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Abstract

Firefighting requires high and multidimensional fitness to ensure operational readiness
and public safety. In Portugal, there is limited data regarding firefighters’ fitness and
exercise programs to improve readiness are lacking. This study evaluated the effects of a
6-month minimal-equipment exercise program on the physical fitness of firefighter recruits.
Thirty-five male subjects (23.0 ± 2.72 years) were assessed at baseline,3 and 6 months for
body composition, handgrip strength, running speed, cardiovascular endurance, anaerobic
power, and upper- and lower-body strength. The intervention entailed daily sessions with
15 min of continuous running (50–65% HRmax) and active stretching, followed by alternat-
ing routines, including endurance running, free weights, interval sprints, calisthenics, and
drills. A repeated-measures ANOVA and Bonferroni adjusted post hoc comparisons identi-
fied time-based changes. Significant improvements occurred across all fitness variables.
Body fat fell by 8.4% and VO2max increased (p < 0.001), surpassing occupational thresholds
required for extended suppression tasks. Bench press and sit-up performance improved by
88% and 81%, respectively, while countermovement jump showed double-digit gains (13%),
all of which can translate directly to hose advancement, victim rescue, and forcible entry.
These results highlight that resource-constrained departments can implement effective,
low-cost exercise programs for enhancing pivotal fitness components, supporting policy
initiatives to include structured training throughout firefighters’ careers.

Keywords: physical fitness; conditioning program; occupational performance; occupational
health

1. Introduction
Firefighting is a highly demanding occupation characterized by significant phys-

ical, psychological, and environmental stressors. Despite extensive research, most
studies have focused on North American populations, and data on the fitness character-
istics or training responses of Portuguese firefighters are scarce. In Portugal, there were
26,123 firefighters in 2021, mostly operating as volunteers; however, no recent data on
their physical fitness profile are available. In 2013, a report from the Ministry of Health
showed the only available evidence indicating high rates of overweight and obesity
among volunteers [1], factors that may contribute to an increased risk of musculoskele-
tal injuries and cardiovascular disease [2]. Moreover, fitness programs are neither
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mandatory nor common, and many firefighters lead sedentary lives [3]. Nevertheless,
the demands of the duty require a good physical condition, as firefighters perform
numerous demanding tasks, such as ladder raises, carrying heavy equipment, pulling
hoses, dragging, or crawling [4] in harsh environments such as high temperatures and
the presence of chemicals or physical hazards. Previous research has demonstrated
that strength, power and aerobic capacity are significant predictors of performance
on simulated fireground tasks and composite firefighter ability tests, supporting their
relevance for occupational readiness [5,6]. Exercise programs targeting these compo-
nents induce well-documented physiological adaptations, including neuromuscular
efficiency, increased strength and power, and enhanced aerobic capacity, contributing
to greater work efficiency and reduced physiological strain during high-intensity occu-
pational tasks [7,8]. However, most available evidence derives from North American
firefighter cohorts operating within structured and well-resourced training systems.
Consequently, the extent to which similar adaptations occur in resource-constrained
European contexts, such as Portuguese firefighter academies characterized by minimal
equipment and mixed professional–volunteer structures, remains unclear.

Given that physical preparedness is critical for occupational safety and performance,
there is a clear need to investigate effective training interventions targeting this population.
This study aimed to explore the effects of a 6-month exercise program on the physical
fitness of future career firefighters.

2. Materials and Methods
2.1. Study Design

This is an observational longitudinal study with data obtained from mandatory
routine physical assessments conducted during an official firefighter recruitment
and training program. Under Portuguese Decree Law No. 21/2014 and Decree Law
No. 80/2018, institutional ethics committee review is required only for clinical research
that intervenes in health care; therefore, routine operational assessments fall outside
the scope of mandatory review. Nevertheless, treatment of data was approved by
the fire department Brigade Command of Bombeiros Sapadores do Porto. Prior to
publication, participants received information explaining the purpose and scope of
the secondary research use of their anonymized data and the right to withdrawal their
data without repercussions, and their consent was obtained by lead author. Data were
pseudonymized at source and stored on an encrypted university server accessible only
to the research team. Procedures conformed to the Declaration of Helsinki (2013) and
current ethical guidelines for sport and exercise science research [9].

