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Abstract  

 

Purpose: We investigated whether participants who reported more often occurring vocal 

symptoms showed higher salivary cortisol levels and if such possible associations were 

different for men and women.  

 

Method: The participants (N = 170; men n = 49, women n = 121) consisted of a population- 

based sample of Finnish twins born between 1961 and 1989. The participants submitted saliva 

samples for hormone analysis and completed a web-questionnaire including questions 

regarding the occurrence of six vocal symptoms during the past 12 months. The data were 

analyzed using the Generalized Estimated Equations (GEE) method. 

 

Results: A composite variable of the vocal symptoms showed a significant positive 

association with salivary cortisol levels (p < .001). Three of the six vocal symptoms were 

significantly associated with the level of cortisol when analyzed separately (p- values below 

.05). The results showed no gender difference regarding the effect of salivary cortisol on 

vocal symptoms.  

 

Conclusions: There was a positive association between the occurrence of vocal symptoms and 

salivary cortisol levels. Participants with higher cortisol levels reported more often occurring 

vocal symptoms. This could have a connection to the influence of stress on vocal symptoms 

since stress is a known risk factor of vocal symptoms and salivary cortisol can be seen as a 

biomarker for stress.  
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Introduction 

Salivary cortisol is seen as a biomarker of psychological stress (Hellhammer, Wüst & 

Kudielka, 2009). The stress response in itself is a protective mechanism, however, if activated 

frequently or over a long period of time it can have harmful effects on health. Enhanced early 

morning free cortisol levels have been associated with various aspects of acute (Dickerson & 

Kemeny, 2004) and chronic stress (Pruessner, Hellhammer, Pruessner & Lupien, 2003; Wüst, 

Federenko, Hellhammer & Kirschbaum 2000a, Wüst, Wolf, Hellhammer, Federenko, 

Schommer, & Kirschbaum, 2000b).  

Cortisol is released during stress and previous studies suggest that stress is a risk factor in 

developing vocal symptoms or dysphonia (Baker, 2008; Dietrich, Verdolini Abbott, Gartner-

Schmitdt & Rosen, 2008; Dietrich & Verdolini Abbott, 2012; Chen, Chiang, Chung, Hsiao & 

Hsiao, 2010; Gassull, Casanova, Botey, Amador, 2010; Lyberg Åhlander, 2011; Lyberg 

Åhlander, Pelegrín García, Whitling, Rydell & Löfqvist, 2014; Rantala, Hakala, Holmqvist & 

Sala, 2012). About 23-25% of individuals seeking care for voice disorders or with common 

vocal pathologies show stress scores deviating upwards from normal scores (Dietrich et al., 

2008; Misono et al., 2014). 

 

Stress and vocal symptoms  

Studies investigating acute stress have shown both acoustic and perceptual effects of stress on 

the voice (Giddens, Barron, Byrd-Craven, Clark, & Winter, 2013; Mendoza & Carballo 1998; 

Mendoza & Carballo 1999; Schneider et al., 2006; Van Lierde, Van Heule, De Ley, Mertens 

& Claeys, 2009). The results vary and the individual differences of acoustic changes in the 

voice due to acute stress seem to be large. Vocal symptoms that have been reported as 

associated with stress are among others muscle tension, pain on phonation, pain during 

swallowing, hoarseness and vocal fatigue (Verdolini, Rosen & Branski, 2006).  

 

To be able to prevent and successfully treat voice disorders with direct or indirect links to 

stress we need to know more about why and how stress is associated with vocal symptoms. 

The Psychobiological Framework of Voice Disorders by Dietrich and Verdolini Abbott 

(2008, p. 161), describing pathways of the relation between stress and laryngeal behavior and 

voice disorders, has together with the revised psychobiological framework by Helou (2014, p. 

152) provided a reliable frame of reference for studying stress and its relationship to voice. 

These frameworks propose the engagement of neuroendocrine responses (hypothalamic 
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pituitary adrenocortical axis, HPA, and sympathetic adrenal medulla, SAM, system), the 

autonomic nervous system (ANS) and the somatic motor system (the reader is kindly referred 

to Helou, 2014 for a detailed presentation of the two frameworks). Especially the role of the 

ANS and/or SAM on the laryngeal muscles (Dietrich, 2008; Dietrich & Verdolini Abbott 

2012; 2014; Helou, Wang, Ashmore, Rosen, & Verdolini Abbott, 2013) and lower airways 

(Helou, 2014) has been studied in relation to these two frameworks. One way to further 

broaden the knowledge regarding the psychobiological pathways relevant for laryngeal 

functioning within these frameworks is to analyze the role of cortisol on voice symptoms, 

since the HPA-axis might have an effect on for example immunological changes. The 

association between cortisol and voice symptoms has, to the best of our knowledge, not been 

done previously.  

 

Physiological pathways of cortisol and its possible influence on voice 

The release of cortisol is regulated by the hypothalamic pituitary adrenocortical (HPA) axis. 

