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carry out early diagnosis and prescribing adequate and reasonable treatment for patients with chronic 
periodontitis. The most promising direction in the search for markers of susceptibility and prognosis is the 
identification of genetic factors associated with the risk of development, the course and outcome of chronic 
periodontitis.
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Sammary. The resting electrocardiography in 12 leads (ECG-12) and transthoracic echocardiography 
(ECHO) are routinely used noninvasive tools to measure the cardiovascular structural and functional 
response in competitive athletes. The adaptive or maladaptive changes regarding the intensive exercise 
are associated with the different level of sympathetic-adrenal-medullary (SAM) and the hypothalamic-
pituitary-adrenal (HPA) activity which can be respectively evidenced by changes in the hormonal 
(cortisol, testosterone) levels. The aim of the present study was to assess the relationship between 
hormonal status and its possible effects on both cardiac function and sport performance in competitive 
athletes. 

Thestudy was performed in handball male athletes, N=16during a 2 weeks competition period and 
in the recovery period. Cortisol/testosterone, electrolytes, blood gas level,12-lead ECG were analyzed 
before, daily during and after serial games competition. ECHOwas performed soon before the competition 
period. During the competition period, lower awakening level ofcortisol and testosterone were 
independently associated with lowerheart rate variability (HRV) and down sloping ST segment 
depressionat resting ECG as well as with higher prevalence of game mistakes at multivariate analysis 
(p < 0,05). The present study demonstrates the association of a low individual cortisol-testosterone 
awakening status with a low HRV as amaladaptation of the sympathetic drive during a prolonged 
competition period in handball athletes.

Keywords: intensive exercise, athletes, cardiovascular system, ECG,cortisol, testosterone, 
ergometry, echocardiography, awakening hormonal status, testosterone, cortisol.

Background. A preventive strategy with life style modification, weight loosing and regular physical activ-
ity is known to reduce the risk of cardiovascular diseases [1] by multiple mechanisms including proinflamma-
tory tissue response attenuation [2], improvement of glucose metabolism and cognitive function [3], myocar-
dial compliance with diastolic and systolic function [4].

On the other hand, the possible favorable or unfavorable effects of intensive exercise during training and 
competition in athletes is a matter of discussion. In particular, situations such as prolonged sport competition 
periods, in which an individual anticipates a requirement to react or respond, are typically associated with 
increased biological activity including increases in neuroendocrine and cardiovascular activity. This biological 
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up-regulation serves to prepare the individual for the forthcoming perceived demand but in some persons, such 
physiological responses may be abnormal potentially causing further cardiovascular overload, decreased per-
formance and potential damage [5]. 

Two key physiological systems may be involved, the sympathetic-adrenal-medullary (SAM) and hypo-
thalamic-pituitary-adrenal (HPA) axis which provide resource to deal with the expected challenge [6]. Never-
theless, the profile of cortisol concentrations does not adapt rapidly to acute stress, although its amplitude might 
be reduced under some conditions [7]. Acute up-regulation of cortisol, secreted by the HPA axis, increases the 
release of glucose and stimulates the sympatheticnervous system providing resource to deal with the antici-
pated physical challenge and maintain homeostasis [8]. Cortisol levels are elevated in athletesprior to competi-
tion and that levels are greatest when sampledcloser to the start of competition [9]. However, while an increased 
hormonal secretion during competition may represent an adaptive response to challenge, a reduced or blunted 
response may express maladaptive responseand has been a sign ofunfavorable athletic performance. Similarly, 
an excessive activation of the SAM axis may represent a maladaptive change. As a matter of fact a reduced HRV, 
known to express prevalent sympathetic over parasympathetic activity, followed high monotony and overall 
stress with a simultaneous decrease in ST and intermittent running performance [10], but it was not investi-
gated in handball athletes cohort.

