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Abstract: Physical fitness tests are a standard means of evaluating the competence of police officers.
This qualitative review aims (i) to document, compare, and examine the reference values available in
the current literature regarding fitness tests for Law Enforcement Officers (LEOs), and (ii) to define
reference values for the most used fitness tests to assess and predict police officer performance.
A total of 1879 records were collected for review from two major literature databases, PubMed
and ScienceDirect. After applying our exclusion criteria, a total of 19 studies were considered.
All studies demonstrated acceptable methodological quality in fitness assessment, and the most
used components were muscle strength, muscular endurance, muscle power, aerobic and anaerobic
capacity, flexibility, and agility. This review provides (i) a methodological definition for the physical
fitness assessment that helps select the most used fitness tests, (ii) a standardised methodology for
establishing reference data for fitness tests appropriate for LEOs; and (iii) aggregate reference values
for selected fitness tests. This may improve selection and retention procedures, considering that
this group performs its duties in an environment and under conditions that differ from those of
other occupational groups. Complementarily, this qualitative review also provides a foundation for
developing effective interventions to improve each aspect of fitness testing for police officers.

Keywords: law enforcement; physical fitness; police officers; normative values for fitness

1. Introduction

In recent years, the demand for emergency services and first responders in public
security has increased significantly to protect society from crimes and violence. This has led
to a greater emphasis on the physical abilities of officers, highlighting the need for proper
fitness testing and training programs.

The profession of Law enforcement officers (LEO) can be physically and mentally
demanding. They may be required to perform various physical tasks, such as apprehending
subjects, running up and down stairs, pushing their body over obstacles, dragging objects,
and engaging in a foot chase. It has been shown that the tasks performed by LEO to
protect society from hazards and eliminate threats in real time require adequate physical
fitness to be performed efficiently and safely [1-3]. Current literature suggests that a large
variety of demographic and physical fitness variables are correlated to law enforcement
physical ability, including age, body mass index, anaerobic and aerobic capacity, upper-
body muscular endurance, lower-body power, and agility [1-3].

Many LEO agencies use physical fitness testing as part of the recruitment process to
ensure that recruits have the necessary skills to perform academy training [4-6]. However,
physical fitness also takes on particular importance when results depend on physical fitness
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performance and promotion processes. Inappropriate assessment protocols for evaluating
physical fitness have been reported in concern with LEO [7], providing unclear or limited
normative assessment standards [8,9].

Age was associated in several studies as a predictor of a decline in physical fit-
ness [3,9,10]. With increasing age, higher levels of obesity and overweightness, whereas
poorer motor skills, have been observed, and LEO are potentially influenced by diseases
and risk factors such as hypertension, obesity, diabetes, smoking, dyslipidemia, metabolic
syndrome, sedentary lifestyle, and sudden physical and psychological stress [11,12].

Physical fitness testing could be a simple and logical means to motivate police officers
to achieve and maintain a minimum level of physical fitness to perform strenuous tasks [13].
Typical fitness programs for LEO often follow a one-size-fits-all approach [14,15]. LEO
Campo needs more knowledge and resources with standards or normative values for
physical fitness [9,16].

According to Massuga et al. [9], the most commonly used fitness tests to evaluate and
predict the performance of police officers were: (i) for muscular endurance, the push-ups,
sit-ups, and pull-ups; (ii) for muscular strength, the handgrip and the 1 RM bench press;
(iii) for muscular strength, the vertical jump; (iv) for aerobic capacity, the 20-m shuttle run
test and the 1.5-mile (2.4-km) run; (v) for agility, the T-test; and (vi) for flexibility, the sit
and reach.

Therefore, this qualitative review aims: (i) to document, compare, and examine the
reference values available in the existing literature related to fitness testing in the LEO; and
(ii) to define reference values for the most used fitness tests to evaluate and predict the
performance of police officers.

2. Materials and Methods
2.1. Experimental Approach to the Problem

A review was conducted to identify the reference values for fitness tests used on police
officers. This systematic review followed the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyzes (PRISMA) model [17]. This study is exempt
from ethical approval because the authors collected and synthesised data from previous
studies in which the investigators had already obtained informed consent. Therefore, this
study was not approved by an institutional review board.

2.2. Procedures
2.2.1. Search Strategy

To conduct a thorough literature review and obtain relevant original works, we
systematically searched major literature databases using specific keywords related to
the topic. We searched databases with keywords such as police officer, physical fitness,
and health in PubMed (https://pubmed.ncbi.nlm.nih.gov/?term=police+officer+ AND+
Physical+Fitness+ AND+Health&sort=date and ScienceDirect https:/ /www.sciencedirect.
com/search?qs=Police%20AND%20Fitness%20test%20AND%20health (accessed on 7 Oc-
tober 2022)) which are known for containing a large number of high-quality, peer-reviewed
articles from relevant journals. We summarised the final search terms and applied filters
for the databases searched in Table 1.

Table 1. Databases and Relevant Search Terms.

Databases Search Terms Filters (Sort by) Results
“Police” OR “Law enforcement”
PubMed AND T ismess test Best Match 177

“Physical fitness” AND “health”

. . “Police” AND “Fitness test”
ScienceDirect AND “health” Relevance 1702
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Screening

Eligibility

We aimed to increase the relevance of our search results by applying filters that
reflected the study eligibility criteria in each database, where available. These criteria were
then used for the full text of articles that passed the initial title and abstract screening process
to make a final selection of eligible articles for this qualitative review. The PRISMA flow
diagram (Figure 1) [17] documents the search, screening, and selection results. Inclusion
criteria were defined as individuals from law enforcement measuring physical fitness
and health. In contrast, exclusion criteria were (i) studies older than 15 years, (ii) studies
examining only body composition, (iii) studies addressing instrument development, (iv)
studies addressing only weight bearing, (v) studies addressing only screening instruments,
(vi) validity studies, and (vii) reliability studies. After collecting all studies, duplicates were
removed.

Records identified through database
searching
(n=1879)

PubMed (n=177)
ScienceDirect (n = 1702)

'

Included

Records screened by title (n = 94) Records excluded by title (n = 1785)
PubMed (n =61) PubMed (n =116)
ScienceDirect (n = 33) ScienceDirect (n = 1669)
Records screened by abstract (n = 51) Records excluded by abstract (n = 43)
PubMed (n = 40) PubMed (n =21)
ScienceDirect (n = 11) ScienceDirect (n = 22)
y
Full-text articles assessed for eligibility Full-text articles excluded, based on exclusion
(n=19) criteria (n=32)
e Reason 1 (n=6) older than 15 years.
e Reason 2 (n = 4) only body composition.
e Reason 3 (n = 3) tool development.
e Reason 4 (n = 11) only specific tasks.
e Reason 5 (n = 6) screening tools.
A 4 e Reason 6 (n = 2) validity and reliability.

Studies included for critical review
(n=19)

Figure 1. PRISMA diagram detailing the search process.

2.2.2. Critical Appraisal

We utilised the Critical Appraisal Skill Programme (CASP) checklist, which includes
nine questions, to evaluate the study’s methodological quality [18]. Each question had
three possible answers: “yes”, “cannot say”, or “no”. As question ten was subjective, we
chose to leave it blank. To avoid bias, two authors assessed the methodological quality

individually. The results of this quality assessment can be found in Table 2.
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Table 2. Databases Critical Appraisal Skill Programme (CASP) Checklist [18].

Study

01 Q2 Q3 Q4 Q5 Q6 Q7 08 Q9 Q10

Beck et al., 2015 [3]
Crawley et al., 2016 [11]
Dawes et al., 2016 [16]
Losty et al., 2016 [19]
Dawes et al., 2017 [10]
Violanti et al., 2017 [20]
Orr et al., 2018 [21]

Frio Marins et al., 2019 [22]
Kim et al., 2019 [23]
Lentz et al., 2019 [24]
Lockie et al., 2019 [25]
Myers et al., 2019 [26]
Teixeira et al., 2019 [27]
Kuki¢ et al., 2020 [14]
Lockie et al., 2020 [15]
Aratjo et al., 2021 [28]
Caetano et al., 2021 [29]
Lockie et al., 2021 [30]
Sa et al., 2021 [31]

yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes no yes 08/09
yes yes yes yes yes yes yes no yes 08/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes no yes 08/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes no yes 08/09
yes yes yes yes yes yes yes yes yes 09/09
yes yes yes yes yes yes yes no yes 08/09

Questions to help you make sense of Qualitative research [18]: Q1. Was there a clear statement of the aims of the
research? Q2. Is a qualitative methodology appropriate? Q3. Was the research design appropriate to address the
aims of the research? Q4. Was the recruitment strategy appropriate to the aims of the research? Q5. Was the data
collected in Yes a way that addressed the research issue? Q6. Has the relationship between the researcher and
participants been adequately considered? Q7. Have ethical issues been taken into consideration? Q8. Was the
data analysis sufficiently rigorous? Q9. Is there a clear statement of findings? Q10 (Quality Score). How valuable
is the research?

