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Abstract

BACKGROUND: Health and wellness programs can be implemented at police departments.
Little research has detailed the characteristics of officers within these programs.

OBJECTIVE: To analyse the health and fitness data of officers involved in a health and wellness
program from 2018-2020, and to profile the officers involved relative to population norms.
METHODS: Analysis was conducted on archival data from 633 officers (523 males, 110 females)
who participated in a health and wellness program from a large city police department. Data
included: body mass; body fat percentage; blood pressure (BP); estimated maximal aerobic
capacity; sit-and-reach; push-ups; vertical jump; grip strength; sit-ups; bench press ratio. Data were
grouped by year (2018, 2019, 2020), and a univariate ANCOVA with Bonferroni post hoc
adjustment determined any significant between-group differences. Individual officer data were
also compared to population norms.

RESULTS: The 2020 group had higher systolic BP compared to both other groups, and superior
sit-and-reach and grip strength compared to the 2018 group (p<0.05). Compared to population
norms across the 3 years, 74-86% of officers had BP elevated above normal levels. Depending on
the fitness component measured most officers (69-98%) were categorised as average or better.
CONCLUSIONS: There were few differences between the year groups, although the 2020
officers did have superior sit-and-reach and grip strength. The higher systolic BP from the 2020
group may be indicative of the challenges of the year (pandemic, civil unrest). Officers generally
had good profiles relative to population norms. The wellness program appeared to benefit the well-

being of officers.



1. Introduction

Police officers experience unique demands within their occupation. Some physically
challenging tasks that need to be completed by officers include driving a vehicle at high speeds [1,
2], pursuing suspects [3-7], clearing obstacles [3-8], discharging firearms, and exerting force to
apprehend offenders [9]. Fitness could positively impact an officer’s ability to successfully
perform these physically challenging job tasks [3, 6, 8, 10-12]. For example, Dawes et al. [8] found
large-to-very large correlations (p < 0.001, r = -0.52 to -0.70) between aerobic fitness (measured
by the 20-m multistage fitness test), upper-body and abdominal muscular endurance (measured by
push-ups and sit-ups performed in 60 s, respectively), and lower-body power (measured by the
vertical jump) with time to complete a physical ability test among state patrol officers. Dawes et
al. [8] also found isometric lower-body and grip strength had small correlations (p < 0.05, r = -
0.10 to -0.14) with the physical ability test. The physical ability test incorporated tasks such as a
foot pursuit, lifting, carrying, pushing, crawling, and dragging tasks, obstacle clearance, and
walking on uneven terrain [8].

While policing can be physically demanding, most of a police officer’s shift will typically
feature low-intensity activity (e.g. sitting in a vehicle, office work) [13]. Accordingly, previous
research has indicated that the nature of policing may negatively impact an officer’s health and
fitness [13, 14], in part due to reduced physical activity. To provide an example of the decrease in
fitness experienced by incumbent officers, Orr et al. [14] compared state patrol officers to cadets
undergoing academy training. Orr et al. [14] found that age-matched male patrol officers displayed
poorer muscular endurance (fewer push-up and sit-up repetition completed in 60 s), anaerobic
endurance (slower 300-m run time), and aerobic fitness (slower 2.4-km run time). Female officers

had lesser upper-body maximal strength (lower one-repetition maximum [LRM] bench press) and



endurance (fewer push-up repetitions in 60 s) [14]. Furthermore, as officers age during their service
there may be some age-related declines in fitness [15, 16], which may negatively impact their
ability to complete job tasks and potentially lead to performance decrements for officers.

A police officer’s decrease in health and fitness may be affected by a variety of factors
additional to reduced physical activity. Some of these factors include stress, shift work, decreased
sleep time, and poor dietary choices [13, 14, 17]. The cumulative effect of these variables can
increase the risk of cardiovascular disease in officers [17]. As a result, it is important to not only
track the fitness of police officers, but other health-related indicators as well (e.g. blood pressure
[BP], body composition). Indeed, the documentation of blood pressure and body composition has
been recommended in law enforcement populations [18]. There has been limited specific analysis,
however, of the health characteristics of incumbent police officers. Moreover, there has been
minimal investigation regarding the impacts that certain strategies could have in reducing the
decrements in health and fitness experienced by police officers. One such strategy is the utilisation
of health and wellness programs.

Health and wellness programs for police officers often focus on different issues affecting
personnel. These can include cardiovascular fitness, chronic disease prevention, alcohol and drug
use interventions, nutritional choices, body weight management, musculoskeletal conditioning,
injury prevention, safe driving, stress management, and resilience to trauma [19, 20]. Depending
on the intended outcome, the program could involve fitness testing, exercise programs (either
supervised or provided to officers to complete on their own time), and education about factors such
as exercise and nutrition [20]. These programs are typically voluntary, although incentives may be
incorporated as part of program participation. For example, attaining certain standards within

fitness testing could result in some form of reward for the officer (e.g. financial incentives) [19].



The potential positive benefits of these programs have been previously described [19, 20].
For example, officers involved in wellness programs tend to participate more in physical activity
[19], and accordingly can also demonstrate better fitness outcomes. Kuhns et al. [19] reported that
for one law enforcement agency in the USA, 81% of officers involved in a wellness program
passed an agency-specific fitness test (specific details of the fitness testing were not provided).
Furthermore, participation in health and wellness programs may reduce the mental distress
experienced by officers as a result of their occupation [20]. A limitation of health and wellness
programs administered by police departments is that officers who could benefit from these
programs may not participate as they are generally voluntary. Nevertheless, it would be of benefit
to provide a profile of the health and fitness of officers who are involved with wellness programs.
Further research has been recommended in this area as there are gaps in the literature detailing the
health and fitness of incumbent officers [19]. It would be of great benefit for a study to investigate
the health and fitness of police officers from year-to-year within a health and fitness program.
Further, a study that demonstrates the health and fitness of officers relative to the general
population would demonstrate whether the officers are at least apparently healthy. This would be
of great benefit considering the physical [3, 6, 8, 10-12] and mental [20] demands associated with
policing. The current study would fill this research gap and contribute to the science system by
providing impactful information for police departments worldwide. This study may provide
evidence related to the value of health and wellness programs for police department command
staff, and potentially motivate those officers not involved in these programs to become involved.

Therefore, this study involved a retrospective analysis of archival data that were collected
by a large city police department as part of their health and wellness program. The department

provided de-identified data from police officers who participated in a health and wellness program



from 2018-2020. The purpose of this study was not to track individual officers across the three
years but rather to analyse the police officers as a group to firstly identify whether general
involvement in the health and wellness program either maintained or improved the collective
health and fitness of officers. The second purpose of the study was to profile the health and fitness
of officers involved in the program relative to general population norms [21-23]. It was
hypothesised that there would be no significant differences between the health and fitness tests
across the three years and officer cohorts would maintain their level of health and fitness. It was
further hypothesised that due to program participation, the officers from this sample would have

good health and fitness characteristics relative to normative data.

