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Abstract

Objective: University professors are prone to show physical and psychological diseases related to excessive workload. Such overwork can
affect the functioning of the autonomic nervous system, leading to a decrease in heart rate variability (HRV). HRV reflects the continuous
fluctuation of the R-R intervals due to sympathetic and parasympathetic actions in the heart and is associated with good physical and
psychological health. We aimed to evaluate whether psychological stress and anthropometric and clinical variables influence HRV at rest in
professors. Methods: University professors of both sexes (N=65; 41 men) participated. We collected Anthropometry and Clinical variables,
Psychological stress, and HRV parasympathetic parameters (square root mean squares of the differences between RR intervals: RMSSD,
number of successive differences between RR intervals, which are > 50 ms: NN50 and high frequency — HF). Results: Four principal
components (PCs) represented 68.29% of the data total variation. Principal component 1 (PC1) was called the good cardiac regulation
component. PC2 was called the component of reduced stress symptoms. PC3 was named favorable working conditions component. PC4 was
denominated component of labor and physiological deregulation. Each HRV parameter was associated with each PC through the use of
regression models. The RMSSD was positively associated with PC2. The NN50 was positively associated with PC2 and PC3. HF was
positively associated with PC3 and PC4. Conclusions: HRV parasympathetic parameters, which represent good physical and mental health,
are positively associated with the components of reduced stress symptoms, favorable working conditions, and labor and physiological
deregulation.
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Abstrata

Objetivo: Professores universitarios sdo propensos a apresentar doengas fisicas e psicologicas relacionadas a carga horaria excessiva. Esse
excesso de trabalho pode afetar o funcionamento do sistema nervoso autonomo, levando a uma diminui¢do da variabilidade da frequéncia
cardiaca (VFC). A VFC reflete a flutuagdo continua dos intervalos RR devido as agdes simpaticas e parassimpaticas no coragdo e esta
associada a uma boa saude fisica e psicologica. Objetivamos avaliar se o estresse psicologico e as varidveis antropométricas e clinicas
influenciam a VFC em repouso em professores. Métodos:Participaram professores universitarios de ambos os sexos (N = 65; 41
homens). Coletamos variaveis antropométricas e clinicas, estresse psicologico e pardmetros parassimpaticos da VFC (raiz quadrada da média
dos quadrados das diferengas entre os intervalos RR: RMSSD, numero de diferencas sucessivas entre os intervalos RR, que sdo> 50 ms:
NN50 e alta frequéncia - HF). Resultados: Quatro componentes principais (PCs) representaram 68,29% da variagéo total dos dados. O
componente principal 1 (PC1) foi denominado componente de boa regulagdo cardiaca. PC2 foi chamado de componente de redugdo dos
sintomas de estresse. O PC3 foi denominado componente de condi¢des favoraveis de trabalho. PC4 foi denominado componente do parto e
desregulamentagdo fisiologica. Cada parametro de VFC foi associado a cada PC por meio do uso de modelos de regressdo. O RMSSD foi
positivamente associado ao PC2. O NN50 foi associado positivamente com PC2 e PC3. HF associou-se positivamente com PC3 e
PC4. Conclusdes: Os parametros parassimpaticos da VFC, que representam boa satde fisica e mental, estdo positivamente associados aos
componentes de redu¢io dos sintomas de estresse, condi¢des favoraveis de trabalho e desregulamentacéo fisiologica e laboral.

Palavras-chave: variabilidade da freqiiéncia cardiaca; estresse; pressao sanguinea; obesidade;
antropometria; professores.

Introduction

University professors are prone to show physical and psychological diseases related to
excessive workload (Santos et al.,2018; Hajare, 2018). Huang, Webb, Zourdos, & Acevedo
(2013) have shown that the psychological and physical symptoms of stress contribute partially
to the risk of cardiovascular diseases and to the increase in mortality experienced in some
professions. One of the professions characterized by a high prevalence of stress symptoms is
teaching (Silveira, Enumo, Paula, & Batista, 2014). Mental stress experienced by professors
can lead to psychological disorders, such as anger, anxiety, and frustration, and these
disorders are associated with an increased sympathetic tone and increased blood pressure
(Chatkoff, Maier, & Klein, 2010; Schutz, 2014; Frenzel et al., 2016). Different sources of
stress in university teaching work have been pointed out. Among these sources, there are
overwork and lack of time resulting from teaching, research, extension and administrative
activities (Fidalgo, 2010; Reis & Cecilio, 2014; Sanchez et al., 2019). Thus, a routine of
multiple tasks, different working days, and irregular schedules, typical of this profession,
contribute to generate high levels of stress and, therefore, can influence their diet, leading to
poor eating habits, obesity (Braga & Paternez, 2011; Oliveira et al., 2011), and hypertension
(Moreira, et al., 2011; Santos, 2018)