2.2.3. Data Extraction

After critical analysis of the full text of the selected articles, a list of intended data was
used: (i) authors and year of publication; (ii) study population (country where the study
was performed, participants’ gender, age, and intervention groups); (iii) physical capacity
evaluated (aerobic capacity; agility; flexibility; muscular endurance; muscular power;
muscular strength); and (iv) fitness tests (fitness test results presented as mean =+ standard
deviation). Table 3 shows data extraction.

2.2.4. Meta-Analysis and Data Aggregation

The data collected from female or male LEO fitness assessment results were subjected
to a meta-analysis to establish reference data. We combined the mean estimates and
standard deviations of fitness test parameters across several studies. We only aggregated
fitness data collected using the same acquisition protocol and collected from the same-
sex participants and LEO group (cadets and officers). In accordance, sample size (n),
mean estimates (M), and standard deviation (SD) for fitness test results in each of the
selected studies were used as effect size estimates. Aggregated effect sizes were calculated
using random effect estimating methods (which allows the study outcomes to vary in a
normal distribution between studies), i.e., the random effect model was used to compute
statistically combined measures and 95% confidence intervals (CI). The restricted maximum
likelihood method (REML estimator) was used to estimate the between-sample variance
(T3, tau-squared).
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Table 3. Data extraction table including fitness tests with their results.

Author/Year of Publication Study Population Physm.al Fitness Tests *
Capacity
ME Push-ups (no time limit; reps): 34.8 & 12.6
MS 1 RM bench press (kg): 93.1 £ 19.8
Law Enforcement Officers Handgrip (kg): Left, 52.5 + 5.9; Right, 55.9 + 6.4
MP ical i . em):
Beck et al., 2015 [3] E%Ai6 ) Vertical jump (Sargent; cm): 51.4 & 10.2
= F L '
Age, 33.1 £ 8.7 years Sit-and-reach (cm): 32.1 +9.8
Other

" AC: Maximal GXT (mL/kg/min): 42.7 £ 5.9
" Ag: T-test (non-traditional T-test; s): 18.2 = 1.6

Push-ups (60 s; reps): @, 18 +10; &', 47 + 13; 94", 44 £ 15

Police Cadets ME Sit-ups (60 s; reps): @,36 = 8; 7,44 £ 8;25,43 £ 8
Michigan, USA 1 RM bench press (kg): 2,38 £ 8; &, 89 £ 27, 5%, 85 £+ 28
n=>55(9,n=6;d,n=49) MS Handgrip (kg): ¢, Left hand, 31 £ 8; Right hand, 34 &+ 5 &, Left hand, 52 + 10;
Crawley etal., 2016 [11] Right hand, 55 + 10 24, Left hand, 50 & 12; Right hand, 53 £ 11
’ Age: Vertical jump (Sargent/Abalakov; cm): ¢,39.9 &+ 4.5; &, 59.1 £ 11.1; o4,
Q, 227 +21 years MP 5714+ 12.1
d,23.4 £ 29 years
Qc, 23 + 3 years Ag t-Test (s): @,12.98 +1.12; &, 11.4 + 1.2; 95", 11.52 + 1.52
F Sit-and-reach (cm): @, 32.1 £ 6.2; &, 28.0 + 8.5, 25, 28.4 + 8.3
ME Push-ups (60 s; reps): 55.58 + 17.35
Police Officers Sit-ups (60 s; reps): 41.05 & 6.96
Dawes et al., 2016 [16] Colorado, USA MS 1 RM bench press (kg): 93.79 + 25.91
' 2: 763;0;)2 L84 MP Vertical jump (Sargent/Abalakov; cm): 61.26 + 7.96
e: 39. A1 years
& Y AC 2.4-km (1.5-mile) run (time; min): 12.75 + 2.30
2.4-km (1.5-mile) run (estimated VO,max; mL/kg/min): 41.31 % 6.50
ME Push-ups (reps): 7, (pre-) 25 + 17; (post-) 30 £ 19
Police Officers Trainees Sit-ups (60 s; reps): F, (pre-) 22 £ 5; (post-) 27 £ 7
Ireland 20-m shuttle run (estimated VO,max; mL/kg/min): F, (pre-) 42 + 8; (post-)
Losty et al., 2016 [19] =273 (9, n =85, n=188) AC ome 2 g (pre-) (p
Age: 95, 24 + 4 years
8 Y F Sit-and-reach (cm): 97, (pre-) 19 £ 7; (post-) 20 = 7
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Table 3. Cont.

Author/Year of Publication Study Population Physm.al Fitness Tests *
Capacity
" Push-ups (60 s; reps): @, 20-69 years, 24.24 + 11.63; 20-29 years, 30.50 £ 9.95;
30-39 years, 25.13 4 13.05; 4049 years, 16.83 &= 3.66; 50-59 years,
21.00 £ 15.56 &', 20-69 years, 39.09 =+ 15.61; 20-29 years, 47.70 £ 14.74;
30-39 years, 40.52 £ 14.96; 4049 years, 36.70 £ 15.41; 50-59 years,
31.54 £ 14.39; 60-69 years, 39.20 & 12.68 94, 20-29 years, 46.52 £ 15.07;
30-39 years, 39.44 & 15.44; 4049 years, 36.22 £ 15.53; 50-59 years,
Highway Patrol Officers ME 31.15 + 14.42; 60-69 years, 39.20 + 12.68
Colorado, USA = Sit-ups (60 s; reps): @, 20-69 years, 31.06 £ 9.52; 20-29 years, 38.33 & 10.56;
n=631(¢, n=34 J,n=>597) 30-39 years, 28.81 & 10.51; 40-49 years, 30.78 + 5.83; 50-59 years, 28.50 + 2.12
Age: o, 20-69 years, 34.46 £ 10.29; 20-29 years, 41.17 £ 8.22; 30-39 years,

Dawes et al., 2017 [10]

?,36.21 + 8.45 years
d,39.52 £ 8.09 years

36.63 £ 9.67; 4049 years, 31.73 £ 9.94; 50-59 years, 29.66 & 9.76; 6069 years,
25.40 £ 11.89 95, 20-29 years, 40.98 =+ 8.35; 30-39 years, 36.04 + 9.93; 4049
years, 31.70 £ 9.82; 50-59 years, 29.62 £ 9.58; 6069 years, 25.40 &= 11.89

Age groups (years):

(20-29),n =89 (3, n = 6; &, n = 83)
(30-39), n = 218 (¢, n = 16; &', n = 202)
(40-49), n = 262 (¢, n = 10; &', n = 252) MS
(50-59), n =57 (3, n = 2; &, n = 55)

(60-69), n =5 ()

n Handgrip (dominant hand; kg): ¢, 20-69 years, 37.875 £ 5.34; 20-29 years,
37.67 £ 5.57; 30-39 years, 37.20 & 4.51; 4049 years, 36.89 + 5.06; 50-59 years,
48.00 £ 4.24 &, 20-69 years, 55.04 £ 7.77; 20-29 years, 54.67 &+ 7.47; 30-39
years, 55.97 &£ 8.30; 4049 years, 55.09 & 7.36; 50-59 years, 52.27 + 7.76; 60-69
years, 50.20 £ 3.27 9", 20-29 years, 53.53 £ 8.49; 30-39 years, 54.65 £ 9.40;
40-49 years, 54.46 + 8.01; 50-59 years, 52.11 4= 7.68; 60-69 years, 50.20 & 3.27

[Note: Complementarily, percentile (P5, P10,
P15, P20, P25, P30, P35, P40, P45, P50, P55,
P60, P65, P70, P75, P80, P85, P90, P95) ranking MP
(push-ups, sit-ups, handgrip, vertical jump,
and number of shuttles) were presented for
only male police officers.]

. Vertical jump (Abalakov; cm): @, 20-69 years, 36.80 % 5.69; 20-29 years,
40.46 £ 8.13; 30-39 years, 36.00 £ 5.82; 4049 years, 34.95 & 5.13; 50-59 years,
40.51 £ 10.59 &', 20-69 years, 50.74 + 8.89; 20-29 years, 58.47 + 8.79; 30-39
years, 52.73 & 8.03; 4049 years, 48.29 & 7.37; 50-59 years, 43.79 & 8.18; 6069
years, 40.34 & 4.39 9, 20-29 years, 57.25 £ 9.68; 30-39 years, 51.49 £ 9.02;
40-49 years, 47.80 &= 7.70; 50-59 years, 43.66 £ 8.18; 60-69 years, 40.34 & 4.39

AC

n 20-m shuttle run (number): @, 2069 years, 26.19 + 10.86; 20-29 years,
33.33 &+ 6.41; 30-39 years, 25.93 &+ 12.57; 40-49 years, 22.50 & 10.30; 50-59
years, 21.50 £ 4.95 &', 20-69 years, 38.04 &= 19.87; 20-29 years, 55.63 & 20.90;
30-39 years, 42.19 4 19.85; 4049 years, 31.31 4= 15.52; 50-59 years, 26.74 &
13.20; 60-69 years, 23.40 £ 7.16 2", 20-29 years, 54.07 £ 21.00; 30-39 years,
40.98 + 19.84; 4049 years, 31.01 & 15.43; 50-59 years, 26.54 & 13.00; 60-69
years, 23.40 £ 7.16
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Table 3. Cont.