2. Methods
2.1. Participants

Retrospective analysis of a convenience sample of officer health and fitness data from three
years belonging to one large city police department was conducted. This sample comprised 633
officer data sets across the three years. This included 170 males (age: 40.44 + 8.05 years; body
mass: 90.56 * 15.46 kg) and 39 females (age: 35.28 + 9.19 years; body mass: 69.45 + 14.14 kg) in
2018; 194 males (age: 39.63 + 8.43 years; body mass: 89.08 + 13.08 kg) and 44 females (age:
35.16 + 8.82 years; body mass: 71.59 + 13.10 kg) in 2019; and 159 males (age: 41.28 + 7.77 years;
body mass: 88.96 + 13.40 kg) and 27 females (age: 37.70 * 7.42 years; body mass: 69.10 £ 13.21
kg) in 2020. Height data were not provided by the agency to the researchers, but this has occurred
in previous law enforcement research [24, 25]. As this study involved the retrospective analysis of
archival police officer data sets from a health and wellness program, the researchers did not control

the number of officers that participated in the program. Nonetheless, the inclusion criteria for this



study was all officers that were available within the data sets were included in the. The exclusion
criterion was data sets with clearly incorrectly entered data. As secondary data was utilised in this
study, G*Power software (v3.1.9.2, Universitat Kiel, Germany) was used to confirm post hoc that
the sample size of 633 was sufficient for an analysis of covariance (ANCOVA) such that data
could be interpreted with a small effect level of 0.15 [26], and a power level of 0.9 when the alpha
level was set at 0.05 [27]. Based on the retrospective nature of this analysis, the institutional ethics
committee approved the use of pre-existing data (HSR-17-18-370). The study was conducted

according to the Declaration of Helsinki [28].

2.2. Procedures

The officers volunteered to be part of the health and wellness program, although they did
receive financial incentives if they reached certain milestones as part of the fitness testing. All
fitness testing was conducted on-site at the department by an outsourced wellness provider. The
wellness provider’s staff were all trained in the required procedures for each test, and the officers
were scheduled when available. Fitness testing was on-going throughout the calendar year, and at
numerous times during the day (approximately from 8:00am to 5:00pm), depending on officer
availability. Officers who were within the program could be coming in from the field, on an off
day, or before or after shift. Although this type of scheduling could have affected some of the data
that were recorded, this was unavoidable given the numerous scheduling conflicts that occur for a
police officer (e.g., shift work, long hours, overtime, court appearances, family and personal
commitments, etc.) [29, 30]. It should be noted however that these scheduling conflicts represent
real-world challenges typical to these programs. As such, provide pragmatic research that is a true

representation of outcomes from these programs. Furthermore, health and fitness testing also



occurred in 2020, and some of these tests were affected by the pandemic and the mandated
requirements of this time (e.g., social distancing) [31, 32].

Officers began procedures in an office setting by completing the requisite departmental
release forms. They then completed the health and fitness tests in the order presented, unless there
was a certain test that the officer did not complete due to some form of physical limitation (e.g.,

pre-existing injury). The health and fitness tests took approximately 60 minutes to complete.

2.3. Height, Body Mass, and Body Fat Percentage (BF%)

Officers had their height, body mass, and body fat percentage (BF%) measured first. The
height data were not included in the data set provided to the researchers and, as such, was not
included in this study. Body mass and BF% were recorded by a bioelectrical impedance analysis
(BIA) device (Tanita Corporation, Tokyo, Japan). Previous police research has utilised BIA in
body composition analyses [33]. Protocol guidelines provided by the manufacturer were used to
record body mass via BIA [33, 34]. The device used foot-to-foot measures, and the officer stood
barefoot on the footplates. The officer’s age, height in inches, and sex were entered into the device.
Proprietary equations were used within the device to calculate BF%. Staff recorded the variables

of interest displayed on the device.

2.4. Blood Pressure (BP)

Blood pressure (BP) was measured manually in 2018-2019, and electronically in 2020 to
adhere to social distancing guidelines [32]. This metric was recorded after the officers were seated
quietly for several minutes, and systolic and diastolic BP were measured and recorded in millilitres

of mercury (mmHg). In all years of data collection, officers were first seated with their feet flat on



the floor and their left arm in a supported, relaxed position at heart level. Clothing was removed
or repositioned such that the cuff was placed on bare skin without any compression above the cuff.
The cuff position was above the crease of the elbow and encircled approximately 75-100% of the
arm [35]. In 2018-2019, staff then followed the standard procedures required for manually
measuring blood pressure [36]. In 2020, BP was measured with an automated device (Omron
Healthcare, Kyoto, Japan). Although there are limitations in comparing BP measured in two
different ways, this was unavoidable due to COVID-19. Nonetheless, electronic BP measurement
has been recommended for use in law enforcement populations [18]. Once the cuff was affixed on

the officer’s arm, staff followed the directions presented on the automated device.

2.5. Estimated Maximal Aerobic Capacity (¥Ozmax)

The officers had their estimated maximal aerobic capacity (VO2max) measured via the
Gerkin protocol (submaximal testing) on a treadmill. This protocol has been used previously
among other first responders (e.g., firefighters) [37-40], and has application to police officers.
Heart rate during the test was monitored by the health and wellness program staff via 12-lead
electrocardiogram. As described in the literature [37, 39], the test began with a warm-up period of
3 minutes at a speed of 3.0 miles per hour (mph; 4.83 km per hour). After the warm-up, the
treadmill speed was increased to 4.5 mph (7.2 km per hour). The speed (0.5 mph, or 0.8 km per
hour) and grade (2%) were then alternately increased every 60 s until the officer achieved a heart
rate greater than 85% of their age-predicted maximum heart rate. Each 60-s stage consisted of four
intervals of 15 s, and time to 85% of age-predicted maximum heart rate was recorded as the 15-
second interval before actual achievement of this heart rate. An example, described by Tierney et

al. [39], intimated that an officer who achieved 85% of their age-predicted maximum heart rate at



10:20 was recorded as 10.25 minutes, an officer who reached 85% of % of age-predicted maximum
heart rate at 10:30 was recorded as 10.5 minutes. The time was then applied to a prediction
equation to calculate estimated VO2max [37-40]. Estimated maximal aerobic capacity (VO2zmax) was
recorded in millilitres per kilogram per minute (ml-kg*-min™). In 2020, a much smaller sample of
officers completed this test. This was because the treadmill test was removed from the testing
protocol due to social distancing guidelines. Nevertheless, what data was available from this year

was included in the analysis.

2.6. Sit-and-Reach

The sit-and-reach measured hamstring flexibility [41], and used procedures detailed in the
literature [16]. Officers removed their shoes and sat with both feet flat against the sit-and-reach
box (Novel Products, Inc., Rockton, USA) and positioned their hands one on top of each other
(tips of the middle fingers aligned), with the palms down. The officer then flexed at the hip forward
slowly and reached as far along the scale as possible. The knees remained extended throughout the
reach and the officer held this position for 5 s. Three trials were performed, with the furthest reach

distance measured in cm used for analysis.

2.7. Push-ups

Upper-body muscular endurance was assessed via a maximal push-up test where the officer
completed as many repetitions as possible [22]. A block with a diameter of approximately 6
centimetres (cm), or 2.5 inches, was placed under the chest of the officer to ensure they descended
to the correct depth [42, 43]. On the start command, the officer flexed their elbows and lowered

themselves until their chests contacted the block before they extended their elbows to return to the
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start position. Officers performed as many push-ups in a consecutive manner until failure or a
pause was identified in the push-up cadence, with the recorded result being the number of correctly

completed repetitions.

