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ABSTRACT

Objective: This study aimed to investigate the relationship between vitamin D [25(OH)] values with the language and
speech disorders in children.
Material and Methods: A total of 200 children were included in the study, comprising 124 children, with stuttering
(n=62), functional language disorder (n=40) and articulation disorder (n=22) as the patient group and a control group
of 76 healthy children. Vitamin D levels were examined in blood samples taken from both the patient group and the
control group.
Results: Serum vitamin D levels were determined as 23.68 ± 10.95 in patients with articulation disorder, 17.82 ± 8.28
in patients with functional language disorder, 23.36 ± 10.01 in patients with stuttering, and 26.01 ± 7.4 in the control
group. Serum vitamin D values were found to be statistically significantly (p<0.001) lower in children with functional
language disorder than in the healthy control group. It was observed that vitamin D decreased as the severity of the
stutter increased.
Conclusion: According to the results of this study, there can be considered to be an important connection between
vitamin D level and functional language disorder. Nevertheless, further studies are needed to confirm these findings in
children with language and speech disorders.
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ÖZ

Amaç: Bu çalışmada, dil ve konuşma bozukluğu olan çocuklar ile vitamin D (25(OH)D3) düzeyi arasındaki ilişki araştırıldı.

Gereç ve Yöntemler: Toplam 200 çocuk çalışmaya alındı. Hasta olarak alınan 124 çocukta; kekemelik (n=62), fonksiyonel dil gelişim bozukluğu (n=40) ve artikülasyon bozukluğu (n=22) vardı. Kontrol grubuna 76 sağlıklı çocuk alındı.
Hastalarda ve sağlıklı çocuklarda plazmada vitamin D seviyesine bakıldı.
Bulgular: Vitamin D seviyesi; kekemeliği olanlarda 23.36±10.01, fonksiyonel dil gelişim bozukluğu olanlarda 17.82±8.28,
artikülasyon bozukluğu olanlarda 23.68±10.95, kontrol grubunda 26.01±7.4 olarak saptandı. Artikülasyon ve kekemelik
ile kontrol grubu arasında vitamin D açısından anlamlı fark bulunmadı. Fonksiyonel dil gelişim bozukluğu olan çocuklarda,
sağlıklı gruba göre vitamin D değeri daha düşüktü ve istatistiksel olarak anlamlı bir fark saptandı (p<0.001). Ayrıca,
kekemelik şiddeti artıkça vitamin D seviyesinin düşük olduğu saptandı.
Sonuç: Bu çalışmanın sonuçlarına göre, vitamin D düzeyi ile fonksiyonel dil gelişim bozukluğu arasında önemli bir
bağlantı olduğu düşünülebilir. Ancak, yine de, dil ve konuşma bozukluğu olan çocuklarda bu bulguları doğrulamak için
daha fazla çalışmaya ihtiyaç olduğu kanaatindeyiz.
Anahtar Sözcükler: Artikülasyon bozukluğu, Fonksiyonel dil bozukluğu, Kekemelik, Vitamin D eksikliği
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INTRODUCTION
Speech and language have an important place in daily life
and are the means by which interpersonal communication
takes effect. Language has two basic components, which are
receptive language, defined as the intake and understanding of
verbal stimuli through the sensory-neural network and hearingperception processes, and expressive language, which is
mediated through sensory-neural and motor-neural functions
(breathing, speaking, resonance, articulation mechanisms) (1).
An important consensus has been reached that there is complex
interaction between biological, epigenetic, environmental and
psychosocial factors in both the perceptive and expressive
directions of language development (2,3). The prevalence of
developmental language disorders in pre-school and schoolage children has been estimated to vary between 1% and 12%
(4).
In recent studies, vitamin D deficiency has been found to be
related to many chronic diseases including widespread cancers,
cardiovascular diseases, metabolic syndrome, infectious and
automimmune diseases (5-8). In addition, vitamin D, which is
a prohormone with neuroactive content, has been determined
to be extremely active in cell differentiation and proliferation
and peroxidisation regulation in various structures, including
the brain (9). Vitamin D receptor has been identified in animal
studies and in the human brain (10). It has also been shown
in animal studies that developmental vitamin D deficiency
leads to permanent learning and memory disorders in the
long term (11). It has been reported that vitamin D deficiency
could have an effect on the etiopathogenesis of diseases such
as schizophrenia, autism, depression and multiple sclerosis
(12,13).
To the best of our knowledge, there are no studies in literature
that have shown a relationship between vitamin D levels and
language and speech disorders. The aim of this study was to
investigate the relationship between vitamin D level and speech
disorders in patients with language and speech disorders.

