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Abstract 32 

BACKGROUND: Firefighter physical fitness (PF) plays a crucial role in mitigating health 33 

issues and supporting occupational performance. The influence of rank on firefighter PF remains 34 

understudied and previous research is often limited by small sample sizes of firefighters 35 

volunteering for research studies, potentially biasing results towards fitter firefighters not 36 

representative of entire departments. 37 

OBJECTIVE: To examine the PF profile of firefighters in a large urban fire department and the 38 

influence of age and rank on PF.  39 

METHODS: Data, including muscular fitness, estimated aerobic capacity (VO2max), and body 40 

fat percentage (BF%) measures from 1361 firefighters (90% male; age: 37.4±10.1yrs; 60 41 

recruits, 973 firefighters, 290 lieutenants/captains, 38 chiefs) were analyzed. Correlation and 42 

ANCOVAs were conducted to examine the impact of rank on PF while controlling for age. Score 43 

distributions were scrutinized to profile the PF of the department.  44 

RESULTS: Age was negatively associated with pull-ups (r=-0.39), sit-ups (r=-0.39), and push-45 

ups (r=-0.32), but positively associated with relative VO2max (r=0.17) and BF% (r=0.39). Rank 46 

had a statistically significant, but trivial effect size, on pull-ups (p=0.028, η2=0.007) and sit-ups 47 

(p=0.034, η2=0.005). Firefighters with lower PF levels were older, had higher BF%, lower fat-48 

free mass, and were a greater proportion of females. 49 

CONCLUSIONS: Firefighters exhibited diverse levels of PF. Age, not rank, appeared to 50 

influence firefighters' PF. The findings that firefighters who were older, female, with poorer 51 

body composition are more likely to have lower PF levels highlights the need for individualized 52 

PF training to enhance occupational performance and health across the fire department.  53 

 54 
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1. INTRODUCTION 57 

Maintaining a high level of physical fitness is critical for firefighters to reduce the risk of 58 

injury and chronic disease while performing their jobs safely and effectively [1–4]. As a 59 

physically demanding occupation, physical tasks include carrying heavy equipment, climbing 60 

ladders, dragging hoses, and rescuing individuals from hazards [4, 5]. Such firefighting tasks are 61 

more efficiently performed with higher levels of cardiovascular endurance, muscular strength 62 

and endurance, and healthy body composition levels [4–7]. Aerobic fitness supports firefighters 63 

in sustaining physical exertion for extended periods of time [4, 6], and to reduce the risk of 64 

cardiovascular disease [8]. Muscular strength and endurance are necessary for carrying heavy 65 

equipment and performing rescue operations [4, 5, 9]. Healthy body composition, characterized 66 

by normal levels of body fat percentage (BF%), is imperative because of the negative effects of 67 

high BF% on firefighter task performance [7] and the association of obesity with the presence of 68 

chronic disease [10].  69 

A shortfall of existing literature is few studies [11, 12] utilize large samples of 70 

professional firefighters to represent the physical fitness profile of an entire fire department. For, 71 

example several prominent studies reporting physical fitness levels of firefighters have recruited 72 

firefighter participants voluntarily [5, 13–15], which can lead to samples not representative of the 73 

entire department as ‘fitter’ fighters may be more willing to volunteer [13]. This is problematic 74 

as the firefighters with lower levels of physical fitness are a concern because these firefighters 75 

may not be able to effectively and efficiently perform firefighting occupational demands [9, 12]. 76 

Understanding the diversity of physical fitness levels present within a fire department is 77 

important; this is because it facilitates the identification of factors influencing lower fitness 78 
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levels across the spectrum, thereby informing the development of future strategies for physical 79 

fitness screening and targeted interventions.  80 

An occupational factor still relatively unexamined in the literature that may affect 81 

firefighter physical fitness is rank. As firefighters advance in rank (e.g., firefighter, to lieutenant, 82 

to captain) their job responsibilities and, consequently, daily physical occupational demands 83 

change [17, 18]. In lower-ranking positions, firefighters may be tasked with more physically 84 

demanding work, whereas those in supervisory or administrative positions experience longer 85 

periods of sedentary activities [18]. However, all firefighters, regardless of rank, may need to 86 

perform strenuous tasks (e.g., sprinting, moving heavy objects, etc.) in emergency situations. 87 

Further, the capacity a firefighter possesses across different physical fitness components critical 88 

for safe and effective occupational performance should be independent of both rank and age [19, 89 

20] as many firefighting tasks (e.g., lifting and moving equipment) are absolute in nature [9].  90 

Recently, Hare and colleagues conducted a study examining the impact of rank on 91 

firefighter physical fitness and occupational performance in a sample of 160 firefighters (12 92 

female) from a single fire department [21]. Interestingly, when age was controlled for, significant 93 

effects of rank were observed on several physical fitness metrics, including body mass index 94 

(BMI), BF%, and aerobic fitness. Specifically, recruits exhibited lower BMI and BF%, along 95 

with greater VO2max compared to incumbents, but not in contrast to officers, and no disparities 96 

were identified between incumbents and officers [21]. The Hare et al. study [21] was limited by 97 

the absence of muscular fitness measures, including strength or endurance. A review by Fyock-98 

Martin et al. concluded current evidence supports that muscular fitness is a crucial determinant 99 

of firefighting task performance [4]. Moreover, the classification of "officers" encompassing 100 

lieutenants, captains, and chiefs, although necessitated by sample size limitations, may have 101 
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obscured significant differences in physical fitness among these distinct positions within the fire 102 

service. 103 

There were three purposes for the present study. The first purpose was to describe the 104 

physical fitness profile of the entire department and to examine demographic (e.g., age, sex) and 105 

anthropometric (e.g., height, mass, body composition) differences in firefighters who had lower 106 

levels of performance on the physical fitness tests. It was hypothesized that firefighters with 107 

lower performances muscular and aerobic fitness assessments would be older, consist of a 108 

greater proportion of females, and have worse body composition measures. The second purpose 109 

was to examine the relationship between age and the physical fitness levels measured for 110 

muscular fitness, aerobic capacity, and BF%. The association of age with physical fitness was 111 

done first to understand the influence of age on physical fitness in the sample of an entire fire 112 