2.8. Vertical Jump

A Vertec apparatus (Perform Better, Rhode Island, USA) was used to measure vertical
jump height, and followed established assessment protocols [6, 33, 44-46]. The officer initially
stood side-on to the Vertec (on the officer’s dominant side), reached upward as high as possible
and displaced as many vanes as possible while keeping their heels on the floor. The last vane
moved became the zero reference. The officer then jumped as high as possible with no preparatory
step or restrictions placed on countermovement range of motion, and height was recorded from
highest vane moved. Vertical jump height was calculated in inches by subtracting the standing
reach height from the jump height, and measurements were recorded in inches (before being

converted to cm for the data analysis). Officers completed three trials, with the best trial used.

2.9. Grip Strength

Upper-body strength was measured by a hand grip dynamometer (Takei Scientific
Instruments, Japan) [47]. Officers kept their testing arm by their side when standing throughout
the assessment and squeezed the handle as hard as possible for approximately 2-3 s, which was
monitored by the tester [10, 15, 33, 46]. Two attempts were completed for each hand and recorded
to the nearest kg [10, 33, 46]. The best score for each hand was summed to provide the combined

grip strength score.
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2.10. Sit-ups

Abdominal muscular endurance was assessed via the sit-up test, where officers completed
as many repetitions as possible in 60 s. The technique used for the sit-up assessment was typical
for law enforcement populations [8, 14, 16, 43, 48, 49]. The officers laid on their backs with their
knees flexed to 90°, heels flat on the ground, and hands cupped behind their ears. The feet were
held to the ground by a partner during the test. On the start command, officers raised their shoulders
from the ground while keeping their hands cupped at their ears and touched their elbows to their
knees. The officer then descended back down until their shoulder blades contacted the ground.
Officers completed as many repetitions as possible in 60 s, with the recorded result being the
number of correctly completed repetitions. Within the health and wellness program, officers had
the option of completing a plank rather than sit-ups if they had pre-existing lower back issues.

However, these data were not included in this study.

2.11. Bench Press

Bench press ratio was calculated from the 1RM bench press, and testing procedures
followed established protocols [50]. An Olympic bar and weight plates on a Smith machine system
was used. The officer laid on a flat bench with their feet flat on the floor, and their head, shoulders,
and buttocks flat to the bench. Officers selected their ‘strongest position’ and used a pronated grip.
The officer un-racked the bar with assistance from a staff member acting as a spotter as needed
and began the lift with the arms extended. The ‘touch-and-go’ procedure was utilised, in that the
bar was required to touch the chest, pause briefly, before being pressed to full arm extension.
Officers were also given the option to pause at 90° elbow flexion to provide protection to the

shoulder joint. A repetition was successful when the bar was moved from the chest to a position
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of full elbow extension. Failure to do this, or allowing the bar to rebound off the chest, disqualified
a repetition. The staff member/spotter did not touch the bar except in the event of a failed lift.
Officers initially were advised to start with a warm-up weight at approximately 60-75% of their
estimated 1RM for warm-up repetitions followed by 3-5 repetitions at 85% of the estimated 1RM,
with 2 minutes recovery between sets. Officers then completed their first 1RM attempt. If the
officer was successful, loads increased by approximately 2.5 kg until failure. Generally, no more
than five attempts were needed before the 1RM was reached, with 3 minutes rest provided between
attempts. Bench press ratio was scaled relative to body mass via the formula: 1RM-body mass™.

This variable was used for analysis.

2.12. Statistical Analyses

Statistical analyses were processed using the Statistics Package for Social Sciences
(Version 27; IBM Corporation, New York, USA). Descriptive statistics (mean + standard deviation
[SD]) were calculated for each variable. Not all officers completed all tests (e.g., officers with low
back issues did not complete the sit-up test); however, all available data sets were included in the
analysis. The sample was divided into three groups based on which year data was collected: 2018,
2019, or 2020. Levene’s test for equality of variances assessed the homogeneity of variance of the
data, with significance set at p < 0.05. If data were found to be heterogeneous, the alpha level
required for between-group significant interactions was adjusted to p < 0.01 to reduce Type I errors
[4]. A univariate ANCOVA was used to determine whether there were significant differences
between the groups. Within the year groups, the sexes were combined [16, 46]. Nevertheless, sex
was used as a covariate as previous research has illustrated between-sex differences in the physical

performance of law enforcement personnel [15, 42, 43]. All variables except for age and height
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were also independently analysed with age as an additional covariate [4, 11], as age can influence
body mass and fitness test performance [14-16, 42, 44]. If a significant interaction between the
groups was found, a Bonferroni post hoc adjustment for multiple pairwise comparisons was
adopted (p < 0.05).

Individual data were then compared to categorical normative data, relative to sex and age.
Blood pressure classifications were drawn from standards detailed by Pescatello et al. [21].
Estimated VO2max, sit-and-reach, push-ups, grip strength, and bench press ratio were compared to
normative data presented by Riebe et al. [22]. BF% and sit-ups were compared to normative data
depicted by Ryan and Cramer [23]. The variables were then profiled using Microsoft Excel
(Microsoft Corporation™, Redmond, Washington, USA). Male and female officers were grouped
together according to the respective categories for the different measures, as sex-specific standards

were provided [21-23]. Even so, the number of male and female officers per category was noted.

3. Results

Mean data recorded from officers in each year in the health and fitness program is shown
in Table 1. Homogenous data was indicated for age (F2 = 1.271, p = 281), body mass (F2 = 0.833,
p = 0.435), BF% (F2 = 1.424, p = 0.241), estimated VOzmax (F2 = 0.015, p = 0.985), sit-and-reach
(F2 = 1.206, p = 0.300), push-ups (F2 = 0.139, p = 0.870), vertical jump height (F2 = 1.718, p =
0.180), combined grip strength (F2 = 0.324, p = 0.724), and sit-ups (F2 = 0.395, p = 0.674). The
alpha level for significance for these data was set to p < 0.05. Heterogeneous data were indicated
for systolic BP (F2 = 12.668, p < 0.001), diastolic BP (F2 =19.626, p < 0.001), and the bench press

ratio (F2 = 20.689, p < 0.001) The level for significance for these data was set to p < 0.01.
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***INSERT TABLE 1 ABOUT HERE***

There was a significant interaction for systolic BP (F2 = 51.503, p < 0.001), sit-and-reach
(F2 = 3.891, p = 0.021), vertical jump (F2 = 3.261, p = 0.039), and combined grip strength (F2 =
7.967, p < 0.001). The 2020 group had a significantly higher systolic BP than the 2018 and 2019
groups (p < 0.001). The 2020 group had a significantly further sit-and-reach distance compared to
the 2018 group (p = 0.036). This group also had a further sit-and-reach compared to the 2019
group, but the difference did not reach significance (p = 0.052). This was also the case for the
vertical jump, where the pairwise comparisons did not reach significance (p = 0.072-1.000). The
2020 group did have a significantly greater combined grip strength compared to the 2018 group (p
<0.001), but not the 2019 group (p = 0.086). There were no significant between-group interactions
for age (F2 = 2.451, p = 0.087), body mass (F2 = 0.624, p = 0.536), BF% (F2 = 0.807, p = 0.446),
estimated VOamax (F2 = 1.256, p = 0.286), push-ups (F2 = 2.608, p = 0.074), sit-ups (F2 = 1.959, p
= 0.142), and the bench press ratio (F2 = 0.357, p = 0.700). Diastolic BP did not have a significant
interaction (F2 = 3.276 p = 0.038) due to the more stringent alpha level requirement of p < 0.01.