Author/Year of Publication Study Population Physm.al Fitness Tests *
Capacity
. ) Push-ups (60 s; reps): ¢, 7.0-20.0%BF, 39.2 + 16.3; 20.2-23.4%BF, 32.4 + 14.0;
Police Officers 23,7-35.3%BF, 27.6 £+ 12.0 &, 2.7-13.6%BF, 54.7 & 15.1; 13.8-18.3%BFE,
USA 48.1 + 13.7; 18.4-34.1%BF, 40.6 + 13.3
n=1941 (¢, n=115; &, n = 1826) ME Sit-ups (60 s; reps): 9, 7.0-20.0%BE, 44.2 + 9.2; 20.2-23 4%BF, 42.4 + 8.5;
Age: 23.7-35.3%BF, 36.5 + 9.4 &', 2.7-13.6%BF, 46.0 + 7.9; 13.8-18.3%BF, 42.5 + 7.8;
?,33.0 + 4.8 years 18.4-34.1%BF, 38.6 + 9.8
. . d,35.5 & 6.8 years
Violanti et al., 2017 [20] 59,353 % 6.7 years
2-4-km (1.5-mile) run (min): 9, 7.0-20.0%BF, 12.38 + 1.32; 20.2-23.4%BF,
Relative body fat (%BF) groups: AC 13.26 & 1.55; 23.7-35.3%BF, 14.21 £ 2.12 &, 2.7-13.6%BF, 11.06 + 1.27;
9(7.0-20.0%BF), n = 37 13.8-18.3%BF, 12.00 =+ 1.37; 18.4-34.1%BF, 13.10 + 2.13
9(20.2-23.4%BF), n = 39;
Q(23.7-35.3%BF), n = 39
d(2.7-13.6%BF), n = 601; Sit-and-reach (cm): @, 7.0-20.0%BF, 53.3 & 7.4; 20.2-23.4%BF, 52.6 + 6.6;
d'(13.8-18.3%BF), n = 621; F 23.7-35.3%BF, 50.8 &+ 5.6 &, 2.7-13.6%BF, 48.0 & 7.6; 13.8-18.3%BF, 47.0 & 7.6;
d(18.4-34.1%BF), n = 604. 18.4-34.1%BF, 45.7 £ 7.1
Push-ups (60 s; reps): ¢, Officers, 32.71 £ 14.04; Cadets, 51.11 + 12.75 &,
Law Enforcement Agency Officers, 57.76 4+16.42; Cadets, 70.24 4 12.27
USA ME Sit-ups (60 s; reps): ¢, Officers, 39.86 + 18.18; Cadets, 46.83 = 6.82 &, Officers,
n=164(¢,n=25d,n =139 40.17 + 7.69; Cadets, 47.29 + 5.65
Police Officers
Orr et al., 2018 [21] n=80(¢,n=7,3,n="73) 1 RM bench press (kg): @, Officers, 45.45 + 6.82; Cadets, 57.83 £ 13.93 &,
’ Age: MS Officers, 99.68 + 21.01; Cadets, 102.65 + 22.07
?,37.86 * 3.67 years
d,39.43 £ 8.28 years
Vertical jump (Abalakov; cm): @, Officers, 47.73 +7.74; Cadets, 46.08 + 4.70 &,
Police Academy Cadets MP Officers, 62.64 + 6.53; Cadets, 62.84 + 8.56
n=284 (9, n=18; 5, n=66)
Age:
?,30.50 &+ 5.76 years AC 2.4-km (1.5-mile) run (min): @, Officers, 12.82 + 1.46; Cadets, 12.35 + 0.82 &,

o, 27.96 £ 5.73 years

Officers 12.73 + 2.42; Cadets 11.01 &= 1.17
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Table 3. Cont.

Author/Year of Publication

Study Population

Physical

. Fi T *
Capacity itness Tests

Frio Marins et al., 2019 [22]

Federal Highway Police Officers

Brazil
n=13(d)
Age: 36.8 & 3.7 years

" Vertical jump (cm): Squat jump (SJ): Unloaded, 29.8 & 3.5; Loaded, 27.0 &+ 3.0
MP Countermovement jump (CM]J): Unloaded, 36.2 + 3.8; Loaded, 32.3 & 3.0
n Standing broad jump (cm): Unloaded, 192.2 &+ 13.8; Loaded, 178.2 £+ 12.5

Other
AC: Maximal treadmill (VO;max; mL/kg/min): Unloaded, 46.2 £ 6.6; Loaded, 45.9 + 7.5

Kim et al., 2019 [23]

Groups:
Unloaded conditions
Loaded conditions

Police Officers

Korea

n =372 (5, n=334; 2, n=238)
Age:

?,33.9 & 6.8 years

o, 41.8 £ 9.0 years

Groups:

2014 (9, n = 24; &, n = 295)
2015 (9, n = 26; &, n = 299)
2016 (9, n = 34; &, n = 316)
2017 (9, n = 36; &, n = 315)
2018 (¢, n = 34; &, n = 320)
2019 (¢, n = 35; &, n = 327)

" Push-ups (60 s; reps): @(with knees on the ground), 2014, 42.7 £ 4.3; 2015,
42.3 + 3.3; 2016, 42.5 £ 3.6; 2017, 41.9 £ 3.1, 2018, 41.4 £ 3.4; 2019, 404 £ 2.7
d,2014,43.1 + 7.3; 2015, 42.4 + 6.7; 2016, 43.3 £+ 6.5; 2017, 42.8 4 6.6; 2018,
ME 40.6 + 6.7; 2019, 38.5 + 6.0
" Sit-ups (60 s; reps): @, 2014, 39.1 £ 6.3; 2015, 39.8 & 6.5; 2016, 41.8 + 6.4; 2017,
42.2 4+ 6.4;2018,40.9 £ 5.7;2019,39.9 + 5.5 7, 2014, 46.8 £+ 5.6; 2015,
46.4 £+ 6.9; 2016, 46.7 £ 5.8; 2017, 46.2 + 6.5; 2018, 45.6 = 6.1; 2019, 44.9 + 6.0

n Handgrip (mean left and right hands; kg): ¢, 2014, 36.4 + 7.0; 2015, 36.9 £ 6.1;
2016, 36.2 & 5.6; 2017, 34.9 4+ 2.5; 2018, 34.3 + 3.5; 2019, 34.7 = 3.4 5, 2014,
MS 52.9 + 6.9; 2015, 53.3 + 7.2; 2016, 54.1 £ 6.3; 2017, 53.7 &+ 5.4; 2018, 53.7 + 5.6;
2019,54.4 + 6.4

Lentz et al., 2019 [24]

Police Officers

Canada

n = 1006 (2, n = 146; &, n = 860)
Age:

?,38.4 &= 6.3 years

o, 40.0 £ 5.7 years

?d",39.7 + 5.8 years

Groups:

Uninjured (4, n = 670)
Injured (24", n = 336)

. Push-ups (reps): @', Uninjured, 28.7 & 11.24; Injured, 32,49 + 10,75
ME . Pull-ups (reps): 4", Uninjured, 4.45 & 5.69; Injured, 6.94 + 5.81

n Handgrip (kg): 27, Left hand, Uninjured, 50.85 £ 10.86; Injured,
MS 49.56 + 12.19 94, Right hand, Uninjured, 48.12 £ 10.25; Injured, 51.75 + 12.31
Q9 Left and right hands, Uninjured, 98.97 & 20.54; Injured, 101.39 4 24.00

\Y%05 n Vertical jump (inches): @7, Uninjured, 108.92 £ 5.72; Injured, 110.8 & 6.96

" 20-m shuttle run (estimated VO,max; mL/kg/min) @5, Uninjured,

AC 42.24 £ 5.86; Injured, 44.02 & 6.70
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Table 3. Cont.

