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Abstract  
 
Purpose: Oxytocin and arginine vasopressin are associated with different aspects of the 
stress response. As stress is regarded a risk factor for vocal symptoms, we wanted to 
explore the association between the oxytocin receptor gene (OXTR) and arginine 
vasopressin 1A receptor gene (AVPR1A) single nucleotide polymorphisms (SNP) and 
vocal symptoms. We also wanted to explore whether such effects might be mediated by 
cortisol since oxytocin and vasopressin associated with cortisol levels. 
 
Method: A population based sample (N = 657) of Finnish twins (born 1961-1989) 
completed a web-questionnaire on the occurrence of vocal symptoms. A total of (n = 
170) participants submitted saliva samples for hormone analysis. A total of 20 OXTR and 
AVPR1A SNPs were analyzed.  
 
Results: Three OXTR polymorphisms (rs2270465, rs2268493, rs7632287) and two 
AVPR1A polymorphisms (rs1587097, rs1042615) showed nominal effects (p < .05) on 
vocal symptoms, of which one (rs1587097) remained significant after correcting for 
multiple testing (p = .003). We found potential mediation of the effect of the OXTR 
rs2268493 polymorphism on vocal symptoms through levels of cortisol.  
 
Conclusions: The associations between variants of OXTR and AVPR1A and vocal 
symptoms indicate that oxytocin and vasopressin might influence vocal symptoms. The 
effect of oxytocin seems to be partly mediated through cortisol actions. 
 
Key words: vocal symptoms, stress, oxytocin receptor gene, OXTR, arginine vasopressin 
1A receptor, AVPR1A, cortisol, polymorphism 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 

 

Stress has been indicated as a risk factor for vocal symptoms (Dietrich, Verdolini Abott, 

Gartner-Schmidt & Rosen, 2008; Giddens, Barron, Byrd-Craven, Clark & Winter, 2013; 

Rantala, Hakala, Holmqvist & Sala, 2012). Variations in fundamental frequency as well 

as acoustical vocal changes have been reported as vocal symptoms of acute stress (for a 

review see Giddens et al., 2013). One voice disorder associated with stress is primary 

muscle tension dysphonia (MTD) (Dietrich et al., 2008; Seifert & Kollbrunner, 2005). In 

a study by Dietrich and Verdolini Abbott (2012) results showed that vocal effort 

increased significantly during stress. The study also showed an increase in infrahyoid 

muscle activity during perceived stress. Results from a study regarding reactivity to stress 

in teachers and teacher students showed that individuals with voice problems had a 

greater reactivity to stress (Gassull, Casanova, Botey & Amador, 2010). Psychological 

stress influences many functions in the body, including cardiovascular, immunological 

and hormonal changes (de Kloet, Joëls & Holsboer, 2005). Oxytocin (OXT) and arginine 

vasopressin (AVP) with potent regulators of the stress response (Meyer-Lindenberg, 

Domes, Kirsch & Heinrichs, 2011), and OXT can regulate glucocorticoid (GC) levels, for 

example, cortisol (Heinrichs, Baumgartner, Kirschbaum & Ehlert, 2003). However, 

whether the increase of OXT in stressful situations is due to the levels of cortisol, or due 

to other factors (e.g. social support) is still unclear. The aim of this study was to 

investigate associations between polymorphisms in the oxytocin receptor (OXTR) and 

vasopressin 1 A (AVPR1A) genes and vocal symptoms, and whether such associations 

would be mediated by levels of cortisol.  

 

Cortisol 

Cortisol is a vital hormone associated with physiological and psychological health. The 

release of cortisol is regulated by the hypothalamo-pituitary-adrenal (HPA) axis, which is 

influenced by the hormones oxytocin (OXT) and arginine vasopressin (AVP) (Meyer-

Lindenberg et al., 2011). Cortisol is involved in a feedback system in the stress response, 

including a stress-induced activation of the corticotropin releasing factor (CRF) in the 

paraventricular nucleus of the hypothalamus resulting in a release of adrenocorticotropic 



hormone (ACTH) from the pituitary, and an ACTH induced release of cortisol from the 

adrenal cortex (Hellhammer et al., 2009).  Psychological stressors increase cortisol levels 

and previous studies show that stress should be regarded as a risk factor in developing 

vocal symptoms or dysphonia (Baker, 2008; Chen, Chiang, Chung, Hsiao & Hsiao, 2010; 

Dietrich et al., 2008; Dietrich & Verdolini Abbott, 2012; Gassull et al., 2010; Rantala et 

al., 2012). In a study by Holmqvist, Johansson, Santtila, Westberg, von der Pahlen and 

Simberg (submitted) the results showed a positive association between the occurrence of 

vocal symptoms and the level of salivary cortisol. Salivary cortisol is considered a valid 

and reliable measure of unbound cortisol in plasma (Vining & McGinley, 1987). 

