46.26 £ 7.34 mL/kg/min

VO:at Lactate Threshold 29.51 £ 6.23 mL/kg/min
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Percent VO2zpeak at Lactate Threshold 64.51 + 12.83%

Body Composition
Composite Body Composition Z-scores 0.00£0.78
Lean Mass 57.21 + 12.96 kg
Fat Mass 16.56 £ 5.67 kg

SD = Standard Deviation; Note: Composition scores are mean and standard deviation of a z-
score therefore the means will always equal 0. A mean of 0 — z-score would represent an
individual having the listed average individual performance values.

Table 2. Correlations Matrix

AC BC SP TTC RPE BLC CT ST HR VE TE PE NPE

AC 1.00

BC 016 1.00

SP 0.04 0.77 1.00

TTC 0.13 -0.59 -0.62 1.00

RPE -0.39 -0.08 -0.26 -0.21 1.00

BLC -0.34 037 039 -059 024 1.00

Ct -025 -025 -0.09 0.01 035 035 1.00

ST 0.17 -0.03 -0.02 0.34 0.11 -0.45 -0.07 1.00

HR -0.15 -0.10 0.10 -0.25 033 056 0.77 -0.41 1.00

VR -042 0.07 -029 -049 031 045 0.10 -042 042 1.00

TE  -0.04 -0.01 -0.08 -0.32 -0.03 0.03 -0.17 0.04 0.05 0.19 1.00

PE 0.02 006 002 -037 002 017 -0.14 -0.07 016 024 0.79 1.00

NPE 0.17 -0.17 -0.18 -0.12 -0.05 -0.11 -0.12 0.07 -0.03 0.08 0.80 0.30 1.00

AC: Aerobic Capacity Score; BC: Body Composition Score; SP: Strength and Power Score; TTC:
Total Time to Complete; RPE: Rating of Perceived Exertion (Borg 6-20 scale); BLC: Blood Lactate

Concentrations (mMol); CT: Core Temperature (°C); ST: Skin Temperature (°C); HR: Heart Rate
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(beats/min); VR: Ventilatory Rate (breaths/min); TE: Total Errors; PE: Perseverative Errors; NPE:

Non-perseverative Errors

3.2 Occupational Performance and Perceived Exertion

A multiple regression was run to predict time to complete the OTA from the cumulative
strength and power, aerobic capacity, and body composition scores. This resulted in a significant
model (F(3, 28) = 8.973; p < 0.001; adj. R? = 0.436). The individual predictors were examined
further and indicated that strength and power score was a significant predictor (t = -2.052; p =
0.050), but not body composition (t = 1.271; p = 0.214) or aerobic capacity scores (t = -1.268; p =
0.215). See Table 2 for full model details. A multiple regression was run to predict average RPE
during the OTA from strength and power, aerobic capacity, and body composition. This resulted
in a significant model (F(3, 29) = 3.569; p = 0.027; adj. R? = 0.194). The individual predictors
were examined further and indicated that strength and power (t = -2.212; p = 0.035) as well as
aerobic capacity (t = -2.336; p = 0.027) scores were significant predictors, but not body

composition (t = 1.582; p = 0.125). See Table 3 for full model details.

Table 3. Model Prediction for Time to Complete OTA

Estimate Std. Error
Intercept 1125.13 sec 34.91 sec
Strength and Power -126.71* sec 61.75 sec
Aerobic 64.36 sec 50.63 sec
Body Composition -93.30 sec 73.57 sec

OTA = Occupational Task Assessment; Std. = Standard; *Denotes p < 0.05

Table 4. Model Prediction for RPE during OTA

Estimate Std. Error
Intercept 12.72 0.28
Strength and Power -1.08* 0.49
Aerobic -0.95* 0.41
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Body Composition 0.92 0.58
RPE = Rating of Perceived Exertion (Borg 6 — 20 scale); OTA = Occupational Task
Assessment; Std. = Standard; *Denotes p < 0.05

3.3 Physiological Response to OTA

A multiple regression was run to predict average core temperature during the OTA from
strength and power, aerobic capacity, and body composition scores. This resulted in a
nonsignificant model (F(3, 29) = 1.490; p = 0.238, adj. R?=0.044). A multiple regression was run
to predict average skin temperature during the OTA from strength and power, aerobic capacity,
and body composition scores. This resulted in a nonsignificant model (F(3, 29) = 2.628; p = 0.069;
adj. R? = 0.132). A multiple regression was run to predict average heart rate during the OTA from
strength and power, aerobic capacity, and body composition scores. This resulted in a
nonsignificant model (F(3, 29) = 0.416; p = 0.743; adj. R? = -0.058). A multiple regression was
run to predict average ventilatory rate during the OTA from strength and power, aerobic capacity,
and body composition scores. This resulted in a nonsignificant model (F(3, 29) = 1.827; p = 0.164;
adj. R? = 0.072). A multiple regression was run to predict average blood lactate concentrations
during the OTA from strength and power, aerobic capacity, and body composition scores. This
resulted in a significant model (F(3, 29) = 5.066; p = 0.006; adj. R? = 0.276). The individual
predictors were examined further and indicated that aerobic capacity score was a significant
predictor (t = -2.374; p = 0.0244), but not body composition (t = 1.159; p = 0.256), or strength and

power scores (t = 1.006; p = 0.323). See Table 4 for full model details.