Whereas the neurotransmitters epinephrine and norepinephrine, regulated by the sympathetic 

adrenal medulla (SAM) system, is part of a rapid stress reaction, cortisol is involved in a 

slower stress response (Lundberg, 2005). This involves a stress-induced activation of the 

corticotrophin releasing factor (CRF) and arginine vasopressin (AVP) neurons in the 

paraventricular nucleus of the hypothalamus resulting in a release of adrenocorticotropic 

hormone (ACTH) from the pituitary and of cortisol from the adrenal cortex which is finally 

represented by salivary cortisol levels (Hellhammer et al., 2009). Cortisol is a vital hormone 

which influences physiological and psychological health. Typical cortisol patterns involves 

distinct variations during the day, where the cortisol peaks prior to awakening (Levine, 

Zagoory-Sharon, Feldman, Lewis & Weller, 2007) or 30-45 min after awakening (cortisol 

awakening response, CAR) (Ranjit, Young, Raghunathan & Kaplan, 2005), declines 

throughout the day and reaches its lowest levels in the night. According to Kristenson, Garvin 

and Lundberg (2011) it is not uncommon that the peak values in the morning are 10-folds 

higher than the values during the night.  

 

As described in the Allostatic Load Model (McEwen, 1998), stress responses can be both 

beneficial and harmful. Allostasis refers to physiological adaptive responses to a potentially 

stressful event. When these vital adaptive responses are activated and deactivated in a 

balanced way, the body is able to cope efficiently with environmental demands. However, a 

rapid shut-down is essential for recovery. Allostatic Load is the condition where the adaptive 
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responses or allostatic systems are overstimulated (frequent stress or failed shut-down), are 

abnormal or fail to activate (lack of stress response due to exhaustion) (Lundberg, 2002). As a 

result of the repeated activation without time for recovery there is an overexposure to stress 

hormones which over time leads to a dysregulation of the stress response. Research results 

show an association between the magnitude of the morning rise and the level of life stressors 

(Pruessner, Hellhammer & Kirschbaum, 1999; Wüst et al., 2000a). In line with the Allostatic 

Load Model, results showed that severe chronic stress or burnout was associated with lack off 

or attenuated peak in the morning cortisol levels (Lennartsson et al., 2015).  

 

Ongoing cortisol secretion and long-term stress is associated with various symptoms, along 

with reduced immune function that might have consequences for voice production. 

Acute stress improves wound healing and resistance to infection (Dhabhar & McEwen, 1996) 

while chronic stress or high allostatic load is immunosuppressive (Dhabhar, 2000). 

Psychological stress and elevated cortisol levels can have an impact on wound repair 

(Christian, Grahamf, Padgetta, Glasera & Kiecolt-Glaser, 2006; Gouin & Kiecolt-Glaser, 

2011), this has been confirmed also regarding mucosal wounds (Bosch, Engeland, Cacioppo 

& Marucha, 2007). The mechanism might be linked to proinflammatory cytokines, which 

play an important role in the wound healing process, protecting the wound site from infection 

and preparing the wound for repair (Glaser, 2005). Glaser, Kiecolt-Glaser, Marucha, 

MacCallum, Laskowski and Malarkey (1999) found that participants who had higher levels of 

salivary cortisol had lower levels of proinflammatory cytokines. Ebrecht et al. (2004) found 

that the morning cortisol response of the day after a dermal biopsy was negatively correlated 

with speed of wound healing. As proposed by the psychobiological framework (Dietrich & 

Verdolini Abbott, 2008) and discussed by Dietrich (2008), findings regarding immunological 

changes as a result of stress or increased cortisol levels could be relevant for the voice domain 

in relation to laryngeal wound healing and changes on the vocal folds due to phono trauma.  

 

The association between increased muscle tension and acute and/or long-term stress has been 

affirmed by several studies both in laryngeal regions (Baker, Ben-Tovim, Butcher, Esterman, 

& McLaughlin, 2012; Baker, 2008; Dietrich & Verdolini Abbott, 2012; 2014; Helou et al., 

2013; Holmqvist, Santtila, Lindström, Sala & Simberg, 2013) and in neck and shoulders 

(Lundberg; 1994, Lundberg, & Cooper, 2011). This relationship has been explained by Helou 

(2013) as “stress-induced acoustic changes in the voice are dynamic modifications to 

functions of respiratory, intrinsic laryngeal, extrinsic laryngeal, and the supralaryngeal 
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muscles”. Lundberg et al. (1994) found a significant increase electromyographic (EMG) 

activity in the trapezius muscle induced by mental stress, which included elevated salivary 

cortisol levels. However, in that study the cortisol levels was used as a biomarker of stress and 

the aim was not to investigate the independent effect of cortisol on trapezius muscle activity.  