department and to determine whether age should be controlled for in subsequent analyses. It was 113 

hypothesized that age would be negatively associated with muscular endurance and aerobic 114 

capacity while positively associated with BF%. The third purpose was to examine physical 115 

fitness components of muscular endurance, aerobic capacity, and BF% across different 116 

firefighter ranks. It was hypothesized that higher-rank firefighters would have lower scores for 117 

muscular endurance and aerobic capacity, and higher BF% measures.  118 

 119 

2. METHODS 120 

2.1 Experimental Approach to the Problem 121 

A cross-sectional study was conducted using retrospective physical fitness data collected 122 

in 2022 from a large urban fire department of professional firefighters in the mid-Atlantic region 123 

of the United States. Firefighters were required to perform an annual mandatory physical fitness 124 
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assessment, in a single testing session, that included the following battery of tests: body 125 

composition, maximum pull-up repetitions, number of sit-up repetitions in 60 seconds, number 126 

of push-up repetitions in 60 seconds, and a 3-minute step test. All uniformed personnel were 127 

required to participate in the physical fitness assessment each year. Employees who declined to 128 

participate were referred to the public safety occupational health center for further medical 129 

evaluation. Unsatisfactory performance, determined by a total fitness score adjusted for age and 130 

sex [22], would result in the firefighter being required to perform a stress test, and consult with a 131 

public safety occupational health center doctor and behavioral health consult. Performance on 132 

the treadmill test would determine placement into an in-station fitness improvement plan (10 133 

metabolic equivalents) or being placed on light duty (<10 metabolic equivalents).  134 

 135 

2.2 Participants 136 

Physical fitness records from 1361 firefighters were included (male, 1225; female, 136; 137 

age: 37.4±10.1 yrs; years of service: 10.3±8.8 yrs; height 173.0±13.1 cm; body mass 90.8±14.8 138 

kg; BMI 30.6±5.7 kg/m2). Ethical approval was obtained from the XXX University institutional 139 

review board (IRB#: 1871116-1). The review board approved the study as a retrospective 140 

analysis of deidentified data provided directly from the fire department to researchers at George 141 

Mason University for the purposes of informing local community fire service operations (IRB#: 142 

1871116). Accordingly, informed consent was not obtained. 143 

 144 

2.3 Procedures 145 

All testing took place at a single facility supervised by trained staff who were supervised 146 

by a National Strength and Conditioning Association  certified strength and conditioning specialist. 147 
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To ensure firefighters could participate in physical fitness testing, they first underwent a physical 148 

examination conducted by a physician. Physical fitness tests were chosen by the fire department 149 

staff based on their reliability [23] and reported relationship to firefighter representative job tasks 150 

[4, 7]. The procedures, namely order and rest periods, were determined based on pilot testing and 151 

logistical constraints (e.g., time, personnel, and equipment) to test all uniformed personnel 152 

annually.  153 

 154 

Body composition: Body composition was assessed using bioelectric impedance analysis (BIA) 155 

with a commercially available device (InBody 270, InBody USA, Cerritos, CA, USA). The total 156 

body mass, BMI, percentage of body mass that was fat mass (BF%), fat mass, and fat-free mass 157 

were primary measures of interest in the present study. BMI was computed from height and mass 158 

data. Reliability has been reported for this BF% assessment device (ICC = 0.93) [24] with the 159 

InBody 270 to have acceptable levels of agreement with dual-energy X-ray absorptiometry [25].  160 

 161 

Pull-ups: Firefighters grasped an overhead bar with a pronated grip at shoulder width while 162 

keeping their elbows fully extended and feet off the ground. For a repetition to be successful, 163 

firefighters had to pull themselves up in a linear path, bringing their chin above the level of the 164 

bar, and then descend in a controlled manner back to the starting position. Repetitions were not 165 

counted if firefighters used momentum, twisted, or swung during the exercise, or if their chin did 166 

not reach the top of the bar. To ensure consistent effort, no rest was allowed in between 167 

repetitions. Firefighters performed as many pull-up repetitions as possible with no time limit and 168 

the assessment ended when firefighters released their grip from the bar. Reliability has been 169 

reported for maximum pull-up procedures (intraclass correlation coefficient [ICC] = 0.95) [23].  170 
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 171 

Sit-ups: Following the maximum pull-up repetition assessment firefighters had 2 minutes of rest. 172 

The sit-up assessment began with firefighters seated and their toes positioned under 80lb 173 

dumbbells, while their arms remained crossed at chest level and each hand contacting the 174 

opposite shoulder. A buzzer was placed behind the participant in line with the upper thoracic 175 

spine. Firefighters completed a repetition by flexing at the hip to raise the torso from the ground, 176 

contacting their elbows to their knees, then lowering their torso back to the starting position in a 177 

controlled manner until triggering the buzzer (AssessPro Rep-Addition Push-up Tester, Gopher 178 

Sports, Owatonna, MN, USA). A repetition was considered successful if there was an audible 179 

beep of the buzzer in the down position. Instructions were to complete as many repetitions as 180 

possible in 60 seconds. Reliability has been reported for timed sit-up procedures (ICC = 0.93) 181 

[26]. 182 

 183 

Push-ups: Following the maximum sit-up repetition assessment firefighters had 2 minutes of rest 184 

before beginning the push-up assessment. Firefighters placed their hands shoulder-width apart, 185 

extended their elbows, and rested on the ball of their feet with a flat back. A 3-inch buzzer was 186 

positioned directly under the firefighters’ sternum. To perform a successful repetition, 187 

firefighters had to lower themselves in a controlled manner, until they reached the depth of the 188 

buzzer, triggering an audible beep, before fully extending their elbows to return to the starting 189 

position. Repetitions were not counted if the buzzer was not triggered, or the tester visually 190 

determined that the firefighter did not maintain a straight line from the ankle, knee, hip, and 191 

shoulder joint. Firefighters were instructed to perform as many repetitions as possible within 60 192 

seconds. Reliability has been reported for 60-second push-up procedures (ICC = 0.98) [27].  193 
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 194 

