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ABSTRACT
Background: Stuttering, affecting approximately 5% of children, disrupts speech flow and poses challenges to psychosocial 
development. Its complex origins involve genetic, neurological, environmental, and psychological factors. This study aims 
to explore the potential link between stuttering in preschoolers and Vitamin D(VD) deficiency, a relatively unexplored area.
Objectives: To study the association between stuttering in preschool-aged children and insufficient VD levels (specifically, 
25-hydroxy cholecalciferol) in order to assign vitamin D deficiency as contributing factor for stuttering occurrence.
Patients and Methods: A case-control study was conducted on 36 preschool Arabic-speaking children aged 4-6 years, 
employing a 2:1 design with 24 stutterers and 12 age- and sex-matched healthy controls. Stuttering severity was assessed using 
The Arabic Stuttering Severity Index, and serum vitamin D levels were evaluated using 25-hydroxy cholecalciferol.
Results: Results indicated a higher prevalence of vitamin D deficiency in children who stutter compared to controls, though no 
statistically significant difference was found in the distribution of vitamin D classifications between the two groups. Additionally, 
there was a non-significant association between Arabic Stuttering Severity Index categories and vitamin D categories among 
children who stutter. Severe stuttering cases exhibited higher rates of vitamin D deficiency compared to insufficient levels, 
and a statistically significant negative correlation was observed between vitamin D levels and Arabic Stuttering Severity Index 
score valuess.
Conclusion: Stuttering is a common health concern, particularly among preschool-aged children. Lower vitamin D levels 
were observed in children who stuttered compared to controls, suggesting a potential link. Initial findings hint at an inverse 
relationship between vitamin D levels and stuttering severity. These results underscore the importance of further research to 
elucidate the role of vitamin D in stuttering.
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INTRODUCTION                                                                        

Stuttering is a complex speech problem defined by 
disruptions to the natural rhythm and flow of speech. These 
speech disruptions can include phonemes, syllables, or word 
repetitions, intra-phonemic disruptions, prolongations, 
as well as blocks during speech[1]. While stuttering is 
often used broadly to describe various forms of speech 
disruptions seen in individuals, the specific condition of 
stuttering encompasses intricate emotional, behavioral, 
physiological tension, and cognitive elements[2]. Stuttering 
typically emerges in children between the ages of 2 and 4, 
affecting around 5% of the child population. Children who 

stutter (CWS) face significant challenges that negatively 
impact their psychosocial development and communication 
abilities[3].

The multifaceted origins of stuttering involve genetic, 
neurological, environmental, and psychological factors[4]. 
Research from family, twin, and segregation studies 
strongly indicates a significant genetic predisposition 
to stuttering, with many individuals who stutter having 
relatives who also exhibit the condition. However, 
estimates of the heritability of developmental stuttering 
have shown considerable variability across different 
research investigations[5].
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Views from a neurobiological perspective explore 
the brain processes that cause stuttering. Studies using 
functional and structural brain imaging have revealed 
abnormalities in areas linked to motor control and speech 
production[6]. CWS demonstrate variances in connectivity 
among brain regions. When contrasted with children who 
typically do not stutter, CWS show reduced functional 
connectivity in cortical and subcortical structures, 
including the supplementary motor area, thalamus, and 
basal ganglia, as well as the neural pathways linking 
them, such as dopaminergic and serotonergic circuits[7]. 
Also, CWS exhibits a reduction in white matter growth in 
different areas related to language and speech production 
when compared with controls[8].

While genetics and neurobiology play significant 
roles, environmental and psychological influences such 
as early life events, family dynamics, and social stigma 
also contribute to its development and maintenance[5]. 
Research suggests that over 80% of stuttering cases stem 
from developmental factors, although other elements such 
as cognitive capacity, genetic predisposition, the child's 
gender, and environmental influences also contribute to 
the onset. Furthermore, the initiation and continuation of 
stuttering from childhood through adulthood are believed 
to be impacted by linguistic, sensory, motor, and emotional 
factors[9].

Among the myriad factors implicated in stuttering, the 
emerging evidence proposes a potential relation between 
deficiency of vitamin D (VD) and the onset or exacerbation 
of stuttering symptoms. VD, acting like a prohormone that 
has neuroactive characteristics and is known for its crucial 
role in various physiological processes beyond bone 
health, including neurodevelopment and immune function, 
has a notable impact on regulating cell proliferation, 
differentiation, and peroxidation across different body 
entities, such as the brain[10].