Author/Year of Publication Study Population Physm.al Fitness Tests *
Capacity
n Push-ups (60 s; reps): @, 20-29 years, 31.25 £ 7.85; 30-39 years, 16.25 + 8.30;
40-49 years, 15.40 4= 7.09 o, 20-29 years, 42.89 £ 14.13; 30-39 years,
Law Enforcement Officers ME 4?).13 =+ 14.04; 4049 years, 40.83 £ 13.30; 50-59 years, 44.10 = 15.99
USA n Sit-ups (60 s; reps): @, 2029 years, 28.0 + 6.78; 30-39 years, 31.83 £ 6.99;
n=383(n=21;d,n=362) 40-49 years, 30.40 &= 5.90 o, 20-29 years, 39.56 £7.56; 30-39 years,
Age: ’ T 37.47 £ 8.43; 4049 years, 34.65 £ 8.40; 50-59 years, 33.31 = 11.72
Q9 38.44 + 7.40 years n Vertical jump (Abalakov; height, cm): @, 2029 years, 37.46 + 3.36; 30-39
. 9,35.14 + 5.16 years years, 34.40 + 4.98; 4049 years, 30.99 + 6.87 &, 20-29 years, 58.89 = 8.88;
Lockie et al., 2019 [25] &, 38.64 + 7.47 years 30-39 years, 54.42 + 8.54; 40-49 years, 50.91 + 7.23; 50-59 years, 49.44 + 8.48
MP n Vertical jump (Abalakov; Power, watts): ¢, 20-29 years, 3505.64 + 920.81;
Age groups: 30-39 years, 3493.37 + 651.13; 40-49 years, 3584.96 + 961.15 &, 20-29 years,
2(20-29), 28.50 + 0.58 years 5548.13 £ 795.37; 30-39 years, 5393.54 & 920.49; 4049 years, 5280.08 + 814.42;
2(30-39), 34.42 £ 2.91 years 50-59 years, 4764.89 & 1116.63
9(40-49), 42.20 & 1.30 years s 24-km (1.5-mile) run (min): ¢, 20-29 years, 15.19 =+ 2.16; 30-39 years,
d'(20-29), 26.80 & 1.56 years AC 18.08 & 2.16; 4049 years, 19.04 & 3.13 &', 20-29 years, 13.31 & 2.41; 30-39
J(30-39), 34.62 £ 3.0 years years, 14.29 & 3.07; 4049 years, 15.30 £ 2.56; 50-59 years, 15.29 + 2.12
¢'(40-49), 43.19 & 2.57 years = Sit-and-reach (cm): ¢, 20-29 years, 54.45 + 3.82; 30-39 years, 49.16 + 8.55;
&(50-59), 52.55 + 3.96 years F 40-49 years, 53.34 £ 8.81 &7, 20-29 years, 44.65 -+ 8.34; 30-39 years,
45.50 + 7.51; 4049 years, 46.36 + 7.16; 50-59 years, 46.78 + 7.47
Law Enforcement Officers n Push-ups (60 s; reps): &, LEA1, 57.76 £ 16.42; LEA2, 42.16 4 13.59 o, LEA1,
USA ME 55.69 + 17.33; LEA2, 41.96 + 13.77
n=398(?,n=11;3,n=387) L] Sit-ups (60 s; reps): &, LEA1, 40.16 + 8.00; LEA2, 36.96 £ 6.53 ¢, LEAL,
40.64 + 7.63; LEA2,36.9 + 8.0
Law Enforcement Agencies:
Myers et al., 2019 [26] IL‘EE n= ;‘i 9(9' n :_72?"0;“ :_7?1 s P = Vertical Jump (Abalakov; cm): &, LEA1, 62.63 + 6.53; LEA2, 53.06 + 7.77 9,
0 =319(¢,n =4, n=315 LEA1, 61.53 + 7.30; LEA2, 52.81 + 8.05
Age (groups):
Q(LEA1), 38.14 =+ 3.84 years n 2.4-km (1.5-mile) run (estimated VO,max, mL/kg/min): &, LEA1,
o (LEA1), 39.43 + 8.28 years AC 41.44 + 6.81 4", LEA1, 41.52 + 6.54

Q(LEA2), 32.0 + 7.07 years
o(LEA2),37.9 + 7.71 years

n 20-m shuttle run (estimated VO,max, mL/kg/min): ", LEA2, 34.1 £ 5.51 @<,
LEA2,34.03 &+ 5.51
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Table 3. Cont.

Author/Year of Publication Study Population ghysm.al Fitness Tests *
apacity
n Push-ups (60 s; reps): 20-29 years, 56.02 £ 16.70; 30-39 years, 38.88 & 12.93;
ME 4049 years, 31.35 + 15.99; >49 years, 18.70 & 8.99
n Sit-ups (60 s; reps): 20-29 years, 51.35 + 8.46; 30-39 years, 37.79 + 9.08; 4049
Police Officers years, 30.10 £ 11.66; >49 years, 24.10 & 5.82
Portugal " 1 RM bench press (kg): 20-29 years, 95.62 £ 17.82; 30-39 years, 83.10 % 18.36;
n=97 () MS 4049 years, 84.7 &= 29.89; >49 years, 64.00 & 7.02
n Handgrip (left and right hands; kg): 20-29 years, 114.34 + 12.04; 30-39 years,
Teixeira et al., 2019 [27] Age categories (years): 104.79 + 13.47; 40-49 years, 106.63 =+ 15.12; >49 years, 100.58 £ 13.02
20-29 (n = 43; age, 25.19 & 2.65 yrs) " Vertical jump (Countermovement jump-CM]) Height (cm): 20-29 years,
30-39 (n = 24; age, 33.29 + 2.77 yrs) 32.02 £ 5.38; 30-39 years, 27.79 £ 6.27; 40-49 years, 24.01 & 5.46; >49 years,
4049 (n = 20; age, 44.65 £ 3.18 yrs) MP 20.48 =+ 5.85 Pmax (W): 20-29 years, 3456.62 + 409.21; 30-39 years,

>49 (n =10; 52.30 & 2.26 yrs)

3277.09 £ 419.52; 4049 years, 3186.01 & 688.25; >49 years, 2827.54 + 646.28
Standing broad jump (m): 20-29 years, 222 + 15; 30-39 years, 208 £ 11;
40-49 years, 195 + 17; >49 years, 169 =+ 23

Other evaluation

AC: Jackson non-exercise [33] (estimated VO,max; mL/kg/min): 20-29 years, 48.94 + 3.46; 30-39 years,
45.94 + 4.18; 4049 years, 37.10 + 6.04; >49 years, 34.30 £ 4.33

Kuki¢ et al., 2020 [14]

Police Students

Serbia
n=177(?,n=79; &, n = 98)
Age:

?,20.9 & 1.4 years

d,20.6 = 1.3 years

ME u Sit-ups (30 s; reps): @, 22.99 £ 2.05; &, 26.18 + 2.71; 9", 24.76 + 2.91

MS n Handgrip (daN): @, 39.03 £ 4.26; &', 63.19 £ 7.24; 9", 52.41 4+ 13.49

MP n Standing broad jump (cm): @, 182.08 + 14.63; &', 233.32 £ 15.98; 94,
210.45 £+ 29.80

AC n Cooper (12-min run; m): ¢, 2168.48 4 193.52; &, 2731.43 4+ 171.89; o4,

2480.17 = 334.13
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Table 3. Cont.

Author/Year of Publication Study Population Physm.al Fitness Tests *
Capacity
Push-ups (120 s; reps): ', Class 1, 46.84 £ 7.20; Class 2, 48.16 + 15.09; Class
3,47.19 4+ 13.5; Class 4, 43.76 £ 13.69; Class 5, 47.16 £ 6.18; Class 6,
50.94 4 19.20; Class 7, 41.59 + 11.83; Class 8, 44.52 + 10.17; Class 9,
Law Enforcement Agency-Recruits 48.34 4- 4.43; Class 10, 47.56 4 12.98; Class 11, 45.06 + 13.67 95", Percentile
USA rank: P0-P9, <30; P10-P19, 31-37; P20-P29, 38-42; P30-P39, 43-49; P40-P79, 50;
n=908 (?,n=147, &, n=761) P80-P89, 51-58; P90-P100, >59
Age: Sit-ups (120 s; reps): 24", Class 1, 53.50 £ 14.47; Class 2, 54.16 + 13.69; Class 3,
?,26.97 + 4.78 years 56.09 + 16.85; Class 4, 60.20 + 14.71; Class 5, 60.15 + 12.51; Class 6,
d,27.19 £ 5.86 years 56.25 4 16.95; Class 7, 53.27 + 15.24; Class 8, 55.95 + 13.53; Class 9,
0Q,27.16 £ 5.70 years ME 59.48 + 13.73; Class 10, 54.98 & 14.27; Class 11, 47.97 4+ 13.59 27", Percentile
rank: P0-P9, <36; P10-P19, 37-41; P20-P29, 42-47; P30-P39, 48-52; P40-P49,
Locki 12020 115 Class number (5"9): 53-55; P50-P59, 56-60; P60-P69, 61-64; P70-P79, 65-69; P80-P89, 70-75;
ockie et al., 2020 [15] 1(n = 90; age, 26.87 + 5.27 years) P90-P100, >76
2 (n =93; age, 28.12 & 6.12 years) Pull-ups (reps): 9", Class 1, 10.16 £ 6.60; Class 2, 7.87 & 4.90; Class 3,
3 (n = 66; age, 25.77 & 4.06 years) 9.22 + 5.89; Class 4, 9.03 & 6.03; Class 5, 11.25 + 7.26; Class 6, 8.98 4 7.45;
4 (n=79; age, 27.22 & 6.20 years) Class 7, 8.16 + 7.09; Class 8, 9.04 + 6.74; Class 9, 9.84 + 5.91; Class 10,
5 (n = 67; age, 26.58 & 5.66 years) 8.69 £ 6.54; Class 11, 8.34 + 6.74 97", Percentile rank: P0-P12, 0; P13-P19, 1-2;
6 (n = 88; age, 27.14 £ 5.63 years) P20-P29, 3-5; P30-P39, 6-7; P40-P49, 8-9; P50-P59, 10; P60-P69, 11-12; P70-P79,
7 (n = 83; age, 26.88 £ 5.05 years) 13-15; P80-P89, 16-20; P90-P100, >21
8 (n=84;age, 27.92 & 6.57 years) 2.4-km (1.5-mile) run (min): 97, Class 1, 12.01 + 1.10; Class 2, 11.58 + 1.15;
9 (n=79; age, 27.04 = 5.25 years) Class 3, 12.34 + 1.35; Class 4, 12.25 4 1.24; Class 5, 11.10 = 0.59; Class 6,
10 (n = 89; age, 26.92 £ 6.15 years) 12.32 £ 1.21; Class 7, 12.29 & 1.16; Class 8, 11.51 & 1.46; Class 9, 11.02 4 1.01;
11 (n = 88; age, 27.68 + 5.86 years) AC Class 10, 12.15 + 1.17; Class 11, 12.53 + 1.54 &, Percentile rank: P0-P9,
>14.02; P10-P19, 13.15-14.01; P20-P29, 12.47-13.14; P30-P39, 12.26-12.46;
P40-P49, 12.05-12.25; P50-P59, 11.49-12.05; P60-P69, 11.24-11.48; P70-P79,
10.56-11.23; P80-P89, 10.20-10.55; P90-P100, 7.50-10.19
Push-ups (60 s; reps): 49.3 + 12.2
ME Sit-ups (120 s; reps): 62.8 + 12.5
Police Officers Pull-ups (60 s; reps): 10.7 + 4.9
(Special Police Unit) MS 1 RM bench press (kg): 93.0 + 18.6
Aratjo et al., 2021 [28] Portugal Handgrip (kg): Left hand, 51.7 & 7.1; Right hand, 53.9 + 7.6
n=117(3) MP Vertical jump (Squat jump-SJ; cm): 31.0 + 4.8
Age, 42.5 & 4.4 years Medicine ball throw (3-kg; m): 5.4 + 0.72
AC Cooper (12-min run-distance; m): 2747.5 £ 254.5

