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Childhood-onset fluency disorder, commonly 
referred to as stuttering, is a communication 
disorder marked by disruptions in the 
natural flow and timing of speech that are not 
typical for a person’s age. These findings and 
symptoms are included among the diagnostic 
criteria for “childhood onset fluency disorder”, 
which falls under the communication 
disorders classification within the category of 

neurodevelopmental disorders in the Diagnostic 
and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5).1 Approximately 80%-
90% of all developmental stuttering cases begin 
before the age of 6.1 Childhood stuttering is 
a multifactorial diagnosis involving genetic, 
psychological, neurological, and behavioral 
characteristics. In treatment, focus should be 
placed on each contributing factor.2-5 Among 
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ABSTRACT

Background. Evidence suggests a role for oxytocin in language development and cognitive functions in 
humans. However, there is a lack of research investigating the role of oxytocin in childhood-onset fluency 
disorder (stuttering). The aim of this study is to compare blood oxytocin levels between children diagnosed 
with stuttering and healthy controls.

Methods. Nineteen male children diagnosed with stuttering, aged between 6 and 11 years, and 27 typically 
fluent male children as a control group were included. All participants underwent psychiatric screening 
using the semi-structured interview The Kiddie Schedule for Affective Disorders and Schizophrenia School-
Age Children-Present and Lifetime Version, and an ear, nose, throat examination. Serum oxytocin levels were 
determined using enzyme-linked immunosorbent assay.

Results. The median (Q1-Q3) blood oxytocin levels in the case group were 113.4 (90.19-136.3) pg/mL, while in 
the control group were 136.7 (105.4-203.7) pg/mL. A statistically significant lower level of oxytocin was observed 
in the case group compared to the control group (U=162, p=0.03).

Conclusions. We speculate a potential role of oxytocin in the etiology of developmental stuttering under the 
umbrella of neurodevelopmental disorders. The investigation of oxytocin, which plays a role in socialization 
and speech, in future studies on speech fluency disorders is intriguing in terms of its implications for clinical 
applications, including treatment.
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the neurogenic factors implicated in etiology 
are differences in the gray-white matter 
ratio of the brain, variations in neuronal 
network connections, atypical lateralization 
of hemisphere functions, and increased white 
matter connections in the right hemisphere.6-8 

Oxytocin, a neurohypophyseal peptide, 
is secreted from the paraventricular and 
supraoptic nuclei and is primarily associated 
with uterine contractions during childbirth 
and milk ejection during lactation. In both 
men and women, oxytocin is believed to 
play a role in sexual and maternal behavior, 
social recognition, aggression, cognition, and 
neuromodulation through its central and 
peripheral effects.9,10 It is believed that the 
activation of oxytocin receptors may play an 
important role in developmental processes and 
cell differentiation. The presence of oxytocin 
receptors in various brain regions supports 
this view. Some studies in both animals and 
humans have demonstrated the role of oxytocin 
in social communication, auditory processing, 
and speech behavior.11,12 A recent study by 
Theofanopoulou suggests that oxytocin may 
play a role in language development and 
cognitive functions in humans.13 Another piece 
of evidence supporting the effects of oxytocin 
on speech is the finding that oxytocin receptors 
are more abundant in the left hemisphere, 
where speech and auditory centers are located, 
compared to the right hemisphere.14 All of these 
findings support the hypothesis that oxytocin 
plays a role in social relationships, auditory and 
speech behavior development in mammals.

Previous studies have reported the role of 
oxytocin in speech development. Considering 
studies suggesting the role of oxytocin in 
neurodegenerative and neurodevelopmental 
disorders15, we decided to examine oxytocin 
levels in speech disorders, which are classified 
as neurodevelopmental disorders. A literature 
review did not reveal any study investigating 
the role of oxytocin in the etiology of speech 
fluency disorders in children. Our hypothesis 

posits that blood oxytocin levels in children 
with speech fluency disorders will be lower 
compared to healthy controls.

