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Abstract

Objective: A systematic review and meta-analysis of randomized controlled trials (RCTs) were conducted to assess the
benefits and harms of vitamin D supplementation for attention-deficit/hyperactivity disorder (ADHD) patients.

Methods: We followed the standard methodological procedures of the Cochrane Handbook for Systematic Reviews of
Intervention. PubMed, Embase, the Cochrane Central Register of Controlled Trials, Science and Conference Proceedings
Citation Index-Social Science and Humanities (Web of Science), ClincalTrials.gov, and World Health Organization’s
International Clinical Trials Registry Platform were searched for RCTs in January 2019. Independently, two authors
(J.G., T.X.) extracted data, assessed the risk of bias, combined the data, and graded evidence quality using the Grading of
Recommendations Assessment, Development, and Evaluation approach. Our primary outcomes were assessed through rating
scales of ADHD severity. Secondary outcomes measured were the possible adverse effects of vitamin D supplementation and
vitamin D status after supplementation for ADHD.

Results: We included four RCTs with 256 children addressing vitamin D supplementation as adjunctive therapy to meth-
ylphenidate on ADHD symptoms. Vitamin D supplementation demonstrated a small but statistically significant improvement
in ADHD total scores, inattention scores, hyperactivity scores, and behavior scores. The improvement was likely limited due
to the low to very low quality of evidence in the literature. There was no statistically significant improvement in oppositional
scores. Reported adverse events in the vitamin D group were mild and not significantly different from the control group.
Vitamin D supplementation increased serum vitamin D levels and the ratio of patients with sufficient vitamin D levels.
Conclusions: Vitamin D supplementation as adjunctive therapy to methylphenidate appeared to reduce ADHD symptoms
without serious adverse events, associated with improved vitamin D status. However, considering the generally low strength
of evidence, well-designed RCTs are needed to determine the efficacy and safety of vitamin D supplementation for both
children and adults with ADHD, especially in the setting of a combination of vitamin D and other ADHD treatments.
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held that the disorder can stem from multiple complicated inter-
actions between genes, environmental factors, brain injuries, or

Introduction

ATTENTION—DEFICIT/HYPERACTIVITY DISORDER (ADHD), char-
acterized by inattention and hyperactivity/impulsivity, is a
chronic neurological condition with considerably high prevalence
worldwide. It has been reported that 5.3%-9.5% of children and
2.5%-5% of adults have ADHD, with increasing incidence and a
higher susceptibility in males (Feldman and Reiff 2014; Thapar and
Cooper 2016). Although the etiology is still unknown, it is widely

pregnancy problems (Belanger et al. 2018; Demontis et al. 2019).
Individuals with the disorder not only display impaired social
function and cognitive development, but also a significant increase
in mortality rates (Dalsgaard et al. 2015). Furthermore, comorbidi-
ties (oppositional defiant disorder, depression, anxiety, etc.) are
commonly presented in patients with ADHD, making symp-
toms harder to treat (Belanger et al. 2018; Craig et al. 2019). Not
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surprisingly, it has been identified as one of the leading causes of
academic underachievement and disruptive behaviors in school
(Feldman and Reiff 2014; Voigt et al. 2017). The negative effects
often extend to family members, friends, and teachers of affected
patients (Storebo et al. 2011; Feldman and Reiff 2014), causing
significant economic and social burdens (Feldman and Reiff 2014;
Chan et al. 2016).

Comprehensive multimodal treatment is currently recommended
for treating ADHD (medication, parent training, skills training,
counseling, behavioral therapy, massage, educational support, ed-
ucation regarding ADHD, etc). (Feldman and Reiff 2014; Chan
et al. 2016). Although there are emerging treatment options for
ADHD, pharmacological therapies (Food and Drug Administration
[FDA]-approved agents: methylphenidate hydrochloride, atomox-
etine, clonidine; FDA-nonapproved agents: tricyclic antidepres-
sants, modafinil, magnesium pemoline, etc.) continue to play important
roles, especially for patients who cannot tolerate or do not respond
to nonpharmacological therapy or suffer from a comorbid condi-
tion (Lichtenstein et al. 2012; Briars and Todd 2016; Chan et al.
2016; Storebo et al. 2016). Unfortunately, despite treatment
advancements only 30%-70% of patients respond to currently
available ADHD therapies (Spencer et al. 2005; Chan et al. 2016).

