Taylor &Francis
" Stress
STRESS

The International Journal on the Biology of Stress

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ists20

Physiological behavior during stress anticipation
across different chronic stress exposure adaptive
models

Dejana Popovic, Svetozar Damjanovic, Bojana Popovic, Aleksandar
Kocijancic, Dragana Labudovié, Stefan Seman, Stanimir Stojiljkovi¢, Milorad
Tesic, Ross Arena & Ratko Lasica

To cite this article: Dejana Popovic, Svetozar Damjanovic, Bojana Popovic, Aleksandar
Kocijancic, Dragana Labudovié, Stefan Seman, Stanimir Stojiljkovi¢, Milorad Tesic, Ross Arena
& Ratko Lasica (2021): Physiological behavior during stress anticipation across different chronic
stress exposure adaptive models, Stress, DOI: 10.1080/10253890.2021.2006178

To link to this article: https://doi.org/10.1080/10253890.2021.2006178

@ Published online: 14 Dec 2021.

N
CJ/ Submit your article to this journal &

||I| Article views: 46

A
h View related articles &'

P

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ists20


https://www.tandfonline.com/action/journalInformation?journalCode=ists20
https://www.tandfonline.com/loi/ists20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10253890.2021.2006178
https://doi.org/10.1080/10253890.2021.2006178
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2021.2006178
https://www.tandfonline.com/doi/mlt/10.1080/10253890.2021.2006178
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2021.2006178&domain=pdf&date_stamp=2021-12-14
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2021.2006178&domain=pdf&date_stamp=2021-12-14

STRESS
https://doi.org/10.1080/10253890.2021.2006178

Taylor & Francis
Taylor & Francis Group

RESEARCH ARTICLE

‘ W) Check for updates

Physiological behavior during stress anticipation across different chronic stress

exposure adaptive models

Dejana Popovic®®, Svetozar Damjanovic®, Bojana Popovic, Aleksandar Kocijancic?, Dragana Labudovic?,

Stefan Seman®, Stanimir Stojiljkovi¢?, Milorad Tesic?, Ross Arena®

and Ratko Lasica®

?Division of Cardiology, University Clinical Center of Serbia, Belgrade, Serbia; PFaculty of Pharmacy, University of Belgrade, Serbia; “Division
of Endocrinology, University Clinical Center of Serbia, Belgrade, Serbia; YFaculty of Sports and Physical Education, University of Belgrade,
Belgrade, Serbia; *Department of Physical Therapy, College of Applied Health Sciences, University of lllinois Chicago, Chicago, IL, USA

ABSTRACT

ARTICLE HISTORY
Received 11 January 2021

Anticipation of stress induces physiological, behavioral and cognitive adjustments that are required for
an appropriate response to the upcoming situation. Additional research examining the response of car-
diopulmonary parameters and stress hormones during anticipation of stress in different chronic stress
adaptive models is needed. As an addition to our previous research, a total of 57 subjects (16 elite
male wrestlers, 21 water polo player and 20 sedentary subjects matched for age) were analyzed.
Cardiopulmonary exercise testing (CPET) on a treadmill was used as the laboratory stress model; peak
oxygen consumption (VO,) was obtained during CPET. Plasma levels of adrenocorticotropic hormone
(ACTH), cortisol, alpha-melanocyte stimulating hormone (alpha-MSH) and N-terminal-pro-B type
natriuretic peptide (NT-pro-BNP) were measured by radioimmunometric, radioimmunoassay and
immunoassay sandwich technique, respectively, together with cardiopulmonary measurements,
10 minutes pre-CPET and at the initiation of CPET. The response of diastolic blood pressure and heart
rate was different between groups during stress anticipation (p =0.019, 0.049, respectively), while sys-
tolic blood pressure, peak VO, and carbon-dioxide production responses were similar. ACTH and corti-
sol increased during the experimental condition, NT-pro-BNP decreased and alpha-MSH remained
unchanged. All groups had similar hormonal responses during stress anticipation with the exception of
the ACTH/cortisol ratio. In all three groups, ANT-pro-BNP during stress anticipation was the best inde-
pendent predictor of peak VO, (B=36.01, r=0.37, p=0.001). In conclusion, the type of chronic stress
exposure influences the hemodynamic response during anticipation of physical stress and the path of
hormonal stress axis activation. Stress hormones released during stress anticipation may hold predictive
value for overall cardiopulmonary performance during the stress condition.