Health and fitness assessments for the officers, relative to normative data in each of the 3
years of data collection, is shown in Figures 1-8. For BF% (Figure 1), in 2018 61% of the sample
were average-to-very lean (117 males, 10 females). This number was 63% in 2019 (139 males, 8
females), and 68% in 2020 (119 males, 7 females). However, there were a relatively higher number
of females within the program classified as overfat (2018 = 17 or 17% of the females; 2019 = 22
or 51% of the females; 2020 = 10 or 14% of the females). With regards to BP (Figure 2), in 2018
approximately 74% of the sample (130 males, 18 females) were classified as elevated-to-Stage 2

hypertension. This number rose to 78% (160 males, 25 females) in 2019, and 86% (141 males, 19
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females) in 2020. When considering estimated VO2zmax (Figure 3), 95% of the sample (160 males,
38 females) in 2018 were considered good-to-superior. In 2019 this was 93% (169 males, 42
females) of the sample. In 2020 there was data for only 10 officers (9 males; 1 female); all were

considered good-to-superior in estimated VOzmax.

***INSERT FIGURES 1-8 ABOUT HERE***

Regarding the sit-and-reach (Figure 4), 69% of officers (117 males, 27 females) were rated
as good-to-excellent in 2018. This number rose to 73% in 2019 (140 males, 33 females), and 80%
in 2020 (124 males, 24 females). Push-ups, shown in Figure 5, had 98% of officers graded as good-
to-excellent in 2018 (168 males, 35 females), 2019 (190 males, 40 females), and 2020 (159 males,
18 females). Concerning grip strength (Figure 6), in 2018 69% of the officers (118 males, 25
females) were classed as good-to-excellent. In 2019, that number rose to 79% (147 males, 30
females), and in 2020, the number rose again to 83% (134 males, 19 females). For sit-ups (Figure
7), 83% of the sample (123 males, 28 females) in 2018 were rated as average or above average.
The number was 86% in 2019 (138 males, 26 females), and 85% in 2020 (115 males, 16 females).
In 2018 and 2019, no officer was categorised as well above average in sit-ups. In 2020, one female
officer was rated as well above average. For the bench press ratio in 2018 (Figure 8), 88% of the
sample (149 males, 34 females) were classified as good-to-superior. This number was 89% in 2019

(174 males, 35 females), and 92% in 2020 (148 males, 20 females).

16



4. Discussion

This study analysed archival health and fitness data recorded as part of a health and
wellness program for a large city police department. Despite general recommendations that
officers should participate in these types of programs [19, 20], there has been little investigation
as to the characteristics of officers that do participate. There were two goals for this study; firstly,
to analyse the officers as a group across 3 years (2018, 2019, and 2020) to ascertain whether
involvement in the health and wellness program maintained or improved health and fitness of a
cohort of participating police officers. The second goal was to profile the officers relative to
normative data from the general population [21-23]. It was hypothesised that there would be no
significant differences between the health and fitness test data across the three years, and that
officers from this sample would have good health and fitness characteristics compared to the
general population. These hypotheses were shown to be partially supported. The 2020 group had
significantly greater systolic BP, grip strength, and sit-and-reach. Additionally, a high number of
the officers in each year had positive profiles in the different health and fitness variables. The
results from this study have important implications for police departments that use (or wish to
implement) health and wellness programs.

The data generally showed few significant changes over the 3 years of data collection
within the program. This can be viewed as a positive result, especially for officers involved with
the program for multiple years. Fitness generally declines with advanced age [15, 16]. If
participation in a health and wellness program retards this process, this would be beneficial for
individual officers and the department as a whole. Additionally, there were some extra noteworthy
findings with regards to the fitness variables. Sit-and-reach distance, which provided a measure of

hamstring flexibility [41], was significantly greater in the officers tested in 2020. Specific to
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policing job tasks, flexibility is important for conducting searches (e.g., in cells, vehicles, rooms
in houses) [51, 52], and for manual handling [53]. Hamstring flexibility has also been found to
decrease overuse injuries in military trainees [54], so this could also influence injury occurrence
in police officers. Police officers typically sit a lot during a work shift (e.g., in a vehicle or office)
[13], and this could negatively impact flexibility [55]. The completion of specific exercises through
a full range of motion at least 2 times per week has been recommended for improving flexibility
[56]. It is possible that officers within the health and wellness program were able to do this, and
this was also supported by the comparisons to normative data. Across the 3 years, 69-80% of
officers were graded as having good-to-excellent flexibility as measured by the sit-and-reach [22].
Future longitudinal research should be conducted to confirm how health and wellness programs
impact the flexibility of police officers. Nevertheless, improving flexibility should be beneficial to
an officer’s health and well-being, in addition to their job performance.

Grip strength significantly increased in 2020 compared to 2018. In addition to indicating
upper-body strength [47], grip strength contributes to several policing tasks, including firearm use,
defensive tactics [9], and body or victim drags [10]. As resistance testing and training was part of
the health and wellness program, it is possible that this contributed to the increase seen in the
sample of officers. Grip strength could be targeted in different resistance training exercises,
including the deadlift and farmer’s walk [57]. Future research could track individual officers to
detail whether their grip strength does increase within the course of participation in a health and
wellness program. Nonetheless, the data suggests that this type of program could impact grip
strength, which could then enhance job task performance [9, 10].

The significant increase in systolic BP in 2020 compared to data from officers in 2018 and

2019 was notable. BP is an important measure for law enforcement personnel as it can be an
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indicator for cardiovascular disease [58]. Additionally, law enforcement personnel are at high risk
for cardiovascular disease due to numerous factors including stress, shift work, lack of sleep, and
dietary choices [13, 14, 17]. The environment in which the officers were working in 2020 could
have heavily influenced these results. The COVID-19 pandemic occurred through 2020, and there
were numerous instances of civil unrest in major US cities [59, 60]. Officers working through the
pandemic likely experienced high stress [61, 62], and this could be reflected in the BP
measurements. It should be noted that BP in 2020 was measured via a different method compared
to the other years in this investigation (i.e., electronic vs. manual). Nonetheless, it should be noted
that even with the increase in 2020, through all the years of data collection many of the officers
had elevated BP (or greater) above normal levels [21]. While this may be due to how the data was
collected (i.e., officers were tested at different times of day, and may have been reporting to the
location following a work shift), the BP data was still indicative of police populations [63]. This
highlights the need for officers to improve, or at the very least maintain, their aerobic fitness to
reduce their risk of elevated BP and potentially cardiovascular disease [64]. Given the job itself
may facilitate these conditions [13, 14], departments and individual officers could try to mitigate
these risks via health and wellness programs.