The aim of the present study was to assess the reciprocal relationship between adaptive/maladaptive 
responses of the cortisol/testosterone secretion and SAM activation as expressed by HRV during a prolonged 
competition period in handball athletes. We also assessed the possible effects of combined individual hormonal 
response on competitive performance and cardiac function and homeostasis as expressed by ECG derived 
parameters. 

Methods. All athletes were underwent two serial recordings and measurements of ECG, blood pressure, 
heart rate variability, blood hormone cortisol and testosterone, electrolytes and glucose analysis.

1 — During the competition period:
Superficial ECGwas registeredin 12-leads taking time 3 minutes. All the recordings were done in a room 

at ambient temperature (22–24 °C) in the morning hours just after awakening of athletes. Standard protocol 
was used to analyze the spectral and time parameters.

Cortisol and testosteronelevelsweremeasured in the centrifuged blood plasma after the taking 90μl from 
the arm finger in the morning hours (between 7am and 8am) just after wake up. The customized immunofluo-
rescence assay by i-CHROMA Reader analyzer (Boditech Med Inc., South Korea) was done. Reference range 
of cortisol was 250–700 nmol/l and testosterone in men 8–40 nmol/l.

Anabolic Index (IA) was calculated: IA = testosterone (nmol/L)/cortisol (nmol/ L) · 100 [11].
Short sport performance test“Distinguishing reaction” with the analysis of wrong respect (mistakes) was 

estimated in all athletes.
All athletes were assessed by the described methods multiply during competition period: before the start 

of competition (0 day) and during the serial games (on 3rd, 4th, 7th, 9th,12th day of serial games competition 
period).

Additionally before competition transthoracic echocardiography (Toshiba Applio 300, 2Hz probe, Japan) 
was performed with standardized technique of acquisition, recommended probe positions and analyzed pa-
rameters [12].

2 — During the rest period (after competition):
Superficial 12-lead ECG for HRV analysis was registered in the morning hours before ergometry test and 

assessed as described before.
Ergometry (Shiller, cycling) exhausted protocol with stepwise increasing of load from 125 Wt by 50 Wt 

every 2 minutes to maintain the anaerobic plateau was done under ECG monitoring.
Statistical analysis was performed using the parametric and nonparametric tests. Dynamics of serial 

measurements of cortisol, testosterone and ECG was estimated as significant if p < 0,05 by pair t-test and 
Mann-Whitney analysis.

Material. Sixteen man handball players (team) in age 19–21 years old were included in the study. Every 
athlete from the team was undergone similar serial investigations of ECG, HRV, blood markers, including 
cortisol and testosterone.

Results and discussion. The aerobic conditioning of the regular game sports demonstrated the improve-
ment of aerobic function of the muscle [13]. However the intensive physical exercising is followed by the in-
creasing of the cardiovascular adverse event rate independently on the total energy equivalent of the exercise 
capacity (figure1) [14].
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Figure 1 — Cardiovascular mortality (CVM) rate in the different running protocols: 
a — ratio between CVM and running frequency; b — ratio between CVM and running speed [14]

Moreover, high physical exertion and psycho-emotional stress, together with an overtraining, chronic 
infection lead to chronic stress and impaired adaptation of the cardiovascular system [15, 16]. The situation 
when the strength of the pathological effect exceeds the level of stress tolerance develops the dissociation of 
adaptability, which creates conditions for impaired metabolism, function and structure of the myocardium, 
which can lead to persistent focal damage, and myocardial fibrosis can form in the condition of chronic hyper-
cortisolism [17, 18].

Endogenous glucocorticoids in physiological doses provide an endogenous anti-inflammatory effect de-
pendently to circadian release (figure 2) and binding glucocorticoid or mineralocorticoid receptors [19].

The circadian cortisol rhythm includes three components: (1) the cortisol awakening response (CAR), 
(2) a decline in cortisol levels during the rest of the day (falling in the morning and a gradual down sloping in 
the afternoon and early evening); and (3) a fast gradual increase in cortisol levels from the second half of the 
night until waking. A dysregulation of the CAR with the magnitude reduction post-awakening, independently 
from the rest of the diurnal HPA-axis activity, has been related to chronic stress, cardiovascular disease, sleep 
disorders [21].