These physical and psychological changes can affect the functioning of the autonomic nervous
system, leading to a decrease in heart rate variability (HRV) along with other pathologies
(Thayer, Yamamoto, & Brosschot, 2010; Rossi et al., 2015; Pulopulos, Vanderhasselt, & De
Raedt, 2018). HRV is a noninvasive measurement that reflects the continuous oscillation of
the RR intervals due to sympathetic and parasympathetic actions in the sinoatrial node (Task
Force, 1996; Laborde, Mosley, & Thayer, 2017). Due to practicality, low cost and efficiency,
a significant number of studies have used HRV analysis as a tool for investigating several
topics related to health and emotions (Balzarotti et al., 2017). A reduced HRV is commonly
used as an indicator of irregular and insufficient adaptation of the ANS and it is associated
with physical and mental diseases (Beauchaine & Thayer, 2015; Benichou et al., 2018). There
are two theories that explain the HRV from a functional perspective. The polyvagal theory
proposed that the HRV increases in a secure context (by activation of myelinated vagus) to
induce social behavior, and in an aversive context, the HRV is reduced by the activation of the
sympathetic adrenal system and by deactivation of the unmyelinated vagus (Porges, 2007).
The Neurovisceral Integration Model proposed that higher HRV is associated with better
perform on executive-function tasks in a wide range of situations mediated by activation of
the prefrontal Cortex (Thayer et al., 2009).

Factors could influence HRV regulation. It was demonstrated that clinical variables such as
high blood pressure and high Heart Rate (HR) in rest are associated with low HRV (Monteze
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et al., 2015; Yue et al., 2014). Another influencing factor is obesity, a serious public health
problem (Martins, 2018) that is linked to the deregulation of the autonomic function,
contributing to a decrease in HRV, and, consequently, an increase in mortality and morbidity
(Monteze et al., 2015; Yadav et al., 2017). Finally, psychological stress is also associated with
low HRV (Pulopulos, Vanderhasselt, & De Raedt, 2018; Kim, Cheon, Bai, Lee, & Koo, 2018).
It is important to highlight that the factors mentioned above, that is, psychological stress,
obesity, clinical variables, and HRV measurements have sexual differences, as we can see in
these studies: women present more psychosocial risk factors, work stress, social stress, and
poorer mental health than men (Verma, Balhara & Gupta, 2011; Mayor, 2015). As stated by
Kanter & Caballero (2012), the prevalence of overweight and obesity is higher among women,
and in developing countries, sex differences are greater. Regarding sexual differences in
hypertension, levels are higher in men than in women until after menopause (Reckelhoff,
2018). Finally, regarding differences in HRV at rest, it was shown that women typically
exhibit higher HRV at rest than men (Koenig & Thayer, 2016).

To the best of our knowledge, there are no studies in the literature that investigated the
relationship between psychological stress, obesity, and clinical and HRV variables among
individuals in a sample of university professors, using the principal component analysis, and
whether each component influences HRV at rest. We believe that this sample is a good model
to study all these variables together because it suffers a negative influence on all these
variables in its health, as shown in the studies above. Therefore, the main aim of the present
exploratory study was to investigate whether psychological stress and anthropometric and
clinical variables influence the HRV at rest of university professors. Our hypotheses were that
(1) independent variables (psychological stress, and clinical and anthropometric variables)
would be associated with each other (as indicated by the Principal Component Analysis
[PCA]) and would generate components that could be explained biologically; (i1) the principal
components (PCs) related to greater psychological stress and worse anthropometric and
clinical variables would have a negative association with the parasympathetic components of
the HRV at rest; and (iii) there would be gender differences in the anthropometric, clinical,
psychological stress, and resting HRV components. We expected higher stress, obesity and
HRYV parameters in women and higher blood pressure in men.