 

The role of gender in voice, cortisol and stress 

It is well established that voice disorders occur significantly more often among women than 

among men (Coyle, Weinrich, & Stemple, 2001; Herrington-Hall, Lee, Stemple, Niemi & 

McHone, 1988; Roy, Merrill, Gray & Smith, 2005). Dietrich et al. (2008) concluded that 

individual differences seem to play a role in the evolvement of stress in persons with voice 

disorders and that these differences may to some extent be related to gender. Gender 

differences in functional voice disorders have their explanations in anatomical differences 

(Titze, 1994; Titze, Hunter, & Svec, 2007) and possible differences in hyaluronic acid 

distribution in the vocal folds (Butler, Hammond, & Gray, 2001; Ward, Thibeault & Gray, 

2002). Additional explanations may include higher vocal effort in women (Södersten, 

Ternström, & Bohman, 2005) and the fact that women are overrepresented in occupations 

with many voice ergonomic risk factors (Vilkman, 2004). Research concerning gender 

difference in occurrence of vocal symptoms and stress (Holmqvist et al., 2013), results 

regarding functional dysphonia (Baker, 2008), primary muscle tension dysphonia research 

(Dietrich et al., 2008) as well as research with no limitation on the type of voice disorders 

(Misono et al., 2014) showed higher occurrence of stress and vocal symptoms in women than 

in men.  

 

Gender differences also exist concerning cortisol secretion (Garvin, Hurwitz Eller & Harris, 

2011; Swaab, Bao & Lucassen, 2005; Wüst et al., 2000b), the experience of stress (Cohen & 

Janicki-Deverts, 2012) and concerning consequences of stress and stress coping (Lundberg & 

Cooper, 2011). In a review by Swaab et al (2005) the results showed that women had higher 

cortisol levels than men. In a more recent review, concerning salivary cortisol levels and 

demographic variables (Garvin et al., 2011), the authors concluded that there were no large 

differences between men and women in levels of cortisol. However, tendencies were found 

that women in general have somewhat higher levels than men but that men, regarding some 

stressors, have higher cortisol responses in laboratory stress test settings. Wüst et al. (2000b) 

found that gender significantly influenced early morning free cortisol levels. Given these 
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differences, it is important to include gender in models analyzing effects of cortisol and/or 

stress on vocal symptoms. 

 

Aims 

The aim of the present study was to explore the role of cortisol in the occurrence of vocal 

symptoms. We investigated whether participants who reported more often occurring vocal 

symptoms showed higher salivary cortisol level and hypothesized that the occurrence of vocal 

symptoms and cortisol levels would have a positive association. Of interest was also to 

investigate if such possible associations were similar for men and women. We wanted also to 

analyze to what extent cortisol might have effects or associations independent of stress on 

vocal symptoms. No study has yet investigated the role of salivary cortisol on the occurrence 

of vocal symptoms. 

 

 

Method 

 

Participants  

The participants (N = 170; men n = 49, women n = 121) consisted of a population-based 

sample of Finnish twins born between 1961 and 1989, who submitted saliva samples for 

hormone analyses and completed a web-questionnaire. The sample was a subset of the 

Genetics of Sexuality and Aggression sample (Johansson et al., 2013). A total of 1728 twins 

of that cohort participated in a study exploring genetic and environmental effects in dysphonia 

(Simberg, Santtila, Soveri, Varjonen, Sala & Sandnabba, 2009). Participants were recruited in 

two ways; participants born 1961-1971 (response rate 53%) and participants born 1972-1989 

(response rate 21%). The sample and data collection procedure has been described in more 

detail in Simberg et al. (2009). The most common occupations in the sample from Simberg et 

al. (2009) were service occupations, medical care occupations, office workers and teaching 

occupations. Other common occupations were information technology programmers and 

analysts, engineers, factory workers and electricians. For estimates of genetic and 

environmental effects on vocal symptoms using the present sample the reader is kindly 

referred to Simberg et al (2009) and Nybacka, Simberg, Santtila, Sala, and Sandnabba (2012). 
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Instruments 

The participants completed a web-questionnaire including items regarding the occurrence of 

six vocal symptoms during the past 12 months. These vocal symptoms were; Voice becomes 

strained or tired, Voice becomes hoarse or low in pitch, Voice breaks while talking, Difficulty 

in being heard, Throat clearing or coughing while talking and Sensation of muscle tension or 

a lump in the throat, nowadays referred to as Screen6 (Ohlsson, Andersson, Södersten, 

Simberg, & Barregård, 2012). The participants reported how often these vocal symptoms had 

occurred by choosing one of the alternatives daily, weekly, less frequent or never (coded from 

never = 0 to daily = 3). The same vocal symptoms have been used in several studies 

(Nybacka, et al., 2012; Sala, Laine, Simberg, Pentti, & Suonpää, 2001; Simberg, Sala, 

Tuomainen, Sellman & Rönnemaa, 2006; Simberg et al., 2009) and validated against 

examination performed by a laryngologist regarding organic changes on the vocal folds (Sala 

et al., 2001). Results from two control clinical trials (using the same retrospective 

questionnaire) have shown that the occurrence of vocal symptom remain over time (Simberg 

et al., 2006) or might increase over time (Ohlsson, Andersson, Södersten, Simberg,  Claesson 

& Barregård, 2015) if left untreated.  