Materials and Methods

Ethics and consent

The study obtained ethical approval from 
the Muğla Sıtkı Koçman University Clinical 
Research Ethics Committee. The study was 
conducted in accordance with the principles of 
the Declaration of Helsinki. Written informed 
consent forms were obtained from the children 
and their parents for participation in the study.

Participants

Between January 2020 and July 2020, children 
presenting with complaints of impaired speech 
fluency, frequent repetitions, or prolongations of 
sounds or syllables at the Child and Adolescent 
Psychiatry and/or Ear, Nose, and Throat 
(ENT) outpatient clinics of Muğla Education 
and Research Hospital, and diagnosed with 
stuttering, were consecutively enrolled as the 
case group (n=28). To eliminate the potential 
influence of sex and age on oxytocin levels, 
only male participants in the prepubertal age 
group (6-11 years old) were included in the 
study. Age and sex matched typically fluent 
children without a psychiatric diagnosis upon 
psychiatric examination and with normal 
ENT examination, who presented to the 
ENT outpatient clinic for reasons other than 
communication problems (e.g. preoperative 
evaluation), were included as the control group. 

Procedures

Childhood-onset fluency disorder (stuttering) 
was diagnosed by using the DSM-5 criteria 
during psychiatric examination.1 All participants 
were administered the Kiddie Schedule for 
Affective Disorders and Schizophrenia School-
Age Children-Present and Lifetime Version-
(K-SADS-PL) by a child and adolescent 
psychiatrist to exclude psychiatric diagnoses. 
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Children with non-fluency communication 
disorders, additional psychiatric diagnoses, 
neurological disorders, physical conditions 
such as cleft palate-lip that may contribute to 
speech disorder, and those clinically diagnosed 
with intellectual disability were excluded from 
the study. Additionally, all children presenting 
with stuttering underwent otolaryngological 
examination and hearing assessment by an 
ENT specialist. A socio-demographic data form 
prepared by the researchers was administered. 
This form included information such as the 
participants’ and parents’ age, education 
level, occupation, marital status, medical 
history, number of siblings, presence of motor 
movements accompanying stuttering, family 
history, onset time of stuttering, and whether 
the participant received treatment for stuttering.

Psychiatric assessment tools 

The Kiddie Schedule for Affective Disorders and 
Schizophrenia School-Age Children-Present and 
Lifetime Version-Present And Life Time Version 
(K-SADS-PL) DSM-5: K-SADS-PL, the semi-
structured interview form used in this study, is 
designed to inquire about psychiatric diagnoses 
in children and adolescents aged 6-18 years 
in accordance with the DSM-5 diagnostic 
criteria.16 A detailed psychiatric assessment is 
conducted with both parents and children face-
to-face. The Turkish validity and reliability of 
this assessment have been established by Ünal 
et al.17 In the case group, 9 cases were excluded 
due to comorbid psychiatric diagnoses.

Measurement of serum oxytocin 
concentrations

Fasting venous blood samples were collected 
from participants into gel-separated blood 
tubes by venipuncture (between 8-10 a.m.). The 
blood tubes were centrifuged at 2000 g for 10 
minutes and stored at -80 °C until analysis of 
oxytocin levels.

Serum oxytocin concentrations were 
measured by a human oxytocin enzyme-
linked immunosorbent assay (ELISA) kit (Cat# 
E1046Hu, Bioassay Technology Laboratory, 
Shanghai, China) according to the instructions 
given in the package insert. The sensitivity of 
the oxytocin assay was 1.06 pg/mL. Inter-assay 
and intra-assay coefficients of variation of assay 
were < 10%. The measuring range for assay was 
2 to 600 pg/mL.

Data analysis

The data were analyzed using SPSS 29.0 
(IBM Corp., USA). Descriptive statistics were 
reported using frequency, percentage, mean, 
standard deviation, and median (25th-75th 
percentile, Q1-Q3). The normal distribution of 
the data was assessed using the Kolmogorov-
Smirnov test. Chi square test was used to 
compare categorical variables. Mann Whitney 
U test, one of the nonparametric tests, was used 
to compare two independent groups that were 
not normally distributed. A p-value less than 
0.05 was considered statistically significant.