Methods

Study design and sample

This is an exploratory study of the cross-sectional type, carried out in a population of male and
female university professors from the Federal University of Ouro Preto, generated by
convenience sampling. The professors (N = 264) were invited by letter. After the letter was
delivered, the researchers contacted the professors in person to determine whether they met
the inclusion criteria and were interested in voluntarily participating in the experiment.
Inclusion criteria consisted of individuals between 25 and 65 years of age, non-smokers, not
taking medication that acts on the nervous system, and having no diagnosis of psychiatric,
psychological, or cardiac diseases. All inclusion criteria were self-declared. A sample of 84
professors volunteered to participate in the experiment; however, 19 were excluded because
they did not meet the parameters. The recommendations for taking part in the experiment
were as follows: no intense physical exercise 48 hours before the evaluation; no ingestion of
alcoholic beverages or use of licit or illicit drugs 24 hours before the evaluation; and no
consumption of any beverage or food that contains caffeine 12 hours before the evaluation.
The protocol was approved by the Local Institutional Review Board (CAAE:
32882614.3.0000.5150), and all professors signed the free and informed consent form on the
day of the experiment.
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Data collection

Heart rate variability

HRYV was collected using a Polar S810 heart rate monitor for five minutes while the volunteer
was sitting and relaxed. This length is in agreement with extensive literature (Task Force,
1996; Ernst, 2017; Laborde, Mosley, & Thayer, 2017). The time units were set at 1 ms, and
the RR interval samples were collected at a sampling frequency of 1000 Hz. We followed the
recommendations of Laborde, Mosley, & Thayer, (2017) for data collection and reporting. All
evaluations were carried out from 8 am to 4 pm, because during this period there are no major
HRYV fluctuations (Hayano & Yasuma, 2003; and Sammito, Sammito & Bdckelmann, 2016).
HRYV was analyzed in the time and frequency domains. The components of the time domain
used were the Root Mean Square of Successive Differences of the RR intervals (RMSSD),
and the number of interval differences of successive RR intervals was greater than 50 ms
(NN50), and the frequency domain component included high frequency (HF: 0.15-0.4 Hz). As
these indexes are well established in the literature as representatives of parasympathetic
activity (Task Force, 1996; Kop et al., 2010; Xhyheri, Manfrini, Mazzolini, Pizzi, &
Bugiardini, 2012), we decided to use them.

The data obtained by the HR monitor were transferred to a computer using the Polar Pro
Trainer 5 software, through an interface with an infrared device. Then, this database was
exported as text, and the RR interval signals were processed to calculate HRV using the
Kubios HRV Analysis software (MATLAB, version 2 beta, Kuopio, Finland).

Psychological Stress

o The Lipp Stress Symptoms Inventory for Adults (LSSI; Lipp, 2000) is a
questionnaire that provides a measure of stress symptomatology that divides stress into three
phases according to the physical and psychological symptoms experienced in a given time
period: alarm phase (previous 24 hours), resistance phase (previous week), and exhaustion
phase (previous month). The Cronbach’s alpha of this scale is 0.91.

o Work stress questionnaire (Theorell & Karasek, 1996), translated into and validated
for Portuguese by Alves, Chor, Faerstein, Lopes and Werneck (2004), is a questionnaire that
measures the following dimensions: 1) work demand, which refers to psychological pressures,
either quantitative (e.g. work time and speed) or qualitative (e.g. conflicts between
contradictory demands); 2) work control, which is the possibility of workers to use their
intellectual skills to perform their work, and to have sufficient authority to make decisions on
how to perform it; and 3) work social support, which is defined as the levels of social
interaction that exist at work, both with co-workers and supervisors. The Cronbach’s alpha of
the portuguese version of the work stress questionnaire was 0.72 for demand, 0.63 for control,
and 0.86 for social support.

. Vital Events Scale (Savoia, 1999) is a 26-item scale that assesses which vital events
people have experienced in the previous year. Those events may be categorized according to
stressor into the following categories: work, loss of social support, family, environment
changes, personal difficulties, and finances. This scale is based on the proposition that the
effort made by individuals to readjust to society after significant changes in their lives causes
deterioration that may lead to serious illness.

