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ABSTRACT 

International Journal of Exercise Science 16(7): 230-241, 2023. Objective: This study examined the 

similarities in metabolic and physiological demands of a fire ground test (FGT) and a live fire training evolution. 
Methods: Twenty-seven firefighters completed either a FGT (n = 13) or a live fire training evolution (n = 14). Salivary 
samples were collected pre, immediately post, and 30-minutes post FGT and live fire training evolution, and 
analyzed for cortisol, uric acid, and interleukin-1β (IL-1β). Heart rate (HR) was measured pre- and post-task. 
Results: Both tasks resulted in significant elevations in cortisol, IL-1β, and HR. Conclusions: Both the FGT and live 
fire training evolution appear to result in similar metabolic and physiological demands. Further work may expand 
upon the additional elements (i.e., added heat) of the live fire training evolution. Fire departments may consider 
incorporating a variety of high intensity training to prepare personnel for these occupational demands. 
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INTRODUCTION 
 
Firefighting can be physically arduous, and exposure to various occupational-specific stressors 
exacerbates the risk of heart disease mortality (15). In fact, firefighters engaged in active fire 
suppression are at 10- to 100-times higher risk of heart disease mortality compared to those 
responding to non-emergency calls (15). Compared to the general population, firefighters 
experience cardiac events at higher rates (6, 7, 16), and cardiovascular disease (CVD) is 
documented as the leading cause of premature mortality (~45% and 30% on-duty deaths and 
overall deaths, respectively) (3, 28). Additional factors such as disturbed sleep patterns, poor 
dietary habits (e.g., excessive consumption of processed foods, hypercaloric diets, alcohol 
consumption, excessive caffeine use, lack of dietary fiber), and exposure to products of 
incomplete combustion and heat can impair occupational performance and further contribute 
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to risk of CVD (8, 33). While CVD is multifactorial, firefighters are exposed to a variety of 
stressors contributing to cardiovascular strain, inflammation, and oxidative stress, which can 
lead to the development and progression of CVD (12). 
 
Fire ground performance training and testing are important ways to career firefighter 
performance, while the candidate physical ability test is typically used during the recruitment 
process. Occupational-specific evolutions are practiced via simulated activities, such as a live-
fire training evolution and/or a fire ground test (FGT), which have been shown to result in acute 
elevated markers of inflammation and physiological stress (11, 24, 25, 39, 40, 42). Participation 
in fire-suppressive activities is known to elevate concentrations of interluekin-6 (IL-6) and tumor 
necrosis factor-α when heat exposure is present (31, 40, 42). Additionally, biomarkers such as 
cortisol, α-amylase, and interleukin1-β have been shown to be elevated following a live-fire 
training evolution search and rescue task (39). Heat exposure is a key contributor to the 
inflammation, physiological stress, and oxidative stress observed during fire suppression 
activities (40, 41), and places additional strain on the cardiovascular system (5, 14). In fact, the 
combination of extreme physical exertion and heat exposure during fire suppression activities 
leads to impaired vascular function, increased thrombus formation, and promotes myocardial 
ischemia and injury among firefighters (14). Additionally, during active fire suppression, 
firefighters are dressed in personal protective equipment (PPE) including turnout gear (bunker 
pants, coat, boots, and hood) and a self-contained breathing apparatus (SCBA). While this gear 
is intended to protect the firefighter from the dangerous environments encountered, there is a 
physiological cost as the gear can add an additional ~20-30 kg that can further exacerbate the 
physiological demands of firefighting (4, 18, 20-22, 32). For training purposes, many fire 
departments may lack the equipment needed to execute either a FGT or live-fire training 
evolution. Typically, only one or the other may be regularly performed with respect to 
individual departments due to equipment or facility limitations. 
 
