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Abstract: Obesity is related to the establishment of chronic inflammation and metabolic diseases,
but it can be positively influenced by the regular practice of physical activity. The study aimed to
compare the anthropometric, metabolic, and inflammatory parameters of physically active Military
Police Officers (MPOs) with those who are less physically active. Sixty male MPOs, low activity
(n=28) and physically active (n=32) participated. The following parameters were measured: plasma
cytokine levels, C-reactive protein (CRP) levels, circulating glucose triglyceride (TAG) and high-
density lipoprotein cholesterol (HDL-C) levels, and plasma glutamic oxalacetate transaminase
(GOT), glutamic-pyruvate transaminase (GPT), and gamma-glutamyl transferase (GGT) activities.
The physically active group presented lower body fat and reduced TAG and IL-8 levels compared
to the low activity group. Moreover, a negative correlation between SPE and SBP, DBP, BPM was
detected for the physically active group (p<0.05) but not in the low activity group. Furthermore, the
physically active group's work time (WT) values were not correlated with the important metabolic
markers SBP, DBP, BPM, GLU, TAG (p>0.05) but could be in the low activity group (p<0.05). These
findings highlight the fundamental protective role of physical activity in controlling body composi-
tion, subclinical inflammation, and cardiovascular risk in MPOs.
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1. Introduction

Radio patrol Military Police Officers (MPOs) typically work 44 hours per week in 12-
hour shifts [1], performing ostensible and preventive law enforcement activities using a
vehicle as the primary form of transportation. The high demand to mediate various inci-
dents impairs appropriate eating habits, increases stress and prevents or reduces physical
activity consequently impacting the officers' personal health throughout their profes-
sional careers [2, 3]

Recently, our group showed, using a pedometer, that the number of steps police of-
ficers take during their radio patrol shift is below the number recommended by health
agencies [4]. A high prevalence of metabolic syndrome (MetS) was also previously re-
ported in these workers [5]. The consequences of reduced physical activity (PA) among
police officers may involve an increased incidence of being overweight and obese, a higher
risk for developing diabetes mellitus and cardiovascular disease [5, 6], and/or reduced
aerobic capacity [7] jeopardizing the MPO'S ability to perform daily work tasks.

Previous studies have associated obesity-induced subclinical inflammation in the
scenario of inappropriate working circumstances with unfavorable lifestyles (i.e.,
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sedentarism, high work stress levels, long shifts and others) with chronic low-grade in-
flammation in MPOs [8-11]. Indeed, the induction of pro-inflammatory cytokine [e.g., tu-
mor necrosis factor-alpha (TNF-a) and interleukins (IL)-1p, IL-6, IL-8)] and C-reactive
protein (CRP) [10-12], production can influence stress hormone, substance P, and ATP
levels and activate the corticotropin-releasing hormone/substance P-histamine axis, ulti-
mately promoting inflammation. Moreover, a low-grade chronic inflammation state trig-
gers a cascade of inflammatory responses, culminating in persistent tissue damage, sub-
stantial cell injury, and organ dysfunction [13, 14]. In the case of MPOs, the inability to
respond to life or death situations contributes to the removal of operational police activi-
ties and relocation to administrative activities, attenuated work performance and compul-
sory retirements.

Considering that military police officers (MPOs) are directly involved with the pop-
ulation's security and that the specific psychophysiological demands of this occupation
can significantly impact their health, the present study sought to analyze the influence of
PA levels on body composition and inflammatory responses in Brazilian MPOs. Addi-
tionally, to the best of our knowledge, no previous studies have attempted to compare the
concentrations of inflammatory and metabolic biomarkers of physically active MPOs with
those who are less physically active. Herein, the anthropometric and inflammatory pa-
rameters of Brazilian MPOs with different physical activity levels have been analyzed and
compared. The results are of fundamental clinical/practical interest for health profession-
als developing optimal exercise programs to prevent or reduce the negative effects of
physical inactivity.

2. Methods
2.1. Experimental Design

This study was designed to assess and compare the anthropometric parameters and
inflammatory biomarkers in MPOs (physically active and low activity) from the radio pa-
trol program of the Military Police of Sao Paulo State (PMESP).

2.2. Participants

The data were obtained from the Health Promotion of Military Police Study database,
in which 104 MPOs from the radio patrol program of the battalions subordinated to the
Metropolitan Police Area Command 1 (CPA/M1) were recruited, as described by Souza et
al. al., (2021) [5] and Santos and Souza (2022) [4] . Data were collected in the year 2019.