Cooper (12-min run; estimated VO,max, mL/kg/min): 50.1 + 5.7
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Table 3. Cont.

Author/Year of Publication Study Population g}al}})’ilci:}lr Fitness Tests *
F . Sit-and-reach (cm): 30.7 &= 7.6
Military Police " Upper body strength (pull-ups, flexed-arm hang, or push-ups)-Unclear. 92",
Parand, Brazil ME 2016, 42.34 + 32.55; 2017, 60.33 + 28.55; 2018, 60.07 + 28.38; 2019,
n = 1705 (95) 57.83 + 28.53
Caetano et al., 2021 [29] Year groups:
2016 (n = 103) . 20-m shuttle run (number): 4", 2016, 88.29 + 20.75; 2017, 95.64 + 11.02; 2018,
- 96.56 =+ 9.01; 2019, 96.91 + 7.54
2017 (n = 664)
2018 (n = 410) AC =  12-min run-Cooper (estimated VO,max): 9o, 2016, 42.34 =+ 32.55; 2017,
2019 (n = 528) 60.33 = 28.55; 2018, 60.07 = 28.38; 2019, 57.83 =+ 28.53
Law Enforcement Agency
Recruits
Usa = Push-ups (60 s; reps): 9", GRAD Hiring: 40.32 + 14.25 9, GRAD Academy:
n =514 (99) 42.96 + 14.77 9, SEP Hiring: 33.24 + 11.88 9", SEP Academy: 35.36 + 13.43
ME »  Sit-ups (60 s; reps): 9", GRAD Hiring: 39.94 + 9.15 957, GRAD Academy:
iraduate (GRAD, n = 436) 32.75 + 13.17 9, SEP Hiring: 37.55 + 7.83 95", SEP Academy: 30.23 - 11.53
. ge:
Lockie et al., 2021 [30] 9,26.7 + 5.0 years
d,26.6 £ 5.3 years
d'Q,26.6 + 5.3 years
Separate (SEP, n = 78) »  2.4-km (1.5-mile) run (min): 95, GRAD Hiring: 12.49 4 1.32 95", GRAD
Age: AC Academy: 11.55 + 1.25 @<, SEP Hiring: 13.44 + 1.27 @, SEP Academy:
?,30.5 £ 12.0 years 1317 + 1.12

d,32.3 £ 9.2 years
d®,31.8 & 10.1 years
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Table 3. Cont.

Physical

Author/Year of Publication Study Population . Fitness Tests *
Capacity
n Push-ups (90 s; reps): 97, 65.4 +17.3
) ] ME . Sit-ups (120 s; reps): 95", 76.9 £ 11.6
Police Officers s Pull-ups (120 s; reps): 9, 165 & 3.0
. Close Protection Unit-recruits
Sa et al., 2021 [31] P
ortugal
n =232 (?4'; Age, 30.1 & 2.7 years) . Cooper (12-min run-distance; m), ", 2729.6 + 209.0
AC n Cooper (12-min run; estimated VO2max, mL/kg/min), 24", 49.6 + 4.7

Key: *, fitness test results presented as mean + standard deviation (SD);?, female; ?J, female and male; &', male;%BE, relative body fat; AC, Aerobic capacity; Ag, Agility; daN,
Decanewton (1 daN = 1.0197162129779 kgf); F, Flexibility; LEA, Law Enforcement Agency; ME, Muscular Endurance; MP, Muscular Power; MS, Muscular Strength; reps, repetitions; s,
seconds; USA, United States of America; VO,max, maximum rate of oxygen consumption.
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The heterogeneity test results should be considered alongside a qualitative assessment
of the combinability of studies in a systematic review. To measure the inconsistency of
studies’ results, Cochran’s Q (a classical measure of heterogeneity) and the I? (describes
the percentage of variation across studies that is due to heterogeneity rather than chance,
i.e., expression of the inconsistency of studies’ results; I = 100% x (Q — df)/Q) were
considered [32]. The classification used to evaluate I? is as follows: 0-40%, might not be im-
portant heterogeneity; 30-60%, moderate heterogeneity; 50-90%, substantial heterogeneity;
75-100%, considerable heterogeneity (these cut-offs are not absolute, and the interpretation
of I? considers the context and clinical relevance of the studies being analysed).

Results of the meta-analysis are also presented in forest plots for matched LEO groups
if significant heterogeneity was observed in some fitness tests. Articles that report more
than one LEO group of participants within the same sex are written as separate observations
in the model. The size of the points on the forest plot is a function of the precision of the
outcome, more precise estimates are more prominent in the plot, and their area corresponds
to the weight they received in the random effect model. Statistical analysis and forest plots
were performed using the Statistical Package for the Social Sciences (IBM Corp. Released
2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY, USA: IBM Corp).

3. Results
3.1. Search Results

A total of 1879 studies were found during the initial search of the two databases.
After removing duplicates and screening by title and abstract, the full-text versions of
51 studies were compiled for review. These studies were then assessed against the inclusion
and exclusion criteria, leaving 19 studies for critical review (Table 3). A summary of the
screening and selection process and the literature search results can be found in the PRISMA
flow diagram [17] (Figure 1). Of the 19 studies, three referred to Portuguese police officers,
and the other seventeen referred to police officers from around the world (Brazil, Canada,
Germany, Ireland, Korea, Serbia, and the USA). Fifteen studies examined male and female
participants, while four included only male participants. The average age of the studies is
34.59 £ 5.58 years old.

3.2. Fitness Measures

The most used fitness components were in muscular endurance, the push-up, sit-up,
and pull-up tests used in seventeen studies [3,10,11,14-16,19-21,23-28,30,31]. The handgrip
test and 1 RM bench press were used for muscular strength in ten studies [3,10,11,14,16,21,
23,24,27,28]. For muscle power, the vertical jump, standing broad jump, and medicine ball
throw were the main tests used in twelve studies [3,10,11,14,16,21,22,24-28]. For aerobic
capacity, the most used tests were the 2.4-km (1.5-mile) run, the 20-m shuttle run, and the
Cooper (12-min run), which were used in fourteen studies [10,14-16,19-21,24-26,28-31].
For agility, was used the classical T-test in one study [11], and for flexibility, the sit-and-
reach test in six studies [3,11,19,20,25,28]. Figure 2 shows the main fitness tests proposed
by Massuga et al. [9] for muscular endurance, strength, power, aerobic capacity, agility,
and flexibility, as well as the respective studies in which they were included in the fitness
assessment protocol and the percentage of their use.