Anthropometry

To obtain body mass (using a balance of the brand EKS Super 9805), height (using a
stadiometer of the brand WISO), and circumference measurements (using an anthropometric
tape measure), the volunteer remained in an anatomical position and wore the minimum
clothing possible. Body mass (kg) and height (m) data were used to calculate body mass index
(BMI) by dividing the body mass by height squared (WHO, 2000). Waist circumference (WC)
was measured at the midpoint between the last rib and the iliac crest (IDF, 2006), and hip
circumference (HC) was measured at the level of the widest portion of the buttocks (WHO,
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2000). WC and HC values were used to calculate waist/hip ratio (WHR). Fat percentage was
measured according to the protocol of Guedes & Guedes (1998), and then, a formula was
applied to calculate the body fat percentage (BF%) (Durnin & Womersley, 1974).

Clinical Measurements

Blood pressure (BP) and resting heart rate (HRrest) were measured using an Omron
Intellisense M3 automatic digital sphygmomanometer. BP and HRrest were measured three
times, with a minimum interval of one minute between measurements. Subjects were
instructed not to smoke or drink coffee within the 30 minutes prior to the measurement
procedure and not to speak during the measurements (SBC, 2010).

Procedures

The volunteers were invited by letter and were later scheduled to undergo experiments in the
laboratory. All evaluations were carried out from 8 am to 4 pm. Upon arriving at the
Psychophysiology laboratory, on the day scheduled, professors received the Informed Consent
Term, and then read and signed it. Soon after, the anthropometric measures were collected:
body mass, height, hip and waist circumference, and fat percentage. At that time, the cardiac
pacemaker and thoracic band were placed, and then the following questionnaires were
answered during about 20 minutes: Lipp Stress Symptom Inventory for Adults, Work Stress,
Perceived Stress, and Vital Events Scale. Afterwards, the volunteers underwent a one-minute
complete rest and, subsequently, HRV was recorded for five minutes in the sitting position.
Finally, three clinical measurements were made to record blood pressure and resting heart rate
with an interval of one minute between them. During all physiological recordings participants
were instructed to relax and not to speak or make any movements. The total duration of the
experiment was approximately 40 minutes.

Statistics

The hypothesis of normal distribution was verified for all variables using the Shapiro-Wilk
test. Variables regarded as normal had their values summarized using the mean and the
standard deviation, while non-normal variables were described using the 1%, 2", and 3%
quartiles, calculated with Statistica software version 7.0. To determine whether there was sex
difference in the anthropometric, clinical, psychological stress, and HRV components,
Student’s t-test (p<0.05) was used for normal variables, while the Mann-Whitney U non-
parametric test (p<0.05) was used for non-normal variables, using Statistica software version
7.0.

It was used the Principal Component Analysis (PCA), which was performed using R language
(R Core Team, 2017), version 3.3.1 to summarize the 13 collected variables: BMI, WC, WHR,
SBP, diastolic blood pressure (DBP), HRrest, demand, control, social support, vital events,
stress symptoms in 24 hours, stress symptoms in one week, and stress symptoms in one month.
Therefore, in general, the PCA is a multivariate statistical method, whose main objective is to
detect the common variation between the original variables and then to condense the data by
obtaining other variables, called principal components (PCs). The PCs obtained are linear
combinations of the original variables and each PC is, by definition, uncorrelated with the
others. The first PC (PC1) obtained accumulates most of the total variation among the
studied variables, while the next components (PC2, PC3, etc.) represent, respectively, lower
variation. Thus, each new PC progressively includes smaller variation fractions, which are
expressed by their "own values." Each PC has its own value, which is obtained by summing
the squares of the correlations between the original independent variables and the respective
PC, and this sum represents the variation fraction assigned to each PC. Only PCs with
corresponding eigenvalues greater than one were retained.