In addition, some pharmacological treatments for ADHD are
associated with cardiovascular risks and suicide thoughts (Wilens
et al. 2005). Moreover, the potential for abuse and dependence of
many of these pharmacological treatments has alarmed many
physicians (Storebo et al. 2016). To boost the effect and minimize
side effects of pharmacological treatments, physicians often con-
sider nutrient supplementation for ADHD treatment such as single-
ingredient interventions (vitamins, minerals, amino acids, essential
fatty acids), botanicals (pycnogenol, Hypericum perforatum, Panax
quinquefolium, and Ginkgo biloba), and multiingredient formulas
(Rucklidge et al. 2009; Abdullah et al. 2019).

Vitamin D has a major role in bone and calcium homeostasis by
increasing intestinal absorption of calcium and phosphate (Grant
and Holick 2005; Rosen et al. 2012). It has been regarded as a
versatile hormone, playing a role in the neurological system, car-
diovascular system, immune system, endocrine system, cancer
diseases, and psychiatric diseases (Slavov et al. 2013; Bener et al.
2014; Jozefowicz et al. 2014; Tagliabue et al. 2015; Chiang et al.
2016; Meyer et al. 2017; Apostolakis et al. 2018). Deficiency of
vitamin D can cause cerebral dysfunction related to neuropsychi-
atric disease in humans (Eyles et al. 2013; Groves et al. 2013). In
ADHD, vitamin D supplementation is thought to decrease symp-
toms through several possible mechanisms.

Vitamin D receptors and its active enzyme are widely distributed
in the brain, especially in areas related to the pathogenesis of ADHD
such as the hippocampus, hypothalamus, substantia nigra, prefrontal
cortex, and cingulated gyrus (Ellison-Wright et al. 2008). With the
capacity of passing the blood-brain barrier, vitamin D could bind to
its receptor in the brain and regulate the development of the central
neural system. A deficiency of vitamin D results in an imbalance of
neurotransmitters in dopaminergic pathways responsible for the
pathophysiology of ADHD (Eyles et al. 2009; Orme et al. 2013;
Sharma and Couture 2014; Villagomez and Ramtekkar 2014; Cui
etal. 2015; Patrick and Ames 2015). Moreover, vitamin D deficiency
reduces the production of acetylcholine, which helps maintain at-
tention and executive functions (Elshorbagy et al. 2018).

The prevalence of vitamin D deficiency in children is high
worldwide, especially in developing countries (Al-Alyani et al.
2018; Kamboj et al. 2018). Serum vitamin D concentrations in
children and adolescents with ADHD are also significantly lower
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than healthy populations (Khoshbakht et al. 2018). Additionally,
there may be a negative correlation between perinatal and child-
hood vitamin D status and the likelihood of developing ADHD
(Gustafsson et al. 2015; Morales et al. 2015; Garcia-Serna and
Morales 2019). Thus, vitamin D supplementation may compensate
for its deficiency and possibly alleviate ADHD symptoms. In the
last 2 years, clinical trials have aimed at evaluating the effective-
ness of vitamin D supplementation in patients with ADHD (EI-
shorbagy et al. 2018; Mohammadpour et al. 2018; Dehbokri et al.
2019; Naeini et al. 2019). For clinicians and patients and their
families, this novel supplementation treatment may provide an
effective, safe, and nonaddictive treatment option. To assess the
available clinical data, this article reviews and analyzes existing
published evidence.

Methods

We conducted this systematic review following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) statement (Moher et al. 2009) and the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins and Green 2008).
We performed the analyses using Review Manager 5.3 (RevMan
5.3) and Gradepro. This systematic review has been registered on
PROSPERO (Registration No. CRD42019125698).

