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Abstract

Background: The role of nutrients and dietary factors in attention-deficit hyperactivity disorder (ADHD) remains
unclear. Objectives: The primary objective was to evaluate the serum vitamin D level in children with a diagnosis of
ADHD. The secondary objective was to detect the effect of vitamin D supplementation on cognitive function in those with
vitamin D deficiency. Methods: A total of 50 children with ADHD and 40 healthy controls were included in the study. We
measured the serum level of vitamin D. Patients with vitamin D deficiency were subdivided into 2 groups: one with vitamin
D supplementation and the other without vitamin D supplementation. Further assessment and follow-up of children with
ADHD was done. The Wisconsin Card Sorting Test, Conners’ Parent Rating Scale, and Wechsler Intelligence Scale for
Children were performed at baseline and follow-up in all cohorts with an ADHD diagnosis. Results: The diagnosis of
vitamin D deficiency was significantly greater in children with ADHD compared with the control group (P < 0.05). Children
with ADHD had significantly (P = 0.0009) lower values of serum vitamin D (17.23 £ 8.98) than the control group(31.47 £
14.42). The group receiving vitamin D supplementation demonstrated improvement in cognitive function in the conceptual
level, inattention, opposition, hyperactivity, and impulsivity domains. Conclusion: Vitamin D supplementation in children
with ADHD may improve cognitive function.
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Introduction and alternative medical therapy.4 Although the link between
nutrient deficiencies and ADHD is still a matter of debate,
the role of nutrition in the prevention and treatment of clini-
cal manifestations of the disease has been a topic of recent
interest.” It has been postulated that vitamin D is important
to the development of the brain, especially during the pre-
natal and early neonatal period.™® It was concluded that
vitamin D is essential for brain development through differ-
ent mechanisms, and lack of vitamin D during early fetal
life and childhood affects brain structure and function.””
However, some studies reported that mother’s vitamin D

Attention-deficit hyperactivity disorder (ADHD) is a neuro-
developmental disorder, characterized by inattention,
hyperactivity, and/or impulsivity, that affects 2% to 9% of
all children and adolescents.' ADHD can affect the function
and development of children with this disorder, and other
family members, peers, and teachers can also be affected by
this disorder. It is one of the leading causes of disruptive
behaviors and academic underachievement in school.? Drug
therapy is the mainstay of treatment—namely, amphet-
amines and methylphenidates—but there are limitations to
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Table I. Baseline Demographic Data.

Sex
Age (years), Vitamin D Level (ng/
Participants Male, n (%) Female, n (%) Mean £ SD mL), Mean + SD
ADHD, n =50 28 (56) 22 (44) 9.31 £2.60 17.23 £ 8.98
Control, n =40 21 (52.5) 19 (47.5) 8.80 £ 3.72 31.47 + 1442
P value 0.1° 0.4° 0.0009°

Abbreviation: ADHD, attention-deficit hyperactivity disorder.
2 Test.
®Student t-test.

during pregnancy had no association with behavioral prob-
lems in the offspring, including symptoms of ADHD.'*!!
However, limited studies have been conducted to clarify the
role of vitamin D in ADHD. Vitamin D had been shown to
be important to brain development in animal and human
studies.'? 25-Hydroxyvitamin D [25 (OH)D] is the best
measure of vitamin D and reflects different sources of vita-
min D like cutaneous synthesis, food intake, and supple-
mentation. 1,25-dihydroxyvitamin D is the active form of
vitamin D but not considered a useful measure of vitamin D
status in the body because of its short half-life and persis-
tence of normal levels even in the deficiency states second-
ary to upregulation of the 1a-hydroxylase enzyme'® Vitamin
D receptors and la-hydroxylase enzyme, an enzyme
responsible for the formation of the active form of vitamin
D, are widely distributed in the central nervous system,
mainly in the neuronal cells of the substantia nigra, hippo-
campus, hypothalamus, prefrontal cortex, and cingulated
gyrus. Indeed, many of these regions have been implicated
in the pathogenesis of ADHD."*

Sun exposure plays a role in vitamin D synthesis in the
skin. Despite sunlight, the prevalence of vitamin D defi-
ciency is high in Persian Gulf countries. It was found that
70% of young girls in Iran and 80% in Saudi Arabia suf-
fered from vitamin D deficiency."” Although sunlight plays
a role in the homeostasis of vitamin D in the blood, expo-
sure to sunlight alone is not enough to cure vitamin D
deficiency.'

