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Abstract
Objectives There is evidence suggesting that in martial arts competitions athletes
characterized by higher anxiety and harm avoidance may be more likely to lose a
fight. This psychological profile has been hypothesized to explain in part the observation that cortisol is higher in losers before and in response to a competition. An
important research target that needs further exploration is the identification of phenotypic traits that can be helpful in predicting athletes’ performance. Here we present a brief description of the theoretical bases that drives our research in the evolutionary psychobiology of sports and illustrate preliminary data on the relationship
between the 5HTTLPR genotype, salivary cortisol, temperament and competition.
Methods Sixty-five healthy male non-professional athletes provided saliva samples
10 min before and after a kumite session and filled out the Tridimensional Personality Questionnaire.
Results Salivary cortisol levels 10 min before the competition were higher in losers
and in athletes with the S allele. Temperament was associated with competition outcome and cortisol: losers were characterized by higher scores of harm avoidance and
harm avoidance was positively correlated with cortisol levels.
Conclusions The results confirm previous findings linking temperamental traits,
pre-and post- competition physiological stress response with competition outcome
in kumite fight. Moreover, they indicate an association between the 5HTTLPR polymorphism and pre-competition salivary cortisol, thus providing a preliminary but
non-conclusive evidence on the role played by the 5HTTLPR genotype as a vulnerability factor in sport competition.
Keywords Cortisol · Temperament · Serotonin transporter · Evolutionary
psychobiology · Sports science
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Introduction
From a Darwinian perspective sports can be considered a ritualized form of
within- and between-group competition (Goodwin, 2008; Lombardo, 2012). As
with other forms of ritualized behavior, the meaning of the behavior is detached
from its original evolved functions, becoming an adaptive exaptation (Lombardo,
2012): players of a baseball team competing for the Major League Baseball do
not certainly look like bands of warriors trying to seize an enemy camp. Likewise, Judo fighters are not competing for access to primary resources such as
food or mates. Nonetheless, if modern culturally modulated sport activities are
evolutionarily linked to ancestral intraspecific forms of competition, then athletes
that succeed in sports should be characterized by a mix of morphological, physiological and psychological traits that provided our ancestors with a performance
edge over competitors during fitness relevant contests (hunting, fighting, warfare
etc.).
Through the evolutionary lenses, the study of sports performance can advance
our understanding of how the human body and psyche work, their evolutionary
history and their capacity for adaptation to new physical and social environments
(Bramble & Lieberman, 2004; Longman et al., 2020). For example, individual differences in body shape, that cluster in ecogeographical clines and that are thought to
have evolved for improved thermoregulation at different latitudes, are linked to performance in long distance runners (Longman et al., 2019, 2021). The specific morphology and musculature of the shoulder girdle of modern men, which is thought
to have evolved under the selective pressure of hunting and warfare because it provided improved abilities in throwing projectiles, are now key for success in throwing sports and for understanding its evolutionary origins among different species of
hominins (Lombardo & Deaner, 2018; Longman et al., 2020; Shaw & Stock, 2009).
Given the recent invention of modern sports, some disciplines may not require
any specific evolved physical traits, that is, the evolutionary approach to sports
science may be especially useful for those sports where physiological and morphological traits required also in foraging or fighting are necessary for success.
However, all modern sports share a common denominator: competition for winning. This fact should give psychological mechanisms an important spotlight
when studying the evolutionary function of performance.
We argue that in the field of sports science the psychobiological functions that
have evolved to face and deal with the complex social dynamics of competition
have not been thoroughly analyzed from an evolutionary perspective. The way people cope with the challenges derived from conflicts with conspecifics over primary
and secondary resources is strictly related to their performance in such contests.
It is argued that coping with social competition had fitness relevant consequences
(i.e. survival and social status) during our evolutionary history (Salvador & Costa,
2009). This implies that successful athletes should be characterized by a better ability to deal with the psychological and physiological costs of competition. However,
it is now clear that even in the population of professional athletes the effects of competition is linked with risks and costs for mental health (Reardon et al., 2019).
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The Evolutionary Psychobiology of Sports Performance
In our laboratory we have focused on the role played by the psychobiological stress
response during sports competition for more than a decade (Filonzi et al., 2015; Parmigiani et al., 2006, 2009). We chose to focus on stress because a stressful event is
characterized by uncontrollability and unpredictability (Koolhaas et al., 2011); by
fulfilling these criteria, sport competitions can be considered elicitors of the psychosocial stress response (Salvador & Costa, 2009). Individual differences in appraisal,
personality and neuroendocrine traits that can influence athletes’ interpretation of
a competitive event affect their performance and post-performance psychological
wellbeing (Behnke & Kaczmarek, 2018; Blascovich et al., 2004; Hase et al., 2019;
Jones et al., 2009; Meijen et al., 2020; Petito et al., 2016).