METHOD
The study was conducted between January 2017 and February
2018. Approval for the study was granted by the Research
Ethics Committee (Protocol: 19/2017). Written informed
consent for study participation was obtained from the parents
or legal guardians of the children. The study was conducted in
accordance with the principles of the Declaration of Helsinki.
Functional language disorder consists of three subgroups:
expressive language disorder, language learning difficulty and
specific language disorder. The three groups were included
in this study. These patients had complaints of speech
delay, inadequacy of speech or inability to form sentences.
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Spontaneous utterances (produced themselves or mimicked)
of the children, as sounds, words or example sentences were
recorded. The native 21 consonant phonemes and vowel
phonemes were spoken by the patients. Letters and words that
could not be said correctly were identified. When a consonant
was said incorrectly, it was repeated at least 3 times and used
within a word. The same procedures were applied to patients
with articulation disorder and letters with a pronunciation
problem were determined.
The rate of stuttering was determined during both speaking and
reading. The Stuttering Severity Instrument-3 (SSI-3) form was
completed to assess the severity of the stutter. The scoring was
given equivalent to the point of stutterings during the speech
function as 1, 3, 4-5, 6-7, 8-11, 13-21, 22+. The duration of
the stutter was measured as <0.5 s, 0.5 s, 1s, 2s, 3s, 5 s,10
s, 30 s and 1 minute. Points were given according to this time.
Head movements, extremity movements, distracting sounds
and facial signs were scored between 0 and 5. Total scores
were assessed and the SSI-3 score was calculated.
During the evaluation process of the children, a pediatric
psychiatrist from the Department of Child and Adolescent
Psychiatry was consulted. Children who were evaluated as
normal by a child and adolescent psychiatrist according to
the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition (DSM-IV-TR) were included to this study (14).
The plasma level of vitamin D was measured. The total vitamin
D measurements were analysed with automatic Advia Centaur
XP immunoassay systems (Siemens, USA). The results were
calculated automatically with standard deviations. A vitamin D
level of < 20 ng/mL was considered as a deficiency, and >20
ng/mL as sufficiency.
In the power analysis applied, it was recommended that at
least 22 patients were included in each group for the planned
parameters of a 4-unit difference of vitamin D at significance
level of a:0.05, and effect size of 0.5 values for power of the
test at 0.80.
Participants were excluded from both the patient and control
groups if they were taking drugs that affect serum vitamin D
level (antitubercular, anti-epileptics, anti-retroviral drugs, vitamin
A, vitamin D supplements) during the 3 months prior to the
study. Children were also excluded if they were determined with
organic language disorders, cerebral palsy, congenital hearing
loss, effusion otitis media, lingual frenulum, genetic diseases,
metabolic, vascular or autoimmune diseases, psychiatric or
endocrine diseases or any other language disorder originating
from disease or neurological injury.
Statistical Analysis
Data obtained in the study were analysed statistically using
IBM SPSS vn 22 software. Conformity of the data to normal
distribution was assessed using the Shapiro-Wilk test.
Descriptive statistics were stated as mean, standard deviation
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(SD), number (n) and percentage (%). For comparisons of
the differences between categorical variables, the Pearson
Chi-square test was applied, and in the comparison of mean
values, the Student’s t-test. A value of p<0.05 was accepted as
statistically significant.

When the age group distribution was examined, there was
seen to be a higher proportion of subjects having primary
school period, followed by pre-school age children (Table I).
Male patients were determined at the rate of 80.6% in the
stuttering group, at 82.5% in the functional language disorder
group and at 77.3% in the articulation disorder group. The
functional language disorder patients had 4 with expressive
language disorder, 10 with language learning difficulty and 26
with specific language disorder.