There are several mechanisms for decreasing symptoms
of ADHD through vitamin D supplementation. Vitamin D is
essential for the production of dopamine and norepineph-
rine, neurotransmitters responsible for reducing the nega-
tive symptoms of ADHD. In addition, it increases the
production of acetylcholine, which helps in maintaining
focus and concentration and encourages the growth of nerve
cells for executive functions.'”'®

The aim of this study was to assess vitamin D levels in
children with ADHD in comparison with vitamin D levels
in children without an ADHD diagnosis. A secondary aim
was to detect the effect of vitamin D supplementation as an
adjunctive therapy to improve cognitive function in vitamin
D—deficient patients.

Patients and Methods

This case-control prospective interventional study was con-
ducted in 50 children with ADHD and 40 healthy controls.
The study was conducted from December 2015 to January
2017 after informed consent. Children with ADHD were
enrolled from the pediatric neuropsychiatric outpatient
clinic, Al Hada and Taif military hospitals, Saudi Arabia.
There were 28 male and 22 female participants (Table 1),
with ages ranging from 7 to 14 years (mean 9.3 + 2.6 years).

A control group included 40 healthy children matched
for age, sex, nutritional status, and body mass index, with
no history of vitamin D supplementation. Controls were
chosen among non-ADHD children selected from those
who visited the primary health care centers for any reason
other than acute or chronic disease. There were 21 boys and
19 girls. Their ages ranged from 6 to 13 years, with a mean
of 8.8 + (3.7) years (Table 1). An independent research
board had reviewed and approved the study protocol before
the study was conducted. All ethical guidelines on the 1964
Declaration of Helsinki and its later amendments were
taken into account.

Exclusion criteria were the following: liver disease with
impaired liver function tests; kidney disease with a rise of at
least 50% in serum creatinine or impaired creatinine clear-
ance; thyroid and parathyroid disorders; fat malabsorption;
history of head injuries, seizures, autism, or mental retarda-
tion with IQ less than 70; and use of vitamin D or vitamin
D—containing products 3 months prior to the study and
drugs interfering with vitamin D metabolism, such as phe-
nobarbital, phenytoin, antituberculosis drugs, cholesterol-
lowering statin drugs, and thiazide diuretics. Patients with
an HIV diagnosis as both the disease state itself as well as
HAART (highly active antiretroviral therapy) can interfere
with vitamin D metabolism.

ADHD was diagnosed by a child and adolescent psy-
chiatrist using the Statistical Manual of Mental Disorders
diagnostic criteria (DSM-1V) through a face-to-face inter-
view for the child and his parents."” All children with ADHD
received methylphenidate 0.3 to 1 mg/kg/d 3 times a day
(began with 0.3 mg/kg and titrated gradually to the opti-
mum dose, 1 mg/kg).
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Each patient was subjected to the following: a detailed
medical history, including perinatal history; developmental
history; and family history of similar cases. Data were col-
lected in regard to mean duration of ADHD diagnosis, num-
ber of previous stimulant or nonstimulant trials, current
ADHD therapy, or other current psychiatric diagnoses as
well as dietary intake, physical activity, and sun exposure.
Clinical examination included the following: anthropome-
try, physical examination, and neurological examination.

Dietary intake of participants, physical activity, and sun
exposure were assessed as possible confounders at baseline
and at the end point of intervention. Food diaries were mea-
sured by recall questionnaires of 3 nonconsecutive 24-hour
periods. Information was obtained about food intake,
including energy, macronutrients, and micronutrients.
Evaluation of physical activity was assessed through use of
an international physical activity questionnaire.