In line with evolutionary models developed within the field of behavioral ecology,
one question we seek to answer is if differences between athletes in the behavioral
response to stress are in fact the results of evolutionary processes (Caramaschi et al.,
2014; Koolhaas et al., 1999, 2007, 2011; Korte et al., 2005). We seek to understand
if different traits composing the human phenotype have been designed by natural
selection to covary in ways that improve performance under stress. Related to that,
we are also interested in uncovering the trade-offs between traits that may be related
to vulnerabilities to stress (Geary, 2016) within the sports context. In short, the goal
of our line of research is to better characterize athletes in terms of attitude, performance and well-being using an evolutionary framework.
In our previous work we have found that different facets of temperament and
personality correlate with physiological and performance outcomes in judo and
karate non-professional athletes (Parmigiani et al., 2006, 2009). Successful athletes,
as determined by winning a fight, were characterized by higher levels of novelty
seeking and lower levels of harm avoidance and athletes with higher scores of harm
avoidance had also higher levels of cortisol before the competition. Harm avoidance
is a temperamental trait that may predispose individuals to experience psychological distress, fear, anxiety and low mood (Farmer & Seeley, 2009; Trouillet & Gana,
2008). In fact people that score high in harm avoidance are usually described as
pessimistic thinkers and with a tendency to anticipate pain and failure (Hruby et al.,
2010; Quilty et al., 2010).
These results were suggestive of the possibility that athletic performance could be
predicted by clusters of correlated psychological and physiological traits. Especially
interesting was the similarity of our results with those revealing the role played by
individual differences in behavioral coping strategies and emotional reactivity, such
as exploration vs. risk assessment; boldness vs. shyness; fearfulness vs. aggressiveness observed during agonistic aggression and in relation to victory/defeat reported
in non-human animal studies (Bartolomucci et al., 2005; Blanchard & Blanchard,
2003; Øverli et al., 2007; Parmigiani et al., 2009; Sgoifo et al., 2005).
These works show that individual predispositions and their associated (neuro)biological traits (high vs. low testosterone; high vs. low Hypothalamus–Pituitary–Adrenal (HPA) axis reactivity; high vs. low fight or flight response) predict an animal’s
probability of success in dyadic agonistic encounters (Korte e et al., 2005; Øverli
et al., 2007). The parallels between non-human animals and our previous results
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suggest the possibility of a mechanism conserved across species for dealing with
intraspecific agonistic challenges. An important consequence is that the evolutionary approach could be used to predict those traits that improve performance but,
concomitantly, risks and vulnerability to stress related disorders.

The Present Study
Physiologically, athletes’ response to a competition is linked to the activation of the
stress system, represented by the sympathetic nervous system and the HPA axis. The
HPA axis response during a competition is adaptive insofar as cortisol, the end-product of the HPA axis, increases the amount of glucose needed for muscle metabolism
and for energetic recovery after a stressful event has finished (Sapolsky et al., 2000).
As a consequence, cortisol levels increase in response to sport competition independently of the outcome (Casto & Edwards, 2016a; Filaire et al., 2009; Jiménez
et al., 2012; Slimani et al., 2018). However, high cortisol levels are associated with
anxiety, especially if athletes show negative appraisal and perceive the competition
as a stressful event (Filaire et al., 2001; Salvador et al., 2003) and cortisol changes
in response to competition occur also in the absence of physical stress (Zilioli &
Watson, 2013). Thus, cortisol levels before and after the competition could be used
to capture also non-physical, psychological factors which in turn could be linked to
victory or defeat (Casto & Edwards, 2016b; Salvador & Costa, 2009).
Competition outcome appears to affect cortisol differently, with winners showing decreases of cortisol while increases are observed in losers (Filaire et al., 2009;
Jiménez et al., 2012; Parmigiani et al., 2006, 2009), with some exceptions (Filaire
et al., 2001; Ouergui et al., 2016). Likewise, a direct relationship between pre-competition cortisol levels and competition outcome in martial arts is far from being
conclusive, with some studies showing that winners have higher pre-competition
cortisol levels (Papacosta et al., 2016; Salvador et al., 2003) and others showing
no differences or the opposite relationship (Cintineo & Arent, 2019; Filaire et al.,
2001). Nonetheless, in line with the animal literature on evolved behavioral coping
styles, there is some evidence suggesting that pre-competition levels of cortisol are
high in losers that are characterized by higher harm avoidance, anxiety and insecurity (Cintineo & Arent, 2019; Parmigiani et al., 2009).