The various occupational tasks required of structural firefighters may include carrying heavy 
equipment, advancing dry and charged hose lines, performing forcible entry, carrying or 
dragging victims (~90 kg), and search and rescue when conducting fire suppression tasks (1). In 
order to practice such occupational tasks without added heat exposure, a FGT can be 
administered. The FGT requires firefighters to complete a battery of occupational evolution 
tasks (i.e., ladder carry, roof ventilation, charged hose drag, search and rescue) as quickly as 
possible. Although the FGT is predominantly a physical stressor, these simulated assessments 
activate the hypothalamic pituitary adrenal and sympathoadrenal axes, resulting in elevations 
in markers of oxidative stress and inflammation (25). In addition, these types of occupational 
evolutions and tasks may be utilized to determine a candidate’s ‘readiness’ to become a 
firefighter (10) and may offer additional methods of occupational training to improve the 
physiological stress response and performance outcomes of fire suppression activities. While 
the FGT cannot replace live-fire training evolution, it seems plausible that FGT may offer a 
training method in which firefighters are exposed to similar stressful conditions without the 
increased risk of heat exposure. 
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Given the elevated risk of premature mortality due to cardiac events on-duty when engaged in 
fire suppression tasks, implementing FGT training may offer a safer training method that may 
be utilized more frequently to practice occupational specific evolutions without the added heat 
exposure. However, it is not clear if a FGT mimics the demands faced during a live-fire training 
evolution. Therefore, the purpose of this study was to examine the metabolic and physiological 
responses between a FGT and a live-fire training evolution among professional firefighters. 
 
METHODS 
 
Participants 
A secondary analysis from previous studies was performed on baseline (25) and control data 
(39) to compare the metabolic and physiological responses to the either a  FGT (n = 13) or a live-
fire training evolution (n = 14) in which twenty-seven apparently healthy professional, male 
firefighters from two fire departments (Lakeway, TX and Starkville, MS, respectively) were 
examined. Briefly, the FGT consisted of nine firefighter-specific tasks that were completed as 
quickly as possible, which mimicked tasks, movements, and physical demands a firefighter may 
experience when responding to calls requiring fire suppression activities. The live-fire training 
evolution consisted of searching for three victims (i.e., 90-100-kg dummies) inside a burning 
building (255°C) while also attempting to extinguish the controlled burn. It should be noted this 
live-fire training evolution was part of a routine training that primarily focused on the search 
and rescue task, and did not include other evolution tasks, such as forcible entry and ventilation. 
Salivary samples were collected pre, immediately post, and 30-minutes post each task and 
analyzed for markers of stress, oxidative stress, and inflammation (cortisol, uric acid, 
interleukin-1β [IL-1β], respectively) to examine the physiological and metabolic demands of the 
FGT and live-fire conditions. Additionally, heart rate (HR) and SCBA air depletion (PSI) were 
measured immediately post each task to examine the physiological demands of each the FGT 
and live-fire conditions. Prior to data collection, participants completed a general health history 
questionnaire, a physical activity readiness questionnaire, and a medical history questionnaire 
to assess inclusion and exclusion criteria. Upon enrollment into the study, participants were 
asked to provide verbal and written informed consent and were brief on all study procedures 
and assessment protocols. Demographic data for both the FGT and live-fire training evolution 
group can be viewed in Table 1. This study was carried out in full accordance with the 
declaration of Helsinki as well as the ethical standards of the International Journal of Exercise 
Science (26). All experimental produces subsequently described were approved by the 
Institutional Review Board of Texas State University (IRB#: 6401) as well as the University of 
North Alabama (IRB#: 064). 
 
Table 1. Demographic Data (mean ± SD) 

 FGT (n = 13) Live-fire training evolution (n = 14) 

Age 36.5 ± 6.9 30.0 ± 7.0 

Fire Years 12.3 ± 7.8 5.8 ± 3.2 

Height (cm) 178.9 ± 5.9 179.7 ± 7.3 

Body Mass (kg) 89.5 ± 12.5 92.2 ± 18.9 
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%Body Fat 20.1 ± 6.5 24.1 ± 8.0 

Values represent mean ± standard deviation. 