Table 5. Model Prediction for Physiological Strain during OTA

Strength & Aerobic Body
Intercept Power Capacity Composition
Std. Std. Std. Std.
Variables Estimate Error Estimate Error Estimate Error Estimate Error
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Core Temp (°C) 37.55 0.06  0.05 0.11 -0.10 0.09 -0.16 0.13
Skin Temp (°C) 36.32 0.09 -042 0.16 0.01 0.13 0.32 0.18
Heart Rate (bpm) 14840 286 2.90 513 -2.70 421 -4.64 6.12
Ventilatory Rate

(brpm) 37.63 090 0.61 161 -2.77 132 0.79 1.92
BLC (mMol) 8.03 0.60 1.08 1.07 -2.08* 0.88 1.48 1.27

OTA = Occupational Task Assessment; Std. = Standard; Temp = Temperature; bpm = beats/

minute; brpm = breaths/minute; BLC = blood lactate concentrations; mMol = millimolar;

*Denotes p < 0.05.
3.4 Cognition During OTA

A multiple regression was run to predict average total errors during the OTA from strength

and power, aerobic capacity, and body composition. This resulted in a nonsignificant model (F(3,
29) = 0.148; p = 0.930; adj. R? = -0.093). A multiple regression was run to predict average
perseverative errors during the OTA from strength and power, aerobic capacity, and body
composition. This resulted in a nonsignificant model (F(3, 29) = 0.045; p = 0.987; adj. R? = -
0.106). A multiple regression was run to predict average non-perseverative errors during the OTA
from strength and power, aerobic capacity, and body composition. This resulted in a nonsignificant

model (F(3, 29) = 0.587; p = 0.629; adj. R? = -0.043). See Table 6 for full model details.

Table 6. Model Prediction for Cognitive Flexibility during OTA

Intercept Strength & Power  Aerobic Capacity Body Composition

Std. Std. Std. Std.
Variables Estimate Error Estimate  Error Estimate Error Estimate Error
Total Errors  8.23 0.43 -0.49 0.78 -0.18 0.62 042 0.90
Perseverative
Errors 6.03 0.27 -0.07 0.49 0.01 0.38 0.18 0.56
Non-
perseverative
Errors 2.26 0.29 -0.27 051 -0.35 041 -0.05 0.59

OTA = Occupational Task Assessment; Std. = Standard; *Denotes p < 0.05
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4 DISCUSSION

This investigation is the first to comprehensively assess the influence of fitness level on
occupationally relevant occupational performance, cognitive performance, and physiological
strain during simulated firefighter occupational tasks. We observed that collective strength and
power score was the most effective predictor of occupational performance. Strength and power
and aerobic capacity scores were significant predictors of perceived exertion during occupational
tasks. The aerobic capacity score was also a significant predictor of blood lactate accumulation.
Body composition score was not a significant predictor, above what is explained by strength and
power score, for any outcomes in this study. The findings of this study will help departmental
leadership determine fitness assessments relevant for determining occupational readiness in their
firefighters.

Our main findings suggest our model significantly predicted time to complete the simulated
occupational tasks and perceived exertion. This model suggests that for an individual one standard
deviation above the mean in strength and power score, aerobic capacity score, and body
composition score, we would expect them to complete the occupational task assessment 155
seconds (~2.5 minutes) faster. The model did predict a larger portion of the variance (42%),
however 58% of the variability in time to complete the occupational task remains unexplained.
Strength/power was the only significant predictor of time to complete within the model, while
body composition and aerobic capacity were not significant predictors within the model. For a one
standard deviation increase in strength and power score we expect occupational task assessment
time to decrease by ~126 seconds (~2 minutes). This suggests that, when strength and power is
assessed, the aerobic capacity and body composition measures tested in this investigation were not

effective in providing additional predictive insight into an individual’s ability to complete the
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occupational task assessment. The relationship between strength and power score and time to
complete occupational tasks is consistent with previous literature (152,194). However, these same
studies suggest aerobic endurance did significantly predict higher work rates and faster time to
complete simulated firefighting tasks (152,194). This divergence from our findings may relate to
the occupational tasks chosen. These studies utilized tasks including hose drags, breaching,
forcible entry, search, and rescue compared to our lift and carry tasks. Additionally, the prior
studies assessed aerobic endurance using the 30-15 Intermittent Fitness Test (42) and modified
Canadian Aerobic Fitness Test (263), while our study used the aerobic capacity score (combination
of modified-Bruce protocol (255) to obtain VO2zpeak and lactate threshold). This may suggest that
individual field-based assessments of aerobic endurance may translate to the occupational aerobic
demands of a firefighter more than laboratory assessments. However, because occupational tasks
differed between the investigations, future research should directly compare these assessments to
determine the most effective assessment for occupationally relevant aerobic capacity.

Our model was able to significantly predict RPE experienced during the occupational tasks.
This model suggests that for an individual with a strength and power score, aerobic capacity score,
and body composition score one standard deviation above the mean, we would predict their
perceived exertion would be 1.1 units lower on the RPE scale. This model explained 20% of the
variance in perceived exertion; however, many of the factors influencing RPE remain unclear.
Further investigation highlighted that, when considered together, strength and power as well as
aerobic capacity scores were significant predictors of RPE, but not body composition score. For a
one standard deviation increase in either strength and power score or aerobic capacity score we
expect a ~1 unit decrease in RPE. Therefore, aerobic capacity may not be a significant predictor

of the speed of occupational task performance but may relate to the effort experienced. This finding
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becomes most relevant when considering less time-sensitive occupational demands that are
extensive or tedious in nature such as salvage and overhaul, where firefighters are tasked with
protecting property and belongings from damage as well as ensuring any remaining sub-fires are
completely extinguished (36,86). A lower RPE could suggest a lower relative intensity that
subsequently allows the individual to perform occupational tasks for an extended duration,
compared to their less strong and aerobically fit counterparts. Body composition score did not help
to explain the individual’s perceived effort during the occupational tasks, above or beyond what
was explained by strength and power score and aerobic capacity score. This along with our
correlation matrix suggests perceived exertion during occupational tasks may be more related to
an individual’s fitness level (Strength and power R? = 0.26; aerobic capacity R? = 0.39) rather than
their body composition (R? = 0.08).