The low serum VD effect on neurodevelopment, 
particularly cognitive and linguistic skills, is becoming 
more widely acknowledged[11]. Past research has shown 
that inadequate VD levels during development can result in 
lasting impairments in learning and memory. Additionally, 
reports suggest that VD deficiency might contribute to 
schizophrenia, autism, depression, and multiple sclerosis 
onset[12].

The majority of research on VD levels has       
concentrated on particular populations afflicted by specific 
illnesses and age groups, neglecting to adequately address 
the VD status of preschool-aged children. This oversight 
is troubling considering the widespread occurrence of VD 
deficiencies among preschoolers globally[13]. 

Examining this association could have substantial 
implications for public health. It is important to know that 

there are no sufficient studies currently available in the 
literature that have specifically investigated the relation 
between VD levels in preschool-aged CWS in Egypt. 
So, this research aims to study the association between 
stuttering in preschool-aged children and insufficient VD 
levels (specifically, 25-hydroxy cholecalciferol) in order 
to assign vitamin D deficiency as contributing factor for 
stuttering occurrence.

PATIENTS AND METHODS                                                  

Between January 2023 and December 2023, a Case-
Control study was conducted at the Phoniatric unit of 
Aswan University hospitals on Arabic-speaking children 
aged 4-6 years. The study received approval from the 
Faculty of Medicine's Research Ethics Committee,                                          
Aswan University, on November 2022 under IRB 
687/11/22. Written consent was obtained from the parents 
of each child after providing full information about 
the study. The procedures followed the 2013 Helsinki 
Declaration and the ethical standards of the responsible 
committee on human experimentation.

The participants included children with an average 
intelligence quotient (IQ) of 90 or above, as assessed by 
the Stanford-Binet test, Arabic Edition, Fifth Edition             
(SB5)[14]. They also had normal hearing (20–30 dB 
and 2-4 kHz) and average language age, measured by 
the Modification of the Preschool Language Scale -                                                       
4(PLS4)[15]. 

The study employed a 2:1 design, with controls and 
children who stutter (CWS) being age- and sex-matched 
healthy children. 

G*Power 3 software was utilized to determine the 
sample size[16]. Based on a one-tailed test, with a 95% 
power and a 0.05 error probability, the calculation                                     
suggested that a sample size of 36 participants was 
necessary for the study design with a ratio of 2 to 1 (24 
children with stuttering and 12 sex- and age-matched 
healthy controls). This sample size was deemed sufficient 
for detecting an effect size of 0.8[17].

The study excluded children who had visual or      
auditory impairments, a history of delayed language 
development, other speech disorders, or had received 
language or speech therapy in the past. Additionally, 
children with chronic, mental, neurological, endocrine, 
or psychiatric disorders were excluded. Those who had 
experienced eating disorders or had taken any medications, 
including VD in the three months leading up to the study, 
which could potentially affect VD measurements, were 
also excluded. 

The children's demographic information (name, 
birth date, gender, number of siblings, clinical signs of 
VD deficiency, and medical history, like the last VD 
assessment, delayed motor development, and fracture 
history) is gathered from the parents. Then the children 
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underwent both general and vocal tract examination to rule 
out any organic conditions that could impact their speech.

The Arabic Stuttering Severity Index (A-SSI) was used 
to assess Stuttering Severity (SS) in each participant. This 
version, derived from the Stuttering Severity Instrument 
(SSI3), was standardized specifically for Arabic-speaking 
individuals who stutter. It has shown strong validity and 
reliability in previous evaluations[18]. The assessment 
evaluated the SS in CWS by measuring four aspects 
of speech behavior including frequency, naturalness,     
duration, and physical co-occurrences of speech. 
Two phoniatricians with over 15 years of experience 
administered the test in two distinct contexts, and the inter-
judge agreement between them was documented. SS scores 
ranged from 0 to 19, where very mild, 20 to 22 as mild, 23 
to 30 as moderate, 31 to 33 as severe, and 34 to 45 as very 
severe. The test was standardized for these distinctions.