A total of 60 MPOs responded to the International Physical Activity Questionnaire
(IPAQ) and the Perceived Stress Scale (PSS-10), making them eligible to participate in the
study. Thirty-two participants were considered physically active, and 28 were sedentary
and less physically active. The Ethics Committee of the Cruzeiro do Sul University ap-
proved the experimental procedures (protocol number 3.272.747/19), and the experiments
were conducted according to the Declaration of Helsinki. The participants signed an in-
formed consent form to participate in all research procedures.

Exclusion criteria included: diagnosis of infectious disease, leukemia, asthma, or au-
toimmune disease, and/or taking immunosuppressive or anti-inflammatory medications.
Participants who were on leave from military police work or failed to complete all recom-
mendations for data collection were also excluded from this research.

All MPOs (n=60) were male with the following characteristics (mean+SEM): age,
35.5+1.0 years old; body mass (BM), 87.5+1.7 kg; height, 1.74+0.0 cm; waist-to-hip ratio
(WHR), 0.94+0.0; and body mass index (BMI), 29.0+0.5 kg/m? (Table 1).
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Table 1. Characteristics, body composition, inflammatory, clinical and plasma parameters of the
military police officers (n= 60). The values of the low active and active groups are presented as the
mean (M) + standard error (SE).

Low-active Active P
(N=28) (N=32)
Volunteer Characteristics M SE M SE (p)
Age (years) 38.2 t1.6 33.2 1.2 0.02
Body mass (kg) 91.4 2.4 84.1 2.3 0.03
Height (m) 1.74 +0.01 1.73 +0.01 >0.99
Body mass index (kg/m?) 30.1 +0.8 28.0 +0.7 0.07
Waist circumference (cm) 101.5 2.3 94.3 2.0 0.02
Waist hup circumference (cm) 0.96 +0.01 0.93 +0.01 0.03
Body composition parameters
Skeletal Muscle mass (kg) 31.3 +0.5 30.3 +0.5 0.21
Free fat mass (kg) 63.7 +1.0 61.7 +1.0 0.18
Absolut fat mass (kg) 28.1 1.9 21.8 1.5 0.01
Fat mass index (kg/m?) 9.2 +0.6 7.2 +0.5 0.01
Visceral fat (L) 3.9 +0.3 3.1 +0.2 0.01
Inflammatory parameters
Tumor necrosis factor-a (pg.mL) 0.09 +0.04 0.09 £0.02 0.26
IL-6 (pg.mL) 1.04 +0.13 0.85 +0.09 0.26
IL-12p70 (pg.mL) 0.63 +0.07 0.75 +0.04 0.41
IL-10 (pg.mL) 0.21 +0.03 0.16 +0.03 0.11
CRP (mg/dL) 0.30 +0.01 0.21 +0.01 0.37
Clinical and metabolic parameters
Systolic blood pressure (mmHg) 131.3 2.7 127.9 2.1 0.32
Diastolic blood pressure (mmHg) 80.3 2.2 77.0 £1.6 0.23
Mean blood pressure (mmHg) 97.7 2.2 94.4 *1.6 0.23
Gluclose (mg/dL) 92.3 +1.0 91.1 £1.5 0.69
TAG (mg/dL) 150.1 +11.8 120.0 18.8 0.04
HDL-C 40.6 +1.7 41.2 1.1 0.76
GOT (U/L) 27.6 11.6 23.7 1.2 0.06
GPT (U/L) 31.6 +3.1 27.5 2.5 0.34
GGT (U/L) 40.5 4.2 27.7 2.5 0.01
Perceived stress (score) 11.5 +1.2 8.3 +1.3 0.03

Note: Abbreviations: interleukin (IL); C-reactive protein (CRP); Triglycerides (TAG); glutamic oxyacetic transaminase
(GOT); glutamic pyruvate transaminase (GPT); gamma-glutamyl transferase (GGT).

2.3. Experimental Protocol

Initially, the subjects completed a questionnaire on perceived stress [Perceived Stress
Scale (PSS-10)] and lifestyle behavior, including PA routine. The radio patrol years of ser-
vice, age, and general health information were also collected from the participants. The
MPOs were advised to get plenty of sleep, drink plenty of water, and avoid eating foods
with high fat or protein content eight hours before the sample collection. Anthropometric
measurements and blood sampling were conducted at the Physical Activity and Sports
Sciences Institute (ICAFE) at Cruzeiro do Sul University (Sao Paulo, SP, Brazil).

