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Changes in different salivary 
biomarkers related to physiologic 
stress in elite handball players: the 
case of females
Gonzalo Mariscal1*, Pablo Vera2, José Luis Platero3, Fernando Bodí4,  
Jose Enrique de la Rubia Ortí3 & Carlos Barrios   1

This study evaluates pre- and post-match concentrations of salivary cortisol, alpha-amylase (AA) 
and immunoglobulin A (lgA) in a group of 21 elite female handball players in the Spanish national 
women’s league. The players’ mean age was 23.0 ± 5.4 years. The concentration of the biomarkers 
was determined using ELISA. Mean playing time was 25.2 min. The players’ cortisol concentration 
increased significantly (p < 0.05) whereas the IgA concentration fell significantly (p < 0.01) at the 
end of the match. There were no significant changes in the concentrations of AA between pre and 
post-match timepoints. The changes observed in the study also depended on the position played; 
defenders exhibited the highest cortisol and lowest IgA concentrations after the match. Larger 
changes in cortisol and IgA were seen in those who played for more than 30 min. The present study 
shows that a competitive handball match increases physiologic stress in females, with activation 
of the hypothalamic-pituitary-adrenal axis and the adrenergic system, resulting in decreased 
immunocompetence.

Handball is a high-intensity game in which ~80% of each match is played with a workload intensity of over85% 
of the maximum heart rate1,2. Variables affecting this workload include the distance covered and speed, both of 
which are related to the position played. Defenders and forwards play at greater than 80% of maximum effective 
heart rate for a longer time than wingers2 and exhibit higher mean and maximum heart rates. For years, the quan-
tification of certain salivary markers has been used to establish a player’s physiologic and immune endocrine state, 
specifically their response to exercise3. In fact, given its non-invasive nature, it is now more common to analyse 
salivary biomarkers in both athletes and non-athletes4–6.

One of these markers is cortisol, a steroid hormone that is a member of the glucocorticoid family. It is secreted 
from the suprarenal cortex through the hypothalamic-pituitary-adrenal (HPA) axis and increases in response 
to stressful factors including physical effort7,8, rising proportionally with duration and intensity. An “intensity 
threshold” has been proposed at ≥60% VO2 max in exercise lasting 20–30 minutes, beyond which a significant 
increase in serum cortisol is seen9,10. The concentration of salivary cortisol serves as a proxy for that of serum cor-
tisol, whether at rest or exercising11,12. Significant correlations have been described between salivary and serum 
cortisol concentrations after intense exercise, a 30 second Wingate test13–15, and some sports competitions16–18. 
Salivary cortisol reflects the biologically active fraction of the total serum cortisol and some studies have shown 
that the change in cortisol in response to exercise is sharper in saliva than in blood14,19, making salivary cortisol 
more sensitive and giving a more accurate measurement of the dynamic activity of the HPA axis. In addition, 
monitoring cortisol in athletes may more accurately reflect the response to training5,13,16.

Alpha-amylase (AA) has been described as a physiologic stress biomarker that reflects the activity of the sym-
pathetic nervous system20, especially during physical activity21. In fact, high concentrations of AA, epinephrine, 
and norepinephrine have been described in saliva after aerobic activity22. These data back the use of salivary AA 
as a proxy for the increase in catecholamines induced by exercise23. Specifically, the determination of salivary AA 
concentration by immunologic methods such as ELISA has been directly related to adrenergic activity24. Based 
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on the existing evidence regarding exercise-induced salivary secretion of cortisol and AA, it has been proposed 
that the identification of these substances could be used to establish a more physiologic prescription for training 
schedules and close monitoring of athletes’ recuperation3.

Physiologic stress also affects the immune system. Immunoglobulin A (IgA) is an important aspect of this 
system that is particularly present on mucous membranes. It can be used to determine immune capacity as well as 
physiologic well-being following some types of physical therapy25–28. An immediate drop in salivary IgA has been 
described after prolonged exercise, generally recovering within 24 hours20. The intensity of the exercise may also 
have an influence on the salivary IgA; a rise in salivary IgA has been described following highly intense exercise 
at >80% VO2 max for less than 2h20,29. As a consequence, determining the IgA concentration in saliva may be 
useful in identifying an excessive training workload (phase of overtraining). Furthermore, it could also determine 
the risk of respiratory infection in professional athletes; it has been shown that a sustained drop in IgA secretion 
is associated with an increase in salivary cortisol levels, which demonstrates that high levels of cortisol may act 
as a precursor to the suppression of the mucosae membrane’s immunity30. This may help explain the higher 
prevalence of pneumonia, bronchitis, bronchopneumonitis and the common cold in professional athletes31. All 
these evidences justify the importance of monitoring and controlling the changes in the secretion of these three 
molecules in elite sport, and specifically in handball. This sport modality is characterized by intense and repeated 
efforts in short periods of time throughout a match. The quantification of cortisol, AA and IgA could illustrate the 
amount of physiological stress and the evaluation of a correct recovery. The monitoring of these molecules could 
help to prevent overtraining and other physical problems that can influence sports performance.