According to H. Zhang, the dysfunction of the glucocorticoid reception system triggered by stress can 
produce the glucocorticoid resistance and subsequent heart disease [22, 23]. An increase the level of stress 
hormones (cortisol, adrenaline) leads to gross structural changes also in red blood cell and attenuation of 
coronary blood flow [18].

The average morning cortisol level as a reflection of CAR was in normal range throughout the competition 
period in all handball players. The absolute maximum cortisol level in team of athletes was revealedtwo days 
before the competition (figure 3) as it was found by other researchers with suggesting the origination of the 
phenomena from mental stress before the competition [24]. Other authors describe the increased cortisol level 
immediately before game as a reflection of an adaptive role of CAR for up-regulation to enable resources im-
mediately prior to demand [9]. 
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Figure 2 — The 24-hour rhythms of circulating melatonin (released by the pineal gland, represented by a purple 
circle) and cortisol (released by the adrenals, represented by a blue circle) [Modified and redrawn from P. Pevet 

and E. Challet [20] with permission. © Elsevier.]: 
a — scheme of melatonin and cortisol release; b — 24-hour level of cortisol [19]

Figure 3 — Athletes individual dynamics of cortisol during the competition. Stripped line shows trend
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The significant decreasing of both cortisol and testosterone with the falling of IA by 23.2 % (p = 0,032) 
was registered on day 4 with positive fluctuation on day 7 and repeat significant cortisol decreasing at 8th day 
of competition (figure 4).

Figure 4 — Awakening response of plasma hormones during the competition period

Described awakening profile of cortisol and testosterone was followed by the changes of homeostasis, 
predominantly blood partial pressure of oxygen, sodium potassium and lactate, non-significant increasing of 
extracellular liquid and dramatic decreasing of total body liquid. Revealed severe deficit of intracellular liquid 
wasn’t accompanied byany visible symptoms of hydration (swelling, headache, rising of arterial pressure) 
(table1) (figure 5).

Table 1 — Early morning level of peripheral blood oxygen, electrolytes and metabolic products in athletes during 
serial games competition

Parameter Day

0 2 3 4 7 8 9

pO2 67,54 64,14* 63,86** 64,0 66,68 64,19 65,70*#
Na 139,53 142,75* 144,25**## 143,3* 143,1 145,7* 143,1*#
K 4,35 4,41 4,72*# 4,56 4,98*# 4,7* 4,88
Glucose 5,18 4,93 4,67* 4,54* 4,6* 4,92 4,66
Lactate 1,45 3,05* 2,3*# 2,51*# 2,21* 2,72*# 3,48*#

* Difference with day “0” p < 0,05.
## Difference with day “0” p < 0,01.
# Difference between days p < 0,05.
** Difference between days p < 0,01.

Figure 5 — Total (solid line) and extracellular (striped line) water (liquid) dynamics in kilograms via bio-
impedance rheography during serial games competition
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Relatively to total the extracellular liquid volume raised significantly from 38,9 % before games to 48,2 % 
on day 4 (p < 0,05) of competition period with simultaneous accumulation of sodium (p = 0,01) and falling of 
the blood concentration of oxygen (p = 0,02)

The falling of the cortisol and testosterone in the morning hours is followed by the significant depression 
of HRVon 2nd(p < 0,001) and 3rd (p < 0,003) days, sinus bradycardia(HR 50±5 BPM, p < 0,002), prolongation 
of QTc interval (p < 0,05)on 3rd day of competition (figure 6) which can be explained as a cardiovascular system 
dysregulation.

a                                                                                                 b	

    

                      c 

Figure 6 — ECG in athletes during the competition period: 
a — Heart rhythm variability (HRV, %pNN50); b — Heart rate; c — QTc dynamics 

As it was shown in the recent publications the most common markers for determining muscle damage 
are cortisol, testosterone, and the ratio of testosterone to cortisol, which allows assessing the prevalence of 
anabolic or catabolic processes [25, 26]. But in our study almost synchronous falling of the both level cortisol 
and testosterone showed the incompetence of this index for the integral evaluation of athlete status (see 
figure 4).