While no comparative data were available to directly compare the impacts of participation
in the health and wellness programs versus non-participation, the benefits of the program may be
highlighted by comparison against other agencies who are not participating in such a program.
Research by Dawes et al. [15], profiling officers in a state patrol agency, found that officers
recorded mean push-up repetitions of 24.24 + 11.63 (29 female officers) to 39.09 + 15.61
repetitions (582 male officers), scores well below the combined male and female officers mean

scores reported in this study (43.94 + 18.40 repetitions in 2018, to 48.36 + 18.60 repetitions in
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2020). A similar difference was found when comparing sit up scores with the officers. In the study
by Dawes et al. [15], the authors reported sit-up ranges of 31.06 + 9.52 repetitions (33 female
officers) to 34.46 + 10.29 repetitions (583 male officers) compared to ranges of 41.40 = 11.70
repetitions (2018) to 45.15 £ 24.62 (2019) repetitions reported in this study.

Further to this, except for BP, officers that participated in the health and wellness program
tended to have a better health and fitness profile relative to the general population. It should be
noted that these programs are typically voluntary or incentivised [19], and officers who are fitter
and healthier may be more likely to participate in health and wellness programs. Nonetheless, there
were still officers that did have poorer health and fitness profiles but were part of the program. For
example, even though between 61-68% of the officers across the 3 years were categorised as
average-to-very lean with regards to BF% [23], there were several females considered as overfat
when considering the general population norms (e.g. ~51% of the females in 2019). Although it
cannot be confirmed with the current data, it could still be a positive that these officers are involved
in the program. It could be that participation in the health and wellness program is part of lifestyle
change, and that the officers are attempting to reduce their body fat. This is part of the reason why
health and wellness programs are recommended for law enforcement personnel [19, 20].
Behaviour change can be a slow process with regards to exercise adherence [65], so integrating
these officers into a health and wellness program should be beneficial for their future well-being.

Aerobic capacity contributes to numerous policing tasks, such as load carriage [66],
running-based activities, and endurance exercise [3, 8, 11]. Good aerobic fitness can also lower
the chance of cardiovascular disease [67], which is an important consideration for police
populations. In 2018 and 2019, over 90% of the sample were classified as having a good-to-

superior estimated VOzmax [22]. The sample was much smaller for this variable in 2020 (n = 10),
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but all these officers also had good-to-superior estimated VO2max [22]. There are several reasons
why these results may have occurred. Aerobic conditioning is commonly a focus in recruit training
academies [49], so officers should have some understanding of the importance of this fitness
quality. This would be further re-emphasised by health and wellness programs, where
cardiovascular fitness is typically a component part [19, 20]. However, previous research has also
shown that the Gerkin protocol can overestimate VOzmax in apparently healthy men and women
[37]. This could have influenced the results from this study, in that the officers may have been
rated as higher than what their actual VO2max Was. Nonetheless, the mean estimated VO2max for the
officers in this study (~54-56 ml-kg*-min) was greater than that for firefighters assessed with the
same protocol (~50 ml-kg*-min™) [37, 40]. This provides some indication as to the high levels of
aerobic fitness demonstrated by the officers in this study. As previous research has shown aerobic
capacity can decline over an officer’s career [14] and with age [15, 16], if officers within a health
and wellness program can maintain (or improve) this quality this should help their career longevity
and overall well-being.

Upper-body and abdominal endurance contributes to important patrol job tasks, including
lifting, carrying, pushing, dragging, running, and obstacle clearance [3-6, 8, 11]. Push-ups and sit-
ups are also staple exercises within many police training academies [49], so many officers should
have experience completing these exercises. Accordingly, almost all the officers within the
program were classified as good-to-excellent in push-ups [22]. Although only one officer was
classified as well above average, 83-86% of officers were rated as average or above average over
the 3 years [23]. These are prominent findings, especially considering numerous studies have
indicated performance in muscular endurance tests such as push-ups and sit-ups tends to decline

with age [15, 16] and as a result of policing job duties (e.g., more sedentary behaviours, reduction
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in physical activity) [14]. Participation in a health and wellness program could contribute to the
maintenance, and potential improvement, of muscular endurance measured by push-ups and sit-
ups. This should ultimately benefit the job performance and career longevity of police officers.

Grip strength and the bench press ratio provide measures of upper-body strength. Both grip
and upper-body pushing strength contribute to numerous policing job tasks, including load
carriage, defensive tactics, firearm use, and dragging tasks [9, 10, 66]. Accordingly, if officers had
good strength profiles, this could have a great impact on their occupational effectiveness. For grip
strength, 69-83% of officers were classified as good-to-excellent [22], with the highest percentage
occurring in 2020. Across the 3 years, approximately 90% of the officers were classified as good-
to-superior in the bench press ratio [22]. These results indicate that compared to the general
population, most officers within the health and wellness program demonstrated good grip and
upper body pushing strength. These results are important as maximal strength training is not often
a focus of police training academies [3], so personnel may not always be exposed to how this type
of training can benefit their careers. Previous research has shown resistance training can improve
maximal strength in recruits [48, 68] and officers [69]. Although further research is required, the
data from the current research suggest that health and wellness programs could positively impact
the strength of officers.

Lower-body power supports job tasks such as obstacle clearance, victim or body drags, and
foot pursuits [6, 8, 12]. This quality is commonly inferred from vertical jump height [44]; however,
normative data for the vertical jump relative to the general population was not available in the
context of this study. Nonetheless, the data can be compared to that from other law enforcement
personnel. For example, the vertical jJump recorded for the officers in this research (mean jump

height of ~54-56 cm across the 3 years) was similar to that from recruits at the start of academy
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training (~54 cm) [6]. As previous research has shown that when compared to recruits, incumbent
officers tend to have lesser fitness [14], these data highlight the potential value of health and
wellness programs. If the officers from this department can generate comparable lower-body
power to recruits, this would suggest that they have maintained this quality to some extent during
their career. This should mean that when the officer needs to generate lower-body power when on-
duty (e.g., sprinting to pursue an offender, jumping to clear an obstacle), they should have a greater
capacity to do so. Whether this is due to health and wellness program participation needs to be
confirmed via a longitudinal study with a comparative control group of officers. Nevertheless, the
data suggests that officers within this type of program can have a vertical jump comparable to
recruits at the start of academy [6].

There are limitations with this study that should be noted. The COVID-19 pandemic
impacted data collection in 2020. This included using different methods for measuring BP, as well
as the removal of the estimated VOzmax treadmill test. As health and wellness programs are
typically voluntary and incentivised [19], the officers that participate may already be generally
healthy and fit, or at least have a predisposition to maintaining or improving their health and
fitness. Officers that are less fit, or have poorer health, may choose not to participate, and they may
not be reflected within the data shown by this study. The data analysis was cross-sectional across
each year. Future research should track individual officers across their time spent participating
within a wellness program with a comparative control group not involved with the program.
Although difficult, future research should attempt to incorporate more officers into analyses of
health and wellness. However, it should be noted that this would be extremely challenging, as

these types of assessments generally cannot be mandatory. Even though some data may be
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generalisable from the police department in this study, it would be beneficial for other departments
to specifically analyse their own personnel.

Within the context of these limitations, there are several practical applications that can be
drawn from this research. Police command staff should consider implementing health and wellness
programs within their department. The data from this study suggested that most officers who
participated in the health and wellness program demonstrated health and fitness profiles that were
good compared to the general population. The data also provided some documentation as to the
stressful reality of police work (i.e., many officers had relatively higher blood pressure). If
anything, this places even more importance for the use of health and wellness programs. The types
of strategies commonly featured in these programs (e.g., exercise and fitness testing, chronic
disease prevention, alcohol and drug use interventions, nutrition, body weight management, injury
prevention, and stress management) [19, 20] could alleviate some of the negative impacts of police
work. Within a department, it would be beneficial to encourage widespread participation for
officers within a health and wellness program. This could lead to greater benefits relative to health,

fitness, and overall well-being for more officers within a department.