In addition, it was observed that in some of the studies with participants of both sexes,
the results of the fitness tests were not presented separately for males and females (i.e., the
average value of joint performance is given). Table 4 identifies the studies where this is
verified.
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84.2%
[31] 78.9%
[30] [31]
28] [30]
[27] [28]
[26] [27] 57.9%
[23] [2¢] 125]
[24] 23] [27]
[23] [23] 42.1% [26]
[21] [21] [28] [25] 36.8%
[20] [201 [27] 31.6% [24] [30] 31.6%
[19] [19] [24] [28] [22] [26] 26.3% [28]
[16] [18] 21.1% [23] [27] [21] [25] [29] 21.1% [25]
[15] [15] [31] [14] [21] [16] 15.8% [21] [26] [31] [20]
1] [14] [28] [11] [16] [11] 127] [20] [24] [29] [19]
[10] [11] [24] [10] [11] [10] [22] 5.3% [18] [19] [28] 5.3% [11]
] [10] [15] ] [3] Bl [14] [28] [15] [10] [14] [11] [3]
1RM Vertical Stnandin Medici 24km | 20-m Shuttl
Push-up Situp Pull-up Handgrip Benich Prese ]':mp Broad JLL;i’ Throv.?;‘;l Fun n;?un“ < Cooper T-test Sit and Reach
Muscular Endurance Muscular Strength Muscular Power Aerobic Capacity Agility Flexibility

Figure 2. Distribution of studies [3,10,11,14-16,19-31] in each fitness test proposed by Massuca
etal. [9].

3.3. Meta-Analysis

Results indicate significant heterogeneity in the female LEO results of push-ups (Q [df,
21]) = 69.31, p < 0.001; Figure 3) and sit-ups (Q [df, 22]) = 44.60, p < 0.001; Figure 4). Not
only in female LEO but also in male LEO, results of the meta-analysis indicate significant
heterogeneity of sit-ups (Q [df, 29]) = 50.07, p = 0.01; Figure 5).

The effect of LEO groups (cadets and officers) as a moderator of fitness tests was
evaluated. The mixed effect model only indicates a statistically significant moderator
effect in female sit-and-reach (Qy [df, 1] =9.21, p < 0.001), i.e., performance in push-ups,
sit-ups, handgrip (dominant), 1 RM bench press, vertical jump, and 2.4-km run do not
differ significantly among the LEO groups. However, small sample sizes in LEO cadets
may have reduced the statistical significance of differences among samples.

Aggregation of fitness tests in male LEO based on meta-analysis, including the sub-
group analysis (LEO: cadets and officers), were summarised for females in Table 5 and
males in Table 6.
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Figure 3. Forest plot summarising the meta-analysis results for push-ups in female LEO [10,11,20,21,23,25,26] with markers representing mean values and error

bars representing 95% confidence intervals (LL and UL). Key: %BF, relative body fat; HPO, Highway Patrol Officers; LEA, Law Enforcement Agency; LEO, Law

Enforcement Officers; LL, Lower limit; M, mean; PO, Police Officers; SD, standard deviation; UL, Upper limit.
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Sit-ups
35.3251
|
LEO group Study Participants M SD LL UL !
Cadets Kukic et al., 2020 [14]  Cadets 22.99 2.05 18.97 27.01 —=— :
Crawley et al., 2016 [11]) Cadets 36.00 8.00 20.32 51.68 —
Orr et al., 2018 [21) Cadets 46.83 6.82 33.46 60.20 : .
Subgroup Overall 34.06 7.43 19.50 48.62 -
:
Officers Dawes et al., 2017 [10]) HPO, 20-29 years 38.33 10.56 17.63 59.03 T —
Dawes et al., 2017 [10] HPO, 20-69 years 31.06 9.52 12.40 49.72 = :
Dawes et al., 2017 [10) HPO, 30-39 years 28.81 10.51 8.21 49.41 + T
Dawes et al., 2017 [10]) HPO, 40-49 years 30.78 5.83 19.35 42.21 . -
Dawes et al., 2017 [10)  HPO, 50-59 years 28.50 2.12 24.34 32.66 —=—
Lockie et al., 2019 [25) LEO, 20-29 years 28.00 6.78 14.71 41.29 . +
Lockie et al., 2019 [25) LEO, 30-39 years 31.83 6.99 18.13 45.53 . :
Lockie et al., 2019 ([25) LEO, 40-49 years 30.40 5.90 18.84 41.96 — T
Myers et al., 2019 [26) LEO, LEAl 40.64 7.63 25.69 55.59 - —
Myers et al., 2019 [26) LEO, LEA2 36.90 8.00 21.22 52.58 :.
Orr et al., 2018 (21) PO 38.86 18.18 3.23 74.49 + =
Violanti et al., 2017 (20) PO, $BF, 20.2-23.4 42.40 8.80 25.15 59.65 : +
Violanti et al., 2017 (20) PO, $BF, 23.7-35.3 36.50 9.40 18.08 54.92 +
Violanti et al., 2017 (20) PO, %BF, 7.0-20.0 44.20 9.20 26.17 62.23 : =
Kim et al., 2019 [23) PO, 2014 39.10 6.30 26.75 51.45 —
Kim et al., 2019 (23] PO, 2015 39.80 6.50 27.06 52.54 : —
Kim et al., 2019 ([23) PO, 2016 41.80 6.40 29.26 54.34 T —
Kim et al., 2019 [23) PO, 2017 42.20 6.40 29.66 54.74 - .
Kim et al., 2019 (23) PO, 2018 40.90 5.70 29.73 52.07 : —
Kim et al., 2019 (23] PO, 2019 39.90 5.50 29.12 50.68 t —
Subgroup Overall 35.09 1.57 32.02 38.16 +
|
Overall 35.13 1.79 31.62 38.63 '—?—‘
I
0 20 40 60 80

Model: Random-effects model

Heterogeneity: Tau-squared = 27.85, H-squared = 1.92, I-squared = 0.48
Homogeneity: Q = 44.60, df = 22, p-value = 0.00

Test of overall effect size: z = 19.63, p-value = 0.00

Testof b bgroup h ity: Q = 0.02, df = 1, p-value = 0.89

Figure 4. Forest plot summarising the meta-analysis results for sit-ups in female LEO [10,11,14,21,23,25,26] with markers representing mean values and error bars
representing 95% confidence intervals. Key: %BF, relative body fat; HPO, Highway Patrol Officers; LEA, Law Enforcement Agency; LEO, Law Enforcement Officers;
LL, Lower limit; M, mean; PO, Police Officers; SD, standard deviation; UL, Upper limit.
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Sit-ups
39.7725
I
I
LEO groups Study Participants M SD LL uL |
Cadets Crawley et al., 2016 [11]) Cadets 44.00 8.00 28.32 59.68 . =
Kukic et al., 2020 (14) Cadets 26.18 2.71 20.87 31.49 —.— :
orr et al., 2018 (21) Cadets 47.29 5.65 36.22 58.36 _—
Subgroup Overall 38.07 7.17 24.02 52.13 t:
I
officers Dawes et al., 2017 ([10) HPO, 20-29 years 41.17 8.22 25.06 57.28 —+
Dawes et al., 2017 (10) HPO, 30-39 years 36.63 9.67 17.68 55.58 = :
Dawes et al., 2017 ([10) HPO, 40-49 years 31.73 9.94 12.25 51.21 = -
Dawes et al., 2017 (10) HPO, 50-59 years 29.66 9.76 10.53 48.79 = .
Dawes et al., 2017 ([10) HPO, 60-69 years 25.40 11.89 2.10 48.70 :
Lockie et al., 2019 [25) LEO, 20-29 years 39.56 7.56 24.74 54.38 5
Lockie et al., 2019 [25] LEO, 30-39 years 37.47 8.43 20.95 53.99 —
Lockie et al., 2019 [25]) LEO, 40-49 years 34.65 8.40 18.19 51.11 — :
Lockie et al., 2019 [25] LEO, 50-59 years 33.31 11.72 10.34 56.28
Myers et al., 2019 [26) LEO, LEAL 40.16 8.00 24.48 55.84 F
Myers et al., 2019 [26) LEO, LEA2 36.96 6.53 24.16 49.76 _
Dawes et al., 2016 ([16) PO 41.05 6.96 27.41 54.69 _
Violanti et al., 2017 (20) PO, $BF, 13.8-18.3 42.50 7.80 27.21 57.79 : +
Violanti et al., 2017 (20) PO, $BF, 18.4-34.1 38.60 9.80 19.39 57.81 -
Violanti et al., 2017 (20) PO, %BF, 2.7-13.6 46.00 7.90 30.52 61.48 - =
Teixeira et al., 2017 [27) PO, >49 years 24.10 5.82 12.69 35.51 _— :
Teixeira et al., 2017 [27) PO, 20-29 years 51.35 8.46 34.77 67.93 &
Kim et al., 2019 [23) PO, 2014 46.80 5.60 35.82 57.78 —e—.—
Kim et al., 2019 [23) PO, 2015 46.40 6.90 32.88 59.92 —_—
Kim et al., 2019 [23) PO, 2016 46.70 5.80 35.33 58.07 —_—
Kim et al., 2019 [23) PO, 2017 46.20 6.50 33.46 58.94 —:.—
Kim et al., 2019 [23) PO, 2018 45.60 6.10 33.64 57.56 _
Kim et al., 2019 ([23) PO, 2019 44.90 6.00 33.14 56.66 R
Teixeira et al., 2017 [27) PO, 30-39 years 37.79 9.08 19.99 55.59 l:
Teixeira et al., 2017 [27) PO, 40-49 years 30.10 11.66 7.25 52.95
orr et al., 2018 [21) PO 40.17 7.69 25.10 55.24 F
Aratjo et al., 2021 (28) PO, Special Unit 62.80 12.50 38.30 87.30 -
Subgroup Overall 40.65 1.54 37.64 43.67 —
1
|
overall 39.77 1.70 36.44 43.10 ——
I
!
0 20 40 60 80 100