The aim of this study was to evaluate the dynamics in the secretion of cortisol, AA, and IgA in saliva before 
and after a match in a group of professional handball players, taking into account factors such as their position 
and playing time. Our hypothesis is that quantifying the secretion of these molecules could be used to determine 
the physiologic response to exercise in professional sports.

Results
Anthropometric profile.  The anthropometric characteristics of the 21 handball players included in the 
study are shown in Table 1. There were no statistically significant differences between the two groups (wingers/
forwards and defenders) in any of the variables analysed.

Variation of biomarkers during the match.  Cortisol values showed a statistically significant increase 
after the match (p < 0.01) with a mean difference of 4.77 ng/ml (95% CI 1.74–7.81), reflecting a 1.1-fold increase. 
Conversely, there was a statistically significant fell in IgA concentrations after match (p < 0.01) with a mean differ-
ence of 495.5 µg/ml (95% CI 223.48–767.93), reflecting a 0.6-fold decrease. The variation in the concentration of 
AA was no statistically significant (p = 0.289) with a slight mean increase of 113.7 U/ml (95% CI 109.02–336.53), 
a small 0.12-fold increase. Figure 1 shows the concentrations of salivary cortisol, AA, and IgA among all players 
before and after the match.

Variation of biomarkers in relation to the position of the players into the field.  Defenders/goal-
keepers showed statistically significant changes (p = 0.036) in cortisol not seen in wingers/forwards (p = 0.091). 
The average increase in cortisol was greater in defenders/goalkeepers than in the wingers/forwards (8.08 ng/ml, 
95% CI 2.31–13.84 vs 1.77, 95% CI −0.29–3.84; p = 0.024). The defenders/goalkeepers also experienced a greater 
but non-significant increase in AA. The drop in IgA was significant among all players, but greater in the wingers/
forwards (p = 0.003) than in the defenders/goalkeepers (p = 0.036). However, differences in the IgA concentra-
tion was not statistically significant in any of the two group of players. Figure 2 summarizes the fold change in 
the biomarkers according to player position. Defenders showed the highest increase in cortisol. Both groups of 
players showed an almost similar decrease in salivary IgA concentration.

Influence of play time on the variation of biomarkers.  The mean playing time was 25.2 min. (95% CI 
17.8–32.5), which was 42% of the match’s duration. Wingers and forwards played an average of 23.8 min. (95% 
CI 10.2–37.5), and defenders 26.5 min. (95% CI 16.8–36.1). A non-significant difference was found between the 
groups (p = 0.563). When players were divided according to the duration of play (at least half vs less than half 
the match), differences in the concentrations of the biomarkers were appreciated (Fig. 3). Both groups showed an 
increase in cortisol that was only statistically significant in the former (5.01 ng/ml, 95% CI 0.30–9.71; p = 0.018 

Whole sample
Wingers & 
Forwards (n:10)

Defenders 
(n:11) Mann-Whitney test

Mean ± SD Mean ± SD Mean ± SD Z p

Age (years) 23.0 ± 5.4 25.0 ± 6.3 21.0 ± 3.2 −1.487 0.137

Weight (kg) 67.1 ± 7.5 64.9 ± 5.9 69.2 ± 8.6 −0.420 0.674

Height (cm) 170.2 ± 4.1 168.7 ± 3.2 171.6 ± 4.6 −0.583 0.560

BMI (kg/m2) 23.1 ± 2.0 22.8 ± 2.2 23.4 ± 1.9 −0.053 0.958

Fat (%) 28.9 ± 5.7 28.6 ± 3.6 29.3 ± 7.5 −0.525 0.599

Muscle (%) 31.1 ± 2.7 31.1 ± 1.3 31.1 ± 3.7 −0.315 0.753

Basal metabolism (calories) 1340.5 ± 328.3 1227.1 ± 438.6 1453.9 ± 96.0 −1.524 0.130

Table 1.  Age, anthropometric data (n = 21); SD: Standard Deviation.
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vs 4.48, 95% CI 1.95–10.91; p = 0.110). Interestingly, the latter group showed a higher decrease in salivary IgA 
(545.11 ng/ml, 95% CI 127,45–962,77; p = 0.015 vs 269.81, 95% CI −392.66–932.30; p = 0.310) and almost no 
change in AA (15.63; 95% CI −296.26–327.53; p = 0.953). The group that played for more than 30 minutes 
showed a higher increase in salivary AA, which was also not statistically significant (148,99; 95% CI −645.39–
347.40; p = 0.398) (Fig. 3).