5. Conclusion

The results presented in this study indicate that from 2018 to 2020, there were few
significant differences between the health and fitness officers tested within a health and wellness
program for a large city police department. The officers in 2020 did have a superior sit-and-reach
(greater hamstring flexibility) and greater grip strength, providing some evidence of the potential
effectiveness of health and wellness programs for police officers, noting that even maintaining

fitness over years highlights program benefits. Systolic BP was higher in 2020, which may have
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been a function of occupational stressors associated with this year (pandemic, civil unrest).
Overall, the officers tended to have elevated BP, which highlights the importance of health and
wellness programs. When compared to general population norms, the officers tended to have good
health and fitness profiles. Nonetheless, the presence of officers with lesser health and fitness
should not be viewed as a negative, as their participation in the health and wellness program may
be an attempt to encourage lifestyle change. Although further research is required, this study
suggests that a health and wellness program could be beneficial for police officers and could

contribute to better health and fitness profiles.

Acknowledgements
The authors would like to thank W. Solutions, Inc. (dba Wellness Solutions), Lynette Helmer and
Marci Guzman for facilitating this research, and Marci Guzman, Rachel Beckwith, and Stephen

Hudgins for collating the data.

Conflict of Interest
This study received no external financial assistance. None of the authors have any conflict of

interest.

References

1. Decker, A, Orr, RM, Pope, R, Hinton, B. Physiological demands of law enforcement

occupational tasks in Australian police officers. J Aust Strength Cond. 2016; 24(6): 78-79.

25



N

w

>

ol

(o3}

~

oo

. Lockie, RG, Dawes, JJ, Kornhauser, CL, Holmes, R, Orr, RM. Young officers drive faster, but
older officers crash less: Results of a police pursuit driving course. Police Sci Aust NZ J
Evid Based Polic. 2018; 3(1): 37-41.

. Lockie, RG, Dawes, JJ, Balfany, K, Gonzales, CE, Beitzel, MM, Dulla, JM, Orr, RM. Physical
fitness characteristics that relate to Work Sample Test Battery performance in law
enforcement recruits. Int J Environ Res Public Health. 2018; 15(11): 2477.

Lockie, RG, Orr, RM, Moreno, MR, Dawes, JJ, Dulla, JM. Time spent working in custody
influences Work Sample Test Battery performance of Deputy Sheriffs compared to
recruits. Int J Environ Res Public Health. 2019; 16(7): 1108.

. Lockie, RG, Pope, RP, Saaroni, O, Dulla, JM, Dawes, JJ, Orr, RM. Job-specific physical fitness
changes measured by the Work Sample Test Battery within deputy sheriffs between
training academy and their first patrol assignment. Int J Exerc Sci. 2020; 13(4): 1262-1274.

. Lockie, RG, Moreno, MR, Rodas, KA, Dulla, JM, Orr, RM, Dawes, JJ. With great power comes
great ability: Extending research on fitness characteristics that influence Work Sample Test
Battery performance in law enforcement recruits. Work. 2021; 68(4): 1069-1080.

Lockie, RG, Beitzel, MM, Dulla, JM, Dawes, JJ, Orr, RM, Hernandez, JA. Between-sex
differences in the Work Sample Test Battery performed by law enforcement recruits:
Implications for training and potential job performance. J Strength Cond Res. in press:
d0i:10.1519/JSC.0000000000003671.

Dawes, JJ, Lindsay, K, Bero, J, Elder, C, Kornhauser, C, Holmes, R. Physical fitness
characteristics of high vs. low performers on an occupationally specific physical agility test

for patrol officers. J Strength Cond Res. 2017; 31(10): 2808-2815.

26



9. Orr, R, Pope, R, Stierli, M, Hinton, B. Grip strength and its relationship to police recruit task

10.

11.

12.

13.

14.

15.

performance and injury risk: A retrospective cohort study. Int J Environ Res Public Health.
2017; 14(8): 941.

Lockie, RG, Moreno, MR, McGuire, MB, Ruvalcaba, TR, Bloodgood, AM, Dulla, JM, Orr,
RM, Dawes, JJ. Relationships between isometric strength and the 74.84-kg (165-1b) body
drag test in law enforcement recruits J Hum Kinet. 2020; 74(5-13.

Beck, AQ, Clasey, JL, Yates, JW, Koebke, NC, Palmer, TG, Abel, MG. Relationship of
physical fitness measures vs. occupational physical ability in campus law enforcement
officers. J Strength Cond Res. 2015; 29(8): 2340-2350.

Moreno, MR, Dulla, JM, Dawes, JJ, Orr, RM, Cesario, KA, Lockie, RG. Lower-body power
and its relationship with body drag velocity in law enforcement recruits. Int J Exerc Sci.
2019; 12(4): 847-858.

Ramey, SL, Perkhounkova, Y, Moon, M, Tseng, HC, Wilson, A, Hein, M, Hood, K, Franke,
WD. Physical activity in police beyond self-report. J Occup Environ Med. 2014; 56(3):
338-343.

Orr, R, Dawes, JJ, Pope, R, Terry, J. Assessing differences in anthropometric and fitness
characteristics between police academy cadets and incumbent officers. J Strength Cond
Res. 2018; 32(9): 2632-2641.

Dawes, JJ, Orr, RM, Flores, RR, Lockie, RG, Kornhauser, C, Holmes, R. A physical fitness
profile of state highway patrol officers by gender and age. Ann Occup Environ Med. 2017;

29(16): 16.

27



16

17.

18.

19.

20.

21.

22

23.

24,

. Lockie, RG, Dawes, JJ, Kornhauser, CL, Holmes, RJ. Cross-sectional and retrospective cohort
analysis of the effects of age on flexibility, strength endurance, lower-body power, and
aerobic fitness in law enforcement officers. J Strength Cond Res. 2019; 33(2): 451-458.

Zimmerman, FH. Cardiovascular disease and risk factors in law enforcement personnel: A
comprehensive review. Cardiol Rev. 2012; 20(4): 159-166.

Rodas, K, Lockie, R. A health and fitness testing battery for correctional, custody, and law
enforcement populations. TSAC Report. 2021; (60): 4-13.

Kuhns, JB, Maguire, ER, Leach, NR. (2015). Health, Safety, and Wellness Program Case
Studies in Law Enforcement. Washing DC, USA: Office of Community Oriented Policing
Services.

Acquadro Maran, D, Zedda, M, Varetto, A. Physical practice and wellness courses reduce
distress and improve wellbeing in police officers. Int J Environ Res Public Health. 2018;
15(4): 578.

Pescatello, LS, Franklin, BA, Fagard, R, Farquhar, WB, Kelley, GA, Ray, CA. American
College of Sports Medicine position stand. Exercise and hypertension. Med Sci Sports
Exerc. 2004; 36(3): 533-553.