Eligibility criteria
Types of studies. We included randomized controlled trials
(RCTs), quasirandomized trials, and cluster randomized trials.

Types of participants. Participants included in the studies
fulfilled the inclusion criteria as patients with a diagnosis of ADHD,
according to one of the following: (1) The Diagnostic and Statis-
tical Manual of Mental Disorders [Diagnostic and Statistical
Manual of Mental Disorders, 3rd ed. (American Psychiatric As-
sociation 1980), Diagnostic and Statistical Manual of Mental
Disorders, 3rd ed., Text Revision (American Psychiatric Associa-
tion 1987), Diagnostic and Statistical Manual of Mental Disorders,
4th ed. (DSM-1V, American Psychiatric Association 1994), Diag-
nostic and Statistical Manual of Mental Disorders, 4th ed., Text
Revision (American Psychiatric Association 2000), or Diagnostic
and Statistical Manual of Mental Disorders, S5th ed. (American
Psychiatric Association 2013); (2) International Classification of
Diseases ninth or tenth revisions (ICD-9 or ICD-10 codes). Patients
who received any medical-based treatments or studies which are
not associated with ADHD were excluded.

Types of interventions. Vitamin D supplementation only or
as an adjunct therapy in the treatment of ADHD.

Types of comparators. Acceptable comparators were no
treatment or any type of placebo intervention. We investigated the
following comparisons in patients with ADHD: (1) Vitamin D only
versus no treatment; (2) Vitamin D only versus placebo treatment;
(3) Vitamin D plus baseline treatment versus the same baseline
treatment alone; (4) Vitamin D plus baseline treatment versus
placebo treatment plus the same baseline treatment.

Types of outcomes. The primary outcomes were ADHD
symptom severity level measured by validated clinician, teacher, or
parent report using the following scales: Conners Parent Rating
Scale (CPRS), Conners Parent Questionnaire (CPQ), Conners
Teacher Rating Scale, ADHD rating scale-IV (ADHD-RS), Weekly



Downloaded by University of Minnesota BIOMEDICAL LIB 325A from www.liebertpub.com at 08/04/19. For personal use only.

THE EFFECT OF VITAMIN D SUPPLEMENTATION ON ADHD 3

Parent Ratings of Evening and Morning Behavior (WPREMB),
Social Skills Rating Scale, Strengths and Difficulties Questionnaire
by parents (SDQP), Strengths and Difficulties Questionnaire by
teachers, Continuous Performance Test, Baecke International Ques-
tionnaire, Wisconsin’s Card Sorting Test, Wechsler Intelligence
Scale for children, Mothers’ Objective Method for Subgrouping, and
Teacher-rated General Behavior. Secondary outcomes were the
adverse effects of vitamin D supplementation for ADHD and vi-
tamin D status after supplementation for ADHD.

Search strategy

We followed the instructions given in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins and Green 2008).
Two authors (J.G. and T.X.) independently conducted an electronic
search of the following databases in January 2019: MEDLINE
(PubMed), Embase, The Cochrane Central Register of Controlled
Trials, Science, and Conference Proceedings Citation Index-Social
Science and Humanities (Web of Science), ClincalTrials.gov, and
World Health Organization’s International Clinical Trials Registry
Platform. Research studies’ listed symptoms of ADHD were
screened and reviewed. In addition, we reviewed the references of
previous trials and review articles to identify trials which may have
been missed during initial searches. After contacting the specialists
in relevant fields, we searched for gray literature as much as pos-
sible (See Appendix Table Al for the search strategy in detail).

Study selection

Two authors (J.G. and T.X.) with knowledge of systematic
review methodology independently extracted data according to
inclusion. Disagreements were resolved through discussion or
through the third reviewer (D.M.) by performing an additional in-
dependent evaluation. Full-text studies failing to meet the inclusion
criteria were ruled out. The search results have been reported in full
in the final report with a PRISMA flow diagram.

