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Abstract

The competitive levels expose the athletes to stressful factors that influence in their performance. Emotional
changes following competitive stress trigger endocrine responses that can prepare the body for imminent
challenges, therefore the importance of knowledge of these reactions to the organism.The present study
investigated pre- and post-competition cortisol differences between sexes and swimming specialties (sprinter,
middle-distance and long-distance). A total of 44 swimmers (28 men and 16 women), mean age of 15.2+1.4
years, were assessed. Saliva was collected pre (15 minutes before) and post competition (immediately), using the
Elisa method, Salivette® / kit DSL-10-671000 ACTIVE® (EIA). Descriptive measures and split-plot ANOVA
were applied, using the Statistical Package for the Social Sciences (SPSS) — IBM 22.0. There were no intergroup
pre and post-competition differences between the sexes or specialties [F=(1, 42)2.42, p=0.12] and [F=(2,41)
1.58,p=0.21]. There was a significant pre and post-competition intergroup difference between the sexes and
specialties [F=(1, 42) 23.15, p=0.001] and [F=(1, 41) 31.43, p=0.001]. The swimmers’ endocrine (cortisol)
response to competitive stimuli were similar. Therefore, this indicates that other factors may influence the
cortisol secretion, beside those that were presented here, suggesting new research in this area, to demystify the
real responses of cortisol to exercise and competition.
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Introduction

The stress attributed to competition can trigger a number of emotional feelings in athletes, eliciting
neuroendocrine responses capable of acutely and/or chronically changing organic function (Maso et al., 2003;
Salvador; 2003; Gimeno, Buceta and Llantada, 2007; Teixeira et al., 2009). According to Labrador and Crespo
(1994), cognitive, behavioral and physiological responses to stressor agents allow better situational perception of
demands and needs, in order to prepare the body to act rapidly and vigorously. The response to a threatening or
challenging stimulus triggers a series of physiological reactions in the body mediated by the hypothalamics-
pituitary-adrenal (HPA) axis, sympathetic-adrenal-medullary (SAM) system and hypothalamic-pituitary-gonadal
(HPG) axes (Myers et al., 2014; Herman et al., 2016). In particular, the HPA responds to a stimulus by releasing
hormones such as corticotropin-releasing hormone (CRH), arginine vasopressin (AVP) and adrenocorticotropic
hormone (ACTH) (Koob and Bloom, 1991). These hormones are directly associated with the mobilization of
energy reserves to face a real imminent (reactive response) or expected challenge (anticipatory response)
(Herman et al., 2016).

Known as the stress hormone, cortisol exhibits a pulsatile secretion pattern with higher levels in the
morning, declining throughout the day and reaching its lowest point at night (Hofstra; De Weerd, 2008;
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Kalsbeek et al., 2012). In non-stressed adults, the average cortisol secretion rate is around 12-15 p/dL (Van
Reeth et al., 1994), and extra-circadian variations have been observed under physical or psychological stress
(Hellhammer et al., 2009). Its presence in the organism can be measured using blood, urine and saliva
collections, the last being more accessible, simple and currently the most widely used (Silva, Mallozi and
Ferrari, 2007).

Research involving cortisol in sport has focused on the cortisol response in different sports (Jurimae et
al., 2004, Maso et al., 2002; Elloumi, 2008), sexes (Kivlighan et al., 2005; Salvador, 2001), competitive
situations (social) (Arruda et al., 2014; Arruda et al., 2017; Hasegawa et al., 2007; Jiménez et al., 2012),
moments of the competition (before, during and after) (Filarie et al., 2009; Kim et al., 2009; Mclellan et al.,
2010; La Pense et al., 2010), training sessions, exercise types and intensities (Atlaqui et al., 2003; Minetto et al.,
2008; Bougth et al., 2006; Luigi Di L et al., 2006; Crewther et al., 2010).In the competitive context, Salvador et
al. (2001) reported an anticipatory effect of cortisol before the competition, highlighting the importance of
increased cortisol levels in the psychophysiological preparation for competitive challenges. Earlier studies
confirmed this effect when basal levels were compared between training sessions and competition (Salvador et
al., (2003); Carré¢ et al., (2006); Elloumi et al., (2008); Filarie et al., (2010)). Significantly higher hormone levels
were also observed after competition (Salvador et al., 2003; Filarie et al., 2010; Arruda et al., 2014; Li et al.,
2015). The aforementioned investigations clearly demonstrate an anticipatory effect and an increase between pre
and post-competition, in addition to different hormone concentration patterns to competitive stress. According to
Cook & Crewther (2012), these differences are caused primarily by the intensity, duration and nature of the
stimulus.