 

Oxytocin and arginine vasopressin  

Two nonapeptide hormones associated with stress and levels of cortisol are OXT and 

AVP. OXT has been associated with antistress patterns (Grewen & Light, 2011; 

Heinrichs et al., 2003) and physiological as well as psychological stressors have been 

associated with increased plasma concentration of OXT (Neumann, Wigger, Torner, 

Holsboer, & Landgraf, 2000). Campbell (2008) suggests a feedback system in which 

stress induces OXT release which in turn attenuates the release of stress hormones, such 

as cortisol, mediated by the HPA-axis. In a study by Heinrichs et al. (2003), results 

showed that intranasal OXT reduced endocrine and psychological responses to stress. 

Participants who received social support as well as a dose of OXT exhibited the lowest 

cortisol concentrations during stress exposure. Participants who received no social 

support and placebo instead of OXT demonstrated the highest cortisol response. In a 

study investigating couple conflicts (Ditzen, Schaer, Gabriel, Bodenmann, Ehlert, & 

Heinrichs, 2009) intranasal OXT significantly reduced salivary cortisol levels after a 

conflict compared with placebo. The results from a meta-analysis (Cardoso, Kingdon, & 

Ellenbogen, 2014) showed that OXT did not have a significant effect on the dampening 

of the cortisol levels during laboratory tasks. However, the results showed an evident 

effect in tasks that elicited a strong HPA-axis stimulation compared to when the HPA 

system was minimally activated. As described by Cardoso et al. (2014) oxytocin 

administration could attenuate cortisol release through inhibition of adrenal activity 

(Legros, 2001), through modulation of adrenal activity, or by effecting the central 



nervous system by modulation of, for example, amygdala activity (Bethlehem, van Honk,  

Auyeung, Baron-Cohen, 2013).  

 

Whether the possible OXT increase associated with stress, is due to the stress reaction 

(cortisol increase) itself (Jezová, D,, Juránková, E., Mosnárová, A., Kriska, M., & 

Skultétyová, I. (1996, Tops, van Peer & Korf, 2007), or result of an actual or a possible 

social partner (Heinrichs et al., 2003; Selzer, Ziegler & Pollak, 2010) or cooperative 

exchange between individuals (Wittig, Crockford,  Deschner, Langergraber, Ziegler & 

Zuberbühler, 2014) in reaction to a stressful event, is still unclear (Olff et al.,2013).  

 

AVP closely resembles OXT differing only by two amino acids. AVP is one of the key 

regulators of the HPA axis and enables peripheral cortisol increase (Aguilera & Rabadan-

Diehl, 2000; Insel, 2010). Whereas OXT might have an indirect effect on cortisol levels 

and be seen as a stress-reducing hormone, studies indicate that AVP could be seen as the 

opposite. Based on results from animal experiments (Axelrod & Reisine, 1984) it has 

been suggested that AVP increases the hormonal stress response in humans (Meyer-

Lindenberg et al., 2011). This cortisol increase might also be due to other factors such as 

conflict of interest and aggression (Rosell & Siever, 2015). The mechanism is still 

unclear, however, Shalev, Israel, Uzefovsky, Gritsenko, Kaitz and Ebstein (2011) found 

that intranasal AVP significantly increased the cortisol levels and heart rate in humans 

during social stress, compared with placebo.  

 

The receptor genes of oxytocin and arginine vasopressin 

Single nucleotide polymorphisms (SNPs) of the OXTR have been associated with various 

social behaviors one being risk for autism (Jacob, Brune, Carter, Leventhal, Lord & 

Cook, 2007; Lerer, Levi, Salomon, Darvasi, Yirmiya, & Ebstein, 2008; LoParo & 

Waldman, 2014). Associations with OXTR has also been found regarding sociobehavioral 

and emotional domains (Auer, Byrd-Craven, Grant, & Granger, 2015; Johansson et al., 

2012a; Johansson, Westberg, Sandnabba, Jern, Salo & Santtila, 2012b; LoParo, 

Johansson, Walum, Westberg, Santtila, Waldman, 2015; Meyer-Lindenberg et al., 2011; 

Thompson, Parker, Hallmayer, Waugh & Gotlib, 2011; Walum et al., 2012; Walum et al., 



2008; Westberg & Walum, 2015). The influence of OXTR on stress has also been 

investigated. Rodrigues, Saslow, Garcia, John and Keltner (2009) showed an association 

between the rs53576 polymorphism and cardiovascular reactivity across a variety of 

stressful contexts. Chen, Kumsta, von Dawans, Monakhov, Ebstein, and Heinrichs (2011) 

found that the same polymorphism was associated with benefit from social support 

during a psychosocial laboratory stress procedure measuring cortisol response to stress 

with and without social support. The rs53576 has also been associated with cortisol 

reactivity and rejection sensitivity (Auer et al., 2015). Myers et al. (2014), in turn, 

showed that the rs139832701 polymorphism was associated with mood and anxiety 

symptoms and history of early life stress.  

 

The vasopressin receptor 1A gene polymorphisms (AVPR1A) have in humans been 

associated with, for example, novelty seeking and harm avoidance (Maher et al., 2011; 

Meyer-Lindenberg et al., 2009; Walum et al., 2012; Walum et al., 2008; Westberg & 

Walum, 2015). In a study by Moons, Way and Taylor (2014) the results showed that 

polymorphisms in the OXTR and AVPR1A in combination with circulating levels of OXT 

and AVP, respectively, predicted men’s and women’s emotional responses to an acute 

stressor. See Meyer-Lindenberg et al. (2011) and Neumann and Landgraf (2012) for 

reviews regarding the role and effects of OXT and AVP, as well as their receptor genes. 