Results

The study comprised 45 boys aged 6–11 years, 
including 19 diagnosed with stuttering (case 
group) and 27 typically fluent peers (control 
group). The median age of the case group was 
9 (7-10) years, and 8 (7-10) years in the control 
group with no statistically significant difference 
in age between the groups (p=0.751). Among 
those diagnosed with stuttering, 8 (42.1%) had 
involuntary motor movements accompanying 
stuttering (e.g. jerking of the head, eye blinks, 
stomping the foot) and 12 (63.2%) had a family 
history of stuttering. The mean age of onset of 
stuttering symptoms was 5.05 ± 1.7 years. There 
was no statistically significant difference in 
sociodemographic characteristics such as grade 
level, age of parents, parental education level, 
employment status, and marital status between 
the case and control groups (Table I).
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The median blood oxytocin levels were 113.4 
(90.19-136.3) pg/mL in the case group, and 
136.7 (105.4-203.7) pg/mL in the control group 
(Fig. 1). Upon comparing the blood oxytocin 
levels between the groups, oxytocin levels in 
the case group were statistically significantly 
lower (U=162, p=0.03). There was no significant 
difference in blood oxytocin levels based on 
the presence or absence of involuntary motor 
movements accompanying stuttering in the 
case group (U=38, p=0.62).

Table I. Sociodemographic characteristics of stuttering and control groups
Case (n=19) Control (n=27) p

Age, yr, median (Q1-Q3) 9 (7-10) 8 (7-10) 0.751*
School, n (%) 0.558**

Pre-school 2 (10.5%) 1 (3.7%)
Primary school 14 (73.7%) 23 (85.2%)
Secondary school 3 (15.8%) 3 (11.1%)

Mother’s age, yr, median (Q1-Q3) 37 (34-40) 38 (34-40) 0.662*
Father’s age, yr, median (Q1-Q3) 40 (39-42) 40.5 (38.75-43.25) 0.772*
Maternal employment, n (%) 9 (47.4%) 12 (44.4%) 0.453**
Paternal employment, n (%) 18 (94.7%) 26 (96.3%) 0.422**
Mother's education level, n (%) 0.749**

Less than high school 12 (63.2%) 15 (55.6%)
High school graduate 5 (26.3%) 7 (25.9%)
University graduate 2 (10.5%) 5 (18.5%)

Father's education level, n (%) 0.750**
Less than high school 11 (57.9%) 15 (55.6%)
High school graduate 4 (21.1%) 8 (29.6%)
University graduate 4 (21.1%) 4 (14.8%)

Parental consanguinity, n (%) 2 (10.5%) 1 (3.7%) 0.173**
Parents currently married, n (%) 16 (84.2%) 25 (92.6%) 0.623**
Chronic disease in the child, n (%) 0 (100%) 2 (7.4%) 0.504**
Family history of stuttering, n (%) 12 (63.2%) 1 (3.7%) <0.001**
Speech language therapy, n (%) 6 (31.6%) N/A -
Accompanying motor movement, n (%) 8 (42.1%) N/A -
N/A: not applicable
* Mann-Whitney U test, ** Chi square test.

Fig. 1. Plasma oxytocin levels in stuttering and 
control groups (p=0.03).
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Discussion

There are limited studies on the role of oxytocin 
in speech disorders, but scientific evidence 
supports its effects on communication and 
speech. This study aims to investigate the 
relationship between oxytocin and stuttering, a 
speech disorder.