Consistently with our previous research, here we present preliminary data from
a pilot study on cortisol, the serotonin transporter linked polymorphic promoter
region (5-HTTLPR) polymorphism and temperament in response to a Karate
kumite, a dyadic regulated sporting ritualized fight. Drawing from the evolutionary animal literature, we explored the possibility that these different psychobiological traits could distinguish winners from losers, that is, that losers should be
characterized by a set of traits typical of a reactive coping strategy: harm avoidance and higher HPA response (Parmigiani et al., 2006, 2009). We focused on
the 5-HTTLPR polymorphism because of its involvement in anxiety, harm avoidance, neuroticism and stress response in sports: there are some hints suggesting a
higher frequency of the LL genotype in athletes (çorak et al., 2017; Sysoeva et al.,
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2009) and an association between the 5HTTLPR with neuroticism and sport anxiety (Petito et al., 2016; Sanhueza et al., 2016).

Materials and Methods
Participants
Participants were sixty-five healthy male Karate fighters aged 18–44 years
(M = 28.35, SD = 7.18), were not currently on any medication or hormone therapies and di not present history of psychological disorders, with technical abilities
ranging from brown to black belt, an average of 8–10 h of training per week and
with experience at the competitive level. Their body weights ranged between 64
and 98 kg (M = 76, SD = 4.8), with a BMI ranging between 20 and 27. The participants were recruited from two martial arts Clubs in the Parma area (Northern Italy). The study was performed in accordance with the ethical standards of
the Helsinki Declaration and all participants provided a signed informed consent
before participating in the study, previously approved by the Ethics Committee of
the School of Medicine of the University of Parma. The study purpose and protocol were clearly explained to the participants. Only athletes who agreed to participate in the study were assessed. To guarantee subject privacy, an alphanumeric
code was used for individual identification. Of the 65 athletes that participated in
the contest, only 46 gave consent for hormonal and genetic analysis while everyone gave consent for personality measurements, but of them only 56 returned the
questionnaires. Thus, sample size varies between tests.

Kumite Session
Following the methodology used by Parmigiani et al (2009), with the help of
Karate masters participants, compatitors were allocated in symmetric dyads,
matched for weight and technical ability. To avoid both familiarity between the
fighters and the “home advantage”, each member of the dyad belonged to a different sports club (according to the martial arts practice this is called "dojo") and
sessions occurred in a neutral arena (i.e. a "dojo" of a different sport club unfamiliar to participants). Every participant took part in a single symmetrical contest
confrontation with a maximum duration of 3 min. Using the international rules
of the World Karate Federation (WKF), each master of the two clubs alternately
refereed and judged the fights. Although the Karate contest session is a free fight,
it is a regulated sporting activity in which ritualization is always the rule (i.e. the
hits in terms of kicks and punches should stop before hitting the target and thus
the most dangerous and deadly techniques are banned). The winner was the athlete who successfully delivered the greater numbers of hits to the opponent and
thus achieved the higher score.
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Saliva Collection and Analysis
In order to avoid confounding effects on the hormonal levels and minimize variability in neuro-endocrine circadian rhythms, Kumite sessions were carried out
between 6:00 and 9:00 p.m. A saliva sample for cortisol analysis and a buccal swab
for genetic analysis were collected from each member of the dyad 10 min before
and 10 min after the kumite session. Saliva samples were collected using Salivette
cotton rolls and using Salivette cortisol polypropylene rolls (Sarstedt, Nümbrecht,
Germany). Salivette rolls were chewed for 1 min and then placed into centrifugation tubes. After centrifugation at 3000xg for 15 min, supernatants from whole
saliva samples and saliva samples from both Salivette types were transferred into
deep-well plates and stored frozen at − 20 °C. Before further analysis, samples were
thawed and centrifuged again at 3000xg for 15 min. Cortisol was determined by
Radioimmunoassay I125 (Radim, Rome, Italy). All samples were treated in duplicate
in the same assay. The intra- and inter-assay variation coefficients were 3.9% and
9.0% and sensitivities was 0.9 µg/l.