Aerobic capacity: Following the maximum push-up repetition assessment firefighters had 3 195 

minutes of rest before beginning the 3-minute step test. The 3-minute step test was used to 196 

evaluate the firefighters’ aerobic capacity (e.g., VO2max). During the test, firefighters stepped up 197 

and down a 41.3 cm box to a tempo of 88 and 96 beats per minute for females and males, 198 

respectively. All steps must have been in cadence, and if a participant could not maintain it after 199 

a warning, the test was terminated. Immediately after the test and 15 seconds after the heart rate 200 

was recorded and used to determine the firefighters’ aerobic capacity based on the Queen step 201 

test formula [28]: Men: VO2max = 111.33 – (0.42- Heart Rate); Women: VO2max = 65.81 – 202 

(0.1847 – Heart Rate). The equations provide VO2max in relative terms to body mass in which 203 

the units are mL/kg/min. Absolute VO2max, with units of L/min, was computed by multiplying 204 

the relative VO2max by each firefighter’s body mass and converting from mL to L (i.e., dividing 205 

by 1000) [28]. Test-retest reliability has been reported for this aerobic capacity test (r = 0.92) 206 

[28].  207 

 208 

2.4 Statistical Analysis 209 

Because all available active-duty firefighters’ data was provided by the fire department, 210 

an a priori power analysis was not conducted. The deidentified data were provided in a 211 

spreadsheet. The normality of variables was assessed using Kolmogorov-Smirnov tests and Q-Q 212 

density plots. None of the physical fitness variables exhibited normal distribution, and common 213 

transformations such as exponential, log, and power failed to alter their distributions; therefore, 214 

large sample theory was employed, enabling the use of parametric inferential tests in subsequent 215 

analyses [29]. Rank was categorized into four groups based on position classifications provided 216 
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in the retrospective data set: 1) recruits, 2) firefighters (firefighter, fire technician, 217 

firefighter/medic), 3) Lieutenants/Captains, and 4) Battalion and Deputy Fire Chiefs. Descriptive 218 

statistics were computed for demographic and physical fitness variables, along with the 219 

proportion (%) of all firefighters that were classed as firefighters (% = [number of firefighters ÷ 220 

all firefighters] × 100).  221 

For the first purpose, which was to profile the physical fitness of the entire department, 222 

we evaluated the distribution of scores using skewness and kurtosis metrics. Additionally, 223 

percentile and quartile scores for each physical fitness measure were computed. Firefighters who 224 

scored zero on any of the muscular fitness assessments were classified as low performers for 225 

muscular fitness. Similarly, the bottom 20% based on estimated relative VO2max values were 226 

classified as low performers for aerobic fitness. To assess differences between firefighters with 227 

lower levels of muscular and aerobic fitness, independent sample t-tests for continuous variables 228 

and chi-square tests of independence for categorical variables were conducted. Finally, 229 

firefighters were classified as having low muscular and aerobic fitness (e.g., zero score on a 230 

muscular fitness assessment and bottom 20% in terms of VO2max) were compared to those 231 

classified as having higher levels of muscular and aerobic fitness (e.g., no zero scores on a 232 

muscular fitness assessment and a VO2max greater than the 20th percentile). 233 

The second purpose, which was to examine the relationship between age and muscular 234 

endurance, aerobic capacity, and body composition, was assessed with Pearson correlations. The 235 

strength of correlations were interpreted as weak, r  0.10-0.39; moderate, r  0.40-0.69; strong, 236 

r  0.70 [30]. The proportion (%) of variance shared between measures was assessed with the 237 

coefficient of determination (r2) [31]. An r2 ≥ 0.60 was employed as a threshold for defining a 238 

considerable proportion of shared variance between measures [31]. 239 
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For the third purpose, and based on the results from the correlation analysis, an analysis 240 

of covariance (ANCOVA) was used to compare the means of the physical fitness measures by 241 

rank while controlling for age as a covariate, similar to the approach by Hare and colleagues 242 

[21]. Prior to each ANCOVA assumption of linearity, homogeneity of regression slopes, 243 

normality of residuals, and homogeneity of variances were checked. Partial eta-square effect 244 

sizes were categorized as small (η2=0.01), medium (η2=0.06), and large (η2=0.14) [30]. For 245 

significant main effects, Tukey contrasts were performed with single-step adjusted p-value [32]. 246 

There were a large number of firefighters who with zero scores on one or more of the muscular 247 

endurance assessments from the data set (n=239). As a follow-up to the main ANCOVA 248 

analysis, a sensitivity analysis was conducted to determine whether removing these firefighters 249 

would alter our interpretation of the ANCOVA tests.  Sensitivity analyses were performed by 250 

removing firefighters with zero scores in one or more of the muscular endurance assessments 251 

from the data set (n=239). This was done in a stepwise fashion per muscular physical fitness 252 

assessment and rechecking the ANCOVA results at each step following the process described 253 

above. Comparisons were then conducted to examine differences in demographic and 254 

anthropometric variables between those removed and the rest of the sample. Parametric tests 255 

were used due to the large sample group sizes [29]. All analyses were performed using R 256 

(Version 4.2.1, R Core Team, Vienna, Austria). For all analyses alpha was set a priori at 0.05. 257 

 258 

3. RESULTS 259 

3.1 Overall fire department physical fitness 260 

Descriptive statistics of the demographics and physical fitness profile of the fire 261 

department are provided in Tables 1 and 2, respectively. Pullups, VO2max, BF%, and fat mass 262 
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were positively skewed while sit-ups, push-ups, and fat-free mass were negatively skewed. 263 

Notably, none of the skewness values exceeded, 1 or -1, which would have indicated moderate to 264 

strong skewness. Kurtosis values indicated that most of the variables were had mesokurtic, or 265 

normal distributions. The kurtosis of sit-ups was 2.11, characteristic of a distribution with a 266 

higher peak.  The range of variables highlighted the diversity of physical fitness levels of 267 

firefighters within the fire department.  268 

 269 

-----Table 1 here---- 270 

-----Table 2 here---- 271 

 272 

Muscular fitness low performers: Of the 1361 firefighters, 17.6% (n=239) demonstrated a 273 

zero score on one or more of the muscular endurance assessments. Those with non-zero scores 274 

for physical fitness measures (n=1122), were found to be younger (36.29.9 vs. 43.19.0 years; 275 

t(1359)=-9.860, p<0.001, d=0.70), with fewer years of service (9.38.6 vs. 15.18.4 years; 276 

t(1359)=-9.625, p<0.001, d=0.69) and fewer females (6.1% vs. 10.0% Female; 2(1, 277 