. Riebe, D, Ehrman, JK, Liguori, G, Magal, M. ACSM’s Guidelines for Exercise Testing and
Prescription. 10th ed. Philadelphia: Wolters Kluwer; 2018.

Ryan, ED, Cramer, JT. Fitness Testing Protocols and Norms. In: Coburn JW, Malek MH,
editors. NSCA's Essentials of Personal Training. Champaign, IL: Human Kinetics; 2012.

Orr, RM, Ford, K, Stierli, M. Implementation of an ability-based training program in police

force recruits. J Strength Cond Res. 2016; 30(10): 2781-2787.

28



25

26.

27

28.

29.

30.

31.

32.

33.

. Orr, R, Pope, R, Peterson, S, Hinton, B, Stierli, M. Leg power as an indicator of risk of injury
or illness in police recruits. Int J Environ Res Public Health. 2016; 13(2): 237.

Hopkins, WG. How to interpret changes in an athletic performance test. Sportscience. 2004;
8: 1-7.

. Faul, F, Erdfelder, E, Lang, AG, Buchner, A. G*Power 3: a flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behav Res Methods. 2007;
39(2): 175-191.

World Medical Association. World Medical Association Declaration of Helsinki.
Recommendations guiding physicians in biomedical research involving human subjects.
JAMA. 1997, 277(11): 925-926.

Ma, CC, Andrew, ME, Fekedulegn, D, Gu, JK, Hartley, TA, Charles, LE, Violanti, JM,
Burchfiel, CM. Shift work and occupational stress in police officers. SH@QW. 2015; 6(1):
25-29.

Vila, B, Morrison, GB, Kenney, DJ. Improving shift schedule and work-hour policies and
practices to increase police officer performance, health, and safety. Police Q. 2002; 5(1):
4-24.

Dove, J, Gage, A, Kriz, P, Tabaddor, RR, Owens, BD. COVID-19 and review of current
recommendations for return to athletic play. R 1 Med J (2013). 2020; 103(7): 15-20.

Qian, M, Jiang, J. COVID-19 and social distancing. J Public Health. 2020;
https://doi.org/10.1007/s10389-020-01321-z.

Lockie, RG, Carlock, BN, Ruvalcaba, TJ, Dulla, JM, Orr, RM, Dawes, JJ, McGuire, MB.
Skeletal muscle mass and fat mass relationships with physical fitness test performance in

law enforcement recruits before academy. J Strength Cond Res. 2021; 35(5): 1287-1295.

29



34. Vasold, KL, Parks, AC, Phelan, DML, Pontifex, MB, Pivarnik, JM. Reliability and validity
of commercially available low-cost bioelectrical impedance analysis. Int J Sport Nutr
Exerc Metab. 2019; 29(4): 406-410.

35. Muntner, P, Shimbo, D, Carey, RM, Charleston, JB, Gaillard, T, Misra, S, Myers, MG,
Ogedegbe, G, Schwartz, JE, Townsend, RR, Urbina, EM, Viera, AJ, White, WB, Wright,
JT. Measurement of blood pressure in humans: A scientific statement from the American
Heart Association. Hypertension. 2019; 73(5): e35-e66.

36. Perloff, D, Grim, C, Flack, J, Frohlich, ED, Hill, M, McDonald, M, Morgenstern, BZ. Human
blood pressure determination by sphygmomanometry. Circulation. 1993; 88(5): 2460-
2470.

37. Mier, CM, Gibson, AL. Evaluation of a treadmill test for predicting the aerobic capacity of
firefighters. Occup Med. 2004; 54(6): 373-378.

38. Poplin, GS, Roe, DJ, Burgess, JL, Peate, WF, Harris, RB. Fire fit: Assessing comprehensive
fitness and injury risk in the fire service. Int Arch Occup Environ Health. 2016; 89(2): 251-
259.

39. Tierney, MT, Lenar, D, Stanforth, PR, Craig, JN, Farrar, RP. Prediction of aerobic capacity in
firefighters using submaximal treadmill and stairmill protocols. J Strength Cond Res. 2010;
24(3): 757-764.

40. Poplin, GS, Roe, DJ, Peate, W, Harris, RB, Burgess, JL. The association of aerobic fitness
with injuries in the fire service. Am J Epidemiol. 2014; 179(2): 149-155.

41. Liemohn, W, Sharpe, GL, Wasserman, JF. Criterion related validity of the sit-and-reach test.

J Strength Cond Res. 1994; 8(2): 91-94.

30



42. Bloodgood, AM, Dawes, JJ, Orr, RM, Stierli, M, Cesario, KA, Moreno, MR, Dulla, JM,
Lockie, RG. Effects of sex and age on physical testing performance for law enforcement
agency candidates: Implications for academy training. J Strength Cond Res. 2021; 35(9):
2629-2635.

43. Cesario, KA, Dulla, JM, Moreno, MR, Bloodgood, AM, Dawes, JJ, Lockie, RG. Relationships
between assessments in a physical ability test for law enforcement: Is there redundancy in
certain assessments? Int J Exerc Sci. 2018; 11(4): 1063-1073.

44. Lockie, RG, Dawes, JJ, Orr, RM, Stierli, M, Dulla, JM, Orjalo, AJ. An analysis of the effects
of sex and age on upper- and lower-body power for law enforcement agency recruits prior
to academy training. J Strength Cond Res. 2018; 32(7): 1968-1974.

45. Lockie, RG, Balfany, K, Bloodgood, AM, Moreno, MR, Cesario, KA, Dulla, JM, Dawes, JJ,
Orr, RM. The influence of physical fitness on reasons for academy separation in law
enforcement recruits. Int J Environ Res Public Health. 2019; 16(3): 372.

46. Lockie, RG, Ruvalcaba, TR, Stierli, M, Dulla, JM, Dawes, JJ, Orr, RM. Waist circumference
and waist-to-hip ratio in law enforcement agency recruits: Relationship to performance in
physical fitness tests. J Strength Cond Res. 2020; 34(6): 1666-1675.

47. Vaara, JP, Kyrolainen, H, Niemi, J, Ohrankammen, O, Hakkinen, A, Kocay, S, Hakkinen, K.
Associations of maximal strength and muscular endurance test scores with
cardiorespiratory fitness and body composition. J Strength Cond Res. 2012; 26(8): 2078-
2086.

48. Cocke, C, Dawes, J, Orr, RM. The use of 2 conditioning programs and the fitness

characteristics of police academy cadets. J Athl Train. 2016; 51(11): 887-896.

31



49. Lockie, RG, Dawes, JJ, Orr, RM, Dulla, JM. Recruit fitness standards from a large law
enforcement agency: Between-class comparisons, percentile rankings, and implications for
physical training. J Strength Cond Res. 2020; 34(4): 934-941.

50. Lockie, RG, Callaghan, SJ, Moreno, MR, Risso, FG, Liu, TM, Stage, AA, Birmingham-
Babauta, SA, Stokes, JJ, Giuliano, DV, Lazar, A, Davis, DL, Orjalo, AJ. An investigation
of the mechanics and sticking region of a one-repetition maximum close-grip bench press
versus the traditional bench press. Sports. 2017; 5(3): doi:10.3390/sports5030046.

51. Jamnik, VK, Thomas, SG, Burr, JF, Gledhill, N. Construction, validation, and derivation of
performance standards for a fitness test for correctional officer applicants. Appl Physiol
Nutr Metab. 2010; 35(1): 59-70.