LAY SUMMARY

The study revealed differences in hormonal and hemodynamic responses during anticipation of stress
between athletes and sedentary participants. Stress hormones released during stress anticipation may
hold predictive value for overall cardiopulmonary performance during the stress condition.

Abbreviations: ACTH: adrenocorticitropic hormone; BSA: body surface area; BW: body weight; C: con-
trols; CPET: cardiopulmonary exercise test; DBP: diastolic arterial blood pressure; FFM: fat-free mass; FM:
fat mass; HR: heart rate; MSH: melanocyte-stimulating hormone; NT-pro-BNP: N terminal-pro-B type
natriuretic peptide; SBP: systolic arterial blood pressure; VCO,: carbon dioxide production; VE: minute
ventilation; VO,: oxygen consumption; W: wrestlers; WP: water polo players
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Introduction

Stress is considered to be a state of threatened homeostasis
following exposure to intrinsic or extrinsic adverse events.
Acute stress may be sustained from minutes or hours,
whereas chronic stress persists for a longer time period.
(Hyun et al, 2019; Neupert & Bellingtier, 2019; Pulopulos
et al., 2018; Quent et al,, 2018). Anticipation of stress induces
physiological, behavioral and cognitive adjustments that are
necessary to deal with the upcoming acute stress situation
(Hyun et al, 2019; Neupert & Bellingtier, 2019; Pulopulos
et al., 2018; Quent et al., 2018). Physiologically preparing for

an impending stressful event is of a highest priority; the
integrity of the prestress response has the potential to either
enhance or undermine psychobiological resilience to oxida-
tive damage, the latter potentially contributing to increased
morbidity and mortality (Aschbacher et al., 2013). Acute
stress activates the sympatho-adrenal medullary system and
hypothalamo-pituitary—adrenal  (HPA) axis in parallel.
Epinephrine and norepinephrine are well-known mediators of
acute stress (Aschbacher et al., 2013). Chronic stress exposure
promotes oxidative damage and increases the risk for
adverse events through frequent and sustained activation of
the HPA stress axis (Aschbacher et al, 2013). Acute and
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chronic stress reactions have also been shown to affect the
immune system as indicated by an increase in various inflam-
matory markers (Hyun et al., 2019; Neupert & Bellingtier,
2019; Pulopulos et al., 2018; Quent et al., 2018). It has been
shown that manageable levels of life stress may enhance psy-
chobiological resilience to acute stress, which is proposed as
a model of eustress (Aschbacher et al., 2013; Parker &
Ragsdale, 2015). This implies the importance of the body’s
prior exposure to chronic stress in order to cope with stress
situations and its’ negative effects.

The exposure to stress is highly variable in everyday life
and includes a wide range of situations including stress at
work, stress in family life, stress related to low socio-eco-
nomic status as well as physical, metabolic and immunologic
stress. The response to these stress situations is influenced
by genetic factors, type of personality, exercise training and
nutritional status (Grande et al., 2012; Herbison et al., 2016;
Piepoli et al., 2016; Rutledge et al., 2016). A crucial role in the
adaptation to stress is attributed to stress hormones, which
allow the body to accommodate for the increased metabolic
demands intrinsic to the stress condition (Lightman, 2008).
Cortisol and adrenocorticotropic hormone (ACTH), released
by activation of the HPA stress axis, are considered as pri-
mary stress hormones (Herman et al.,, 2016; Lightman, 2008).
Moreover, hormones interact during stress, such as the inter-
action between alpha-melanocyte-stimulating hormone
(alpha-MSH) and N-terminal-pro-B type natiuretic peptide
(NT-pro-BNP) (Grimm et al., 2016; Popovic et al., 2013); these
hormones plan a role in regulating carbohydrate, protein and
lipid metabolism, energy homeostasis and body composition,
inflammation and immune regulation, and autonomic system
function, all of which are related to cardiopulmonary function
(Cain & Cidlowski, 2017; Pivonello et al., 2016; Stimson et al.,
2017; van Ockenburg et al.,, 2016).