1361)=109.06, p<0.001). Additionally, those with zero-scores had greater body mass (98.817.0 278 

vs. 89.113.7 kg; t(1359)=-9.423, p<0.001, d=0.67); BMI (32.95.4 vs. 30.15.7 kg/m2; 279 

t(1359)=-6.834, p<0.001, d=0.49), BF% (31.46.1 vs. 21.26.5%; t(1359)=-22.224, p<0.001, 280 

d=1.59), fat mass (31.18.6 vs. 19.37.5 kg; t(1359)=-21.473, p<0.001, d=1.46) and less fat-free 281 

mass (67.612.6 vs. 69.99.9 kg; t(1359)=3.067, p=0.002, d=0.20) and estimated relative 282 

VO2max (43.06.7 vs 46.06.4 mL/kg/min; t(1359)=6.458, p<0.001, d=0.45). 283 

 Aerobic fitness lower performers: There were 270 (111 female; age: 35.89.5 years; 284 

years of service: 8.58.0 years) firefighters in the lower 20th percentile of relative VO2max. 285 
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Those with lower VO2max scores were found to be younger (35.89.5 vs. 37.810.2 years; 286 

t(1359)=-2.854, p=0.004, d=0.20), fewer years of service (8.58.0 vs. 10.88.9 years; t(1359)=-287 

3.765, p<0.001, d=0.26), shorter in stature (171.011.4 vs. 173.513.4 cm; t(1359)=-2.762, 288 

p=0.006, d=0.20), lower body mass (87.217.4 vs. 91.714.0 kg; t(1359)=-4.513, p<0.001, 289 

d=0.29), lower BMI (29.95.9 vs. 30.85.7 kg/m2; t(1359)=-2.38, p<0.001, d=0.16), greater 290 

BF% (26.68.2 vs. 22.17.0%; t(1359)=9.255, p<0.001, d=0.60), lower fat-free mass (63.512.6 291 

vs. 71.09.3 kg; t(1359)=-10.91, p<0.001, d=0.60), and greater fat mass (23.79.9 vs. 20.78.6 292 

kg; t(1359)=4.877, p<0.001, d=0.32). In terms of the muscular physical fitness outcomes, those 293 

with lower relative VO2max performed fewer repetitions of pull-ups (4.24.9 vs. 6.74.9 294 

repetitions; t(1359)=-7.630, p<0.001, d=1.56), sit-ups (42.97.8 vs. 44.38.1 repetitions; 295 

t(1359)=-2.585, p<0.001, d=0.18) and push-ups (32.213.4 vs. 40.012.1 repetitions; t(1359)=-296 

9.312, p<0.001, d=0.61). 297 

 Overall low versus high performers: There were 89 firefighters (61 female; age: 41.68.9 298 

years; years of service: 13.47.7 years) firefighters with a zero score on a muscular fitness 299 

assessment and in the lower 20th percentile of relative VO2max. Those with lower overall 300 

physical fitness were older (41.68.9 vs. 36.810.0 years; t(1030)=-4.353, p<0.001, d=0.51), 301 

more years of service (13.47.7 vs. 9.98.7 years; t(1030)=-3.627, p=0.003, d=0.42), shorter in 302 

stature (169.910.8 vs. 173.113.5 cm; t(1030)=-2.192, p=0.029, d=0.26), greater BF% 303 

(33.46.8 vs. 20.86.4%; t(1030)=-17.741, p<0.001, d=1.91), lower fat-free mass (59.912.6 vs. 304 

70.89.2 kg; t(1030)=-10.307, p<0.001, d=0.99), and greater fat mass (30.610.0 vs. 19.17.4 305 

kg; t(1030)=13.519, p<0.001, d=1.31).  306 

 307 
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3.1 Association of Age with Physical Fitness Outcomes 308 

The Pearson’s correlations between physical fitness outcomes and age are provided in 309 

Table 3. Age was negatively associated with pull-ups (r=-0.39, r2=0.15, p<0.001), sit-ups (r=-310 

0.39, r2=0.15,  p<0.001) and push-ups (r=-0.32, r2=0.10, p<0.001), but positively associated with 311 

estimated relative VO2max (r=0.17, r2=0.03, p<0.001), absolute VO2max (r=0.23, r2=0.05, 312 

p<0.001)  and BF% (r=0.39, r2=0.15, p<0.001). Magnitudes of the coefficients of determination 313 

indicated that the influence of age on physical fitness measures was statistically significant, but 314 

weak in magnitude. The associations among the muscular physical fitness assessments were all 315 

moderate to strong (Table 3). BF% and fat mass had a moderate association with the muscular 316 

physical fitness assessments. Fat-free mass had a strong association with estimated absolute 317 

VO2max (r=0.71, r2=0.51, p<0.001). 318 

-----Table 3 here---- 319 

 320 

3.2 Effect of Rank on Physical Fitness Outcomes 321 

The majority (71.5%) of the sample was ranked as firefighters (Table 1). Significant 322 

effects of rank on age (F(3,1357)=129.3, p<0.001, η2=0.22), years of service (F(3,1357)=220.2, 323 

p<0.001, η2=0.33), body mass (F(3,1357)=4.962, p=0.002, η2=0.01) and body mass index 324 

(F(3,1357)=4.962, p=0.001, η2=0.01) were found. Post-hoc testing indicated that firefighters at 325 

the higher ranks were older and had more years of service and lieutenants/captains had greater 326 

mass and BMI than firefighters (p<0.001).  327 

 The ANCOVAs revealed that rank had a small but significant effect on pull-ups 328 

(F(3,1356)=3.053, p=0.028, η2= 0.007) and sit-ups (F(3,1356)=2.863, p=0.034, η2=0.005) (Table 329 