RESULTS

The mean vitamin D levels were 23.68±10.95 ng/ml in the
articulation disorder group, 17.82±8.28 ng/ml in the language
development disorder group, 23.36±10.01 ng/ml in the
stuttering group, and 26.01±7.4 ng/ml in the control group. No
difference was found between the articulation and stuttering
groups and the control group in terms of vitamin D. There
was, however,a significant difference was found between the
language disorder group and the control group in respect of
vitamin D values (p<0.001) (see Figure 1).

A total of 124 children, aged 4-15 years, with stuttering, functional
language disorder and articulation disorder were included in the
study. The patients comprised 22 with articulation disorder, 40
with functional language disorder and 62 with stuttering.The
control group included 76 of healthy children.
The cases including to this study comprised 153 (76.0%) males
and 47 (24%) females. The patient group had 100 (80.6%)
males and 24 (19.4%) females with a mean age of 7.95±2.94
years. The control group consisted of 53 (69.7%) males and 23
(30.3%) females with a mean age of 7.40±3.19 years. There w
as no significant difference between the groups in terms of age
and gender (p>0.05) (Table I).

The mean vitamin D levels of the patient and control groups
according to age and gender are shown in the Table II. The
mean vitamin D values of the patients with articulation disorder,
functional language disorder and stuttering and of the control

Table I: The demographic characteristics of the patient and control groups.
Patient group

Control group

n

%

n

%

3-6 years

42

33.9

33

43.4

7-10 years

55

44.4

30

39.5

11-15 years

27

21.8

13

17.1

Female

24

19.4

23

30.3

Male

100

80.6

53

69.7

124

100.0

76

100.0

p

Age groups
0.05

Gender

Total

0.05

Table II: The mean Vitamin D levels of the patient and control groups according to age and gender Vitamin D values (ng/ml).
Patient group

Control group

Mean ± SD*

Mean ± SD*

19.75±8.27

27.21±8.66

<0.001

25.46±5.96

=0.552

19.43±8.94

24.24±6.96

=0.97

20.91±11.69

26.57±8.57

=0.066

25.77±6.91

=0.008

p

Age groups
3-6 years
7-10 years
11-15 years
Gender
Female
Male

24.15±11.09

21.81±9.53

SD: Standard Deviation

*
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Tablo III. The mean Vitamin D levels (ng/ml) of the children with articulation disorder, functional language disorder and stuttering and
the control group according to age and gender .
Articulation
disorder

Functional
language disorder

Stuttering

Control group

Mean ± SD*

Mean ± SD*

Mean ± SD*

Mean ± SD*

Age groups
3-6 years

19.17±5.88

18.46±7.97

23.91±10.03

27.21±8.66

7-10 years

28.09±13.31

16.63±9.00

26.22±9.71

25.46±5.96

11-15 years

19.47±6.02

-

19.43±9.46

24.24±6.96

Female

17.88±7.46

16.59±10.17

24.69±13.33

26.57±8.57

Male

25.39±11.39

18.08±7.96

23.05±9.18

25.77±6.91

Gender

*SD: Standard Deviation

disorder in the 11-15 years age group, analysis could not be
applied.

Figure 1 Evaluation of vit D in the patient and control groups
with a box plot curve.

group children according to age and gender are shown in
Table III. No statistically significant difference was determined
between the articulation disorder and stuttering groups and the
control group in the 3-6 years age group. One the other hand,
there was a statistically important difference was determined
between the functional language disorder group and the
control group in this age range (p<0.001). In the 7-10 years
age group, no significant difference was determined between
the articulation disorder and stuttering groups and the control
group, and a statistically significant difference was determined
between the functional language disorder group and the control
group (p<0.001). In the 11-15 years age group, no signficant
difference was observed between the articulation disorder group
and the control group, nonetheless, a significant difference was
detected between the stuttering group and the control group
(p=0.0004). As there were no children with functional language

When the distribution of the disease subgroups was examined
according to gender, a statistically significant difference was
determined between females with articulation disorder and
functional language disorder and the control group (p<0.05).
No significant difference was determined between females with
stuttering and the control group. For male patients, a statistically
significant difference was determined between males with
functional language disorder and the control group (p<0.001),
and there was no significant difference was determined between
males with articulation disorder and stuttering and the control
group.The mean points of the SSI-3, applied to determine the
severity of stuttering in patients was 25.2±11.2. In the SSI-3
evaluation of stuttering, the severity was determined as very
mild in 13 cases (21%), mild in 17 (27.4%), moderate in 11
(17.7%), severe in 13 (21%), and very severe in 8 (12.9%).
When the stuttering patients were examined according to
severity, it was determined that as the severity of stuttering
increased, so the vitamin D level decreased.