Assessment of sun exposure was done by collecting data
about the duration and part of the body that was exposed to
the sun and use of sunscreen cream. Significant sun expo-
sure over the course of the trial period was defined by self-
report of spending more than 30 minutes outside without
sunscreen with arms and legs or more exposed.

Determination of Vitamin D Status

A venous blood sample of 3 mL was taken from each par-
ticipant in the study and the serum separated and stored at
—70°C until the time of analysis. Serum [25 (OH)D] was
measured using a commercially available kit (DiaSorin
Corporate Headquarter, Saluggia, Italy). Serum [25 (OH)D]
was measured again after complete supplementation using
the competitive binding radioimmunoassay technique.”
The values of serum vitamin D level were classified into 4
categories according to analysis of the serum:(1) normal
(30-100 ng/mL); (2) low (10-29 ng/mL); (3) severely low
(<10 ng/mL); (4) toxic (>100 ng/mL).*!

The 2 groups in the ADHD cohort were also assessed
through the use of the following psychiatric scales:

An Arabic version of Conners’ Parent Rating Scale was
used for detection of the severity of ADHD.** We scored
items related to hyperactivity, inattention, oppositional,
and impulsivity. Conners’ Parent Rating Scale is a
27-item scale that is usually scored by patents. Ratings
on the questionnaire ranged from 0 (never or rarely) to 3
(very often). A total score is derived from the scale, and
the cutoff score of 15 has been established. Raw scores
were converted to 7-scores based on gender and age.*

Wisconsin’s Card Sorting Test (WCST) is a neuropsy-
chological test to measure the executive function. A
computerized version of the task was used (Microsoft
Windows-compatible version 4.0), which automatically
scores the test in contrast to the manual version.'® This

requires the examinee to discern the sort criterion of a set
of cards based on “correct” versus “incorrect” feedback
given by the examiner. After correctly matching a card
according to a stimulus for 10 consecutive trials, the
matching feature changes. This occurs 6 times or until all
128 cards are administered. Successful performance on
the WCST requires that an individual determine the cor-
rect response in dimension and then maintain responding
to that dimension.**

An Arabic version of the Wechsler Intelligence Scale for
children (WISC) for assessment of intelligence quotient
(IQ)."® The test was used according to the standard pro-
cedure. The WISC consists of 11 subtests: 6 subtests of
verbal intelligence (information, comprehension, arith-
metic, similarities, digit span, and vocabulary) and 5
subtests of nonverbal, performance intelligence (coding,
picture completion, block design, picture arrangement,
and object assembly). Scores derived from these subtests
include the full-scale IQ, verbal 1Q, and performance

IQ.25

According to the results of vitamin D assays, children
with ADHD were divided into 2 groups: group 1(40
patients) included children with ADHD with vitamin D
deficiency, and group 2(10 patients) included children with
ADHD with normal vitamin D levels. Children with ADHD
who showed a deficiency in vitamin D were stratified by
gender and randomly assigned in a double-blind fashion in
a 1:1 ratio to the vitamin D supplementation group or the
placebo group by permuted-block randomization. Group
1A included 20 children with ADHD and vitamin D defi-
ciency who received supplementation with vitamin D as an
adjuvant therapy to the standard treatment. Group 1B
included 20 children with ADHD and vitamin D deficiency
who received the standard treatment and placebo without
supplementation with vitamin D.

All children with ADHD received methylphenidate in
a proper dose after gradual titration; 72% of the interven-
tion group was previously on methylphenidate compared
with 78% in the placebo group. Based on randomization,
vitamin D or placebo had to be taken every day for 12
weeks by patients added to methylphenidate. Vitamin D
and placebo were identical in appearance to guarantee
blinding.