4). Post-hoc tests revealed recruits performed better on sit-ups than chiefs (p=0.045). Rank was 330 
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not found to have a significant main effect on push-ups, VO2max, BF%, fat-free mas, or fat 331 

mass; however, the covariate of age was significant (p<0.001) in all ANCOVA tests (Table 4). 332 

Distribution plots of physical fitness outcomes by rank are provided in Figure 1A-H. Notably 333 

bimodal distributions were evident in several cases, supporting the prior results that sub-groups 334 

of ‘fit’ and ‘less fit’ firefighters within each rank existed within the department. 335 

 336 

-----Table 4 here---- 337 

-----Figure 1 here---- 338 

 339 

As previously mentioned the sensitivity analysis was performed in a stepwise fashion by 340 

removing those with zero curl-ups (n=1; male, age: 49 years; years of service: 21 years; height 341 

162.6 cm; mass 82.5 kg; BMI 31.2 kg/m2) first, followed by push-ups (n=7; 3 male, 4 female; 342 

age: 42.6±12.8 years; years of service: 14.7±9.2 years; height 173.4±11.9 cm; mass 99.6±25.2 343 

kg; BMI 33.2±8.2 kg/m2), and then pull-ups (n=237; 169 male, 68 female; age: 43.1±10.2 years; 344 

years of service: 15.1±9.6 years; height 173.6±14.3 cm; mass 98.8±19.4 kg; BMI 32.9±6.1 345 

kg/m2). There was no change from prior results with the removal of the single participant with 346 

zero sit-ups. Removing those with zero push-ups (n=7) yielded a significant main effect of rank 347 

for push-up performance (F(3,1348)=2.62, p=0.049, η2= 0.006) and post-hoc testing indicated 348 

significant pairwise difference between firefighters and recruits (p=0.049). Results from the last 349 

step of the sensitivity analysis, when those with zero pull-ups (n=237) were removed, are 350 

presented in Table 5. As compared to the full-data set rank no longer had a significant main 351 

effect for sit-ups (F(3,1348)=1.56, p=0.197, η2= 0.004) but rank became significant for push-ups 352 

(F(3,1348)=3.32, p=0.019, η2= 0.009) and fat-free mass (F(3,1348)=3.32, p=0.041, η2= 0.009).  353 
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 354 

-----Table 5 here---- 355 

 356 

4. DISCUSSION 357 

The present study aimed to address 3 primary purposes which were to 1) describe the 358 

physical fitness profile of a large, urban fire department, 2) explore the association between age 359 

and physical fitness measures, and 3) to assess physical fitness across different firefighter ranks. 360 

The findings of the study largely supported the hypotheses formulated. The first hypothesis was 361 

supported as firefighters with lower performance in muscular and aerobic fitness assessments 362 

were indeed found to be older, comprised a higher proportion of females, and exhibited poorer 363 

body composition measures. The second hypothesis, that older firefighters would have lower 364 

performance on selected physical fitness assessments, was supported for muscular fitness and 365 

BF%, but not aerobic capacity.  However, the magnitude of these associations were relatively 366 

weak. The third hypothesis, that higher-ranking firefighters would have lower performance on 367 

selected physical fitness assessments was not entirely supported by the results. Despite reaching 368 

statistical significance in several measures of physical fitness, the effect sizes of rank were 369 

minimal or small for all physical fitness measures. 370 

 371 

4.1 Fitness Profile of the Fire Department  372 

The findings regarding the overall fitness profile of the fire department highlight the 373 

diversity in physical fitness levels among firefighters. The substantial proportion of firefighters 374 

registering zero scores for the pull-up muscular fitness assessment is notable. The results 375 

indicated that those were zero scores was likely attributable to some extent body composition 376 
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(e.g., greater BF%, greater fat mass, and less fat-free mass) of these firefighters, which is not 377 

unexpected based on previous research [33, 34]. As previously detailed, the occupational tasks 378 

undertaken by firefighters have been consistently linked to elevated requirements in aerobic 379 

fitness, muscular fitness, and potential benefits from having lower body fat [4–7]. An influential 380 

study by Gledhill and Jamnik [9] quantified the weights of objects common to the firefighter 381 

occupation and the associated forces to move the objects. The necessary force production 382 

exceeded 45.4 kg in most instances, concluding that high levels of muscular strength and 383 

endurance in the upper and lower body are necessary (18). A substantial body of literature has 384 

reported that higher levels of physical fitness are associated with a lower risk of injury [35–38]. 385 

Specific to firefighters, there is evidence indicating a reduction in musculoskeletal injury risk 386 

secondary to overall physical fitness [12, 39]. However, Ras and colleagues [40] suggested that 387 

the physical fitness-injury risk relationship is confounded when considering that greater levels of 388 

physical fitness, which are associated with the ability to perform firefighter occupational tasks, 389 

may lead to a greater workload burden for fitter firefighters [39]. Physical fitness, including 390 

aerobic fitness, muscular fitness, and body composition, are well documented to be associated 391 

with risk factors of cardiovascular diseases and musculoskeletal health [41–43]. Specifically in 392 

firefighters, a negative association has been reported between push-up capacity and baseline with 393 

cardiovascular disease events over a 10-year follow-up period [44]. Considering that push-ups 394 

and pull-up ability are strongly correlated [34], combined with the substantial number of 395 

firefighters unable to perform pull-ups, this presents a concern for long-term health of 396 

firefighters.  397 

 398 

4.2 Age and rank dynamics with firefighter physical fitness 399 
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The age and rank of firefighters are intrinsically linked, as progression through the ranks 400 

requires accumulating time spent in each position to qualify for promotion. Consequently, it is 401 

anticipated that firefighters occupying higher rank positions are typically older than those in 402 

lower ranks. The finding that, when age is factored in as a controlling variable, rank exhibited no 403 

to negligible impact on physical fitness metrics adds to the limited body of research addressing 404 

the influence of firefighter rank on physical fitness [21, 45]. As individuals age, a consistent 405 

decline in muscular and aerobic fitness is observed, with a general decrease occurring about 406 

every decade following the age of 30 years for most adults [46, 47]. Nonetheless, the unique 407 

occupational demands of firefighting, which necessitate greater levels of physical fitness [4], 408 

would challenge the assumption that the typical age-related physical fitness changes observed in 409 

the general population are universally applicable to firefighters. 410 

Previous studies reported differing findings regarding age with muscular fitness [14, 15] 411 

aerobic fitness [11], and body composition [14, 15]. Findley and colleagues [14] conducted a 412 

study involving 159 male firefighters, ranging in age from 20 to 49 years, who underwent a 2-413 

minute maximum sit-up and push-up assessment until reaching volitional fatigue. While their 414 

investigation revealed no significant alterations in push-up performance across age groups, 415 