 
Protocol 
Each testing session occurred outdoors at the participant’s local fire department training 
facilities (Lakeway, TX and Starkville, MS). Participants reported to these facilities between 0700 
and 0900 and all testing was completed by 1200 following an overnight fast (at least 8 hours). 
Participants from the Lakeway, TX group were asked to arrive fasted, if possible, but were not 
required. Before each visit, participants eliminated alcohol consumption for 48 hours, refrained 
from strenuous exercise not related to their occupation for 24 hours and abstained from caffeine 
consumption for 24 hours. Participants were fitted with a HR monitor (Team Polar, Polar Electro 
Inc., Lake Success, NY) and required to dress in full gear (i.e., full turn-out gear and SCBA). Air 
tanks were filled to 4500-pounds per square inch (PSI) and assessed pre- and post- FGT and the 
live-fire training evolution from both the cylinder and console gauges. Time-to-complete the 
assigned duties was recorded. Safety officers were present during all firefighter performance 
assessment trials. Environmental data for the FGT group can be viewed in Table 2. Note, there 
are not environmental data reported for the live-fire training evolution group due to the task be 
conducting in a controlled live-burn setting. 
 
Table 2. FGT Environmental Conditions 

Temperature (°C) Humidity (%) Barometer (in Hg) 

28.2  3.2 64.1  14.7 30.0  0.0 

Values represent mean ± standard deviation. 

 
The FGT consisted of a battery of nine occupational-specific tasks that mimic commonly 
required tasks used with responding to a fire call. The nine specific tasks were previously 
described in a published study (25) and completed in the following order: (1), dry hose 
deployment (61 m), (2) charged hose deployment (23 m), (3) low-room search (24 m), (4) roof 
walk (12 m), (5) forcible entry task, (6) ladder carry (76 m), (7) stair climb and 12-meter hose 
hoist, (8) ceiling breach, and (9) victim removal (10 m). Participants were instructed to dress in 
full gear, which included turn-out gear and SCBA (~20 kg). Additionally, participants were “on 
air” and had air tanks filled to 4500 (PSI) prior to the start of the FGT from the cylinder and 
console gauges. Participants were asked to complete the battery of tasks as quickly as possible 
while avoiding running to mitigate the aerial phase (i.e., body lifted off the ground in order to 
extend stride length) for standardization. Prior to the experimental trial, one familiarization trial 
was completed by all participants. A H10 HR monitor (Polar Electro Inc., Bethpage, NY) was 
fitted across the chest to monitor HR responses and the following timepoints were used for 
statistical analysis: (1) pre-FGT and (2) immediately post-FGT. 
 
The specific protocol for the live-fire training evolution can been found in a previously 
published study (39). Firefighters were split into teams of two and were briefed on the evolution 
(i.e., number of victims to rescue). The three “victims” were 90 to 100 kg dummies placed 
randomly throughout the building. The participants were required to maneuver through 
obstacles in order to locate and remove the victims as quickly as possible while maintaining 
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situational awareness and safety. The live burn was controlled and maintained via a pair of gas 
tanks. The burn house temperature was recorded via an MSA Integrated Thermal Imaging 
Camera (G1, Cranberry Township, PA), which was collected by the fire training chief. Burn 
house temperature was recorded as 600 ± 34 °C and 255 ± 21 °C for the ceiling and floor, 
respectively. The teams worked to suppress the fire and safely rescue the victims from the 
building. The participants were not allowed to communicate the evolution with other teams that 
had yet to complete the evolution. 
 
A passive drool saliva collection technique (Salimetrics, PA) was used to collect saliva samples. 
The participants were instructed to perform a mouth rinse with water 10-minutes prior to the 
saliva sample collection. It should be noted the mouth rinse was performed for the pre and +30 
saliva collections only. During the collection, the participants were instructed to tilt their head 
forward and allow for the saliva to collect into a polypropylene vial until approximately ~500 
μL were collected. Saliva samples were collected for both conditions at the following timepoints: 
PRE, immediately POST, and +30-POST-task. The saliva samples were transferred immediately 
onto dry ice and subsequently stored at –80°C for later analysis. 
 