Among the whole sample, there was no correlation between the time played and increases in corti-
sol (Spearman’s rho = 0.147; p = 0.586) and AA (Spearman’s rho = 0.479; p = 0.061), or with the drop in IgA 
(Spearman’s rho = −0.038; p = 0.888).

Discussion
High physiologic stress is expected in any athlete after a highly competitive match. It is critical for those respon-
sible for the conditioning and health of elite athletes to optimize recovery from this stress as such is crucial for 
protecting athletes’ health and to improving their performance. It thus becomes necessary to monitor the con-
centrations and variations of stress biomarkers after competition, allowing one to establish the demands for sub-
sequent recovery; avoiding even greater competitive stress, overtraining, fatigue, sports injuries, related diseases, 
and exhaustion32,33. Controlling all these factors has been related to an improvement in performance34.

The activity of the HPA axis and the sympathetic adrenomedullary system, on which cortisol and AA secre-
tion respectively depend35, play a fundamental role in physiologic stress. The salivary samples of female handball 
players after a highly competitive match showed an increase in cortisol, and to a lesser extent in alpha amylase. 
The increase in salivary cortisol found in this study is in concordance with the increase described after a rugby 
match36, a kick boxing fight37, a taekwondo fight38and a Bruce test on a treadmill in physically active males39, all 
of which – like handball – require intense, sustained effort. The demands of professional competition also seem to 
have an influence; a decrease in cortisol secretion is seen in training among teenagers in school40.

We did not find a significant increase in AA, even though the response of AA to exercise has been described 
as similar to that of cortisol41,42. In addition, salivary AA is a more sensitive biomarker than cortisol, since it 
is produced in the salivary glands instead of being transported from blood to saliva29. In fact, Kivlighan and 
Granger (2006) found higher levels of salivary AA than of cortisol in response to an extreme test on a stationary 
bicycle21. A high concentration of salivary AA was also found in young athletes immediately after a taekwondo 
championship43. These sports require bursts of intense effort; the disagreement with our results may be due to the 
intensity and duration these players underwent; long, low-moderate intensity exercise does not affect the rate of 
salivary AA secretion43. As the players in our study underwent a sustained effort, this could explain our results of 
a non-significant increase in AA.

The responses of salivary IgA to high-intensity exercise are not consistent among different studies. Some 
detected a drop in IgA after effort44–46, others detected a rise47,48, and yet others detected no change49,50. There are 
very few studies that examined the response of salivary IgA after a sports competition and when they do, they 
do not normally show the change over the match51,52. This drop we found in IgA could be linked to the duration 
and activity involved in handball, similar to that of cycling20, kayaking46, rowing47 and marathons48, all of which 
require a prolonged effort and resulted in a drop in IgA. This drop could be an indirect marker of fatigue as phys-
iologic stress could be related to a loss of physiologic well-being, which IgA is considered to be a marker of53. It 
should be noted that our results have been compared, in all cases, with those obtained in studies conducted in 
male athletes. This aspect should be taken into account when drawing conclusions. However, the secretion pat-
tern for each molecule analyzed seems to be similar between men and women. Specifically, after intense physical 
exercise no differences in salivary secretion of cortisol54 or IgA55 were observed. Furthermore, after a stressful 
stimulus the salivary secretion of AA was also similar in both genders56.

We found that the position played had an impact on the players’ physiologic stress, with the defenders showing 
a greater rise in cortisol. As these results are in line with those obtained in other studies, it seems that defenders 
make a greater physical effort than players in attacking positions, specifically wingers2. The wingers/forwards had 

Figure 1.  Salivary concentration of biomarkers before and after the match. (a) Cortisol. (b) Alpha-amylase. 
(c) IgA. Wilcoxon rank test was used for differences between pre and post-match determinations. Statistically 
significant differences between groups are reported (P < 0.01). Data are shown as Tukey’s box plots. Cortisol 
values increased significantly after the match (a). As compared to values before match, no significant changes 
were recorded in the concentrations of AA after the match, although median increased slightly (b). IgA 
concentration fell significantly in the samples taken at the end of the match (c).
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the greatest decrease in IgA concentrations, which could indicate a greater sustained intensity apparently not 
associated with greater physiologic stress.