Following the completion of the stuttering assessment 
protocol, the serum VD levels of each group were evaluated 
using an electrochemiluminescence binding assay. This 
assay is designed for use with the Cobas e411 immunoassay 
analyzer to quantitatively measure human serum and 
plasma 25-hydroxy VD in vitro, assisting in identifying 
VD insufficiency. Using 25-hydroxy cholecalciferol in 
assessing VD deficiency provides a robust and reliable 
method because it is widely regarded as the most reliable 
indicator of VD levels since it is a reflection of both food 
consumption and synthesis from sunlight. Its extended 
half-life compared to other forms of VD contributes 
to its stability as a marker for assessing VD levels over 
time. Furthermore, standardized assays for measuring 
25-hydroxy VD levels ensure consistent and reliable 
assessment across various laboratories, enhancing the 
accuracy of diagnosis and monitoring of VD deficiency[19].

Blood specimens were collected, with five milliliters 
of venous blood extracted and placed into additive-free 
tubes. Within one hour of collection, serum samples were 
separated by centrifugation at 3000 rpm for 10 minutes at 
room temperature. Subsequently, the samples were stored 
in separate portions at -80°C before analysis.

The classification of VD levels followed a review of 
recent literature: Deficiency was characterized by levels 
below 20ng/ml, insufficiency by levels ranging from 20 
to 29ng/ml, and sufficiency by levels between 30 and      
100ng/ml and potential toxicity as more than 100ng/ml[20].

Statistical analysis

Data were verified, coded by the researcher, and 
analyzed using IBM-SPSS 24.0 (IBM-SPSS Inc., Chicago, 
IL, USA)[21]. Descriptive statistics: Means, standard 
deviations, medians, ranges, frequency, and percentages 
were calculated. Test of significances: Test of significances: 
Chi-square/Monte Carlo exact test was used to compare the 
difference in distribution of frequencies among different 
groups as appropriate. Test of normality, Shapiro-Wilk 

was used to test the normality of continuous variables. For 
continuous variables with two categories, an independent 
sample t-test was calculated to test the differences in mean 
between groups. A one-way-ANOVA test was calculated 
to test the mean differences of continuous data with more 
than two categories, post-hoc test was calculated using 
Bonferroni corrections for pairwise comparisons. For the 
assessment of agreement between raters, weighted Kappa, 
correlation, Cronbach’s alpha, and inter-class correlation 
were measured. A significant p-value was considered when 
it was <0.05.

RESULTS                                                                                       

The present case-control study involved 36 preschool 
children, aged between 4 and 6 years, who were recruited 
from the outpatient clinic of the Phoniatric unit at Aswan 
University Hospitals. The study comprised 24 CWS and 12 
healthy controls matched for sex and age, as illustrated in 
Figure 1 of the flow chart.

Figure 1: Flow Chart for the Total Sample.

Table 1 displays that the age distribution of the case 
and control groups was balanced, with stutters having a 
mean age of 64.33±5.1 months with no notable statistical 
distinction (p= 0.104). They also were matched for sex, 
males were predominant in both groups 79.2% of CWS 
and 66.7% of control children), with no notable statistical 
distinction (p= 0.208). 

The serum VDLs were significantly lower in CWS, 
ranging from 8 to 28.5ng/ml, with a mean of 16.80±6.2 
compared to levels ranging from 9 to 38.5ng/ml and a 
mean of 22.49±8.2 in the control children (p= 0.019)      
(Figure 2). The VD deficiency prevalence was higher in 
CWS (62.5%) compared to control children (41.7%). 
However, there was no statistically significant difference in 
the allocation of VD classifications among the two groups 
(p= 0.214), as indicated in Table 1.

The assessment of the SS revealed that CWS had 
A-SSI score values ranging from 15 to 26, with a mean 
of 21.29±2.9. Classification according to SS demonstrated 
that 29.2% (n= 7) nearly one-third had very mild severity, 
25% (n= 6) one-quarter had mild severity, and 45.8%       
(n= 11) about one-half had moderate severity (Table 2).
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Figure 2: Difference in Mean 25-OH Vit-D level between groups.