As oxytocin and vasopressin directly or indirectly are associated with the stress response, 

and stress is an important risk factor for vocal symptoms, we hypothesized that OXTR 

and AVPR1A polymorphism possibly could influence the occurrence of vocal symptoms. 

The aim of the current study was to explore the genic and single SNP associations 

between OXTR and AVPR1A and vocal symptoms. We also hypothesized that the 

associations between the receptor genes and vocal symptoms might be mediated through 

cortisol levels, since cortisol levels have shown a positive association with vocal 

symptoms in a previous study.   

 

 
  



Method  

Participants  

The participants (N = 657; men n = 219, women n = 438) consisted of a population based 

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

hormone analysis (n = 170) and for genotyping (n = 657) and completed a web-

questionnaire. The sample was a subset of the Genetics of Sexuality and Aggression 

sample, and the data collections were carried out in 2005 and 2006. The procedures 

regarding the data collection have been more extensively described in previous studies 

(Johansson et al., 2013; Simberg, Santtila, Soveri, Varjonen, Sala & Sandnabba, 2009). 

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). 

 

Instruments 

The participants completed a web-questionnaire including questions regarding the 

occurrence of six vocal symptoms during the past 12 months. The 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. The participants reported how often 

these vocal symptoms 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, Simberg, Santtila, Sala & Sandnabba, 2012; Sala, 

Laine, Simberg, Pentti & Suonpää, 2001; Simberg, Sala, Tuomainen, Sellman & 

Rönnemaa, 2006; Simberg et al., 2009) and they have been validated against examination 

performed by a laryngologist regarding organic changes on the vocal folds (Sala et al. 

2001). 

 

  



Genotyping 

OrageneTM  DNA self-collection kits (DNA, Genotek, Inc., Kanata, Ontario, Canada) 

were used when collecting the saliva samples. The genotyping of SNPs was performed by 

KBioscience in the UK (www.lgcgenomics.com) using the KASPar chemistry, a 

competitive allele specific PCR SNP genotyping system performed with FRET quencher 

cassette oligos. 

 

Thirteen OXTR SNPs (rs75775, rs2270465, rs1488467, rs4564970, rs4686302, rs237897, 

rs53576, rs2254298, rs2268493, rs237887, rs1042778, rs7632287, rs11720238) and 

seven AVPR1A SNPs (rs10877970, rs10877969, rs3021529, rs1042615, rs11174811, 

rs1587097) were tested. One AVPR1A SNP (rs3759292) was removed from the analysis 

after discovering that the number of heterozygotes and rare homozygotes was too low; 

common homozygotes = 403, heterozygotes = 3, rare homozygotes = 0, missing = 251. 

The total number of analyzed SNPs was thus 19. These SNPs were chosen based on 

reported, or suggested, associations between them and different traits in human studies at 

the same time as trying to maximize the coverage of the OXTR and the AVPR1A genes 

(see Table 1). The functionality of these polymorphisms is unclear; however, by choosing 

SNPs with associations to traits or behavioral variables, we attempted to increase the 

likelihood of these SNPs being functional. Furthermore, recent studies indicate 

functionality of some of the OXTR SNPs by showing associations between them and 

plasma levels of OXT (Feldman et al., 2012), or mRNA expression (unpublished data 

cited in Walter, Montag, Markett, Felten, Voigt, Reuter, 2012).  

 

The distribution of genotypes did not deviate from Hardy–Weinberg equilibrium. For a 

number of SNPs the frequency of the rare homozygotes was too low to be analyzed 

separately. These SNPs were therefore grouped with heterozygotes for these SNPs for all 

remaining analyses (table 1).   



Table 1. The 19 analyzed oxytocin receptor gene and arginine vasopressin 1A receptor gene single nucleotide polymorphisms (N = 657a). 
rs number SNP/  

nucleotide 
combination 

Common 
homozygotes  

(n) 

Heterozygotes  
(n) 

Rare 
homozygotes  

(n) 

Position Examples of previous studies analyzing effects of the SNPs 

OXTR       
rs75775* G/T G: 233 147 30 5’ Autism (Wang et al., 2009) 
rs1488467* C/G G:381 28 1 5’ Aggressive behaviour (Johansson et al., 2012a; Johansson et al., 2012b) 
rs4564970* C/G G: 372 36 1 Intron 1 Aggressive behaviour (Johansson et al., 2012a; Johansson et al., 2012b) 
rs4686302* C/T C: 299 99 9 Exon 3 Empathy (Wu et al., 2012), prosociality (Apicella et al., 2010) 
rs237897 A/G G:104 211 92 Intron 3 Autism (Lerer et al., 2008), Prosociality (Apicella et al., 2010; Israel et 

al., 2009) 
rs53576 A/G G: 131 211 65 Intron 3 Empathy (Rodrigues et al., 2009; Uzefovsky et al., 2015), prosociality, 

amygdala activation (Tost et al., 2010), parenting (Bakermans-
Kranenburg & van Ijendoorn, 2008) 