No direct relationship between the time played (as a binary variable) and the change in the biomarkers was 
found. However, those who played for more than 30 min showed a statistically significant rise in cortisol and drop 
in IgA. This suggests that the activation or deactivation of some of these biomarkers is dependent on thresholds of 
cumulative activity. The relevance for trainers and coaches is that rotating players should be considered to avoid 
prolonged periods of playing time.

The results of this study open up the possibility of using these markers to determine the physiologic stress 
athletes undergo in different sports and which positions make the greatest exertion. Certainly, the scenario of the 
current study shows a relevant application for the use of salivary biomarkers in sports sciences. Our study’s most 
important limitation was that it included only women. In this study, the phase of the menstrual cycle could not be 
controlled; not attempting to do so has the advantage of reflecting the reality of sports competitions.

Another limitation was the complexity of controlling the players’ hydration, which could have influenced 
the biomarker concentrations. We also could not control nutritional status despite the recommendations to the 
players to avoid the intake of some types of energy foods that could influence the secretion of cortisol or AA. 
Furthermore, the secretion of these biomarkers might be determined after different periods in a match so as to 
explore their secretion dynamics and thus at the physiologic stress the players undergo throughout the match.

In conclusion, after a highly competitive match of female handball, salivary cortisol and AA concentrations 
increased while IgA concentrations decreased. In addition, the position of the players was shown to impact the 

Figure 2.  Mean fold change in concentration of salivary biomarkers after the match according to the players’ 
position. Negative values indicate decrease in concentration. Wilcoxon rank test was used for differences 
between pre and post-match determinations. Statistically significant differences between groups are reported 
(*P < 0.05; **P < 0.01). At the end of the match, only defenders (n = 8) showed a significant increase in cortisol 
(3.19 folds). Both groups of players showed a significant decrease in salivary IgA concentration at the end of 
the match (−0.75 in wingers and forwards; −0.51 in defenders). Defenders showed a slight increase in AA as 
compared to wingers and forwards (n = 11), but the increase was not statistically significant.

Figure 3.  Salivary concentration of biomarkers before and after the match according to the playing time (less 
or more than 30 minutes). (a) Cortisol. (b) Alpha-amylase. (c) IgA. Wilcoxon rank test was used for differences 
between pre and post-match determinations. Statistically significant differences between groups are reported 
(P < 0.05). Data are shown as Tukey’s box plots. The group of participants playing more than 30 minutes 
(n = 7) showed a significant increase in cortisol. Participants playing less than 30 minutes (n = 14) showed a 
significantly higher decrease in salivary IgA than players been involved in the match for more than 30 min.
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secretion of these biomarkers, with defenders exhibiting the highest cortisol and lowest IgA post-match concen-
trations. It also seems players should surpass a certain amount of play time to show significant changes in the con-
centration of these biomarkers. All these results suggest that the HPA axis, the adrenergic, and the immunological 
systems are altered by moderate-intensity exercise that produces an increase in physiologic stress. However, these 
finding should not be generalized to male handball players or other sports with similar intensity requirements. 
Further studies are needed to deeply understand the role of cortisol, AA, and IgA as markers of physiologic stress 
in competitive sports.

Methods
Structure of the study.  The saliva samples were collected 5 minutes before and 10 minutes after the last 
official match in the Spanish national women’s league. The match had two halves of 30 minutes with a break of 
15 minutes. To homogenize sample collection, all players were recommended to hydrate just before the start of the 
game with 250 ml of water, and to do so again at rest and as needed. It was emphasized that hydration should be 
only with water and that they do not ingest any food, following the recommendations of other authors57.

Participants.  Saliva samples were requested from the 32 players who made up the two teams. However, we 
only analysed samples from 21 players (5 were from the visiting team). These participants were assigned to two 
groups: wingers/forwards (n = 10), and defenders (n = 11). Anthropometric data are shown in Table 1. Neither 
the stage of the players’ menstrual cycle nor the use of oral contraceptives was evaluated. Prior to the study, all 
of the players had been training daily for 120–150 minutes per session, 5 days a week. They had also played one 
official match each week.