Another point of discussion is the cortisol response between men and women in sport. Current findings
show that differences in cortisol responses as a function of sex remain inconclusive, with contradictory results
(Kviglan et al., 2015; 2005; Filarie et al., 2009; Li et al., 2015). Assessing 239 elite gymnasts of both sexes,
Georpoulos et al. (2011) found higher cortisol levels in the basal state and post-competition in one of the sexes.
On the hand, authors such as Kvlighan et al., (2005), Le Panse et al., 2012 and Li et al., (2015), obtained similar
pre and post-competition hormonal responses between men and women. These results are inconsistent with the
real sex-related behavior of cortisol and, given the lack of consensus on the release of the hormone, further
clarification on the issue is required. Considering the assumptions regarding the release of cortisol between
specialties and sexes, the present study investigated the possible influence of sex and the characteristics of swim
races on pre- and post-competition cortisol concentrations.

Materials & methods
Participants

A total of 44 swimmers (28 men and 16 women) with an average age of 15.40+0.49 years, from the five
regions of Brazil (North, Northeast, Center West, South and Southeast) took part in the study. The athletes,
selected by nonprobability convenience sampling, were assessed during the 2016 Brazilian Juvenile Swimming
Championship held by the Brazilian Swimming Confederation (CBDA). All the athletes and legal guardians of
individuals younger than 18 years of age signed an informed consent form. The study was approved by the
Research Ethics Committee of the Catholic University of Brasilia, under protocol no. 1319640 and CAAE
50596715.2.0000.0029.

Procedures

On the day of the competition, the swimmers were instructed to fill out the anamnesis questionnaire
containing objective questions on sex, subjective health, number of weekly training sessions, years of
competition, number of training hours, main competitive event and participation in events.

Saliva was collected while the athletes waited to be called to the race and afterwards at a location
determined by the competition organizers. Cortisol was measured in saliva samples using a plastic tube and
SARSTEDT Salivette® cotton swab and analyzed with a DSL-10-671000 ACTIVE® Cortisol Enzyme
Immunoassay (EIA) kit. In line with the ELISA protocol, the athletes rinsed their mouth with distilled water
before placing the cotton swab in the oral cavity. The swab remained in the mouth for 1 to 2 minutes, was placed
in the plastic tube and stored in a refrigerator at -15 degrees °C for laboratory analysis.

Collection proceeded as follows: 1. The stopper of the Salivette® tube was removed. 2- The cotton
swab was placed on the athlete’s tongue for 1 to 2 minutes. They were asked to masticate lightly to stimulate
salivary flow to obtain between 0.5 and 1.5 mL de saliva. 3. During collection no food or liquid was ingested. 4.
Next, the researcher removed the cotton swab from the athlete’s mouth with a sterilized glove and reinserted it
into the Salivette tube. Analyses were conducted by Analisis Laboratério Clinico ¢ Infantil, located at Av.
Camilo de Holanda 564, in Jodo Pessoa, Paraiba state, Brazil.

