
Bond University
Research Repository

Fit (and Healthy) for Duty: Blood Lipid Profiles and Physical Fitness Test Relationships from
Police Officers in a Health and Wellness Program

Lockie, Robert; Orr, Rob Marc; Dawes, Jay

Published in:
International Journal of Environmental Research and Public Health

DOI:
10.3390/ijerph19095408

Licence:
CC BY

Link to output in Bond University research repository.

Recommended citation(APA):
Lockie, R., Orr, R. M., & Dawes, J. (2022). Fit (and Healthy) for Duty: Blood Lipid Profiles and Physical Fitness
Test Relationships from Police Officers in a Health and Wellness Program. International Journal of
Environmental Research and Public Health, 19(9), [5408]. https://doi.org/10.3390/ijerph19095408

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

For more information, or if you believe that this document breaches copyright, please contact the Bond University research repository
coordinator.

Download date: 24 May 2023

https://doi.org/10.3390/ijerph19095408
https://research.bond.edu.au/en/publications/603ada22-cacd-4266-a845-57f9d139bbb4
https://doi.org/10.3390/ijerph19095408


Citation: Lockie, R.G.; Orr, R.M.;

Dawes, J.J. Fit (and Healthy) for Duty:

Blood Lipid Profiles and Physical

Fitness Test Relationships from Police

Officers in a Health and Wellness

Program. Int. J. Environ. Res. Public

Health 2022, 19, 5408. https://

doi.org/10.3390/ijerph19095408

Academic Editor: Paul B.

Tchounwou

Received: 11 February 2022

Accepted: 28 April 2022

Published: 29 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Fit (and Healthy) for Duty: Blood Lipid Profiles and Physical
Fitness Test Relationships from Police Officers in a Health and
Wellness Program
Robert G. Lockie 1,* , Robin M. Orr 2 and J. Jay Dawes 3

1 Department of Kinesiology, California State University, Fullerton, CA 92831, USA
2 Tactical Research Unit, Bond University, Gold Coast, QLD 4229, Australia; rorr@bond.edu.au
3 School of Kinesiology, Applied Health and Recreation, Oklahoma State University, Stillwater, OK 74078, USA;

jay.dawes@okstate.edu
* Correspondence: rlockie@fullerton.edu; Tel.: +1-657-278-4971

Abstract: This research analyzed archival health and wellness program data (2018: 169 males,
39 females; 2019: 194 males, 43 females) to document police officer lipid profiles, and correlate
lipids with fitness. Bloodwork included total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG). Fitness data included maximal aerobic
capacity (V·O2max); sit-and-reach; push-ups; vertical jump; grip strength; sit-ups; and relative bench
press (RBP). Lipid profiles were compared to national standards. Spearman’s correlations derived
relationships between lipids and fitness (p < 0.05). Over 2018–2019, 68–76% of officers had desirable
TC (<200 mg/dL) and HDL-C (≥60 mg/dL); 67–72% had desirable TG (<150 mg/dL). 54–62% of
officers had LDL-C above desirable (≥100 mg/dL); 13–14% had mildly high TG (150–199 mg/dL);
16–18% had high TG (200–499 mg/dL). In 2018, HDL-C correlated with V·O2max, push-ups, grip
strength, and RBP in males, and sit-ups in females. TG correlated with V·O2max (both sexes), sit-ups
(males), and grip strength (females). In 2019, TG related to V·O2max, push-ups, vertical jump, sit-ups,
and RBP in males. TG and LDL-C related to push-ups, and HDL-C to sit-ups and RBP in females.
Relationship strengths were trivial-to-small (ρ = ±0.157 − 0.389). Most officers had good lipid profiles
relative to cardiovascular disease risk. Nonetheless, the data highlighted the need for comprehensive
approaches to decreasing risk.

Keywords: aerobic fitness; cardiovascular disease; cholesterol; high-density lipoproteins; law
enforcement officer; low-density lipoproteins; police; sit-ups; tactical; triglycerides

1. Introduction

Police work can place law enforcement officers at high risk of cardiovascular disease
(CVD) [1–3]. Some factors that contribute to this risk include stress, shift work, reduced
physical activity, decreased sleep time, and poor dietary choices [1–4]. There is often an
interaction between these factors that contribute to poorer health outcomes for police
officers. For example, several studies have indicated that the fitness of officers tends to
decrease following training academy [5–7]. Part of the reason for this is the reduction in
physical activity completed by officers once they start working in law enforcement [8–10].
Indeed, law enforcement features predominantly sedentary activities (e.g., sitting in a
vehicle) during a patrol work shift [4]. Further, shift work can negatively impact the sleep
patterns of an officer [11,12], and irregular work hours can contribute to officers making
poor food choices [13]. Policing can also impart stress on officers, depending on the tasks
they need to perform and their encounters with the general public. For example, police
officers may exceed their age-predicted maximum heart rate during certain job tasks (e.g.,
when driving urgently), which can place greater cardiovascular strain on the officer [14].

Int. J. Environ. Res. Public Health 2022, 19, 5408. https://doi.org/10.3390/ijerph19095408 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph19095408
https://doi.org/10.3390/ijerph19095408
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-7038-0294
https://orcid.org/0000-0001-8297-8288
https://orcid.org/0000-0002-2668-8873
https://doi.org/10.3390/ijerph19095408
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19095408?type=check_update&version=1


Int. J. Environ. Res. Public Health 2022, 19, 5408 2 of 17

Accordingly, it is incumbent that police department command staff encourage their
personnel to maintain or potentially improve their health and fitness. Better fitness in
law enforcement personnel could contribute to reduced absenteeism and medical care
claims [15], decreased risk of injury [16–18], and most importantly, improved quality of
life for the police officer [19]. One approach that can be utilized are health and wellness
programs. These programs are typically multi-faceted with different emphases to cater to
the diverse population of law enforcement personnel. These programs can include exercise
testing and prescription, nutrition, prevention of injury and chronic disease, interventions
for drug use, management of stress, and trauma resilience [20–24]. Health and wellness
programs in police departments are generally voluntary; however, certain incentives may
be built into the program. As an example, the attainment of certain fitness standards could
result in a reward (e.g., financial incentives, paid leave, etc.) for the officer [20,24,25].

In addition to exercise testing (e.g., anaerobic and aerobic fitness tests), health-related
assessments can be incorporated into the screening of police officers. Given the propensity
for CVD in law enforcement personnel [1–3], it is valuable to take metrics that could indicate
the risk of this type of disease for the individual. Some examples of these metrics include
resting heart rate [26], blood pressure [27], body fat percentage and distribution [28], waist
circumference [29–31], waist-to-hip ratio [29,30], and blood lipid profiles [32–34]. Rodas
and Lockie [35] have previously recommended measuring variables such as resting heart
rate, blood pressure, and body composition in law enforcement personnel as part of a
health and fitness testing battery. Blood lipid profiles could also be beneficial metrics to
consider with regards to CVD risk in police officers [3].

Lipid profiles of interest include total cholesterol (TC), low-density lipoproteins (LDL-
C), high-density lipoproteins (HDL-C), and triglycerides (TG) [32–34]. Cholesterol is a
waxy, fat-like substance that is made in the liver and can be found in the blood and cells
of the body [36]. Excess cholesterol can build up in blood vessel walls, block blood flow
to tissues and organs, and increase CVD risk [36]. High serum levels of LDL-C and TG
(fat that can be used for energy) are associated with metabolic syndrome and CVD [37].
HDL-C is referred to as the “good” cholesterol as higher levels can lower the risk of CVD
and stroke [32,38,39]. Table 1 details the desired blood lipid levels for TC, LDL-C, HDL-C,
and TG in adults [32,33]. This information is in the public domain and has been provided
by entities such as the Centers for Disease Control and Prevention [32] and the National
Cholesterol Education Program [33], and displayed here for convenience to the reader.

Table 1. Desirable blood lipid levels for total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG) [32,33]. All lipid levels are measured in
milligrams per deciliter (mg/dL).