Saliva collection and analysis.  Players were asked to wash their mouths out with distilled water to avoid 
altering the samples with traces of food containing acid or sugar. At least 3 ml of saliva was passively collected 
(gold standard drool method) in a 10 ml plastic sterilised tube and then placed in an ice container. The supplies 
were centrifuged in the laboratory at 1,500 G for 15 minutes and the supernatant was stored frozen in micro-tubes 
at −20 °C until the samples were analysed16. Once defrosted to room temperature, the cortisol, AA, and IgA con-
centrations of each saliva sample were determinedvia (ELISA) following standard protocols and control values 
given by the provider (DRG International Inc). The ELISA kits used in the study were: (i) SLV-2930 for salivary 
cortisol; (ii) SLV-4636for salivary IgA, and (iii) EIA-5836for salivary amylase.

Recording the playing time.  The playing times of each of the players was recorded by analysing a video of 
the match. Video recordings included a digital timer. Each player was followed individually along the match and 
the total playing time period was a sum of the different periods played.

Statistical analysis.  The anthropometric variables of the total sample are presented as mean and stand-
ard deviations.95% confidence intervals were also calculated. To determine the distribution of the data, the 
Shapiro-Wilk test was used before choosing the most appropriate statistical model. The Shapiro-Wilk test found 
that the pre-match AA and the post-match cortisol and IgA were not normally distributed. Thus, the concen-
tration of salivary biomarkers was given in median and interquartile ranges (IQR). Furthermore, given the size 
of the sample, non-parametric tests were used for the statistical analysis. In order to compare the cortisol, AA, 
and IgA concentrations before and after the match, the Wilcoxon test for related variables was carried out. A 
Mann-Whitney test was used to analyse differences in biomarkers between wingers/forwards and defenders/
goalkeepers as well as between players based on whether they played for at least half the match. To evaluate the 
relationship between the time played and the post-match biomarker concentrations as well as the change in the 
concentrations from the start to the end of the match, the non-parametric Spearman’s correlation coefficient 
(rho) was analysed. All of the statistical analyses were carried out with the SPSS 24 pack for Mac (SPSS Inc., IBM 
Company, USA). The level of significance was set at p < 0.05.

Informed consent.  All patients were informed of the study and signed the following document agreeing to 
participate in it (Fig. 4):

Figure 4.  Informed consent statement for study participation.
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Mr./Ms. ………………………, of…. years old with ID number ……….., state that he/she has been informed 
that the project follows the regulations of the Helsinki Declaration of 1964 and its subsequent updates. In addi-
tion, I have been informed about the whole project physical health benefits that could be involved in the project 
“Changes in different salivary biomarkers related to physiologic stress in elite female handball players” for the 
personal, social and for research in physiology. Likewise, I have been informed of the type of tests and procedures 
that will be applied to me and of the objectives of the project, and that I participate non-profit. I have also been 
informed that my personal data will be protected and included in a file that must be submitted to and with the 
guarantees of Law 15/1999 of December 13. Taking this into consideration, I GRANT my CONSENT to partici-
pate in this investigation.

Date:
Signature of the participant:
Signature of the researchers:

Ethical approval.  All the participants provided their consent to take part in the study. The study was 
approved by the ethical committee of the University Catholic of Valencia (UCV/2015–2016/62). The entire study 
adheres to the Declaration of Helsinki for research involving human subjects.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

Received: 14 May 2019; Accepted: 2 December 2019;
Published: xx xx xxxx

References
	 1.	 Bělka, J., Hůlka, K., Šafář, M. & Weisser, R. External and internal load of playing positions of elite female handball players (U19) 

during competitive matches. Acta. Gymnica. 46, 12–20 (2016).
	 2.	 Póvoas, S. C. et al. Physiological demands of elite team handball with special reference to playing position. J. Strength. Cond. Res. 28, 

430–442 (2014).
	 3.	 Papacosta, E. & Nassis, G. P. Saliva as a tool for monitoring steroid, peptide and immune markers in sport and exercise science. J. Sci. 

Med. Sport. 14, 424–434 (2011).
	 4.	 Nunes, L. A., Mussavira, S. & Bindhu, O. S. Clinical and diagnostic utility of saliva as a non-invasive diagnostic fluid: a systematic 

review. Biochem. Med. 25, 177–192 (2015).
	 5.	 Djaoui, L., Haddad, M., Chamari, K. & Dellal, A. Monitoring training load and fatigue in soccer players with physiological markers. 

Physiol. Behav. 181, 86–94 (2017).
	 6.	 Gröschl, M. Saliva: a reliable sample matrix in bioanalytics. Bioanalysi. 9, 655–668 (2017).
	 7.	 O’Connor, P. J. & Corrigan, D. Influence of short-term cycling on salivary cortisol levels. Med. Sci. Sport. Exerc. 19, 224–228 (1987).
	 8.	 Stupnicki, R. & Obminski, Z. Glucocorticoid response to exercise as measured by serum and salivary cortisol. Eur. J. Appl. Physiol. 