2.2. Participants

Participants were firefighter recruits enrolled in the same official firefighter training
academy. Approximately 200 candidates applied to the recruitment process, and selection
was performed by the fire service based on physical performance and psychometric tests.
The final sample comprised the 35 highest-ranked recruits, selected according to institu-
tional criteria and with no research team involvement. During the training period (internal
regimen), recruits were exposed to a mandatory professional skills program and an exercise
intervention for 6 months (Table 1). Participants were assessed for speed, endurance, and
strength, as well as body composition, at three time points: in the first week of the training
program (M1), at the third month (M2), and at the end of the 6-month training period (M3),
prior to graduation.
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Table 1. Weekly training schedule and prescribed training variables (frequency, intensity, duration,
volume, and rest intervals) of the 6-month minimal-equipment exercise program implemented during
mandatory firefighter candidate training.

Monday Tuesday Wednesday Thursday Friday

WARM-UP ROUTINE:
Continuous running at HRmax 50–65%: 15 min

Active Stretching: 7 min

Continuous
running

Free weights training
All body 12 × 200 m running

Calisthenics for upper limbs
and core in the vertical rope,

bar and espalier:
3 × 3 min

Technical running skills
(e.g., steps, hops,
multi-jumps, . . .)

HRmax 60–75% ~10–15 reps maximum speed 40–50 min Sprint: 10 × 40 m
60 min 3 to 4 series rest: 1 min maximum speed

rest: 2 min
COOL DOWN AND PASSIVE STRETCHING:

7–10 min

All participants were male (100%), healthy, as confirmed by initial medical screen-
ing, without musculoskeletal, visual, or hearing impairments and who successfully
passed the required physical condition tests. Participants were aged 18–30 years
(mean ± SD: 23.03 ± 2.72 years), with a mean body mass of 67.8 ± 6.58 kg and height
of 173.4 ± 4.43 cm. No dropouts or training-related injuries were reported during the
study period.

Dietary intake was assessed with a 3-day diary (on 2 weekdays and 1 weekend day)
recorded at two times: in the first week of recruitment (M1) and three months later (M2).
As nutritional intake was similar between all firefighter recruits, as they had the same
meals during the training process (intern regimen), we did not include these data in
the analysis.

2.3. Physical Fitness

Physical fitness assessments were conducted following a standardized sequence
designed to minimize the impact of fatigue and to progress from low- to high-
intensity efforts. First, anthropometric measurements were obtained, after which
participants performed jump-based tests in the following order: squat jump, coun-
termovement jump, and standing long jump. Subsequently, upper-limb and trunk
strength/endurance were assessed through handgrip dynamometry, pull-ups, and
sit-ups, followed by linear sprint performance over 50 m, an anaerobic cycling effort
using the Wingate Test, and finally the Cooper 12 min run.

Body mass measurement, in kilos (kg), was assessed with participants wearing only
underwear with a Seca Alpha Model 770 (Seca, Hamburg, Germany).

Subcutaneous fat was measured using skinfold thickness in millimeters (mm) with
a Holten Calliper (Holtain Tanner/Whitehouse callipers, Holtain Ltd., Pembrokeshire,
UK). Seven skinfold thicknesses were measured according to standardized procedures
in the following body sites: bicipital, tricipital, subscapular, suprailiac, abdominal,
thigh, and calf [10].

Anaerobic power, reported in watts (W), was assessed using a 30 s Wingate cycling
test on a mechanically braked cycle ergometer (Monark 828E Ergomedic, Monark Exercise
AB, Vansbro, Sweden) to determine peak power, mean power, minimum power, and fatigue
index [11]. The breaking force was individually determined according to the standard Wingate
protocol and set at 7.5% of each participant’s body mass (resistance = body mass × 0.075).
Before the test, participants did a warm-up, cycling at 60 revolutions per minute (RPM)
for 4 min against a resistance of 90 Watts, including three sprints. Participants pedaled
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lightly for three minutes to recover. The participant then began to pedal as fast as possible
with minimal resistance (10 w). Within 3 s, the selected resistance was applied and the
participant continued to pedal all out for 30 s. Verbal encouragement was provided
throughout the test. Once the test was over, the participant recovered cycling for 1–2 min at
60–80 RPM without any resistance [11]. Fatigue index percentage was calculated using the
formula Fatigue index = (peak power − minimum power)/(peak power) × 100, a standard
approach described in the Wingate test literature [11] that reflects the rate at which power
declines across the test and is operationally relevant because firefighting often requires
repeated high-intensity efforts separated by limited recovery. A lower value indicates
superior resistance to anaerobic fatigue.

Cardiovascular endurance was assessed with the Cooper Test [12] in which partici-
pants ran as far as possible within 12 min. The test was carried out on tartan athletics track
and reported in meters (m).