 

A composite variable was calculated based on the sum of all six vocal symptoms (range 0-18, 

with higher values indicating more vocal symptoms). Since a factor analysis is more reliably 

conducted on a larger research sample we did not conduct a new analysis for the present 

study, but chose to refer to previous results. The composite variable was created based on 

results from a factor analysis (using principal components as extraction method) in a study by 

Simberg et al. (2009) were an overlapping sample (N = 1728) and the same voice-variable set 

was used. A one-factor solution was used and the resulting scale was highly reliable 

(Cronbach’s α = .84).  

 

We also conducted a dichotomous variable where the sample was divided into participants 

showing at least two frequently (weekly or daily) occurring vocal symptoms and participants 

showing only one frequently occurring voice symptom or several vocal symptoms occurring 

less frequently (seldom or never). This cut-off has been used in several studies and has proven 

to be clinically relevant (Fellman & Simberg,; Ohlsson et al., 2012; Ohlsson et al., 2015;  

Pekkarinen, Himberg, & Pentti; 1992; Sala et al., 2001; Simberg, S., Sala,  Vehmas, & Laine, 

2005; Simberg, Udd, & Santtila, 2015). 
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The questionnaire also included a question regarding exhaustion, Do you feel strained or 

exhausted?, to which the participant could answer yes or no. This question was included as a 

variable to analyze the independent effect of cortisol on vocal symptoms while taking 

exhaustion into account. The question has been used in previous studies (Holmqvist et al., 

2013) as a measure of stress and followed the guidelines of the Tuohilampi Questionnaire 

(Susitaival & Husman, 1997) a pool of questions and question sets for epidemiologic studies 

designed for the Finnish Institute of Occupational Health. 

 

Salivary cortisol 

A Salivette® (SARSTEDT AG & Co., Nümbrecht, Germany) hormone sampling kit was used 

when collecting the saliva samples. Two collection tubes were sent to each participant and 

they were advised to provide saliva samples in the morning immediately after waking up, 

preferably before 9 a.m. They were also advised not to eat, drink, brush their teeth, or take 

any medication prior to giving the samples. Altogether 86.5% of the participants reported 

having given the saliva sample before 9 a.m. (M = 7:50 a.m., SD = 86 min). The participants 

were advised to follow the manufacturer’s instructions and to deposit approximately 2 mL of 

saliva into both collection cups. Participants were also asked to respond to a number of 

questions related to the time point of giving the samples. Additionally, participants were 

advised to return the samples strait away and if this was not possible they were to keep them 

in – 20 degrees Celsius and return them as soon as possible. When the samples were returned, 

they were kept at – 80 degrees Celsius until analyzed. The extraction of cortisol levels 

(absolute values, nmol/L) from the saliva samples was carried out at the Sahlgrenska 

University Hospital, Clinical Chemistry in Gothenburg, Sweden. They used a 

radioimmunoassay (RIA) method of analysis, with no specific consideration of the intensity 

of the cortisol awakening response (CAR). A number of 170 participants of the total 1728 

who completed the web-questionnaire regarding the occurrence of six vocal symptoms 

(Simberg et al. 2009), submitted saliva samples.  

 

Statistical analysis 

For all statistical analyses, SPSS 21 for Windows was used (SPSS Inc., Chicago, IL, USA). 

The cortisol values were winsorized to reduce the effect of potentially spurious outliers by 

setting outliers to 3 SD from the mean. Observations from members of the same family can be 

clustered due to shared genetic or environmental factors. Therefore, we chose a method which 

takes into account the potential inter-dependence between subjects. The Generalized 
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Estimating Equations (GEE) method is an extension to the Generalized Linear Model to data 

with an unknown correlation structure between the measurements, making it possible to 

include all siblings and twins from a family in the analyses (Hanley, Negassa, Edwardes, & 

Forrester, 2003). The robust variance estimator in combination with the GEE is fairly robust 

in yielding consistent and asymptotically normally distributed parameter estimates, also in 

cases where the working correlation matrix is misspecified (Gardiner, Luo & Roman, 2009).  

Since vocal symptoms were more frequent among women and cortisol levels were higher for 

women, gender was added as covariate in the GEE analysis. In addition to B values form the 

GEE, we report Pearson’s correlations as a way of depicting the effect size estimate to clarify 

the results of the GEE analysis.  

 

Ethical considerations 

The research was conducted with the approval of the Ethics Committee of the Department of 

Psychology at Abo Akademi University, in accordance with the Helsinki Declaration, and the 

Ethics Committee of the Abo Akademi University. Participation in the study was voluntary 

and participants could withdraw from the study at any time. No social security number or 

other identification data was asked and no invasive examinations were made.  