As a set, strength and power, aerobic capacity, and body composition scores were not
predictive of core temperature, skin temperature, heart rate, or ventilatory rate during the
occupational task assessment. The assessment’s best-effort nature (rather than a standard rate of
exertion) likely led to similar relative working intensities, but faster time to complete, which would
produce similar physiological responses across participants of different fitness levels. The
similarity of responses across participants would leave relatively little variation to be explain by
the predictor variables. However, our model did significantly predict post-occupational blood
lactate concentrations. This model suggests that for an individual with a strength and power score,
aerobic capacity score, and body composition score that is one standard deviation above the mean
we would expect a blood lactate concentration 0.48 mMol higher following an occupational task
assessment. Our model explained ~28% of the variance in blood lactate concentrations during

occupational tasks. Specifically, aerobic capacity score was a significant predictor, for a one
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standard deviation increase in aerobic capacity score we see a 2.08 mMol decrease in blood lactate
concentrations immediately following an occupational task assessment. This is as expected as the
aerobic capacity outcomes include the percentage of VOzpeak at lactate threshold. Those with a
higher percentage of VOzpeak at lactate threshold were likely able to work at a higher percentage
of max intensity without dramatic rises in lactate (79,93). Accumulation of lactate is associated
with acidosis, which can eventually result in fatigue and impair occupational performance (66).
Previous research highlighting the relationship between blood lactate concentration and rating of
perceived exertion (266) provides a potential rationale for fitness to influence RPE despite the lack
of differences in other physiological strain variables. Therefore, even though aerobic capacity
score did not predict time to complete the task, it did suggest lower lactate accumulation following
occupational tasks, which over extended operations may enable a firefighter to maintain
occupational performance with less fatigue and a lower perception of exertion.

Contrary to our hypothesis, these fitness parameters provided negligible predictive insight into
an individual’s cognitive performance during occupational tasks. The model suggests that for a
one standard deviation increase in strength and power score, aerobic capacity score, or body
composition score would see less than 0.5 change in total, perseverative, or non-perseverative
errors. This is defined as a negligible difference when considering that out of 60 trials that
difference equates to less than a 1% change in performance. No study to our knowledge has looked
at the influence of fitness on cognitive function during firefighter occupational tasks. However,
related literature has shown high levels of fitness are associated with better cognitive function (98).
This guided our hypothesis that cognitive flexibility would improve based on fitness level.
Previous research has suggested that exercise can act to prevent declines in cognitive function with

aging (201,223,242) and a sedentary lifestyle (268). It is possible that the overall young and healthy
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participants in this study limited our ability to see influences of fitness on cognitive flexibility.
Future work in this area should interrogate the relationship between age and activity levels on
cognitive function in fire services. This also may suggest that fitness plays a negligible role in
cognitive performance during occupational tasks and therefore may require fire departments to use
a separate assessment to determine cognitive readiness for firefighter occupational demands.

Additionally, in opposition to our hypothesis, body composition was not a significant predictor
in any of our models. However, as highlighted by the correlation matrix in Table 2 body
composition score and strength and power score were tightly correlated in our study. When
considering this and our model results, we see that body composition may be a significant
predictor, but above or beyond that of strength and power scores. Without neglecting the protective
health benefits and quality of life factors related to body composition, these findings may support
the notion that fitness is more important than body composition for firefighter occupational
performance. This is in line with previous work that supports the idea that fitness is also more
important than body composition for general health and mortality risk (21,85). Previous research
has shown body composition was a significant predictor of occupational performance in fire
services (152,177). These findings may suggest that body composition alone can predict
performance, but fitness measures (i.e., strength, power, or aerobic capacity) may be a more robust
predictor of many occupationally relevant outcomes.

One limitation of this study is the computerized, controlled configuration of the WCST may
not be indicative of the exact cognitive demands on firefighters. This was done in an effort to
ensure a validated assessment was used to measure cognitive flexibility. However, future studies
should work to develop and validate tactically relevant assessments of cognitive function. The

current investigation also included local community members rather than career or volunteer
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firefighters. While previous literature suggests that firefighters are, on average, older and have
poorer cardiovascular outcomes (185), the local fire departments in our region are younger (87)
and report being more physically active (3) than the national average and therefore align closely
with the age and activity level of the population used in this investigation. Therefore, when
considering this and the limited number of local firefighters, and more specifically female
firefighters, the use of local community ensured an adequate and diverse sample population.
However, we do acknowledge that long-term career firefighters may have adaptations that result
in differential physiological responses to occupational tasks (276); although, the population used
in this study could especially aid in understanding appropriate screening methods for new fire
service recruits. As highlighted above, the tasks in this study were chosen to emphasize lift and
carry tasks, but there are other tasks such as breaching or dragging that could be more or less
related to these fitness and health outcomes. Additionally, our power analysis indicates we are
appropriately powered to observe effect sizes of 0.4 or greater, and it is possible that with a larger
sample that smaller effects could be observed. Lastly, our participants were all moderately active
(exercising 3+ days/week for 30+ min/day), and future research could investigate the impact of
fitness on these outcomes in a more diverse sample of fitness levels (i.e., sedentary or highly active

individuals).