In this study, a varimax rotation was used, and a given variable was only considered relevant
in a PC if its corresponding loading was > 0.30. In addition, the Kaiser-Meyer-Olkin test was
used to verify the adequacy of the sample. After obtaining the PCs, they were used as
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predictive variables in regression models (p<0.05) with each of the HRV components as a
response variable. These models were adjusted using backward elimination of predictive
variables (Draper & Smith, 2014), with a cut-off p-value of 0.1. This method starts with a
model containing all variables, some of which may be removed in subsequent steps. The
initial models also contained a dummy variable to account for sex (assuming value 1 for males
and 0 for females), as well as the products of this dummy variable and PCs. For illustration
purposes, consider a class with three variables, X1, X2, and X3, and the dummy variable
expressed as Z. Thus, for a response variable Y, the initial model (disregarding the residual)
would be:

Y =Bo+B1Z+ P2 X1+ B3 Xo+ Pa Xa+ Bs Xi*Z + Bs X2*Z + B7 X3*Z

Suppose that after the application of the backward method, the following final model has been
obtained as follows:

Y =Bo+ P1 Z + Pa Xz+ Bs Xi*Z + P71 X3*Z
In this way, for women we have:
Y =Bo+ Pa X3
For men, we have:
Y = (Bo+ Pr) + Ps X1+ (Ba + p7) X5
In this type of situation, it would be concluded that X; was significant for men and X3 was
significant for women. To determine whether X3 was significant for males, the t hypothesis
test (B4 + B7) = 0 should be conducted. Sex, PC, and interaction between sex and PC were
used as independent variables; each of the HRV components was used as a dependent variable
and a different regression was performed for each component.

Results
The final sample consisted of 65 professors, with 41 (63.1%) males and 24 (36.9%) females
and a median age of 42 years (36-50). The median working time at the university was five (3—
8) years.
The anthropometric variables body mass, height, BMI, WC, and WHR were higher in men
than in women, while BF% was higher in women. For the clinical variables, significant
differences were found between the sexes in SBP and DBP, with higher values for men. For
the stress variables, sex difference was found in total stress symptoms for one week, with
higher values for females. No significant differences were found between sexes in the HRV
variables. See Table 1 for details.
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Table 1: Characteristics of the studied sample and difference between the sexes.

Variable Male (41) Female (24) P
Mean = SD/Median Mean = SD/Median
(p25/p75) (p25/p75)

Anthropometric
Body mass (kg) 79.8 +13.0 61.3 +8.6 <0.001*
Height (m) 1.75 +0.08 1.61 +0.05 <0.001*
BMI (kg/m?) 25.9 +3.7 23.8 +2.9 0.02*
Waist circumference (cm) 88.8 +9.7 73.4 +6.4 <0.001*
Hip circumference (cm) 97.0 (94.0/103.0) 98.3 (96.0/103.5) 0.78
Waist-hip ratio 0.89 +0.06 0.74 +0.05 <0.001*
Body fat (%) 20.5 +5.3 27.66 +3.09 <0.001*
Clinical
Mean SBP (mm Hg) 124 +10 108.96 +9.48 <0.001*
Mean DBP (mm Hg) 78 +8 68.33 +7.79 <0.001*
HRrest (bpm) 71 +11 75.49 +9.42 0.07
HRV
RMSSD (ms) 29.9 (20.4/39.7) 31.2 (22.7/40.4) 0.94
NN50 (ms) 30.0 (9.0/63.0) 335 (12.5/62.5) 0.69
HF (ms?) 473.0 (277.3/2825.1) 488.4 (275.6/912.4) 0.72
Stress
Stress at work

Demand 15 (13-16) 16 (14-18) 0.10

Control 20 (19/21) 20 (19/21) 0.58

Social support 18 (16/20) 18 (15/21) 0.72
Vital events 3 (2/4) 3 (2/6) 0.38
Stress symptoms of Lipp
Total 24h 1 (0/2) 2 (1/3.5) 0.17
Total 1 week 2 (0/4) 3.5 (1/5.5) 0.02*
Total 1 month 2 (1/5) 3.5 (2/5.5) 0.06

BMI — Body mass index; mmHg — Millimeters of mercury; bpm — Beats per minute; SBP — Systolic blood
pressure; DBP — Diastolic blood pressure; HR — Heart rate; RMSSD — Root mean square of successive RR
interval differences; NN50 — Absolute number of RR intervals that differ by more than 50 ms from the
previous interval; HF — High frequency; *p<0.05 was considered statistically significant. Student’s T-Test/

Mann-Whitney U test.

In the PCA, the first 4 PCs were retained for having eigenvalues > 1.0 (Kaiser criterion)
(Mardia, Kent, & Bibby, 1979). Together, these four components accounted for 68.29% of the
total data change. Table 2 shows the loads related to the variables in each component.