Lipid Levels

TC <200 mg/dL
LDL-C <100 mg/dL
HDL-C ≥60 mg/dL

TG <150 mg/dL

As previously stated, exercise testing and prescription can be a part of police health
and wellness programs [20–24]. In a review of literature, Gordon et al. [40] detailed
that aerobic conditioning and resistance training can decrease TC, LDL-C, and TG, while
increasing HDL-C. Notwithstanding the potential positive impact of exercise, what is
also notable is that despite the cardiovascular issues experienced by law enforcement
personnel [1–3], there is no research that has detailed the lipid profiles from police officers
within a health and wellness program. Although there are standards presented for the
general population [32,33], it is important that the lipid profiles of police officers are
specifically analyzed. It could be expected that fitter officers would be more likely to
have better lipid profiles, which would also highlight the importance of fitness (and
potentially fitness encouraged by health and wellness program participation) in police
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officers. However, although these relationships may on the surface appear to be obvious,
this ignores the unique challenges and stressors that police officers encounter during their
job that negatively impact their health and well-being. Factors such as stress [14,23,41–43],
disrupted sleep [11,44], dietary challenges [13,22], and decreased physical activity [1,3,4]
could all lend themselves to a poorer lipid profile. This may still occur in officers that
may still have better physical fitness, as some of these stressors may not be able to be
removed from the police officer’s lifestyle (e.g., an officer may always encounter highly
stressful environments when encountering offenders from the general population). If
officers involved in a health and wellness program demonstrate favorable lipid profiles
(Table 1), this would provide further evidence for the value of these types of programs for
police departments. Further, no research has detailed relationships between blood lipids
and physical fitness in police officers.

Therefore, the purpose of this study was to detail the lipid profiles of police officers
from a health and wellness program in 2018–2019, and correlate lipid profiles with capacities
in different fitness tests. It should be reiterated that the purpose of this study was not to
track individual police officers across the two years, but rather to analyze the officers as a
group to profile blood lipids and correlate these variables with fitness. Indeed, there was
variation in officers who participated in fitness testing from year-to-year, so the focus of
this research was to investigate data samples as a group from each year (i.e., 2018 and 2019).
It was hypothesized that the officers in both years would have good lipid profiles relative
to the general population. Additionally, it was hypothesized that there would be significant
relationships between a positive blood lipid profile (i.e., lower TC, LDL-C, and TG, and
higher HDL-C) and better physical fitness test performance.

2. Materials and Methods
2.1. Subjects

The data sample provided for this study comprised 447 de-identified officer data
sets across two years, including 169 males and 39 females in 2018; and 194 males and
43 females in 2019. The data used in this study has also featured in previously published
research [24]. Age and body mass data for both sexes in 2018 and 2019 is reported in
Table 1. Height data were not provided to the investigators, but this has happened in
previous police research [17,24,45]. All available data were included. Exclusion criterion
were data sets with missing data, whether this was due to error or because an officer did not
complete a fitness test. 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 [46].

2.2. Procedures

The methods for the fitness testing involved in this study have been detailed by
Lockie et al. [24]. Nonetheless, they will be briefly detailed here where appropriate. Pro-
gram participation was voluntary for the officers. Financial incentives could be provided if
the officers reached certain milestones within the health and fitness tests. An outsourced
wellness provider conducted all testing on-site at the police department. The staff were
trained in the required procedures for each test, and police officers were scheduled de-
pending on availability. Testing was on-going throughout 2018 and 2019, and at various
times during the day (typically between 8:00 a.m. and 5:00 p.m.). Officers who participated
could be coming in for testing during a shift, before or after a shift, or on an off day. This
occurred due to the frequent scheduling conflicts that occur for police officers (e.g., shift
work, irregular working hours, overtime, court appearances, family and personal commit-
ments, etc.) [47]. Regardless, this research represents real-world outcomes from a police
department health and wellness program [24].

Officers began procedures in an office completing the departmental release paperwork.
Officers had their age, height (as noted, this height data was not provided to the researchers),
body mass, fat mass percentage, and resting blood pressure recorded, and then blood was
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drawn for the lipid profiling. The police officer then completed the fitness tests in the order
presented, unless there was a certain test that the officer did not complete due to physical
limitations, such as a pre-existing injury. Within the context of this study, if an officer did
not complete a fitness test due to injury, their data were excluded from the analysis. Testing
took approximately 60 min to complete.

2.3. Lipid Profiles

Bloodwork (TC, LDL-C, HDL-C, TG) was collected in a fasted or non-fasted state at
the selection of the officer. Specific details as to which officers had blood drawn when fasted
or non-fasted were not provided to the researchers, and indeed it could be considered a
limitation that all officers were not measured in the same manner. However, as noted, this
was unavoidable considering the job and scheduling demands placed on the officers, and
when they were available to participate in the health and wellness program. Some of these
demands include long work hours and the impacts of shift work [47]. Furthermore, there
are limited clinical differences when comparing fasted or non-fasted lipid profiles [48,49], so
this approach was appropriate in the context of this research. Blood was drawn by trained
personnel working for the outsourced wellness provider using standard procedures [48,50].
Similar to previous research, the blood samples were processed by an external laboratory
to document the concentrations of TC, LDL-C, HDL-C, and TG [50]. As has been done
in the literature, lipid concentrations were determined via serum [31,51,52]. The details
for the tests were provided by the laboratory on their website [53]. Briefly, as detailed by
Labcorp [53], the test used within the laboratory was for the direct determination of LDL-C
in nonfasting patients or in patients whose fasting triglycerides were >400 milligrams per
deciliter of blood (mg/dL). Laboratory estimation of LDL-C was limited to fasting samples
with triglycerides <400 mg/dL [53], and was most commonly determined by the use of
formulas such as the Friedewald formula [54]. As noted, more details regarding the lipid
testing were provided by Labcorp [53], and the reader is directed to this site for more
information. Once the laboratory processed the samples, the data were then sent back to
the outsourced wellness provider. All lipids were measured in mg/dL.

2.4. Estimated Maximal Aerobic Capacity (V·O2max)

The officers had their estimated maximal aerobic capacity (V·O2max) measured via
the Gerkin submaximal treadmill testing protocol. This protocol has been used for police
officers [24] and firefighters [55,56]. Briefly, heart rate was monitored via a 12-lead elec-
trocardiogram. The test began with a 3-min warm-up at 4.83 km per h [km/h] [55,56].
Following this, treadmill speed was increased to 7.2 km/h. Speed (0.8 km/h) and grade
(2%) were alternately increased every 60 s (s) until a heart rate above 85% age-predicted
maximum heart rate was achieved. Each 60-s stage consisted of four 15-s intervals, and
time to 85% age-predicted maximum heart rate was recorded as the 15-s interval before the
achievement of this heart rate [56]. Time was used in a prediction equation within internal
documentation from the wellness provider to calculate estimated V·O2max in milliliters
per kilogram per minute (mL/kg/min) [24]. The formula used has been documented
previously in the literature: V·O2max = 1.39 (VO2 at 85% of age-predicted maximum heart
rate) [55].

2.5. Sit-and-Reach

The sit-and-reach test measured hamstring flexibility [57], via the use of a sit-and-
reach box (Novel Products, Inc., Rockton, IL, USA). The health and wellness staff utilized
established protocols covered in detail within the literature [24,57,58], and the reader is
directed to these studies. Three trials were performed for the sit-and-reach, with the furthest
reach distance measured in centimeters (cm) recorded by staff.
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2.6. Push-Ups

Upper-body muscular endurance was assessed via a maximal push-up test where
the officer completed as many consecutive repetitions as possible without time restric-
tions [24,59]. A block with a diameter of approximately 6 cm was placed under the chest
of the officer to ensure the correct depth was reached [60,61]. The standard push-up
technique was used to complete each repetition, which has been detailed in numerous
studies [24,60–62]. Officers performed as many push-ups as possible until failure or there
was a pause identified in the repetition cadence by the staff.

2.7. Vertical Jump (VJ)

A VJ, with jump height measured with a Vertec apparatus (Perform Better, West
Warwick, RI, USA), was used to infer lower-body power. Established protocols were used,
and these have been detailed in previous studies [24,63–65]. Officers completed three
trials, with the best trial used and jump height measured in inches. The researchers then
converted the VJ height to cm for this study.

2.8. Grip Strength

Grip strength was measured by a hand grip dynamometer in kg (Takei Scientific
Instruments, Niigata City, Japan). This test provides a measure of upper-body strength [66],
and previously detailed procedures were used for this test [24,67,68]. Two trials were
completed for each hand [24,68]. The best scores for the left and right hands were added
together to present a combined score.

2.9. Sit-Ups

Abdominal muscular endurance was assessed via the 60-s sit-up test. The procedures
for this test have been described in various studies [7,24,58,61]. As part of the health and
wellness program, officers could complete a plank instead of sit-ups if they had lower back
issues. Plank data were not included in this research.

2.10. Bench Press

Absolute and relative upper-body strength was measured by the 1RM bench press.
Established protocols were used by the staff [24,69], but the methods will be briefly stated
here. A Smith machine, bench, and weight plates were used. The officer laid on the bench
(head, shoulders, and buttocks in contact with the bench) with their feet flat on the floor.
The officer began the lift with their arms extended and gripping the bar with a pronated
grip. To complete a repetition, officers were to allow the bar to touch the chest, pause
briefly, and then push the bar to full elbow extension. Officers with shoulder issues were
provided the option to pause at a positon of approximately 90◦ elbow flexion. Lifting
procedures (i.e., loading used, rest periods between attempts, number of attempts, what
constituted a failed repetition) have been detailed by Lockie et al. [24]. Absolute strength
was the maximum bench press load lifted once [24,69]. Relative strength was derived by
the following formula: 1RM/body mass [24,69].