rs2254298* G/A G: 354 52 4 Intron 3 Prosociality (Israel et al., 2009), autism (LoParo & Waldman, 2014), 
amygdala size (Inoue et al., 2010), empathy (Wu, Li & Su, 2012) 

rs2268493 C/T T:151 203 54 Intron 3 Autism (Campbell et al., 2011), Asperger syndrome (Napoli et al., 
2014), prosociality (Apicella et al., 2010), affective temperament 
(Kawamura et al., 2010) 

rs237887 A/G A:122 206 85 Intron 3 Social recognition (Skuse et al., 2014), empathy (Wu et al., 2012), 
autism (LoParo & Waldman, 2014) 

rs1042778 G/T G: 181 167 62 Exon 4/ 
3’UTR 

Prosociality (Israel et al., 2009), autism (Lerer et al., 2008), aggression 
(Malik, Zai, Abu, Nowrouzi & Beitchman, 2012) 

rs7632287* A/G G: 212 164 32 3’ Pair-bonding (Walum et al., 2012), autism (LoParo & Waldman, 2014) 
rs11720238* G/T G: 333 69 8 3’ Autism (Tansey et al., 2010), pair-bonding (Walum et al., 2012) 

rs2270465* 
 

C/G G:213 158 36  Autistic traits (Wermter et al., 2009) 

 
 
 
 
 
 
 

      



 

 

 

 

 

 

 

 

       

rs number SNP/  
nucleotide 

combination 

Common 
homozygotes  

(n) 

Heterozygotes  
(n) 

Rare 
homozygotes  

(n) 

Position Examples of previous studies analyzing effects of the SNPs 

AVPR1A       
rs10877970* C/T T:297 103 8 5’ Extra-pair mating (Zietsch et al., 2015), ejaculatory function (Jern et al., 

2012) 
rs10877969* C/T T: 293 98 7 5’ Autism spectrum disorders (Yang et al., 2010), extra-pair mating 

(Zietsch et al., 2015) 
rs3021529* A/G G: 333 69 5 5’ UTR Heroin addiction (Levran et al., 2014), extra-pair mating (Zietsch et al., 

2014), ejaculatory function (Jern et al., 2012) 
rs1042615 A/G G: 142 196 75 Exon 1 Extra-pair mating (Zietsch et al., 2015), metabolic variables (Enhörning 

et al., 2009), interval walking training effects (Masuki et al., 2010) 
rs11174811* A/C C: 330 70 5 3’ Drug use, spousal satisfaction, gene expression in human brain tissue 

(Maher et al. 2011), heroin addiction (Levran et al., 2014) 
rs1587097* T/C C: 362 46 3 3’ Drug use (Maher et al., 2011), heroin addiction (Levran et al., 2014) 

SNP, single nucleotide polymorphism; G, guanine; T, thymine; C, cytosine; A, adenine; UTR, untranslated region.  
*The rare homozygotes were grouped together with the heterozygotes for the remaining analyses.  
a The N per row may not always add up to N = 657, since some SNPs were not identified for all individuals. 

  



Saliary cortisol 

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

used when collecting the saliva samples. Each participant was advised to provide saliva 

samples in the morning after waking up, preferably before 9 a.m, in two collection tubes. 

Participants were asked not to eat, drink, brush their teeth, or take any medication prior to 

giving the samples. The participants also were advised to follow the manufacturer’s 

instructions and to deposit approximately 2 mL of saliva into both collection cups. A 

number of questions were asked, using a questionnaire, related to the time point of giving 

the samples were. 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. The samples were then kept at – 80 degrees Celsius until 

analyzed. The extraction of cortisol levels (nmol/L) from the saliva samples was carried 

out at the Sahlgrenska University Hospital, Clinical Chemistry in Gothenburg, Sweden. 

They used a RIA-method of analysis, with no specific consideration of the intensity of 

the cortisol awakening response (CAR).  

 

Statistical analysis 

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

USA). A composite variable was formed by summing the occurrence of the six vocal 

symptoms (range 0-18 with higher values indicating more vocal symptoms). The scale 

was interpreted as representing symptoms of voice problems and was labelled vocal 

symptoms. This was done based on results from a factor analysis in a study by Simberg et 

al. (2009) including the same six voice variables in an overlapping sample (N = 1728). 

Using principal components as an extraction method the factor analysis showed that the 

resulting scale was highly reliable (Cronbach’s α = .84). Since a factor analysis is more 

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

present study, but chose to refer to previous results.  

 

First, we tested genotype effects of the OXTR (n = 13) and AVPR1A (n = 6) SNPs, 

separately, as predictors of the occurrence of vocal symptoms (dependent variable). 

Gender was included as a covariate. Since observations from members of the same family 



can be clustered due to genetic or environmental influences shared between family 

members, a method taking into account such potential inter-dependence between subjects 

was chosen. The Generalized 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 GEE together with the 

robust variance estimator is fairly robust in yielding consistent and asymptotically 

normally distributed parameter estimates even in cases in which the working correlation 

matrix is misspecified (Gardiner, Luo & Roman, 2009).  

 

It is not possible to directly obtain effect size estimates using the GEE method in SPSS. 