5 CONCLUSIONS

We observed that when taken together aerobic capacity, body composition, strength and
power assessments may be useful measures to predict firefighter’s physical performance and
perceived exertion during occupational tasks. However, within the set of variables strength and

power appear to be a robust predictor of occupational task performance, in which aerobic capacity
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and body composition did not provide additional predictive ability. Aerobic capacity, strength, and
power) appear to be robust predictors of perceived exertion. Therefore, the assessment of body
composition does not significantly predict occupational readiness when fitness level is assessed.
These outcomes may also be useful in determining some metrics of physiological strain
experienced during simulated occupational tasks. However, we did not observe a utility for
assessing fitness in determining cognitive performance during occupational tasks. Fire
departments can use these findings to guide the assessments used for screening occupational

readiness in firefighters and recruits.
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SUMMARY

In summary, the current investigation sought to understand the potential unique impacts of
different methods of acute exercise on performance, physiology, and cognition during subsequent
simulated firefighter occupational tasks. We found that acute exercise did not practically or significantly
change time to complete occupational tasks; however, aerobic exercise may result in higher levels of
physiological stress metrics including core temperature, heart rate, and ventilatory rates and resistance
exercise may result in higher blood lactate concentrations. The implications of this suggest that
performing aerobic exercise prior to an emergency call may present a larger risk for heat related injury,
while resistance exercise may result in an increased risk for acidosis related fatigue. We also did not
notice significant changes in cognitive flexibility between conditions regardless of changes in heart rate
variability. This may suggest that prior acute exercise does not dramatically influence cognition during
occupational tasks of this nature, intensity, and duration. Future work should continue to interrogate this
question. Our measures of heart rate variability show numeric decreases in heart rate variability during the
cognitive assessment following aerobic exercise compared to resistance exercise or a resting control. This
may suggest that performing aerobic exercise prior to occupational tasks may produce a less ideal stress
response during decision making. In summary we see that acute exercise does present potential risks that
should be considered, but rather than avoiding on-shift exercise which would limit a firefighter’s ability to
reach weekly exercise recommendations, firefighters should instead attempt to schedule acute exercise
around low call volume periods, days off, or attempt to mitigate rises in core temperature through cooling
modalities. Additionally, it is more important to address these fitness goals at the consequence of some
fatigue, and elevated core temperatures, when considering the long-term benefits of fitness on
occupational performance. Our third aim highlights this point as strength, power, aerobic capacity, and
body composition significantly predicted the performance, physiological stress, and perceived effort

experienced during simulated occupational tasks. These findings can help guide individual firefighters,
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departmental leadership, and fitness practitioners working with these populations in determining the best
candidate screening tools and exercise prescriptions with consideration of both acute and chronic

implication of said exercise on occupational readiness.
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Warrior Research Center Health Questionnaire

Date Participant #

1. Age , Weight (lbs.) Height

2. Do you have Raynaud’s Disease? YES NO
3. Have you had any significant injury within the past 3 months? YES NO

If yes, please explain:

4. Are you healthy and have no muscle, nerve or joint problems that you know of YES NO
(numbness, tingling, sprains, strains, fractures, joint disease)?

If no, please explain:

5. Are you currently taking any medications? YES NO
If yes, please explain:

6. Do you currently have a disability or a known disease or health condition (diabetes, heart YES NO
conditions, ADHD, etc...)?

If yes, please explain:

7. Areyou currently taking any supplements other than a multivitamin? YES NO
(Whey protein, creatine, etc...)

If yes, please explain:

8. Have you ever had a heat injury?
a. If yes —explain (hospital? Lost work time, etc.)
b. Whatyear?
¢. More than 1 heat injury — please describe

9. Do you have any other health or fitness related conditions we should know about? YES NO

If yes, please explain:

10. Are you allergic or have you ever had any adverse reactions adhesives YES NO

If yes, please explain:

11. Have you previously or recently been diagnosed with COVID-19? Date: YES NO
12. If you answered YES, to question 11; what severity of symptoms did you experience? (Check all that apply)

Asymptomatic

Symptomatic — Not-hospitalized
Hospitalized
Hospitalized w/ Ventilator Use
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Appendix B

Physical Activity Readiness Questionnaire



Physical Activity Readiness Questionnaire (PAR-Q)

PAR-Q is designed to help you help yourself. Many health benefits are associated with regular exercise,
and the completion of PAR-Q is a sensible first step to take if you are planning to increase the amount of
physical activity in your life.

For most people, physical activity should not pose any problems or hazard. PAR-Q has been designed to
identify the small number of adults for whom physical activity might be inappropriate or those who should
have medical advise concerning the type of activity most suitable for them.

Common sense is your best guide in answering these few questions. Please read the carefully and check
YES or NO opposite the question if it applies to you. If yes, please explain.

YES NO

o 1. Has your doctor ever said you have heart trouble?

o 2. \[;gsg/ou frequently have pains in your heart and chest?

_ 3. \D(gs);ou often feel fain or have spells of severe dizziness?

__ 4. Egg’a doctor ever said your blood pressure was too high?
Yes,

5. Has your doctor ever told you that you have a bone or joint problem(s),
such as arthritis that has been aggravated by exercise, or might be made
worse with exercise?

Yes,

6. Isthere a good physical reason, not mentioned here, why you should not
follow an activity program even if you wanted to?

Yes,

7. Are you over age 60 and not accustomed to vigorous exercise?
Yes,

8. Do you suffer from any problems of the lower back, i.e., chronic pain, or
numbness?

Yes,

9. Are you currently taking any medications? If YES, please specify.

Yes,

10. Do you currently have a disability or a communicable disease? If YES,
Please specify,

Yes,

If you answered NO to all questions above, it gives a general indication that you may participate in physical
and aerobic fitness activities and/or fitness evaluation testing. The fact that you answered NO to the above
questions, is no guarantee that you will have a normal response to exercise. If you answered Yes to any of
the above questions, then you may need written permission from a physician before participating in
physical and aerobic fitness activities and/or fitness evaluation testing.

Print Name Signature Date
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Training History Survey

Do you engage in planned exercise? Yes

If yes, (on average) how many days per week do you do this?

No

Please answer the following options for training frequency, duration, and the number of years

or months that you’ve been regularly engaging in these activities.