 

Results 

 

Descriptive statistics 

The vocal symptoms and their occurrence during the past 12 months are presented in table 1. 

Of the 170 participants 23.6 % reported frequently occurring (that is to say, weekly or more 

often) throat clearing, 15.9 % had sensations of tension or a lump in the throat, 14.2 % 

reported that their voice become hoarse or low in pitch, 13 % reported that their voice become 

strained or tired, 12.3 % reported difficulty in being heard, and 8.3 % reported that they had 

voice breaks while talking. The composite variable showed a mean value of 4.50 (SD = 3.40). 

In this sample women (M = 4.84, SD = 3.44) had more often occurring vocal symptoms (Wald 

χ2 = 4.51, B = 4.84, p = .03) than men (M = 3.65, SD = 3.19). The levels of salivary cortisol 

ranged from 1.7 to 104.76 nmol/L (M = 20.27, SD = 12.92). In this sample, women (M = 

21.89, SD = 15.38,) had higher salivary cortisol levels than men (M = 18.46, SD = 9.80), with 

the difference showing tendency towards statistical significance (Wald χ2 = 3.01, B = 21.90, p 

= .08).  
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Table 1. Vocal symptoms occurring during the 12 past months (N = 170). 

 Vocal symptoms 

 

Daily 

 

Weekly 

 

More 

seldom 

Never 

 

Women  

(n = 121) 

Men  

(n = 49) 

  n % n % n % n % M SD M SD 

Composite variable  

(sum of symptoms) 
- - - - - - - - 4.84 3.44 3.65 3.19 

Throat clearing or 

coughing while 

talking 

9 5.3 31 18.3 95 56.2 34 20.1 1.13 0.78 0.98 0.75 

Sensation of muscle 

tension or a lump in 

the throat 

8 4.7 19 11.2 70 41.2 73 42.9 0.84 0.85 0.61 0.76 

Voice becomes 

hoarse or low in 

pitch 

3 1.8 21 12.4 70 41.2 76 44.7 0.74 0.78 0.63 0.67 

Voice becomes 

strained or tired 
2 1.2 20 11.8 68 40.0 80 47.1 0.74 0.74 0.49 0.68 

Difficulty in being 

heard 
8 4.7 13 7.6 66 38.8 83 48.8 0.73 0.83 0.57 0.76 

Voice breaks while 

talking 
4 2.4 10 5.9 66 38.8 90 52.9 0.66 0.74 0.37 0.60 

 

Associations between vocal symptoms and cortisol 

The composite variable of the vocal symptoms showed a significant positive association to 

salivary cortisol levels (Wald χ2 = 10.991, df = 1, p < .001, B = 0.058, SE = 0.0174; r = .226, 

p < .003), indicating that higher levels of cortisol were associated with more vocal symptoms. 

The vocal symptoms Difficulty in being heard (Wald χ2 = 15.432 , df = 1, p < .001, B = 0.016, 

SE = 0.004; r = .283, p < .001), Throat clearing or coughing while talking (Wald χ2 = 8.314, 

df = 1, p < .005, B = 0.013, SE = 0.005; r = .243, p < .001,) and Sensation of muscle tension 

or a lump in the throat (Wald χ2 = 4.559, df = 1, p < .05, B = 0.008, SE = 0.004; r = .146, p < 

.033) showed significant results when analyzed separately. A scatterplot including a linear 

regression line of the association between cortisol levels and vocal symptoms can be seen in 

Figure 1. 
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Figure 1. Scatterplot including a linear regression line of the association between 

cortisol levels and vocal symptoms.  

 

 

Next, we tested if the effect of cortisol on vocal symptoms was similar for both genders (that 

is to say, the interaction between gender and cortisol on vocal symptoms). The results showed 

no interaction between cortisol and gender on vocal symptoms (Wald χ2 = 0.789, df = 1, p = 

.375), indicating that the association between cortisol and vocal symptoms, was similar for 

men and women.  

 

Table 2. The association between cortisol and vocal symptoms (N = 170, gender as covariate). 

 Vocal symptoms 
Pearson’s 

r 
Wald χ2 a B CI95% p 

     lower upper  

Composite variable  .226** 10.991a 0.058 0.024 0.092 .001 

Throat clearing or coughing while talking .243** 8.314a 0.013 0.004 0.022 .004 

Sensation of muscle tension or a lump in the 

throat 
.146 4.559a 0.008 0.001 0.015 .033 

Voice becomes hoarse or low in pitch .119 2.002a 0.006 -0.002 0.014 .157 

Voice becomes strained or tired .108 1.499a 0.005 -.003 0.012 .221 

Difficulty in being heard .283*** 15.432a 0.016 0.008 0.024 .001 

Voice breaks while talking .220** 3.505a 0.010 -0.001 0.021 .061 

* p < .05, ** p < .01, *** p < .001 
a  df=1   
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Next, since stress is a known risk factor for vocal symptoms, and there was an association 

