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Abstract: Background: Postural stability and cognitive performance are challenged in firefighters.
The purpose of this investigation was to examine the impact of 7-day ketone supplementation on
postural stability, cognitive performance, and muscular activation before and after a physiological
workload. Methods: Nine professional firefighters completed two experimental sessions (pre-
and post-workload) in a counterbalanced, double-blind design. Participants ingested either a
ketone salt (KS) or placebo (PLA) daily for seven days, and had an eighth ingestion 30 min prior
to testing. Each experimental testing consisted of maximal voluntary contractions (MVIC) for
four muscles (knee flexors—BE, extensor—VM, ankle dorsiflexors—TA, and plantar flexors—MG)
using electromyography and postural stability testing (eyes open (EO), eyes closed (EC), and eyes
open-dual-task using a FitLight™ system (EOT)), before (pre-workload) and after (post-workload)
a simulated physiological workload. The workload consisted of 35 min steady state exercise
at 60% of peak oxygen consumption wearing firefighter personal protective equipment (PPE).
Results: Significant differences were limited to time effects (pre-workload vs. post-workload),
with no differences between groups (KS vs. PLA). Significantly lower muscle activity in VM,
TA, and MG during MVIC, greater postural sway and muscle activity in BF during EC and EOT,
and slower response time during EOT were evident post-workload. Conclusions: A 7-day ketone
supplementation does not impact postural stability, muscle activity, and cognitive tasks, but a
fatiguing workload causes significant performance reduction.
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1. Introduction

Due to the requirements of their profession, firefighters are routinely placed in high-risk situations
where the probabilities for occupational injuries to be sustained are increased [1,2]. In 2016, 2.9 million
non-fatal occupational injuries and illnesses cases were reported in firefighters by the United States
Bureau of Labor Statistics, with 27% of all cases resulting from falls, slips, and trips, possibly due to
reduced or compromised postural stability [3]. Firefighters must maintain postural stability while
navigating hazardous environments in the performance of their duties. The loss of postural stability
can lead to falls and fall-related injuries and put the wellbeing of a firefighter in extreme jeopardy [4-7].
The firefighter’s physical and cognitive performance can be impacted by extrinsic (environmental)
factors, such as the temperature, working conditions, and personal protective equipment (PPE), and by
intrinsic (human) factors such as fatigue, stress, anxiety, and sleep deprivation. Specific to postural
stability, the firefighter’s PPE, even though it serves a protective function, has been reported to cause
reductions in balance performance due to added physiological energy expenditure and muscular
fatigue [4-9]. Specific PPE such as firefighter boots have also been shown to be influential in postural
stability due to the design features of the boots, such as heavier mass, leading to a faster rate of
fatigue, impacting postural stability negatively, or an elevated boot shaft design aiding postural
stability [5-7]. Similar reductions in postural stability in firefighters have also been reported due to
muscular fatigue resulting from simulated physical workloads that negatively affect the sensory and
motor components of the postural control system [7-10]. Finally, stress due to strenuous firefighting
events has been reported to cause a decline cognitive functions, specifically in identifying solutions
to problems and making correct decisions in a timely manner [11]. Subsequently, the cognitive and
physical task of firefighting is a dual-task paradigm, where one of the tasks may negatively impact the
other and can lead to an increased likelihood of injuries [11]. The measurement of postural sway has
been suggested as a potentially inexpensive and simple means for monitoring physical exhaustion
and safety of PPE-wearing workers during task performance [4]. However, further investigation of
neuromechanical factors, such as muscle activation and response times to cognitive tasks influencing
postural stability in a dual-task paradigm, is very much warranted in this population.