Cortisol is associated with training stress level in athletes. A decrease of cortisol level is associated with 
fatigue of athletes [11, 27]. At the same time, in the study of Lautenbach F. 2018, the time of blood analysis was 
arisen, showing a negative correlation between performance and cortisol levels before the competition and a 
positive correlation between cortisol during the competition and performance [ab]. Regarding these findings, 
the cortisol level was analyzed in handball athletes exactly during the serial game competition reflecting the 
growing disturbance of homeostasis and energy support in athletes.

To assess noninvasively myocardial adaptation, testosterone determination is used [26]. According to 
K.V. Casto with coauthors (2017), the testosterone levelat all measured time points was positively associated 
with athletes’ assessments of their own individual performance as a general mark of cardiovascular function 
and tissue perfusion. Athletes showed a significant increase of testosterone and cortisol levels during the 
competition period — the «competition effect» [27], which may indicate a relationship between the cognitive 
assessment of personal performance and testosterone levels.

An anabolic index (IA) is used for an integral assessment of the metabolic state in athletes. The results of 
the study by L. E. Panin (2012), showed that a decrease in IA indicated an inability to adequately recover after 
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resting with overtraining [15]. In our study this index dint work because of simultaneous dynamics of the blood 
level of both testosterone and cortisol, especially at the fourth day of the competition with higher rate of ECG 
abnormalities in the team athletes (see figure 3).

In our group of athletes, the estimation of individual performance has been done via short sport 
performance test «Distinguishing reaction» with the analysis of wrong respect (mistakes). The test showed 
tendency to the increasing of the mistake number with the stabilization (p < 0,05) of psychophysiological status 
at the end of competition (figure 7).

Figure 7 — Mistake score by short performance test «Distinguishing reaction» 
in athletes in days 0–3–5–7–9–12

Conclusion. The widely explored theory of macro and micro adaptation to intensive sport exercises with 
the transforming of the structural and the enzyme particles was supported by our results. Most important our 
findings were related to significant reciprocal link between awakening hormonal response and ECG signs of 
myocardial and autonomous nervous system dysfunction in young handball athletes during serial game 
competition.

The limitation of the study was component of transatlantic transfer and different psychophysiological 
condition of players regarding their field positions.
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Реферат. Изменения в работе сердечно-сосудистой системы атлетов связаны с различным уров-
нем симпато-адрено-медуллярой и гипоталамо-гипофизарно-адреналовой активности, что можнот 
выявить при ЭКГ-12, эхокардиографии и оценке уровня гормонов крови.

Цель работы – оценить взаимосвязь гормонального статуса и его влияния на функцию сердца и 
спортивные навыки у спортсменов в период соревнований.

Мужчинам-гандболистам (n = 16) в течение 2 недель до игр, во время серии игр (соревнования) 
и в период восстановления была проведена ежедневная оценка утреннего уровня тестостерона и кор-
тизола, электролитов, газов крови, ЭКГ-12 с анализом вариабельности сердечного ритма с (ВСР). 
Более низкий уровень кортизола и тестостерона при пробуждении во время соревнований был ассо-
циирован со снижением ВСР, депрессией сегмента ST и более высокой частотой игровых ошибок 
(многофакторный анализ, p < 0,05). Результаты исследования показали, что у гандболистов с нор-
мальной структурой сердца и функцией по данным эхокардиографии низкий уровень кортизола и 
тестостерона при пробуждении ассоциирован с низкой ВСР. Это может свидетельствовать о наруше-
нии адаптации симпатической нервной системы в период длительных соревнований.

Ключевые слова: спортсмены, ЭКГ, вариабельность сердечного ритма, кортизол, тестостерон, 
велоэргометрия, эхокардиография, сердечно-сосудистая система.
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