Handgrip strength was measured with a mechanical Smedley Hand Dynamometer
(Stoelting, Wood Dale, UK) adjustable to the width of the hand. Participants were
placed standing with arms out-stretched parallel to the trunk and applied maximum
strength with each hand without support. The measurement was repeated three times
alternately separated by 1 min to avoid neuromuscular fatigue. The maximum value
for each hand was recorded in kg, following previously described procedures for adult
populations [13].

Running speed was evaluated by 50 m sprint time (standing start) [14]. The front foot
was placed 5 cm before the first timing gate. Time was recorded with photoelectric cells
placed 50 m apart (Microgate WITTY Wireless Training Timer Double Photocell Kit). The
50 m sprint was performed 2 times, separated by at least 3 min of passive recovery. The
best performance, in seconds (sec), was recorded.

Upper-body endurance strength was tested using a flat barbell bench press with
50 kg. Starting with full arm extension, the participant lowers the bar to their chest and
then presses it back up to the starting position. The number (n) of self-paced repetitions
completed to voluntary fatigue was recorded [4].

The total number (n) of strict pull-ups completed (until chin clears the top of the bar)
before failure was used to measured endurance [15].

Squat jumps (SJs) and countermovement jumps (CMJs) were performed on a jump
mat (Globus Ergo Tester) after 5 min of free warm-up. Testing was performed with feet
shoulder-distance apart, the toes pointing slightly outward, and hands on hips. For
SJs, the starting position was achieved after flexing the knees to an angle of 90 degrees;
then, participants jumped to a maximum height registered in centimeters (cm). For
CMJs, the starting position was standing; then, participants actively flexed the knees to
an angle of 90 degrees and jumped to a maximum height. Three maximal jumps were
performed for each test, with 1 min of rest. The maximum jump height was recorded
in cm [16].

The elastic index, calculated as the relative difference between countermovement
jump and squat jump height, represents the contribution of the stretch-shortening cycle
to lower-limb power production, with larger differences reflecting greater elastic energy
utilization during dynamic movements, as discussed in the literature on vertical jump
mechanics [17].

For standing long jump (SLJ) assessment, participants stood behind a line with feet
shoulder-width apart. Then, an arm swing and knee flexion preceded a jump forward,
taking off and landing with both feet together. The horizontal distance from the take-off
line to the rearmost heel was registered in m. The best of 2 attempts was recorded [18].
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To measure abdominal strength and endurance, the total number (n) of valid cross
sit-ups completed in 2 min was registered as described by Portuguese civil protection
department (Despacho no 446/2025, de 13 de maio). The participant started lying
supine, legs bent at 90º and naturally apart, hands at the back of the neck with fingers
interlocked, feet fixed on the backrest (or ankles held by a helper on their knees at
their side). Then, lift, bend, and twist the torso, touching the right elbow to the
left knee before returning to the starting position. Alternating the movement of the
elbows/knees in each repetition.

All assessments were conducted by the same trained research team (same inves-
tigator in a particular test at different time points) using standardized protocols and
identical equipment at each testing moment (M1, M2, and M3), minimizing inter-rater
variability. All tests have demonstrated good-to-excellent test–retest reliability, with
intraclass correlation coefficients (ICCs) typically >0.85 and low standard error of
measurement (SEM). Specifically, skinfold measurements, handgrip strength, sprint
running, jump tests, aerobic field tests, resistance exercise tests, and Wingate-based
anaerobic measures have been shown to provide reliable and reproducible outcomes
when administered under standardized conditions [4,10–12,14,16]. Given the longitu-
dinal repeated-measures design, these established reliability properties support the
interpretation of observed changes over time.

2.4. Exercise Protocol

During the 6-months of recruiting, the weekly standard physical training curriculum
implemented was applied uniformly to all recruits and consisted of the following (Table 1):

The 6-month program was conducted five days per week (Monday–Friday), with
standardized warm-up, main training, and cool-down phases. Rest days were insti-
tutionally scheduled on Saturdays and Sundays. Training intensity and volume were
controlled using predefined heart rate zones for aerobic work, while speed and power
components were controlled through fixed running distances and sprint repetitions
with standardized recovery. Resistance and calisthenics sessions were prescribed using
standardized sets, repetitions, and timed work intervals, as detailed in Table 1.