5HTT Molecular Analysis
Genomic DNA was extracted and purified from saliva samples using the MasterAmp Buccal Swab DNA Extraction Kit (Tebu-bio, Milan, Italy). Polymorphisms of
the promoter region of the serotonin transporter 5HTT (5-hydroxytryptamine transporter also known as serotonin transporter) were investigated using specific primers
for 5HTTLPR suggested by Gelernter et al. (1999): forward 5′-ATGCCAGCACCT
AACCCCTAATGT-3′, and reverse 5′-GGACCGCAAGGTGGGCGGGA-3′. PCR
amplification conditions (thermal cycler MJ Research PTC100, Waltham, MA) were
previously described by Nonnis Marzano et al. (2008). PCR products were separated by 2.5% agarose gel electrophoresis followed by ethidium bromide staining
and visualized under UV light. Alleles Long (L) and Short (S) were identified using
the GeneRuler 100 bp DNA ladder (Fermentas, Hanover, MD, USA). Quality control of data was assessed with bimonthly intercalibration with similar laboratories.
An additional percentage of 20% of analyses were randomly repeated to verify data
reproducibility. No discrepancies were observed.
Temperament
The Tridimensional Personality Questionnaire, TPQ (Cloninger et al., 1991), is a
100-item self-report questionnaire that assesses three personality dimensions: novelty seeking, reward dependence, and harm avoidance. The dimensions describe
basic patterns of the adaptive response to specific classes of environmental stimuli
and are hypothesized to be genetically independent. Three dimensions of intra- and
interpersonal functioning are measured by the TPQ: (a) Novelty Seeking (NS; 34
items), (b) Harm Avoidance (HA; 33 items), and (c) Reward Dependence (RD; 33
items). The primary factors of the TPQ can be assessed at two levels of analysis: (a)
three higher-order factor scales, or (b) eleven lower-order scales. The higher-order
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scales are unit weighted sums of the lower-order scales. Four scales define the
Novelty Seeking factor: (NS1) Exploratory versus Rigid, (NS2) Impulsive versus
Reflective, (NS3) Extravagant versus Frugal, (NS4) Disorderly versus Regimented.
Four lower-order scales define Harm Avoidance: (HAI) Anticipatory worry versus Optimism, (HA2) Tension about uncertainty or physical danger, (HA3) Shyness
with strangers, and (HA4) Fatigability and asthenia. Following Otter et al. (Otter
et al., 1995), three lower-order scales were used to define Reward Dependence:
(RDI) Social Sensitivity versus Detachment, (RD3) Attachment versus detachment,
(RD4) Dependence versus independence. The TPQ has been reported to be a valid
and reliable measure based on normative data from an Italian sample of 270 adults.
Alpha coefficients for the TPQ scales sample range from 0.61 to 0.85 and are consistent across demographic groups; test–retest correlations range from 0.70 to 0.79.
For the present study, the Italian version of the TPQ was used (Manfredonia et al.,
1991; Rossi et al., 1996) and participants returned the questionnaire 15 days after
the end of the fight.

Results
Cortisol data was transformed via a log10 transformation to adjust for positive skew.
Data are presented as mean ± SD. See Table 1 for descriptive statistics of key variables. All statistical analyses were performed using SPSS 25 (IBM). Pre-competition
or post-competition scores of cortisol that were outliers (more than 3 SD above the
mean) were winsorized to the next highest value (1.5 SD) (Wilcox, 2010). A preliminary analysis of the differences in pre-competition levels of cortisol between losers and between genotypes were analyzed by means of Student’s t-test with Bonferroni’s followed by Student’s t-test with Bonferroni’s, and Welch’s correction when
required.
Relationship Between Cortisol and Competition Outcome
To investigate differences between winners and losers in the variables investigated we used different approaches. Cortisol differences were analyzed by means
of ANOVA for repeated measures. No effect of sampling time (p > 0.1) nor of the
interaction (p > 0.1) were found while there was a statistically significant main effect
of competition outcome, F1,44 = 22.52, p < 0.001, η2p = 0.33, indicating that athletes
that lost the fight had overall higher levels of cortisol compared to winners. This difference seems to be driven by higher cortisol levels before the competition in those
who went on to lose the fight t(32.71) = 5.19, p < 0.001, 95%CI [0.40;0.92].