Statistical Analysis

Mean and standard deviation were used to characterize the sample and the Shapiro-Wilk test was
applied to test normality. Split-plot ANOVA, at a 5% significant level, was used to compare cortisol as a
function of sex pre and post-competition and specialty (sprinter, middle-distance and long-distance), applying
the Statistical Package for The Social Sciences (SPSS) — IBM 22.0.
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Results

The table 1 demonstrates the characteristic of the swimmers: exhibited similar age, training frequency
and number of years competing, with a difference between men and women only during training. The table 2
demonstrates that there was no significant pre and post-cortisol difference between the sexes [F=(1,42) 2.42,
p=0.12], nor did cortisol vary significantly between specialties [F=(2,41) 1.58, p=0.21].
Table 1. Swimmer characteristics.

Swimmers (n=44) Mean = SD
Age 15.2+1.4
Freq. (days/week) 7.03£1.5
Training duration 144.84+£33.5
Number of years 6.2+2.11
competing

Pre cortisol 0.37+0.11
Post cortisol 0.49+0.16

SD= standard deviation.

Pre and post-assessment of each variable showed differences between men (A% =38%, p=0.001) and
women (A%= 21%, p=0.001). Pre and post-competition differences were also found between sprinters (A% =
28%, p=0.001), middle-distance (A%= 24%, p=0.001) and long-distance swimmers (A%= 51%, p=0.001). There
was no association between training characteristics and cortisol levels, weekly pre (r=0.029) and post frequency
(r=0.19), pre (r=0.04) and post-training duration (r=0.25), and pre (r=0.26) and post-competition (r=0.18).

Table 2. Cortisol levels of the swimmers.

Swimmers (n=44) Sex Specialty
Male Female Sprinters Middle Long
(n=28) (n=16) (n=20) distance distance
(n=14) (n=10)
Freq. (days/week) 7.00+1.57 7.08+1.44 6.50+1.12 7.22+1.91 7.75+1.49
Training duration 154433.64*  131+28.23 1354+25.64 1434£35.35 1634£37.70
Number of years’ 7.00+1.57 7.08+1.44 5.71£2.47 5.71+£2.43 5.38+1.9
experience
Pre cortisol 0.36+0.13 0.38+0.06 0.38+0.10 0.37+0.14 0.33£0.08
Post cortisol 0.50+0.17* 0.46+0.16* 0.49+0.16*  0.46+0.16*  0.50+0.15*

p* <0.05 Pre vs post-competition cortisol

Discussion

The aim of the study was to compare the cortisol (endocrine) response between the sexes and
competitive specialties of young Brazilian swimmers. There were no significant pre and post-competition
differences between the sexes. These results are similar to those reported by Kvlighan et al., (2005), and Le
Panse et al., (2010), both conducted with individual sports.

According to Kvlighan et al., (2005), the main difference between the sexes is the psychosocial
response to competitive stress, whereby cortisol in men is more strongly associated with mental preparation and
competitive focus, while women show a greater relationship with accepting and judging group performance.
Filarie et al. (2009) reported that men and women exhibit a similar response pattern between rest and pre-
competition, but differences between pre and post-competition. In general, the anticipatory effects of cortisol
were demonstrated regardless of sex and sport specialty (Bateup et al., 2002; Carré et al., 2006; Elloumi et al.,
2008). For the pre and post-competition state, the results of studies are inconsistent, exhibiting similar (Kvlighan
et al., (2005); Li et al., (2015); Le Panse et al., 2012) or different pre and post-competition responses (Filarie et
al., 2009; Le Panse et al., (2010)), with higher cortisol levels in women at one of the moments.

In a non-competitive context, Gallucci et al., (1993) found that women display increased tonus in the
central stress system and generally have higher basal cortisol levels than men. Evidence reported in earlier
studies shows greater CRH secretion in women, due to functional estrogen response elements (EREs), which
may hinder the negative feedback of the cortisol response (Frederiksen et al., 1991; Turner, 1990). Furthermore,
the female hormone seems to increase adrenal sensitivity to ACTH (Figueiredo et al., 2007). According to Weiss
et al., (1999), women show greater variability in HPA activity after induced stress, suggesting a difference in
feedback mechanisms between the sexes. Goldstein et al. (2010) reported that in stress situations, women
instinctively interpret their cerebral activity of a stressor event, associated with a biosocial interpretation of
external factors.