2.3.1. Physical Activity Levels

The PA levels (type of PA and number of hours per week) were evaluated using the
International Physical Activity Questionnaire (IPAQ short form). Validation research in
Latin America, specifically in Brazil, suggests that the IPAQ has moderate criteria validity
and great reliability compared to accelerometers [15, 16]. The application and
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classification of the IPAQ followed the same criteria described in the study of Souza et al.
(2019) [1]. Participants considered physically inactive or sedentary, according to the IPAQ,
were placed in the "low activity" group, whereas participants classified as active or very
active were placed in the "physically active" group.

2.3.2. Clinical and Anthropometric Measurements

The weight, height, BMI, waist circumference (WC), and WHR were recorded for
each participant. The absolute fat mass (AFM), fat mass index (FMI), visceral adipose tis-
sue (VAT), skeletal muscle mass (SMM), and the values of free fat mass (FFM) were
obtained using a bioimpedance device (mBCA 515, SECA, Hamburg, Germany). Diastolic
and systolic blood pressure (DBP and SBP, respectively) were measured using a mercury
sphygmomanometer (Premium, Zhejiang, China), with the subject at rest for at least 5 min
[1, 5]. All the values from these measurements are summarized in Table 1.

2.3.3. Sample Collection

Blood samples were drawn from one of three main veins at the antecubital fossa:
cephalic, basilic, or median cubital. Blood samples (20 mL of venous blood) were drawn
into BD vacutainer tubes containing heparin. Samples were centrifuged at 400 x g for 10
min, and the plasma was stored at -80°C until analyzed for inflammatory and metabolic
biomarkers [17, 18]. All samples were concurrently evaluated on a single day.

2.3.4. Assessment of Inflammatory and Metabolic Markers

Plasma cytokines (TNF-a, IL-10, IL-13, IL-6, IL-8, and IL12p70) were assessed using
the Cytometric Bead Array (CBA) and Human CBA and flow cytometry (BD Accuri cy-
tometer, Becton Dickinson, NJ, USA), according to the manufacturer's instructions [5, 19].
Plasma was not stored for more than three months.

The Diagnosis and Analysis Center (CDA) (Sao Paulo, SP, Brazil) carried out the la-
boratory measurements of CRP by immunoturbidimetry; glucose, triglycerides (TAG),
and high-density lipoprotein cholesterol (HDL-C) using colorimetric enzymatic methods;
and glutamic-oxaloacetate transaminase (GOT), glutamic-pyruvate transaminase (GPT),
and gamma-glutamyl transferase (GGT) activities using kinetic enzyme assays. Samples
were evaluated in duplicate, as previously described by Souza et al. [5].

2.4. Statistical Analysis

The values are presented as the meantstandard error (SE). For blood assessments,
outliers were excluded from normally distributed data using the criteria of Chauvenet (R.
Taylor John, 1997), where values lower or higher than two standard deviations in each
group were excluded. The D'Agostino & Pearson normality test was used to assess the
normality of the data distribution. The comparison between the physically active and low
activity groups was performed by parametric tests (t-test) for the samples with normal
distribution. The association between dichotomous variables was assessed using the Chi-
Square test, and the linear relationships were determined by Pearson's correlation (data
with normal distribution) or Spearman's correlation (data without normal distribution).
The significance level was set at p<0.05, and all assessments were performed using the
GraphPad Prism software v. 9.0 (GraphPad Software, CA, USA). The calculation of statis-
tical power was performed by the G*Power program, version 3.1.9 (Dusseldorf, Germany),
using the number of samples per group (nA=32; nB=28) and the alpha probabilistic error
(p<0.05). Each variable's effect size was calculated utilizing the means and the square root
of the mean of the standard deviations for each group. Statistical power was greater than
80% for main variables, including IL-8, metabolic equivalent spent per week, BMI, FMI,
triglycerides, and perceived stress. Statistical analysis was performed in the year 2022.
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3. Results

The physically active and low activity groups had metabolic equivalents of 1422
[+155 (95% CI 1105-1739)] and 920 [+246 (95% CI 415-1424)], respectively. Higher meta-
bolic equivalent (A=54.5%, p<0.01) and lower WC (A=7.62%, p<0.05), BM (A=8.63%,
p<0.05), WHR (A=3.31%, p<0.05), AFM (A=28.9%, p<0.05), FMI (A=26.8%, p<0.05), and
VAT (A=28.0%, p<0.05) were observed in the physically active group compared to the low
activity group (Figure 1). There were no significant differences in BMI, SMM, or FFM
detected when comparing groups.