Nutritional interventions have been utilized in many populations to determine the effects on
performance exercise and health. Recent evidence suggests the potential role of increasing endogenous
ketone levels on enhancing cognitive performance [11-14]. Typically, increasing endogenous ketone
levels to a level of ketosis is achieved by consuming a ketogenic diet (<50 g carbohydrates/day) [12-14].
However, adherence to the ketogenic diet is often difficult; instead, elevated circulating ketone
levels can be increased via exogenous ketone supplementation [12-14]. Ingestion of ketone salts
(KS) (similar dosing protocol and form of treatment) has commonly been done in other studies and has
been shown to be effective at increasing ketone levels and improving cognitive performance [12-15].
Ketones, specifically 3-hydroxybutyrate (3HB), are a substrate utilized in the brain during times of
starvation and carbohydrate restriction [12-15]. It is hypothesized that increased ketone levels can alter
metabolism, cognition, and exercise performance. Although enhancements in cognitive performance
are typically seen in those suffering from mild to severe neurological impairments [12,14,15], firefighters
may benefit from increased endogenous ketone levels since they can be used as a fuel source by the
muscles and central nervous system. Firefighters are constantly challenged both physically and
mentally during work, and those challenges are exacerbated when wearing PPE. With limited research
in human models, there is not enough literature to fully elucidate the effects of ketone supplementation
in high-stress occupations. Due to the increased interest in exogenous ketone supplementation on
cognitive function [16] and cognitive performance [17], further research is warranted. KS have been
shown to increase blood ketone levels, inducing nutritional ketosis following acute ingestion (i.e.,
within 30-60 min after ingestion); however, the impact on physical performance is equivocal [18-20].

Therefore, the purpose of this study was to determine the impact of ingesting exogenous ketones
as KS on markers of postural stability, muscle activity, and cognitive performance after performing a
physical workload challenge in firefighters. It was hypothesized that the 7-day KS ingestion would
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result in significant increases in maximal muscle activity during maximal exertion and improved
postural stability performance with minimal muscle activity during both single tasks of postural
stability and during the cognitive dual-task postural stability measures, including faster response
times in cognitive task, especially after a physical workload in firefighters.

2. Materials and Methods

2.1. Participants

Ten professional firefighters (males), between the ages of 18 and 39 (mean age 30 £ 6 years)
participated in this study. One participant failed to meet compliance guidelines and was excluded from
analysis. Therefore, nine participants completed the protocol. Descriptive characteristics are shown
in Table 1. Participants were required to (1) be an active duty firefighter, (2) be at low risk for cardiac
diseases according to the American College of Sports Medicine (ACSM), (3) regularly participate in at
least 150 min of moderate intensity aerobic activity or 60 min of vigorous intensity aerobic activity per
week, (4) avoid consumption of dietary supplements that contain any antioxidants or ergogenic aids
for at least two weeks prior to and throughout the duration of the study, and 5) avoid caffeine and
alcohol consumption 24 h prior to the experimental testing sessions. Additionally, participants with
any previous history of any neurological, cardiovascular, or metabolic diseases and with any current
musculoskeletal injuries were excluded from the study. All participants read and signed the informed
consent form that was approved by the University’s Institutional Review Board for research on human
participants (Approved protocol IRB 17-423).

Table 1. Participant descriptive characteristics (1 = 9).

Body Mass Total Mass 60%
Bod(il\;lass Height (cm)  Index (BMI) Gee:;'(N)[ass with Gear ‘(]L(/)riﬂi:;( VOs3peak
8 (kg/m?) & (kg) (L/min)
84.1+134 177.1 +53 26.7 +£35 18.6 = 1.0 102.7 + 13.5 411+£0.6 247 £04

Data presented as means =+ standard deviation.