Findley and colleagues [14] did report a notable age-related decline in sit-up performance. 416 

Conversely, Kirlin et al. [15] reported no discernible age-associated differences in push-up and 417 

sit-up assessments when examining female firefighters aged between 20 and 54 years. Notably, 418 

our study encompassed a substantial cohort of firefighters aged 50 and older, a demographic 419 

group traditionally underrepresented in prior research [14, 15]. This inclusion allowed for a more 420 

comprehensive examination of age-related variations in physical fitness spanning a firefighter’s 421 

career trajectory. 422 
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In a study conducted by Cameron and colleagues [11], a decline in aerobic fitness 423 

emerged across 10-year age groups (20-29, 30-39, 40-49, 50+ years), with the most substantial 424 

reduction occurring between the 30-39 and 40-49 age groups. Consistent with these findings, 425 

Kirlin and associates [15] also reported declines in aerobic fitness related to age. Conversely, and 426 

similar to our present investigation, Findley and colleagues failed to uncover a statistically 427 

significant difference in aerobic fitness attributable to age [14]. Notably, the firefighters included 428 

in the study by Findley and colleagues [14] exhibited considerably lower VO2max values (20-29 429 

years: 33.0±8.0 mL/kg/min; 30-39: 32.0±8.6 mL/kg/min; 40-49: 28.5±7.3 mL/kg/min) in 430 

comparison to the firefighters in the current study (20-29 years: 44.3±6.0 mL/kg/min; 30-39: 431 

44.8±6.5 mL/kg/min; 40-49: 46.3±6.7 mL/kg/min). It should be noted that VO2max was 432 

estimated using different methods in the Findley study (e.g., submaximal cycle ergometry) 433 

compared to our study (e.g., submaximal step test), which could contribute to differences [48]. 434 

Additionally, the fire department in the present study had the policy in place which would result 435 

in punitive actions for poor performance on the overall physical fitness testing. Incentives, 436 

whether punitive or compensatory, would serve as motivation to firefighters to perform better on 437 

a mandatory physical fitness test [18]. Future research should explore the impact of incentives on 438 

firefighter physical fitness in more depth. 439 

Dobson and colleagues [45] reported that firefighters in higher ranks exhibited increased 440 

sedentary behavior and poorer body composition. However, it is noteworthy that the study by 441 

Dobson and colleagues [45] did not account for age as a potential confounding factor. Previous 442 

investigations have presented divergent results concerning the relationship between age and 443 

BF% [11, 14, 15]. For instance, Cameron et al. [11] found a positive association between age and 444 

BF%, whereas Findley et al. [14] and Kirlin et al. [15] reported no significant impact of age on 445 
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BF%. Thus, our study adds new knowledge of the role of rank and age regarding firefighter body 446 

composition. A strength of the approach in the current study, compared to previous research, is 447 

the consideration of age as a covariate when exploring the influence of rank on physical fitness 448 

levels [45]. Additionally, in contrast to other studies that have analyzed categorical age variables 449 

[11, 15], we opted to analyze age as a continuous variable. This choice avoids the common 450 

pitfalls associated with unnecessarily categorizing continuous variables [49, 50].  451 

Hare and colleagues [26] did find an effect of rank on firefighter physical fitness 452 

measures of BF% and VO2max when controlling for age. In our study, we observed that while 453 

firefighter rank did not seem to exert a significant influence on physical fitness. Differences 454 

between the findings could be due to contextual or cultural differences within the fire 455 

departments, such as the consequences of the mandatory physical testing of the fire departments, 456 

resources, incentives or physical fitness resources provided to firefighters [18].  457 

 458 

4.3 Implications 459 

The diversity of physical fitness levels and the impact of factors, such as age and sex, on 460 

muscular fitness within our sample carries significant implications for fire departments. It 461 

emphasizes the importance of recognizing age-related physical variations among firefighters. 462 

Nevertheless, it is essential to acknowledge that, regardless of age, the physical demands of 463 

firefighting persist, necessitating a minimum level of physical fitness for safe and effective duty 464 

performance. In cases where a firefighter’s physical fitness level falls short of a predefined 465 

standard, the risk of injury escalates [35, 39], or their co-firefighters may be burdened with 466 

additional workload to compensate for their limitations in physical aptitude. 467 
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The differing findings reported in this study compared to previous studies [11, 14, 15, 21] 468 

has important implications for practitioners. When literature presents conflicting reports on 469 

whether a phenomenon occurs or not (e.g., ageing-associated decline in firefighter muscular 470 

endurance), it indicates that the occurrence of a phenomenon is possible, but it is not certain or 471 

consistent. Consequently, routine physical fitness assessments are essential to determine whether 472 

some previously observed and documented phenomena (e.g., ageing-associated decline in 473 

firefighter muscular endurance) has or has not actually emerged in a particular sample or for a 474 

specific individual. This determination guides the need for interventions targeted to specific 475 

individuals’ physical fitness profiles. The current body of literature on firefighters’ physical 476 

fitness determinants underscores the value of regular physical fitness assessments [4, 9, 21]. This 477 

ensures operational readiness and helps identify firefighters at higher risk of chronic health 478 

conditions. Results from routine physical fitness testing can inform individualized interventions 479 

to support firefighters with low levels of physical fitness. 480 

 481 

4.4 Strengths and Limitations  482 

Several strengths of the study should be stated. The present study incorporated multiple 483 

data analysis techniques to offer a comprehensive understanding of physical fitness among 484 

firefighters in a large urban fire department at both group and individual levels. One significant 485 

strength of the present study is the nearly complete representation of firefighters within the 486 

department. Thus, the common limitations associated with small sample sizes and the 'Healthy 487 

