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Abstract 1 

Objectives: Fitness is essential to specialist police forces, who have higher occupational 2 

demands than general police, and vital to performance and mission success. However, little 3 

research has been done profiling the metabolic fitness of these units and how they compare to 4 

other populations. The objective of this study was to profile the aerobic fitness of a specialist 5 

police unit.  6 

Methods: Body weight was measured to account for any impact on metabolic fitness, while 7 

VO2 max was estimated via number of shuttles completed on the 20m Progressive Shuttle Run 8 

Test (PSRT) (n=47) on two dates one calendar year apart. 9 

Results: There were no significant (p=.116) differences (mean difference 0.40±1.70kg) in body 10 

weight between the initial measures (mean=88.84±8.25kg) and the final measure 11 

(mean=89.24±8.77kg) 13 months later. PSRT results increased significantly (p<.005) between 12 

the initial (mean=72.62±11.76 shuttles) and final assessments (77.51±11.46 shuttles), with a 13 

mean increase of 4.89 (± 2.94) shuttles and a small effect size (d=0.42). The mean VO2 max of 14 

the specialist police unit was 51.06±3.61 ml/min/kg following the first assessment, and 15 

52.56±3.46 ml/min/kg following the second assessment. This was a significant finding (p<.001), 16 

with a mean difference of 1.19±1.27 ml/min/kg and a small effect size (d=0.23).  17 

Conclusions: Elite police forces have a higher metabolic fitness than the general population and 18 

general duties police officers. Having and maintaining this fitness level is imperative for their 19 

operational success and preventing injuries. This research suggests that despite the challenges 20 
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posed by operational requirements, high fitness standards can not only be maintained, but also 1 

improved.  2 

Keywords: Law Enforcement, Specialist, SWAT, Tactical3 
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INTRODUCTION 1 

As part of their daily duties, police officers may be subjected to periods of sedentary activity 2 

combined with sudden periods of high intensity, physically demanding tasks
1)
. These high 3 

intensity tasks can include a large variety of activities such as running, jumping, fighting, and 4 

crawling, all over varying terrain
1)
. Special Weapons and Tactics (SWAT) teams are specialized 5 

law enforcement units that respond to situations beyond the duties of the general police force, 6 

such as riots, hostage rescues, or terrorist threats
2)
. SWAT units require, and hence carry, 7 

additional equipment to be able to effectively manage these unique situations
2)
. While general 8 

duties police perform their occupational tasks carrying external loads of up to 10 kg in weight
3)
, 9 

specialist police personnel can be expected to carry loads of up to 40 kg
4)
. These external loads 10 

can have a detrimental effect on task performance and lead to injury
3)
. Therefore, it is imperative 11 

that officers are fit enough to be able to withstand the negative impacts imparted by these heavy 12 

loads
2)
. 13 

Research has shown that both strength and aerobic fitness are correlated with load carriage 14 

performance, with aerobic fitness in particular being essential for performance during load 15 

carriage tasks in specialist police populations
3)
. Aerobic fitness in general has also been shown to 16 

be vital for the completion of law enforcement missions
5)
. Not only has aerobic fitness been 17 

correlated with performance, but research has also shown that high aerobic fitness can reduce 18 

injury risk both in law enforcement
6)
 and other tactical populations

7)
. For example, Lisman et al. 19 

found that slower three mile run times were associated with higher rates of injury in a military 20 

population
7)
. Similarly, poor performance in the 20m Progressive Shuttle Run has also been 21 

linked to an increased risk of injury in military populations
8, 9)
.  22 
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Aerobic fitness measures have been used as a pre-selection fitness criterion in various specialist 1 

tactical populations in attempts to reduce injury risk and promote successful applicant outcomes 2 

10, 11)
. This is imperative in the case of specialist police units, as their high external loads lead to 3 

increased metabolic demands and energy expenditure
4)
. In addition, by establishing the typical 4 

specialist police officer’s aerobic fitness level, validated standards can be put into place for those 5 

attempting to join these elite units
10)
. This is important given that specialist police are recruited 6 

from general duties police officers, and research suggests that these general duties police officers 7 

lose aerobic fitness after initial training and demonstrate decreased aerobic fitness levels 8 

compared to cadets
12, 13)