Genotype, Outcome and Cortisol
The distribution of the genotypes in our study population was 20 LL (43.50%), 14
(30.50%) LS and 12 SS (26.00%). The relationship between genotype and competition outcome was analyzed by means of a likelihood ratio test (LRT): winners
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Table 1  Descriptive statistics
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and losers did not differ in terms of genotypes, LR test (3) = 0.54, p > 0.1, Cramer’s
V = 0.09. Differences in cortisol response to competition between LL vs. SS genotypes were assessed using analysis of variance (ANOVA) for repeated measures
followed by Student’s t-test with Bonferroni adjustment. We focused our analysis on these two genotypes since the relationship between stress vulnerability and
5HTTLPR is stronger for SS homozygotes compared to LL (Way & Taylor, 2010).
A significant main effect of genotype, F1,30 = 4.51, p < 0.05, η2p = 0.1 was found but
no effect of sampling time (p > 0.1) nor of the interaction between genotype and
sampling time (p > 0.1) were found, indicating that athletes homozygotes for the
SS allele had overall higher levels of cortisol. This difference was already present
before the competition, t(28.57) = 2.50, p = 0.01, 95%CI [0.01;0.87].
Relationship Between Temperament, Cortisol, Outcome and Genotype
Differences between winners and losers in terms of temperament, were analyzed by
means of a multivariate analysis of variance (MANOVA) followed up by univariate
ANOVAs with Bonferroni adjustment. A statistically significant effect of competition outcome, F3,55 = 10.46, p < 0.0001 was found. Univariate analysis of variance
indicated that participants that lost the fight were characterized by higher scores of
HA compared to winners, F1,57 = 28.86, p < 0.0001, η2p = 0.33. No statistically significant differences between genotypes were found for NS, HA and RD. Pre-competition but not post-competition levels of cortisol were positively correlated with HA,
r = 0.47, p < 0.001 (Fig. 1), but no correlation was found with NS (r = − 0.09) or RD
(r = 0.11).
Discriminant Analysis
A forward stepwise discriminant analysis was used to identify the set of independent
variables that clearly differentiate winners from losers. This was done using those
independent variables that differed statistically in relation to competition outcome.
The stepwise discriminant functional analysis was carried out entering harm avoidance in the first step and harm avoidance with pre-competition cortisol levels in the
second step (see Table 2). This analysis showed that 80% of participants could be
classified as winners or losers on the basis of their HA score. Adding the pre-competition cortisol levels in the regression (model II), shows that 85% of participants
could be classified as winners or losers on the basis of their cortisol and HA scores.

Discussion
A crucial challenge for sport scientists is to identify the psychobiological substrates
(i.e., personality, genes and hormones) that are associated with athletes’ superior
performance. Provided that sports are a ritualized form of competition evolved for
access to primary and secondary fitness relevant resources, we expect successful
athletes to show a cluster of functionally adapted traits. Natural selection should
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Fig. 1  Correlation between Harm Avoidance (HA) and pre-competition cortisol. Cortisol is measured in μg/l

favor the co-evolution of traits if their covariation has increased animals’ performance throughout their evolutionary past. For example, if a specific type of personality is positively correlated with higher fitness, other traits that share the same
genes, either through negative pleiotropy or linkage disequilibrium (Svensson et al.,
2021) or physiological bases (Dochtermann, 2011; Kern et al., 2016; McGlothlin &
Ketterson, 2008) with the personality trait should be more frequently found in the
same individual.
In the present study we were interested to know if winners and losers of a karate
fight could be identified by their scores in three different psychobiological traits. We
found that salivary cortisol levels 10 min before the competition were higher in athletes that lost the fight, but no differences were found between winners and losers for
salivary cortisol reactivity. Athletes that lost the fight had on average higher levels of
harm avoidance while no relationships of the 5HTTLPR polymorphism with competition outcome or harm avoidance were found. However, we provide preliminary
evidence showing that athletes with the SS genotype might have on average higher
pre-competition levels of salivary cortisol, an interesting insight in light of several
studies reporting a role played by the 5HTTLPR polymorphism in managing sport
anxiety (Petito et al., 2016, 2021; Sanhueza et al., 2016).
Within the animal literature, subjects that tend to win fights are characterized by
a cluster of behavioral, physiological and neurobiological characteristics such as
higher aggressiveness, higher risk-approach behavior and lower HPAA responses to
challenges (Koolhaas et al., 1999; Korte et al., 2005). Currently, there is still an open
debate on the role played by cortisol in predicting competition outcome in martial
arts (Casto & Edwards, 2016a; Filaire et al., 2009; Jiménez et al., 2012; Papacosta
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et al., 2016; Parmigiani et al., 2006, 2009; Salvador et al., 2003; Suay et al., 1999).
