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CLINICAL STUDY

The effect of saliva stimulation on the secretion of cortisol 
during stress and physiological conditions
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ABSTRACT 
OBJECTIVES: Many studies use stimulated saliva for the assessment of cortisol. However, it is not yet clear 
how stimulation affects the fl ow of specifi c markers. The aim was to assess whether stimulation of salivation 
affects the physiological fl ow of cortisol during a stressing day as compared to an ordinary day. The second 
aim was to show how the normalising factor affects the outcome of the study.
METHODS: Stimulated saliva was taken from 42 children at 8:00 a.m. and 12:00 a.m. on two separate days 
one month apart. During the fi rst day, the children were exposed to stress situation, while the second day 
was considered a control day. The concentration of cortisol was analysed using ELISA.
RESULTS: The highest level of cortisol was observed in the morning of the stress day (p < 0.001). The 
correction of the result for the salivary protein concentration showed no signifi cant differences between 
morning and afternoon cortisol levels on both the testing (p = 0.87) and control days (p > 0.99).
CONCLUSION: Based on our results, the examination of the cortisol diurnal rhythm is not reliable in 
stimulated saliva. Moreover, the effect of saliva stimulation has to be taken into account for every marker 
individually (Fig. 2, Ref. 22). Text in PDF www.elis.sk.
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Introduction 

Cortisol is liable to diurnal rhythm. Its physiological concen-
tration may vary depending on the exposure to stress stimuli (1), 
physical activity (2) or presence of a disease. Cortisol is quantifi -
able in various biological samples including saliva. (3). Saliva can 
be obtained easily, non-invasively and repeatedly. However, the 
collection of saliva might be diffi cult in some categories of stud-
ied subjects such as young children, older people, or individuals 
with salivary gland diseases (4‒6). Therefore, the stimulation of 
salivation may be a good way for getting a higher volume of saliva 
(7). On the other hand, the composition of stimulated saliva might 
be changed in comparison to unstimulated saliva (8). It was found 
that the concentration of salivary cortisol is infl uenced by the sali-
vary stimulant (6). Kidd et al (9) reported no difference in cortisol 
concentration in unstimulated vs citric acid-stimulated saliva but 
there was a signifi cant difference in unstimulated saliva vs saliva 
collected by swabs.

The main problem is that the majority of studies use stimu-
lated saliva (10, 11), thus, different studies can get different data 

leading to their different interpretations (6). However, all these 
complications are not usually considered and studies pointing to 
the complications regarding the collection of saliva are missing.

The aim of this study was to analyse if the stimulation of sali-
vation affects the diurnal cortisol fl ow during exposure to psycho-
logical stress on the day of testing compared to the control day 
without stress strain. 

Material and methods

The study was approved by the Ethics Committee of the Co-
menius University Faculty of Medicine and the University Hos-
pital in Bratislava, Slovakia and complies with the 1964 Helsinki 
declaration and its later amendments.

Design of the study
A total number of 42 healthy children (10.82 ± 0.08, 11 girls, 31 

boys) were recruited. Stimulated saliva was collected into a sterile 
tube using visual stimuli – a lemon. The collection of saliva was 
performed at 8:00 a.m. and 11:30 a.m. during two separate days 
one month apart. On the fi rst day, the children were exposed to 
stress situation represented by test questions evaluating their gen-
eral competences in mathematics, natural sciences, mother tongue 
and foreign language. The second day represented a control day 
to the testing day with no stress activity and mental strain. The 
design of the experiment is described in Figure 1.

Saliva samples were kept on ice and, after their delivery to the 
laboratory, were centrifuged at 1,000g for 10 minutes. The par-
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ticipants were asked not to eat or drink fl avoured beverages one 
hour before saliva collection. 

Salivary cortisol analysis
Salivary cortisol level was measured using the salivary cor-

tisol ELISA kit (DRG instruments GmbH, Marburg, Germany) 
according to manufacturer’s instructions. The concentration of 
salivary proteins was assessed using BCA kit (Sigma-Aldrich, 
Munich, Germany).

Statistical analysis
For statistical analysis, GraphPad Prism 7 software was used 

(GraphPad Software, Inc., La Jolla, CA, USA). Data were evalu-
ated using repeated measures with two-way ANOVA and Tukey 
post hoc test. The statistical signifi cance was set to p = 0.05. The 
results are presented as mean + standard deviation. 

