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ABSTRACT

Background: Vitamin D is important for the brain development, especially during the prenatal and early neonatal period.
We aimed to study the vitamin D supplementation effect on behavior and language development, as an adjuvant therapy
to the usual protocol of treatment, in attention deficit hyperactivity disorder (ADHD) children.

Patients and Methods: This case- control prospective interventional study was carried out on 30 children aged from
3 to 7 years old, both sexes diagnosed with and delayed language development. Patients were divided into two equal
groups: Group 1: Case group, and group 2: Control group. All patients were undergone general examination, vocal tract
examination, history taking, ear and nose examination, auditory perceptual assessment of voice and speech, the conners
parent rating scale, the modified preschool language scale -4 (PLS4) and the Egyptian Arabic Pragmatic Language Test
(EAPLT).

Results: There was significant improvement in cases before compared to cases after, and control before and control after
regarding inattention, hyperactivity, and psychosomatic problems. At the study end, a significant decrease was found in
cases after contrasted to control after regarding inattention, and psychosomatic problems. Concerning the scores of the
language assessment, there was significant increase in cases after compared to cases before, and control after and control
before regarding all scores of the PLS4, and EAPLT (P < 0.05).

Conclusion: Vitamin D supplementation could be combined with behavioural modification therapy and language therapy
for much more alleviation of ADHD symptoms and enhancing language development in ADHD children with language
delay.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is
recognized as the most prevalent psychiatric disorder
among school-aged children!. The global ADHD
prevalence is estimated to be between 5.9 and 7.1%, and
its upward trajectory is concerning!?.

It is the result of a environmental and genetic factors
combination, and the symptoms of the condition are
inconsistent among patients™. It is distinguished by the
elevated presence levels of hyperactivity, impulsivity, and
inattention, which impede daily functioning.

ADHD children are believed to be at a threefold
increased developing comorbid language difficulties risk,
which include deficiencies in their expressive, receptive,
and pragmatic language capacity®..

Although language impairment is not a cardinal ADHD
feature, there is a strong correlation between ADHD and
a language deficits variety, such as issues with coherence,

non-verbal communication, and semantics, pragmatic
language usel®. It is intriguing that children who exhibit
a persistent hyperactive-inattentive  developmental
trajectory are more likely to experience persistent social
communication deficits, as opposed to the reverse!”.

Language is also a challenge for children with ADHD,
particularly in terms of pragmatics and structural aspectst®l.
Structural language skills are fundamental language
skills that are essential for the production of well-
formed sentences and the comprehension of vocabulary,
morphosyntax, and phonology®..

The relationship between ADHD and language has also
been empirically examined. There is evidence that ADHD
is linked to structural and speech language difficulties,
with suggestions that the speech onset for ADHD children
occurs faintly later than that of typically developing (TD)
children®..

Pragmatics is one language-related aspect that is
garnering more attention in the context of ADHD. Although
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pragmatic language is defined in a multitude of ways, there
is a general agreement that pragmatics encompasses the
social application of language. The overarching pragmatic
language construct could be deconstructed into constituent
parts, such as the conversions maintenance, initiation,
and termination, the content and tone adaptation of
spoken messages to encounter the listener's needs, and the
production of coherent narrativest'®.

Consequently, for decades, there has been research on
the potential of dietary modifications to alleviate symptoms
in ADHD children!"). There are two categories of dietary
modifications that have been proposed as potential
treatments for ADHD in children: dietary interventions
that eliminate certain nutrients, dietary interventions,
and elimination diets that increase the specific nutrients
intakel'?.

Vitamin D is believed to be crucial for brain
development, particularly during the prenatal and early
neonatal period!”’l. It was determined that vitamin D is
indispensable for brain development through various
mechanisms, and that the structure and function of the
brain are influenced by its absence during early fetal life
and childhood!*.

We aimed to study the vitamin D supplementation effect
on behaviour and language development, as an adjuvant
therapy to the usual protocol of treatment, in children with
ADHD.