Thawed saliva samples were centrifuged at 4°C for 15-minutes at 1,500 rpm. Samples were then 
analyzed in duplicate for concentrations of cortisol, uric acid, IL-1β using commercially 
available kits (Salimetrics, PA). Absorbance was determined via a BioTek plate reader 
(Winooski, VT). The intra- and inter-assay coefficients of variation (CV) were < 10% for all 
assays. 
 
Statistical Analysis 
Statistical procedures were conducted with SPSS (version 26; IBM, Chicago, IL). All data are 
presented as the mean ± SD. The α level was set at p ≤ 0.05. Data were checked for normality 
and homogeneity. A 2 × 3 (condition [FGT vs. live-fire training evolution] × time [PRE, POST, 
+30-POST]) two-way mixed model repeated measures analysis of variance (RMANOVA) was 
used to analyze salivary concentrations of cortisol, uric acid, IL-1β. In terms of HR, a 2 × 2 
(condition [FGT vs. live-fire training evolution] × time [PRE and POST]) two-way ANOVA was 
used. If significant main effects or interaction effects were observed, post hoc testing was 
performed with Bonferroni’s correction, with multiplicity-adjusted p values applied to compare 
the dependent variables at their respective time points. Air utilization was calculated (PSI pre-
task – PSI post-task) from both the air cylinder gauge and the console gauge located on the 
shoulder strap. In terms of air utilization (in units of PSI depletion), an independent t test was 
performed to compare calculated depletion values between conditions. Effect sizes were 
calculated and reported as partial eta-squared where significance occurred (ηp2: < 0.01 = small 
effect; 0.09 – 0.25 = moderate effect; 0.25 = large effect). 
 
RESULTS 
 
Regarding salivary cortisol concentrations, there were no significant interactions or main effects 
for condition (both p > 0.05); however, a significant time effect was found (F = 7.68, p = 0.001, ηp2 
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= 0.19). Cortisol concentrations were significantly higher among both conditions immediately 
POST compared to PRE (p < 0.001). Data for salivary cortisol can be found in Figure 1. Regarding 
uric acid concentrations, no significant interactions, main effects, or time effects were found (all 
p > 0.05). Data for salivary cortisol and uric acid can be found in Table 3. With respect to IL-1β, 
no significant condition × time interaction was found (p > 0.05); however, a significant time effect 
(F = 3.94, p = 0.02, ηp2 = 0.11) and a significant main effect for condition (F = 8.03, p < 0.01, ηp2 = 
0.11) were found such that both groups experienced a significant increase in IL-1β immediately 
POST and the live-fire training evolution group overall demonstrated higher IL-1β 
concentrations. Data for salivary IL-1β can be found in Figure 2. 
 

 
Figure 1. Values represent mean ± standard deviation. FGT = Fire grounds test; LFTE = Live-fire training evolution. 
**Denotes significantly higher salivary cortisol concentration (p ≤ 0.01) immediately-post task compared to baseline. 

 

 
Figure 2. Values represent mean ± standard deviation. FGT = Fire grounds test; LFTE = Live-fire training evolution. 
**Denotes significantly higher IL-1β concentration (p ≤ 0.01) immediately-post task compared to baseline. †Denotes 
overall higher IL-1β concentration for the live-fire training evolution group. 
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Figure 3. Values represent mean ± standard deviation. FGT = Fire grounds test; LFTE = Live-fire training evolution. 