between exhaustion and the composite variable of vocal symptoms (Wald χ2 = 15.102, df =1, 

p < .001), we wanted to analyze if cortisol would have an independent effect on vocal 

symptoms when controlling for exhaustion as a covariate. When including exhaustion as a 

covariate, the magnitudes of the effects (unstandardized regression coefficients, see Table 3) 

where somewhat lower in comparison to when exhaustion was not a covariate, however, the 

confidence intervals for the effect of cortisol on vocal symptoms were overlapping between 

the two models (see Tables 2 and 3). The effect of cortisol was no longer significant (Wald χ2 

= 3.023, df = 1, p = .082, B = 0.050, SE = 0.029) when controlling for the effect of 

exhaustion, but this could partly be explained by the fact that 58 individuals had missing 

information on exhaustion, and so the statistical power to find significant effects was reduced 

given the lower sample size (n = 112). The association between exhaustion and cortisol was 

not significant (Wald χ2 = 0.101, df = 1, p = .750, B = 0.006, SE = 0.017). 

 

Table 3. The association between cortisol and vocal symptoms (N = 112) when controlling 

for the effects of gender and exhaustion. 

 Vocal symptoms 
Wald 

χ2 

B CI95% p 

   Lower Upper  

Composite variable  3.023a 0.050 -0.006 0.107 .082 

Throat clearing or coughing while talking 1.537a 0.009 -0.005 0.024 .215 

Sensation of muscle tension or a lump in the throat 1.435a 0.008 -0.005 0.020 .231 

Voice becomes hoarse or low in pitch 1.188a 0.009 -0.007 0.024 .276 

Voice becomes strained or tired 0.931a 0.005 -0.006 0.016 .335 

Difficulty in being heard 3.379a 0.0063 -0.001 0.024 .066 

Voice breaks while talking 0.736a 0.008 -0.010 0.026 .391 

* p < .05, ** p < .01, *** p < .001 
a df=1  

    

 

Lastly, we constructed a dichotomous variable for vocal symptoms comparing individuals 

showing two or more vocal symptoms weekly or more frequently (a suggested cut-off for 

clinically relevant levels of vocal symptoms; Ohlsson et al., 2015; Sala et al., 2001) against 

others. The mean cortisol level for individuals showing at least two symptoms frequently was 

M = 26.77 (SE = 4.04) whereas it was M = 18.68 (SE = 0.90) for others (Wald χ2 = 3.667, df 

=1, p = .056, B = -8.089, SE = 4.224).  
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Discussion  

 

In the present study, the association between self-reported vocal symptoms and salivary 

cortisol levels in a population-based sample was explored. Of interest was also to investigate 

whether the possible association between salivary cortisol and vocal symptoms was different 

for men and women. There was a positive association between cortisol and voice symptoms 

indicating that participants who reported more often occurring vocal symptoms showed 

significantly higher salivary cortisol levels. There was no gender difference regarding the 

association between the occurrence of vocal symptoms and the level of cortisol. 

  

Associations between cortisol and voice symptoms 

The composite variable of vocal symptoms showed a positive association between morning 

salivary cortisol and vocal symptoms indicating that participants with higher levels of cortisol 

experienced several of the vocal symptoms included in the questionnaire or they experienced 

vocal symptoms more often than participants with lower levels of cortisol. As suggested by 

the Revised Psychobiological Framework of Voice Disorders (Helou, 2014), the fact that 

these symptoms were associated with higher levels of cortisol might potentially be associated 

with higher allostatic load. The Allostatic Load Model (McEwen, 1998) implies that higher 

allostatic load result in immunological changes. In accordance, immunological changes and 

impaired wound repair have been associated with higher levels of cortisol (Christian et al. 

2006; Ebrecht et al. 2004; Gouin & Kiecolt-Glaser, 2011). Ebrecht et al. (2004) found that the 

morning cortisol response of the day after a dermal biopsy was negatively correlated with 

speed of wound healing. The authors also concluded that this association was more likely to 

be caused by cortisol levels and physiological mechanisms than by compromising health 

behaviors, which were taken into account. However, since the state of the larynx and the 

vocal folds were not investigated in the present study, the possible connections to 

immunological changes are speculative. 