During physical exercise, Davis et al., (2000) found similar cortisol concentrations between the sexes,
showing variations in metabolic and autonomic activity. As such, it is believed that there is little variation in
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cortisol under exercise-induced stress between the sexes, underscoring the possibility of specific pathways for
HPA activation. The same behavior can be observed in a competitive situation.

With respect to swimming specialties, participants showed no significant differences, but long-distance
athletes experienced greater cortisol increases in relation to the pre-competition state. According to Filaire et al.,
(2001), cortisol variations depend on the activation of physiological parameters, such as exercise intensity and
duration. Secretion of the hormone during exercise tends to be higher with increased intensity, in both aerobic
and strength exercises (Raastad, Bjoro, Hallen, 2000). Activation of the HPA is proportional to exercise intensity
and more significant in high-intensity anaerobic activities (Hackney, Premo, McMurray, 1995; Ahtiainen et al.,
2004; Crewther et al., 2010). Physiological changes in blood lactate, angiotensin II and interleukins have been
reported as possible mechanisms responsible for HPA activation in response to increased exercise intensity
(Fellmann, Bedu and Boudct, 1992; Hakkinen K, Pakarinen, 1995).

Thus, this higher percentage increase may have been influenced by race duration at submaximal
intensity, since submaximal exercise over an extended time period can also effectively activate the HPA
(Lutoslawska et al., 1991). It was expected that sprinters and long-distance swimmers would respond
differently, during more intense training, given the greater potential to activate the HPA and the fact that they
perform more constant (long-lasting) and submaximal activities. According to Akana and Dallman (1992),
repeated stress in rats, both acute and chronic, reduces HPA sensitivity to negative glucocorticoid feedback.
Moreover, Duclos et al., (1998) reported that elite athletes showed a decline in ACTH and cortisol responses to
CRH stimuli, supporting the hypothesis of hypophyseal resistance to negative feedback. This behavior was
confirmed by administering drugs that stimulate the HPA (Duclos et al., 2001). Later, Duclos, Guinot and Le
Bouc (2007) demonstrated that endurance athletes develop an adaptive mechanism to protect muscles and other
glucocorticoid-sensitive tissues from the harmful effects of an increase in cortisol.

Another assumption that may corroborate the hypothesis of differences between sprinters and long-
distance swimmers is the positive relationship between catecholamine release and cortisol secretion, where a
greater anticipatory effect was observed in high-intensity athletes (Fry, Kraemer and Ramsey, 1998). The same
effect was noted before a series of high-intensity exercises, associated with mental preparation for a challenging
task (Kraemer et al., 1994). Considering the aforementioned arguments, it is believed that there is a potential
difference between the pre and post-competition states of sprinters and long-distance swimmers, whereby the
former exhibited higher pre and post-competition cortisol levels compared to the latter. However, these results
reopen an avenue for studies that examine cortisol variations in a same sport with different specialties.

One of the limitations of the present study was the non-inclusion of basal cortisol as an assessment
moment, thereby precluding conclusions regarding possible differences between anticipatory responses and the
basal state of the groups assessed. It is suggested that this variable be included in future research.

Conclusions

It can generally be inferred that young Brazilian swimmers respond similarly to competitive stress, with
no difference between sex or specialty. The findings reinforce the hypothesis of similar pre and post-competition
cortisol responses, presenting a new perspective on the response of the hormone between swimming specialties.
These results suggest that sprinters and middle and long-distance swimmers activate their cortisol-regulating
centers regardless of training adaptations and that the pre and post intragroup differences are due primarily to
physiological adjustments made during the race. Thus, since other factors than those presented here may
influence cortisol secretion, new studies are suggested in order to determine the real cortisol responses to

exercise and competition.
Conflict of Interest: The authors declare that they have no conflict of interest.
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