. Potential reasons for the loss of aerobic fitness achieved during cadet 9 

training include long periods of sedentary duties such as deskwork
13)
 and occupational 10 

requirements such as shift work
14)
. While this loss of fitness does occur in a general police force, 11 

it remains to be seen if a specialist police force will experience a similar decline, given their 12 

higher fitness level requirements and increased operational tempo. 13 

This research has limitations, particularly regarding the homogeneity of the sample group. This 14 

study consists of one specialist police force comprised solely of male subjects from Australia. 15 

Furthermore, some descriptive characteristics are missing. These limitations may restrict the 16 

extrapolation of our findings to other national and international specialist units. Inclusion of 17 

other sample groups could grant greater insight into metabolic fitness of specialist police forces. 18 

In addition, due to security concerns, examples of the individualized physical conditioning 19 

program employed within this population are not available.  20 

Given the importance of aerobic fitness in policing and its impact in many areas including 21 

performance
3)
, injury risk

7)
, and pre-selection criteria

10)
, as well as the possible deterioration of 22 

this fitness through an officer’s career
13)
, the aims of this study were twofold. The primary aim 23 
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was to profile the level of aerobic fitness in a specialist police unit, and the secondary aim was to 1 

assess whether this level of aerobic fitness was typical over a sustained period of time. Given the 2 

high occupational demands of specialist police forces, we hypothesized that the metabolic fitness 3 

of the special police unit would be higher than that of a general police unit, and on par with elite-4 

level athletes. We also hypothesized that this police unit will see an increase in metabolic fitness 5 

after a year of training.   6 

 7 

MATERIALS AND METHODS 8 

Participants  9 

Retrospective data was collected from 47 Australian male specialist police officers in a non-10 

identifiable format. Due to strict security protocols regarding the identity of these personnel, the 11 

only demographic data provided was body weight (mean=88.8±8.25 kg). Restrictions of 12 

demographic data for research within policing populations are not uncommon in the literature
15, 

13 

16)
.  14 

Procedures 15 

The retrospective data included body weight and 20m Progressive Shuttle Run Test (PSRT) or 16 

‘beep test’ results. Both measures were taken at two distinctly separate time points, at the start 17 

and end of a calendar year. While the testing occurred a year apart, it fell during the same season, 18 

thus testing conditions were comparable. All of the data were collected by the unit’s strength and 19 

conditioning coach who was well trained in performing these measures. The strength and 20 

conditioning coach conducted the measures in accordance with the unit’s testing protocols, 21 
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which are summarized below. The Bond University Human Research Ethics Committee 1 

approved this archival data study.  2 

During the time between testing dates, participants continued with traditional tasks and physical 3 

and technical training as part of the unit’s daily ongoing processes. This typical training included 4 

a formal physical training program. This program, overseen by a Certified Strength and 5 

Conditioning Specialist (CSCS) coach, called for each individual to be screened and profiled, to 6 

allow the creation of a personalized strength and conditioning program. Ideally each member 7 

would follow this program for the entire year. However, due to time constraints and the 8 

operational impacts associated with the nature of specialist police work, individuals often had to 9 

train in blocks. Due to these limitations it was also difficult for the participants to utilize different 10 

macro-cycles and training intensities. However, each individual was provided with one on one 11 

coaching as part of the unit’s standard and ongoing commitment to maintaining operational 12 

fitness. 13 

Prior to the PSRT, body weight was recorded on a Tanita segmental body composition monitor 14 

(product number BC-601). Patients were barefoot and wore self-selected training clothing 15 

consisting of a t-shirt and shorts. The results were recorded via pen and paper in kilograms to the 16 

nearest 100 grams.  17 

The PSRT was conducted on a flat, concrete, non-slip surface with a 20m distance marked out 18 

with a 30m Fiber Glass tape measure (Hart Sport) between two identifiable cones. The shuttle 19 

intervals were signaled by an audio compact disc from the Australian Sports Commission with 20 

each level incrementally increasing in speed. The participants were instructed that the test was an 21 