DISCUSSION
The results of the current study demonstrated that serum
vitamin D values were statistically significantly lower in the
functional language disorder group compared with the healthy
control group. It was also determined that as the severity of
stuttering increased, the level of vitamin D decreased. These
results suggest that vitamin D deficiency could have a negative
effect on cognitive functions and language development.
Language and speech require healthy brain function and are
one of the most difficult human behaviors to measure. Language
development shows a strong correlation with early cognitive
development (15). Although the effect of cognitive ability on
Türkiye Çocuk Hast Derg/Turkish J Pediatr Dis / 2020; 14: 158-163
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language learning is not fully known, language development
occurs with cognitive development and these two functions
interact in the language learning process (16,17). Ouma et
al. (18), reported that vitamin D supplementation has been
determined to be useful in patients with mild cognitive disorder
and Alzheimer’s disease.
Experimental studies have shown that active vitamin D has
neuroprotective potential and an anti-oxidant effect, which
could affect the brain and neuron development (19,20). In
human studies, vitamin D deficiency has been demonstrated
to be associated with mood disorders, schizophrenia, multiple
sclerosis and brain tumors (6,21,22). In those with Autism
Spectrum Disorder, lower vitamin D levels have been reported
(23). Vitamin D deficiency has been shown to be related to a
series of events such as the acceleration of the progression of
dementia, osteoporosis, vascular disease, and reduced smell
function (6). It has also been associated with cochlear hearing
loss, otosclerosis and Meniere’s disease (24).
Previous studies have shown that nuclear receptors for
Vitamin-D3 are localized in neurons and glial cells (25). The
presence of vitamin D receptors in the brain shows that vitamin D
has a function in this organ. Following the application of vitamin
D, gamma glutamyl transpeptidase (gamma-GT) increased
in the brain and this action was observed in parenchymal
astrocytes and pericytes. Gamma-GT is thought to have a role
in the elimination of reactive oxygen species and it has been
hypothesised that vitamin D could be an effector controlling
detoxification processes in the brain (26). According to this
hypothesis, vitamin D strengthens intracellular glutathione pools
and significantly reduces oxygen and nitrite production. These
findings have revealed that gamma-GT, glutathione and vitamin
D have a fundamental role in the astrocyte system, which at
least partially explains the neuroprotective effects (27). In several
experimental models, it has been reported that vitamin D has
potential value for the treatment of neurodegenerative and
neuroimmune diseases (26). When taking the speech centre as
the target in the patients of the current study, it was considered
that the effect at a neuronal level was a natural process.
Although many studies have been conducted on the subject
of stuttering, the cause has still not been fully clarified (28,29).
Stuttering is seen 4-fold more in males than females (30). In the
pre-school period, physiological stuttering is often seen (31). In
previous studies, magnesium, calcium and copper levels have
been examined in the blood samples of stuttering patients (3234). However, no previous study could be found that has shown
a relationship between vitamin D and stuttering. The results of
the current study showed no significant difference between
the stuttering group and the control group but as the severity
of stuttering increased, the vitamin D level was determined to
decrease.
Mental diseases seen in childhood are known to be seen more
often in male children (35). Harrison et al. (36) showed higher
rates of speech and language disorder, hearing loss, and reactive
Türkiye Çocuk Hast Derg/Turkish J Pediatr Dis / 2020; 14: 158-163

mood in male children. Yasin et al. (37) reported stuttering in
77.2% of male patients presenting with the complaint of delayed
speech. In the current study, males comprised 80.6% of the
stuttering group, 82.5% of the functional language development
disorder group and 77.3% of the articulation disorder group. In
accordance with previous findings in literature, the rate of male
children with speech problems was determined to be high.
Limitation: That there were few patients with articulation
disorder was attributed to parents not seeing this as a disease
and therefore not presenting at the polyclinic rather than there
being few such individuals in society. As the majority of patients
did not attend treatment and follow-up appointments regularly,
evaluation of patients with low vitamin D after treatment could
not be applied. This can be considered a limitation of the study.
Furthermore, the fact that vitamin D levels are not separated
according to seasons is another limitation of the study.