Vitamin D supplementation was done in the form of
cholecalciferol in a dose of 3000 IU daily for 12 weeks in
addition to methylphenidate.”’ Serum [25 (OH)D] was
measured again after complete supplementation, and the
2 groups were compared using Conner’s’ Parent Rating
Scale and WCST. Adherence to the vitamin D or methyl-
phenidate was assessed by counting the remaining pills
and measuring serum 25(OH)D. Patients were consid-
ered compliant if they consumed more than 80% of
supplements.
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Outcome Measures

The primary outcome measure was changes in the clinical
symptoms as evaluated by Conner’s Parent Rating Scale,
which was completed by parents and used to measure
ADHD symptom severity in the last 4 weeks. Secondary
outcomes were ADHD domains and Weekly Parent Ratings
of Behavior. ADHD domains completed by a trained inter-
viewer include changes in categories completion, concep-
tual level, impulsivity, inattention, hyperactivity, and
oppositional domains. The safety of treatment was checked
using a side effects questionnaire.

Statistical Analysis

Data and variables were analyzed using SPSS version 16.0
(Chicago, IL). Quantitative data are presented as means +
SD. The i’ test was used to compare categorical data. All
variables were assessed for normality by Kolmogorov-
Smirnov test. The Student #-test was used to test differences
in means, and the Mann-Whitney U test was used for non-
parametric statistics. The paired #-test and Wilcoxon test were
used to investigate within-group differences. Confounding
factors were adjusted using the analysis of covariance. For
the assessment of symptoms severity in ADHD, the 7-score
was used for Conners’ Parent Rating Scale questionnaires
that were obtained by transformation based on normative
data adjusted for age and gender. The P value was considered
significant when below 0.05. Correlation analysis was done
using Spearman’s rank correlation.

Results

This study was conducted in 90 children, 50 of whom were
in the ADHD cohort and 40 in the control group. A total of
77 patients were screened for study inclusion, and 27 did
not meet entry criteria. Out of the 40 patients, 35 completed
the study. The study had a small difference that was not sig-
nificant in terms of the attrition rates between the 2 arms: 4
(20%) in the intervention group and 1 (5%) in the placebo
group; P = 0.06 (Figure 1). Adherence was 100% in the
remaining participants.

Regarding the age and gender, there was no statistically
significant difference between patient and control groups in
their vitamin D levels. The mean durations of ADHD diag-
nosis were 13.2 + 3.6 and 14.3 = 2.8 months in the vitamin
D supplemented group (group 1A) and placebo group
(group 1B), respectively. There were 6 incomplete trials,
usually because of side effects (4 for methylphenidate and 2
for amphetamine) in the vitamin D supplemented group
(group 1A) compared with 4 trials (3 for methylphenidate
and 1 for amphetamine) in the placebo group (group 1B).
All patients received standard management (methylpheni-
date and behavioral therapy).

Comorbid psychiatric disorders were reported in 9 (45%)
patients in group 1A compared with 8 (40%) patients in
group 1B. Specific developmental disorder of scholastic
skills was the most prevalent comorbidity in this study
(45%) followed by Oppositional Defiant Disorder (28%).
No statistically significant differences were reported in
regard to the mean duration of ADHD diagnosis, number of
previous stimulant or nonstimulant trials, current ADHD
therapy, or other current psychiatric diagnoses in both
groups.

However, statistically significantly (P < 0.001) lower
values of serum vitamin D levels were reported in children
with ADHD compared with controls (Table 1). The ADHD
group showed subnormal levels of vitamin D in 80% (group
1), whereas the remaining 20% had normal serum vitamin
D levels (group 2). The control group showed subnormal
and normal levels in 30% and 52.5%, respectively. However,
none of both groups showed toxic levels of vitamin D.
Statistical analysis showed a significant difference (P value
< 0.05) in the serum vitamin D levels between the ADHD
and control groups (Table 2).

At baseline, both groups of patients with ADHD (group
1, group 2) showed no statistically significant differences in
the demographic data. Moreover, no differences were
reported in the energy and nutrient intake based on 3-day
food diaries analysis, physical activity, and assessment of
sun exposure before and after the end of the therapeutic tri-
als between the 2 groups.

Also, both groups of patients with ADHD (group 1,
group 2) showed no statistically significant differences
regarding different psychiatric scales at the beginning of the
study (Table 3). According to the baseline vitamin D levels
and psychiatric scale measurements, the correlation of
serum vitamin D level to psychiatric scales revealed a posi-
tive correlation between serum vitamin D level and the total
IQ scores and a negative correlation between serum vitamin
D level and the hyperactivity components of the Conner’s
Parent Rating Scale (Table 4).