Therefore, we estimated the approximate magnitude of the size of significant effects of 

SNPs on vocal symptoms using Cohen’s d for mean differences between groups (Cohen, 

1992). For this aim, estimated means and standard errors given by the GEE-method were 

used, by first converting standard errors to standard deviations using the formula sd = 

SE√n. The sample size is not corrected for interdependency between individuals from the 

same family, and therefore, the Cohen’s d estimate should only be seen as a guiding 

approximation of the effect size. Multiple testing was corrected for by changing the 

significance threshold required to keep Type 1 error rate at 5% to 0.00341  according to 

the method by Nyholt (2004) using an estimate of effective number of independent 

variables proposed by Li and Ji (2005). This method takes into account linkage 

disequilibrium (LD) between polymorphisms, that is, that all polymorphisms are not 

independently inherited. Besides testing for associations between the OXTR and AVPR1A 

SNPs and vocal symptoms separately, we also tested for gene-based effects of the OXTR 

and the AVPR1A genes, respectively, on the occurrence of vocal symptoms. This was 

done using the versatile gene-based test for genome-wide association studies (VEGAS) 

(Liu et al., 2010). The aim of VEGAS is to analyze if a gene shows a higher association 

than expected by chance while taking into account LD and number of SNPs per gene. 

VEGAS reads in the p-values of the measured SNPs (as obtained from the GEE-analyses 

explained above) as well as approximates their LD-pattern using HapMap population 

data. After annotating a position on the gene for each of the SNPs, the software calculates 



a gene-based test-statistic and an empirical p-value through simulations. Since two genes 

were tested for association, a Bonferroni corrected p-value of .025 was used to indicate a 

significant association in the gene-based tests after correcting for multiple tests. 

 

Next, in order to explore whether possible associations between OXTR and/or AVPR1A 

SNPs on vocal symptoms could partly be explained by these SNPs affecting cortisol 

levels, which in turn would affect vocal symptoms, the SNPs with nominal effects on 

vocal symptoms were chosen for further analyses of such mediational effects, also using 

the GEE-method. The cortisol values (nmol/L) were winsorized to reduce the effect of 

potentially spurious outliers, by setting outliers to 3 SD from the mean. To analyze if the 

SNP effects could be mediated by cortisol, we used the three first steps in the mediational 

model described by Kenny and Judd (2014). The steps consist of showing that the 

independent variable (SNP) is associated with the outcome variable (vocal symptoms) 

(step 1), that the independent variable is associated with the mediator (cortisol as 

dependent variable and the SNP as independent variable) (step 2), and that there still is an 

association between the mediator (cortisol) and the outcome variable when controlling 

for the effect of the SNP (both SNP and cortisol as independent variables, vocal 

symptoms as dependent variable) (step 3). Gender was included as a covariant in all 

analyses, since vocal symptoms are more common among women.  

 

Ethical considerations 

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. The research was conducted with the approval of the 

Ethics Committee of the Department of Psychology at Abo Akademi University and the 

Ethics Committee of the Abo Akademi University. 

  

  



Results 

 

Descriptive statistics of the phenotype data 

Of the participants (N = 657), 27.1% reported frequently occurring (i.e., weekly or more 

often) throat clearing, 14.1% had sensations of tension or a lump in the throat, 12.9% 

reported that their voice become low hoarse or low in pitch, 11.6% reported that their 

voice become strained or tired, 11.3% reported difficulty in being heard and 8.2% 

reported that they had voice breaks while talking. The composite variable vocal 

symptoms showed a mean value of 4.56 (SD = 3.36). The vocal symptoms and their 

occurrence during the past 12 months are presented in table 2.  

 

Table 2. Vocal symptoms occurring during the 12 past months (N = 657). 

  Daily Weekly 
More 

seldom Never 
  n % n % n % n % 
Throat clearing or coughing while talking 49 7.5 129 19.6 331 50.4 147 22.4 
Sensation of muscle tension or a lump in the 
throat 73 11.1 20 3.0 280 42.6 279 42.5 
Voice becomes hoarse or low in pitch 18 2.7 67 10.2 318 48.4 252 38.4 
Voice becomes strained or tired 11 1.7 65 9.9 282 42.9 297 45.2 
Difficulty in being heard 27 4.1 47 7.2 253 38.5 327 49.8 
Voice breaks while talking 12 1.8 42 6.4 273 41.6 329 50.1 

 

Associations between OXTR and AVPR1A polymorphisms on vocal symptoms 

The effects of the analyzed SNPs on vocal symptoms can be seen in Table 3. As shown, 

three OXTR polymorphisms (rs2270465, rs2268493, rs7632287) and two AVPR1A 

polymorphisms (rs1587097, rs1042615) showed nominally significant effects on vocal 

symptoms. Participants who were carriers of one or two copies of the cytosine (C) allele 

(C:C/ C:G) on the rs2270465, showed more often occurring vocal symptoms (M = 4.86, 

SE = 0.26) than participants who were homozygous for the guanine (G) allele (G:G) (M = 

4.08, SE = 0.21; Cohen’s d = 0.23). Participants homozygous for the cytosine (C) allele 

(C:C) on the rs2268493 showed more often occurring vocal symptoms (M = 5.43, SE = 

0.41) than participants who were heterozygous (C:T) (M = 4.27, SE = 0.24; Cohen’s d = 



0.36) or homozygous for the thymine (T) allele (T:T) (M = 4.34, SE = 0.27; Cohen’s d = 

0.34). 