Road bike or spin class ____days/week, _ min/day,

Jog/Run or Walk ____ days/week,  min/day,
Swim ____ days/week, _ min/day,
Lower-body weight train __ days/week,  min/day,
Upper-body weight train ____ days/week,  min/day,
Other: ____days/week, _ min/day,
Other: ___ days/week,  min/day,

In writing below fill out any other perinate exercise information.

years

years
years
years
years
years

years
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Subject ID Date
Age Height (cm) Weight (kg)
Baseline Data
FEO2 (%) FECO2 (%) VE (L/min) VO2 (mL/kg/min) Pre-BLC
Bruce Protocol
Stage Grade/ Time Heart VE V02 RER RPE
Speed Rate (L/min) (mL/kg/min) (overall)
(bpm) BLC
2:30
1 1.7/5%
5:30
2 1.7/10%
8:30
3 2.5/12%
11:30
4 3.4/14%
14:30
5 4.2/16%
17:30
6 5.0/18%
21:30
7 5.5/20%
24:30
8 6.0/22%
**pPost VO2: **Post HR: **post RER:

Immediate Post BLC:

5-min POST BLC:

1-min POST BLC

10-min POST BLC

3-min BLC
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Recovery

Participant Number: Date:
Condition and Vistit Number:
Lactate| CT HR RR ST Min ]Lactate| CT HR RR ST

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Session End Time:
Urinalysis Post:




Participant Number Date:
Condition & Visit Number:
Pre Lactate

Chamber Collection

Round 1 Time RPE Errors R_Errors NP_Errors

Deadlift
Transition
Carry
Transition

Round 2 Time

Deadlift
Transition
Carry
Transition

Cognitive Time Errors P_Error NP_Error

WCST
Transition

Round 3 Time

Deadlift
Transition
Carry
Transition

Round 4 Time

Deadlift
Transition
Carry

Total Time Post Lactate:

Notes:



Resistance Training Visit
Participant Number:
Visit Number:
Weight:
Height:

Urinalysis Pre-Session:

Resting Core Temperature:

Sessions Start Time:

Rx Actual
Exercise Set 3 1
Reps 6
Squat Weight 80%
RPE 8
Post-Exercise HR 1
Reps 6
Bench Weight 80%
RPE 8
Post-Exercise HR 2
Reps 6
Deadlift Weight 80%
RPE 8
Post-Exercise HR 3
Reps 6
Prone Row Weight 80%
RPE 8
Post-Exercise HR 4

Note:

Pre-Lactate:

Post-Lactate:
Endtime:

Duration:



Participant Number:

HIIT Visit

Pre-Lactate:

Visit Number:

Weight:

Height:

Urinalysis Pre-Session:

Resting Core Temperature:

Sessions Start Time:

Rx Actual
Round HR RPE Total Distance
L 4 min
ow
R1 50% HRR
30s
High
90% HRR
L 4 min
ow
R2 50% HRR
30s
High
90% HRR
L 4 min
ow
R3 50% HRR
30s
High
90% HRR
L 4 min
ow
Ra 50% HRR
30s
High
90% HRR
L 4 min
ow
RS 50% HRR
30s
High
90% HRR
Note: Post-Lactate:

*Collect HR and calculate %HRR after

Endtime:

Duration:



Control Condition
Participant Number:
Visit Number:
Weight:
Height:

Urinalysis Pre-Session:

Resting Core Temperature:

Sessions Start Time:

Session End Time:

Note:

Pre-Lactate:

Pre-HR
Mid-HR
Post-HR

Post-Lactate:
Endtime:

Duration:
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EMERGENCY ACTION PLAN: LAB 241 KINESIOLOGY BUILDING

Contacts

In case of Emergency 911

Auburn Police 501-3100
East Alabama Medical Center 705-1150
EMS 748-8504

Dr. Sefton’s Cell Number (Lab Director) 334-787-2408
Dr. Sefton’s Office Number 334-844-1694
Main Office 334-844-4483
Dr. Rudisill (Department Director) 334-844-1458

Lab Location Information:
Kinesiology Building: 301 Wire Road, Auburn University, 36849
Neuromechanics Lab: Lab #241 on the upper floor (Top Floor) of the Kinesiology building.

Easy Access:

1. Enter the parking lot between the Kinesiology building and Auburn Tennis Courts.
2. Enter the double doors in the middle of the building on the bottom floor.

3. Turn left, walk to the end of the hallway and enter the elevator on the left.

4. Go to the upper floor.

5. Once you are at the upper floor, exit the elevator and turn right.

6. Enter the doorway.

7. The Neuromechanics Lab 241 will be the 4th door on the right.

Alternate Access:

1. Enter the parking lot between the Kinesiology building and Auburn Tennis Courts.

2. Enter the double doors in the middle of the building on the bottom floor.

3. Turn left, walk to the end of the hallway and walk up the stairs to the right.

4. Once you are at the top of the stairs, exit through the door and immediately turn right and walk up the
stairs.

5. Once you are at the top of the stairs, enter the door on your left.

6. The Neuromechanics Lab will be the 4th door on the right.

Emergency Exits:

1. Exit the Neuromechanics lab, turn left and enter the corridor. Go down the stairs.

a. 1st floor: There are 2 exits on the 1st floor (one straight ahead of the stair way and one to the
right of the stairway

b. Bottom floor: exit the stair way and turn left. Walk to the first hallway on your right. Turn right
and the exit will be straight ahead.

Fire Extinguishers:
Exit the Neuromechanics lab, turn right. Fire extinguisher is next to the water fountain.

First Aid Kit:
1. In the 1st glass door cabinet of the Neuromechanics lab.
2. In the break room of the Kinesiology building on the 3rd floor.
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School of Kinesiology
301 Wire Road

Warrior Research Center

AUBURN UNIVERSITY

ECHOOL OF KINESIOLOCY

Telephone: (334) 844-4483
Fax: (334) 844-1467
Email: Jmsefton@auburn.edu

Auburn University, Alabama 36849-5323

(NOTE: DO NOT SIGN THIS DOCUMENT UNLESS AN IRB APPROVAL STAMP
WITH CURRENT DATES HAS BEEN APPLIES TO THIS DOCUMENT)

INFORMED CONSENT

The Effect of Two Acute Exercise Modalities on Physiological and Cognitive Performance

During Simulated Firefighting

General Information

You are being asked to take part in a research study conducted by
Philip Agostinelli and Dr. JoEllen Sefton, Director of the Warrior
Research Center in the Auburn University Department of
Kinesiology. Participation in this study is voluntary, you do not
have to participate. The procedures, risks, and benefits are fully
described in this consent form.