For PC1, corresponding to 29,14% of the total variation, five variables presented higher loads
than the pre-defined cut-off point (BMI, WC, WHR, SBP, and DBP) and were termed a "good
cardiac regulation" component, since the load signals were negative for all five, interpreting
low values for these variables.

PC2 encompassed vital events, 24-hour stress symptoms, one-week stress symptoms, and one-
month stress symptoms (the signs were negative for all (Table 2), thus interpreting low values
for stress), and was responsible for 21.92% of the total variation, termed the "reduced stress
symptoms" component.

PC3, with 9.27% of the total variance, included demand at work (negative load signal), and
social support at work (positive load signal), and was termed component of "favorable
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working conditions"; the load signals suggested low demand and high social support and this
situation was considered favorable.

PC4 was composed of HRrest (positive load signal) and the control of labor activities
(negative load signal) was responsible for 7.97% of the total variation, and was termed the
component of “labor and physiological deregulation” because the signs of the loads showed
high resting HRV and low labor control.

The adequacy of the sample was satisfactory for PCA because the Kaiser-Meyer-Olkin test
showed an adequacy value of 0.73 and we also used Bartlett's Sphericity Test to check
whether there was sufficient correlation for the use of PCA (p <0.01).

Table 2: Variable loading* matrix and explained variance related to each PC after
varimax rotation.

Variable PCl1 PC2 PC3 PC4
BMI (kg/m?) -0.337 -0.249 -0.078 -0.175
WC (cm) -0.404 -0.274 0.032 -0.200
WHR -0.403 -0.161 0.081 -0.100
Mean SBP (mmHg) -0.379 -0.220 0.042 0.280
Mean DBP (mmHg) -0.334 -0.294 -0.152 0.209
Resting HR (bpm) 0.046 -0.105 -0.385 0.428
Control -0.169 0.150 -0.122 -0.639
Demand 0.179 -0.309 -0.421 -0.278
Social support -0.112 0.069 0.718 -0.010
Vital events 0.113 -0.370 0.188 0.240
Total 24 hours 0.242 -0.331 0.053 -0.230
Total 1 week 0.292 -0.402 0.183 -0.107
Total 1 month 0.272 -0.400 0.184 -0.085
Proportion of the 29. 14 21.92 9.27 7.97
explained variance (%)

Cumulative explained 29. 14 51.06 60.32 68.29

variation (%)

BMI — Body mass index; kg/m2 — Kilograms per square meter; WC — Waist circumference;
WHR - Waist-hip ratio, HR — Heart rate; bpm — Beats per minute; SBP — Systolic blood
pressure; DBP — Diastolic blood pressure; mmHg — Millimeters of mercury; *Loading denotes
the contribution of the variable for each PC. A higher absolute value indicates that the variable
has a major influence on the PCs. PC1: component of good cardiac regulation; PC2: component
of reduced stress symptoms; PC3: component of favorable working conditions; PC4:
component of labor and physiological deregulation.

To understand the results described below, it should be taken into account that, when the
abbreviation PC appears alone, it indicates an effect of equal magnitude in both sexes on the
associated HRV parameter. When the abbreviation PC*Z (dummy variable, to verify the
influence of sex) appears alone, it indicates a significant effect only for males. Finally, when
both abbreviations PC and PC*Z appear, it indicates that the effect was significant for females;
in this case, in order to also verify whether the effect was significant for males, it is necessary
to perform a t-test to check if the sum of these two terms is statistically different from zero; if
the t test has a significant result, it is also significant for males; however, the magnitude of
influence of both sexes is different (Table 3).

PC2 (component of reduced stress symptoms) was positively associated with the RMSSD and
the NN50, only for men, that is, the greater the parasympathetic activity, the greater the
reduced stress symptoms for men. PC3 (component of favorable working conditions) was
positively associated with the NN50 for men, and positively associated with HF for women.
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Thus, the greater the parasympathetic activity, the greater the favorable working conditions in
both sexes. Finally, there was a positive association between PC4 (component of labor and
physiological deregulation) and HF for men and women, that is, the greater the
parasympathetic activity, the greater the labor and physiological deregulation (table 3).
Table 3: Principal components associated with HRV parameters as selected (p < 0.1) by the
method of backward elimination in regression models with interaction terms with a dummy
variable to discriminate sexes.