2.11. Statistical Analysis

Statistical analyses were processed using the Statistics Package for Social Sciences
(Version 27; IBM Corporation, New York, NY, USA). Descriptive statistics (mean ± standard
deviation (SD)) were calculated for each metric. As the data represented actual police
officers from the field, it was important to include all available and complete datasets in the
current analysis. In order to categorize the police officer’s lipid profiles, data were analyzed
by year with TC, LDC, HDC, and TG compared to national standards [32,33]. Preceding
the correlation analysis, normality of the data was evaluated by visual analysis of Q-Q
plots [70–72] and the Kolmogorov–Smirnov test [73]. As will be detailed in the Results
section, most of test data for the officers in each year were determined to be not normally
distributed. This meant that Spearman’s correlations were utilized to calculate relationships
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between blood lipids and the fitness tests. Spearman’s correlations were used as they are
more robust and appropriate for non-parametric data [74,75]. The sexes were analyzed
separately as numerous studies have documented differences between males and female
law enforcement personnel in physical performance tests [60,61,63,67,76]. Significance was
set at p < 0.05 a priori. The strength of the correlations (ρ) was defined as: a ρ between 0 to
±0.3 was small; ±0.31 to ±0.49, moderate; ±0.5 to ±0.69, large; ±0.7 to ±0.89, very large;
and ±0.9 to ±1, near perfect for predicting relationships [77].

3. Results

The descriptive data for age, body mass, and performance in the fitness tests for the
male and female police officers from 2018 and 2019 in the health and wellness program is
displayed in Table 2. Table 3 displays the mean data for TC, LDC, HDC, and TG for 2018
and 2019. In 2018 (Figure 1), 140 officers (68% of the sample in this year) had desirable TC,
while 66 officers (32%) had high TC. The numbers for TC were similar in 2019 (166 officers
(70%) had desirable TC, 71 officers (30%) had high TC). For LDL-C (Figure 2), 78 officers
(38%) in 2018 and 106 officers (46%) in 2019 had desirable levels; 127 officers (62%) in
2018 and 125 officers (54%) had high LDL-C levels. With regards to HDL-C (Figure 3),
147 officers (71%) had desirable levels in 2018, while 179 officers (76%) had desirable levels
in 2019. There were 59 officers (29%) in 2018, and 58 officers (24%) in 2019, who had low
HDL-C levels. Regarding TG (Figure 4), in 2018, 148 officers (72%) had normal levels,
26 (13%) were mildly high, and 32 (16%) were high. In 2019, 160 officers (67%) had normal
TG levels, 33 (14%) were mildly high, 42 (18%) were high, and 3 (1%) were very high.

Table 2. Descriptive data (mean ± SD) for age, body mass, and fitness test performance (estimated
maximal aerobic capacity (V·O2max), sit-and-reach, push-ups, vertical jump, grip strength, sit-ups,
one-repetition maximum (1RM) bench press and relative bench press ratio) for male and female
police officers from health and wellness programs in 2018 and 2019.

Age, Body Mass, and Fitness Tests
2018 2019

Males
(n = 169)

Females
(n = 39)

Males
(n = 194)

Females
(n = 43)

Age (years) 40.4 ± 8.1 35.3 ± 9.2 39.6 ± 8.4 35.4 ± 8.8
Body Mass (kg) 90.52 ± 15.50 69.45 ± 14.14 89.08 ± 13.08 70.16 ± 17.00

Estimated V·O2max (mL/kg/min) 55.39 ± 8.84 47.42 ± 8.16 55.03 ± 8.74 47.94 ± 7.54
Sit-and-Reach (cm) 29.05 ± 8.56 34.22 ± 8.80 29.39 ± 8.27 34.34 ± 7.51

Push-ups (repetitions) 47.74 ± 17.27 27.58 ± 13.70 49.64 ± 17.47 28.47 ± 10.77
Vertical Jump (cm) 60.88 ± 9.88 39.54 ± 7.93 60.67 ± 8.76 40.86 ± 6.36
Grip Strength (kg) 98.88 ± 14.99 58.67 ± 9.09 102.26 ± 16.25 60.48 ± 9.35

Sit-ups (repetitions) 43.47 ± 10.55 32.09 ± 12.42 45.67 ± 8.80 42.63 ± 57.78
1RM Bench Press (kg) 107.84 ± 22.34 49.71 ± 10.83 104.34 ± 25.33 51.50 ± 11.41

Relative Bench Press (kg/body mass) 1.21 ± 0.26 0.74 ± 0.19 1.19 ± 0.28 0.73 ± 0.17

Table 3. Descriptive data (mean ± SD) for total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG) in male and female police officers from
health and wellness programs in 2018 and 2019. All lipid levels are measured in milligrams per
deciliter (mg/dL).

Lipids
2018 2019

Males (n = 170) Females (n = 39) Males (n = 194) Females (n = 44)

TC (mg/dL) 188.39 ± 41.93 177.32 ± 27.36 189.24 ± 43.52 177.00 ± 32.38
LDL-C (mg/dL) 114.74 ± 34.11 100.65 ± 27.46 108.30 ± 32.60 94.42 ± 26.20
HDL-C (mg/dL) 51.96 ± 13.17 59.79 ± 14.06 50.58 ± 13.67 59.72 ± 13.53

TG (mg/dL) 140.78 ± 89.80 116.76 ± 73.86 150.49 ± 104.95 114.23 ± 58.90
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According to the Kolmogorov–Smirnov tests for the 2018 data, 10 of 12 variables
were significant and deemed to have non-normal distribution (p ≤ 0.047). In 2019, eight of
12 variables had non-normal distribution (p ≤ 0.026). Accordingly, as most variables in each
year were not normally distributed, Spearman’s correlations were utilized in this study. The
correlation data for the male and female police officers in 2018 is shown in Tables 4 and 5,
respectively. For male officers (Table 4), there were significant positive correlations between
HDL-C with V·O2max, push-ups, grip strength, and relative bench press (all trivial effects).
For female officers (Table 5), there was a significant, small relationship between HDL-C
with sit-ups. These relationships suggested that a higher HDL-C level was associated with
a higher V·O2max, more push-up repetitions, and greater grip strength and relative bench
press in males, and more sit-up repetitions in females. There were significant, negative
correlations between TG and V·O2max in male (trivial) and female (small) officers, sit-ups
in males (trivial), and grip strength in females (small). These relationships suggested that
lower TG levels were associated with a higher V·O2max, more sit-up repetitions, or greater
grip strength. There were no other significant correlations between lipid levels and fitness
test performance in 2018 for male or female police officers.

The correlation data for the male and female police officers in 2019 is shown in
Tables 6 and 7, respectively. For male officers (Table 6), there were no significant correlations
between TC, LDL-C, or HDL-C with any fitness test. There were significant, negative
correlations between TG with estimated V·O2max, push-ups, vertical jump, sit-ups, and
relative bench press (all trivial effects). The relationships indicated that lower TG was
associated with better performance in each fitness test. For female officers (Table 7),
there were small, positive relationships between TG and LDL-C with push-ups. These
relationships suggested that higher TG and LDL-C was associated with more push-up
repetitions. There were also small, positive relationships between HDL-C with sit-ups and
relative bench press; higher HDL-C was related to more sit-up repetitions and a greater
relative bench press. There were no other significant associations between lipids and fitness
test performance in 2019 female officers.
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Table 4. Relationships between blood lipids (total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG)) and fitness (estimated maximal aerobic
capacity (V·O2max), sit-and-reach, push-ups, vertical jump, grip strength, sit-ups, one-repetition
maximum (1RM) bench press, and relative bench press) in male police officers (n = 169) from a health
and wellness program in 2018. Significant relationships are highlighted in orange.

TC LDL-C HDL-C TG
Estimated
V·O2max

ρ −0.048 −0.118 0.291 * −0.158 *
p 0.542 0.129 <0.001 0.041

Sit-and-
Reach

ρ 0.046 0.046 0.112 −0.108
p 0.556 0.559 0.149 0.163

Push-ups ρ 0.096 0.079 0.175 * −0.105
p 0.216 0.310 0.023 0.175

Vertical Jump ρ −0.079 −0.094 0.083 −0.087
p 0.314 0.233 0.291 0.266

Grip Strength ρ −0.004 −0.037 0.169 * −0.121
p 0.963 0.636 0.028 0.118

Sit-ups ρ −0.041 −0.066 0.138 −0.233 *
p 0.613 0.415 0.089 0.004

1RM Bench
Press

ρ −0.141 −0.102 0.016 −0.112
p 0.069 0.190 0.839 0.149

Relative
Bench Press

ρ −0.024 −0.013 0.157 * −0.144
p 0.762 0.872 0.042 0.063

* Significant (p < 0.05) relationship between the two variables.