Model: Random-effects model

Heterogeneity: Tau-squared = 29.38, H-squared = 1.60, I-squared = 0.38
Homogeneity: Q = 50.07, df = 29, p-value = 0.01

Test of overall effect size: z = 23.40, p-value = 0.00

Test of between-subgroup homogeneity: Q = 0.12, df = 1, p-value = 0.73

Figure 5. Forest plot summarising the meta-analysis results for sit-ups in male LEO [10,11,14,20,21,23,25-28] with markers representing mean values and error bars
representing 95% confidence intervals. Key: %BF, relative body fat; HPO, Highway Patrol Officers; LEA, Law Enforcement Agency; LEO, Law Enforcement Officers;
LL, Lower limit; M, mean; PO, Police Officers; SD, standard deviation; UL, Upper limit.
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Table 4. Fitness tests included in the fitness protocol and the sex of participants in each study.
Muscular Endurance Muscular Strength Muscular Power Aerobic Capacity Agility Flexibility
Study . . 1RM Vertical Standing Medicine 20-m 2.4-km Sit-and-
Push-Ups Sit-Ups Pull-Ups Handgri Bench Broad Throw Shuttle ] Cooper t-Test
P P P g1 Press Jump Jump Ball Run Run P Reach
Beck et al., 2015 [3] fed fed fed d g
Crawley et al., 2016 [11] 5,9, 25,9, 27,8, d 94,9, d 94,9, d 24,9, d 99, ¢, d
Dawes et al., 2016 [16] J J J J J
Losty et al., 2016 [19] T Lo o8 oled
Dawes et al., 2017 [10] 4,9, d 4,9, d 4,9, d d,Q,d ?d, @, d
Violanti et al., 2017 [20] ?,d ?,d ?,d ?,d
Orr et al., 2018 [21] e, d e, d % d ?d Q,d
Frio Marins et al., 2019 [22] d d
Kim et al., 2019 [23] Q,d Q,d Q,d
Lentz et al., 2019 [24] 24 d I oo ol
Lockie et al., 2019 [25] e,d e, d Qd Q,d ?,d
Myers et al., 2019 [26] R, & ', & o, & o8 e
Teixeira et al., 2019 [27] fed fed fed fed J J
Kuki¢ et al., 2020 [14] 5, %, 27,8, d ?F,9,d 99,2, d
Lockie et al,, 2020 [15] o oG Q5 °F
Aratjo et al., 2021 [28] fd fed fed fed fed fed J fed fed
Caetano et al., 2021 [29] (?d'unclear) (9" unclear) 4 F
Lockie et al., 2021 [30] Q4 I g
S etal., 2021 [31] o g o0 o
Key: 9o, male plus female; 9, female; o, male.
Table 5. Aggregation of fitness tests in female LEO based on meta-analysis, including the subgroup analysis (LEO: cadets and officers).
Physical . . . 95% Confidence Interval Meta-Analysis
Capacity Fitness Tests Groups Studies n Mean SD Z p-Value Lower Upper (Cochran’s Q-Statistic)
Push-ups Cadets [11,21] 24 33.61 16.53 2.034 <0.001 1.22 66.00 Q[df, 21] = 69.31, p < 0.001;
( i tP ) Officers [10,20,21,23,25,26] 226 33.81 2.68 12.605 <0.001 28.55 39.06 12=0.72,12=79.79
Muscular repetitions Overall [10,11,20,21,23,25,26] 250 33.67 2.62 12.856 <0.001 28.54 38.80 Qu [df, 1= 0.00, p = 0.99
Endurance Sit-ups Cadets [11,14,21] 103 34.06 7.43 4585 <0.001 19.50 48.62 Q [df, 22] = 44.60, p < 0.001;
( Ft)'t' ) Officers [10,20,21,23,25,26] 226 35.09 1.57 22.392 <0.001 32.02 38.16 2=048 12 =27.85
repetitions Overall [10,11,14,20,21,23,25,26] 329 35.13 1.79 19.627 <0.001 31.62 38.63 Qu [df, 1] Z 0.02, p = 0.89
Handgrip Cadets [14] 79 39.03 426 9.162 <0.001 30.68 47.38 QIdf, 5] =4.71, p = 0.45;
(dominant) Officers []0] 34 40.01 2.49 16.048 <0.001 35.12 44 .89 12=0.08 2 =2.02
Muscular (kg) Overall [10,14] 113 39.89 2.03 19.688 <0.001 35.92 43.87 Qu [df, 1] :'0,04, p=0.84
Strength 1 RM bench Cadets [11,21] 24 44.64 9.36 4.770 <0.001 26.30 62.98 Q|[df, 2] = 159, p = 0.45;
press Officers [21] 7 45.45 6.82 6.660 <0.001 32.08 58.82 2 = 0.00, ©2 = 0.00
(kg) Overall [11,21] 31 4421 486 9.090 <0.001 34.67 53.74 Qu [df, 1] = 0.00, p = 0.94
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Table 5. Cont.

Physical . . g 95% Confidence Interval Meta-Analysis
Capacity Fitness Tests Groups Studies n Mean SD Z p-Value Lower Upper (Cochran’s Q-Statistic)
1 Vertical jump Cadets [11,21] 24 42.86 3.25 13.185 <0.001 36.49 49.23 Q[df, 12] =19.22, p = 0.08;
Il\j[“sc“ ar (Sargent/ Abalakov) Officers [10,21,25,26] 73 39.96 2.46 16.251 <0.001 35.14 44.78 2=034, 72 =1632
ower (cm) Overall [10,11,21,25,26] 97 40.39 1.99 20.331 <0.001 36.50 44.29 Qu [df, 1] = 0.51, p = 0.48
Aerobic 2.4-km Cadets [21] 18 12.35 0.82 15.061 <0.001 10.74 13.96 QI[df, 7] = 11.15, p = 0.13;
Capaci (1.5-mile) run Officers [20,21,25] 143 14.19 0.81 17.522 <0.001 12.60 15.77 2 =030, =1.04
pacity (min) Overall [20,21,25] 161 13.67 0.68 20.164 <0.001 12.35 15.00 Qu [df, 1] =2.54, p = 0.11
Sit-and-reach Cadets [11] 6 32.10 6.20 5.177 <0.001 19.95 44.25 QIdf, 6] =10.22, p = 0.12;
Flexibility (Clr:)‘“ -reac Officers [20,25] 136 52.87 2.44 21.681 <0.001 48.09 57.64 12 = 0.44, 12 = 30.00
Overall [11,20,25] 142 49.47 3.20 15.465 <0.001 43.20 55.74 Qu [df, 17 =9.71, p < 0.001
Key: 12, percentage of variability in effect sizes which is not due to sampling error; Q, Cochran’s Q-statistic (weighted sum of squares); Qy, Cochran’s Q-statistic for subgroups; SD,
standard deviation; 12, between-study variance in each set of samples.
Table 6. Aggregation of fitness tests in male LEO based on meta-analysis, including the subgroup analysis (LEO: cadets and officers).
Physical . . _ 95% Confidence Interval Meta-Analysis
Capacity Fitness Tests Groups Studies n Mean SD z p-Value Lower Upper (Cochran’s Q-Statistic)
Push-ups Cadets [11,21] 115 59.02 11.61 5.082 <0.001 36.26 81.78 Q[df, 29] = 18.77, p = 0.93;
t.tP Officers [3,10,16,20,21,23,25-27] 3768 41.37 1.99 20.791 <0.001 37.47 45.27 2 = 0.00. % = 00.00
Muscular (repetitions) Overall [3,10,11,16,20,21,23,25-27] 3883 4222 1.94 21.739 <0.001 38.41 46.03 Qu [df, 112224, p = 0.13
Endurance Sit-ups Cadets [11,14,21] 213 38.07 7.17 5.309 <0.001 24.02 52.13 Q [df, 29] = 50.07, p = 0.01;
Ft’. " Officers [10,16,20,21,23,25-28] 3869 40.65 1.54 26.429 <0.001 37.64 43.67 2 =038 72 = 2938
(repetitions) Overall [10,11,14,16,20,21,23,25-28] 4082 39.77 1.70 23.405 <0.001 36.44 43.10 Qu [df, 112 0.12,p = 0.73
Handgrip Cadets [14] 98 63.19 7.24 8.728 <0.001 49.00 77.38 Q[df, 5] = 2.98, p = 0.70;
(dominant) Officers [10] 597 51.99 2.49 20.863 <0.001 47.11 56.88 2 = 0.00, 2 = 0.00
Muscular (kg) Overall [10,14] 695 53.18 2.36 22.568 <0.001 48.56 57.80 Qu [df, 1]=2.14,p = 0.14
Strength 1 RM bench Cadets [11,21] 115 97.18 17.09 5.687 <0.001 63.69 130.67 QIdf, 9] =9.16, p = 0.42;
press Officers [3,16,21,27,28] 379 83.79 7.68 10.913 <0.001 68.75 98.84 2 =037 2 =181.98
(kg) Overall [3,11,16,21,27,28] 494 86.12 7.42 11.614 <0.001 71.59 100.65 Qu [df, 1] £0.51, p = 047
. Vertical jump Cadets [11,21] 115 61.43 6.76 9.093 <0.001 48.19 74.67 Q[df, 15] = 18.18, p = 0.25;
%’[usw ar (Sargent/ Abalakov) Officers [3,10,16,21,25,26] 1511 52.86 2.40 22,017 <0.001 48.15 57.56 2 =029 2 = 2324
ower (cm) Overall [3,10,11,16,21,25,26] 1626 53.62 2.28 23.483 <0.001 49.14 58.09 Qu [df, 1] = 1.43,p = 0.23
Aerobi 2.4-km Cadets [21] 66 11.01 1.17 9.410 <0.001 8.72 13.30 Qdf, 9] = 6.39, p = 0.70;
Comit (1.5-mile) run Officers [16,20,21,25] 2337 12.68 0.65 19.593 <0.001 11.41 13.95 2 =000 2 = 0.00
pacity (min) Overall [16,20,21,25] 2403 12.29 0.57 21.699 <0.001 11.18 13.40 Qu [df, 1] = 1.57, p = 0.21
Sit-and-reach Cadets [11] 49 28.00 8.50 3.294 <0.001 11.34 44.66 Q[df, 9] = 8.36, p = 0.50;
Flexibilit Ht-and-reac Officers [3,20,25,28] 2321 43.56 2.57 16.966 <0.001 38.52 48.59 2_ 2_
y (cm) ? = 0.00, T° = 0.00
cm. Overall [3,11,20,25,28] 2370 4225 2.46 17.193 <0.001 37.44 47.07 Qu [df, 1] =3.07, p = 0.08