Component/Variable Estimate SE P
RMSSD (R?=0.07)
PC2*Z (M) 5.0 23 0.03
NNSO (R2=0.13)
PC2*Z (M) 7.3 3.9 0.07
PC3*Z (M) 13.5 6.1 0.03
HF (R2=10.19)
PC3 (W) 7964.3 4417.4 0.08
PC3+ PC3*Z (t-test) (M) -329120.3 -164354.8 0.05
PC4 (W/M) 8706.1 2958.9 <0.001

For the t-test, significant p <0.05 was considered.

RMSSD: time domain encompassed the root mean square of successive differences of the RR intervals;
NNS50: number of interval differences of successive RR intervals greater than 50 ms; HF: high frequency; Z
= interactions with sex.

PC2: component of reduced symptoms of stress; PC3: component of favorable working conditions; PC4:
component of labor and physiological deregulation. M=man; W=woman.

Discussion

This study found an association between anthropometric, clinical, and psychological stress
variables with the parasympathetic HRV parameters in university professors, as well as the
influence of sex on these associations. Four PCs were obtained, good cardiac condition,
reduced symptoms of stress, favorable working condition, and labor and physiological
deregulation, representing 68.29% of the total data variation.

PC1 (good cardiac health) included the anthropometric measures, BMI, WC, WHR, and two
clinical variables, SBP and DBP. Anthropometric variables are used as indicators of obesity
and are known to be highly intercorrelated and indicate that they may reflect the individual's
central obesity (Hu et al., 2017; Fang et al., 2018). And this, in turn, is associated with
dysfunction of autonomic cardiac modulation, causing an imbalance in ANS, in which there is
an increase in sympathetic activity and/or a decrease in the parasympathetic activity, leading
to a general decrease in HRV (Rossi et al., 2015; Monteze et al., 2015). SBP and DBP are also
joined in PCI, as already expected, since they are measures that represent the blood pressure
measurements in the arteries. When they present values higher than 120/80mmHg (SBC,
2016), they demonstrate the onset of hypertension and this is also associated with an
autonomic malfunction (Mancia & Grassi, 2014). Studies have shown that in hypertensive
individuals there is a decrease in HRV, and in healthy individuals, lower HRV may precede
the development of hypertension (Thayer, Yamamoto, and Brosschot, 2010). However, one of
the hypotheses of the present study, that parasympathetic components of HRV would be
positively correlated with PC1, was not confirmed.

The vital events and stress symptoms in 24 hours, one week, and one month were included in
PC2. The vital events that occurred along one year probably caused physical and mental stress
symptoms; this could explain why they were grouped in the same PC. Since theses variables
were negatively charged, this PC was called component of reduced stress symptoms. Besides
that, the vital events, as well as the stress symptoms, can cause changes in the autonomic
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function homeostasis with an imbalance between the sympathetic and parasympathetic
systems and may thus promote low HRV (Pulopulos, Vanderhasselt, & De Raedt, 2018). A
positive association was found between PC2 and the RMSSD and NN50 variables for men. In
this way, the greater the reduced stress symptoms, the greater the parasympathetic activity.
This association would be expected, since stressors are commonly associated with an increase
in sympathetic activity in the heart, with a decrease in parasympathetic activity, or with both
effects (Kim, Cheon, Bai, Lee, & Koo, 2018).

PC3 included the variables labor demand (with negative load) and social support at work
(with positive load), and was named a component of favorable working conditions. It is
suggested that, if the work environment presents good conditions, that is, if the professional
has work demands that are consistent with his/her function, as well as the existence of a good
relationship between co-workers, boss, and students (high social support at work), it is
associated with a higher HRV. In this study, NN50 (for men) and HF (for women) were
positively associated with PC3 (component of favorable working conditions), that is, the
higher the favorable working conditions, the greater the parasympathetic activity. This result
was expected, since good working conditions should be related to high vagal activity in
resting. Some authors corroborated these findings, showing that high stress at work is
associated with low HRV (Jéarvelin-Pasanen, Sinikallio, & Tarvainen, 2018). Thus, when the
teacher presented a healthy balance between the demand and social support at work, he had a
higher HRV, which could reduce the risk of cardiovascular disease.