Purpose

The purpose is to look at how resistance and aerobic endurance exercise
impact physiological and cognitive aspects of occupational performance.

Duration & Visits

If consent is given, you will be asked to visit the laboratory 5
times, for 2-3 hours per visit for a total time commitment of 11.5
hours.

Overview of Procedures

During you will complete several fitness tests, complete exercise
sessions and enter our heat chamber which will be set at 95°F to
perform a series of firefighting occupational activities. Once all
visits are completed there will be no further study requirement.

Risks There are potential risks including: a loss of confidentiality, discomfort,
short-term dehydration, heat stroke, injuries, radiation exposure,
COVID-19 exposure, and death. These risks are low, and measures have
been put in place to assure your safety and comfort.

Benefits If you complete all testing procedures, you will receive $200 as

compensation for your participation and a personal fitness report
outlining your fitness level; provided by Philip Agostinelli.

Alternatives

The alternative is to not participate.
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What will be involved if you participate?

1. After you read this informed consent, a member of the research team will be available
to answer any questions. If you decide to participate, you will sign the consent form.
Choosing to, or not to participate will not affect your relationship with Auburn
University or the Warrior Research Center.

2. In order to participate you must be between the ages 19-45 without any disease,
illness, or pathology that would preclude full participation in the study or put you at
risk from harm. These include: (Please ask if you have questions about any of these
conditions):

a. Acute injury

b. Chronic illness/disease

c. Cardiovascular diseases, such as heart or vascular conditions
d. Heart arrhythmias/valve disorders

e. Prior heat illness

f.  Current pregnancy

3. You will be given a health questionnaire to complete. We will record your height,
weight, sex, and age. You will be assigned a coded participant identification number
so we can keep your information private.

4. You will be asked to schedule a time to start the study.

5. Study Timeline: This study will require a total of 690 minutes or 11.5 hours of your time.

Visit Duration
Baseline Day A 60 minutes / 1 hour
Baseline Day B 90 minutes / 1.5 hours

Trial Visit 1 180 minutes / 3 hours

Trial Visit 2 180 minutes / 3 hours

Trial Visit 3 180 minutes / 3 hours
TOTAL 690 minutes / 11.5 hours

T e

*Trials completed in random order
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Baseline Testing Procedures Day A [1 hour]

1. Health Screening Questionnaire and PAR-Q [5 minutes]
You will complete a health screening and PAR-Q fitness survey to assess any
possible health risks prior to starting the project.

2. Urinalysis and Resting Blood Lactate Concentration [5 minutes]

a. Upon arrival you will be given a specimen cup and guided to a private
restroom where you will provide a urine sample. This sample will be used
to make sure you are adequately hydrated prior to your body composition
assessment to ensure accurate results. No one except you will be present
in the restroom while the urine sample is being provided. In the event you
cannot provide a urine sample upon arrival you will be given the
opportunity to drink water and test when you are ready. You will set the
sample on the back of the toilet, return to the lab and inform a researcher
that the sample is ready. The researcher will then analyze the sample for
hydration status and the sample will then be discarded. If you are
dehydrated, you will be provided with water to drink and then we will
retest a new urine sample. Female participants will be asked to take a urine
pregnancy test prior to completing the DEXA due to the low levels of
radiation experienced.

b. Blood lactate concentrations will be tested once with a finger prick. This
will be used to indicate training status, exercise intensity, and fatigue. First,
your fingertips will be disinfected with an alcohol wipe and dried with a
gauze pad. Next, a fingerstick will be administered with an auto-lancet to
draw a drop of blood. Blood samples will be placed on the lactate test strip.
Gauze or a bandage will be used to cover the area immediately after the
sample is collected. Once the drop has been measured the test strip will be
discarded.

3. Body Composition [25 minutes]

First, we will obtain your height and weight. After this your body fat, muscle, and
bone mineral density will be measured with a DEXA (dual-energy x-ray
absorptiometry) system. You will be required to wear clothing without zippers or
buttons (athletic clothing, we have a private changing area) and must lay still on a
flat table with minimal movement and normal breathing for approximately 20
minutes. During this time, a small mechanical arm will pass over your body taking
images of the bone, muscle, and fat. There is a small risk of radiation exposure.

4. VO2 Max Test [25 minutes]
VVO2max testing is used to measure your fitness level. You will be fitted with
headgear and a mouthpiece that you will breathe through for the entirety of the
test. An Equivital EQO02+ LifeMonitor (similar to a heart rate monitor chest strap)
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will be worn during the entire assessment. First you will warm-up for 3 minutes at
1.7 mph and 0% grade. A second warm-up for 3 minutes at 1.7 mph and 5% grade
will then be completed. The assessment will begin after both warm-ups are
completed. You will start at a pace of 1.7 mph while on a grade of 10%. Every
three minutes both speed and incline will increase. We ask that you give maximal
effort and continue until you cannot go any longer. Throughout the test,
researchers will record measures of heart rate and oxygen consumption, as well as
rate of perceived exertion (RPE — how hard you are working). Finger sticks will
also be taken every 3 minutes during the assessment to estimate lactate threshold
(LT) which is a marker of training status. Total number of finger pricks will vary
based on the duration of the assessment as they will be assessed each stage.

Baseline Testing Procedures Day B [2 hours]

1. Training History [5 minutes]
You will fill out a brief survey on your recent exercise habits with questions about
your current frequency, intensity, modality, and duration of exercise to help us
understand your training status.

