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Abstract

Background: Stuttering is associated with high levels of 
anxiety. Salivary cortisol is used as a biomarker to assess 
stress level. Dry mouth is one of the symptoms of anxi-
ety. The aim of this study was to evaluate salivary cortisol 
levels and severity of xerostomia in men with and without 
stuttering. 

Methods: In a case-control study, 19 patients with 
stuttering (PWS) and 19 control individuals were recruited 
to the investigation. The xerostomia inventory (XI) score 
was used as an index of the severity of xerostomia. The 
salivary cortisol concentration was measured by an 
enzyme immunoassay kit (ELISA). Student’s t-test was 
used in the statistical analysis.

Results: The mean unstimulated saliva flow rate was low-
er (P=0.045), and the mean unstimulated saliva concen-
tration of cortisol (P=0.017) and XI score (P= 0.044) were 
significantly higher in the PWS than in control individuals. 

Conclusion: It can be concluded that saliva levels of 
cortisol and severity of xerostomia are high in stutterers 
and these patients suffer xerostomia.
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Introduction
Stuttering is defined as a disturbance in the rhythm of 
speech (fluency disorder). The patients with stuttering 
(PWS) know what they want to say but often are unable 
to put the words together. They suffer from involuntary 
disruptions of speech, including syllable repetitions, pro-
longations, blocking of sounds, substitutions, as well as 
involuntary pauses. Given the involuntary nature of stut-

tering and the fact that it is socially evident, the affliction 
has a potentially negative impact on mental and emotional 
health and quality of life of the patient.1,2 Consequently, 
stuttering is associated with high levels of social anxiety.3 

PWS expect to experience speech difficulties in many so-
cial situations, based on associated previous negative ex-
periences, resulting in  anxiety. In addition, anxiety leads to 
psychophysiological and autonomic reactions follow such 
as a freezing response, the fight or flight response or the 
alarm or stress response.3,4 Typical physiological changes 
occur in anxiety states such as increased heart rate, el-
evated pulse volume, enhanced tonic and phasic skin 
conductance, a galvanic skin response, or the stimulation 
of production of different hormones like catecholamine, 
adrenocorticotropin, cortisol, prolactin, and thyroxin.5 Phys-
iological and psychological responses to stress are medi-
ated by the hypothalamic-pituitary-adrenal (HPA) axis, the 
sympathoadrenal system, and brain monoaminergic sys-
tems such as locus coeruleus (noradrenalin production).

Cortisol is released after stressful emotional situations and 
has effects on energy level, learning, memory, neural plas-
ticity, immunity and on behaviour such as sleep patterns, 
mood and the reception of sensory input.6,7 Salivary cortisol 
measurements provide a reliable indicator of the functional 
status of the hypothalamus-hypophysis-adrenal axis and 
has been used in studies on stress evaluation, depression, 
and anxiety.7,8 Saliva secretion is essential for the health of 
oral cavity tissues and has been used as a non-invasive 
source for medical investigations. Whilst cortisol levels may 
be assessed in serum, the measurement in saliva offers 
several advantages, such as being stress-free, painless, 
non-invasive, allowing for frequent and rapid sampling in 
different situations, with no need for trained staff.9-12 It has 
been shown that cortisol injected intravenously appears in 
saliva within less than a minute and reaches a peak con-
centration within 2-3 minutes while at the same time similar 
concentrations are achieved in the plasma.7
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Anxiety is one of the causes of a feeling of a dry mouth. 
Dehydration and a lack of oral lubrication impacts on func-
tions, and sufferers of dry mouth encounter difficulties 
with speaking, eating and swallowing.13 Although there are 
some reports of cortisol levels being raised with selected 
stressors, research on salivary cortisol from PWS are rare 
and obscure. These patients suffer stress and anxiety 
coupled with reduced salivary flow. This study undertook 
measurements of salivary cortisol and salivary flow rates 
in an Iranian male cohort of stutterers.