Table 1: Correlates of children who stutter among the studied 
Groups:

Control
(n= 12)

Stutter
(n= 24) P-value

Age/months (mean±SD) 60.40±8.1 64.33±5.1 =0.104*

Sex

•	Male 8(66.7%) 19(79.2%) =0.208**

•	Female 4(33.3%) 5(20.8%)

25 OH vitamin D (ng/ml)

•	Mean±SD 22.49±8.2 16.80±6.2 =0.019*

•	Median (Range) 20.5(9–38.5) 15(8–28.5)

25 OH vitamin D Category

•	Sufficient             
(>30 ng/ml) 2(16.6%) 0(0%) =0.214***

•	Insufficient           
(20-30 ng/ml) 5(41.7%) 9(37.5%)

•	Deficient              
(<20 ng/ml) 5(41.7%) 15(62.5%)

*: Independent Sample T-test was used to compare the differences in 
Mean between groups; **: The Chi-square test was used to compare the 
frequency differences between groups; ***: The Monte Carlo exact test 
was used to compare the frequency differences between groups.

Table 2: Severity of stuttering according to A-SSI:
Variable Category n= 24

A-SSI
•	 Mean ± SD 21.29±2.9

•	 Median (Range) 21(15–26)

Stuttering Severity

•	 Very mild 7(29.2%)

•	 Mild 6(25%)

•	 Moderate 11(45.8%)

There was significant-excellent agreement (weighted 
kappa= 0.915, p< 0.001) between the two raters in the 
evaluation of the SS levels. In other words, both raters 
agreed in 22(91.7%) patients and disagreed in 2(8.3%) 
patients i.e., 1st rater diagnosed them as mild and moderate 
while 2nd rater diagnosed them as slight and mild, 
respectively. 

The reliability statistics revealed a strong correlation 
between two scores (r= 0.957, p <0.001), and excellent 
reliability (Cronbach's Alpha= 0.977, p <0.001 and ICC= 
0.955, p <0.001). 

The examination of the connection between A-SSI 
categories and VD categories among CWS showed a non-
significant association (p= 0.175). Severe stuttering cases 
exhibited higher rates of VD deficiency (53.3%) compared 
to insufficient levels (33.3%), as outlined in Table 3. 
However, a statistically significant negative correlation 
was observed between VD levels and A-SSI score values 
(r= 0.279, p= 0.049), as depicted in Figure 3.

Table 3: Correlates of children who stutter among the studied 
Groups:

Digital Measure
Insufficient (2)

(n= 9)

Deficient (3)

(n= 15)
P-value

SSI Category

•	 Very mild 4(44.4%) 3(20%)

0.175*•	 Mild 2(22.2%) 4(26.7%)

•	 Moderate 3(33.3%) 8(53.3%)
*: The Monte Carlo exact test was used to compare the frequency 
differences between groups.

Figure 3: Correlation between 25-OH Vitamin-D Level and SSI 
score.

DISCUSSION                                                                                    

Stuttering is a communication disorder marked by 
disruptions in speech fluency, patients with stuttering 
may eventually develop involuntary motions and verbal 
or situational avoidance behavior. Stuttering can vary 
in severity and may impact social, educational, and 
occupational aspects of an individual's life[22].

While the precise etiology of stuttering remains 
multifactorial and not fully understood, emerging 
evidence suggests that environmental factors, including 
nutritional deficiencies, may play a role in its onset and 
severity. Among these potential factors, VD deficiency has 
garnered increasing attention for its purported impact on 
neurological development and speech fluency[23].

VD is a crucial lipid-soluble vitamin with a steroidal 
structure, playing essential roles in various cellular and 
molecular functions. Recent studies have reported that VD 
deficiency has been linked to disorders of memory and 
learning, cognitive impairment, stuttering, and the etiology 
of mental illnesses such as depression, schizophrenia, 
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autistic spectrum disorder,  and multiple sclerosis. It has 
also been associated with cochlear hearing loss, Meniere’s 
disease, and otosclerosis[24].

VD deficiency is a global health concern, but research 
focusing on VD levels in preschool-aged children remains 
limited. CWS face developmental challenges, highlighting 
the need for understanding their needs. Speech issues 
from stuttering may extend beyond childhood, warranting 
a study of its link to VD deficiency in preschoolers. 
Our study aimed to investigate the connection between 
stuttering in preschool-aged children and insufficient VD 
levels (specifically, 25-hydroxy cholecalciferol).