Despite extensive theoretical knowledge regarding stress
hormones, and the awareness that stress may be the cause
of many diseases and adverse events, clinical management
has lagged behind, in part because there is currently a lack
of accurate quantification of stress hormones as well as the
inability to define standard approaches to treatment (Piepoli
et al., 2016; Schnohr et al, 2015). In order to expand our
understanding of active stress management, we aimed to
examine how different types of intentional chronic stress
exposure affect acute stress responses. We hypothesized that
cardiopulmonary responses and stress axis activation during
stress anticipation may differ depending on adaptation to
chronic stress exposure and cardiorespiratory fitness. To test
this hypothesis, we assessed cardiopulmonary parameters
and stress hormones (ACTH, cortisol, alpha-MSH, NT-pro-BNP),
as well as the activation of stress axis (ACTH/cortisol ratio)
during anticipation of stress and the ability of these hor-
mones to reflect cardiorespiratory fitness.

Methods
Subjects

Our study is addition to our already published research
(Popovic et al., 2013, 2014). In short, 57 healthy male subjects

of similar age were included [16 elite wrestlers (W), 21 elite
water polo players (WP), and 20 sedentary control subjects
(O)]. Subjects in the W and WP groups included in the pre-
sent study are athletes have been successfully competitive at
the international level; they have all trained intensively for
more than 10years. Both W and WP subjects performed com-
bined endurance and strength training protocols. At the time
of the study, both W and WP subjects were in a period of
preparation for international competition. Subjects in the W
group performed fourhours of power training in the gym,
nine hours of wrestling a week and 4 hours of high intensity
running a week. Subjects in the WP group trained 12 hours a
week in the pool, where they swimmed at least 2km per
each training session, and they also spent three hours a week
in the gym where they performed both endurance and
power exercises. Subjects in the C group were not engaged
in sporting activities; they reported less then twohours a
week of physical activity for the last 10years. All subjects pro-
vided detailed personal and family history of illness. They did
not declare any risk factors or diseases which were consid-
ered as exclusion criteria, such as hypertension, hypertrophic
cardiomyopathy, diabetes, arrhythmias, renal disease, infec-
tions, anabolic steroids usage and smoking. All subjects pro-
vided an informed consent and the local Ethical Committee
approved the study.

Study protocol

After initial screening, all subjects underwent anthropometric
measurements. The stress anticipation situation was simu-
lated in laboratory conditions using cardiopulmonary exercise
testing (CPET) as a laboratory stress model (Fletcher et al.,
2013; Svensson et al., 2016). The stress anticipation period
was considered 10 minutes before the beginning of CPET.
CPET was conducted approximately at 1PM for all subjects.
Cardiopulmonary and hormonal measurements were taken:
(1) 10 minutes before CPET - at rest; and (2) at the beginning
of CPET.

Anthropometry

Body weight (BW), fat mass (FM) and fat-free mass (FFM)
were obtained by bioelectrical impedance analysis using
Tanita weight (phase-sensitive multi-frequency analyzer Data
Input GmbH 2000, software Nutri 3). The Du Bois and Du
Bois formula was used to calculate body surface area (BSA).
(Du Bois & Du Bois, 1916).

CPET procedure

All the subjects underwent maximal CPET on a treadmill,
according to current recommendations (American Thoracic
Society, American College of Chest Physicians, 2003). The
protocol consisted of: (1) 2min at a speed 6km/h and 2%
inclination; (2) 2min at a speed 9km/h and 2% inclination;
and (3) an increase of inclination for 2% every 2min there-
after until criteria for maximal exertion was reached.
Ventilatory expired gas analysis was performed using a



Cardiovit CS 200 (Schiller, Baar, Switzerland) throughout the
assessment with three phases of primary interest: (1)
10 minutes before CPET at rest; (2) at the beginning of CPET;
and (3) at the peak effort. Standard 12-lead electrocardio-
grams were obtained in all phases of CPET, as well as systolic
(SBP) and diastolic arterial blood pressure (DBP) which was
measured using a standard cuff sphygmomanometer. The fol-
lowing variables were determined from CPET: (1) heart rate
(HR); (2) oxygen uptake (VO,); (3) carbon dioxide production
(VCO,); and (4) minute ventilation (VE). VE, VO,, and VCO,
were acquired breath-by-breath, averaged over 30seconds,
and printed using rolling averages every 10seconds. The
changes in cardiopulmonary and hormonal variables during
anticipation of stress were considered the differences
between measurement obtained at rest and the beginning of
CPET. Peak respiratory exchange ratio (RER) was calculated as
the highest 10-second averaged sample obtained during the
last 20 seconds of testing, and was >1.1 in all subjects.