In addition to the structured physical training sessions, recruits engaged in approx-
imately 30 min of military drills and 90 min of technical firefighting training during
weekdays. These activities included hose handling, ladder drills, equipment carries, vic-
tim rescue simulations, and task-specific movements, performed with and without fire
protective clothing.

Although external loading progression was constrained by limited equipment avail-
ability, training progression was implemented through structured adjustments in training
volume, exercise intensity (e.g., predefined heart rate zones and sprint efforts), and task
complexity across the training period. Progression occurred within the institutional training
framework and was guided by participants’ readiness, with running pace and overall work-
load increasing as training adaptations developed. All training sessions were conducted
at the fire department under the supervision of qualified exercise professionals, ensuring
uniform implementation across participants.

The physical training program was designed by a member of the research team
based on the material conditions available at the training location. The program was
implemented institutionally as part of standard academy procedures and applied
uniformly to all recruits. No modifications to the training program were made for
research purposes, and the research team did not influence training delivery during
the study period.
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2.5. Statistical Analysis

Mean ( x̄ ) and standard deviation (SD) were presented as descriptive statistics.
The normality of the distributions was assessed using the Shapiro–Wilk test at each
assessment time point. No violations were detected that required data transforma-
tion or non-parametric alternatives. The one-way repeated-measures ANOVA was
used to compare the mean of three repeated measures of the anthropometric and
motor variables. The circularity of the covariances matrix in endogenous variables
was verified by Mauchly’s test [19]. We used the sphericity assumed if the Mauchly
test gives a p-value > 0.05. However, in the case of sphericity violation, we used
a correctional adjustment (ε) of the degree of freedom: if ε < 0.75, we used the
Greenhouse–Geisser correction [20,21], or if 0.75 < ε ≤ 1, we used the Huynh–Feldt
correction [21,22]. In the presence of statistically significant differences among the
means of time points (i.e., among the three assessment times), we realized multiple
pairwise comparisons by Bonferroni post hoc test to analyze the differences between
each anthropometric and physical variables at moment 1 (M1), moment 2 (M2), and
moment 3 (M3). The partial Eta squared (η2

p) test was used to quantify the percentage
of the variance of the dependent variable that can be explained by the independent
variable (effect size) and, according to Lakens [23], is interpreted as follows: η2

p < 0.01:
trivial effect; 0.01 ≤ η2

p < 0.06: small effect; 0.06 ≤ η2
p < 0.14: moderate effect; and

η2
p ≥ 0.14: large effect. The statistics observed power was used to find a statistical dif-

ference from zero if there is a true difference to be found. Statistical significance was set
at α = 0.05. Data were recorded and analyzed using SPSS version 28 (SPSS Inc., Chicago,
IL, USA).

3. Results
Table 2 presents the descriptive statistics (mean and standard deviation) in all

dependent variables at the three time points, i.e., moment 1, moment 2, and moment 3,
of a sample of n = 35 professional Portuguese firefighters with a mean age of 23.0 (±2.72;
min = 18, max = 30) years old. Table 2 shows significant differences across time points.
The correctional adjustments are shown. It also presents the F-value and its associated
significance level. Here, we can see that, with the exception of body weight, calf
skinfold, and fatigue index, all variables presented an overall statistically significant
difference among the means of the time points (p < 0.05). So, anthropometric and
fitness variables have a significant impact over time. Post hoc comparisons identified
where differences occurred. Additionally, a generally large effect size (η2

p > 0.14) was
found, except for body weight and calf skinfold, which had a moderate effect size
(0.06 ≤ η2

p < 0.14), and fatigue index, which had a small effect size (η2
p < 0.06).
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Table 2. Data variation (time effect, one-way repeated-measures ANOVA) and changes in anthropometric and motor fitness variables of professional Portuguese
firefighters over the three moments.

Time Effect Moment 1 (M1) Moment 2 (M2) Moment 3 (M3)

Variables F p η2
p Power x ̄ s x ̄ s ∆(1) (%) x ̄ s ∆(2) (%) ∆(3) (%)