Likewise, the role played by psychological factors such as mood and personality in
relation to competition performance and especially on winning and losing has been
extensively studied (Casanova et al., 2015; Casto & Edwards, 2016b; Casto et al.,
2017; Gonzalez-Bono et al., 1999; Salvador & Costa, 2009; Salvador, 2005; Suay
et al., 1999; Zilioli & Watson, 2013), but a direct translation of the evolutionary
concept of coping strategies and evolved, correlated traits such as personality and
physiological responses has not yet been produced. Our finding that 85% of karate
fighters could be predicted to be winners or losers based on their harm avoidance
score and pre-competition cortisol levels is very interesting in his regard.
It is important to highlight that the single, pre-competition measure of cortisol of
our study cannot unequivocally be considered an anticipatory response of the HPA
axis to the competition. Instead, it possible that these higher levels of cortisol found
in losers represent a stable trait of those people that experience higher everyday
anxiety and stress because of their higher scores of harm avoidance. Some authors
have suggested that elevated scores of harm avoidance may predispose individuals
to experience psychological distress, fear, anxiety and low mood (Farmer & Seeley,
2009; Trouillet & Gana, 2008) and harm avoidance appears related with the magnitude of HPA axis activation (Tyrka et al., 2008). Thus, perhaps athletes that went on
to lose the fight were already stressed out by similar daily hussles unrelated to the
karate competition.
Lastly, the 5HTTLPR polymorphism was not predictive of victory or defeat nor
of temperament, despite being correlated with pre-competition salivary cortisol.
This should not be surprising for several reasons. We should not expect a single
candidate gene to be predictive of competition outcome. Specifically in relation to
behavioral coping strategies, genetic variation in genes related to other neurotransmitters such as dopamine may be important. In this regard, the dopamine transporter
genotype 9/9 and allele 9 that have been reported to be highly frequent in Olympic
athletes (Filonzi et al., 2015). However, the effects of candidate genes on personality
(and perhaps on behavioral coping strategies) are probably very small, while the role
played by many variants with small effects is more likely (Penke & Jokela, 2016).
Finally, it is possible that the lack of a correlation between harm avoidance and the s
allele could be due by the choice of the personality measure and by the lack of statistical power. In fact, the presence and strength of a SS genotype-anxiety link has been
found to depend on the personality measures used and on sample size. For example,
the neuroticism dimension of the Big Five personality inventory but not harm avoidance is strongly correlated with the 5HTTLPR polymorphism (Sen et al., 2004). Yet,
the possible relationship between harm avoidance and the5HTTLPR polymorphism
should not be discarded since a recent study carried out with high level Italian athletes reported that those with higher scores of harm avoidance were more likely to
have the s allele (Petito et al., 2021). Perhaps more important, the sample size of our
study is a limitation for these kinds of research questions (Miller et al., 2013).
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Conclusions
In the present study we showed that pre-competition levels of cortisol were higher
in amateur karate athletes that lost a competition compared to winners. The outcome of the competition was also associated with the temperamental scale of harm
avoidance. This finding is a replication of previous studies suggesting that athletes
with higher harm avoidance may be more vulnerable to psychological experiences
influencing the HPA baseline activity. In turn, this may influence performance, possibly through psychological states that are related to harm avoidance such as anxiety. Moreover individual differences in the 5HTTLPR genotype of athletes may also
play an important vulnerability role when in conjunction with harm avoidance.
We were able to correctly identify winners and losers based on their score of
harm avoidance and their pre-competition cortisol levels. While the design of the
present study does not allow us to shed light on the possibility that specific temperamental traits and endocrinological responses to stress are functionally related, from a
theorical and empirical perspective our approach seems important for the following
reasons: it could allow researchers to better characterize athletes in terms of attitude,
performance; perhaps more importantly, it could allow to predict athletes’ responses
to the stress of competition and their well-being. We know from evolutionary biology that despite being advantageous, adaptive traits are not cost-free. Their costs are
difficult to be clearly uncovered (Garland Jr, 2014), but are often observable in modern, mismatched environment (Palanza & Parmigiani, 2016), as perhaps the current
professional sports entertainment business. Thus, future work focusing on coping
with sports challenges will certainly benefit from an evolutionary approach.
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