Based on this aim, we conducted a case-control study 
involving 36 participants aged 4-6 years, following a 
2:1 design. This comprised 12 healthy subjects matched  
for age and sex serving as controls, and 24 participants 
identified as stutterers. The SS was assessed using the A-SSI 
instrument, leading to classifications of slight stuttering at 
(29.2%), mild stuttering at (25%), and moderate stuttering 
at (45.8%). SS Assessment inherently involves some 
degree of subjectivity, so, it was important to be done by 
two expert phoneticians to minimize the percentage of 
biased results. This suggests a varied degree of severity 
among the participants, with a significant portion falling 
into the moderate category.

Successful age matching between children with 
speech issues (CWS) and control children is crucial for 
minimizing potential confounding effects of age-related 
factors on observed differences in serum VD levels. 
Similarly, the lack of a statistically significant difference in 
sex distribution ensures that any differences in serum VD 
levels are less likely to be influenced by sex-related factors.

Among the participants, males exhibited a significantly 
higher increase in stuttering scores. Studies by (Yairi 
and Ambrose[25], Howell and Davis[26], and Kang et 
al.,[27]) have indicated that gender represents a significant 
predisposing factor, notably elevating the occurrence of 
stuttering in males compared to females. This observation 
is consistent with findings from a specific study by Craig 
et al.,[28] which noted a substantial male-to-female ratio in 
stuttering, often exceeding four to one. However, there have 
been reports of relatively smaller gender ratios specifically 
concerning SS scores[29].

The higher percentage of VD deficiency among 
CWS compared to control children supports the 
notion of an association between stuttering and VD 
deficiency. Although there was no statistically significant                                           
difference in the distribution of VD categories between the 
two groups the trend toward higher deficiency rates in the 
stuttering group warrants attention.

As regards the association between VD categories 
and A-SSI categories among CWS there was a lack                            
of statistical significance, the association between 

them initially suggesting that there may not be a direct 
relationship between two factors. This outcome implies 
that, on the surface, the VD levels in the body may not be 
a determining factor in SS among children. The observed 
rates of VD deficiency and insufficiency across different 
severity levels of stuttering also seem to support this 
notion, as the proportion of severe stuttering cases with VD 
deficiency is higher compared to those with insufficient 
levels, albeit without statistical significance.

The statistically significant negative correlation 
between VD levels and A-SSI score values adds an 
interesting dimension to the analysis. This correlation 
indicates that as VD levels decrease, SS tends to increase. 
While the correlation coefficient may not be exceptionally 
high, the statistical significance suggests that there is 
indeed a relationship worthy of attention. 

Consistent with earlier research conducted by 
Sağiroğlu et al.,[30], who investigated VD levels in Turkish 
children with language and speech disorders, these results 
indicate a potential link between VD deficiency and                                                                                                               
speech disorders, including stuttering, in children. They 
observed that as SS increased, VD levels tended to 
decrease.

Following our investigation, another study conducted 
by Almudhi and Gabr[31] similarly found a notable 
correlation between decreased levels of VD and                                                                                                             
stuttering in children up to the age of 10. Children 
experiencing mild to moderate stuttering exhibited a 
significant decrease in VD levels compared to their healthy 
counterparts.

So, the negative correlation between VD levels and 
SS noticed in a few numbers of studies including our 
study, raises the possibility that inadequate VD levels 
could potentially have a mitigating effect on stuttering      
symptoms. This opens up avenues for exploring the 
mechanisms through which VD might influence speech 
fluency and motor control, potentially through its 
neuroprotective and neuromodulator properties.

Possible mechanisms that may suggest the VD's role in 
stuttering:

Research has indicated that language and speech 
problems including stuttering, are associated with specific 
biochemical, biological, and neurobiological changes 
affecting brain function[32].

VD receptors are distributed across various regions 
of the brain involved in speech and language processing 
such as the cerebral cortex and basal ganglia, indicating 
its crucial role in neurodevelopment during critical 
periods of brain development. As VD contributes to cell 
differentiation regulation, proliferation, and peroxidation, 
so, VD deficiency may disrupt neural circuitry related to 
speech production and fluency, potentially contributing to 
stuttering[33].
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Upon administration of VD, an increase in gamma-
glutamyl transpeptidase (gamma GT) levels in the brain has 
been noted, particularly in astrocytes and pericytes. Gamma 
GT is implicated in the elimination of reactive oxygen 
species, leading to hypotheses regarding vitamin D's role 
in regulating processes of detoxification in the brain[34]. 
This hypothesis proposes that VD enhances intracellular 
glutathione pools, reducing the production of harmful 
oxygen and nitrite species. These findings underscore the 
fundamental roles of gamma GT, glutathione, and VD in 
the astrocyte system, contributing at least partially to their 
neuroprotective effects[31].