a b
) ) c) "
. S £ 110+ 1.00
1800 ; . ] I |
% ] % 105 5 0.957
o E g ] S 0.95]
- L £ 100- 2 L
3 8 1200-] 3 . ©
g 7 £ gc] = 0.904
.; % 900 ] g 95 i T .% -
= ] 2 90 =
o= : S = 0.854
B 600 e 1 c
o ] B 854 =
= 300 S 1
. = go- , 0.80- !
A2 & R\ & o 2
i§ 5§ 5§ 5§ 8 3
',DO vs: '@c’ v.c' beo Y‘o
& & e
d e
) 35 * ) 12 * ) s50- -
£ 20 £ L
@ g0 3 4.0
n = = 4.0-
g 25 x - &
E L 26 Ll T
20 i
b @ ? 3.0-
[<} 3 > b
8 15 g 2.5
< & |
10 T 0 T 2.0- I
(] < ("] ]
3 c',‘é o@a v:':"\ﬁ\‘a 5&‘ 0@
v o v 2 v
\\oo ‘xoo ©

Figure 1. Metabolic equivalents and body composition variables of the participants. The results
are presented as the mean+SE of the low activity (n=28) and physically active (n=32) groups. The
level of significance was set to p<0.05*.

The physically active group presented lower plasma TAG (A=25.0%, p<0.05), IL-8
(A=34.2%, p<0.05), GGT (A=48.6%, p<0.05), and perceived stress (A=37.0%, p<0.05) levels
than the low activity group (Figure 2). Additionally, GOT activity was reduced in the ac-
tive group compared to the low activity group (A=16.2%), but this alteration failed to reach
a level of statistical significance (p=0.06). In contrast, the plasma glucose concentration
and mean blood pressure, SBP, DBP, MBP, HDL-C, CRP, IL-13, IL-6, IL-10, IL-12p70,
TNF-a levels and GPT activity were not different between groups (Table 1).
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Figure 2. Inflammatory and clinical variables of the participants. The results are presented as the
mean+SE among low activity (n=28) and physically active (n=32) groups. The level of significance
was set to p<0.05*.

A negative correlation was found between SPE and the clinical markers SBP, DBP,
and BPM (p<0.05) in the physically active group but not in the low activity group. Addi-
tionally, WT was not found to be correlated with the metabolic syndrome indicators SBP,
DBP, BPM, GLU, TAG in the physically active group (p>0.05) but was in the low activity
group (p<0.05) (Figures 3.b and 3.c). Similar correlations were observed between GLU
and TAG with AGE (Figures 3.b and 3.c). Lastly, IL-8 was correlated with WHR (p<0.05)
in the low activity group, but this was not seen in the physically active group, indicating
a possible protective effect of PA on this parameter (Figures 3.b and 3.c).
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Figure 3. Correlation matrix of body composition, inflammatory, and clinical variables of mili-
tary police officers. a) Correlation of the physically active group (n=32); b) Correlation of the low
activity group (n=28). The results are displayed as r Pearson (-1 to 1), and the significance level was
set to p<0.05*. Abbreviations: systolic blood pressure (SBP); diastolic blood pressure (DBP); blood
pressure mean (BPM); plasma glucose (GLU); triglyceride (TAG); high density lipoprotein (HDL);
glutamic-pyruvate transaminase (TGP); gamma-glutamyl transferase (GGT); glucose triglyceride
index (TyG); metabolic equivalent (MET); interleukin-8 (IL-8) body mass (BM); waist circumference
(WC); waist-hip ratio; body mass index (BMI); skeletal muscle mass (SMM); absolute fat mass
(AFM); fat mass index (IMF); visceral adipose tissue (VAT); work time (WT).

4. Discussion

This study is the first to investigate the anthropometric, body composition, inflam-
matory, and metabolic differences between physically active and low activity MPOs. No-
tably, the physically active MPOs presented improved health indicators related to WC,
WHR, AFM, FMI, VAT, TAG, and GG compared to MPOs with low physical activity.
These findings are relevant because individuals who are overweight and obese are pre-
disposed to chronic diseases, such as metabolic syndrome (MetS) with hypertension, in-
sulin resistance, and dyslipidemias [20]. Herein, 53.5% of the low-active group were diag-
nosed with MetS, while 37.5% of the physically active group had this disease. It was pre-
viously reported that low PA levels and being overweight compromise physical fitness,
daily work activities and the job performance of MPOs [21, 22].

