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Abstract

Introduction: Policemen often face high stress and are prone to
cardiovascular risks like hypertension, overweight, and dyslipidaemia.
Identifying links between stress and early cardiovascular markers could
help to detect those at risk.

Objective: to compare autonomic function and sleep quality between
policemen with stress and those without stress.

Methods: Twenty-three policemen (39+7 years; 28.8+4.2 kg/m2) were
divided into two groups: with and without stress, defined by Lipp’s Stress
Symptoms  Inventory.  Assessments involved sleep  patterns
(polysomnography) and autonomic function (blood pressure [BP], heart rate
variability) during rest, and in response to physical (handgrip test), and
mental (Stroop test) stressors. Mann-Whitney U test compared policemen
with vs. without stress.

Results: Policemen with stress exhibited higher sleep heart rate (63+9 bpm
vs. 5512 bpm, p=0.031), amount of snoring (530+225 vs. 158+247;
p=0.003), and peak diastolic BP (11620 mmHg vs. 9521 mmHg;
p=0.046) during handgrip compared to policemen without stress.
Conclusion: Policemen with stress exhibit worse sleep quality and
autonomic function than policemen without stress.

Keywords: Polysomnography. Autonomic Function. Law Enforcement.
Blood Pressure. Heart Rate Variability
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Resumo

Introducao: Policiais frequentemente enfrentam alto estresse e estdo sujeitos a riscos
cardiovasculares como hipertensdo, sobrepeso, e dislipidemia. Identificar a relagdo entre o
estresse e marcadores cardiovasculares precoces pode ajudar a detectar pessoas em risco.
Objetivo: Comparar a fun¢do autondmica e qualidade do sono entre policiais com e sem
estresse.

Métodos: Vinte e trés policiais (39+7 anos; 28.8+4.2 kg/m?) foram divididos em dois grupos:
com e sem estresse, definido pelo Inventario de Sintomas de Estresse de Lipp. Medidas
consistiram em padrdes de sono (polissonografia) e modulagdo autondmica (pressdo arterial
[PA], variabilidade da frequéncia cardiaca) durante o repouso, € em resposta ao estresse fisico
(teste de handgrip), e mental (teste de Stroop). O teste de Mann-Whitney U comparou policiais
com e sem estresse.

Resultados: Policiais com estresse apresentaram maior frequéncia cardiaca durante o sono
(63£9 bpm vs. 5512 bpm, p=0.031), quantidade de ronco (530+225 vs. 158+247; p=0.003), e
PA diastdlica de pico (11620 mmHg vs. 95+21 mmHg; p=0.046) durante o teste de handgrip
comparado aos policiais sem estresse.

Conclusao: Policiais com estresse apresentam pior qualidade do sono e fungdo autondomica
comparado a policiais sem estresse.

Descritores: Polissonografia. Sistema Nervoso Autonomo. Policia. Pressdo Arterial.
Variabilidade da Frequéncia Cardiaca

Introduction

Policemen are frequently exposed to situations and environments with high levels of
stress. In addition, police officers frequently exhibit chronic conditions related to cardiovascular
risk, including hypertension, overweight and dyslipidaemia®. Not surprisingly, a systematic
review® revealed that the exposure to stress of policemen is associated with hypertension,
obesity, dyslipidaemia, impaired glucose metabolism and cardiovascular disease morbidity.
This could be even more impactful in men, that have a more pronounced physiological stress
response® and are most of the police force. However, these markers typically manifest in the
later stages of cardiovascular risk. Understanding whether stress is related to early indicators of
cardiovascular disease could prove beneficial in identifying policemen at risk, thereby allowing
for timely interventions.

In this context, autonomic function and sleep quality provide early indicators of
cardiovascular disease. The former provides clinically relevant information into the control and
regulation of the cardiovascular system®®, while the latter is intricately linked with progression

of cardiovascular disease!”"®. Interestingly, although autonomic function has been directly
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associated with stress levels in policemen®, the association between stress and sleep indicators
in this population is less known. To address this gap, this study aimed to compare autonomic
function and sleep quality between policemen experiencing high levels of stress and those not
exposed to significant stress.