‘individual maximal aerobic power running test,’ and that they were required to run towards the 22 
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opposite line and reach said line before the next beep, ideally keeping in time with the successive 1 

beep. The participants were then required to run back to the starting line before the next beep. 2 

This was performed continuously, with each level (consisting of a group of 7 or more beeps) 3 

progressively increasing in speed from the initial starting speed of 8.5 km/h. The participants 4 

continued running until voluntarily reaching exhaustion. If a participant failed to reach the line 5 

before the beep, a failed attempt was marked. If a failed attempt occurred twice in a row, the 6 

participant was told to stop, and their level and shuttle number were recorded. However, if a 7 

participant were to complete their next level the fail attempts were reset. Results were recorded 8 

in levels and shuttles before being converted into the cumulative number of shuttles. The PSRT 9 

is a valid measure of establishing aerobic fitness
17)
, and has previously been used in law 10 

enforcement
13)
 and specialist tactical populations

10) 
as a measure of metabolic fitness. 11 

Data Reduction and Statistical Analysis 12 

The data was provided in a Microsoft Excel
18)
 spreadsheet before the 20m PSRT results were 13 

converted into VO2 max scores using the equation outlined by Leger et al.
17)
 (see Figure 1). 14 

These results were then imported into the IBM SPSS Statistics
19)
 software program for further 15 

analysis. Following a descriptive analysis, a paired samples t-test was conducted to determine 16 

whether any significant differences in body weight, PSRT results, and aerobic capacity existed 17 

between the two time points. Alpha levels were set at 0.05 a priori. 18 

 19 

Effect sizes (d) were calculated for the between group comparisons for body weight, PSRT 20 

results, and VO2 max by dividing the difference between the means by the pooled SD
20)
. The 21 

interpretation of the effect size was based on research by Hopkins
21)
, where values less than 0.2 22 
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are considered a trivial effect, 0.2 to 0.6 considered a small effect; 0.6 to 1.2 a moderate effect; 1 

1.2 to 2.0 a large effect; 2.0 to 4.0 a very large effect; and 4.0 and above an extremely large 2 

effect.  3 

 4 

(Insert Figure 1 here) 5 

 6 

RESULTS 7 

 8 

There were no significant (p=.116) differences (mean difference = 0.40±1.70kg) in body weight 9 

between the initial measures (mean = 88.84±8.25kg) and the final measures (mean = 10 

89.24±8.77kg) 13 months later (Table 1). However, results from the PSRT found a significant 11 

(p<.005) increase in the number of shuttles completed between the initial test (mean = 12 

72.62±11.76 shuttles) and the final test (77.51±11.46 shuttles). The mean difference in 13 

performance of 4.89±2.94 shuttles yielded a small effect size (d = 0.42). Finally, initial VO2 max 14 

results (mean = 51.06±3.61ml/kg/min) increased significantly (mean difference = 15 

1.49±0.92ml/kg/min, p<.005) when compared to final results (mean = 52.56±3.46ml/kg/min) 16 

with a small effect size (d = 0.42). 17 

 18 

(Insert Table 1 here) 19 

DISCUSSION 20 

The aims of this study were to profile the metabolic fitness of a specialist police unit, and to 21 

assess whether this fitness level was typical by re-assessing the officers approximately one year 22 

later. The results showed no significant changes body weight, while demonstrating significant 23 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 10

improvements in both PSRT performance and associated VO2 max levels. In contrast to other 1 

research concerning the general police force
12)
, this unit was not only able to maintain their 2 

aerobic fitness, but actually significantly increased their VO2 max scores, possibly due to the 3 

higher workload performed by specialist units. This may also be due in part to a dedicated 4 