2. Resting Blood Lactate Concentration and Equivital [5 minutes]
Baseline blood lactate concentrations (finger prick) will be assessed once, and you
will be asked to wear the Equivital chest strap (similar to a heart rate monitor chest
strap) for the duration of your visit.

3. Wisconsin Card-Sorting Task (WCST) [10 minutes]

This assessment uses a computer-based card sorting task to help understand how
you make decisions. Cards will be sorted based on color, shape, and number.

4. Vertical Jump [5 minutes]
The vertical jJump will be completed on a force platform to measure your muscular

power. You will start by stepping on the platform and when told, you will jJump as
high as possible. You will complete 3 total jumps with a 1-minute rest between
attempts.

5. Three-Repetition Max (3RM) Testing [60 minutes]
The 3RM will be used to measure muscular strength, as well as determine how
much weight will be used during the resistance exercise session. The movements
will include a back squat, bench press, and traditional deadlift. Spotters will be
present for your safety and to monitor form. For each movement you will complete
multiple warm-up sets that increase in weight as you approach your 3-RM. For the
squat, you will be asked to place the barbell, and attached weights, on the top of
the shoulders behind the head, and will complete a full squat. For bench press, you
will be laying on your back on a lifting bench and will grab on to the barbell
keeping shoulders at a 90-degree angle from the body. You will complete the lift
by touching the bar to the chest (with a slight pause at the chest) and raising it back
up to the starting position. For the deadlift, you will be asked to lift the weight bar
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from the ground, with both knees and hips bent while maintaining a flat back. You
will be monitored to ensure you perform each exercise completely and with proper
form.

6. Heat/Firefighting Occupational Activity Familiarization [10 minutes]

Lastly, we will walk you through the exercise movements and occupational
firefighting activities. You will first be familiarized with the bent over row and
standing shoulder press movements that will also be used to prescribe your
resistance exercise session. The bent over row will involve bending both their
knees and hips while holding a barbell in your hands, you will then pull the bar
towards your chest while maintaining a flat back and keeping your elbows at your
side. The standing shoulder press will involve standing holding the barbell at the
top of your chest. You will then raise your shoulders and elbows at the same time
to raise the weight over your head while maintaining a tight core. You will have
the opportunity during this time to perform a repetition with no weight added until
form is sufficient. Then weight will be added for subsequent sets in order to
determine a working weight for the acute exercise trials. Then we will help you
put on the protective equipment (pants, jacket, helmet, gloves and boots). After
the gear is on you will go into the chamber that is set at 95°F and practice the
occupational firefighting tasks.

Exercise and Occupational Firefighting Activity Visits [3 hours each]

1. Urinalysis and Blood Lactate Concentration [10 minutes]

a. Upon arrival your hydration will be assessed again as described above.
You will also be fitted with the Equivital chest strap to wear for the
duration of the visit.

b. Blood lactate will also be assessed with a finger stick (as described above)
pre- and post-exercise, pre- and post-occupational firefighting activities,
and 4 times during recovery. Total of 8 times per exercise and
occupational activity visits.

2. Warm-up [10 minutes]
For both exercise sessions you will warm up by walking on a treadmill. For the
resistance training session, the treadmill warm-up will be followed by body weight
squats, hip rotations, and shoulder movements to prepare your body for resistance
exercise. These warm-ups will last for 5 minutes.

3. Exercise [45 minutes]
In random order you will complete one of the 3 exercise sessions on each visit
(either aerobic, resistance or rest). There will be a minimum of 7-days between
each visit. Blood lactate (finger prick) will be measured at pre- and post-exercise
as described above.
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a. Resistance Exercise Session

The full body resistance session includes a lower body push and pull, upper
body horizontal push, vertical push, and horizontal pull. You will complete
3 sets of 6 repetitions of each exercise at ~80% of your estimated 1-RM
from baseline testing with 2 minutes of rest between sets. If you are unable
to complete a set at the prescribed weight, the weight will be lowered until
the set is finished and will remain at the lower weight for all subsequent
sets.

b. Aerobic Exercise Session
The aerobic bout will involve a high intensity interval training (HIIT)
session on a treadmill. You will complete 5 rounds of 4-minutes low
intensity at approximately 50% of heart rate reserve (HRR) and 30-seconds
high intensity at approximately 90% of HRR.

c. Control Session

During this visit you will sit in the laboratory and watch a standardized
video on the benefits of exercise for 30-minutes.

7. Transition Period  [15 minutes]
After your exercise session you will put on standard issue firefighting jacket and
trousers, boots, gloves, hood, and helmet and escorted into the heat chamber to
begin the occupational firefighting activity.

8. Occupational Firefighting Activity [40 minutes]

The heat chamber will be set to 95°F and 50% relative humidity. You will do the
occupational activity you practiced on day 2. For the sandbag lift, the sandbags
will be loaded to either 85 or 135 Ibs based on your baseline trap-bar deadlift 3-
RM. You will then be asked to lift a lighter 40lb sandbag onto your shoulder and
carry it for 0.15 miles on the treadmill. This circuit will be repeated two times.
You will then complete the card sorting task, followed by two more rounds of the
occupational activities. We ask that you complete these to the best of your ability
as fast and safe as possible. Termination criteria including voluntary fatigue or if
you reach a core temperature of 102°F.

9. Recovery Protocol [60 minutes]

After the occupational firefighting activity, you will leave the chamber and remove
the fire gear except the pants. You can roll the pants down below your knees and
boots must be kept on. During this recovery period you will be given cool water
to rehydrate, and we will monitor you until your core temperature returns to
baseline. Exceptions will be made if there is a continual rise in core temperatures
above 102°F, in which emergency action plans will be initiated, taking precedence
over data collection, for your safety.