2.2. Experimental Design

This study utilized a randomized, counterbalanced, double-blind, placebo-controlled crossover
design with repeated measures on each participant. Each participant was randomly assigned regarding
the order of which they ingested either KS or the placebo (PLA) for 7 days prior to the testing
session. The packets were unlabeled and coded “A” or “B” and contained either KS or PLA.
The participants were asked to ingest two packets per day (one in the morning, one in the early
evening) for the 7-day supplemental period. Additionally, on each testing day, participants were tested
for biomechanical measures (explained in detail under experimental procedures) before (pre-workload)
and after (post-workload) a simulated physiological workload. Before laboratory testing sessions,
the supplement was ingested 30 min before the start of exercise. A 7-day washout period was
incorporated before each participant was supplemented with the opposite treatment for another 7-day
supplemental period. Four firefighters had to respond to a building fire on the morning of the eighth
day of supplementation, therefore, these four firefighters ingested their supplement for eight days and
completed session two on the morning of the ninth day.

Each packet was mixed with 8 oz of water. The supplemental treatments, at 41 kcal each, included
a KS mixture (Keto// 0s® MAX™ Melissa, TX, USA) which contained 7 g of BHB, erythritol, L-taurine,
fermented L-leucine, citric acid, natural flavor, vegetable juice color, stevia, xanthan gum, beta carotene,
and approximately 920 mg of sodium. The PLA contained the same ingredients except the 3HB,
L-taurine, and L-leucine which were replaced with an isocaloric amount of maltodextrin. Ketone salts
were specifically chosen (as opposed to esters) because they are much more readily and commercially
available. The dosing was chosen by preliminary data showing that the chosen dose is effective at
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inducing nutritional ketosis [18-20]. All participants were asked to maintain consistent dietary habits
as much as possible throughout the study. The nature of work for firefighters may lead to irregular
sleep and dietary habits and, therefore, inconsistencies may be viewed as a limitation; however, the aim
of the study was to involve firefighters to maximize practical occupational application. Blood ketone
levels were measured via finger prick procedure using a 26 gauge Dynarex (1.8 mm, Orangeburg, NY,
USA) self-withdrawing safety lancet and a ketone testing strip (Precision Xtra, Abbott, Alameda, CA,
USA). Measurements were taken immediately upon arrival to the laboratory, as well as 20 min after
KS ingestion.

2.3. Experimental Procedures

Three total experimental sessions were conducted during session one, where a peak oxygen
consumption (VOypeak) test was performed. Sessions two and three involved a simulated physiological
workload that consisted of a steady state exercise at 60% of VOypeax with maximal voluntary isometric
contractions (MVIC) and postural stability without and with a cognitive task testing performed both
prior to the workload (PRE) and after the workload (POST). Each session was separated by 14 days.
VOypeak Was tested while the participants were wearing a heart rate monitor (FT1, Polar, Electro Inc.,
Lake Success, NY, USA) and comfortable clothes (PPE were not worn due to safety concerns). Expelled
gasses were collected using a MOXUS Modular metabolic system (AEI Technologies, Bastrop, TX,
USA). Exercise took place on a Woodway treadmill (Waukesha, WI, USA). Each stage was 3 min in
duration. The initial speed was 4.0 km/h with a 4% grade. Stages two through five were fitted at 4%
grade and the speed increased by 1.6 km/h at every stage until a speed of 10.4 km/h was reached.
For each subsequent stage, the speed did not increase but the grade increased by 1%. Testing was
terminated at volitional exhaustion. VOypeax was recorded as the highest VO, values averaged over a
one-min interval.

All participants arrived at the testing facility after at least an 8 h fast and electromyography (EMG)
surface bipolar electrodes were placed on the muscle bellies of vastus medialis (VM), biceps femoris
(BF), tibialis anterior (TA), and medial gastrocnemius (MG) of the dominant lower extremity with
an interelectrode distance of 2 mm. A Noraxon™ DTS surface EMG system (Scottsdale, AZ, USA)
was used to collect muscle activity data with a sampling frequency of 1500 Hz and filtered using a
band-pass filter at 20-300 Hz. Following a 5 min warm-up that included jumping jacks, jogs, and high
knees, participants completed a pre-workload (PRE) and post-workload (POST) measure of MVIC
and postural stability without and with a cognitive task testing, separated by a standardized treadmill
exercise protocol which consisted of 35 min of steady state exercise at a workload corresponding to 60%
of their VOzpeak (L/min). During the workload, all participants wore their full firefighter gear/PPE.
Data were collected while participants performed MVIC in a seated position with knees at 90° of
flexion for three trials of 3 s each.