VD deficiency has emerged as a potential factor 
contributing to changes in the structure of the brain and 
connectivity, mainly impacting areas involved in motor 
control and language processing. For instance, studies 
have revealed associations between VD deficiency and 
alterations in gray matter volume, the integrity of white 
matter, and connectivity patterns in specific brain regions 
such as the motor cortex, basal ganglia, and areas involved 
in speech processing. These alterations could disrupt 
the smooth coordination of speech-processing abilities, 
contributing to the development or exacerbation of 
stuttering[35].

Myelination is critical for the appropriate functioning 
of neural circuits involved in the production of speech. VD 
deficiency may impair myelination and synaptic plasticity 
in these circuits, affecting speech fluency and contributing 
to stuttering[36].

VD deficiency may contribute to stuttering through 
various mechanisms related to speech-motor control. 
Firstly, VD is involved in the control of synaptic 
plasticity and the dopaminergic system, it is involved in 
the regulation of dopamine and serotonin, which play 
roles in motor control and speech fluency. Dysregulation 
of these neurotransmitter systems due to VD deficiency                             
could affect the coordination of speech-related motor 
movements, contributing to stuttering symptoms[37].

Additionally, optimal levels of VD are necessary for 
motor learning and skill acquisition, processes vital for 
developing fluent speech patterns. VD receptors in the 
hippocampus, a critical region for neuromuscular learning, 
may be relevant to stuttering[38]. Activation of these 
receptors influences synaptic plasticity and neurogenesis, 
important for forming and refining motor memories, 
including speech production. Impairment of VD levels 
could disrupt these processes, impacting neuromuscular 
learning and contributing to speech-motor difficulties 
observed in stuttering[39]. Moreover, the hippocampus  
plays an important role in sensory feedback mechanisms 
crucial for monitoring and adjusting speech movements 
in real time and might be affected by VD deficiency, 
potentially leading to difficulties in maintaining consistent 
speech patterns and fluency[40].

Although these potential mechanisms propose a 
feasible connection between VD deficiency and stuttering 
within the brain, additional research is required to clarify 
the exact neurobiological pathways implicated.

RECOMMENDATION                                                                              

We propose implementing routine screening                                          
for serum VD levels as a standard practice for individuals 
with CWS. Furthermore, we support providing VD 
supplements to further investigate its role in stuttering 
and potentially enhance treatment approaches for those 
affected.

The strength of the study: The study focused on a 
specific age group (preschool children), which represents 
a critical period in the development of stuttering. 
Furthermore, the research was carried out by experienced 
phoniatricians and a clinical pathologist, guaranteeing 
expert evaluation and diagnosis within the relevant field.

The study's potential limitations include: The 
small sample size and demographic characteristics that 
might influence the extent to which the findings can be 
generalized. Additionally, the lack of prior research on this 
topic limits our ability to compare results. Furthermore, 
the precise association between SS and VD levels could 
not be definitively established due to the oversight of not 
including this factor in the sample size calculation.

CONCLUSION                                                                              

Stuttering is a prevalent health issue, especially among 
preschool-aged children. This study found lower VD levels 
in children who stuttered compared to control children. An 
initial observation revealed an inverse relationship between 
VD levels and SS, suggesting a potential connection. 
Understanding these parameters could provide diagnostic 
benefits and aid in stuttering treatment. However, a deeper 
understanding of the underlying mechanisms is essential 
for crafting policy recommendations and public health 
guidelines regarding the significance of VD levels in 
stuttering development among preschool-aged children.

FUTUR DIRECTIONS                                                        

Conducting randomized controlled trials could 
evaluate the effectiveness of interventions by modifying 
VD levels in CWS, while longitudinal studies with a larger 
sample size can observe the trajectory of VD levels over 
time, aiding in a deeper understanding of the relationship 
between VD deficiencies and SS.
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