 

When exhaustion was added as a covariate in the analysis, the effect of cortisol on vocal 

symptoms was somewhat lower and no longer significant. The lack of significance was likely 

affected by lower statistical power due to missing values in the exhaustion variable and 

thereby a smaller sample size. Thus, it cannot be excluded that both exhaustion and cortisol 

could have partially independent effects on vocal symptoms. 
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Difficulty in being heard was the vocal symptom that had the strongest association to cortisol 

levels. An unbalanced voice production may cause an ineffective and uneconomical voice 

production which may result in various vocal symptoms (Morrison, Rammage & Nichol, 

2001) including vocal fatigue and difficulty in being heard. Symptoms of hoarseness and 

vocal fatigue have been shown to be associated with stress (Verdolini et al., 2006). A person 

with a healthy voice should be able to make himself/herself heard over moderate background 

noise during short periods of time. Elevated cortisol levels due to psychological stress may 

keep muscles in the back and neck activated (Lundberg et al., 1994) and this may influence 

the body posture, breathing pattern and muscle activity during voice production. An 

unbalanced voice production may make it more effortful or more difficult to use a raised 

voice.  

 

The symptom Throat clearing or coughing while talking can be associated with dryness or 

edema on the vocal folds. Edema in the larynx can be a symptom of laryngopharyngeal reflux 

(LPR) (Hawkshaw, Pebdani, & Sataloff, 2013), which in some cases is affected by increased 

stress (Cassileth & Drossman; 1993; Naliboff et al., 2004, Núñez-Rodríguez & Sivelo, 2008). 

Results from a study by Cho, Kim, Yim, Lee, Im & Lee (2011) showed that corticotrophin 

releasing factor (CRF) which plays a major role in coordinating stress responses and the 

release of cortisol, appeared to have relevance in the pathophysiologic mechanism of reflux. 

Higher psychological stress has also been associated with greater symptom scores during 

upper respiratory infection (Cohen, Doyle, & Skoner, 1999). Symptoms during an upper 

respiratory may include edema, throat clearing and cough. Cortisol influences immunological 

patterns and high cortisol levels might possibly delay recovery from upper respiratory 

infections leading to more symptoms like throat clearing or cough. 

 

The third vocal symptom that showed association to higher cortisol levels was Sensation of 

muscle tension or lump in the throat. This is in line with Lundberg et al. (1994) who found 

elevated cortisol levels and increased EMG activity in the trapezius muscle induced by mental 

stress. Muscle tension has in previous studies shown a strong association with stress, as also 

proposed by the mentioned framework for voice disorders. Studies investigating back pain 

and head ache due to stress have shown that ongoing psychological stress may keep low-

threshold muscle units activated, leading to muscle tension and pain (Hägg, 1991, Lundberg 

et al., 1994). Tension in the neck and back may affects the function and balance of the voice 

production. Research regarding the etiology of MTD strongly supports the association 
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between stress and muscle tension (Altman, Atkinson & Lazarus 2005; Baker, 2008; Dietrich 

et al., 2008; Dietrich & Verdolini Abbott 2012; Dietrich & Verdolini Abbott, 2014; Goldman, 

Hargrave, Hillman, Holmberg & Gress, 1996; Helou et al., 2013; Helou, 2014). The effect of 

acute stress on muscle tension in the larynx has been studied by Dietrich and Verdolini 

Abbott (2012; 2014). They found that acute stress during a stress reactivity protocol 

influenced the muscular patterns of the larynx. These effects are, however, most likely due to 

the influence of SAM, ANS and somatic motor systems (Dietrich & Verdolini; 2008) and not 

a direct effect of cortisol. Elevated salivary cortisol levels have also been observed in 

association with bruxism (Castelo, Barbosa, Pereira, Fonseca & Gavião, 2012). Jaw clenching 

during the night or jaw clenching or hypertonicity in the tongue muscles during the day may 

influence tension in laryngeal muscles and influence voice production. This association might 

also be due to indirect effects of cortisol and co-occurring symptoms of stress. 

 

The analysis of the clinically relevant dichotomous variable for vocal symptoms (comparing 

individuals showing two or more vocal symptoms weekly or more frequently against others; 

Sala et al., 2001) only showed a tendency towards statistical significance. The group with two 

or more frequently occurring vocal symptoms had a mean cortisol level of 26.77 nmol/L (SE 

= 4.04). Compared to reported normative findings (absolute values of salivary free cortisol 

concentration nmol/L 60 min post-awakening) in healthy adults (Clow et al. 2003) were the 

mean cortisol level from multiple studies was 21.3 nmol/L (SD between studies = 2.2), the 

group with two or more frequently occurring vocal symptoms had > 2 SD over the normative 

findings. This might indicate a connection regarding elevated cortisol levels and frequency 

and/ or severity of vocal symptoms, which would be in line with the framework suggested by 

Dietrich and Verdolini Abbott (2008, p.161) and Helou (2014) regarding the pathway on 

stress effecting voice and voice use.  

 

Gender differences  

The occurrence of vocal symptoms in this sample was comparable to the occurrence in 

prevalence studies regarding voice disorders (Coyle et al., 2001; Roy, Merrill, Thibeault, 

Parsa, Gray, & Smith, 2004; Roy et al., 2005; Lyberg Åhlander, Rydell, Fredlund, 

Magnusson, Wilén, 2015). The descriptive data showed that vocal symptoms were more 

common among women, which is in line with previous findings (see for example Coyle et al., 

2001; Roy et al., 2004; Wilson, Deary, Scott & MacKenzie, 1995). Women also tended to 

show higher levels of salivary cortisol than men, although this difference did not quite reach 
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statistical significance. We found no gender difference in the effect of levels of cortisol on 

vocal symptoms. The study needs to be replicated with a larger sample to be able to draw 

more conclusions regarding the effect of gender.   