Postural stability was measured in (i) eyes open (EO), (ii) eyes closed (EC), and (iii) eyes open
dual-task conditions (EOT) for three trials of 20 s using an AMTI™ force plate (AMTI, Watertown,
MA, USA) with a sampling frequency of 1000 Hz. The FitLight ™" (FL) system (FITLIGHT Sports Corp.
Aurora, ON, Canada) was also used for EOT (four lights within comfortable reach distance) while the
participants stood on a force plate (Figure 1). For the cognitive dual-task postural stability protocol,
one light (same color) lit up every second for 20 s and the participants were allowed 1 s to respond
(i.e., to turn the light off). Participants were instructed to touch the turned-on lights to turn them
off. This was performed while postural stability was assessed in a dual-task paradigm. Postural
stability data were collected while participants completed the cognitive task, as well as without the
cognitive task during the EO and EC conditions. Additionally, EMG muscle activity from the VM, BE,
TA, and MG muscles were all collected during the postural stability tasks. The postural stability and
EMG/MVIC protocols were performed before and after the 35 min steady state exercise at participant’s
60% VOypeak (L/min) wearing firefighter PPE.
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Figure 1. Professional firefighter performing the eyes open dual-task (EOT) cognitive task standing on
a force plate measuring postural stability and with electromyography measuring muscle activation of
lower extremity muscles.

2.4. Data Analyses

EMG muscle activities from four lower extremity muscles were used to quantify muscle
activation levels. EMG variables included mean, root mean square (RMS), and percentage of MVIC
(%MVIC) during postural stability trials, and mean and peak during MVIC trials. Postural stability
performance was quantified by center of pressure (COP) excursions. Postural stability center of
pressure variables included COP sway displacement in the M/L and A/P directions (DISP-ML
and DISP-AP), 95% ellipsoid sway area (EA), average sway velocity (SV), and sway length (LEN).
The number of correct-incorrect responses and response times (slowest and fastest) were used as
an outcome measure to quantify the cognitive task. The number of correct-incorrect responses were
determined as the number of correct hits and misses within a second. The response times were
determined as the time taken between the light turning on to the light being turned off by the
participant in seconds. The fastest and slowest response times were defined as the fastest and slowest
time to turn off the lights respectively. Data from all three trials of MVIC, postural stability and
cognitive tasks were averaged to be used for statistical analyses.

2.5. Statistical Analysis

A 2 x 2 (Group (PLA vs. KS) x Time (Pre-test vs. Post-test)) repeated measures analysis
of variance was performed for all dependent EMG (mean and peak during MVIC, mean, RMS,
and %MVIC during postural stability trials), postural stability (DISP-ML, DISP-AP, EA, SV, and LEN)
and cognitive task variables (correct-incorrect responses, fastest and slowest response times).
Alpha level was set at p < 0.05 and all statistical analyses was performed using SPSS 24 (IBM SPSS
Statistics V24, Armonk, NY, USA).

3. Results

Significant differences in the biomechanical measures were limited to the time main effect
(pre-workload vs. post-workload), with no significant differences identified between the group
intervention (PLA vs. KS) (Table 2). In addition to the biomechanical measures reported in this
paper, it was also found that ingestion of KS resulted in elevated ketone levels compared to placebo
(0.55 mmol/L =+ 0.133 vs. 0.08 mmol/L =+ 0.03) at p < 0.0001 using a paired sample ¢-test.