Table 5. Relationships between blood lipids (total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG)) and fitness (estimated maximal aerobic
capacity (V·O2max), sit-and-reach, push-ups, vertical jump, grip strength, sit-ups, one-repetition
maximum (1RM) bench press, and relative bench press) in female police officers (n = 39) from a health
and wellness program in 2018. Significant relationships are highlighted in orange.

TC LDL-C HDL-C TG
Estimated
V·O2max

ρ −0.134 −0.079 0.163 −0.343 *
p 0.423 0.642 0.328 0.035

Sit-and-
Reach

ρ −0.226 −0.137 −0.005 0.065
p 0.172 0.419 0.974 0.700

Push-ups ρ −0.091 −0.023 0.098 −0.151
p 0.592 0.894 0.565 0.372

Vertical Jump ρ −0.202 −0.164 0.156 −0.176
p 0.231 0.341 0.356 0.297

Grip Strength ρ 0.079 0.008 0.300 −0.380 *
p 0.636 0.963 0.067 0.019

Sit-ups ρ −0.014 −0.105 0.380 * −0.200
p 0.937 0.568 0.029 0.265

1RM Bench
Press

ρ −0.011 0.033 0.098 −0.115
p 0.947 0.846 0.560 0.491

Relative
Bench Press

ρ −0.211 −0.125 0.126 −0.277
p 0.204 0.460 0.452 0.093

* Significant (p < 0.05) relationship between the two variables.
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Table 6. Relationships between blood lipids (total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG)) and fitness (estimated maximal aerobic
capacity (V·O2max), sit-and-reach, push-ups, vertical jump, grip strength, sit-ups, one-repetition
maximum (1RM) bench press, and relative bench press) in male police officers (n = 194) from a health
and wellness program in 2019. Significant relationships are highlighted in orange.

TC LDL-C HDL-C TG
Estimated
V·O2max

ρ −0.062 −0.054 0.118 −0.163 *
p 0.396 0.465 0.107 0.026

Sit-and-
Reach

ρ 0.048 0.066 0.141 −0.083
p 0.505 0.372 0.050 0.254

Push-ups ρ −0.063 0.032 0.065 −0.275 *
p 0.383 0.666 0.367 <0.001

Vertical Jump ρ −0.124 −0.046 −0.006 −0.163 *
p 0.087 0.533 0.930 0.025

Grip Strength ρ 0.031 0.094 −0.001 −0.111
p 0.668 0.199 0.985 0.123

Sit-ups ρ −0.113 −0.151 0.155 −0.222 *
p 0.157 0.059 0.051 0.005

1RM Bench
Press

ρ −0.057 0.018 −0.092 −0.111
p 0.426 0.808 0.203 0.122

Relative
Bench Press

ρ −0.027 0.046 0.061 −0.188 *
p 0.711 0.530 0.401 0.009

* Significant (p < 0.05) relationship between the two variables.

Table 7. Relationships between blood lipids (total cholesterol (TC), low-density lipoproteins (LDL-C),
high-density lipoproteins (HDL-C), and triglycerides (TG)) and fitness (estimated maximal aerobic
capacity (V·O2max), sit-and-reach, push-ups, vertical jump, grip strength, sit-ups, one-repetition
maximum (1RM) bench press, and relative bench press) in female police officers (n = 43) from a health
and wellness program in 2019. Significant relationships are highlighted in orange.

TC LDL-C HDL-C TG

Estimated
V·O2max

ρ −0.004 0.093 −0.142 0.036
p 0.978 0.559 0.369 0.822

Sit-and-
Reach

ρ −0.218 −0.280 −0.023 −0.115
p 0.160 0.069 0.884 0.463

Push-ups ρ 0.389 * 0.335 * 0.001 0.274
p 0.013 0.035 0.996 0.088

Vertical Jump ρ 0.179 0.117 0.067 0.075
p 0.264 0.466 0.679 0.639

Grip Strength ρ 0.261 0.212 0.071 0.198
p 0.092 0.173 0.653 0.204

Sit-ups ρ 0.030 −0.082 0.364 * −0.220
p 0.872 0.655 0.040 0.227

1RM Bench
Press

ρ 0.098 −0.002 0.150 0.086
p 0.533 0.988 0.336 0.581

Relative
Bench Press

ρ 0.096 −0.075 0.312 * −0.044
p 0.544 0.635 0.044 0.781

* Significant (p < 0.05) relationship between the two variables.

4. Discussion

This study described the lipid profiles of police officers within a health and wellness
program in 2018 and 2019. Further to this, the relationships between blood lipids and
different measures of physical fitness were also profiled. Firstly, it is important to note
that most officers participating in the health and wellness program had good lipid profiles
relative to CVD risk. While this is a positive result, these results could also be influenced
by the healthy worker effect, which is a bias that can occur in occupational epidemiology
studies [78,79]. In the context of this study, this would mean that less healthy officers
were more likely to not participate in the health and wellness program. Potentially, the
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healthier police officers in the department would be involved with the program and may
provide the impression that the police department is healthier than they might otherwise
be. Nevertheless, command staff from the police department should view the data from
this study as a positive outcome relative to the general health of their participating officers
and note the value of such programs. This is ultimately a goal of these types of programs
for police departments [20–24]. Furthermore, as will be discussed, there were officers who
had poorer lipid profiles who would benefit from continued participation in the health and
wellness program.

Ideally, police officers should possess healthy TC, LDL-C, and TG levels. Excess TC,
LDL-C, and TG can lead to fatty deposits in the arteries, which can cause atherosclero-
sis [80,81]. Atherosclerosis is the thickening or hardening of the arteries caused by a buildup
of plaque in the inner lining of an artery and is the major underlying cause of CVD [82].
The results from this study showed that most police officers from the health and wellness
program (68–70% across the two years) had desirable TC levels. This was also true for TG,
with 67–72% of officers having desirable levels. However, 54–62% of police officers from
the health and wellness program had high LDL-C. Additionally, 13–14% of officers had
mildly/borderline high TG, and 16–19% had high-to-very high TG.

Numerous genetic and environmental factors can influence the onset of atheroscle-
rosis [82]. The nature of police work (i.e., decreased physical activity, shift work, stress,
decreased sleep, poor diet) [1–4] likely contributed to these less favorable blood lipid
profiles in some of the officers from this study. These data indicate the need for specific
interventions to improve the health and potentially quality of life for police officers that
have unfavorable blood lipid profiles. For example, regular exercise [83], dietary im-
provements [84], and elimination of behaviors such as smoking [52] and excessive alcohol
intake [85] can help lower TC, LDL-C, and TG. Health and wellness programs for police
departments commonly seek to address these issues for their personnel [20–24], and mul-
tifaceted approaches could be the best approach to enhancing the health and fitness of
police officers [22]. It should be noted that although dietary interventions can be beneficial
for improving factors that relate to CVD risk (e.g., blood lipid profiles, weight manage-
ment) [39,86,87], these interventions should be made within the context of occupational
challenges and motivations experienced by police officers [13]. This is also true for physical
activity [8,88]. Indeed, the potential benefit of health and wellness programs designed
for police departments is that they can cater to specific needs and constraints of officers.
Longitudinal research should be conducted in the future to ascertain the best practices for
encouraging program participation and health and fitness changes in police officers.

HDL-C are considered the ‘good cholesterol’ [32], and can lower the risk of CVD and
stroke [38,39]. HDL-C promotes cholesterol efflux and reverse cholesterol transport, in
addition to modulating inflammation [38]. Most of the officers involved in this health and
wellness program had desirable HDL-C levels. Even though these data could be influenced
by the healthy worker effect [78,79], it is still a positive outcome for the health and wellness
program that most of the participants had desirable HDL-C levels. Nonetheless, it is impor-
tant to note the 29% of officers in the sample from 2018, and 24% of officers in 2019, showed
low HDL-C levels. These officers would benefit from some type of intervention to help
boost their HDL-C levels and reduce their risk of CVD. Similar to the recommendations for
improving TC, LDC, and TG profiles, regular exercise, dietary interventions (e.g., lower
saturated fat, caloric restriction), weight reduction if overweight or obese, and eliminat-
ing smoking can help increase HDL-C levels [39,87,89,90]. Effective health and wellness
programs could address these concerns for officers [22], especially those at greater risk of
CVD as evidenced by their HDL-C. Future research should investigate the effectiveness
of different interventions (e.g., exercise, dietary, or both) as part of a health and wellness
program to improving the blood lipid profile and lessening CVD risk in police officers.