Finally, in PC4 (component of labor and physiological deregulation), HRrest (with positive
load) and labor activity control (with negative load) were included. A positive association of
this component with HF was found for both sexes. This result was contrary to our hypotheses
since a lower control of labor activities and high HRrest should be a bad health condition and,
consequently, should be related to low HF (parasympathetic activity). In this study, it can be
suggested that the decrease in the favorable conditions at work (decreased control of labor
tasks) and increase in heart rate at rest was not enough to stimulate vagal output, since the
sample of this paper was composed of professors of a Public University in which the
employees receive higher salaries and have work stability in comparison with High School
and Private University teachers (Inep, 2004; Carmo, Fleck, & Santos, 2015 ).

Body mass, height, BMI, CC, and WHR were higher in men than in women, while BF% was
higher in women than in men. These sex-related anthropometric differences in university
professors corroborate differences already shown in another sample (Oliveira et al., 2011).
Women presented lower mean values of SBP and DBP in relation to men, corroborating the
findings of Silva, Oliveira & Pierin (2016). This suggests that men have a higher risk of
developing arterial hypertension and of having health-related complications, which has
already been shown by the Brazilian Society Of Cardiology (2010). According to Silva,
Oliveira & Pierin (2016), the fact that women have lower blood pressure values could be
because women take better care of their health and seek medical help more frequently and
follow the indicated treatments correctly; therefore, sex is an important variable that deserves
attention when it comes to hypertension.

Among the stress variables, the women in the present study presented higher values in the
physical and psychological symptoms of stress in one week compared to men. Other studies
also demonstrated sex differences for stress-related variables (Bale & Epperson, 2015).
According to Bale & Epperson (2015) and Zibetti & Pereira (2010), the highest values of the
stress variable in the female sample appear to involve an interaction of sex genes and
hormonal changes, and the role of women in society, leading to a double work shift schedule.
In addition, teaching also has a double working day trait, since the time spent at the university,
in general, is not enough to perform all the required activities, such as planning classes,
correcting assignments and tests, doing research, etc. ( Ruza, Silva, & Péadua, 2015). In this
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situation, female professors end up presenting more physical and psychological symptoms of
stress. Different from the initial hypothesis, there was no significant difference between the
sexes for the parasympathetic components of HRV. This fact contrasts to results found by
Voss, Schroeder, Heitmann, Peters, & Perz (2015), but corroborates other studies
(Moodithaya & Avadhany, 2012; Vanderlei et al., 2012). This lack of congruence in the
literature can be explained by different methods of HRV component processing, unequal
numbers between men and women, lack of collection of respiratory parameters, very variable
age , and physical training (Quintana & Heathers, 2015; Laborde, Mosley, & Thayer, 2017).
There were some limitations in this study. Firstly, (i) the sample is composed by professors of
a specific Brazilian countryside university; (ii) the sample was comprised mostly by men
(63.1%); (ii1) other physiological measures (e.g. respiratory rate, hormonal secretions, and
neurotransmitter levels) could be used; (iv) mental disorders were assessed only by a simple
yes/no questionnaire; and (v) the wide age range could be a factor of influence in the results;
however, no significant correlations were obtained between age and the HRV parameters
(SDNN: rho =-0.21, p = 0.08; HF: tho = 0.10, p = 0.41; NN50: r =0.23, p = 0.07).

However, the strengths of this study were that (i) a relevant highly stressed sample that is little
studied in the literature was used; (ii) several psychological and physiological parameters
were measured in the same sample; and (iii) the Principal Component Analysis (PCA), a
multivariate technique that is a suitable alternative for analyzing this kind of data, was used.
Conclusion

We concluded that the parasympathetic parameters of the HRV are positively associated with
the components of reduced stress symptoms, favorable working conditions, and labor and
physiological deregulation. These principal components, therefore, seem to be the most
related to the cardiac parasympathetic activity of teachers and therefore deserve greater
emphasis in future research. Since the everyday life of professors is stressful, they could try to
increase their cardiac parasympathetic activity by doing, for example, exercises, yoga, or
cardiovascular biofeedback, in order to counterbalance the stress effects of their routine.
Future studies carried out in the sample of professors could investigate a longer length of heart
rate variability (e.g. 24h), a direct stress task (e.g. Arithmetic task); and specific mental
disorders (e.g. Depression, Anxiety, Burnout).
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