Strength and Conditioning program, which may not be present in all general policing 5 

populations. Combined with the fact that there was no significant change in body weight, but a 6 

significant increase in PSRT performance, it was concluded that the increase in aerobic 7 

performance was independent of changes in body weight. 8 

  9 

The results show that, as expected, the specialist police forces generally have a higher VO2 max 10 

when compared to the general population. Males in the general population ranging in age from 11 

20-29, 30-39, and 40-49 years of age have estimated VO2 max levels of 44.5, 42.8, and 42.2 12 

mL/kg/min respectively
22)
. While the age of the tested population cannot be disclosed due to 13 

security reasons, the average VO2 max reported here is higher than any reported in the general 14 

population. In regards to general police forces, Dawes et al.
13)
 found VO2 max levels of 44.9, 15 

40.5, and 37.5 ml/min/kg for age groups 20-29, 30-39, and 40-49 respectively; while Rhodes et 16 

al. found an average VO2 max of 42.6 ml/kg/min in a general police population
23)
. Again, while 17 

the age range of the participants in this study cannot be divulged, the average VO2 max is 18 

significantly higher than previously reported at any age range, suggesting a higher level of 19 

fitness in this specialist police force.  20 

 21 

When compared to elite-level athletes, the average VO2 max of this population was slightly 22 

lower than that of an average international soccer team, which ranges from 55 to 68 23 
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ml/kg/min
24)
. However, this unit demonstrated an average VO2 max greater than professional 1 

union rugby players, which range from 41.2 to 48.3 ml/kg/min
25)
; and similar to American 2 

football players, which range from 43.5 to 60.2 ml/kg/min depending on position
26)
. Lastly, the 3 

VO2 max of elite military special forces has also been reported throughout the literature with 4 

numbers ranging from 50.8±6.1ml/kg/min
27)
  up to 59±6ml/kg/min

28)
. The levels achieved by 5 

this unit appear to be on par with certain elite military forces, and may even be slightly higher 6 

than some elite military units. 7 

 8 

Previous research has shown that general police forces tend to lose fitness over the course of 9 

their career
12)
. Given potential similarities in environment (e.g. shiftwork and stress) that are 10 

known to impact on the fitness of law enforcement officers
14)
, specialist police forces might also 11 

be at risk of losing fitness over the course of time. However, this unit was able to maintain their 12 

fitness levels over a 13-month period, and actually demonstrated a significant increase in fitness.  13 

 14 

The potential benefits of a formal conditioning program within this unit must also be 15 

acknowledged. It is important to emphasize that due to the high occupational demands and time 16 

constraints experienced by specialist police forces, there may be concern that strength and 17 

conditioning programs, whether self-directed or formal, and either conducted on their own time 18 

or during work, may not be sufficient to maintain a high standard of fitness. These results show 19 

that the typical, ongoing formal physical conditioning program in place for the specialist police 20 

was not only enough to maintain the aerobic fitness of the unit, but to actually increase it.   21 

 22 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 12

As mentioned earlier, a potential reason for the loss of fitness in general police officers is the 1 

sedentary nature of some duties
13)
. However, elite police units are often called upon to respond to 2 

the most dangerous and physically demanding situations
29)
. Furthermore, they undertake their 3 

tasks in those situations while carrying loads notably heavier than those of the general police 4 

officer, and research shows that heavier loads increase the metabolic demand and energy 5 

expenditure of the carrier
4)
. This requirement for carrying heavy loads may be an impetus for 6 

maintaining, if not increasing, their aerobic fitness. This interpretation is supported by earlier 7 

research by Rudzki, which found that soldiers who carry a sufficiently heavy load during training 8 

were able to increase their aerobic fitness levels
30)
.  9 

 10 

In conclusion, these results demonstrate that the specialist police force in this study had a higher 11 

average VO2 max than the average population, and potentially higher than certain military 12 

special forces units. This unit is also had lower, similar, or higher levels of aerobic fitness than 13 

elite-level athletes, depending on the sport. This population requires a high amount of fitness to 14 

be able work successfully and complete occupational tasks
5)
. Given the importance of aerobic 15 

fitness not only to performance
3)
, but also to reducing injury risk

7-9)
, any loss of fitness, 16 

particularly metabolic fitness, in this population could have serious repercussions beyond that 17 

seen in the general police force. It is therefore imperative that any athletic trainer, physical 18 

therapist, or strength and conditioning coach includes aerobic conditioning as a vital part of their 19 

rehabilitation, return-to-duties following injury, or general conditioning programs. 20 