 

Regarding the rs7632287 carriers of one or two copies of the adenine (A) allele (A:A/ 

A:G), showed more often occurring vocal symptoms (M = 4.93, SE = 0.24) than 

homozygous participants for the guanine (G) allele (G:G) (M = 4.01, SE = 0.22; Cohen’s 

d = 0.28). Participants homozygous for the cytosine (C) allele (C:C) on the rs1587097 

showed more often occurring vocal symptoms (M = 4.60, SE = 0.18) than participants 

who were carriers of one or two copies of the thymine (T) allele (T:T/ T:C) (M = 3.31, SE 

= 0.40; Cohen’s d = 0.41). Participants homozygous for the adenine (A) allele (A:A) on 

the rs1042615 showed more often occurring vocal symptoms (M = 5.35, SE = 0.42) than 

participants who were homozygous for the guanine (G) allele (G:G) (M = 4.36, SE = 

0.28; Cohen’s d = 0.28) or heterozygous (A:G) (M = 4.17, SE = 0.23; Cohen’s d = 0.34). 

 

After the α-level was corrected to account for multiple testing (α =0.00341) the effect of 

one of the AVPR1A, the rs1587097 remained significant (Wald χ2 = 8.847, p = 0.0029). 

Figure 1 shows the association between the rs1587097 polymorphism and the occurrence 

of self-reported vocal symptoms.  
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Figure 1. Association between AVPR1A rs1587097 polymorphism and 
the occurrence of self-reported vocal symptoms during the past 12 
months (daily = 3, weekly = 2, less frequent = 1 or never = 0, composite 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The gene-based association analysis showed nominal tendencies for effect of the OXTR 

gene (p = .095) and the AVPR1A gene (p = .079) on vocal symptoms. These effects did 

not, however, pass the gene-based significance threshold corrected for multiple testing 

(set at p = .025). 

 

  

Table 3. The effects of the oxytocin receptor gene SNPs and the 
arginine vasopressin 1A receptor gene SNPs on vocal symptoms 
(gender included as covariate). Nominally significant effects are 
marked in bold. 
 SNP Main effect of SNP 

 Wald χ2 df p 
OXTR 

 
  

rs75775* 1.975 1 0.160 
rs1488467* 0.666 1 0.414 
rs4564970* 0.073 1 0.787 
rs4686302* 0.114 1 0.736 
rs237897 1.476 2 0.478 
rs53576  0.066 1 0.968 
rs2254298* 0.651 1 0.420 
rs2268493  6.246 2 0.044 
rs237887  0.077 2 0.962 
rs1042778  0.831 2 0.660 
rs7632287*  7.842 1 0.005 
rs11720238*  1.485 1 0.223 
rs2270465* 5.412 1 0.020 

  
  

AVPR1A 
 

  
rs10877970* 0.003 1 0.959 
rs10877969* 0.014 1 0.904 
rs3021529* 1.31 1 0.252 
rs1042615 6.201 2 0.045 
rs11174811* 1.1 1 0.294 
rs1587097* 8.847 1 0.003 
*The rare homozygotes were grouped together with the heterozygotes. 



Cortisol as a possible mediator  

The five polymorphisms with nominally significant effects on vocal symptoms were 

chosen for further analysis of mediational effects by cortisol. For mediation to occur, 

these SNPs would have to show effects on cortisol (second criterion for mediation). As 

shown in Table 4 one OXTR SNP (rs2268493) showed a significant effect on cortisol 

levels (Wald χ2= 8.346, p= 0.015), and therefore, only this SNP was analyzed further for 

possible mediation. Participants homozygous for the cytosine (C) allele (C:C) on the 

rs2268493 (n = 11, M = 4.31, SE = 5.54) showed higher cortisol levels than participants 

who were heterozygous (C:T) (n = 83, M = 4.39, SE = 5.41) or homozygous for the 

thymine (T) allele (T:T) (n = 66 , M = 4.18 , SE = 5.41). 

 

 

 

 

 

 

 

 

 

 

 

 

The third criterion for mediation is that cortisol (mediator) needs to be associated with 

vocal symptoms (outcome). As previously reported by Holmqvist et al. (submitted) using 

the same sample, cortisol affected the occurrence of vocal symptoms (Wald χ2= 10.991, B 

= 0.058, df = 1, p= .001). The effect of cortisol on vocal symptoms (Wald χ2= 9.658, B = 

0.055, df = 1, p= .002) remained when both cortisol and the rs2268493 SNP were 

included in the model, indicating mediation. The effect of the SNP (rs2268493) was no 

longer significant when cortisol was included as a covariate in the model (Wald χ2= 

0.151, df = 2, p = .927), however, the regression coefficients for C:C and C:T (genotype 

Table 4. The association between cortisol and those oxytocin receptor 
and vasopressin 1A receptor gene SNPs showing normally significant 
effect on vocal symptoms. 
SNP Wald χ2 p 
OXTR 

  rs2268493  8.346 0.015 
rs7632287* 1.631 0.202 
rs2270465* 0.00006 0.994 
AVPR1A 

  rs1042615 0.206 0.902 
rs1587097* 0.032 0.858 
*The rare homozygotes were grouped together with the heterozygotes.  
Note: Gender was included in the analyses as a covariant. 