Data collection

Before input into Excel spreadsheet and the RevMan 5.3, data
were independently extracted and verified from the eligible articles
by J.G. and T.X. Disagreements were solved by consensus of a third
author (D.M.). The extracted data included: first author name, study
setting, participant characteristics, intervention and control con-
ditions, methodology, information for assessment of the risk of
bias, recruitment and study completion rates, outcomes, and im-
plications for clinicians. We wrote to original authors of RCTs for
clarification if the information was not provided in the published
articles.

Risk of bias assessment

The risk of bias and methodological quality of each included
study was assessed by J.G. and T.X. independently through the
Cochrane Collaboration’s tool for several aspects, including allo-
cation concealment, blinding, incomplete outcome data, selective
reporting, differential noncompliance in vitamin D and control
groups, number of dropouts, and lack of details on controls. One of
three grades (either unclear, low risk, or high risk) were awarded to
each trial. Discrepancies between two researchers were solved by
consulting a third reviewer (D.M.) through discussion. Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) was applied to evaluate the quality of evidence for each

outcome of interest with the following criteria: quality of primary
studies, the design of primary studies, consistency, and directness.

Analysis and synthesis of results

We performed data synthesis according to recommendations in
Version 5.1.0 of the Cochrane Handbook for Systematic Reviews
of Interventions. After data extraction, the RevMan 5.3 was used
for data analysis and a meta-analysis was performed. For dichot-
omous data, risk ratio (RR) and odds ratio (OR) were used for
analysis. For continuous data, mean difference (MD) or standard-
ized mean difference (SMD) with 95% confidence intervals (CIs)
were used to represent the summary statistics of the outcome with
the same units and different scales, respectively.

We assessed statistical heterogeneity by examining y* and I°.
We used the y° test (p<0.1 showed substantial or considerable
heterogeneity) to determine whether statistically significant het-
erogeneity was present. We also assessed the degree of statistical
heterogeneity by examining /°. Data were pooled by applying a
fixed-effects model following I* < 50% or a random-effects model.
In the case of outcome data that only provided p-values in trials, we
performed a narrative description of the results.

Subgroup analysis and sensitivity analyses. Subgroup
analyses were conducted to investigate any potential factors that
could influence the interventions and outcome measurements
within the respective trials. We performed three subgroup analyses
according to the following categories: (1) The dose of vitamin D
(low dose was the daily equivalent of 400-2000 IU per day and high
dose was more than 2000 IU per day); (2) The frequency of vitamin
D administration (daily doses and weekly bolus doses); and (3) The
baseline vitamin D status (sufficient baseline vitamin D level, in-
sufficient baseline vitamin D level, and deficient baseline vitamin
D level).

We also performed sensitivity analyses using different statistical
models to evaluate the robustness of the results (fixed-effect or
random-effects model).

Quality of evidence. The GRADE was used to evaluate the
overall quality of evidence for the primary outcome (Dijkers 2013).
The GRADE approach categorizes evidence from systematic re-
views and meta-analyses into four levels, namely, “high,” ‘“‘mod-
erate,” “low,” or ““very low”” quality. Study design of RCTs dictates
a high baseline quality of evidence. However, the quality of evi-
dence could be downgraded to ‘‘moderate,” “‘low,” or ‘“‘very low”
due to five aspects: study limitation, indirectness of evidence, un-
explained heterogeneity or inconsistency of results, imprecision of
results, and high probability of publication bias.

Results
Study selection

The study review process is summarized in the PRISMA flow
diagram (Fig. 1). For this review, our search yielded 1550 records
after removing duplicates. We excluded 1244 records on the first
pass, leaving 306 records eligible for the title and abstract screen.
After discarding records of conference abstracts, reviews, non-
English records, and non-human research, we retrieved 30 full-text
articles for further inspection. There were 10 articles irrelevant to
ADHD or vitamin D (Humble et al. 2010; Arab Ameri et al. 2012;
Tolppanen et al. 2012; Andreeva et al. 2014; Fernell et al. 2015;
Gordon et al. 2015; Lehti et al. 2016; Ghaderi et al. 2017; Chen
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FIG. 1. The flow diagram of selected studies.