Worker Effect' [16] observed in prior studies  [5, 13–15] did not bias the findings. Previous 488 

studies [36, 37] have reported an association of poor physical fitness with elevated 489 

musculoskeletal injury risk and the findings may have broader implications for the fire service to 490 



Running Head: Physical Fitness Profile of Firefighters 

 23 

mitigate firefighter injuries. Lastly, the results provide new insights into how rank influences 491 

firefighter physical fitness, addressing a gap highlighted in limited studies [21] related to this 492 

occupational factor that may influence firefighter physical fitness.  493 

The present study has several limitations that need to be taken into consideration. 494 

Firefighters were aware of the criteria for physical fitness assessment in advance, and although 495 

deficient performance would lead to punitive actions, there were no incentives to exceed 496 

satisfactory performance. As a result, individuals may have been focusing on achieving physical 497 

fitness levels necessary to pass the assessment, rather than providing their maximum effort 498 

during the actual assessments or preparatory exercise training prior to the assessment [51]. 499 

Additionally, the physical fitness assessment protocol used in this study did not include a 500 

measure of lower body muscle performance (e.g., maximum strength, muscular power) which is 501 

crucial for tactical populations such as firefighters [52]. Given that many firefighting tasks 502 

require producing large amounts of muscle force quickly, such as forcible entry, charged hose 503 

advances, and dummy drags [9], the battery of physical fitness assessments used in this study 504 

failed to capture all muscle performance characteristics essential for firefighters. Due to the lack 505 

of a measure of maximum strength, we were not able to analyze whether there was an influence 506 

of rank on this aspect of physical fitness. It is conceivable that age-related declines in maximum 507 

strength contribute to firefighters' perceived reductions in work ability as they age [17]. 508 

Considering that maximum strength tends to decrease after the age of 30 years [53], strength 509 

emerges as a critical fitness component necessary for meeting the force requirements of 510 

firefighting tasks [9]. Therefore, researchers and practitioners are encouraged to take into 511 

account age-related changes in strength when addressing future work in this field while also 512 

considering the minimum strength levels needed to perform firefighting occupational tasks [9]. 513 
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 514 

Conclusion  515 

The findings indicated that within a large fire department the physical fitness levels of 516 

firefighters can vary substantially and age, but not rank, impacted physical fitness levels.  517 

Noteworthy is the finding that firefighters who were older, female, and/or with poorer body 518 

composition measures were more likely to exhibit lower physical fitness levels. Thus, 519 

individualized and targeted physical fitness interventions informed by annual physical fitness 520 

assessments would be prudent to support the occupational performance, health, and career 521 

longevity of all firefighters in a fire department.  522 
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Figure 1: Distribution of physical fitness outcomes by rank 
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Table 1. Participant demographics and anthropometrics by rank (n=1361).

Variable Mean (SD) /
n(%)

Recruit
(n=60)

Firefighter
(n=973)

Lieutenant/
Captain
(n=290)

Chief
(n=38)

Age (years) 37.4 (10.1) 26.7 (6.2) 35.5 (9.6) 44.4 (7.3) 49.9 (4.4)
20-29 years 355 (26.1%) 44 (3.2%) 310 (22.8%) 1 (0.1%) 0 (0%)
30-39 years 442 (32.5%) 16 (1.2%) 342 (25.1%) 84 (6.2%) 0 (0%)
40-49 years 363 (26.7%) 0 (0%) 223 (16.4%) 125 (9.2%) 15 (1.1%)
50-59 years 197 (14.5%) 0 (0%) 97 (7.1%) 77 (5.7%) 23 (1.7%)

60+ years 4 (0.3%*) 0 (0%) 1 (0.1%) 3 (0.2%) 0 (0%)
Years of
Service (years)

10.3 (8.8) 0.0 (0.0) 8.2 (7.7) 17.8 (6.6) 24.1 (4.2)

0-5 years 496 (36.4%) 60 (4.4%) 435 (32.0%) 1 (0.1%) 0 (0%)
6-10 years 258 (19.0%) 0 (0%) 214 (15.7%) 44 (3.2%) 0 (0%)

11-15 years 192 (14.1%) 0 (0%) 132 (9.7%) 59 (4.3%) 1 (0.1%)
16-20 years 194 (14.3%) 0 (0%) 102 (7.5%) 84 (6.2%) 8 (0.6%)

21+ years 221 (16.2%) 0 (0%) 90 (6.6%) 102 (7.5%) 29 (2.1%)
Sex Male 1255 (90.0%) 60 (4.4%) 864 (63.5%) 265 (19.5%) 36 (2.6%)

Female 136 (10.0%) 0 (0.0%) 109 (8.0%) 25 (1.8%) 2 (0.1%)
Height (cm) 173.0 (13.1) 174.4 (14.7) 173.0 (12.9) 172.9 (13.4) 172.3 (13.6)
Mass (kg) 90.8 (14.8) 91.9 (12.2) 89.9 (15.1) 93.6 (14.2) 91.8 (12.6)
BMI (kg2/m) 30.6 (5.7) 30.7 (6.2) 30.3 (5.7) 31.6 (5.6) 31.4 (5.9)

Note: Values are presented as mean (standard deviation) or frequency (%).



Table 2. Descriptive statistics to profile physical fitness of firefighters in the department (n=1361)

A. Physical fitness distribution statistics

Statistic Pull-ups
(reps)

Sit-ups
(reps)

Push-ups
(reps)

Relative
VO2max
(mL/kg/min)

Absolute
VO2max
(L/min)

Body Fat
(%)

Fat-free
Mass
(kg)

Fat Mass
(kg)

Skewness 0.61 -0.46 -0.20 0.63 0.27 0.28 -0.06 0.61
Kurtosis 0.24 2.11 0.29 0.83 0.31 -0.13 -0.10 0.23
Minimum 0 0 0 29.0 1.9 3.7 40.2 3.1
Maximum 30 70 81 78.2 7.9 49.3 99.8 56.3
Range 30 70 81 49.1 6.0 45.6 59.6 53.2

B. Physical fitness percentiles

Percentile Pull-ups
(reps)

Sit-ups
(reps)

Push-ups
(reps)

Relative
VO2max
(mL/kg/min)

Absolute
VO2max
(L/min)

Body Fat
(%)