ACKNOWLEDGMENTS 21 

We would like to thank personnel serving in the Australian Federal Police who assisted in this 22 

project. 23 

 24 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 13

CONFLICT OF INTEREST: None declared. 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 14

REFERENCES 1 

 2 

1. Orr R, Pope R, Stierli M, Hinton B. Grip Strength and Its Relationship to Police Recruit Task 3 

Performance and Injury Risk: A Retrospective Cohort Study. International journal of environmental 4 

research and public health. 2017;14(8). 5 

2. Pryor RR, Colburn D, Crill MT, Hostler DP, Suyama J. Fitness characteristics of a suburban special 6 

weapons and tactics team. Journal of strength and conditioning research. 2012;26(3):752-757. 7 

3. Robinson J, Roberts A, Irving S, Orr R. Aerobic fitness is of greater importance than strength and 8 

power in the load carriage performance of specialist police. Journal of Strength and Conditioning 9 

Research. Submitted. 10 

4. Keeler JM. The Effect of Tactical Tasks and Gear on Muscle Activation of SWAT Officers. Theses 11 

and Dissertations--Kinesiology and Health Promotion. 2014;19. 12 

5. Koepp D. An Analysis of SWAT Team Personnel Selection. Law Enforcement Management 13 

Institute of Texas Papers. 2000. 14 

6. Orr R, Schram B, Ferguson D, Stierli M, Hinton B, Dawes J, et al. The use of Metabolic Fintess 15 

Assessments in Predicting Injury in Police Force Recruits. Journal of Strength and Conditioning Research. 16 

Submitted. 17 

7. Lisman P, O'Connor FG, Deuster PA, Knapik JJ. Functional movement screen and aerobic fitness 18 

predict injuries in military training. Medicine and science in sports and exercise. 2013;45(4):636-643. 19 

8. Pope RP, Herbert RD, Kirwan JD, Graham BJ. A randomized trial of preexercise stretching for 20 

prevention of lower- limb injury. Medicine and science in sports and exercise. 2000;32(2):271-277. 21 

9. Meigh N, Steele M, Orr R. Metabolic fitness as a predictor of injury risk in conditioned military 22 

trainees undertaking an arduous field training exercise. Rob Marc Orr. 2012. 23 

10. Hunt AP, Orr RM, Billing DC. Developing physical capability standards that are predictive of 24 

success on Special Forces selection courses. Military medicine. 2013;178(6):619-624. 25 

11. Carlson MJ, Jaenen SP. The development of a preselection physical fitness training program for 26 

Canadian special operations regiment applicants. Journal of strength and conditioning research. 27 

2012;26(SUPPL. 2):S2-S14. 28 

12. Orr R, Dawes JJ, Pope R, Terry J. Assessing Differences In Anthropometric And Fitness 29 

Characteristics Between Police Academy Cadets And Incumbent Officers. Journal of Strength and 30 

Conditioning Research. 2017. 31 

13. Dawes JJ, Orr RM, Flores RR, Lockie RG, Kornhauser C, Holmes R. A physical fitness profile of 32 

state highway patrol officers by gender and age. Annals of Occupational and Environmental Medicine. 33 

2017;29: 16. 34 

14. Hinton B, Stierli M, Orr RM. Physiological Isses Related to Law Enforcement Personnel, in NSCA's 35 

Essentials of Tactical Strength and Conditioning: Human Kinetics; 2017 2017. 36 

15. Orr R, Pope R, Peterson S, Hinton B, Stierli M. Leg Power As an Indicator of Risk of Injury or 37 

Illness in Police Recruits. International Journal Of Environmental Research And Public Health. 2016;13(2: 38 