Safety 2019, 5, 15 6 of 11
Table 2. Descriptive statistics for significant results.
Postural Stability COP PLA KS
Variables PRE POST PRE POST
EC Condition
DISP-ML (cm) 0.218 £ 0.08 0.228 +0.08 * 0.209 £ 0.09 0.247 £ 0.09 *
DISP-AP (cm) 0.508 £ 0.12 0.500 + 0.17 0.443 £ 0.09 0.540 £ 0.18 #
EA (cm?) 3424211 3.43+2.04* 3.22 £1.52 439 £234*
EOT Condition
EA (cm?) 30.4 £9.66 39.10 £ 19.87 % 33.47 £15.26 3719+ 16*
EMG during MVIC
Mean TA (mV) 396.27 £+ 145 2934 £ 123 * 385.72 £ 149 * 279.10 £113*
Mean MG (mV) 326.79 + 114 264.42 =99 % 292.64 + 94 2457 +121°%
Mean VM (mV) 360.6 £ 212 283.22 £159* 418.8 £ 156 333.10 £ 129 *
Peak TA (mV) 2492.3 + 887 1707.9 &+ 673 * 2165.7 £ 762 1651.9 & 651 *
Peak MG (mV) 2229.3 + 688 1796.3 + 718 * 2018.9 £ 611 1683.1 & 837 *
Peak VM (mV) 2123 £ 1033 1621 + 697 * 2316.7 + 816 1802.4 £+ 594 *
EMG during Postural Stability
EC Condition
%MVIC BF 6.18 £ 4.5 335+£25* 730+ 6.1 584 £55*
EOT Condition
%MVIC BF 17.345 £ 8.0 13.17 £ 6.0*% 21.67 £12.2 1751 £16.6*
Cognitive Performance
Slowest Response Times (s) 0.72 £0.12* 0.67 £0.12* 0.67 £ 0.08 0.65 £ 0.11

Descriptive statistics for significant postural stability, Electromyography (EMG), and cognitive performance variables
reported as mean =+ SD. * denotes significantly different from PRE and # denotes KS different from PLA but only
for POST. All significance values are at p < 0.05. PLA: placebo intervention; KS: ketone salts intervention; PRE:
pre-workload; POST: post-workload; EC: eyes closed; EOT: eyes open cognitive task; DISP-ML: postural sway in
medial-lateral direction; DISP-AP: postural sway; EA: postural sway area; MVIC: maximal voluntary isometric
contraction; TA: tibialis anterior; MG: medial gastrocnemius; VM: vastus medialis; BF: biceps femoris.

3.1. Electromyography MVIC

Significantly lower mean and peak muscle activity were identified for TA, MG, and VM for MVIC
during the post-workload measures at p < 0.05 level with the exception of BF (Figure 2). No significant
difference was seen in MH.

EMG MVIC

MEAN MUSCLE ACTIVITY (MV)

Figure 2. Mean EMG muscle activity during maximal voluntary isometric contractions (MVIC) before
(PRE) and after (POST) the treadmill workload in firefighters. Groups: Placebo (PLA) and Ketone (KS).
Muscles: Tibialis anterior (TA), medial gastrocnemius (MG) and vastus medialis (VM). * represents
significant difference for all muscles and for both groups between PRE and POST at p < 0.05.
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3.2. Postural Stability

Significantly greater DISP-ML (p = 0.014), significantly greater EA (p = 0.004) and a significant
interaction (p = 0.027) with greater DISP-AP in KET were identified during the post-workload measures
for EC condition. Significantly greater EA (p = 0.039) was evident in the post-workload during the
EOT condition (Figure 3). No other significant differences were found for the rest of the variables.

SWAY AREA - DUAL TASK

PRE POST

——PLA KS

Figure 3. Mean center of pressure sway area during eyes open dual-task postural stability test, before
(PRE) and after (POST) the treadmill workload in firefighters. Groups: Placebo (PLA) and Ketone (KS).
* represents significant difference between PRE and POST at p < 0.05.