CONCLUSION
Language and speech disorders are health problems that are
frequently seen in society. The vitamin D value was found to
be low in patients with functional language disorder. It can
be recommended that when treatment is planned, vitamin D
deficiency should be evaluated in these patients. Nevertheless,
there is a need for further clinical studies on this subject to
reach stronger evidence-based conclusions.
Conflict of interests: The authors declare no conflict of
interests.
Financial Disclosure: The authors declared that this study
has received no financial support.
Informed Consent: Written informed consent was obtained
from the parents or legal guardians of the patients who
participated in this study.

REFERENCES
1. Silverman FH.Stuttering and Other Fluency Disorders. Illinois:
Waveland Press. 2004
2. Maria-Mengel MR, Martins Linhares MB. Risk factors for infant
developmental problems. Rev Lat Am Enfermagem 2007;15:837–
42.
3. Samra HA, Mcgrath JM, Wehbe M. An integrated review of
developmental outcomes and late-preterm birth. J Obstet Gynecol
Neonatal Nurs 2011;40:399–411.
4. Hall NE. Developmental Language Disorder. Semin Pediatr Neurol
1997;4:77-85.
5. Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem
with health consequences. Am J Clin Nutr 2008;87:1080-6.
6. Holick MF. Vitamin D: importance in the prevention of cancers,
type I diabetes, heart disease and osteoporosis. Am J Clin Nutr
2004;79:362-71.

A Comparison of Vitamin D Levels in Chidren with Language and Speech Disorders and Healthy Children in the Turkish Population

163

7. Lemire JM, Archer DC. 1.25-dihydroxyvitamin D3 prevents the in vivo
induction of murine experimental autoimmune encephalomyelitis. J
Clin Invest 1991;87:1103-7.

22. Mackay-Sim A, Feron F, Eyles D, Burne T, McGrath J. 2004.
Schizophrenia, vitamin D, and brain development. Int Rev
Neurobiol 59:351-80.

8. Hanley DA, Cranney A, Jones G, Whiting SJ, Leslie WD, Cole DE,
Atkinson SA, Josse RG, Feldman S, Kline GA, Rosen C. Vitamin D
in adult health and disease: a review and guideline statement from
Osteoporosis Canada. CMAJ 2010;182:610-8.

23. Wang T, Shan L, Du L, Feng J, Xu Z, Staal WG, Jia F. Serum
concentration of 25-hydroxyvitamin D in autism spectrum
disorder: a systematic review and meta-analysis. Eur Child
Adolesc Psychiatry 2016;25:453-4.