237). 39 

16. Orr R, Ford K, Stierli M. Implementation of an ability based training program in police force 40 

recruits. Faculty of Health Sciences & Medicine Publications. 2016. 41 

17. Léger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test for aerobic 42 

fitness. Journal of sports sciences. 1988;6(2):93-101. 43 

18. Offices MS. Microsoft Excel. 1711 ed2016. 44 

19. Corp. I. IBM SPSS Statistics. 24.0 ed. Armonk, NY: IBM Corp. ; 2016. p. IBM SPSS statistics for 45 

Macintosh. 46 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 15

20. Cohen J, Ebook L. Statistical power analysis for the behavioral sciences. Ebook L, editor. 1 

Burlington: Elsevier Science; 2013. 2 

21. Hopkins WG. How to interpret changes in an athletic performance test. Sportscience (Online). 3 

2004:1-7. 4 

22. Wang C-Y, Haskell WL, Farrell SW, LaMonte MJ, Blair SN, Curtin LR, et al. Cardiorespiratory 5 

Fitness Levels Among US Adults 20–49 Years of Age: Findings From the 1999–2004 National Health and 6 

Nutrition Examination Survey. American Journal of Epidemiology. 2010;171(4):426-35. 7 

23. C Rhodes E, W Farenholtz D. Police Officer's Physical Abilities Test compared to measures of 8 

physical fitness1992. 228-33 p. 9 

24. Hoff J. Training and testing physical capacities for elite soccer players. Journal of sports sciences. 10 

2005;23(6):573-82. 11 

25. Scott AC, Roe N, Coats AJS, Piepoli MF. Aerobic exercise physiology in a professional rugby union 12 

team. International Journal of Cardiology. 2003;87(2-3):173-7. 13 

26. Pincivero DM, Bompa TO. A Physiological Review of American Football. Sports Medicine. 14 

1997;23(4):247-60. 15 

27. Sharp MA, Knapik JJ, Walker LA, Burrell L, Frykman PN, Darakjy SS, et al. Physical fitness and 16 

body composition after a 9-month deployment to Afghanistan. Medicine and science in sports and 17 

exercise. 2008;40(9):1687-1692. 18 

28. Muza SR, Sawka MN, Young AJ, Dennis RC, Gonzalez RR, Martin JW, et al. Elite special forces: 19 

physiological description and ergogenic influence of blood reinfusion. Aviation, space, and 20 

environmental medicine. 1987;58(10):1001-4. 21 

29. Williams JJ, Westall D. SWAT and non-SWAT police officers and the use of force. Journal of 22 

Criminal Justice. 2003;31(5):469-74. 23 

30. Rudzki SJ. Weight-load marching as a method of conditioning Australian Army recruits. Military 24 

Medicine. 1989;154(4):201-5. 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

Journal of Occupational Health　J-STAGE　Advance Publication (June 14, 2018) 
© Article author(s). CC BY-NC-SA 4.0(https://creativecommons.org/licenses/by-nc-sa/4.0/). 



 16

Legends 1 

 2 

Figure 1. VO2 conversion equation 3 

Y: VO2 max (ml/kg/min); X: speed (km/h); A: age (years) 4 

 5 

 6 
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Table 1. VO2 max and body weight over the 13 month study period. 

Variable Initial (Mean ± SD) Final (Mean ± SD) Difference (Mean ± SD) p-value Effect size 

BW 88.84 ± 8.25 kg 89.24 ± 8.77 kg -0.40 ± 1.70 kg p = .116 d = 0.05 

PSRT 72.62 ± 11.76 shuttles 77.51 ± 11.46 shuttles -4.89 ± 2.94 shuttles p < 

.0005 

d = 0.42 

VO2 max 51.06 ± 3.61 ml/kg/min 52.56 ± 3.46 

ml/kg/min 

-1.49 ± 0.92 ml/kg/min p < 

.0005 

d = 0.42 

SD: Standard Deviation; BW: Body Weight; PSRT: 20m Progressive Shuttle Run Test; VO2 max: Maximal Oxygen Uptake 
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