52. Jamnik, VK, Thomas, SG, Shaw, JA, Gledhill, N. Identification and characterization of the
critical physically demanding tasks encountered by correctional officers. Appl Physiol
Nutr Metab. 2010; 35(1): 45-58.

53. Carregaro, RL, Gil Coury, HIC. Does reduced hamstring flexibility affect trunk and pelvic
movement strategies during manual handling? Int J Ind Ergon. 2009; 39(1): 115-120.

54. Hartig, DE, Henderson, JM. Increasing hamstring flexibility decreases lower extremity
overuse injuries in military basic trainees. Am J Sports Med. 1999; 27(2): 173-176.

55. Cascioli, V, Heusch, Al, McCarthy, PW. Does prolonged sitting with limited legroom affect
the flexibility of a healthy subject and their perception of discomfort? Int J Ind Ergon. 2011,
41(5): 471-480.

56. Garber, CE, Blissmer, B, Deschenes, MR, Franklin, BA, Lamonte, MJ, Lee, IM, Nieman, DC,
Swain, DP. American College of Sports Medicine position stand. Quantity and quality of

exercise for developing and maintaining cardiorespiratory, musculoskeletal, and

32



57

58.

59.

60.

61.

62.

63.

64

65

neuromotor fitness in apparently healthy adults: Guidance for prescribing exercise. Med
Sci Sports Exerc. 2011; 43(7): 1334-1359.

. Lockie, RG, Lazar, A. Exercise technique: Applying the hexagonal bar to strength and power
training. Strength Cond J. 2017; 39(5): 24-32.

Fuchs, FD, Whelton, PK. High blood pressure and cardiovascular disease. Hypertension.
2020; 75(2): 285-292.

Galea, S, Abdalla, SM. COVID-19 pandemic, unemployment, and civil unrest: Underlying
deep racial and socioeconomicdivides. JAMA. 2020; 324(3): 227-228.

Anderson, RE. Community during the pandemic and civil unrest. Int Journal of Com WB.
2020; 4: 293-298.

Stogner, J, Miller, BL, McLean, K. Police stress, mental health, and resiliency during the
COVID-19 pandemic. Am J Crim Justice. 2020; 45(4): 718-730.

Frenkel, MO, Giessing, L, Egger-Lampl, S, Hutter, V, Oudejans, RRD, Kleygrewe, L,
Jaspaert, E, Plessner, H. The impact of the COVID-19 pandemic on European police
officers: Stress, demands, and coping resources. J Crim Justice. 2021; 72: 101756.

Kales, SN, Tsismenakis, AJ, Zhang, C, Soteriades, ES. Blood pressure in firefighters, police
officers, and other emergency responders. Am J Hypertens. 2009; 22(1): 11-20.

. Carnethon, MR, Evans, NS, Church, TS, Lewis, CE, Schreiner, PJ, Jacobs, DR, Sternfeld, B,
Sidney, S. Joint associations of physical activity and aerobic fitness on the development of
incident hypertension. Hypertension. 2010; 56(1): 49-55.

. Marcus, BH, Simkin, LR, Rossi, JS, Pinto, BM. Longitudinal shifts in employees' stages and

processes of exercise behavior change. Am J Health Promot. 1996; 10(3): 195-200.

33



66. Robinson, J, Roberts, A, Irving, S, Orr, RM. Aerobic fitness is of greater importance than
strength and power in the load carriage performance of specialist police. Int J Exerc Sci.
2018; 11(4): 987-998.

67. Kodama, S, Saito, K, Tanaka, S, Maki, M, Yachi, Y, Asumi, M, Sugawara, A, Totsuka, K,
Shimano, H, Ohashi, Y, Yamada, N, Sone, H. Cardiorespiratory fitness as a quantitative
predictor of all-cause mortality and cardiovascular events in healthy men and women: A
meta-analysis. JAMA. 2009; 301(19): 2024-2035.

68. Lockie, RG, MacLean, ND, Dawes, JJ, Pope, RP, Holmes, RJ, Kornhauser, CL, Orr, RM. The
impact of formal strength and conditioning on the fitness of police recruits: A retrospective
cohort study. Int J Exerc Sci. 2020; 13(4): 1615-1629.

69. Rossomanno, CI, Herrick, JE, Kirk, SM, Kirk, EP. A 6-month supervised employer-based
minimal exercise program for police officers improves fitness. J Strength Cond Res. 2012;

26(9): 2338-2344.

34



Table 1. Descriptive data (mean = SD) for body mass, body fat percentage (BF%), systolic and diastolic blood pressure (BP), estimated

maximal aerobic capacity (VO2max), sit-and-reach, push-ups, vertical jump, combined grip strength, sit-ups, and bench press ratio (one-

repetition maximum load relative to body mass) for law enforcement officers who participated in a health and wellness program in 2018,

2019, and 2020. The number of officers (n) with data per year is also noted for each variable in respective order.

2018 2019 2020
Age (years; n = 209, 238, 186) 39.48 + 8.49 38.81 + 8.66 40.76 + 7.81
Body Mass (kg; n = 209, 237, 186) 86.62 £ 17.28 85.90 £ 14.70 86.08 + 15.07
BF% (n =209, 235, 186) 22.54 +£9.29 22.15 + 8.56 21.24 +8.28
Systolic BP (mmHg; n = 209, 238, 186) 124.69 £+ 9.30 123.43 £9.53 133.32 £ 12.50*§
Diastolic BP (mmHg; n = 209, 238, 186) 78.98 £ 6.59 79.62 £ 6.50 81.19+9.74
Estimated VO2zmax (ml-kg*-min; n = 208, 231, 10) 53.89 £9.22 53.71+£8.94 56.25 + 8.99
Sit-and-Reach (cm; n = 208, 237, 184) 30.01 +£8.80 30.36 + 8.39 31.43+£8.01p
Push-ups (repetitions; n = 208, 234, 181) 43.94 £ 18.40 45.96 + 18.30 48.36 * 18.60
Vertical Jump (cm; n = 205, 233, 184) 56.73 £ 13.35 57.12 +11.28 54.92 +13.10
Grip Strength (kg; n = 209, 238, 185) 91.43 £21.09 94.50 £ 22.29 98.72 £ 21.06¢
Sit-ups (repetitions; n = 189, 192, 155) 41.40+11.70 45.15 + 24.62 43.56 + 10.21
Bench Press Ratio (kg-body mass™; n = 209, 237, 183) 1.12+£0.31 1.11+£0.31 1.12+£0.27

* Significantly (p < 0.01) different from 2018 data.
¢ Significantly (p < 0.05) different from 2018 data.

§ Significantly (p < 0.01) different from 2019 data.
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FIGURE LEGEND

Figure 1. Number of police officers classified according to the percentage of fat mass categories.
Figure 2. Number of police officers classified according to the blood pressure categories.

Figure 3. Number of police officers classified according to the maximal aerobic capacity
categories.

Figure 4. Number of police officers classified according to the sit-and-reach categories.

Figure 5. Number of police officers classified according to the push-up categories.

Figure 6. Number of police officers classified according to the grip strength categories.

Figure 7. Number of police officers classified according to the sit-up categories.

Figure 8. Number of police officers classified according to the bench press ratio categories.
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