Occup. Physiolol. 65, 546–549 (1992).
	 9.	 Viru, A. Postexercise recovery period: carbohydrate and protein metabolism. Scand. J. Med. Sci. Sport. 6, 2–14 (1996).
	10.	 Hill, E. E. et al. Exercise and circulating cortisol levels: the intensity threshold effect. J. Endocrinol. Invest. 31, 587–591 (2008).
	11.	 Lippi, G. et al. Measurement of morning saliva cortisol in athletes. Clin. Biochem. 42, 904–906 (2009).
	12.	 Rantonen, P. J. F. et al. Growth hormone and cortisol in serum and saliva. Acta. Odontol. Scand. 58, 299–303 (2000).
	13.	 Cadore, E. et al. Correlations between serum and salivary hormonal concentrations in response to resistance exercise. J. Sports. Sci. 

26, 1067–72 (2008).
	14.	 Crewther, B. T., Lowe, T. E., Ingram, J. & Weatherby, R. P. Validating the salivary testosterone and cortisol concentration measures 

in response to short high-intensity exercise. J. Sports. Med. Phys. Fitness. 50, 85–92 (2010).
	15.	 Crewther, B. T., Cook, C. J., Lowe, T. E., Weatherby, R. P. & Gill, N. The effects of short-cycle sprints in power, strength and salivary 

hormones in elite rugby players. J. Strength. Cond. Res. 25, 32–39 (2011).
	16.	 Moreira, A., Arsati, F., de Oliveira Lima Arsati, Y. B., da Silva, D. A. & de Araújo, V. C. Salivary cortisol in top level professional 

soccer players. Eur. J. Appl. Physiol. 106, 25–30 (2009).
	17.	 Doan, B. K., Newton, R. U., Kraemer, W. J., Kwon, Y. H. & Scheet, T. P. Salivary cortisol, testosterone, and T/C ratio responses during 

a 36-hole golf competition. Int. J. Sports. Med. 28, 470–479 (2007).
	18.	 Obminski, Z. & Stupnicki, R. Comparison of the testosterone-to-cortisol ratio values obtained from hormonal assays in saliva and 

serum. J. Sports. Med. Phys. Fitness. 37, 50–55 (1997).
	19.	 Lac, G., Marquet, P., Chassain, A. P. & Galen, F. X. Dexamethasone in resting and exercising men. II. Effects on adrenocortical 

hormones. J. Appl. Physiol. 87, 183–188 (1999).
	20.	 Bishop, N. C. & Gleeson, M. Acute and chronic effects of exercise on markers of mucosal immunity. Front. Biosci. 14, 4444–4456 

(2009).
	21.	 Kivlighan, K. T. & Granger, D. Salivary-amylase response to competition: relation to gender, previous experience, and attitudes. 

Psychoneuroendocrinology. 31, 703–714 (2006).
	22.	 Chatterton, R. T. Jr., Vogelsong, K. M., Lu, Y. C., Ellman, A. B. & Hudgens, G. A. Salivary alpha amylase as a measure of endogenous 

adrenergic activity. Clin. Physiol. 16, 433–448 (1996).
	23.	 Rohleder, N., Nater, U. M., Wolf, J. M., Ehlert, U. & Kirschbaum, C. Psychosocial stress-induced activation of salivary alpha-amylase: 

an indicator of sympathetic activity? Ann. NY. Acad. Sci. 1032, 258–263 (2004).
	24.	 Schumacher, S., Kirschbaum, K., Fydrich, T. & Strohle, A. Is salivary alpha-amylasean indicator of autonomic nervous system 

dysregulations in mental disorders? -A review of preliminary findings and the interactions with cortisol. Psychoneuroendocrinology. 
38, 729–743 (2013).

	25.	 Sánchez-Salguero, E. S. & Santos-Argumedo, L. Human microbiota association with immunoglobulin A and its participation in 
immune response. Rev. Alerg. Mex. 65, 184–198 (2018).

	26.	 Miller, G. E. & Cohen, S. Psychological interventions and the immune system: A meta-analytic review and critique. Health. Psychol. 
20, 47–63 (2001).

	27.	 de la Rubia Ortí, J. E. et al. Impact of the Relationship of Stress and the Immune System in the Appearance of Alzheimer’s Disease. J. 
Alzheimers. Dis. 55, 899–903 (2017).