Methods and Materials
Subjects
The ethics committee of Tehran University of Medical Sci-
ences (TUMS), Iran, approved the study protocol (1708742). 
Informed consent was obtained from all participants.

A total of 38 men were asked to participate in a case/control 
study. Nineteen patients with stuttering (PWS), with ages 
32.2 ± 5.9 years, were recruited from amongst the patients 
attending the laboratory of physiology of the Rehabilitation 
Science School, TUMS. A matched sample of 19 individu-
als with no documented stuttering (aged 36.2 ± 7.3 years) 
were included as controls. Smokers, obese patients (body 
mass index ≥ 30 kg/m2), patients taking xerogenic medi-
cal agents, patients with certain systemic diseases (includ-
ing patients with diabetes, Sjogren’s syndrome, etc.), oral 
candidiasis or unfavourable oral health conditions such as 
poor oral hygiene and periodontal diseases (pocket depth 
more than 3 mm) and patients who used antidepressant or 
antianxiety drugs were excluded.

All subjects completed questionnaires about the status 
of their xerostomia (Table 1). A Xerostomia inventory (XI) 
score was then determined as the severity of dry mouth 
feeling (xerostomia) for each subject. The scores of these 
responses were added to the questionnaire score, to 
provide a Total XI score for each individual (the minimum 
possible score was 11 and the maximum possible score 
was 55).14-16

Sample collection
Unstimulated whole saliva was collected under resting 
conditions in a quiet room between 8:30 am and 10:30 am 
and at least 90 min after the last intake of food or drink. 
The duration of saliva sample collecting was recorded 
with a stopwatch. At the start, the participants were asked 

to swallow any saliva pooled in their mouths, after which 
unstimulated whole saliva was collected from the individu-
als by having them expectorate their fresh saliva, into dry, 
de-ionized, sterile plastic tubes, this process being timed 

Table 1: The xerostomia inventory (XI)

• I sip liquids to help swallow food

• My mouth feels dry when eating a meal

• I get up at night to drink

• My mouth feels dry

• I have difficulty in eating dry foods

• I suck sweets or cough lozenges to relieve dry mouth

• I have difficulty swallowing certain foods

• The skin of my face feels dry

• My eyes feel dry

• My lips feel dry

• The inside of my nose feels dry

Response options: Never (scoring 1), hardly (2), occasionally 
(3), fairly often (4) and very often (5).
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Figure 1: Unstimulated saliva flow rate (A) and cortisol concentration (B), and 
xerostomia inventory score (C) in patients with stutter (PWS) and persons who 
non-stutter (control), ⃰ P< 0.05. Data are presented as means ± SEM.
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and the volume being recorded. The salivary flow rate was 
calculated by dividing the volume of saliva by the duration 
of saliva sample collection. The samples were clarified 
by centrifugation (2500g, 10 minutes), and immediately 
stored at −20ºC for later determination of cortisol. 

Cortisol Assays
The salivary cortisol concentration was analyzed by ELISA 
technology using commercially available kits (DRG Instru-
ments GmbH, Mar Burg, Germany).

Statistical Analysis
For statistical analysis, the data are presented as a mean 
± standard error of mean (SEM). The two-tailed Student’s 
unpaired t-test was used to compare saliva cortisol levels 
between experimental and control groups. P < 0.05 was 
considered statistically significant.

Results
Student’s t-test showed that there was a significant drop 
(p<0.05) in mean unstimulated saliva flow rate in the PWS 
group compared with the control (Figure 1A). The concen-
tration of cortisol was significantly higher in the mean un-
stimulated saliva of the PWS group (p<0.05) (Figure 1B).

The Xerostomia inventory score, an index of xerostomia 
severity, was significantly higher [p<0.05. Student-t], in the 
PWS sample than in the controls (Figure 1C)

Discussion
High levels of anxiety may be experienced by people who 
stutter, resulting in a dry mouth and raised levels of sali-
vary cortisol, a biomarker used to assess stress level. This 
study has shown a significantly higher cortisol concen-
tration in unstimulated saliva and a severity of xerosto-
mia which is also significantly higher [p<0.05 Student-t] in 
PWS than in control individuals. Salivary flow rates were 
found to be significantly lower in the PWS group.