Potential risks and discomforts
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1. There is a moderate risk of muscle soreness, pain, fall, or injury from participation in
exercise. To mitigate discomfort and injury risk, all exercise will be supervised by a
member of the research team. Members of the research team are Athletic trainers to help
in the case of pain and injuries.

2. There is a moderate risk of short-term dehydration. To mitigate the risk of short-term
dehydration we will assure you are adequately hydrated prior to heat trials and water will
be provided during recovery.

3. There is a low risk of infection during the finger pricks. To reduce this risk immediately
prior to collection of the sample the area will be cleaned with an alcohol wipe and
following the collection of the blood sample, the area will be covered with a bandage.

4. Thereis alow risk of heat stroke and organ damage. To minimize the risk of organ damage
to the kidneys and brain from heat stroke we have limited the heat exposure to 40 minutes
with a mandatory stopping point if your core temperature reaches 102°F. Also, you may
stop exercising at any point and still continue the study. The signs and symptoms
of heat stroke will also be monitored throughout by the research team, and an
emergency action plan is in place if your core temperature continues to rise
involving cooling techniques while emergency medical services are on their way.

5. There is a low risk of death. To reduce this risk of death from heat stroke we will utilize
the same procedures as we do to prevent heat stroke and organ damage. Additionally, to
reduce risk of cardiac events we will continuously monitor your heart rate and perceived
exertion during testing. All members of the research team are certified in basic life support
(CPR) and trained to use an automated external defibrillator (AED) will be present at the
data collection sessions. The research team is very experienced in heat research and
preventing medical emergencies.

6. There is a low risk of breach of confidentiality. To prevent this, all documentation will be
locked in filing cabinets in a closet in Room 241 of the Kinesiology building. We will
only use your participant number on data collection documents so your name cannot be
traced to performance outcomes.

7. There is alow risk of COVID-19 exposure. To reduce the risk of COVID-19 exposure we
will follow the Auburn IRB covid-19 precautions matrix as well as guidelines. Protocols
will be based category B research and the covid-19 community level of Lee county.

8. The level of radiation experienced during the DEXA body scan is equivalent to 1/100 of
the radiation experienced during a flight from New York to Los Angeles. To prevent
potential risks during pregnancy if you are a biological female, you will be asked to
complete a pregnancy test. If pregnant, you will be excluded from the study. To prevent
excessive exposure to radiation only one DEXA scan will be completed per participant.

In the event of an emergency while participating in this study at the laboratory, a member of
the research team will immediately call for emergency medical services but will not provide
funds for any medical expenses or other costs you may incur. Until further assistance
arrives, the member of the research team will provide you with medical assistance in
accordance with the laboratory emergency action plan that is posted in the laboratory.
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What are the possible benefits of participating in this research?

You will receive monetary compensation as well as your fitness report from baseline testing which
will provide insight into your body composition as well as aerobic and muscular fitness status.

Will I have to pay for anything if | take part in this research?

No, there will be no cost to you for your participation. Everything you need will be provided to
you by the research team.

Will I be paid for my participation in this research?

Yes, you will be paid for taking part in this research. If you complete both baseline testing
sessions, you will receive $30 and your fitness report. If you complete all three experimental
trails you will receive an additional $170; for a total of $200 if all sessions are completed.

How will you protect my privacy and the confidentiality of records about me?

Participants will be given a participant number to be used on all paperwork. The number key will
be kept locked in a filing drawer in a locked closet located in Room 241 of the Kinesiology
building. All data will be anonymized and kept on a password protected laptop and excel file. Only
the approved research team will have access to the material. Forms will be maintained in locked
storage. The database will be password protected and accessible only by the project researchers;
the database will be on a single computer locked in a personal office that is only accessible to the
research investigators. After a period of 3 years, the paperwork will be destroyed. Anonymized
data will be maintained for future research, but individual data cannot be tracked back to you.

Authorized representatives of the following groups may need to review your research and/or
medical records as part of their responsibilities to protect research participants:

Auburn University Institutional Review Board

What if | decide not to participate in this research?

Your participation in this research is voluntary. You may decline to participate now or stop taking
part in this research at any time without any penalty or loss of benefits to which you are entitled.
If you withdraw before completing both baseline test session you will not receive any monetary
compensation. If you complete both baseline test sessions, but not all three experimental trials you
will receive the $30 for baseline testing, but not the $190 for the experimental trials. If you choose
to withdraw, any identifiable data can be withdrawn. Deciding not to participate now or
withdrawing later does not harm or in any way affect your current or future relationships with
Auburn University, the School of Kinesiology, or the Warrior Research Center.

Your privacy will be protected. Any information obtained in connection with this study will

The Auburn University Institutional
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remain confidential. Participant information, if published, will be submitted anonymously.

WHO SHOULD | CALL IF I HAVE QUESTIONS OR CONCERNS ABOUT THIS
RESEARCH?

If you have questions about the research at any time, you should contact Dr. Sefton at (334) 844-
1694 or jmsefton@auburn.edu, or Philip Agostinelli (724) 986-8528 or pja0007 @auburn.edu

If you have any questions about your rights as a research participant, you may contact the Auburn
University Office of Human Subjects Research or the Institutional Review Board by phone (334)
844-5966 or email at hsubject@auburn.edu or IRBchair@auburn.edu.

SIGNATURE OF RESEARCH PARTICIPANT

| have read the information provided above. | have been given an opportunity to ask questions,
and they have all been answered to my satisfaction. Having read the information provided,
you must decide whether or not you wish to participate in this research study.

Your signature indicates your willingness to participate.

Printed Name of Participant

Signature of Participant Date

SIGNATURE OF PERSON OBTAINING CONSENT

My signature certifies that the participant signed this consent form in my presence as his/her
voluntary act and deed.

Printed Name of Person Obtaining Consent

Signature of Person Obtaining Consent Date
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