Key: 12, percentage of variability in effect sizes which is not due to sampling error; Q, Cochran’s Q-statistic (weighted sum of squares); Q, Cochran’s Q-statistic for subgroups; SD,
standard deviation; 12, between-study variance in each set of samples.
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4. Discussion

This qualitative review aimed to document, compare, and examine the reference data
available in the literature regarding fitness tests for LEOs. All studies showed acceptable
methodological quality in the assessment of fitness attributes.

This review also provides a detailed analysis of existing data and objective reference
data for essential physical skills in the components of fitness for LEO cadets and officers.
One of the strengths of this study is the pioneering methodology used to establish reference
data for the fitness assessment of LEOs.

Our data provide a basis for developing effective measures to improve each aspect of
police officer fitness testing. The test battery includes assessments of muscular endurance,
strength, power, aerobic capacity, agility, and flexibility, the essential skills for the job.
The tests have acceptable technical measurement errors and high reproducibility and are
assumed to be used in our environment without interference.

Physical fitness testing is a valuable tool for assessing an individual’s health status,
identifying health-related risk factors, and determining job readiness and suitability.

The primary objective of physical fitness testing is to optimise functional fitness. To
achieve this, it is crucial to understand the physical fitness requirements for the occupation
and design or use tests that effectively measure the fitness level of recruits and officers.
The results of these tests can guide exercise prescription and goal setting, which can help
optimise adherence to the program, reduce injury risk, and enhance both physical and
mental job performance.

It is thus evident that the need to profile fitness tests for LEOs can improve physical
and overall job performance. Nevertheless, when selecting a physical assessment battery,
it is essential to consider various variables, including the test population, available time,
equipment and resources, and the specific information to gather from the tests.

Moreover, the standard scores obtained from fitness tests are essential for establishing
health-related norms to assist individuals in setting performance goals and serve as motiva-
tional tools. Fitness tests can also positively affect individuals by fostering personal growth,
reducing anxiety, and increasing motivation and confidence. Therefore, proper analysis
and selection of the testing battery can help optimise the individual’s physical fitness of
LEOs and positively impact their overall well-being.

According to the literature, Orr et al. [34] showed that female police officers have a
moderate to strong significant relationship with all fitness measures and influence officer
performance. However, the meta-analysis conducted in this study found significant hetero-
geneity in the results of push-ups and sit-ups among female LEOs, suggesting that there
may be differences in the performance of these fitness tests among female LEOs from differ-
ent populations. This variability may be attributed to several factors, including differences
in physical fitness levels, variations in training programs, and cultural and social factors
that may affect an individual’s level of physical activity. For example, it is hypothesised that
female LEOs may face physical activity and fitness barriers due to workplace sexism and
the lack of peer and supervisor support. Also, employment in a non-traditional occupation,
like female LEOs, where males often deliver training, can be a reason for this disparity
because males and females may approach task performance differently. On the other hand,
there were no significant differences in the performance of push-ups, sit-ups, handgrip
(dominant), 1 RM bench press, vertical jump (Sargent/Abalakov), and 2.4-km run between
LEO cadets and officers, suggesting that training level or experience did not significantly
affect the performance of these fitness tests.

The proposal to develop a battery of fitness tests stems from the need to assess and
diagnose LEO’s physical fitness. Given the physical demands of the police profession,
specific assessment tests and the development of norm tables are needed to verify the
relevance of these assessment results. The normative reference approach is used to evaluate
the performance of the incumbent and officials against a normative sample, and a statistical
procedure is used to establish a standard. However, a critical step in conducting a fitness test
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is establishing a minimally acceptable standard. It is important to note that standard setting
should be reasonable and involves complex legal considerations. To ensure that standards
are reliable and valid, professionals with relevant expertise should be involved in setting
the standards. They can use various methods, such as job analyses and evidence-based
research, to establish appropriate standards. When developing the standards, it is also
essential to consider the tested people’s specific job requirements and characteristics. This
also applies to the presentation of results. As expected, the number of tests and the reported
outcome variables show significant variability in how the fitness attributes of LEOs are
tested. Although many personal factors can influence the results of a fitness assessment, this
study attempted to account for unique characteristics to obtain homogeneous samples. In
addition, most studies show heterogeneity between protocols used to measure components
of fitness or the same protocol when results are presented for police populations. Therefore,
comparing results between studies is difficult due to differences in assessment methods.

The second main objective of this qualitative review was to establish reference values
for the main fitness tests adapted for LEO. Nevertheless, comparing the normative means
of the studies raises some questions about the methodology, applicability, and presentation
of the results. In other words, some literature provided preliminary results and had
several limitations, such as the fact that some authors presented male and female average
values of fitness assessments together [15,19,24,26,29-31], others did not use the same units
of measurement, and some authors presented few results or differentiated according to
different age groups, which made the definition of reference values very difficult.

The meta-analysis showed heterogeneity in some fitness test results among LEOs
groups, possibly due to differences in fitness levels, training programs, and cultural and
social factors. The lack of homogeneity in the presentation of reference values and the lack
of complete results were cited as significant limitations of the study. Since a substantial
limitation of this study is the need for more homogeneity in the presentation of reference
values and the absence of complete results, this work aims (complementarily) to define the
scoring rules to establish and develop reference values adapted to LEOs in the future, i.e.,:
(i) all tests must be performed with the same methodology and collected with the same units
of measurement; (ii) the units of measurement most used were those for function according
to Massuga et al. [9] (muscular endurance-all results must be reported in repetitions; muscle
strength-in kg; muscle power-in centimetres for the vertical jump or in meters for medicine
ball throw; aerobic capacity-in meters or minutes or maximum rate of oxygen consumption-
VO,max; agility-in seconds; flexibility-in centimetres); (iii) all results must be reported by
gender (males or females) and by four age groups (i.e.,: <29 years; 30-39 years; 4049 years;
>50 years). In this way, in the future, as more studies follow these criteria, we will be able to
compile multiple international results and use them in a way that is more appropriate for
LEOs and define reference values for setting cohort boundaries for assessment and career
advancement as positive baseline values. It is suggested that further research be conducted
to evaluate these criteria, as we have been able to define good cut-off points.

5. Conclusions

The risks associated with policing have numerous complex and long-lasting conse-
quences that can affect the effectiveness of police operations and activities. It is critical
to maintain optimal physical fitness over time, monitor changes in police officer health,
and provide timely information about the positive and negative effects of irresponsible
management of these issues by police officers and police management.

This qualitative review highlights the importance of optimal fitness in LEOs. It
provides (i) a methodological definition for the physical fitness assessment that helps select
the most used fitness tests, (ii) a standardised methodology for establishing reference data
for fitness tests appropriate for LEOs; and (iii) aggregate reference values for selected fitness
tests.

The battery of fitness tests should include assessments of muscular endurance, strength,
power, aerobic capacity, agility, and flexibility, which are essential occupational skills.
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Proper classification of fitness results to establish reference values raises awareness of opti-
mal, salient, or diminished fitness attributes in LEOs with higher scores than the general
population.

In sum, our study seems to provide a basis for developing effective interventions
(to improve fitness testing interpretations for LEOs) and to improve the selection and
reintegration procedures (considering that this professional group performs its duties in an
environment and under conditions that differ from those of other occupational groups).
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