Body weight (kg) 2.763 ⊥ 0.086 0.075 0.456 67.8 6.58 68.1 6.07 0.44 68.4 6.16 0.44 0.9
Biceps SKF (mm) 5.656 ╫ 0.013 * 0.143 0.734 3.3 0.77 3.2 0.74 −3.03 3.2 0.73 0.00 −3.0
Triceps SKF (mm) 9.095 • <0.001 * 0.211 0.97 6.9 2.14 6.5 2.12 −5.80 6.4 2 −1.54 −7.2
Subscapular SKF (mm) 11.907 ╫ <0.001 * 0.259 0.966 8.6 2.39 8.1 1.99 −5.81 8.1 1.9 0.00 −5.8
Suprailiac SKF (mm) 19.241 <0.001 * 0.361 0.999 8.6 3.18 6.7 2.2 −22.09 7.2 2.19 7.46 −16.3
Abdominal SKF (mm) 7.875 ╫ 0.003 * 0.188 0.872 10.7 4.11 9.8 3.67 −8.41 9.3 3.15 −5.10 −13.1
Thigh SKF (mm) 6.607 ⊥ 0.004 * 0.163 0.863 9.9 3.31 9.1 3.04 −8.08 9.2 2.83 1.10 −7.1
Calf SKF (mm) 2.417 ⊥ 0.110 0.066 0.417 6.5 2.79 6.7 2.71 3.08 6.1 2.23 −8.96 −6.2
Body density (kg/m3) 22.5 ⊥ <0.001 * 0.398 1.000 1.073 0.007 1.076 0.062 0.28 1.075 0.006 −0.05 0.2
Body fat (%) 22.386 ⊥ <0.001 * 0.397 1.000 11.3 3.01 10 2.67 −11.50 10.3 2.62 3.00 −8.9
Body fat (kg) 16.663 ⊥ <0.001 * 0.329 0.997 7.8 2.51 6.9 2.15 −11.54 7.1 2.15 2.90 −9.0
Fat-free mass (kg) 27.339 ⊥ <0.001 * 0.446 1.000 60.1 5.14 61.2 5.13 1.83 61.3 5.07 0.16 2.0
Squat jump (cm) 27.016 ⊥ <0.001 * 0.443 1.000 33.64 4.7 37.07 4.46 10.20 38.2 4.18 3.05 13.6
CMJ (cm) 7.783 • 0.001 * 0.186 0.942 37.93 4.74 39.52 4.91 4.19 40.48 5.17 2.43 6.7
Elastic index (%) 4.267 ⊥ 0.030 * 0.112 0.641 4.29 3.13 2.45 4.36 −42.89 2.28 3.26 −6.94 −46.9
50 m speed run (sec) 9.319 ⊥ 0.001 * 0.215 0.952 6.99 0.22 7.05 0.24 0.86 6.93 0.24 −1.70 −0.9
Cooper test (m) 54.763 ⊥ <0.001 * 0.617 1.000 2805 207.4 3054 161 8.88 3043 230 −0.36 8.5
Bench press (kg) 123.721 ⊥ <0.001 * 0.784 1.000 9.8 7.3 14.43 7.95 47.24 18.46 8.05 27.93 88.4
Pull-ups (n) 37.087 • <0.001 * 0.522 1.000 13.83 4.6 16.63 4.17 20.25 17.86 4.37 7.40 29.1
Sit-ups (n) 84.508 ╫ <0.001 * 0.713 1.000 19.23 6.98 25.57 8.12 32.97 34.77 12.8 35.98 80.8
SLJ (m) 24.72 ⊥ <0.001 * 0.428 1.000 2.29 0.16 2.23 0.19 −2.62 2.43 0.16 8.97 6.1
Right handgrip (kg) 4.803 ⊥ 0.016 * 0.124 0.726 51.5 4.82 52.7 4.65 2.33 50.9 5.65 −3.42 −1.2
Left handgrip (kg) 9.132 • <0.001 * 0.212 0.971 52.7 5.28 53.1 5.53 0.76 50.9 5.52 −4.14 −3.4
Maximal power (W) 15.969 • <0.001 * 0.32 0.999 10.18 0.82 10.69 0.64 5.01 10.83 0.65 1.31 6.4
Average power (W) 27.709 • <0.001 * 0.449 1.000 7.62 0.51 7.98 0.47 4.72 8.17 0.44 2.38 7.2
Minimal power W 8.395 • 0.001 * 0.198 0.957 5.61 0.58 5.79 0.54 3.21 6.01 0.6 3.80 7.1
Fatigue index (%) 0.964 ⊥ 0.368 0.028 0.191 44.69 7.96 45.86 5.87 2.62 44.09 6.46 −3.86 −1.3
VO2max (mL·kg−1·min−1) 51.42 56.99 56.75