et al. 2019; Mazahery et al. 2019), 6 were not RCTs (Rucklidge
etal. 2009; Villagomez and Ramtekkar 2014; Heilskov Rytter et al.
2015; Focker et al. 2017; Nct 2017; Khoshbakht et al. 2018), 9 were
only vitamin D serum levels rather than vitamin D treatment issues
(Ritterhouse et al. 2011; Morales et al. 2015; Shang-Guan and
Zhao 2015; Sharif et al. 2015; Bala et al. 2016; Meyer et al. 2017;
Noorazar et al. 2018; Reinehr et al. 2018; Sahin et al. 2018), and 1
was a duplication of the included trials (Elshorbagy et al. 2018).
Consequently, four trials met the inclusion criteria of this study.

Chatracteristics of included studies

Characteristics of the included studies are listed in Table 1. In the
review, we included four RCTs with a total of 256 children with
ADHD (Elshorbagy et al. 2018; Mohammadpour et al. 2018;
Dehbokri et al. 2019; Naeini et al. 2019). The diagnosis of ADHD
was generally taken according to DSM-IV criteria. All four trials
were double-blinded placebo-controlled among which only two
mentioned the placebo in detail (Miglyol neutral oil or Starch)
(Mohammadpour et al. 2018; Dehbokri et al. 2019). In three of the
trials, the ratio of girls to boys was 1:3 or 1:4 (Mohammadpour
etal. 2018; Dehbokri et al. 2019; Naeini et al. 2019), and in one trial
the ratio of girls to boys was nearly 1:1.3 (Elshorbagy et al. 2018).
Each of these studies was performed in the Middle East (three in

Iran and one in Saudi Arabia). The ethnicity of participants was not
mentioned in the articles.

Vitamin D supplementation was combined with methylpheni-
date for ADHD treatment in all four trials, and duration ranged
from 6 to 12 weeks. The doses of vitamin D supplementation were
between 1000 IU/day and 50,000 IU/week. All trials included
ADHD-related outcomes. The scales chosen to measure ADHD
symptoms varied among studies (Appendix Table A2). All studies,
however, used parents’ scales or questionnaires to assess ADHD
severity. Only one study used both parent and teacher scales and
questionnaires in their assessments (Naeini et al. 2019). We chose
to only analyze the parents’ scales and questionnaires to maintain
consistency among all of the studies. A description of each scale’s
items and scoring is included in Appendix Table A3.

Quality assessment

We attempted to contact all authors of the included RCTs to
retrieve any potential data that were unprovided in their respective
articles. The correspondence author of Dehbokri et al. (2019) re-
sponded on the diagnostic criteria, the compliance of groups, and
random sequence generation and allocation concealment method-
ology. All other authors did not reply. Consequently, only Dehbokri
et al. (2019) trial had a low risk of allocation sequence and
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concealment, whereas the other three studies had an unclear risk of
bias in these factors due to the lack of description of their meth-
odology. Nevertheless, all four included trials were double blind
and placebo controlled, and thus had a low-risk bias related to
blinding. To ensure complete outcome data, all participants who
dropped out of the studies were excluded from the analysis. One
trial had a nearly 12% dropout rate in the placebo group without any
statement of explanation; consequently, this could have induced
clinically relevant bias into the observed effect size. Thus, a high
risk of bias on incomplete outcome data was assigned (Dehbokri
et al. 2019).

Based on the adequately stated information about participants
lost to follow-up of all three other studies, a low risk of bias for
incomplete data was assigned (Elshorbagy et al. 2018; Mo-
hammadpour et al. 2018; Naeini et al. 2019). We considered the
selective reporting in all four studies to be at a low risk for bias.
Three of the four trials had protocols. All the trials reported on all
expected outcomes, including those that were prespecified in the
Methods paragraph or protocols. All trials were at little risk of
vested interest bias, as all funding and financial support was stated
and not provided by any interested party. No trial had early treat-
ment termination. Two trials did not specify placebo information,
and we assigned an unclear risk of other biases as well (Elshorbagy
et al. 2018; Naeini et al. 2019). The other two studies appeared to
have no additional potential sources of bias and thus were at low
risk of other biases (Mohammadpour et al. 2018; Dehbokri et al.
2019) (Fig. 2).