Results 

The visual stimulation affected the cortisol fl ow on the ordi-
nary day. The highest level of salivary cortisol was observed in 
the morning of the testing day (Fig. 2A). There was a signifi cant 
difference between morning and afternoon cortisol levels on the 
testing day (p < 0.001), and morning (p = 0.003) and afternoon (p 
< 0.001) cortisol levels on the ordinary day. No signifi cant differ-

ences were observed between the afternoon cortisol levels on the 
testing and ordinary days (p = 0.89). 

The correction of results for total protein concentration of 
saliva (Fig. 2B) showed no signifi cant differences between indi-
vidual days. No signifi cant differences were observed between 
the morning and afternoon values on both testing (p = 0.87) and 
ordinary days (p > 0.99). There was even no difference between 
morning cortisol levels on testing and ordinary days (p = 0.95). 

Discussion

Many studies point to the usability and applicability of saliva 
in relation to the detection and potential diagnosis of oral and sys-
temic diseases or various disorders (12‒14). All these studies were 
focused on the reliable use of saliva in clinical practise. Unfortu-
nately, there is still a long way ahead due to several complications 
considering saliva as diagnostic fl uid equal to blood. One of the 
most important factors infl uencing its application is the salivary 
collection process. There are two major ways of how to collect 
saliva, namely unstimulated and stimulated, while both have their 
own pros and cons. Several studies showed that the stimulation 
of salivation affects the composition of saliva and, thus, directly 
affects the result of individual analyses (6, 15, 16).

In this study we focused on the effect of visually stimulated sa-
liva on cortisol during the stress day as opposed to resting day with-

Fig. 1. Design of the study.

Fig. 2. Salivary cortisol: Cortisol assessment in stimulated saliva collected in the morning and afternoon of the testing and ordinary days A) 
without further calculations and B) correction of the results for protein concentration; ** denotes p < 0.01, *** denotes p < 0.001; data are 
presented as mean + standard deviations.
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out stress strain. Next, we point to the necessity of a normalizing 
factor and its impact on the results and overall output of the study. 

Psychological stress increased salivary cortisol concentrations 
as expected. The absence of the stress factor during the control day 
caused clearance of differences between morning and afternoon 
cortisol level in stimulated saliva. Under physiological conditions, 
the stimulation of salivation probably leads to a continual secretion 
of cortisol into saliva regardless of daytime. No difference was ob-
served even between afternoon saliva samples taken on the stress 
day and morning saliva collected on the ordinary day. Contrary to 
our fi ndings, there are a lot of published studies showing that the 
stimulation of salivation had no effect on cortisol diurnal rhythm. 
Moreover, they observed gradually decreasing cortisol concen-
trations during the day (17, 18). In addition, salivary studies are, 
in general, accompanied by high variability even in unstimulated 
saliva (19). This problem may be solved or at least minimalized 
by using the normalizing factor. However, using the normalizing 
factor may affect the overall outcome of the study. The cortisol 
concentration was additionally calculated for total salivary pro-
tein concentration. We observed that natural non-corrected data 
differed from corrected ones. Non-corrected data showed that the 
highest level of cortisol is in the morning of the stress day. How-
ever, the correction of results for protein concentration wipes off 
this difference between the collected samples. 

This fact points to the necessity of optimizing the pre-analytical 
(collection) and post-analytical phase (normalizing factor) proce-
dure for every marker individually (6, 20). Every type of collec-
tion and its effect ought to be defi ned for every salivary marker.

Also, several other facts should be considered when using sa-
liva, e.g., oral health. Increased levels of cortisol were observed in 
saliva of patients with burning mouth syndrome (21) and chil dren 
with dental caries (22).

The main limitation of this study is that saliva samples were 
not collected throughout the whole day until late evening. Even 
though it is not the purpose of this study, one of the limitations is 
the missing collection of unstimulated saliva. The comparison of 
stimulated and unstimulated saliva would show that even visual 
stimulation changes the composition of saliva. The next limitation 
is that the salivary fl ow rate of stimulated saliva was not recorded. 
Unfortunately, we were not able to adjust our results on fl ow rate 
and compare them with those normalized on protein concentration. 

To conclude, using stimulated saliva for monitoring of standard 
physiological concentration of markers liable to diurnal rhythm 
like cortisol should be considered.
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