There were relatively few significant relationships between blood lipids and fitness
test performance, although the significant correlations are worth noting. In 2018, greater
HDL-C related to a higher estimated V·O2max, more push-up repetitions, greater strength
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measured by grip strength and the relative bench press in male officers, and more sit-up
repetitions in female officers. Lower TG related to a higher estimated V·O2max in male and
female officers, more sit-up repetitions in male officers, and greater grip strength in female
officers. In 2019, lower HDL-C related to greater sit-up repetitions and a higher relative
bench press in female officers. In male officers, lower TG related to a higher estimated
V·O2max, more push-up and sit-up repetitions, and a greater vertical jump and relative
bench press. All these relationships were desirable. However, in 2019, a higher TC and
LDL-C were related to more push-ups in female officers, which is less desirable. These
data could be related to body size; physically larger females may have greater adiposity
which could have contributed to higher TC and LDL-C [31], but more muscle mass which
benefits push-up performance [65]. Furthermore, there were certain relationships that
were significant in 2018 but not in 2019 (and vice-versa), which may be in part due to the
variations in officer participation from one year to the next.

Police officers involved in health and wellness programs tend to complete more
physical activity [20], and more physically active law enforcement personnel tend to
have better body composition (i.e., greater lean body mass and less fat mass) [91] and
reduced incidence of CVD [19]. Day et al. [86] found that nutrition and physical activity
programs can also lead to positive physical changes (i.e., weight loss) over six months
in firefighters. It could be expected that long-term involvement in health and wellness
programs could also lead to positive health outcomes in police officers, although this
requires further research. Nevertheless, what should be emphasized is that the strength of
any significant relationships in this study between blood lipids and fitness test performance
were only trivial-to-small. In addition, there were no other significant correlations between
blood lipids and the fitness tests other than those previously stated. The results from the
correlation analysis in the current research suggest fitness should be considered somewhat
independent of CVD risk as indicated by blood lipid levels. There may be police officers
who are physically fit but may not be healthy (i.e., they may still have unfavorable blood
lipid profiles). As an example, the positive correlations (albeit small) between TC and LDL-
C and push-ups in the 2019 females provides some indication of officers who may have
better fitness as measured by a push-up test, but less than ideal blood lipid profiles. The
data from this study emphasize the need for a multifaceted approach for wellness programs
in order to reduce CVD risk and enhance physical fitness in police officers (i.e., health and
fitness testing, exercise programs, dietary interventions, wellness and drug education).

There are particular limitations to this research study that should be described. Blood
lipids were either measured in fasted or non-fasted states depending on the preference of
the police officer. This could have affected the results from this study [48]. This limitation is
an example of the real-world challenges associated with collecting physiological data from
incumbent police officers. Nevertheless, and as previously stated, there are limited clinical
differences when measuring blood lipids in fasted or non-fasted states [48,49], so the results
from this study still hold great value. The real-world challenges also influenced when
officers reported for fitness testing, which could have occurred when officers were coming
in on shift, on an off day, or before or after a shift. While it would be ideal to have officers
report at consistent times (e.g., on an off day), this was not possible within this department.
Indeed, police officers and command staff experience long hours, shift work, and staffing
challenges [92]; this can make any form of structured exercise testing challenging. The
Gerkin protocol, which was employed to gauge aerobic fitness, may overestimate V·O2max
in apparently healthy men and women [55]. This was a cross-sectional study, and future
research should involve longitudinal analyses of health and wellness programs that are
instituted within police departments. Regardless, within the contextual framework of these
limitations, the results provided valuable information regarding the blood lipid profiles
and CVD risk of police officers participating in a health and wellness program. Further,
the limited relationships between blood lipids and physical fitness highlight the need for a
multifaceted approach to enhancing the overall health, fitness, and general well-being of
police officers.
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5. Conclusions

Most police officers participating in the health and wellness program from this sample
displayed good lipid profiles relative to their risk of CVD. As the health and wellness pro-
gram involved voluntary (although incentivized) participation, the results may be related
to the healthy worker effect. Nevertheless, the police department should view the data
from this study as a positive outcome relative to the general health of their participating
officers. There were officers who had poorer lipid profiles who would benefit from con-
tinued participation in the program, highlighting the significance of such programming
within police departments. There were relatively few significant correlations between blood
lipids and the physical fitness tests, and the strength of the desirable relationships (HDL-C
with estimated V·O2max, push-ups, grip strength, sit-ups, and relative bench press; TG
with estimated V·O2max, push-ups, vertical jump, grip strength, sit-ups, and relative bench
press) tended to be trivial-to-small. These results would seem to indicate that physical
fitness should be considered independent of CVD risk as indicated by blood lipid levels
(i.e., there could be police officers who are fit but still have unfavorable blood lipid profiles).
These data would imply that health and wellness programs should incorporate multiple
approaches (e.g., exercise testing and programming, dietary interventions, wellness and
drug education, etc.) to reduce CVD risk, enhance physical fitness, and improve quality of
life for police officers.

Author Contributions: Conceptualization, R.G.L.; Methodology, R.G.L., R.M.O. and J.J.D.; Investiga-
tion, R.G.L., R.M.O. and J.J.D.; Data Curation, R.G.L.; Writing—Original Draft Preparation, R.G.L.;
Writing—Review and Editing, R.G.L., R.M.O. and J.J.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of California State University,
Fullerton (protocol code: HSR-20-21-284 and date of approval: 2 December 2021).

Informed Consent Statement: Participant consent was waived due to the use of de-identified, preex-
isting datasets provided by the law enforcement agency. The institutional review board approved the
use of pre-existing data (protocol code: HSR-20-21-284 and date of approval: 2 December 2021).

Data Availability Statement: Restrictions apply to the availability of these data due to ethical, legal
and privacy concerns.

Acknowledgments: 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.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Franke, W.D.; Anderson, D.F. Relationship between physical activity and risk factors for cardiovascular disease among law

enforcement officers. J. Occup. Med. 1994, 36, 1127–1132. [CrossRef] [PubMed]
2. Ramey, S.L.; Downing, N.R.; Knoblauch, A. Developing strategic interventions to reduce cardiovascular disease risk among law

enforcement officers: The art and science of data triangulation. Am. Assoc. Occup. Health Nurses J. 2008, 56, 54–62. [CrossRef]
[PubMed]

3. Zimmerman, F.H. Cardiovascular disease and risk factors in law enforcement personnel: A comprehensive review. Cardiol. Rev.
2012, 20, 159–166. [CrossRef] [PubMed]

4. Ramey, S.L.; Perkhounkova, Y.; Moon, M.; Tseng, H.C.; Wilson, A.; Hein, M.; Hood, K.; Franke, W.D. Physical activity in police
beyond self-report. J. Occup. Environ. Med. 2014, 56, 338–343. [CrossRef] [PubMed]

5. Lockie, R.G.; Pope, R.P.; Saaroni, O.; Dulla, J.M.; Dawes, J.J.; Orr, R.M. 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,
1262–1274.

6. Lockie, R.G.; Orr, R.M.; Moreno, M.R.; Dawes, J.J.; Dulla, J.M. 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, 1108. [CrossRef]

http://doi.org/10.1097/00043764-199410000-00016
http://www.ncbi.nlm.nih.gov/pubmed/7830172
http://doi.org/10.1177/216507990805600202
http://www.ncbi.nlm.nih.gov/pubmed/18306648
http://doi.org/10.1097/CRD.0b013e318248d631
http://www.ncbi.nlm.nih.gov/pubmed/22314143
http://doi.org/10.1097/JOM.0000000000000108
http://www.ncbi.nlm.nih.gov/pubmed/24603204
http://doi.org/10.3390/ijerph16071108


Int. J. Environ. Res. Public Health 2022, 19, 5408 14 of 17

7. Orr, R.; Dawes, J.J.; Pope, R.; Terry, J. Assessing differences in anthropometric and fitness characteristics between police academy
cadets and incumbent officers. J. Strength Cond. Res. 2018, 32, 2632–2641. [CrossRef]

8. Soroka, A.; Sawicki, B. Physical activity levels as a quantifier in police officers and cadets. Int. J. Occup. Med. Environ. Health 2014,
27, 498–505. [CrossRef]

9. Lagestad, P.; van den Tillaar, R. A comparison of training and physical performance of police students at the start and the end of
three-year police education. J. Strength Cond. Res. 2014, 28, 1394–1400. [CrossRef]

10. Lagestad, P.; van den Tillaar, R. Longitudinal changes in the physical activity patterns of police officers. Int. J. Police Sci. Manag.
2014, 16, 76–86. [CrossRef]

11. Ramey, S.L.; Perkhounkova, Y.; Moon, M.; Budde, L.; Tseng, H.C.; Clark, M.K. The effect of work shift and sleep duration on
various aspects of police officers’ health. Workplace Health Saf. 2012, 60, 215–222. [CrossRef] [PubMed]

12. Garbarino, S.; de Carli, F.; Nobili, L.; Mascialino, B.; Squarcia, S.; Penco, M.A.; Beelke, M.; Ferrillo, F. Sleepiness and sleep
disorders in shift workers: A study on a group of Italian police officers. Sleep 2002, 25, 642–647. [CrossRef]

13. MacKenzie-Shalders, K.; Matthews, C.; Dulla, J.; Orr, R. Law enforcement personnel are willing to change, but report influencing
beliefs and barriers to optimised dietary intake. BMC Public Health 2020, 20, 1638. [CrossRef] [PubMed]

14. Decker, A.; Orr, R.M.; Pope, R.; Hinton, B. Physiological demands of law enforcement occupational tasks in Australian police
officers. J. Aust. Strength Cond. 2016, 24, 78–79.