9. Kiraly SJ, Kiraly MA, Hawe RD, Makhani N. Vitamin D as
a Neuroactive Substance:Review. Scientific World Journal
2006;26;125-139.
10. Sutherland MK, Wong L, Somerville MJ, Yoong LK, Bergeron C,
Parmentier M, et al. Reduction of calbindin-24k mRNA levels in
Alzheimer as compared to Huntington hippocampus. Brain Res
Mol Brain Res 1993;18:32-42.
11. Schoenrock SA, Tarantino LM. Developmental vitamin D deficiency
and schizophrenia: the role of animal models. Genes Brain Behav
2016;15:45-61.
12. McGrath J, Eyles D, Mowry B, Yolken R, Buka S. Low maternal
vitamin D as a risk factor for schizophrenia:a pilot study using
banked sera. Schizophr Res 2003;63:73-8.
13. Przybelski RJ, Binkley NC. Is vitamin D important for preserving
cognition? A positive correlation of serum 25-hydroxyvitamin D
concentration with cognitive function. Arch Biochem Biophys
2007;460:202-5.
14. American Psychiatric Association. Diagnostic criteria from DSM-IVTR. Washington DC: American Psychiatric Association 2000;370381.
15. Luu TM, Vohr BR, Schneider KC, Katz KH, Tucker R, Allan WC,
et al. Trajectories of receptive language development from 3 to 12
years pf age for very preterm children. Pediatrics 2009;124;33341.
16. Martson L, Peacock JL, Calvert SA, Greenough A, Marlow N.
Factors affecting vocabulary acquisition at age 2 in children born
between 23 and 28 weeks’ gestation. Dev Med Child Neurol
2007;49:591–6.
17. Mossabeb R, Wake KC, Finnegan K, Sivieri E, Abbasi S. Language
development survey provides a useful screening tool for language
delay in preterm infants. Clin Pediatr (Phila) 2012;51:638-44.
18. Ouma S, Suenaga M, Bölükbaşı Hatip FF, Hatip-Al-Khatib I, Tsuboi
Y, Matsunaga Y. Serum vitamin D in patients with mild cognitive
impairment and Alzheimer’s disease. Brain Behav 2018;8:e00936.
19. Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F, Wion D.
New clues about vitamin D functions in the nervous system. Trends
Endocrinol Metab 2002;13:100-5.
20. Brown J, Bianco JI, McGrath JJ, Eyles DW. 1.25-Dihydroxyvitamin
D3 induces nerve growth factor, promotes neurite outgrowth and
inhibits mitosis in embryonic rat hippocampal neurons. Neurosci
Lett 2003;343:139-43.

24. Brookes GB. Vitamin D deficiency and deafness: 1984 update.
Am J Otology 1985;6:102–7.
25. Lemire J. 1,25-Dihydroxyvitamin D3-a hormone with
immunomodulatory properties. Z Rheumatol 2000;59:24-7.
26. Garcion E, Thanh XD, Bled F, Teissier E, Dehouck MP, Rigault F, Bet
al. 1.25-Dihydroxyvitamin D3 regulates gamma 1 transpeptidase
activity in rat brain. Neurosci Lett 1996;216;183-6.
27. Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F, Wion
D. New clues about vitamin D functions in the nervous system.
Trends Endocrinol Metab 2002;13:100-5.
28. Ludlow CL, Loucks T. Stuttering: a dynamic motor control
disorder. J Fluen Disord 2003;28:273-95.
29. Pool KD, Devous MD, Freeman FJ, Watson BC, Finitzo T.
Regional cerebral blood flow in developmental stutterers. Arch
Neurol 1991;48:509-12.
30. Yairi E, Ambrose N. Epidemiology of stuttering: 21st century
advances. J Fluency Disord 2013;38:66-87.
31. Lawrence M, Barclay DM. Stuttering: A brief review. Am Fam
Physician 1998;57:2175-8.
32. Wu JC, Maguire G, Riley G, Lee A, Keator D, Tang C, Fallon J,
Najafi A. Increased dopamine activity associated with stuttering,
Neuroreport 1997;8:767-70.
33. Steidl L, Pesak J, Chytilova H. Stuttering and tetanic syndrome.
Folia Phoniatr (Basel) 1991;43:7-12.
34. Alm PA. Copper in developmental stuttering. Folia Phoniatr Logop
2005;57:216-22.
35. Rutter MJ, Bishop D, Pine D, Scott S, Stevenson JS, Taylor EA,
Thapar A. Rutter’s child and adolescent psychiatry. 5th. Hoboken
(NJ): Wiley-Blackwell 2010
36. Harrison LJ, McLeod S. Risk and protective factors associated
with speech and language impairment in a nationally representative
sample of 4- to 5-year-old children. J Speech Lang Hear Res
2010;53:508-29.
37. Yasin A, Aksu H, Ozgür E, Ozgür BG. Speech and language
delay in childhood: a retrospective chart review. ENT Updates
2017;7;22-7.

21. Munger KL, Zhang SM, O’Reilly E, Hernan MA, Olek MJ, Willett
WC, et al. Vitamin D intake and incidence of multiple sclerosis.
Neurology 2004;62;60-5.

Türkiye Çocuk Hast Derg/Turkish J Pediatr Dis / 2020; 14: 158-163