Materials and Methods
Study design, setting and participants.
This study is an exploratory, cross-sectional analysis conducted without a prior sample size
calculation due to its preliminary nature. Participants were recruited through convenience
sampling between August 2019 and January 2021 and consisted of police officers from the
administrative section of the Physical Education School of the Military Police in Sao Paulo,
Brazil. Initially, our goal was to include all police officers from this institution; however, the
COVID-19 pandemic affected the study’s progression. We included male participants between
30 and 55 years old, considered to be fit in the medical examination, with no diagnosis of central
apnea, non-alcoholic, non-smoker and with no cancer or metabolic and/or endocrine diseases.
Women were not included in this study due to the limited number of female police officers in
the institution at the time of data collection. Additionally, in the predominant age group of the
school, hormonal fluctuations could significantly influence the physiological parameters
assessed, requiring strict control of the menstrual cycle phase. This would have added
complexity to the data collection process and potentially introduced uncontrolled variables.
However, recent post-pandemic studies conducted in the same institution are focusing
exclusively on female participants, though results are not yet available.

This study was approved by the Human Research Ethics Committee of the centres
involved (CAAE: 06025618.2.0000.5511) and the procedures used in this study adhered to the
tenets of the Declaration of Helsinki. Participants were instructed about the aim of the study
and the ones that agreed to participate signed a written informed consent form before
participation. The study was designed and written based on the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)!!?.

Weight and height were measured using a digital scale balance coupled with a
stadiometer (W200A, Welmy, Brazil), with precision of 0.1 kg. Body mass index was
calculated by dividing the weight (kg) by the squared height (meters). Arm, waist, hip and neck
circumferences were measured two to three times using a constant-tension tape. Blood pressure
(BP) was measured using an automatic monitor (HBP-1100, Omron, Japan), according to the
Brazilian Guidelines of Hypertension!"). The participants were asked to sit comfortably in a

chair for five minutes before the initial measurement. Two consecutive measurements were
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performed with a one-minute interval between them, in both arms, and with the appropriate cuff

size. The value used was derived from the arm with the higher BP average.

Groups division: With and Without Stress

Level of stress of the participants was assessed by the Lipp’s Stress Symptoms Inventory for
Adults (ISSL)!?. The ISSL is composed of three charts (C) that refers to the four phases of
stress: alertness, resistance, almost exhaustion and exhaustion. The first chart (C1) is composed
of 12 items of physical nature and three of psychic nature, experienced during the last 24 hours.
The second chart (C2) is composed of 10 physical and five psychological symptoms,
experienced during the last month. The third chart (C3) is composed of 12 physical and 11
psychological symptoms, experienced during the last month. Overall, the ISSL is composed of
34 items of physical and 19 of psychic nature. The positive diagnosis for each phase is given
by the sum of the symptoms of each chart of the inventory. When exceeding the limit number
in a specific phase (C1 greater than 6; C2 greater than 3, and C3 greater than 8), that indicates
if the participant has stress, on which phase they are in and the prevailing symptomatology.
After that, the participants were divided into two groups: With stress (defined as meeting all
three criteria: C1 greater than 6, and C2 greater than 3, and C3 greater than §8) and without stress
(meeting at least one of the following criteria: C1 lower or equal to 6; C2 lower or equal to 3;

C3 lower or equal to 8).

Variables

Sleep monitoring

The complete nocturnal polysomnography (PSG) examination (Pattern monitoring — Type III)
was performed at the participant’s house on a separate day from the measurement of the
remaining outcome variables'®. A portable monitoring device was used (Philips Respironics,
Murrysville, USA), that was equipped with the Alice Sleepware G3 software, composed of
channels for pressure transducer, nasal breathing (cannula), breathing movements (Xtrace
model waist and chest straps), snoring, body position, electroencephalogram, electro
oculogram, tibial submental electromyography, electrocardiogram digital oximetry for
peripheral oxygen saturation.

The participants were advised to stay in a comfortable position, falling asleep naturally. The
signals were continuously recorded during the whole period of examination of each participant.
The portable monitoring equipment used were adequate to the Brazilian legal regulations, using

the pattern positioning aiming to minimize any experimental bias. For the reading of the PSG
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and the risk stratification of obstructive sleep apnea (OSA) we followed the guidelines from the
American Academy of Sleep Medicine (AASM)!3). The PSG was performed manually by a
specialized technician, and the exams were reported by a physician specialized in sleep
medicine.