15. Steinhardt, M.; Greenhow, L.; Stewart, J. The relationship of physical activity and cardiovascular fitness to absenteeism and
medical care claims among law enforcement officers. Am. J. Health Promot. 1991, 5, 455–460. [CrossRef] [PubMed]

16. Lentz, L.; Randall, J.R.; Guptill, C.A.; Gross, D.P.; Senthilselvan, A.; Voaklander, D. The association between fitness test scores and
musculoskeletal injury in police officers. Int. J. Environ. Res. Public Health 2019, 16, 4667. [CrossRef]

17. 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, 237. [CrossRef]

18. Tomes, C.; Schram, B.; Pope, R.; Orr, R. What is the impact of fitness on injury risk during police academy training? A retrospective
cohort study. BMC Sports Sci. Med. Rehabil. 2020, 12, 39. [CrossRef]

19. da Silva, F.C.; Hernandez, S.S.S.; Arancibia, B.A.V.; Castro, T.L.d.S.; Filho, P.J.B.G.; da Silva, R. Health-related quality of life and
related factors of military police officers. Health Qual. Life Outcomes 2014, 12, 60. [CrossRef]

20. Kuhns, J.B.; Maguire, E.R.; Leach, N.R. Health, Safety, and Wellness Program Case Studies in Law Enforcement. Available online:
https://www.publicsafety.gc.ca/lbrr/archives/cnmcs-plcng/cn36413-eng.pdf (accessed on 29 September 2021).

21. Souza, D.R.D.; da Silva Junior, E.P.; de Moura, J.R.; Lemos Junior, J.R.; Levada Pires, A.C.; Curi, R.; Pithon-Curi, T.C. Efficacy of a
health promotion guidance program applied to the police of São Paulo City. J. Arch. Mil. Med. 2018, 6, e88885. [CrossRef]

22. MacMillan, F.; Karamacoska, D.; El Masri, A.; McBride, K.A.; Steiner, G.Z.; Cook, A.; Kolt, G.S.; Klupp, N.; George, E.S. A
systematic review of health promotion intervention studies in the police force: Study characteristics, intervention design and
impacts on health. Occup. Environ. Med. 2017, 74, 913–923. [CrossRef] [PubMed]

23. 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, 578. [CrossRef] [PubMed]

24. Lockie, R.G.; Orr, R.M.; Dawes, J.J. Slowing the path of time: Age-related and normative fitness testing data for police officers
from a health and wellness program. J. Strength Cond. Res. 2022, 36, 747–756. [CrossRef] [PubMed]

25. James, E. Officers Stay Healthy with Anaheim Police Department’s Popular Wellness Program. Available online:
https://behindthebadge.com/officers-stay-healthy-anaheim-police-departments-popular-wellness-program/ (accessed on
16 December 2021).

26. Fox, K.; Borer, J.S.; Camm, A.J.; Danchin, N.; Ferrari, R.; Lopez Sendon, J.L.; Steg, P.G.; Tardif, J.-C.; Tavazzi, L.; Tendera, M.
Resting heart rate in cardiovascular disease. J. Am. Coll. Cardiol. 2007, 50, 823–830. [CrossRef] [PubMed]

27. Wilson, P.W.F.; D’Agostino, R.B.; Levy, D.; Belanger, A.M.; Silbershatz, H.; Kannel, W.B. Prediction of coronary heart disease using
risk factor categories. Circulation 1998, 97, 1837–1847. [CrossRef] [PubMed]

28. Piché, M.-E.; Poirier, P.; Lemieux, I.; Després, J.-P. Overview of epidemiology and contribution of obesity and body fat distribution
to cardiovascular disease: An update. Prog. Cardiovasc. Dis. 2018, 61, 103–113. [CrossRef] [PubMed]

29. de Koning, L.; Merchant, A.T.; Pogue, J.; Anand, S.S. Waist circumference and waist-to-hip ratio as predictors of cardiovascular
events: Meta-regression analysis of prospective studies. Eur. Heart J. 2007, 28, 850–856. [CrossRef]

30. Dalton, M.; Cameron, A.J.; Zimmet, P.Z.; Shaw, J.E.; Jolley, D.; Dunstan, D.W.; Welborn, T.A. Waist circumference, waist–hip ratio
and body mass index and their correlation with cardiovascular disease risk factors in Australian adults. J. Intern. Med. 2003, 254,
555–563. [CrossRef]

31. Seidell, J.C.; Perusse, L.; Despres, J.P.; Bouchard, C. Waist and hip circumferences have independent and opposite effects on
cardiovascular disease risk factors: The Quebec Family Study. Am. J. Clin. Nutr. 2001, 74, 315–321. [CrossRef]

32. Centers for Disease Control and Prevention. Getting Your Cholesterol Checked. Available online: https://www.cdc.gov/
cholesterol/cholesterol_screening.htm (accessed on 27 September 2021).

33. National Cholesterol Education Program. Third Report of the National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). Available online:
https://www.nhlbi.nih.gov/files/docs/guidelines/atp3xsum.pdf (accessed on 27 September 2021).

http://doi.org/10.1519/JSC.0000000000002328
http://doi.org/10.2478/s13382-014-0279-3
http://doi.org/10.1519/JSC.0000000000000273
http://doi.org/10.1350/ijps.2014.16.1.329
http://doi.org/10.1177/216507991206000505
http://www.ncbi.nlm.nih.gov/pubmed/22515415
http://doi.org/10.1093/sleep/25.6.642
http://doi.org/10.1186/s12889-020-09716-z
http://www.ncbi.nlm.nih.gov/pubmed/33138785
http://doi.org/10.4278/0890-1171-5.6.455
http://www.ncbi.nlm.nih.gov/pubmed/10171669
http://doi.org/10.3390/ijerph16234667
http://doi.org/10.3390/ijerph13020237
http://doi.org/10.1186/s13102-020-00188-7
http://doi.org/10.1186/1477-7525-12-60
https://www.publicsafety.gc.ca/lbrr/archives/cnmcs-plcng/cn36413-eng.pdf
http://doi.org/10.5812/jamm.88885
http://doi.org/10.1136/oemed-2017-104430
http://www.ncbi.nlm.nih.gov/pubmed/29066612
http://doi.org/10.3390/ijerph15040578
http://www.ncbi.nlm.nih.gov/pubmed/29570662
http://doi.org/10.1519/JSC.0000000000004197
http://www.ncbi.nlm.nih.gov/pubmed/35180188
https://behindthebadge.com/officers-stay-healthy-anaheim-police-departments-popular-wellness-program/
http://doi.org/10.1016/j.jacc.2007.04.079
http://www.ncbi.nlm.nih.gov/pubmed/17719466
http://doi.org/10.1161/01.CIR.97.18.1837
http://www.ncbi.nlm.nih.gov/pubmed/9603539
http://doi.org/10.1016/j.pcad.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/29964067
http://doi.org/10.1093/eurheartj/ehm026
http://doi.org/10.1111/j.1365-2796.2003.01229.x
http://doi.org/10.1093/ajcn/74.3.315
https://www.cdc.gov/cholesterol/cholesterol_screening.htm
https://www.cdc.gov/cholesterol/cholesterol_screening.htm
https://www.nhlbi.nih.gov/files/docs/guidelines/atp3xsum.pdf


Int. J. Environ. Res. Public Health 2022, 19, 5408 15 of 17

34. Duncan, M.S.; Vasan, R.S.; Xanthakis, V. Trajectories of blood lipid concentrations over the adult life course and risk of cardio-
vascular disease and all-cause mortality: Observations from the Framingham study over 35 years. J. Am. Heart Assoc. 2019,
8, e011433. [CrossRef]

35. Rodas, K.; Lockie, R. A health and fitness testing battery for correctional, custody, and law enforcement populations. TSAC Rep.
2021, 60, 4–13.