Note: * Significant time Effect (p < 0.05), • Sphericity assumed, ╫ Greenhouse–Geisser correction, ⊥ Huynh–Feldt correction. ∆(k) = [( x̄ (Mj) × 100)/ x̄ (Mi)] – 100, k = 1,2 → ∆(1) (%),

x̄ (Moment 1) vs. x̄ (Moment 2) and ∆(2) (%), x̄ (Moment 2) vs. x̄ (Moment 3). ∆(3) (%), [ x̄ (Moment 3) × 100]/ x̄ (Moment 1) − 100. SKF—skinfold. CMJ—Countermovement
jump. SLJ—Standing long jump. SKF—Skinfold.
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3.1. Anthropometric Changes

In the anthropometric variables, statistically significant differences (p < 0.05) were
observed in all skinfolds (biceps, triceps, subscapular, suprailiac, abdominal, thigh, and
calf), as well as in the body density, fat mass (%), fat mass (kg), and fat-free mass (kg). The
effect size varied between 0.066 (moderate) and 0.446 (large). The observed power (or post
hoc power) varied between 0.417 and 1.000.

3.2. Fitness Changes

In the physical fitness variables, statistically significant differences (p < 0.05) were
observed in all motor variables, including jump performance (squat jump, countermove-
ment jump, standing long jump), running speed (50 m sprint), aerobic capacity (Cooper
test), muscular strength and endurance (bench press, pull-ups, sit-ups), and power output
(maximal, average, and minimal power), with the exception of fatigue index (p > 0.05) and
handgrip strength that slightly decreased. The effect size varied between 0.028 (small) and
0.784 (large). The observed power varied between 0.191 and 1.000.

3.3. Relative Changes

In the anthropometric variables, the major relative changes (i.e., reduction) occurred
in the suprailiac, abdominal, triceps, thigh, calf, subscapular, and biceps skinfolds. The
body density had a slight increase (about 0.23%), as did the fat-free mass (about 2%). On
the other hand, the fat mass had a reduction of more than 8%. On average, considering the
seven skinfolds, we observed a reduction of 7.6% from M1 to M2, 1% from M2 to M3, and
8.4% from M1 to M3.

In the fitness variables, the major changes were observed in the bench press (+88.4%),
sit-ups (+80.8%), elastic index (–46.9%), pull-ups (+29.1%), and squat jump (+13.6%).

3.4. Post Hoc Comparisons

Table 3 shows the pairwise comparisons as statistically significant. A post hoc test
using Bonferroni correction reveals that

Table 3. Bonferroni adjustment for multiple comparisons.

Variables (1) vs. (2) (1) vs. (3) (2) vs. (3)

Body weight 0.610 0.214 0.416
Body density <0.001 * <0.001 * 0.439
Body fat (%) <0.001 * <0.001 * 0.447
Body fat (kg) <0.001 * 0.004 * 0.355
Fat-free mass <0.001 * <0.001 * 1.000
Squat jump <0.001 * <0.001 * 0.094

Countermovement jump 0.079 0.003 * 0.285
Elastic index 0.177 0.036 * 1.000

Speed run 50 m 0.048 * 0.201 <0.001 *
Cooper test <0.001 * <0.001 * <0.001 *
Bench press <0.001 * <0.001 * <0.001 *

Pull-ups <0.001 * <0.001 * 0.025 *
Sit-ups <0.001 * <0.001 * <0.001 *

Standing long jump 0.330 <0.001 * <0.001 *
Right handgrip 0.087 0.001 * <0.001 *
Left handgrip 1.000 <0.001 * 0.010 *

Maximal power 0.002 * <0.001 * 0.598
Average power <0.001 * <0.001 * 0.026 *
Minimal power 0.305 0.001 * 0.048 *
Fatigue index 1.000 1.000 0.193

Note: * the mean difference is significant at the α = 0.05 level. 1 (Moment 1—baseline); 2 (Moment 2—at 3 months);
3 (Moment 3—at 6 months).
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− In anthropometric variables there is a statistically significant difference between the
first and the second time points, as well between the first and the third time points of
assessment, except in the body weight. The mean of body density and fat-free mass
increases from the first to the third time point, while the mean of body fat (%) and
body fat (kg) decreases from the first to the third time point.

− In fitness variables, with the exception of the 50 m speed run, all the observed statisti-
cally significant differences between the first and the second time points are due to the
best mean performance of the second time point. Between the first and time points,
with the exception of the elastic index and right and left handgrip, the statistically
significant differences are due to the best mean performance of the third time point.
Between the second and third time points, the Cooper test, bench press, pull-ups, sit-
ups, and handgrip revealed a higher and statistically significant mean on the second
time point, while for the 50 m speed run, standing long jump, average power, and
minimal power, the third time point had the best mean performance.