Synthesis of the results

We presented the results for each of the five primary outcomes
and the three secondary outcomes below. The analysis was orga-
nized by parent-rated scales.

Primary outcome: ADHD symptoms. ADHD symptoms
were evaluated according to five aspects, including ADHD total
scores, inattention scores, hyperactivity scores, behavior scores,
and oppositional scores. The resulting forest plots (Fig. 3) dem-
onstrate that vitamin D as an adjunctive treatment to methylphe-
nidate may improve all measured ADHD symptoms, except for
those pertaining to oppositional scores. We added an evaluation of
our primary outcomes following the GRADE system to ensure
quality judgment concerning the risk of bias (Fig. 4), as well as other
factors affecting the quality of evidence (Higgins and Green 2008).

SMD and MD were used to represent effect sizes. There would
be no meaningful clinical effect with an SMD effect size of <0.15, a
meaningful but small clinical effect with an SMD effect size of
0.15-0.40, and a moderate-to-large clinical effect with an SMD
effect size of 0.40-0.75 and greater, respectively (Thalheimer and
Cook 2002).

ADHD total scores. Three articles, including a total of 221
children with ADHD, investigated ADHD total scores based on
CPRS or CPQ at the end of treatment (Mohammadpour et al. 2018;
Dehbokri et al. 2019; Naeini et al. 2019). A fixed-effects model
illustrated a clinically meaningful but small effect of vitamin D
supplementation as an adjunctive treatment to methylphenidate on
ADHD total scores (SMD 0.39; 95% CI 0.12-0.65, I’=41%,
p=0.005; Fig. 3A).

Inattention scores. Three articles, including a total of 185
children with ADHD, investigated inattention scores based on
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CPRS or ADHD-RS at the end of treatment (Elshorbagy et al. 2018;
Mohammadpour et al. 2018; Dehbokri et al. 2019). A random-
effects model displayed a significant moderate effect of vitamin D
supplementation as an adjunctive treatment to methylphenidate
on inattention scores (SMD 0.67; 95% CI 0.12-1.23, P=67%,
p=0.02; Fig. 3B).

Hyperactivity scores. Four articles, including a total of 256
children with ADHD, investigated hyperactivity scores based on
CPRS, ADHD-RS, or SDQP at the end of treatment (Elshorbagy
et al. 2018; Mohammadpour et al. 2018; Dehbokri et al. 2019;
Naeini et al. 2019). A random-effects model illustrated a significant
moderate effect of vitamin D supplementation as an adjunctive
treatment to methylphenidate on hyperactivity scores (SMD 0.60;
95% CI 0.07-1.13, *=75%, p=0.03; Fig. 3C).

Behavior score. Only two articles, including a total of 125
children with ADHD, investigated behavior scores based on
WPREMB-TOTAL or SDQP at the end of treatment (Mohammadpour
et al. 2018; Naeini et al. 2019). A fixed-effects model demonstrated
a significant moderate effect of vitamin D supplementation as an
adjunctive treatment to methylphenidate on behavior scores (SMD
0.54; 95% CI 0.18-0.90, I*=0%, p=0.003; Fig. 3D).

Oppositional scores.  Only two articles, including a total of 89
ADHD children, investigated oppositional scores based on CPRS at
the end of treatment (Elshorbagy et al. 2018; Mohammadpour et al.
2018). Due to statistical heterogeneity (?=81%), a random-effects
model was selected. The result revealed a pooled MD of 9.76 (95%
CI -0.62 to 20.13, p=0.07; Fig. 3E) suggesting that vitamin D
supplementation as an adjunctive treatment to methylphenidate
may not improve oppositional symptoms.