3.3. Electromyography during Postural Stability

During postural stability tasks, significantly lower %MVIC for BF during EC (p = 0.002) (Figure 4a)
and EOT (p = 0.049) (Figure 4b) conditions were identified for the post-workload measures. No other
significant differences were found for the rest of the dependent EMG variables.

S

A EMG BF - EYES CLOSED B EMG BF - DUAL TASK
10 2% *
9 * %
L8 5 2
Q7 o0
2 . 218
£ £ 16
g5 Eu \
- \ g .
3
2

o

PRE POST PRE POST

—+PlA KS —+—PLA KS
(a) (b)

Figure 4. Mean EMG percent maximal voluntary isometric contraction (%MVIC) during eyes closed
(a) and eyes open dual-task; (b) postural stability tests, before (PRE) and after (POST) the treadmill
workload in firefighters. Groups: Placebo (PLA) and Ketone (KS) for biceps femoris (BF). * represents
significant difference for biceps femoris in both groups between PRE and POST at p < 0.05.

3.4. Cognitive Task

During the EOT cognitive task for the slowest-response time variable, a significant group x time
interaction (p = 0.015) was observed with post hoc comparisons revealing quicker response times
during the post-workload measure for PLA (Figure 5). No other significant differences were found for
the rest of the cognitive task variables.
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FITLIGHT - RESPONSE TIME
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Figure 5. Mean slowest response time during eyes open dual-task postural stability test, before (PRE)
and after (POST) the treadmill workload in firefighters. Groups: Placebo (PLA) and Ketone (KS).
* represents significant difference for PLA from KS during POST at p < 0.05.

4. Discussion

The purpose of the study was to determine the impact of ingesting KS on postural stability in
single and dual-task conditions and muscle activity before and after a physical workload. The main
findings of this study suggest that the ingestion of KS did not impact postural stability, muscle
activity, and response times of the cognitive task, as significant differences between PLA and
KS were not evident. However, significant differences in postural stability, muscular exertion,
and cognitive performance were negatively impacted following the physical workload while wearing
full firefighter PPE.

Short-term ingestion of exogenous KS did not affect muscular activation, dual-task postural
stability, or cognitive performance in the firefighters. Previous research investigating cognitive
performance with ketones has seen potential benefits in individuals with mild cognitive
impairments [12] and in individuals with Alzheimer’s disease [14], thus aiding in the hypothesis that
a 7-day ketone supplementation can potentially impact cognitive performance specific to postural
control without and with cognitive tasks. It has been suggested that elevated circulating ketones bodies
may provide neuroprotective benefits, such as decreasing reactive oxygen species production [21,22].
However, many investigations utilize calorie restriction and a ketogenic diet to induce elevations in
endogenous ketone levels. It is also hypothesized that ketone supplementation can alter metabolism
and exercise performance [12,14]. The current literature with exogenous ketone supplementation is
limited, and the exact mechanisms or benefits are unknown [22]. The lack of differences in postural
stability between KS and PLA could be attributed to the already healthy physiological and neurological
state of the current sample of firefighters. Additionally, the supplements were only consumed for 1
week, which may be too short of a period to observe differences in the nervous system. With the lack of
literature in this area of ketone supplementation, specific to postural stability, cognitive performance,
and muscular exertion in active duty firefighters, the findings from the study help fill the gaps in the
literature. It should be noted that a 7 out of the 9 participants reported mild gastrointestinal discomfort
while taking the KS. However, this was not formally measured and is therefore not quantifiable.