 
No significant condition × time interaction or main effect were noted for HR (p > 0.05). However, 
there was a significant time effect (F = 631.873, p < 0.001, ηp2 = 0.927). Post hoc analysis found 
HR was significantly elevated for both conditions immediately POST (p < 0.001, FGT = 178 ± 4, 
live-fire training evolution = 177 ± 19). Regarding air depletion, there were significant 
differences in air utilization noted for the live-fire training evolution group compared to the FGT 
group when PSI was measured from the cylinder gauge (p < 0.001) as well as from the console 
gauge (p < 0.001). Air PSI depletion measured on the cylinder gauge was ~52% and ~74% for 
the FGT and live-fire training evolution groups, respectively. Air PSI depletion measured on the 
console gauge was ~48% and ~75% for the FGT and live-fire training evolution groups, 
respectively. Data for HR and air utilization can be found in Table 3. 
 
Table 3. Heart Rate & PSI 

 FGT (n = 13) Live-fire training evolution (n = 14) 

Pre-Task HR (bpm) 89 ± 12 82 ± 13 

Post-Task HR (bpm) 178 ± 4* 178 ± 19* 

Cylinder Gauge Difference (PSI) 2,346.2 ± 275.7 3,335.7 ± 486.8** 

Console Gauge Difference (PSI) 2,176.9 ± 404.5 3,382.5 ± 588.1** 

Values represent mean ± standard deviation. FGT = fire grounds test; HR = heart rate; PSI = pounds per square 
inch. *Denotes significantly higher (p ≤ 0.01) heart rate values compared to baseline. **Denotes significantly lower 
PSI depletion (p ≤ 0.01) for both the cylinder and console gauge between tasks. 
 

DISCUSSION 
 
The aim of the present study was to examine the metabolic and physiological responses between 
a FGT and a live-fire training evolution among professional firefighters. Both FGT and live-fire 
training evolution resulted in significant elevations in IL-1β, cortisol, and HR that were not 
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different between the conditions. These findings suggest the FGT, and live-fire training 
evolution tasks may result in similar pro-inflammatory and metabolic demands. 
 
Both conditions resulted in significant increases in salivary cortisol concentrations, as well as 
HR immediately POST compared to the PRE. Salivary cortisol is commonly measured as an 
indicator of acute and chronic stress responses (9, 27) and several studies have assessed salivary 
cortisol following firefighter specific tasks, such as the FGT or fire suppression (25, 27, 42, 43). 
Exposure to these stressors activate the hypothalamic-pituitary-adrenal axis and subsequently 
cause the release of cortisol (35). Cortisol then confers an anti-inflammatory effect by providing 
feedback to suppress the release of pro-inflammatory cytokines (29, 37). However, under severe 
or chronic stressful conditions (e.g., fire suppressive conditions), prolonged activation of the 
hypothalamic-pituitary-adrenal axis results in excessive cortisol release (2, 30). Routine 
exposure to occupational stressors can chronically activate the hypothalamic-pituitary-adrenal 
axis and result in elevations in chronic elevations of low-grade inflammation that facilitates CVD 
(12). Additionally, this low-grade inflammation is further exacerbated with minimal time 
between frequent and repeated response calls. In terms of HR, the FGT and live-fire training 
evolution conditions yielded HR values of ~97% and 94% HRmax. Past work has shown 
structural firefighting routinely results in HRmax values between 84% to 100% (17, 34). It is 
plausible that both FGT and live-fire training evolution tasks both mimic the high metabolic 
demands of firefighting and departments can benefit from routinely practicing these types of 
scenarios, or at least introduce physical training methods to prepare the operator for high 
intensity on-duty demands of the occupation. It should also be noted that the air tanks contained 
4500 PSI of air prior to each task. These tanks are designed to provide air for up to 45 minutes; 
however, they were largely depleted (> 50%) in only ~10-minutes following completion of these 
tasks, which underscores the metabolic demand of firefighting. 
 