PATIENTS AND METHODS:

This Case- control prospective interventional study was
done on 30 children aged from 3 to 7 years old, both sexes,
diagnosed with ADHD (the diagnosis of ADHD was based
on 5th edition (DSM-5TM) for ADHD and conners parent
rating scale (CPRS)) and delayed language development
(the diagnosis was based on the PLS4 and the EAPLT).

The study was conducted from January 2022 to June
2022 with the approval of the Ethical Committee of Tanta
University Hospitals in Tanta, Egypt (Approval code:
35127/12/21). The patients' relatives provided written
consent that was informed.

Exclusion criteria were children with other
psychological problems other than ADHD, renal or hepatic
diseases, who are managed by any other protocol of
treatment of ADHD, any other causes of delayed language
development and who have received calcium or vitamin D
supplementation during the preceding 6 months.

Patients were divided into two equal groups: Group 1:
Case group, and group 2: Control group.

All patients were subjected to: history taking, general
examination, vocal tract examination, ear and nose

examination, auditory perceptual assessment of voice and
speech, and laboratory investigations were done to rule out
renal and hepatic diseases. The two groups were managed
by language therapy and behavioral modification therapy
for 6 months. The case group, additionally, received the
maximal prophylactic dose of vitamin D supplementation
(1000 IU).

Clinical diagnostic aids

Conners' Rating Scale in Arabic: The scale comprises
ten questions that evaluate the severity of ADHD on a four-
point Likert scale and identify ADHD. The total score is
between 0 and 30. A child is diagnosed with ADHD if their
score exceeds 1511,

The Arabic version of the PLS4 evaluates the child's
language development and assigns three language ages:
the receptive, expressive, and total language ages, as
determined by the child's responses to the test items!'®l.

Stanford Binnet Intelligence Scale (5% Arabic
version)!'”), The Standardized EAPLT: It evaluates verbal,
paralinguistic, and nonverbal abilities. The child's total
score and scores in each subset of the EAPLT were
calculated at the 5th and 95" percentiles, depending on their
chronological age. The 5™ percentile rank suggests that the
child has acquired the skill, while the 95" percentile rank
suggests that the child has mastered it. Pragmatic language
delay was indicated by scores below the fifth percentile
rank!'8l,

Statistical analysis

SPSS v28 (IBM Inc., Chicago, IL, USA) was employed
to conduct the statistical analysis. The mean and standard
deviation (SD) of quantitative variables were presented
and contrasted between the two groups utilizing an
unpaired Student's t-test. Qualitative variables were
analysed utilizing the Chi-square or Fisher's exact test
when appropriate and were presented as frequency and
(%). Statistical significance was indicated as a two-tailed
P value that was < 0.05.

RESULTS:

Age and sex showed insignificant difference between
both groups. (Table 1)

Concerning scores of the conners test, there was
significant increase in cases before compared to cases
after, and control before and control after regarding
inattention, hyperactivity, and psychosomatic problems
(P < 0.05), while insignificant difference regarding
opposition between both groups. At the end of the study,
a significant reduction was found in cases after contrasted
to control after regarding inattention, and psychosomatic
problems (P= 0.001, 0.008, respectively), but opposition,
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and hyperactivity were insignificantly different between
both groups. (Table 2)

Concerning the scores of the PLS4, there was
significant increase in cases after compared to cases
before, and control after and control before regarding all
scores of the PLS4 (total age of language, receptive age
of language, and expressive age of language) (P < 0.05).
At the end of the study, there was significant increase in
cases after compared to control after regarding receptive
age of language (P < 0.26), while no significant difference

regarding total age of language, and expressive age of
language between both groups. (Table 3)

Table 4 shows a significant elevation in cases after
in comparison with cases before, and control after in
comparison with control before regarding all scores of the
EAPLT (P < 0.05), and at the end of the study there were
no significant differences between cases and control after
regarding all scores of the EAPLT except pragmatic factors
differ significantly (P= 0.012).