36. National Cancer Institute. Cholesterol. Available online: https://www.cancer.gov/publications/dictionaries/cancer-terms/def/
cholesterol (accessed on 15 December 2021).

37. Nesto, R.W. Beyond low-density lipoprotein. Am. J. Cardiovasc. Drugs 2005, 5, 379–387. [CrossRef] [PubMed]
38. Navab, M.; Reddy, S.T.; Van Lenten, B.J.; Fogelman, A.M. HDL and cardiovascular disease: Atherogenic and atheroprotective

mechanisms. Nat. Rev. Cardiol. 2011, 8, 222–232. [CrossRef]
39. Kelley, G.A.; Kelley, K.S. Effects of diet, aerobic exercise, or both on Non-HDL-C in adults: A meta-analysis of randomized

controlled trials. Cholesterol 2012, 2012, 840935. [CrossRef] [PubMed]
40. Gordon, B.; Chen, S.; Durstine, J.L. The effects of exercise training on the traditional lipid profile and beyond. Curr. Sports Med.

Rep. 2014, 13, 253–259. [CrossRef]
41. Anshel, M.H. A conceptual model and implications for coping with stressful events in police work. Crim. Justice Behav. 2000, 27,

375–400. [CrossRef]
42. Gershon, R.R.M.; Lin, S.; Li, X. Work stress in aging police officers. J. Occup. Environ. Med. 2002, 44, 160–167. [CrossRef]
43. Stogner, J.; Miller, B.L.; McLean, K. Police stress, mental health, and resiliency during the COVID-19 pandemic. Am. J. Crim.

Justice 2020, 45, 718–730. [CrossRef]
44. Gu, J.K.; Charles, L.E.; Burchfiel, C.M.; Fekedulegn, D.; Sarkisian, K.; Andrew, M.E.; Ma, C.; Violanti, J.M. Long work hours and

adiposity among police officers in a US northeast city. J. Occup. Environ. Med. 2012, 54, 1374–1381. [CrossRef]
45. Orr, R.M.; Ford, K.; Stierli, M. Implementation of an ability-based training program in police force recruits. J. Strength Cond. Res.

2016, 30, 2781–2787. [CrossRef]
46. World Medical Association. World Medical Association Declaration of Helsinki. Recommendations guiding physicians in

biomedical research involving human subjects. JAMA 1997, 277, 925–926. [CrossRef]
47. Vila, B.; Morrison, G.B.; Kenney, D.J. Improving shift schedule and work-hour policies and practices to increase police officer

performance, health, and safety. Police Q. 2002, 5, 4–24. [CrossRef]
48. Craig, S.R.; Amin, R.V.; Russell, D.W.; Paradise, N.F. Blood cholesterol screening influence of fasting state on cholesterol results

and management decisions. J. Gen. Intern. Med. 2000, 15, 395–399. [CrossRef] [PubMed]
49. Darras, P.; Mattman, A.; Francis, G.A. Nonfasting lipid testing: The new standard for cardiovascular risk assessment. Can. Med.

Assoc. J. 2018, 190, E1317. [CrossRef] [PubMed]
50. Jiang, R.; Schulze, M.B.; Li, T.; Rifai, N.; Stampfer, M.J.; Rimm, E.B.; Hu, F.B. Non-HDL cholesterol and apolipoprotein B predict

cardiovascular disease events among men with type 2 diabetes. Diabetes Care 2004, 27, 1991–1997. [CrossRef] [PubMed]
51. Carroll, M.D.; Lacher, D.A.; Sorlie, P.D.; Cleeman, J.I.; Gordon, D.J.; Wolz, M.; Grundy, S.M.; Johnson, C.L. Trends in serum lipids

and lipoproteins of adults, 1960–2002. JAMA 2005, 294, 1773–1781. [CrossRef]
52. McGill, H.C.; McMahan, C.A.; Malcom, G.T.; Oalmann, M.C.; Strong, J.P. Effects of serum lipoproteins and smoking on

atherosclerosis in young men and women. Arterioscler. Thromb. Vasc. Biol. 1997, 17, 95–106. [CrossRef]
53. Labcorp. Low-Density Lipoprotein Cholesterol (Direct). Available online: https://www.labcorp.com/tests/120295/low-density-

lipoprotein-cholesterol-direct (accessed on 4 April 2022).
54. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,

without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef]
55. Mier, C.M.; Gibson, A.L. Evaluation of a treadmill test for predicting the aerobic capacity of firefighters. Occup. Med. 2004, 54,

373–378. [CrossRef]
56. Tierney, M.T.; Lenar, D.; Stanforth, P.R.; Craig, J.N.; Farrar, R.P. Prediction of aerobic capacity in firefighters using submaximal

treadmill and stairmill protocols. J. Strength Cond. Res. 2010, 24, 757–764. [CrossRef]
57. Liemohn, W.; Sharpe, G.L.; Wasserman, J.F. Criterion related validity of the sit-and-reach test. J. Strength Cond. Res. 1994, 8, 91–94.
58. Lockie, R.G.; Dawes, J.J.; Kornhauser, C.L.; Holmes, R.J. 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,
451–458. [CrossRef]

59. Riebe, D.; Ehrman, J.K.; Liguori, G.; Magal, M. ACSM’s Guidelines for Exercise Testing and Prescription, 10th ed.; Riebe, D., Ehrman,
J.K., Liguori, G., Magal, M., Eds.; Wolters Kluwer: Philadelphia, PA, USA, 2018.

60. Bloodgood, A.M.; Dawes, J.J.; Orr, R.M.; Stierli, M.; Cesario, K.A.; Moreno, M.R.; Dulla, J.M.; Lockie, R.G. Effects of sex and age
on physical testing performance for law enforcement agency candidates: Implications for academy training. J. Strength Cond. Res.
2021, 35, 2629–2635. [CrossRef] [PubMed]

61. Cesario, K.A.; Dulla, J.M.; Moreno, M.R.; Bloodgood, A.M.; Dawes, J.J.; Lockie, R.G. Relationships between assessments in a
physical ability test for law enforcement: Is there redundancy in certain assessments? Int. J. Exerc. Sci. 2018, 11, 1063–1073.

62. Lockie, R.G.; Balfany, K.; Bloodgood, A.M.; Moreno, M.R.; Cesario, K.A.; Dulla, J.M.; Dawes, J.J.; Orr, R.M. The influence of
physical fitness on reasons for academy separation in law enforcement recruits. Int. J. Environ. Res. Public Health 2019, 16, 372.
[CrossRef]

http://doi.org/10.1161/JAHA.118.011433
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/cholesterol
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/cholesterol
http://doi.org/10.2165/00129784-200505060-00005
http://www.ncbi.nlm.nih.gov/pubmed/16259526
http://doi.org/10.1038/nrcardio.2010.222
http://doi.org/10.1155/2012/840935
http://www.ncbi.nlm.nih.gov/pubmed/23198142
http://doi.org/10.1249/JSR.0000000000000073
http://doi.org/10.1177/0093854800027003006
http://doi.org/10.1097/00043764-200202000-00011
http://doi.org/10.1007/s12103-020-09548-y
http://doi.org/10.1097/JOM.0b013e31825f2bea
http://doi.org/10.1519/JSC.0000000000000898
http://doi.org/10.1001/jama.1997.03540350075038
http://doi.org/10.1177/109861102129197995
http://doi.org/10.1046/j.1525-1497.2000.03509.x
http://www.ncbi.nlm.nih.gov/pubmed/10886474
http://doi.org/10.1503/cmaj.180804
http://www.ncbi.nlm.nih.gov/pubmed/30420386
http://doi.org/10.2337/diacare.27.8.1991
http://www.ncbi.nlm.nih.gov/pubmed/15277429
http://doi.org/10.1001/jama.294.14.1773
http://doi.org/10.1161/01.ATV.17.1.95
https://www.labcorp.com/tests/120295/low-density-lipoprotein-cholesterol-direct
https://www.labcorp.com/tests/120295/low-density-lipoprotein-cholesterol-direct
http://doi.org/10.1093/clinchem/18.6.499
http://doi.org/10.1093/occmed/kqh008
http://doi.org/10.1519/JSC.0b013e3181c7c282
http://doi.org/10.1519/JSC.0000000000001937
http://doi.org/10.1519/JSC.0000000000003207
http://www.ncbi.nlm.nih.gov/pubmed/31356509
http://doi.org/10.3390/ijerph16030372


Int. J. Environ. Res. Public Health 2022, 19, 5408 16 of 17

63. Lockie, R.G.; Dawes, J.J.; Orr, R.M.; Stierli, M.; Dulla, J.M.; Orjalo, A.J. 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, 1968–1974.
[CrossRef] [PubMed]