T:T as reference group) were estimated to non-zero (C:C B = 0.123, SE = 0.804 and C:T 

B =.209, SE = 0.539) indicating some remaining variance explained by the SNP. 

 

It should be noted, however, that only 160 individuals had information available both on 

cortisol levels and the rs2268493 SNP and that the statistical power was reduced as a 

consequence in comparison to the test of the effect of the SNP without including cortisol 

in the model (n = 408). 

 

Discussion 

Stress is a known risk factor for vocal symptoms. The hormones arginine vasopressin 

(AVP) and oxytocin (OXT) are both involved in the regulation of the stress response. 

Activation of AVP and OXT receptors oppositely affects fear and anxiety-related 

behaviors (Huber, Veinante & Stoop, 2005). AVP has been shown to enhance stress 

levels whereas OXT has been shown to decrease anxiety and stress (Landgraf & 

Neumann, 2004). Cortisol, which is one of the primary stress hormones activating the 

body during a stress reaction, is regulated by the HPA-axis and thus influenced by OXT 

and AVP. Twin studies have shown that vocal symptoms are influenced by genes 

(Nybacka et al. 2012; Simberg et al., 2009). As oxytocin and vasopressin regulate the 

stress response and stress is an important risk factor for vocal symptoms, we 

hypothesized that OXTR and AVPR1A polymorphism may influence the occurrence of 

vocal symptoms. We also hypothesized that the effect of OXTR and AVPR1A on vocal 

symptoms might be mediated by cortisol. 

 

The vocal symptoms occurred weekly or more often in 8.2-27.1% of the participants. The 

occurrence of vocal symptoms in our dataset is comparable with earlier studies (Lyberg 

Åhlander, Rydell, Fredlund, Magnusson, Wilén, 2015; Roy, Merrill, Gray & Smith, 

2005). 

 

A main effect was found regarding three OXTR polymorphisms (rs2270465, rs2268493, 

rs7632287) when α = 0.05. These SNPs did not remain significant, however, after 

controlling for multiple tests, so the results should be interpreted with caution. 



None of these SNPs have yet been studied in relation to stress reactivity. However, all 

three polymorphisms have in previous studies been associated with social behavior 

(Westberg & Walum, 2015). Both rs2270465 (Wermter, Kamp-Becker, Hesse, Schulte-

Korne, Strauch & Remschmidt, 2010), rs2268493 (Campbell et al., 2011) and rs7632287 

(Campbell et al., 2011; Tansey et al., 2010) have been associated with risk for autism 

spectrum disorder. The rs7632287 has also been associated with pair-bonding (Walum et 

al., 2012). No study has previously shown associations between the polymorphism 

rs2268493 and stress and/or cortisol levels. In a study by Kawamura et al. (2010) 

investigating affective temperaments, the results showed an association between 

depressive temperament and a specific OXTR haplotype (set of alleles on one 

chromosome), where the rs2268493 was as one of the seven polymorphisms in the 

haplotype. 

 

The results showed that the effect of the OXTR rs2268493 on vocal symptoms might be 

mediated by cortisol. This indirect effect could possibly be due to the fact that OXT 

might buffer the stress reactivity associated with a reduction of cortisol secretion 

(Cardoso et al., 2014; de Jong et al. 2015). An alternative or complementary pathway of 

the cortisol mediation is that OXT and AVP influence anxiety and stress through 

pathways within the brain. OXT and AVP travel along axons from the hypothalamus to 

for example the amygdala, where they modulate the activity of the amygdala (Bethlehem 

et al., 2013; Huber et al., 2005; Meyer-Lindenberg et al. 2011). The amygdala plays a key 

role in the neuroendocrine and autonomic responses to stress (Ulrich-Lai & Herman, 

2009), fear (Davis, 1992) and emotion regulation (Lee, Macbeth, Pagani & Young 3rd, 

2009). OXT attenuates amygdala reactivity (Labuschagne et al. 2010), whereas AVP 

promotes increased amygdala activation (Herman & Cullinan, 1997; Herman, Ostrander, 

Mueller & Figueiredo, 2005). Intriguingly in this context is that Damiano et al. (2014) 

found that the rs2268493 moderates mesolimbic responses during reward anticipation, 

which involves areas like the amygdala and the thalamus. However, these results should 

be interpreted with caution, since the specific association between OXTR and OXT-levels 

in the brain and in the body, as well as the association of OXT and glucocorticoid 

reactivity during stress, is not yet fully understood.  



 

Since the functionality of the tested SNPs is still unclear, it is difficult at this point to 

know exactly how the SNPs would affect cortisol levels. However, two potential paths 

could be hypothesized that could act separately or in combination (as is more likely): a) 

the SNPs could through their effects on oxytocin function physiologically affect cortisol 

levels, or b) the SNPs could through their effects on social traits, influence for example, 

seeking of peer support during stress, which in turn could alleviate stress symptoms and 

lower cortisol levels. 