Blood analysis

An intravenous cannula was placed in brachial vein three
hours before the test, in order to take blood samples avoid-
ing acute hormonal stimulation by needle punctuation.
Participants were free of drink and food at least three hours
before collecting blood samples. Blood was taken in two
phases of the CPET: (1) 20ml at rest — 10 min before CPET;
and (2) 20 ml at the beginning of CPET. Samples were centri-
fuged on 4000 rpm and kept at —80°C. Immunoradiometric
method (ELSA-ACTH, CIS Biolnternational, Gif-Sur-Yvette
Cedex, France) was used to measure ACTH (lower sensitivity
limit 2ng/l). Radioimmunoassay (CORT-CT2, cls
Biolnternational, Gif-Sur-Yvette Cedex, France) was used to
measure plasma cortisol (lower sensitivity limit 4.6 nmol/l).
Immunoassay sandwich technique (pro-BNP II, Cobas, Roche,
Burgess Hill, England) was used to measure NT-pro-BNP
(lower sensitivity limit 5pg/ml). Radioimnunoassay technique
(EURIA-0-MSH, Euro-Diagnostica, Malme, Sweden) was used

Table 1. Baseline characteristics of the study groups.
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to measure alpha-MSH (lower sensitivity limit of 3 pmol/l).
Intra- and interassay coefficient of variation was less than
10% for all assays.

Statistical analysis

The Kolmogorov-Smirnov test was used to perform the ana-
lysis of distribution of the observed variables. Classic descrip-
tive parameters were used to express the results, such as
median for non-normally distributed variables and mean and
standard deviation for normally distributed variables. The
analysis of variance (ANOVA) was used to assess the differen-
ces between the groups; post hoc multiple group compari-
sons were assessed with LSD and Bonferronis method.
Kruskal-Wallis nonparametric ANOVA followed by the
Mann-Whitney test was used for non-normally distributed
variables. The general linear model for repeated measures
was used to analyze hormonal responses during anticipation
of stress. Correlations between variables were examined by
Spearmans rank and Pearsons correlation tests. The difference
was considered significant when a p value was <0.05, and
highly significant when a p value was <0.01. SPSS software
(SPSS version 10.0, SPSS Inc., Chicago, IL, USA) was used for
statistical analysis.

Results

The participants had similar age, SBP and DBP; there were
significant differences between subjects in BW, BSA, FM and
FFM as shown in Table 1.

Cardiopulmonary parameters at rest are shown in Table 2.
HR at rest was higher in controls, and similar in the W and
WP groups. VO, rest and VE/VCO, rest were similar in all
groups, while VCO, rest and VE/VO, rest were higher in the
W group compared to the C group. There was no difference
in HR peak between groups; VO, peak was higher in the W

Parameter C (n=20) WP (n=21) W (n=16) WP vs W (p) WP vs C (p) W vs C (p)
Age (years) 21.4+2.1 21.4+35 23.2+3.5 0.246 1.000 0.215
BW (kg) 78.1+7.2 88.2+8.1 87.0+1.3 1.000 <0.001 0.024
BSA (m?) 2.0+0.1 2.1+£0.1 2.1+0.3 1.000 0.006 0.005
FFM (kg) 67.9+5.8 73.9+54 77.8+8.7 0.245 0.015 <0.001
FM (kg) 10.1+4.3 14.1+£4.9 9.2+6.5 0.021 0.055 1.000
SBP (mm Hg) 121+£18 130+ 10 130+12 1.000 0.153 0.191
DBP (mm Hg) 79+12 82+6 84+8 1.000 0.830 0.299

Results are presented as mean + SD. C: controls; W: wrestlers; WP: water polo players; BW: body weight; BSA: body surface area; FFM: fat-free mass; FM: fat mass;

SBP: systolic arterial blood pressure; DBP: diastolic arterial blood pressure.

Table 2. Cardiopulmonary parameters.