Bio-behavioural research uses salivary levels of cortisol 
as a reliable non-invasive technique for measuring the 
concentration of this hormone, producing a consistent, 
comparable measure which accords with levels of free 
cortisol in plasma.6,17,18 Public speaking increases salivary 
cortisol in men and, considering the results of this study, 
it is evident that the levels of this hormone are also higher 
in PWS.19 A previous study based on samples of 11 PWS 
and 11 controls and testing low and high levels of stress 
found that there was no significant difference in salivary 
cortisol hormone between the two low stress groups.5,19,20 
(Days without any stress were considered as low stress, 
and for those days when routine tasks were not right or 
“everything was going wrong”, these dysfunctional days 
were considered as high stress.). Saliva had been collect-
ed in that study between 3:30 pm and 6:00 pm when cor-
tisol levels are low. To better highlight demonstrable vari-
ations in salivary cortisol output, it is advisable to collect 
saliva in the morning, when blood cortisol levels are high.5 
A subsequent study based on morning sampling found 
that cortisol levels were higher with stress than without 
stress.20 However, the results showed no significant differ-
ence between PWS and controls after laboratory stress, 
even though cortisol levels increased.19

The current study reflects data procured in mid-morning 
in a relaxed environment for all volunteers, allowing amel-
iorated adaptation (Figures 1A, 1B and 1C). Essentially the 
research evaluated the resting levels of cortisol in PWS 
and in a control group and found significantly raised levels 
in the PWS group which also experienced relatively severe 
levels of xerostomia.  The research focus group was well 
matched with the controls relative to age, gender, socio-
economic status, cultural and geographic concordance. 
Hence it is clear that even in a non-stressed situation, the 
PWS have higher levels of the stress hormone, cortisol.

Statements of PWS and review of psychophysiological 
studies indicate that anxiety levels amongst PWS are 
related to speaking situations such as talking on the tel-
ephone, talking with people, or introducing themselves.1,4 
Conversely, observing and listening to stuttered speech 
has been shown to induce physiological and emotional 
reactions in listeners.21 Further research is needed to 
evaluate the effects of viewing and experiencing stuttered 
speech on salivary cortisol levels.

The Saliva flow index is a parameter which may be used 
for classification of saliva flow as normal, low, or very low. 
In adults, unstimulated saliva flow is considered as low if it 
ranges between 0.1 and 0.25 mL/min and if it is less than 
0.1 mL/min then the flow is considered very low or as hy-
posalivation.22 One of the side effects of drugs which are 
used in the treatment of stuttering (such as paroxetine or 
sertraline) is dry mouth.23 In this study, patients who had 
used drugs for at least two months prior to sampling were 
excluded. However, unstimulated saliva flow rate was less 
than 0.1 mL/min in none of control and case groups; but it 
was significantly higher [p<0.05 Student-t] in control group 
than amongst the PWS. In addition, this study showed 
that xerostomia inventory score was significantly high in 
PWS. It showed dry mouth or xerostomia is a subjective 
issue, characterized by an unpleasant feeling in the mouth 
and throat, and does not necessarily relate to hyposaliva-
tion in up to one third of cases.15,25

Conclusion
The present study shows salivary levels of cortisol and 
severity of xerostomia are higher and the saliva flow rate 
is lower in Iranian male PWS, when compared with non-
stutterers. This implies PWS have a more marked stress re-
action than non-PWS. The stutterers had higher subjective 
feelings of dry mouth.  Accordingly, it is suggested further 
research be conducted with  larger research cohorts, to 
not only assess stress hormonal  output and fluctuations of 
saliva in PWS , but also the effect their speech may have on 
other aspects of metabolism, the quality of life of  PWS ‘s 
and the possible effects upon their social contacts.
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