Table 1: Comparison between the case group and the control group regarding demographic data

Case group (n=15) Control group (n=15) P
Age (years) 5.02+1.16 4.94 +0.97 0.839
Sex Male 11 (73.3%) 10 (66.6%) 0.666
Female 4 (26.6%) 5(33.3%)

Data are presented as mean + SD or frequency (%).

Table 2: Comparison the scores of the conners test between control group and the cases group before, after and at the end of the study

Case group Cases before (n=15) Cases after (n=15) P

Opposition 62.20 = 8.45 58.40 + 6.95 0.189
Inattention 63.33 +7.36 49.93 +£4.06 0.001"
Hyperactivity 70.73 + 11.88 59.27+5.54 0.011°
Psychosomatic problems 60.87 +9.73 47.67+£5.22 0.001"
Control group Control before (n=15) Control after (n=15) P

Opposition 62.20 +8.45 59.93 +7.93 0.480
Inattention 63.20 + 7.50 56.20 +5.09 0.006"
Hyperactivity 70.80 + 11.85 61.80 + 6.64 0.016
Psychosomatic problems 60.93 +9.61 53.67+6.22 0.020"
At the end of the study Case After (n=15) Control After (n=15) P

Opposition 58.40 £ 6.95 59.93+7.93 0.578
Inattention 49.93 £4.06 56.20 + 5.09 0.001"
Hyperactivity 59.27+£5.54 61.80 + 6.64 0.266
Psychosomatic problems 47.67 +5.22 53.67 £6.22 0.008"

Data are presented as mean + SD. *: significant as p value<0.05.

Table 3: Comparison the scores of the PLS4 between control group and the cases group before, after and at the end of the study

Case group Cases before (n=15) Cases after (n=15) P

Total age of language 5.01 +£1.05 5.84+1.04 0.038"
Receptive age of language 4.86+1.08 6.11 +£0.72 0.001"
Expressive age of language 5.16 £1.02 5.93+0.88 0.034"
Control group Control before (n=15) Control after (n=15) P

Total age of language 4.81 +£0.95 5.77+0.68 0.039°
Receptive age of language 4,72 +0.98 5.47+0.79 0.029°
Expressive age of language 4.93+0.89 5.81+0.79 0.036"
At the end of the study Case After (n=15) Control After (n=15) P

Total age of language 5.84+1.04 5.77 +0.68 0.834
Receptive age of language 6.11 +0.72 5.47+0.79 0.026"
Expressive age of language 5.93+0.88 5.81+0.79 0.696

Data are presented as mean += SD. PLS4: Preschool language scale 4™ edition. *: significant as p value<0.05.
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Table 4: Comparison the scores of the EAPLT between control group and the cases group before, after and at the end of the study

Case group Cases before (n=15) Cases after (n=15) P
Nonverbal aspects 540+1.12 8.07+1.10 0.002"
Para linguistic aspects 5.93+0.80 7.93+1.22 0.003"
Inference 3.67+1.11 6.73 £2.22 0.010°
Narratives Story retelling 17.53+£2.29 21.60 +2.41 0.011"
Story telling 7.33+£1.35 11.13 £2.50 0.005"
Answering WH Question 13.67+1.18 17.87+2.13 0.001"
Pragmatic functions 2.67 £0 .49 427+1.22 0.012"
Pragmatic factors 8.13 £ 1.06 11.13+£2.20 0.015
Total score 64.33 £7.04 86.67 = 11.69 0.001"
Control group Control before (n=15) Control after (n=15) P
Nonverbal aspects 4.60+1.35 7.13+£1.85 0.021"
Para linguistic aspects 5.40 £ 1.06 720+ 1.15 0.018"
Inference 3.58 £ 1.31 547 +1.85 0.034"
Narratives Story retelling 15.87 +£2.85 19.20+1.97 0.012
Story telling 8.33+2.23 10.20 +1.82 0.037
Answering WH Question 13.75+£1.50 16.67 £2.47 0.015"
Pragmatic functions 2.67+0.62 3.80+1.01 0.005"
Pragmatic factors 6.67+1.18 9.07 £1.98 0.012"
Total score 60.87 £4.47 79.20 £ 11.95 0.001"
At the end of the study Cases after (n=15) Control after (n=15) P
Nonverbal aspects 8.07+1.10 7.13+1.85 0.104
Para linguistic aspects 7.93+1.22 720+ 1.15 0.101
Inference 6.73+2.22 547+1.85 0.100
Narratives Story retelling 21.60 +2.41 19.20+1.97 0.085
Story telling 11.13£2.50 10.20 £ 1.82 0.253
Answering WH Question 17.87 +£2.13 16.67 £2.47 0.165
Pragmatic functions 427+1.22 3.80 £ 1.01 0.265
Pragmatic factors 11.13£2.20 9.07+1.98 0.012"
Total score 86.67 £ 11.69 79.20 £ 11.95 0.095