The apnea hypopnea index (AHI) was calculated as the total number of respiratory events
(apneas plus hypopneas), divided by the total sleep time, and expressed in events per hour
(events/hour). Apnea was defined as a 90% airflow decrease for at least 10 seconds, while
hypopnea was classified as a >50% airflow increase on the respiratory signals for at least 10
seconds, followed by a 3% oxygen desaturation. OSA severity was classified as: no OSA for
AHI <5 events/hour; light OSA for AHI from 5 to 14.9 events/hour; moderate OSA for AHI
from 15 to 29.9 events/hour; and severe OSA for AHI > 30 events/hour. The variables analysed
and obtained from the basal nocturnal PSG were the following: AHI, obstructive apnea index

(OAI), average O saturation (%), total snoring and heart rate during sleep*.

Autonomic function
Resting

Autonomic function was assessed during rest and in stress conditions (i.e., isometric
exercise protocol). Firstly, we measured heart rate variability (HRV) during rest using a heart
rate monitor and receptor strap (Polar® RS800CX). The participants remained 10 min in the
supine position, during which the R-R intervals were recorded, and we later considered as valid
signal a minimum of 5 min of stationary signal, measured by an experienced researcher. After
the measurement, the RR intervals were exported to the Kubios HRV Standard software
(v.3.5.0, Biosignal Analysis and Medical Imaging Group, Finland)!¥), where the analysis was
performed. The 5 min stationary period was used to obtain the heart rate and HRV parameters
using the Kubios filters 3. The time domain parameters analysed were: the standard deviation
of all normal R-R intervals (SDNN; in milliseconds [ms]); the square root of the mean of the
sum of the squares of successive normal R-R intervals differences (RMSSD; in ms); and the
number of pairs of adjacent normal R-R intervals differing by more than 50 ms in the whole
recording (pNNS50; expressed as percentage). The frequency domain parameters analysed were
the following: the power in the high frequency (HF: 0.15-0.4 Hz) and the low frequency (LF:
0.15-0.04 Hz) using the fast Fourier transformation algorithm (FFT). Low and high frequency
components were accepted, respectively, as markers of predominant cardiac sympathetic and
parasympathetic modulations, while the low frequency/high frequency ratio was considered as

the cardiac sympathovagal balance. The analysis of all parameters were according to the Task
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Force of the European Society of Cardiology and the North American Society of Pacing and

Electrophysiology !¢ and the updated recommendations!®,

Isometric handgrip test

After resting HRV was performed, BP responses were measured during the isometric
exercise protocol using an automatic monitor, that was performed with a hand dynamometer
(Smedley Hand Dynamometer, Stoelting, USA) — 100 Kg (220 Ib). The participant was kept on
the supine position, and his maximal voluntary contraction (MVC) was determined with three
attempts on maximal hand contraction with the right arm. After these attempts, we determined
each participant’s 30% of MVC, that was later used for the isometric handgrip test that lasted
3 minutes. During the last 20 seconds of contraction a pressure cuff was occluded on the right
arm and kept during two minutes after the end of the contraction, and the participants were
instructed to keep the arm relaxed during the occlusion. During the isometric handgrip test
protocol BP and heart rate were measured on the first, second and third minutes of contraction,

and every minute throughout the recovery period.

Mental stress

The mental stress protocol was performed using the Stroop Test (ST) — Verbal, to evaluate the
acute cardiovascular responses to mental stress. An A-4 paper sheet with printed words in a
different colour (conflict colour-word, Stroop effect), was presented and positioned at the eye
level of participants in a distance of approximately 80 cm, with participants in the supine
position!”!®)_ The pattern colours were blue, red and green. The participants were stimulated to
answer clearly and as fast as they could the colour of the printed word that was pointed to by
the evaluator. The ST was applied for three minutes, and at each minute we measured BP and

heart rate using an automatic monitor.

Statistical analysis

The Statistical Package for Social Sciences — SPSS (Version 25.0) was used for
statistical analyses. Data normality was checked using the Shapiro-Wilk test followed by the
Levene test for homogeneity. Sample characteristics are described in median and interquartile
range. For comparison among policemen with and without stress we used the Mann-Whitney

U test. For all analyses, p<0.05 was considered as significant.
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Results
Flowchart of participation is shown in Figure 1. Thirty-five participants were recruited

and assessed for eligibility. Of these, eight dropped out after initial screening and another four
before polysomnography examination, totalling 23 participants included and analysed. General
sample characteristics between policemen with and without stress are presented in Table 1.
Overall, the groups presented similar characteristics, except for hip circumference, with the

policemen with stress presenting significantly higher values of hip circumference compared to

the policemen without stress.