	28.	 de la Rubia Ortí, J. E., García-Pardo, M. P., Pérez-Ros, P., Julián Rochina, M. & Sancho Castillo, S. Iga and Alpha-Amylase: New 
Targets for Well-Being in Alzheimer’s Disease Patients, a Pilot Study with Music Therapy. Neuropsychiatry. 8, 378–383 (2018).

https://doi.org/10.1038/s41598-019-56090-x


7Scientific Reports |         (2019) 9:19554  | https://doi.org/10.1038/s41598-019-56090-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

	29.	 Allgrove, J. E., Gomes, E., Hough, J. & Gleeson, M. Effects of exercise intensity on salivary antimicrobial proteins and markers of 
stress in active men. J. Sports. Sci. 26, 653–661 (2008).

	30.	 He, C. S., Tsai, M. L., Ko, M. H., Chang, C. K. & Fang, S. H. Relationships among salivary immunoglobulin A, lactoferrin and cortisol 
in basketball players duringa basketball season. Eur. J. Appl. Physiol. 110, 989–995 (2010).

	31.	 Córdova Martínez, A. & del Villar Sordo, V. Infecciones en el deportista de elite: gastroenteritis aguda infecciosa e infecciones 
respiratorias víricas comunes. Medicine - Programa de Formación Médica Continuada Acreditado. 8, 4587–4595 (2002).

	32.	 Mellalieu, S. D., Neil, R., Hanton, S. & Fletcher, D. Competition stress in sport performers: stressors experienced in the competition 
environment. J. Sports Sci. 27, 729–744, https://doi.org/10.1080/02640410902889834 (2009).

	33.	 Kellman, M. Preventing overtraining in athletes in high-intensity sports and stress/recovery monitoring. Scand. J. Med. Sci. Sports. 
20, 95–102, https://doi.org/10.1111/j.1600-0838.2010.01192.x (2010).

	34.	 Tiernan, C., Lyons, M., Comyns, T., Nevill, A. M. & Warrington, G. Investigation of the Relationship Between Salivary Cortisol, 
Training Load and Subjective Markers of Recovery in Elite Rugby Union Players. Int. J. Sports. Physiol. Perform. 29, 1–24, https://doi.
org/10.1123/ijspp.2018-0945 (2019).

	35.	 Ali, N. & Pruessner, J. C. The salivary alpha amylase over cortisol ratio as a marker to assess dysregulations of the stress systems. 
Physiol. Behav. 106, 65–72 (2012).

	36.	 Elloumi, M., Maso, F., Michaux, O., Robert, A. & Lac, G. Behaviour of saliva cortisol [C], testosterone [T] and the T/C ratio during 
a rugby match and during the post-competition recovery days. Eur. J. Appl. Physiol. 90, 23–28 (2003).

	37.	 Moreira, A., Arsati, F., Lima-Arsati, Y. B., Franchini, E. & De Araújo, V. C. Effect of a kickboxing match on salivary cortisol and 
immunoglobulin A. Percept. Mot. Skills. 111, 158–166 (2010).

	38.	 Capranica, L. et al. Salivary cortisol and alpha-amylase reactivity to taekwondocompetition in children. Eur. J. Appl. Physiol. 112, 
647–652 (2012).

	39.	 Rahman, Z. A., Abdullah, N. & Singh, R. Effect of acute exercise on the levels of salivary cortisol, tumor necrosis factor-alpha and 
nitric oxide. J. Oral. Scici. 52, 133–136 (2010).

	40.	 Bruzda-Zwiech, A. et al. Salivary cortisol, alpha-amylase and immunoglobulin a responses to a morning session of basketball or 
volleyball training in boys aged 14–18 years. J. Biol. Reg. Homeost. Agents. 31, 105–110 (2017).

	41.	 Chiodo, S. et al. Stress-related hormonal and psychological changes to official youthTaekwondo competitions. Scandinavian J. Med. 
Sci. Sport. 21, 111–119 (2011).

	42.	 Li, T. L. & Gleeson, M. The effect of single and repeated bouts of prolonged cycling and circadian variation on saliva flow rate, 
immunoglobulin A and alpha-amylase responses. J. Sports. Sci. 22, 1015–1024 (2004).

	43.	 Bishop, N. C., Blannin, A. K., Armstrong, E., Rickman, M. & Gleeson, M. Carbohydrate and fluid intake affect the saliva flow rate 
and IgA response to cycling. Med. Sci. Sports. Exerc. 32, 2046–2051 (2008).

	44.	 Mackinnon, L. T., Ginn, E. & Seymour, G. J. Decreased salivary immunoglobulin A secretion rate after intense interval exercise in 
elite kayakers. Eur. J. Appl. Physiol. 67, 180–184 (1993).