Data are presented as mean = SD. EAPLT: Egyptian Arabic Pragmatic Language test. *: significant as p value<0.05.

DISCUSSION

ADHD is a neurodevelopmental disorder that is
distinguished by behavioral hyperactivity/impulsivity
and inattention symptoms that are inconsistent with
the child's developmental stage and have a significant
effect on the child's social, academic, and behavioral
functioning!'®!.

The case group (supplemented group) exhibited a
significant decrease in symptoms of inattention and
psychosomatic problems contrasted to the control
group (non-supplemented group) by the conclusion
of the study, as evidenced by the Conner's Test.
The symptoms of ADHD are purportedly alleviated
by vitamin D by modulating neurotransmitters
for example; norepinephrine, dopamine, and
acetylcholine!l.

There was a significant decrease in the symptoms of
inattention, hyperactivity and psychosomatic problems
in the two studied groups. These results are expected
with the behavioural modification therapy. Whereas
with vitamin D supplementation in the case group, the
symptoms of inattention and psychosomatic problems
had decreased with high significance. Contrary to our
expectations, the domain of opposition showed no-
significant improvement in either group. This could
be attributed to some underlying causes that couldn’t
be eliminated during the period of the study such as
having a chaotic family life, childhood abuse and
maltreatment and peer rejection resulting from the
pre-existing bad impressions of those children with
ADHD.

An additional critical factor is that opposition,
which is a purely psychological issue, is not affected
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by the brain-related effects of vitamin D, such as
attention, hyperactivity, and psychosomatic disorders,
which could be targeted by vitamin D as brain centers.
This study also targeted attention and hyperactivity
with BMT, while opposition necessitates psychiatric
management in addition to family therapy, which
were not addressed in this study. Our findings are
substantially consistent with those of Elshorbagy
et al.?'! who demonstrated that the conceptual level,
hyperactivity, impulsivity, opposition, and inattention
were significantly enhanced in the case group
compared to the control group.

Additionally, this enhancement in opposition may
be demonstrated through behavioral modification
therapy that emphasizes opposition. Additionally, it is
impossible toimplement the effects of methylphenidate.

A randomized double-blind placebo-controlled
trial has also substantiated the efficacy of vitamin
D supplementation in ADHD by Mohammadpour
et al who investigated the impact of vitamin
D supplementation as an adjunctive therapy to
methylphenidate on sixty-two children with ADHD,
aged five to twelve. In addition to methylphenidate,
they were randomly assigned to one of two groups and
received either 2000 IU of vitamin D or a placebo. The
study reported a reduction in evening symptoms of
ADHD, including difficulty in completing homework,
excessive running, inattentiveness in task completion,
and preparing for sleep, as measured by the WPREMB
scale (Weekly Parent Ratings of Evening and Morning
Behaviour scale). This was observed after 8 weeks of
adjunctive therapy.