Firefighting is known to result in elevations in inflammatory markers, such as interleukin – 6, 
C-reactive protein, and IL-1β (25, 40, 42, 43). Recent reviews have highlighted IL-1β as a potential 
target for treatment of atherosclerosis given the role in which this specific cytokine plays in acute 
and chronic inflammation, as well as in all stages of atherosclerosis (19, 23). It is well established 
that cytokines, such as IL-1β, demonstrate pro-inflammatory activity, which may be induced via 
acute exercise and exposure to stressful conditions. While acute exposure to these pro-
inflammatory cytokines may provide a favorable effect, chronic exposure to inflammation plays 
a critical role in the development and progression of CVD (19, 36, 38). Although previous work 
may suggest added environmental heat results in a greater pro-inflammatory response (12, 13), 
our present study noted similar significantly elevated pro-inflammatory responses to both 
conditions. Interestingly, the IL-1β concentrations were approximately 2x greater immediately 
POST-live-fire training evolution task compared to the immediately POST-FGT IL-1β 
concentrations (~150% that of the FGT). However, this main effect for the condition is likely 
attributed to already elevated IL-1β concentration noted at baseline, which remained consistent 
throughout (PRE and POST live-fire training evolution). While it seems plausible that the mental 
challenge of having to search for a victim, in addition to the added heat exposure, could result 
in greater metabolic demands and stress responses, the present study suggests that the FGT and 
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live-fire training evolution resulted in similar demands. However, larger scale studies are 
needed to further confirm or challenge these findings. This is an important finding for fire 
departments utilizing FGT-like assessments for candidacy, as those tasks appear to match 
metabolic demand and stress noted from live-fire training evolution. 
 
There are some limitations within the present study that should be addressed. First, this study 
compared responses to separate firefighting tasks/conditions between participants. Further 
research should assess the responses for the same subject completing both conditions in a 
randomized order. Although the present study was unable to compare responses for the same 
participants for both conditions, these finding provide preliminary insight to the potential 
similarities in terms of the physiological and stress responses to fire-suppressive activities. 
Additionally, there are a variety of occupational stressors that may influences the physiological 
stress and inflammatory responses measured, which are difficult to account for and control 
when studying this occupation. However, it would be important to note any response calls 
experiences within an acute window prior to the testing sessions as these responses can impact 
the markers measured. Second, time was not equated per the two conditions (FGT = 8.05 
minutes, live-fire training evolution = 10.60 minutes). However, it should also be noted that that 
the live-fire training evolution is inherently not a time-trial assessment and time is generally 
recognized as an outcome variable for this specific assessment. It was not possible under these 
conditions to equate time and total work with these tasks. Further research may explore 
comparisons of the FGT and live-fire training evolution tasks with time equated. Lastly, the 
collection window per the salivary markers is relatively short in duration, and further research 
should expand beyond the 30-minutes post-task collection window to assess the stress and 
inflammatory response trajectory. 
 
Firefighting is an extremely physiologically and psychological demanding occupation, and the 
numerous stressors (i.e., environmental toxins, smoke exposure, added heat, and extreme 
physical exertion) further exacerbate the stress and inflammatory response to occupation-
specific tasks. Repeated and chronic exposure to such conditions results in elevations in 
inflammatory, oxidative stress, and physiological stress biomarkers that contribute to the 
increased risk of cardiovascular disease. The present findings highlight the intense metabolic 
and physiological stress demands of various occupation-specific tasks, and it appears that the 
FGT and live-fire training evolution tasks can result in similar metabolic stress and pro-
inflammatory responses. Additional research involving larger scale, crossover design studies 
are needed to explore if elements such as added heat and mental challenges of the live-fire 
training evolution can result in greater inflammatory responses and physiological demand 
compared to the FGT as well as if the FGT may be an ideal frequent training method used to 
practice fire-suppressive activities when equipment and access to live-burn conditions are 
limited. While both tasks are important in preparing firefighters for the extreme conditions faced 
on-duty, fire departments may want to consider introducing a wider variety of high intensity 
training methods to prepare their personnel to handle these demands. 
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