After 12 weeks of vitamin D supplementation, there was
a significant increase in serum levels of 25(OH)D (mean
increase = 20.14 ng/mL; P < 0.01) in the vitamin D supple-
mented group (group 1A), and 82.6% of this group had
25(0OH)D >30 ng/mL. However, the placebo group (group
1B) showed no significant changes (mean increase = 4.17
ng/mL, P> 0.05) in 25(OH)D levels.

Among children with ADHD who received vitamin D
supplementation (group 1A), authors compared different
psychiatric scales at baseline and at follow-up. A significant
improvement was noted in conceptual level, inattention,
and opposition as well as in hyperactivity and impulsivity
(Table 5). However, children with ADHD without vitamin
D supplementation (group 1B) did not show such improve-
ment except in the oppositional domain (Table 5).
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Figure |. Flowchart of the attention-deficit hyperactivity disorder cohort.

Table 2. Comparison of Serum Vitamin D Levels of ADHD and Control Groups.

Serum Vitamin D Levels (ng/mL)

Very Low (<10 ng/

Low (10-30 ng/mL), Normal (30-100 ng/

Variable mL), n (%) n (%) mL), n (%)
ADHD, n =50 17 (34) 23 (46) 10 (20)
Control, n = 40 7 (17.5) 12 (30) 21 (52.5)
P value® 0.04 0.03 0.02

Abbreviation: ADHD, attention-deficit hyperactivity disorder.
2 Test.

At follow-up, the percentage of change in categories com-

pletion, conceptual level, impulsivity, and oppositional

domains showed much improvement in group 1A rather than
group 1B, but these findings were not statistically significant.
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Table 3. Baseline Psychiatric Rating Scales in Children With ADHD With Vitamin D Deficiency (Group 1) and With Normal Vitamin

D (Group 2).

ADHD With Vitamin
D Deficiency (Group

ADHD With Normal
Vitamin D (Group 2),

Psychiatric Scales Domains 1), Mean = SD Mean + SD P Value
Wechsler Scale
Verbal skills Comprehension 97 +22 93+ 1.3 0.823
Digit span 69128 6.1£18 0.174
Arithmetic 83 +3.1 74+23 0.356
Similarities 0.1 £3.0 10.7 £ 2.5 0.385
Performance skills Picture completion 88+23 89+25 0.843
Digit symbol 89+3 82+32 0.654
Block design 85+24 83+22 0.631
Total IQ Verbal 1Q 989 £ 16.8 96.2+78 0.621
Performance 1Q 96.7 £ 14.6 94.6 £ 134 0.873
Total IQ 97.8 £ 15.7 954+ 10.6 0.684
Wisconsin’s Card Sorting Test Categories completion 3.1 £2 32121 0.564
Conceptual level 40.2 £ 264 454 £ 32.8 0.623
Conners’ Parent Rating Scale Inattention 70.8 £ 12.2 74.1 £9.4 0.473
Hyperactivity 783 £ 8.8 775+98 0.651
Impulsivity 79392 81.3+108 0.715
Oppositional 664+ 11.2 658+ 104 0.491
Abbreviations: ADHD, attention-deficit hyperactivity disorder; 1Q, intelligence quotient.
Table 4. Correlation Between Serum Levels of Vitamin D and Psychiatric Scales in Children With ADHD.?
Psychiatric Scales Domains R P
Wechsler Scale Total IQ 0.783 0.006
Wisconsin’s Card Sorting Test Categories completion 0.638 0.133
Conceptual level 0.573 0.174
Conners’ Parent Rating Scale Inattention -0.348 0.175
Hyperactivity -0.711 0.04
Impulsivity -0.953 0.617
Oppositional -0.994 0431

Abbreviations: ADHD, attention-deficit hyperactivity disorder; |Q, intelligence quotient.
a R: R correlation coefficient; P, Spearman’s rank correlation test; P <0.05 is significant.