The results obtained from the study revealed 
that blood oxytocin levels in children with 
stuttering were significantly lower. This 
finding can be considered as an important 
clue suggesting the potential role of oxytocin 
neurohormone in the etiology of stuttering. 
Since there are no studies investigating blood 
oxytocin levels in individuals with stuttering in 
the literature, the results could not be compared. 
However, there are studies on certain hormones 
that may be associated with stuttering. Selcuk 
et al. reported that testosterone levels were 
higher in children with stuttering compared to 
the control group.18 Researchers have suggested 
that high levels of sex hormones may increase 
stress in individuals, and it is proposed that high 
stress levels may trigger stuttering. In addition 
to serum testosterone levels, some studies have 
investigated the 2nd digit to 4th digit ratio 
(2D:4D) as an indicator of prenatal testosterone 
levels, and differences in prenatal testosterone 
levels have been reported to be associated with 
stuttering.19,20 Mohammadi et al. reported that 
serum testosterone, dihydrotestosterone, and 
estradiol levels were significantly higher in 
the stuttering group.21 The investigation of sex 
hormones in stuttering stems from the fact that 
stuttering is more prevalent in males.

In our study, we included patients of the same 
developmental period and male sex to exclude 
age and sex factors that could affect blood 
hormone levels. Although oxytocin is not a sex 
hormone, studies in adults have reported that 
blood oxytocin levels vary according to sex 
and age periods.22,23 There is a need for studies 
investigating changes in oxytocin levels in 
children according to age periods.

The relationship between oxytocin and 
psychosocial behaviors, as well as its role in 
the etiology of certain psychiatric disorders, is 
intriguing. The discovery of oxytocin receptors 
being more densely populated in certain areas 
of the brain, particularly those associated with 
speech and hearing in the left hemisphere 
compared to the right hemisphere, as reported 
by Mitre et al., can be considered as a significant 
finding supporting the effects of oxytocin on 
speech.14

A recent study investigating the effects of 
intranasal oxytocin administration and the 
oxytocin receptor (rs53576) on speech using 
functional magnetic resonance imaging 
demonstrated that oxytocin increased brain 
activity in sensorimotor cortices, both dorsal 
and right ventral speech processing streams, 
as well as subcortical and cortical limbic and 
executive control regions. It was also shown 
that in some of these regions, the rs53576 
OXTR polymorphism modulated brain activity 
associated with oxytocin administration.24 
Studies on the role of oxytocin in both normal 
speech and speech disorders will help elucidate 
its neuroimaging, neurophysiological, and 
biochemical effects.

In this study, anxiety disorders were also 
excluded from the study to eliminate the 
influence of additional psychopathologies on 
oxytocin levels. Oxytocin suppresses activity in 
amygdala neurons associated with other brain 
regions related to fear, such as the anterior 
cingulate cortex (ACC) and the medial prefrontal 
cortex (MPC).25,26 It was discovered that oxytocin 
diminishes heightened activation of the ACC 
and MPC in individuals experiencing social 
anxiety disorder when exposed to sad faces.26 
The absence of a diagnosis of social anxiety 
disorder or other anxiety disorders in children 
of the age range studied in this research does 
not necessarily mean they won’t develop them 
later in life. Additionally, which stuttering 
children will develop anxiety disorders remains 
a topic that requires further research. Whether 
current oxytocin levels serve as a biomarker for 
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anxiety disorders in stuttering children is also 
an intriguing topic for future studies.

The lack of examination into the relationship 
between stuttering severity and oxytocin 
and failure to compare oxytocin levels across 
different age groups (under 6 years old, over 11 
years old) are limitations of this study. Another 
limitation is that the study was completed 
with a small sample size due to a decrease in 
the number of cases presenting to the clinic 
during the coronavirus disease 2019 pandemic. 
Restricting the age range to prepubertal and 
including only males can be considered the 
strengths of the study.

Conclusion

This study is pioneering in its examination of 
oxytocin levels in stuttering. However, the role 
of oxytocin in the onset of speech disorders 
cannot be conclusively determined based on the 
observed differences in oxytocin levels alone.

In light of all this information, we believe 
that oxytocin may play a potential role in the 
etiology of developmental stuttering, which 
falls under the umbrella of neurodevelopmental 
disorders. Further studies examining oxytocin 
levels in speech disorders will help determine 
the reproducibility of our results. Additionally, 
research investigating the role of oxytocin 
in socialization and speech will shed light 
on its place in the etiology of speech fluency 
disorders, thus expanding treatment options in 
the literature.
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