4. Discussion
This six-month minimal-equipment program substantially enhanced the multifaceted

fitness profile that underpins safe and efficient firefighting, producing significant improve-
ments in body composition, muscular strength and power, aerobic capacity, and anaerobic
power in male Portuguese firefighter recruits. These adaptations are known to improve core
tasks such as ladder raises, hose advancement, equipment carries, and victim rescue [5,24],
thereby increasing operational readiness while potentially reducing injury [24] and cardio-
vascular event risk [25]. Moreover, these gains were achieved without specialized facilities,
underscoring the feasibility of implementing structured fitness curricula in resource-limited
fire departments.

To cope with the intensive physical work in a wide variety of extreme environments
and thermal conditions that expose firefighters to a high level of physical exertion [26],
well-structured exercise training programs should be mandatory, aiming at an excellent
overall level of readiness and fitness. Nevertheless, in Portugal, it is not common for
firefighters to engage in specific exercise programs [3], as most fire departments do not
have a regular fitness program for their professionals, nor provide sufficient support
or motivation. In the US, fire departments are also reported not to adhere to health
and fitness recommendations set by governing associations and lack structured fitness
monitoring and improvement programs for personnel [27]. The reasons for this might
be linked to department leaders’ lack of knowledge of the benefits to firefighters and of
how to successfully apply interventions [28]. Therefore, dissemination strategies should be
promoted by stakeholders.

Although our results did not show significant changes in body weight between the
time points, there was a significant improvement in body composition, as percentage body
fat fell by 8.4% and fat-free mass rose by ~2% at the end of intervention, reflecting the desir-
able phenotype reported in other tactical cohorts [29]. Besides health impacts including
lowering the risk of chronic diseases and sudden cardiac events [30] typically associated
with excess weight, a leaner profile can impact firefighters by reducing their risk of muscu-
loskeletal injuries, enhancing their heat tolerance [31], and attenuating the hemodynamic
strain that predisposes firefighters to duty-related cardiac events—the leading cause of
line-of-duty deaths worldwide [25]. Excess body fat can hinder mobility and agility, making
it more difficult to perform critical tasks during rescues [32]. A number of studies have
explored body composition in firefighters and suggested worse body compositions are
significantly related to poor firefighting task performance [5,24]. Despite the fact that our
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exercise intervention led to decreases in % body fat, in line with other research, an adequate
diet is known to improve body composition [33].

Aerobic capacity has also been reported as an important predictor of health and job
performance in firefighting [2]. Even though our participants baseline mean VO2max
was above the recommended values for firefighters (42 mL/kg/min) [34], they were
still able to make improvements (VO2max M1 = 51.42 (±4.64); M2 = 56.99 (±3.59);
M3 = 56.74 (±5.15) mL/kg/min), emphasizing the importance of a regular exercise
program throughout the career span to maintain job effectiveness, particularly as this
capacity tends to decrease with age [7]. Aerobic capacity is essential to cope with
tasks such as fire suppression [35], given the intense submaximal workload for numer-
ous minutes at a time [36], and to prevent overexertion and increase cardiovascular
strain [35]. Importantly, our gains were achieved without treadmills or cycle ergome-
ters, demonstrating that field-based interval running and circuit modalities can elicit
clinically meaningful aerobic adaptations in resource-constrained brigades.

Other crucial abilities for firefighters include strength and power, and exercises for
improving these abilities should be incorporated in the training programs, as the unique
duties of firefighters include rapid bursts of energy like pushing or pulling, forceful entries,
lifting objects, carrying equipment, and climbing stairs [6]. Our intervention showed
overall improvements in power and strength were present over the 6-month period, which
could allow firefighters to sustain high-intensity efforts more effectively and with less
energy expenditure. Handgrip strength values increased at mid-intervention and decreased
modestly at the final assessment, likely reflecting the specificity of training stimuli and
cumulative manual task demands. Bench-press and sit-up scores improved by 88% and
81%, respectively, while vertical and horizontal jump tests showed double-digit gains. This
could translate to faster high-step climbing and hose pulls and might directly support
forcible entry and casualty drags, as suggested in previous research [5]. These findings
corroborate task simulation studies showing that upper- and lower-body power predict
the completion time for composite fire–ground scenarios [37]. Other studies have shown
correlations between superior job performance and faster times on timed firefighting
tasks [5], with, for example, upper-body strength (significantly correlated with time for
hose pull, hose pack stair climb, victim drag, and equipment hoist) and lower-body power
(significantly correlated to fireground tasks) [38]. All aspects of anaerobic performance
and specifically anaerobic fitness parameters (i.e., anaerobic power, peak anaerobic power,
anaerobic capacity, and fatigue index) would be related to optimal performance in the
firefighter’s physical ability test [37].