The study indicated a reduction in evening
ADHD symptoms, including difficulty in excessive
running, completing homework, inattentiveness in
task completion, and preparing for sleep, as measured
by the WPREMB scale (Weekly Parent Ratings of
Evening and Morning Behaviour scale). This was
observed afterward 8 weeks of adjunctive therapy!>.

Despite the short duration in this trial, vitamin D
supplementation could pay off. This may be due to
receiving a dose of 2000 IU which is the double of the
dose used in our study.

Discussing the results of the PLS4, there was
a significant improvement in the receptive age of
language in the case group over the control group,
while non-significant improvement was detected
neither in the expressive nor the receptive age of
language in the cases over the controls.

Significant improvements were detected in the total
age of language, the receptive age of language and the
expressive age of language in the two studied groups

by the end of the study and the improvement in the
receptive age of language in the supplemented group
rose to a high significant level. This could be attributed
to the high significant improvement in the level of
attention that in its turn improves the comprehension
abilities with subsequent improvements in the receptive
aspect of language. Taking into consideration that the
receptive language develops and improves at an earlier
pace than the expressive one, the latter could improve
in subsequent evaluations after extra time. To the best
of our knowledge, this is the first study that aimed
to assess the vitamin D supplementation impact on
language development in children.

Whitehouse er al?! conducted a study that
demonstrated substantial linear trends between
language impairment at 5 and 10 years of age and the
quartiles of maternal vitamin D levels. In contrast,
Beauchet et al.”! conducted a randomised controlled
trials systematic review to create the proof regarding
the vitamin D supplementation effects on cognitive
performance in adults. The review did not aid a role
for vitamin D supplementation in improving cognition
in adults.

Pointing to the results of EAPLS with comparing
the follow up results of the two studied groups,
significant enhancement was detected in the case
group over the control group regarding the item of
pragmatic factors. Pragmatic factors being assessed by
the EAPLT, included two subitems: (How do you feel
if?) and (Identifying good and bad manners), and both
are related-in one way or another- to the improvement
obtained in the behavior. Studies concerned with this
point -to our knowledge- are lacking.

On the other hand, the rest of the items of the test
did not improve significantly in the cases over the
controls, because pragmatics in general require longer
periods of time to develop. This is because pragmatics
are considered high brain functions.

Contrary to these obtained results, Pettersen
et al,?% studied the vitamin D supplementation effect
on verbal fluency in one hundred and forty-two healthy
adults, and concluded that supratherapeutic vitamin D
levels may be optimal for verbal fluency.

Some justifications for this contrast include the
difference in the targeted age, the presumption that
vitamin D is normal in Pettersen's study and deficient
in ours, and the maximal prophylactic dose in our
study versus the supratherapeutic dose in Pettersen's.

After reviewing the follow-up results of the two
studied groups in terms of behavior (as evidenced
by the Conner's Test) and language (as evidenced
by the PLS4 and EAPLT), it is evident that vitamin
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D supplementation plays a significant role in the
alleviation of certain ADHD symptoms, particularly
inattention and psychosomatic issues. Nevertheless, its
contribution to the improvement of language is limited
to specific aspects of language, specifically those that
fall within its structural or functional domains.

Limitations: The small size of this study is one of
the factors of limitation. Also, the Conners’ Parent
Rating Scale is not an objective method for measuring
the child’s behaviour, but a parental perception
reflection. The short duration of the study is another
limitation since the expressive and the pragmatic
aspects of language require longer duration to
develop and mature. The irregular compliance of the
children either in the sessions or in receiving vitamin
D supplementation could be considered. In addition,
children in this study were recruited only from our
phoniatric outpatient clinic, the matter that hindered
dealing with children with stronger ADHD symptoms
as in those who visit psychiatric clinics. Lastly, the
upper limit of age which did not allow for better
evaluation of the pragmatics.

CONCLUSION

Vitamin D supplementation could be combined with
behavioral modification therapy and language therapy
for much more alleviation of ADHD symptoms and
enhancing language development in ADHD children
with language delay.
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