 

Considerations and limitations 

Other hormones apart from cortisol are involved in the stress reaction. Epinephrine and 

norepinephrine are part of the SAM (rapid) stress response. The secretion of epinephrine and 

norepinephrine influence blood pressure and breathing, and these hormones have been shown 

to affect voice production, as seen by studies measuring acute stress (Helou, 2014). The 

peptide hormones oxytocin and vasopressin (Meyer-Lindenberg, Domes, Kirsch, & 

Heinrichs, 2011) also influence the stress reaction and stress recovery. Thus, it may be that it 

is not only the amount of cortisol that influences the occurrence of voice symptoms, but the 

secretion of other hormones in combination with the changes these hormones induce in the 

body.  

 

In this study the data regarding voice were based on a questionnaire. We should note some 

limitations of the current study as well as issues that could be assessed in future research. 

Retrospective self-reports of vocal symptoms were used, which could be influenced by recall 

bias. Examining the state of the larynx and how the vocal symptoms influence the person 

would give more precise knowledge about vocal symptoms. Moreover, the vocal symptoms 

included in the study do not only reflect the vocal function of the speaker, some are also 

strongly related to environmental factors such as background noise (for example Difficulty in 

being heard). However, using these same vocal symptoms as in earlier studies enables the 

authors to do comparisons, since they are widely used. These symptoms have also been 

validated against examination performed by a laryngologist regarding organic changes on the 

vocal folds. 

 

Using saliva samples is a noninvasive method which also makes it possible to reach and study 

a larger group of participants. However, the cross-sectional nature of this study is a limitation 

and using multiple cortisol samples would have given the authors a broader picture of how 

stress is related to vocal symptoms. Kristenson et al. (2011) report that the correlation 

between cortisol levels on consecutive days has been reported to be r = 0.5 in a number of 

studies, which is why mean levels over two or three days often are used to give more reliable 

results. Furthermore, since stress (acute stress or moderate duration of chronic stress) is 
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associated with elevated morning cortisol levels (for example Clow, Thorn, Evans & 

Hucklebridge, 2004) whereas burnout is associated with hypocortisolism (Lennartsson et al., 

2015), a more detailed questionnaire regarding exhaustion or levels of stress might have 

provided the means to perform a more detailed analysis of the associations between cortisol 

levels, exhaustion and occurrence of vocal symptoms. 

 

Clinical implications and future research 

It is important to be aware of the complexity of the physiology and the mechanisms that can 

be involved in the etiology of vocal symptoms. Vocal symptoms appear in the population and 

vocal dysfunction affects quality of life. The voice is important and dysphonia can be a 

stressor especially for occupational voice users. The stress reaction is a vital function and 

essential for wellbeing but an unbalanced stress reaction pattern is, however, harmful. We 

need knowledge about how this part of our life and physiology influence voice use. 

Investigating these relationships in a larger population-based sample might get us closer to 

evidence regarding causal mechanisms. Knowledge about the psychological as well as the 

physiological and hormonal associations regarding stress and vocal symptoms provides a 

greater understanding of the pathways involved. This enables us to grasp and understand the 

importance of addressing these matters in voice care and preventive voice care.  

 

Occurrence on vocal symptoms has been shown to be influenced by genetic factors (Nybacka 

et al., 2012, Roy et al., 2004; Simberg et al., 2009). The influence of genetic factors in vocal 

symptoms could be further explored. The association between stress, voice and genetic factors 

is an area for future research. Elevated cortisol levels may contribute to other hormone 

imbalances influencing voice and vocal recovery, stress sensitivity, stress reactivity. A 

dysregulated stress response system may lead to negative spiral also for the vocal function. 

The action of the corticotrophin releasing factor (CRF) on adrenocorticotropic hormone 

(ACTH) release is strongly potentiated by vasopressin that is produced in increasing amounts 

when the hypothalamic paraventricular neurons are chronically activated. Whereas 

vasopressin stimulates ACTH release in humans, oxytocin inhibits it. It might be of interest to 

investigate the influence and associations of vasopressin and oxytocin in the relation to 

cortisol in the occurrence of vocal symptoms.  
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Conclusion 

There was a positive association between levels of salivary cortisol and the occurrence of 

vocal symptoms. Participants who reported more often occurring vocal symptoms showed 

significantly higher salivary cortisol levels. We did not find any gender difference regarding 

this association. Our results are encouraging of further exploration of the role of stress and 

stress hormones in the etiology of vocal symptoms and voice disorders.  
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