One interesting finding was that fatigue index did not change significantly over time,
with recruits, overall, experiencing moderate fatigue despite an increase in maximum
power. These stable values might suggest that our recruits already possessed adequate
anaerobic fatigue resistance. In fact, this is supported by baseline scores comparable to elite
tactical athletes. The fatigue index values found in our research are lower than the ones
found in firefighters (mean age 40; fatigue index = 49.7%) [36] and for male power athletes
following intensive anaerobic training regimens in NCAA Divison IA (49.1%) [39]. On the
other hand, in younger ages, Naharudin and Yusof [40] found a fatigue index of 40.9%
in collegiate cyclist athletes (mean age = 22), while Maud and Shultz [41] reported a 35%
fatigue index for male college student athletes. Although the fatigue index is closely related
to the energy systems involved in various activities, it does not fully capture the specific
muscle activation patterns required in real-world firefighting tasks, meaning that improving
endurance and fatigue resistance in firefighters its essential targeted work training that
might not be captured in a cycling test.
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When compared with recruit academy cohorts reported in the U.S., the pattern
of our adaptations is broadly consistent with the expected training-induced improve-
ments across academy training. For example, Wohlgemuth et al. [33] reported mean-
ingful gains in health and fitness across a U.S. fire academy, with improvements in car-
diorespiratory fitness and muscular performance occurring over the training timeline
and coinciding with improvements in simulated occupational performance. Similarly,
academy-based high-intensity functional training studies in U.S. recruits have shown
significant improvements in fitness and firefighter ability following relatively short
academies (e.g., 7 weeks), supporting that structured recruit training elicits rapid
adaptations in operationally relevant capacities [4]. In the present study, the longer
training duration (6 months), competitive selection of recruits, and minimal-equipment
approach may partly explain the magnitude and profile of change (e.g., substantial
upper-body endurance gains) relative to shorter academy reports, highlighting that
meaningful fitness adaptations can be achieved even in resource-limited settings.

Although minimal detectable change (MDC) or minimally clinically important
difference (MCID) values are not available for all assessed measures in firefighter
populations, established thresholds exist for some outcomes. In particular, published
MDC estimates derived from measurement error and reliability data for vertical jump
performance (~2–3 cm) indicate that our improvements in squat and countermove-
ment jump height exceeded typical measurement error, supporting their practical
relevance [16,17]. For other outcomes, including upper-body strength, muscular en-
durance, and aerobic capacity, practical significance was interpreted using effect sizes
and percentage changes, which demonstrated moderate-to-large magnitudes of change
across the training period.

This is one of the first studies involving firefighters in Portugal in a time where
climate changes are increasing the number of calls to action. We selected several fitness
components governed largely by the practicalities of the duty capturing the major job
needs (cardiovascular endurance, anaerobic endurance, muscular endurance, strength, and
power), which is a strength of our study.

An important limitation of our work is that the sample included only male recruits,
restraining generalizability to mixed-gender brigades. Second, the absence of a control
group precludes causal inference, and findings should be interpreted as within-group
changes associated with program participation, rather than definitive causal effects. Also,
better control of the training variables and planned progressions are essential for a long-
term exercise regimen, given that fitness equipment in fire departments is scarce, limiting
the ability to add the additional external load necessary to increase stimuli. Finally, the
study focuses on physical fitness outcomes and did not assess psychological factors such
as stress or resilience, which are also relevant to firefighter performance. Although the
training program was designed by a member of the research team, it was implemented as a
mandatory institutional curriculum and not modified specifically for research purposes. An
additional limitation is the lack of detailed information regarding participants’ pre-academy
physical activity and training history, which may have influenced individual responses to
the training program.

Future studies should incorporate periodized loading, include female recruits, integrate
psychological and occupational stress measures, and examine on-shift performance outcomes.

5. Conclusions
Even with minimal equipment, a structured training regimen can substantially en-

hance the multifaceted fitness profile required for modern firefighting.
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Regular inclusion of such programs in firefighter recruit training and throughout
a firefighter’s career may enhance occupational readiness and long-term health, while
minimizing financial barriers for smaller departments.
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