Assessed for eligibility (n = 35)

Excluded(n = 12)
» *  Dropped out after initial screening (n = )
*  Dropped out before polysomnography (n =4)

=
(]
=
]
[
=]
=
=
]
=
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criteria (n = 23)
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Analyzed (n = 23)
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Figure 1. Flowchart of study participation.
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Table 1. General characteristics of police officers with and without stress (n=23).

Variables Without Stress With Stress p
(n=14) (n=9)

Age, years 37 (10) 41 (11) 0.557
Time as a police officer, years 15 (10) 19 (13) 0.975
Weight, kg 82.4 (18.8) 96.8 (30.8) 0.201
Height, cm 174 (1) 175 (1) 0.877
Body mass index, kg/m? 26.9 (5.7) 30.2 (10.8) 0.224
Neck circumference, cm 40 (3) 39 (6) 0.877
Arm circumference, cm 34 (6) 36 (9) <0.999
Waist circumference, cm 90 (10) 100 (27) 0.201
Hip circumference, cm 97 (11) 105 (9) 0.019
Waist-to-hip ratio 0.94 (0.11) 1.01 (0.18) 0.829
Systolic blood pressure, mmHg 114 (22) 121 (26) 0.305
Diastolic blood pressure, mmHg 70 (15) 74 (19) 0.477
Heart rate, bpm 59 (13) 63 (7) 0.224

Values presented in median (interquartile range).

Table 2 shows the comparison of sleep quality indicators between policemen with and
without stress. Heart rate during sleep and total snoring were higher in the policemen with stress
compared to the ones without stress. The remaining sleep quality indicators were similar among

groups (p>0.05 for all).

Conscientiae Saude, 2025 jan./dez.;24(1):1-15, e27249 8de 15



https://creativecommons.org/licenses/by-nc-sa/4.0
https://periodicos.uninove.br/saude/index

Sleep quality and cardiovascular response to physical/mental stress of policemen with and without stress / Qualidade do
sono e resposta cardiovascular ao estresse fisico/mental de policiais militares com/sem estresse

confcientiae

Table 2. Sleep quality indicators of police officers with and without stress (n=16).

Variables Without Stress With Stress p
(n=9) (n=7)

HR during sleep, bpm 55 (12) 63 (9) 0.031
Maximum HR sleep, bpm 90 (24) 93 (15) <0.999
AHI, events/hour 13 (16) 19 (35) 0.408
OALI, events/hour 3(7) 3(22) 0.606
O Saturation, % 94 (2) 94 (2) 0.536
Total snoring 158 (247) 530 (225) 0.003

HR, Heart rate. AHI, Apnea hypopnea index. OAI, Obstructive apnea index. Values presented in median

(interquartile range).

The comparison of HRV indicators between policemen with and without stress is shown
in Table 3. No significant differences were observed for any of the indicators among groups

(p>0.05 for all).

Table 3. Heart rate variability indicators of police officers with and without stress (n=19).

Variables Without Stress With Stress p
(n=10) (n=9)

SDNN, ms 36.1 (42.3) 33.1(19.2) 0.905
RMSSD, ms 36.3 (40.2) 32.1 (16.0) >0.999
pNNS50, % 14.8 (26.0) 11.8 (20.0) 0.780
LF, nu 60.3 (36.6) 61.9 (15.2) >0.999
HF, nu 41.9 (50.7) 38.1 (15.1) 0.497
LF/HF 1.523 (2.674) 1.623 (1.143) >0.999

SDNN, Standard deviation of all normal R-R intervals. RMSSD, Square root of the mean of the sum of
the squares of successive normal R-R intervals differences. pNN50, Number of pairs of adjacent normal
R-R intervals differing by more than 50 ms in the whole recording. LF, Low frequency. HF, High
frequency. nu, Normalized units. Values presented in median (interquartile range).