However, the percentage of change in the inattention and
hyperactivity domains were statistically significant. Minor
adverse effects of vitamin D supplementation were reported
in 15% of patients (group 1A) in the form of mild abdominal
pain, diarrhea, and loss of appetite. However, 5% of patients
without vitamin D supplementation (group 1B) reported loss
of appetite.

Discussion

Recently, the relationship between vitamin D and ADHD in
children has been the focus of interest of many investiga-
tors. To our knowledge, this is the first therapeutic trial that
examined the impact of vitamin D supplementation at a
dose of 3000 IU daily for 8 weeks on cognitive function in
children with ADHD.

In the past few years, an association has been found
between vitamin D and many neuropsychiatric disorders.*®
In this study, we aimed to evaluate serum vitamin D levels
in children with ADHD and the role of vitamin D supple-
mentation in those with vitamin D deficiency.”’ The authors
found that the ADHD group had a significantly higher per-
centage of vitamin D deficiency compared with the control
group. Also, children with ADHD had significantly lower
vitamin D levels than the control group. Our data were con-
sistent with those reported from a study in Qatar where
vitamin D levels were determined in 1331 children with
ADHD (ages 5-18 years) and a similar number of healthy
matched control children. Children with ADHD had sig-
nificantly lower levels than the healthy controls.?” Similar
findings were reported by other studies, including a Turkish
study which compared 60 children with ADHD, 7 to 18
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Table 5. Comparison Between Psychiatric Scales at Baseline and at Follow-up in Children With ADHD With and Without Vitamin D

Supplementation.”

ADHD With Vitamin D
Supplementation (Group |A)

ADHD Without Vitamin D
Supplementation (Group |B)

Variable Timing Mean + SD P Value Mean + SD P Value
Categories Before supplementation 3.50 £2.023 0.085 2.50 £ 2.061 0.643
completion After supplementation 4.80 = 0.56 3.30 + 1.664

Conceptual level Before supplementation 48.60 + 25.154 0.024 31.40 £ 21.562 0.0862
After supplementation 8320 = 11.145 42.20 + 20.694

Inattention Before supplementation 66.26 + 14.628 0.037 74.20 £ 10.245 0.631
After supplementation 55.48 + 12.462 71.67 £ 9.654

Hyperactivity Before supplementation 80.38 + 10.268 0.001 78.64 + 9.543 0.964
After supplementation 57.34 + 11.342 75.92 + 8851

Impulsivity Before supplementation 78.50 £9.012 0.001 77.87 £ 10.439 0.0645
After supplementation 57.36 + 10.491 70.27 + 9.564

Oppositional Before supplementation 63.486 + 12.842 0.025 72.35 + 10.052 0.034
After supplementation 51.573 + 10.045 66.64 +9.162

Abbreviation: ADHD, attention-deficit hyperactivity disorder.
SD, paired t test.

years old, with 30 age-matched control children. Other
studies have reported similar findings.***° However,
Tolppanen et al’' found no association between low levels
of vitamin D and ADHD in his large study. Strom et al**
conducted a long-term follow-up study of children up to 22
years after birth and did not find an association between
low D vitamin levels in the serum of the mothers during
pregnancy and ADHD in their children. In a recent study
conducted by Gustafsson et al,” vitamin D levels were
analyzed in the serum collected from the child at the time
of birth, which should reflect the prenatal status of vitamin
D of the child. They then compared children who later
developed ADHD with controls and reported findings sim-
ilar to those of Strom et al,** Gale et al,'’ and Whitehouse
et al.'"' These studies were discordant with our results,
unlike other studies in Qatar, Turkey, and Iran, which sup-
ported our findings.””*