The exertional physical workload of the treadmill task with full PPE gear resulted in reduced
postural stability and increased muscular fatigue as demonstrated by increased postural sway and
decreased muscle activity of lower extremity muscles during maximal voluntary isometric contractions.
With regards to postural stability, significantly greater medial lateral postural sway (DISP-ML) and
postural sway area (EA) indicate decreased postural stability in the EC condition, especially when
one of the sensory systems (visual system) is not available. Similarly, significantly decreased balance
performance has been reported during postural stability assessments that challenge the sensory
postural control systems in firefighters with full PPE following a stair-climb workload [7]. The only
interaction in the study included a significantly greater anterior posterior postural sway (DISP-AP)
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for the KS group in EC condition, but was only observed in the post-workload testing, indicating
poor performance in postural stability. However, this was the only variable that was significant,
and results should be interpreted with caution. The degradation of the sensory postural control
systems, specifically the proprioceptive/ somatosensory system, due to muscular fatigue has been
reported as a reason for the decrements in postural stability [7-10]. Additionally, the effects of firefighter
PPE which included rubber boots on balance abilities have been assessed in firefighters, and the PPE
was found to impair balance performance especially in eyes closed conditions [7]. These impacts
are more pronounced when other sensory systems are challenged, such as firefighting scenes that
compromise vision and have the dual task of performing firefighting rescue activities, which can be
analogous to the EC and EOT postural stability testing conditions in the current study.

Additionally, muscle activity during both the MVIC and during the more challenging postural
stability tests of EC and EOT (dual-task) conditions, demonstrated significantly reduced muscle
activity which could be attributed to the inefficient activation of the lower extremity muscles due to
the exertion from physical workload and muscular fatigue [23,24]. Finally, results from the cognitive
task, when viewed as a single-task, were contrary to the hypothesis, as the slowest response time
was significantly lowered, indicating better cognitive performance after the physical workload for
PLA. However, during EOT (dual-task), postural stability was significantly lowered. A reduction in
the performance and ability to perform concomitant physical and mental tasks—when there is an
increased need of mental effort in the execution of the mental task—was found to be altered by the
magnitude of the simultaneous physical task performed [25]. Hence, during dual-task conditions
of performing a cognitive task and maintaining optimal postural stability, the motor control system
might have favored the cognitive task over the postural stability task, specifically under muscular
exertion and fatigue as a result of the physical simulated workload with PPE. However, the limitation
of a possible learning effect on the cognitive task may be a reason for the observed results. The KS
supplementation was for a 7-day period in the current study, however, previous studies have also
been done using a much shorter duration, such as on the same day [14], and as well as using a much
longer intervention time, such as 6 weeks [12]. Hence, the results from the current study needs to
be interpreted as 7-day supplementation-based findings. An additional limitation to this study was
the small sample size. While a larger sample size would have been preferable, it is difficult to gain
access to active duty professional firefighter population, and the study procedures did require a large
time commitment on the behalf of the participants. The study was conducted at a University in a
small college town, so the potential pool of participants was small. Other studies examining similar
variables among firefighters or during firefighting simulations have used a comparable sample size
such as twelve professional firefighters with a mean age of 33.42 £ 6.83 years [7], and with simulated
firefighting workloads on 10 healthy individuals with a mean age of 21.6 = 1.8 years [26,27]. Moreover,
while the sample size was lower, our sample consisted of active duty professional firefighters who are
indicative of the observed results in a real-world application.

5. Conclusions

The current findings add to the literature of firefighter research that aims to minimize occupational
injuries and promote safety. The findings report on the impact of ketone supplementation and
physiological workload on postural stability, muscular exertion, and cognitive measures, which can
provide real-world applications in firefighter safety. Based on the results observed in the current study,
7-day ketone salts supplementation did not impact postural stability, muscle activity, and response
times of the cognitive task, as significant group differences were not evident among the current sample
of active duty firefighters. However, significant differences in postural stability, muscular exertion,
and cognitive performance were negatively impacted following the physical workload while wearing
full firefighter PPE. Additionally, the current study also suggests that the physical workload with full
PPE has a greater impact on postural control and muscular exertion. Thus, future research should
focus on modifications to firefighter PPE and the workload experienced by them to promote fire safety.
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