Table 4 shows the BP and HR responses to the isometric handgrip and Stroop tests
between policemen with and without stress. Peak diastolic BP was higher in policemen with
stress compared to the ones without stress. The remaining BP responses to the handgrip test
were similar among groups (p>0.05 for all). The BP response to the Stroop test was similar

between groups with and without stress for all variables (p>0.05 for all). The HR responses
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were similar between groups with and without stress in both the isometric handgrip and the

Stroop tests (p>0.05 for all).

Table 4. Blood pressure response to the handgrip and Stroop tests in police officers with and

without stress (n=23).

Variables Without Stress With Stress p
(n=14) (n=9)
Handgrip
SBP Peak, mmHg 172 (44) 198 (31) 0.159
DBP Peak, mmHg 95 (21) 116 (20) 0.046
Heart rate peak, bpm 77 (24) 79 (12) 0.734
A SBP, mmHg 48 (20) 53 (17) 0.250
A DBP, mmHg 19 (21) 27 (14) 0.201
A Heart rate, bpm 15 (21) 9(13) 0.877
Stroop
SBP Peak, mmHg 136 (34) 139 (26) 0.557
DBP Peak, mmHg 87 (20) 92 (18) 0.277
Heart rate peak, bpm 69 (22) 74 (14) 0.516
A SBP, mmHg 19 (14) 20 (11) 0.781
A DBP, mmHg 20 (14) 18 (10) 0.877
A Heart rate, bpm 12 (13) 11(7) 0.688
SBP, Systolic blood pressure. DBP, Diastolic blood pressure. Values presented in median (interquartile
range).
Discussion

The main findings of this study reveal that stress among policemen is linked to changes in both
sleep patterns and cardiac autonomic parameters. Specifically, the study identified alterations
in heart rate during sleep, total snoring, and peak diastolic blood pressure during the isometric
handgrip test in policemen with stress.

Examining cardiovascular and physiological parameters during sleep via
polysomnography has provided crucial clinical insights into cardiovascular risk!”. Among
these metrics, the Apnea-Hypopnea Index (AHI) has been recognized as one of the most

pertinent metrics, as it indicates the presence of obstructive sleep apnea (OSA)"?), a condition
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closely associated with heightened sympathetic activity®” and cardiovascular risk?V. Our study

found no significant differences in the AHI between policemen with and without stress,

suggesting that stress levels do not worsen this condition within this population. However, both

groups exhibited median AHI values indicative of a mild-to-moderate condition!®),

underscoring an increased cardiovascular risk within this population.

Furthermore, policemen with stress exhibited higher heart rate during sleep and higher

occurrence of snoring. Previous research indicates that stress can elevate heart rate during sleep,

potentially compromising sleep quality an ultimately increasing cardiovascular risk®?. These

effects may be more pronounced in professions with high levels of occupational stress, such as

law enforcement®®. Additionally, stress can contribute to snoring®®, as evidenced by the

significantly higher incidence of snoring observed in policemen with stress in this study.

Collectively, these findings emphasize the importance of addressing occupational stress factors

in cardiovascular risk prevention efforts, thereby enhancing overall sleep quality.

Blood pressure responses to isometric handgrip exercise and the Stroop test have been

employed to understand cardiovascular autonomic responses under stressful conditions>-2%),

The increased diastolic blood pressure response observed during the isometric exercise test

among policemen with stress may indicate a heightened cardiovascular risk within this group.

Similar responses from both groups during the Stroop test could be attributed to the fact that all

policemen were from the administrative sector, where exposure to mental stress is common.

This study has some limitations that should be mentioned. The cross-sectional design

limits the establishment of a cause-effect relationship. Also, the absence of a non-police control

group in this study hampers our ability to ascertain whether policemen independently of stress

exhibit altered quality of sleep and autonomic regulation of cardiovascular control, with the

need for future studies to address this issue. Moreover, the fact that this study included only

male police officers limits the generalizability of these results to female police officers. Lastly,

the absence of simultaneous recordings of heart rate and blood pressure during the different

stages of sleep limits the analysis of cardiovascular responses to basal moments and outside the

sleep period.

Conclusion

In conclusion, policemen with stress exhibit elevated heart rate during sleep, increased

snoring, and higher peak diastolic blood pressure during the isometric handgrip test compared

to their counterparts without stress. These findings suggest that stress may have some minor

influence on sleep patterns and autonomic function in policemen.
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