Parameter C (n=20) WP (n=21) W (n=16) WP vs W (p) WP vs C (p) W vs C (p)
HR rest (min~") 7711 63+10 6713 0.770 <0.001 0.017
HR peak (min~") 194+10 192+9 189+10 0.980 1.000 0.389
VO, rest (mL-min~"-kg™") 63+2.4 5.7+2.1 59+2.1 1.000 0.822 0.186
VO, peak (mL-min~"-kg~") 49.5+1.1 59.3+4.9 54127 0.024 <0.001 0.011
VCO, rest (mL-min~") 246.7 £93.0 337.2+£139.7 460.4 +286.0 0.145 0.320 0.003
VE/NVO, rest 20.8+5.9 264+7.5 28.6+10.3 1.000 0.079 0.018
VE/VCO, rest 30.6 3.7 28.5+3.4 28.6+1.8 0.164 0.050 1.000

Results are presented as mean + SD. C: controls; W: wrestlers; WP: water polo players; HR: heart rate; VO,: oxygen consumption; VCO,: carbon dioxide output; VE:

minute ventilation.
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Changes of cardiopulmonary parameters during anticipation of CPET
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Figure 1. Cardiopulmonary parameters during anticipation of stress. C: control group; CPET: cardiopulmonary exercise test; DBP: diastolic blood pressure; HR: heart
rate; SBP: systolic blood pressure; VCO,: carbon-dioxide production; VE: minute ventilation; VO,: oxygen uptake; W: wrestlers; WP: water polo players.

Table 3. Stress hormones at rest.

Parameter C (n=20) WP (n=21) W (n=16) WP vs W (p) WP vs C (p) W vs C (p)
Alpha-MSH rest (pmol/L) 11.7£5.6 143+10.6 11.0£3.2 0.576 0.785 1.000
ACTH rest (ng/L) 29.0+17.4 26.8+46.4 15.9+8.0 0.733 1.000 0.519
Cortisol rest (nmol/L) 211.1+£137.4 261.8+88.5 355.6 + 147.1 0.610 0.028 0.001
ACTH/Cortisol rest (g/mol) 0.17£0.12 0.09+0.12 0.05+0.03 0.700 0.022 0.001
NT-pro-BNP rest (pg/mL) 37.5+24.4 26.4+11.0 21.8+16.1 1.000 0.056 0.019

Results are presented as mean+SD. ACTH: adrenocorticotropic hormone; NT-pro-BNP: N terminal pro B-type natriuretic peptide; MSH: melanocyte-stimulating

hormone; C: controls; W: wrestlers; WP: water polo players.

Stress hormones response during anticipation of CPET
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Figure 2. Changes of stress hormones during anticipation of stress. ACTH: adrenocorticotropic hormone; C: control group; CPET: cardiopulmonary exercise test;
MSH: melanocyte stimulating hormone; NT-pro-BNP: N-terminal-pro B type natriuretic pepide; W: wrestlers; WP: water polo players.

group compared to the C group and the highest in the
WP group.

There was no difference between subjects in the change
of VO,, VCO,, VE/VO,, VE/VCO, and SBP during anticipation
of CPET, as shown at Figure 1. The increase in HR was signifi-
cantly higher in the W group compared to controls
(p=0.033), while it was not significantly different between
the WP and C groups (p=0.088), as well as between the W

and WP groups (p=1.000). DBP increased more in the C
group than in the WP group during anticipation of CPET
(p=0.006), while the difference in DBP change was not sig-
nificant between W and C groups (p=0.079) and the W and
WP groups (p=0.238).

Plasma levels of stress hormones at rest and the changes
during anticipation of CPET are shown in Table 3 and
Figure 2.



Circulating ACTH increased between the two phases of
CPET (p=0.008) in all groups (W, WP and C), whereas alpha-
MSH was not significantly changed (p =0.238). Plasma ACTH
and alpha-MSH were not different among groups at any
phase of the test (p>0.05). The changes in plasma ACTH
and alpha-MSH level during anticipation of CPET were similar
in all groups (p=0.301, 0.219, respectively), which indicates
similar response.

Circulating cortisol increased from rest to the beginning of
CPET (p < 0.001). Plasma cortisol was lower in the C group
compared to the W and WP groups during both phases of
the test (p=0.001 and 0.028, respectively at rest; p=0.001
and 0.045, respectively at the beginning of the test), while
the W and WP groups had similar values (p=0.610 at rest,
p=0.281 at the beginning of the test). The change of cortisol
between the two phases of CPET was not different among
the groups (p =0.569).