Although a high percentage of children with ADHD in
our study had vitamin D deficiency, children in the control
group were also found to have vitamin D deficiency.
Therefore, vitamin D deficiency can be viewed as a world
health problem. In our study, there was no significant differ-
ence among children with normal vitamin D (group 1) and
children with a low level of vitamin D (group 2) in regard to
the psychiatric scales at baseline. Additionally, not all
patients with vitamin D supplementation improved at fol-
low-up. This could be a result of the fact that ADHD is a
multifactorial disorder resulting from an interplay of genet-
ics and environmental factors.** The small sample size in
our study is another limiting factor. We found a positive
correlation between serum vitamin D and total IQ score and
a negative correlation between serum vitamin D and

hyperactivity score. Previous studies demonstrated that
vitamin D and other micronutrient deficiencies were associ-
ated with poorer cognitive function and underachievement
in children and adolescents.'*>

During follow-up of the supplemented group (group 1A)
by psychiatric scales analysis, the authors found improve-
ment in Conners’ parents rating scores subitems, with sig-
nificant improvements in conceptual level (P = 0.024),
inattention (P = 0.037), hyperactivity (P =0.001), impulsiv-
ity (P = 0.001), and oppositional domains (P = 0.025).
However, follow-up of the nonsupplemented group (group
1B) showed that the cognitive function and Conners’ scale
subitems did not improve, except for the oppositional scale,
because they were subjected to behavioral therapy. Vitamin
D decreases symptoms in ADHD through modulation of
neurotransmitters such as dopamine, norepinephrine, and
acetylcholine.'”'® The authors demonstrated that vitamin D
supplementation for 12 weeks in conjunction with methyl-
phenidate decreased symptoms of ADHD, notably inatten-
tion and hyperactivity.

In adult patients with ADHD in New Zealand, a thera-
peutic trial was conducted on 80 patients, with a reported
27% prevalence rate of vitamin D deficiency among
patients. Vitamin D supplementation for 8 weeks resulted in
alleviating most of the clinical manifestations of the dis-
ease. However, the addition of other micronutrients such as
vitamin B12, zinc, iron, or folate was found to be ineffec-
tive.”” Our findings are in agreement with a recently pub-
lished Iranian randomized, double-blind, placebo-controlled
trial in which supplementation with vitamin D at a dose of
2000 IU for 8 weeks as adjunctive therapy improved eve-
ning symptoms of ADHD.**
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In a prospective cohort study in children, the authors did
not support the theory of relationship between vitamin D
levels and behavioral problems.* Further studies to eluci-
date the effect of vitamin D supplementation as monother-
apy (without methylphenidate) on ADHD symptoms are
recommended.

The authors found adverse effects of vitamin D supple-
mentation in 15% of the patients in the form of mild abdom-
inal pain, loss of appetite, or diarrhea. This is consistent
with the findings of Otten et al* who concluded that oral
vitamin D supplementation can cause mild adverse effects.
The use of methylphenidate in conjunction with vitamin D
administration can be considered a limitation in this study
because the adverse effects of methylphenidate could mask
those of vitamin D. Therefore, it may be difficult to attribute
the reported adverse effects solely to vitamin D therapy.

Because of the small sample size of this study, a weak
association between ADHD with vitamin D deficiency
could not be excluded. Other limitations of our study
included that we did not proceed for calculation of sample
size or power of the study because data on the effect of vita-
min D supplementation on ADHD symptoms are not suffi-
cient for an exact calculation of statistical sample size.

The Conners’ Parent Rating Scale is not a direct measure
of the child’s behavior, but a reflection of parental percep-
tion. It is subject to parental ability, time spent with the
child, motivation for seeking treatment, and parents’ ten-
dency to be concerned about certain behaviors while over-
looking others. These factors all have a significant impact
on the resulting scores. Although the attrition rates did not
reach conventional levels of significance in our study, the
imbalance of data may still bias the study results.

Conclusion

We can conclude that children with ADHD had statistically
greater vitamin D deficiency. This information highlights the
importance of regular monitoring of serum levels of vitamin
D and subsequent treatment of patients with vitamin D defi-
ciency. This study provides preliminary evidence to suggest
that vitamin D supplementation may improve aspects of cog-
nitive functioning related to an ADHD diagnosis. Larger
studies are required to further investigate the role of vitamin
D in the pharmacological management of ADHD.
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