Fat-free
Mass
(kg)

Fat Mass
(kg)

1% 0 22 3 33.2 2.2 8.2 45.6 6.0
10% 0 35 22 37.4 3.0 13.4 55.8 10.5
20% 1 39 28 40.4 3.4 16.4 60.9 13.3
25% 2 40 30 41.2 3.5 17.7 62.7 14.4
30% 2 40 32 42.0 3.7 18.7 64.0 15.8
40% 4 43 36 43.3 3.9 20.6 67.2 18.1
50% 6 44 40 45.4 4.1 22.6 69.7 20.4
60% 8 46 42 46.2 4.3 24.6 72.4 22.7
70% 10 48 45 48.3 4.5 26.8 75.0 25.3
75% 10 49 47 49.2 4.7 28.0 76.5 26.9
80% 10 50 50 50.0 4.8 29.3 78.1 28.7
90% 12 54 55 54.2 5.3 33.0 82.9 33.2
99% 20 61 66 64.3 6.4 41.1 94.5 45.0



Table 3. Correlations between physical fitness variables and age

Pull-ups
(reps)

Sit-ups
(reps)

Push-ups
(reps)

Relative
VO2max
(mL/kg/min)

Absolute
VO2max
(L/min)

Body Fat
(%)

Fat-free
Mass
(kg)

Fat Mass
(kg)

Age (years) -0.385*** -0.386*** -0.323*** 0.170*** 0.232*** 0.387*** -0.072** 0.352***
Pull-ups (reps) 0.494*** 0.735*** 0.199*** -0.134*** -0.667*** 0.056* -0.639***
Sit-ups (reps) 0.505*** 0.035 -0.130*** -0.427*** 0.063* -0.409***
Push-ups (reps) 0.209*** -0.025 -0.514*** 0.117*** -0.475***
Relative VO2max
(mL/kg/min)

0.682*** -0.253*** -0.207*** -0.176***

Absolute VO2max
(L/min)

0.146*** 0.713*** 0.408***

Body Fat (%) -0.195*** 0.923***
Fat-free Mass
(kg)

0.161***

Notes: 1) *, p<0.05; **, p<0.01; ***, p<0.001. 2) Strength of correlations were interpreted as weak, r  0.10-0.39; moderate, r  0.40-
0.69; strong, r  0.70. Strong and moderate correlations are shaded dark and light gray, respectively.



Table 4. Effect of firefighter rank on physical fitness measures for all firefighters (n=1361)

Rank Pull-ups
(reps)

Sit-ups
(reps)

Push-ups
(reps)

Relative
VO2max
(mL/kg/min)

Absolute
VO2max
(L/min)

Body Fat
(%)

Fat-Free
Mass
(kg)

Fat Mass
(kg)

Overall 6.2 (5.0) 44.0 (8.1) 38.5 (12.7) 45.4 (6.6) 4.1 (0.9) 23.0 (7.5) 69.5 (10.5) 21.3 (8.9)
Recruit
(n=60)

6.9 (4.1) 45.1 (7.4) 39.1 (10.9) 44.2 (5.7) 4.1 (0.8) 19.9 (6.1) 73.3 (9.0) 18.6 (7.1)

Firefighter
(n=973)

6.8 (5.1) 44.8 (7.6) 39.4 (12.8) 45.0 (6.6) 4.1 (0.9) 22.4 (7.6) 69.3 (10.8) 20.6 (8.9)

Lieutenant /
Captain
(n=290)

4.6 (4.6) 41.6 (9.2) 35.8 (12.2) 46.6 (6.4) 4.4 (0.9) 25.1 (7.0) 69.7 (9.7) 23.9 (8.7)

Chief
(n=38)

4.5 (4.3) 41.8 (6.7) 34.4 (12.9) 48.7 (7.9) 4.5 (0.8) 25.6 (7.5) 68.0 (9.6) 23.8 (9.1)

Rank p-value 0.028 0.036 0.076 0.133 0.077 0.819 0.0513 0.510
Rank Effect

Size (η2)
0.006 0.005 0.005 0.003 0.005 <0.001 0.006 0.001

Rank Post-
hoc

None Recruit >
Chief

Note: Values are presented as mean (standard deviation).



Table 5. Sensitivity analysis results for association of firefighter rank on physical fitness measures for firefighters with non-zero

scores for pull-ups, curl-ups and push-ups (n=1122)

Rank Pull-ups
(reps)

Sit-ups
(reps)

Push-ups
(reps)

Relative
VO2max
(mL/kg/min)

Absolute
VO2max
(L/min)

Body Fat
(%)

Fat-free
Mass
(kg)

Fat Mass
(kg)

Overall 7.5 (4.5) 45.3 (7.5) 41.4 (11.0) 46.0 (6.4) 4.1 (0.9) 21.2 (6.5) 69.9 (9.9) 19.3 (7.5)
Recruit
(n=55)

7.5 (3.7) 46.1 (6.1) 40.2 (10.5) 43.9 (5.6) 4.0 (0.8) 18.9 (5.2) 73.8 (9.2) 17.6 (6.2)

Firefighter
(n=821)

8.0 (4.5) 45.9 (7.1) 42.2 (11.1) 45.6 (6.5) 4.0 (0.9) 20.8 (6.6) 69.6 (10.2) 18.8 (7.6)

Lieutenant /
Captain
(n=213)

6.1 (4.4) 43.0 (8.9) 39.6 (10.5) 47.4 (6.0) 4.3 (0.8) 22.7 (5.8) 70.0 (9.0) 20.9 (7.1)

Chief
(n=33)

5.2 (4.2) 42.8 (6.5) 36.6 (11.5) 48.9 (7.0) 4.5 (0.8) 24.7 (6.8) 68.7 (9.7) 22.8 (7.5)

Rank p-
value

0.020 0.197 0.019 0.408 0.370 0.910 0.041 0.863

Rank Effect
Size (η2)

0.009 0.004 0.009 0.003 0.003 <0.001 0.007 <0.001

Rank Post-
hoc

Firefighter
> Recruit

Firefighter>
Recruit
Lieutenant <
Recruit

Recruit >
Firefighter

Note: Values are presented as mean (standard deviation).