The ACTH/cortisol ratio at rest was highest in the WP
group, and higher in the C group compared to the W group,
while the W and WP groups similar values, as shown in
Table 3. The change of this ratio during anticipation of CPET
was significantly different between the C and W groups
(p =10.033), while the WP and C groups had similar values, as
well as the W and WP groups (p=0.141, 0.123, respectively).

Plasma level of NT-pro-BNP significantly decreased from
rest to the beginning of CPET (p=0.002). Plasma levels of
NT-pro-BNP were significantly higher in the C group com-
pared to the W group in both phases of the test (C vs. W at
rest p=0.017 and at the beginning of CPET p=0.013); The
WP group did not have significantly different values com-
pared to the W and C groups during both phases of the test
(p>0.05). The change in NT-pro-BNP plasma level between
the two phases of CPET in all groups was similar (p =0.119),
which indicates a similar response.

In all three groups combined, the change of NT-pro-BNP
during anticipation of the CPET correlated with VO, peak
(r=0.40, p=0.003). Other significant correlations of hormo-
nal variables with HR peak and VO, peak were not
found (p > 0.05).

On multiple regression analysis, which included hormonal
and anthropometric variables, in all three groups combined,
the best independent predictor of VO, peak was ANT-pro-
BNP (B=36.01, r=0.37, p=0.001).

Discussion

The results of our study demonstrate that during anticipation
of stress different types of chronic stress exposure models
led to variability in HR and DBP responses, while the
response of VO,, VCO,, VE/VO,, VE/VCO, and SBP were simi-
lar. The increase in HR was higher in the W group compared
to controls, while the WP group did not differ from C and W.
DBP increased more in the C group compared to the WP
group during anticipation of CPET, while the difference in
DBP change was not significant between W and the other
two groups. Circulating ACTH and cortisol significantly
increased during anticipation of stress, while plasma levels of
NT-pro-BNP significantly decreased. The response of ACTH,

STRESS ‘ 5

alpha-MSH, cortisol and NT-pro-BNP was similar during antici-
pation of stress in all groups, while the ACTH/cortisol ratio
was significantly different between the C and W groups. In
all three groups combined, the change of NT-pro-BNP during
anticipation of CPET was the best independent predictor of
VO, peak.

It is worth noting that the anticipation of disruption of
homeostasis or a threat to well-being, even before confront-
ing with the stressor, may trigger various physiological
responses (Engert et al., 2013; Pulopulos et al., 2020; Zandara
et al., 2018). These are adaptive responses that allow individ-
uals to make cognitive, behavioral, and physiological prear-
rangements that are necessary to encounter the stressful
situation (Turan, 2015; Turan et al,, 2015). Understanding the
physiologic responses during the anticipation of stress are
important, as they significantly impact the physiological
response to the actual stress event (Engert et al, 2013). For
instance, it was shown that positive expectancy or anticipa-
tory stress appraisal attenuate the response of cortisol during
the stressful situation (Gaab et al., 2005; Pulopulos et al.,
2018). The anticipation of a stressful event has been shown
to be associated with prolonged prefrontal activation, which
decreases amygdala activation and improves the stress
response regulating the activation of the HPA axis (De Raedt
and Hooley, 2016). Limited evidence has also shown stress
anticipation increases cortisol during this phase (Gossett
et al.,, 2018), similar to the findings in the current study. The
physiological effects of cortisol are well known and involve
regulation of cardiopulmonary parameters (Popovic et al.,
2013; Whitworth et al., 2005). Knowing the effects of cortisol,
the increase in HR, blood pressure, VO, and VCO, during the
anticipation of stress observed in the present study is not
surprising. Moreover, our primary hypothesis was to deter-
mine whether individuals with different exercise training his-
tories (i.e. two different types of athlete groups and a control
group) respond differently to an anticipatory stressful stimu-
lus. This was indeed the case for HR and DBP responses.
Interestingly, no differences were observed in the hormonal
responses, except for sensitivity of the HPA axis, measured by
the ACTH/cortisol ratio. The explanation for diverse hormonal
responses in different chronic stress adaptive models may be
partially explained by autonomic regulation (Thayer et al.,
2009). For instance, a higher vagal activity which is related to
better stress adaptability and emotion regulation; previously,
athletes demonstrated inhibitory control of the prefrontal
cortex on the amygdala which impacts the stress response
(Thayer et al., 2009). Bidirectional connections between the
vagal nuclei in the medulla oblongata and the hypothalamus
have been reported, suggesting an association of autonomic
regulation and the HPA stress response (La Marca et al,
2011). These are important findings given that understanding
the factors that contribute to stress reaction is fundamental
to the prevention and treatment of stress-related disorders
(Pulopulos et al., 2018).