Previous studies demonstrated that high deposition of visceral adipose and subcuta-
neous tissues is associated with IKK nuclear factor-kappaB axis activation, which upreg-
ulates the inflammatory cytokine expression, producing a chronic low-grade inflamma-
tory state [23, 24]. In this sense, MPOs have a chronic subclinical inflammatory process
[25, 26]. Furthermore, physically active MPOs presented downregulated IL-8 expression
compared to the low activity group, which might indicate a decreased inflammatory state.

Additionally, in the low activity but not the physically active group, a positive corre-
lation between IL-8 and WHR was detected. It has been reported that IL-8 is a biomarker
that plays a central role in the inflammatory process [27]. Indeed, upregulated IL-8 ex-
pression has been related to the recruitment of monocytes and macrophages to the vessel
wall, promoting or exacerbating blood vessel lesions, atherosclerotic plaque formation
and adverse health outcomes [28-30]. For example, Bruun et al. [31] reported that higher
circulating IL-8 concentration positively correlates with insulin sensitivity and adiposity,
indicating IL-8 participation in some obesity-related health complications. The mecha-
nisms involved and the clinical significance of downregulated IL-8 expression in the
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physically active group requires further investigation. It is plausible that this cytokine is
an early marker of metabolic alterations.

Furthermore, it has been shown that the maintenance and control of inflammatory
marker concentrations protect against the risk of developing cardiovascular and liver dis-
eases [23]. This possibility is especially relevant to police officers with a high prevalence
of MetS and death due to cerebrovascular and cardiovascular diseases [5, 32]. Thus, iden-
tifying verified markers of initial metabolic changes could facilitate the early diagnosis,
treatment and intervention of various diseases and conditions.

Despite detecting attenuated GGT and TAG levels in the physically active group
compared to low activity MPOs, no other differences in cardiometabolic risk indicators
(e.g., HDL, glucose, SBP, DBP, and CRP) or cytokine levels were observed when compar-
ing groups. The absence of differences among physically active and low activity MPOs
may be due to the low mean age of the study population.

Law enforcement professionals are constantly exposed to stress factors due to the
work responsibilities, risk of death, exposure to violence, irregular sleep schedule, and
shift work [33, 34]. It is known that exposure to stress (e.g., traumatic stress) activates the
hypothalamic-pituitary-adrenal axis and upregulates inflammatory biomarker expression
[35, 36]. Additionally, chronic exposure to stress has become a public health and safety
problem because it increases the risk of developing metabolic diseases and mental ill-
nesses and can keep people from attending work [37, 38]. Notably, physically active MPOs
have a lower stress perception than low activity ones, which suggests that PA could effec-
tively reduce stress in this population. This possibility is consistent with a previous study
stating that physical exercise can control parameters directly related to health and stress
reduction [39].

The inferences of this research should be evaluated considering some limitations.
First, the sample size was relatively small, which may restrict the generalizability of the
results. Second, all MPOs in this research were men, and the inflammatory process is im-
pacted by gender [40]. Thus, it could be challenging to translate these results to female
MPOs directly. Moreover, more thorough nutritional monitoring should be performed in
future research to assess how diet impacts metabolic and inflammatory states.

On the other hand, the strengths of this research include the incorporation of quanti-
tative biochemical and physiological assessments. The samples were processed at a labor-
atory using standardized methods, and data (i.e., physical and blood work) was collected
in a clinical setting with a well-trained staff. In addition, the research participants were
selected from a population of active MPOs (instead of hospital sources). Thus, we can
assume that the participants were otherwise healthy since they were not exposed to phys-
ical trauma, which could have induced an inflammatory response. Importantly, this study
strengthens our confidence in exploring intervention programs for MPOs as a means to
increase weekly PA and prevent the onset and/or development of metabolic and inflam-
matory diseases.

5. Conclusions

The physically active MPOs presented lower body fat, plasma TAG, and IL-8 levels
than the low activity group. Moreover, there was a positive correlation between IL-8 and
WHR in the low activity group. These findings indicate that PA, a nonpharmacological
strategy, can effectively prevent subclinical inflammation and risk factors associated with
cardiovascular diseases, including abdominal and body fat, triglycerides, perceived
stress, and body composition in MPOs.
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