64. Lockie, R.G.; Moreno, M.R.; Rodas, K.A.; Dulla, J.M.; Orr, R.M.; Dawes, J.J. 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, 1069–1080. [CrossRef] [PubMed]

65. Lockie, R.G.; Carlock, B.N.; Ruvalcaba, T.J.; Dulla, J.M.; Orr, R.M.; Dawes, J.J.; McGuire, M.B. Skeletal muscle mass and fat mass
relationships with physical fitness test performance in law enforcement recruits before academy. J. Strength Cond. Res. 2021, 35,
1287–1295. [CrossRef] [PubMed]

66. Vaara, J.P.; 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,
2078–2086. [CrossRef]

67. Dawes, J.J.; Orr, R.M.; Flores, R.R.; Lockie, R.G.; Kornhauser, C.; Holmes, R. A physical fitness profile of state highway patrol
officers by gender and age. Ann. Occup. Environ. Med. 2017, 29, 16. [CrossRef]

68. Lockie, R.G.; Moreno, M.R.; McGuire, M.B.; Ruvalcaba, T.R.; Bloodgood, A.M.; Dulla, J.M.; Orr, R.M.; Dawes, J.J. Relationships
between isometric strength and the 74.84-kg (165-lb) body drag test in law enforcement recruits. J. Hum. Kinet. 2020, 74, 5–13.

69. Lockie, R.G.; Callaghan, S.J.; Moreno, M.R.; Risso, F.G.; Liu, T.M.; Stage, A.A.; Birmingham-Babauta, S.A.; Stokes, J.J.; Giuliano,
D.V.; Lazar, A.; et al. 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, 46. [CrossRef] [PubMed]

70. Jeffriess, M.D.; Schultz, A.B.; McGann, T.S.; Callaghan, S.J.; Lockie, R.G. Effects of preventative ankle taping on planned
change-of-direction and reactive agility performance and ankle muscle activity in basketballers. J. Sports Sci. Med. 2015, 14,
864–876.

71. Orjalo, A.J.; Lockie, R.G.; Balfany, K.; Callaghan, S.J. The effects of lateral bounds on post-activation potentiation of change-of-
direction speed measured by the 505 test in college-aged men and women. Sports 2020, 8, 71. [CrossRef] [PubMed]

72. Callaghan, S.J.; Lockie, R.G.; Andrews, W.A.; Chipchase, R.F.; Nimphius, S. The relationship between inertial measurement
unit-derived ‘force signatures’ and ground reaction forces during cricket pace bowling. Sport Biomech. 2020, 19, 307–321.
[CrossRef]

73. Ghasemi, A.; Zahediasl, S. Normality tests for statistical analysis: A guide for non-statisticians. Int. J. Endocrinol. Metab. 2012, 10,
486–489. [CrossRef]

74. Gideon, R.A.; Hollister, R.A. A rank correlation coefficient resistant to outliers. J. Amer. Statist. Assoc 1987, 82, 656–666. [CrossRef]
75. Croux, C.; Dehon, C. Influence functions of the Spearman and Kendall correlation measures. Stat. Methods Appt. 2010, 19, 497–515.

[CrossRef]
76. Lockie, R.G.; Dawes, J.J.; Dulla, J.M.; Orr, R.M.; Hernandez, E. Physical fitness, sex considerations, and academy graduation for

law enforcement recruits. J. Strength Cond. Res. 2020, 34, 3356–3363. [CrossRef]
77. Hopkins, W.G. A Scale of Magnitude for Effect Statistics. Available online: www.sportsci.org/resource/stats/index.html (accessed

on 6 October 2021).
78. Chowdhury, R.; Shah, D.; Payal, A.R. Healthy worker effect phenomenon: Revisited with emphasis on statistical methods—A

review. Indian J. Occup. Environ. Med. 2017, 21, 2–8. [CrossRef]
79. Kirkeleit, J.; Riise, T.; Bjørge, T.; Christiani, D.C. The healthy worker effect in cancer incidence studies. Am. J. Epidemiol. 2013, 177,

1218–1224. [CrossRef] [PubMed]
80. Libby, P.; Ridker, P.M.; Maseri, A. Inflammation and atherosclerosis. Circulation 2002, 105, 1135–1143. [CrossRef] [PubMed]
81. Talayero, B.G.; Sacks, F.M. The role of triglycerides in atherosclerosis. Curr. Cardiol. Rep. 2011, 13, 544–552. [CrossRef] [PubMed]
82. Singh, R.B.; Mengi, S.A.; Xu, Y.J.; Arneja, A.S.; Dhalla, N.S. Pathogenesis of atherosclerosis: A multifactorial process. Exp. Clin.

Cardiol. 2002, 7, 40–53.
83. Thompson, P.D.; Buchner, D.; Piña, I.L.; Balady, G.J.; Williams, M.A.; Marcus, B.H.; Berra, K.; Blair, S.N.; Costa, F.; Franklin, B.;

et al. Exercise and physical activity in the prevention and treatment of atherosclerotic cardiovascular disease. Circulation 2003,
107, 3109–3116. [CrossRef]

84. Kritchevsky, D. Diet and atherosclerosis. J. Nutr. Health Aging 2001, 5, 155–159.
85. Kiechl, S.; Willeit, J.; Rungger, G.; Egger, G.; Oberhollenzer, F.; Bonora, E. Alcohol consumption and atherosclerosis: What is the

relation? Stroke 1998, 29, 900–907. [CrossRef]
86. Day, R.S.; Jahnke, S.A.; Haddock, C.K.; Kaipust, C.M.; Jitnarin, N.; Poston, W.S.C. Occupationally tailored, web-based, nutrition

and physical activity program for firefighters: Cluster randomized trial and weight outcome. J. Occup. Environ. Med. 2019, 61,
841–848. [CrossRef]

87. Wood, P.D.; Stefanick, M.L.; Williams, P.T.; Haskell, W.L. The effects on plasma lipoproteins of a prudent weight-reducing diet,
with or without exercise, in overweight men and women. N. Engl. J. Med. 1991, 325, 461–466. [CrossRef]

88. Jenssen, O.R.N.; Dillern, T. Does motivational regulation affect physical activity patterns among Norwegian Police University
College students? Int. J. Police Sci. Manag. 2021, 23, 406–416. [CrossRef]

89. Lavie, C.J.; Milani, R.V. Effects of cardiac rehabilitation, exercise training, and weight reduction on exercise capacity, coronary risk
factors, behavioral characteristics, and quality of life in obese coronary patients. Am. J. Cardiol. 1997, 79, 397–401. [CrossRef]

http://doi.org/10.1519/JSC.0000000000002469
http://www.ncbi.nlm.nih.gov/pubmed/29401198
http://doi.org/10.3233/WOR-213437
http://www.ncbi.nlm.nih.gov/pubmed/33867373
http://doi.org/10.1519/JSC.0000000000003918
http://www.ncbi.nlm.nih.gov/pubmed/33900262
http://doi.org/10.1519/JSC.0b013e31823b06ff
http://doi.org/10.1186/s40557-017-0173-0
http://doi.org/10.3390/sports5030046
http://www.ncbi.nlm.nih.gov/pubmed/29910406
http://doi.org/10.3390/sports8050071
http://www.ncbi.nlm.nih.gov/pubmed/32455857
http://doi.org/10.1080/14763141.2018.1465581
http://doi.org/10.5812/ijem.3505
http://doi.org/10.1080/01621459.1987.10478480
http://doi.org/10.1007/s10260-010-0142-z
http://doi.org/10.1519/JSC.0000000000003844
www.sportsci.org/resource/stats/index.html
http://doi.org/10.4103/ijoem.IJOEM_53_16
http://doi.org/10.1093/aje/kws373
http://www.ncbi.nlm.nih.gov/pubmed/23595008
http://doi.org/10.1161/hc0902.104353
http://www.ncbi.nlm.nih.gov/pubmed/11877368
http://doi.org/10.1007/s11886-011-0220-3
http://www.ncbi.nlm.nih.gov/pubmed/21968696
http://doi.org/10.1161/01.CIR.0000075572.40158.77
http://doi.org/10.1161/01.STR.29.5.900
http://doi.org/10.1097/JOM.0000000000001685
http://doi.org/10.1056/NEJM199108153250703
http://doi.org/10.1177/14613557211027189
http://doi.org/10.1016/S0002-9149(97)89239-9


Int. J. Environ. Res. Public Health 2022, 19, 5408 17 of 17

90. He, B.M.; Zhao, S.P.; Peng, Z.Y. Effects of cigarette smoking on HDL quantity and function: Implications for atherosclerosis.
J. Cell. Biochem. 2013, 114, 2431–2436. [CrossRef] [PubMed]
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