 

OXTR SNP rs53576 has previously been associated with empathy and stress reactivity 

(Rodrigues et al., 2009), interaction with stress-protective effects such as social support 

(Chen et al., 2011) and responses to acute stressors (Moons et al., 2014). In the present 

dataset the rs53576 did not show any effect on vocal symptoms. 

 

Two AVPR1A polymorphisms (rs1587097, rs1042615) showed main effects on vocal 

symptoms when α = 0.05. The effect of the AVPR1A polymorphism rs1587097 on vocal 

symptoms remained significant after the α-level was corrected to account for multiple 

testing, whereas the rs1042615 did not. Studies regarding these specific SNP have not so 

far been analyzed in association to stress. Levran et al. (2014) studied the relationship 

between gene variations in stress-related genes and substance abuse. The polymorphism 

rs1587097 was identified as one of the polymorphisms that showed a nominally 

significant association with heroin addiction, cytosine (C) being the risk allele, which was 

also the case in the current study. The AVPR1A RS1 has previously been associated with 

circulating levels AVP and emotional responses to an acute stressor (Moons et al., 2014). 

However, this polymorphism was not included in the present dataset. 

 

Recently, instead of analyzing the effects of SNPs individually, gene-based tests have 

become increasingly common. The rationale behind gene-based tests is that the gene is 

the functional unit of the genome, and by analyzing the SNPs of a gene jointly, increases 

in statistical power can be gained. Furthermore, gene-based tests have been argued to be 

biologically more relevant unit of analysis than SNPs (Neale & Sham, 2004). Although 



multiple nominal associations were seen between SNPs in both the OXTR and the 

AVPR1A genes on vocal symptoms, the gene-based tests using VEGAS did not reach 

significance, although there was suggestive evidence of associations before controlling 

for multiple tests. It is possible that these are true negative finding; however, including 

more SNPs per gene could have given more coverage of the gene and higher statistical 

power to identify possible effects, thus giving more confidence in the results. A recent 

paper used a latent variable model to analyze the joint effects of SNPs in the OXTR gene 

(LoParo et al., 2015), which could be an interesting approach for future analyzes since 

using latent variables further increases statistical power (Wang, Jacob, Ghosh, Wang & 

Zeng, 2009). Another important way to increase the statistical power in future studies is 

of course by increasing the sample sizes, either in independent studies or by using meta-

analyses to combine results from several studies. 

 

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. Using saliva samples is a noninvasive method 

suitable for studying a larger group of participants. However, using a mean level of 

multiple cortisol samples over several days, instead of one, would have provided us with 

more reliable results. Also the number of participants that submitted saliva samples for 

hormone analysis (n = 170) was notably smaller than the number of participants who 

provided saliva samples for genotyping (n = 657). The differences in group size might 

have influenced the statistical power of the analysis. Secondly, it may be that the tested 

polymorphisms are irrelevant to the observed association, and that neighboring SNPs in 

linkage disequilibrium are the functional ones. The function of these SNPs is still unclear 

as well as their relation to the levels of oxytocin and vasopressin in the brain and blood 

stream. It is, however, possible that they could have an influence on gene function as 

indicated by in silico analyses. The rs2268493 OXTR SNP showing nominal effects on 

vocal symptoms, through possible cortisol mediation, is located in an intron and together 

with other SNPs in linkage disequilibrium with it (LD; r2 >.60), appears to alter binding 

motifs for 14 transcription factors (HaploReg; Ward & Kellis, 2011). The effects of the 

AVPR1A 3′ UTR SNP rs1587097 on vocal symptoms remained significant after 



controlling for multiple tests. This SNP, together with other SNPs in LD >.60 with it, in 

turn, appears to alter 8 transcription factors (HaploReg; Ward & Kellis, 2011).  

Estimations of the effect sizes should only be seen as approximations. In addition, even 

though the effect size estimates for nominally significant effects were moderate in 

magnitude (Cohen’s d ranging between 0.23-0.41), these are likely overestimations of 

true effect sizes, as is usually the case in candidate-gene association analyses, since 

genome-wide association analyses have indicated that single SNPs affecting complex 

human behaviors often explain less than 1% of the phenotypic variance (Visscher, 

Brown, McCarthy & Yang, 2012). Despite small effects of single SNPs, identification of 

novel variants can lead to biological insights of relevance to the trait. Research regarding 

additional stress related SNPs and replication of this study is needed to identify the 

specific pathways in which OXT and AVP influence vocal symptoms. We found nominal 

as well as significant main effects regarding some OXTR and AVPR1A and vocal 

symptoms. Since other factors, such as means of social support (OXT) and aggressive 

behavior (AVP), also might influence the relationship between OXT, AVP, stress and 

cortisol, it would be advisable to include these factors in future research. Possible gender 

differences could also be further explored, since there is evidence that OXTR and 

AVPR1A could predict gender specific emotional responses to acute stressors (Moons et 

al., 2014). Next step will also be to further explore clinical implications. This type of 

research would increase our understanding of how the oxytocin and vasopressin system 

affects the stress response and risk for vocal symptoms.  
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