While the increase in NT-pro-BNP during stress is well
documented (Ohba et al, 2001; Popovic et al, 2013), the
behavior and the role of NT-pro-BNP during anticipation of
stress is largely unexplored. This hormone is secreted in car-
diac chambers due to increased wall stress, however there



6 D. POPOVIC ET AL.

are studies demonstrating an interface with HPA axis
(Popovic et al., 2013). Complex hormonal interrelations dur-
ing anticipation of stress apparently lead to a decrease in
plasma NT-pro-BNP observed in the present study, which
should have a role in the regulation of cardiopulmonary
function. Previous studies found a relation between an NT-
pro-BNP increase with exercise and higher cardiorespiratory
fitness (Mottram et al., 2004). The increase in plasma levels of
this hormone in patients after cardiac surgery was found to
be associated with reduced cardiorespiratory fitness (Salustri
et al,, 2011). Our study demonstrated that the change in NT-
pro-BNP during anticipation of CPET was the best independ-
ent predictor of VO, peak, suggesting that hormonal changes
during stress anticipation prepare the body for coping with
the stress stimulus and that cardiac hormonal response may
be a key element in overall performance during stress.

Further, our results demonstrated differences mainly
between the control group and one of the athlete groups,
leaving unclear whether exercise in general has a favorable
impact to stress anticipation through cross-stressor adapta-
tion. It seems that in this regard different athletic population
adapt differently to exercise stimulus. There are reports dem-
onstrating the impact of training level to HR response to anx-
iety, however, the differences between different athletic
population are highly unexplored (Ensari et al., 2020). There
is reasonable point of view that physical activity should be
the natural means to prevent the consequences of stress,
assuming that the stress response is a neuroendocrine mech-
anism triggered in anticipation of physical action. Indeed,
positive effects of exercise to stress reduction are already
proven (Arvidson et al., 2020). Inverse relationship between
stress and exercise may vary from person to person, war-
ranted precision medicine research for further concluding
(Burg et al., 2017).

Limitations

There is high physiological variability of stress system activa-
tion, depending on age, genetic factors, gender, race, nutri-
tional status, psychological factors, and physical activity
habits (Bergh et al., 2015; Bernard et al., 2017; Bossé et al.,
2015; Garrido, 2011; Lightman, 2008; Popovic et al., 2013,
2014; Wittert et al.,, 1996). Physical activity is a common con-
dition for athletes allowing better understanding of what the
exercise will involve and how they will respond to it.
Confounding effects of possible psychological differences
between athletes and controls cannot be ruled out. However,
different types of chronic stress adaptation models, in this
case different athletic groups, acted differently to the antici-
pation of an acute physical stress and we do not generalize
our findings. Further studies involving other laboratory stress
as an intervention are warranted. Moreover, in the present
study, resting parameters were defined as measurements
taken 10 min before testing. Of note, stress cannot be fully
accounted for in that time point, since any information of
being in the study may produce stress. However, even these
time points distinguished the groups well enough in terms of
their stress responsiveness. The results of present study have

to be confirmed and explored in greater detail in larger clin-
ical trials. Specifically, future research is warranted to better
define the potential of stress hormone analysis during antici-
pation of stress to guide medical care and treatment options.

Conclusion

The type of chronic stress exposure influences hemodynamic
responses during anticipation of physical stress and the path
of hormonal stress axis activation. While stress hormones,
such as ACTH and cortisol, increase during anticipation of
stress, NT-pro-BNP decreases, and the amount of this change
holds predictive value for overall cardiopulmonary perform-
ance during a stress condition, demonstrating the importance
of the anticipatory phase in coping with stress.
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