	45.	 Nehlsen-Cannarella, S. L., Nieman, D. C. & Fagoaga, O. R. Saliva immunoglobulins in elite women rowers. Eur. J. Appl. Physiol. 81, 
222–228 (2000).

	46.	 Nieman, D. C. et al. Change in salivary IgA following a competitive marathon race. Int. J. Sports. Med. 23, 69–75 (2002).
	47.	 Blannin, A. K. et al. The effect of exercising to exhaustion at different intensities on saliva immunoglobulin A, protein and electrolyte 

secretion. Int. J. Sports. Med. 19, 546–552 (1998).
	48.	 Sari-Sarraf, V., Reilly, T., Doran, D. A. & Atkinson, G. The effects of single and repeated bouts of soccer-specific exercise on salivary 

IgA. Arch. Oral. Biol. 52, 526–532 (2007).
	49.	 Walsh, N. P. et al. The effects of high-intensity intermittent exercise on saliva IgA, total protein and alpha-amylase. J. Sports. Sci. 17, 

129–134 (1997).
	50.	 Sari-Sarraf, V., Reilly, T. & Doran, D. A. Salivary IgA response to intermittent and continuous exercise. Int. J. Sports. Med. 27, 

849–855 (2006).
	51.	 Moreira, A. et al. Salivary cortisol and immunoglobulin A responses to simulated and official Jiu-Jitsu matches. J. Strength. Cond. 

Res. 26, 2185–2191 (2012).
	52.	 Moreira, A. et al. Salivary IL-21 and IgA responses to a competitive match in elite basketball players. Biol. Sport. 30, 243–247 (2013).
	53.	 Viena, T. D., Banks, J. B., Barbu, I. M., Schulman, A. H. & Tartar, J. L. Differential effects of mild chronic stress on cortisol and S-IgA 

responses to an acute stressor. Biol. Psychol. 91, 307–311 (2012).
	54.	 Filaire, E., Alix, D., Ferrand, C. & Verger, M. Psychophysiological stress in tennis players during the first single match of a 

tournament. Psychoneuroendocrinology. 34, 150–157 (2009).
	55.	 Gillum, T., Kuennen, M., Miller, T. & Riley, L. The effects of exercise, sex, and menstrual phase on salivary antimicrobial proteins. 

Exerc. Immunol. Rev. 20, 23–38 (2014).
	56.	 Filaire, E. et al. Salivary alpha-amylase, cortisol and chromogranin A responses to a lecture: impact of sex. Eur. J. Appl. Physiol. 106, 

71–77 (2009).
	57.	 Strahler, J., Skoluda, N., Kappert, M. B. & Nater, U. M. Simultaneous measurement of salivary cortisol and alpha-amylase: application 

and recommendations. Neurosci. Biobehav. Rev. 83, 657–677 (2017).

Author contributions
G.M., P.V., J.L.P. and B.F. provided the study materials, designed the recording and interpretation of clinical trials. 
C.B., G.M., J.E.R.O., B.F. and J.L.P. contributed to the analysis of data. C.B., G.M., J.E.R.O., P.V., B.F. and J.L.P. 
contributed to the writing of the first draft of manuscript. C.B., G.M. and J.E.R.O. designed the figures. All authors 
read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to G.M.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1038/s41598-019-56090-x
https://doi.org/10.1080/02640410902889834
https://doi.org/10.1111/j.1600-0838.2010.01192.x
https://doi.org/10.1123/ijspp.2018-0945
https://doi.org/10.1123/ijspp.2018-0945
http://www.nature.com/reprints


8Scientific Reports |         (2019) 9:19554  | https://doi.org/10.1038/s41598-019-56090-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-56090-x
http://creativecommons.org/licenses/by/4.0/

	Changes in different salivary biomarkers related to physiologic stress in elite handball players: the case of females

	Results

	Anthropometric profile. 
	Variation of biomarkers during the match. 
	Variation of biomarkers in relation to the position of the players into the field. 
	Influence of play time on the variation of biomarkers. 

	Discussion

	Methods

	Structure of the study. 
	Participants. 
	Saliva collection and analysis. 
	Recording the playing time. 
	Statistical analysis. 
	Informed consent. 
	Ethical approval. 

	Figure 1 Salivary concentration of biomarkers before and after the match.
	Figure 2 Mean fold change in concentration of salivary biomarkers after the match according to the players’ position.
	Figure 3 Salivary concentration of biomarkers before and after the match according to the playing time (less or more than 30 minutes).
	Figure 4 Informed consent statement for study participation.
	Table 1 Age, anthropometric data (n = 21) SD: Standard Deviation.