Secondary outcome: adverse events. Only one RCT pro-
vided the number of adverse events in the vitamin D group and
placebo group (Mohammadpour et al. 2018). There was no sig-
nificant difference between the vitamin D group and placebo group
in specific adverse events (such as headache, weight, etc.) and the
total number of adverse events (OR 1.53; 95% CI 0.86-2.72; one
trial, n=>54; Fig. 3F). Another study reported that 15% of the par-
ticipants with ADHD experienced some form of side effect (vita-
min D and placebo group) (Elshorbagy et al. 2018). The adverse
effects were in the form of mild abdominal pain, loss of appetite, or
diarrhea. However, there was no information distinguishing these
effects between the vitamin D and placebo group.

Secondary outcome: vitamin D status. Three RCTs, in-
cluding a total of 221 ADHD children, investigated serum vitamin
D level at end of treatment (Mohammadpour et al. 2018; Dehbokri
etal. 2018; Naeini et al. 2019). A random-effects model displayed a
significant effect of vitamin D supplementation treatment on serum
vitamin D level (SMD 2.26; 95% CI 1.46-3.06, P= 81%, p=0.005;
Appendix Table A4) compared with placebo. Only one trial re-
ported the ratio of patients with sufficient vitamin D level after
intervention (Dehbokri et al. 2019). The trial further demonstrated
that vitamin D supplementation could increase the ratio of patients
with sufficient vitamin D level after intervention versus placebo
treatment (RR 0.14; 95% CI 0.07-0.29, p<0.00001; Appendix
Table A4) (Dehbokri et al. 2019).
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FIG. 2. The results of quality evaluation of randomized controlled trials.
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Vitamin D supplementation for ADHD

Patient or population:Children with ADHD
Settings:Adjunctive therapy to phenid
Intervention: Vitamin D supplementation

lllustrative comparative risks* (95% CI)

A drisk C ding risk

Control Vitamin D supplementation

ADHD IN TOTAL The mean ADHD in total in the intervention groups 221 B0 SMD 0.39 (0.12 to 0.65)
CPRS, CPQ was (3 studies) low'?
Follow-up: mean 8.7 weeks 0.39 standard deviations higher

(0.12 to 0.65 higher)
Inattention The mean inattention in the intervention groups was 185 8OO0 SMD 0.67 (0.12t0 1.23)
CPRS, ADHD-RS, 0.67 standard deviations higher (3 studies) very low'**

Follow-up: mean 8.7 weeks (0.12 to 1.23 higher)

Hyperactivity The mean hyy ivity in the il ion groups 256 [=1=1s] SMD 0.6 (0.07 to 1.13)
CPRS, ADHD-RS,SDQP was (4 studies) very low'*?
Follow-up: mean 9.5 weeks 0.6 standard deviations higher

(0.07 to 1.13 higher)

Oppositional The mean oppositional in the intervention groups 89 OO0 MD 9.76 (-0.62, 20.13)
O-CPRS was (2 studies) very low'**
Follow-up: mean 10 weeks 0 higher
(0.62 lower to 20.13 higher)
Behavior The mean behavior in the intervention groups was 125 FHO0 SMD 0.54 (0.18 to 0.9)
WPREMB-TOTAL, SDQP-behavioral 0.54 standard deviations higher (2 studies) low'?
Follow-up: mean 10 weeks (0.18 to 0.9 higher)
*The basis for the d risk (e.g. the median control group risk across ies) is provided in The corresponding risk (and its 95% confidence interval) is based on the assumed risk in

the comparison group and the relative effect of the intervention (and its 95% CI).

Cl: Confidence interval; ADHD, ion-Deficit/Hyr
Meorning Behavior, SDQT,Strengths and Difficulties Q

ivity Disorder, CPRS,Conners parent rating scale; CPQ,Conners Parent Questionnaire; WPREMB,Weekly Parent Ratings of Evening and
by teachers; SDQP,Strengths and Difficulties Questionnaire by parents ; ADHD-RS, ADHD rating scale.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

'Selection bias may exit due to an unclear risk of rand | g ion and all

*The total population size is less than 400,
*F is more than 50%

FIG. 4. Quality evaluation by Grading of Recommendations Assessment, Development, and Evaluation tool for vitamin D versus

placebo.

Subgroup analysis

We performed subgroup analyses based on differing dose and
dosing frequency (Table 2). The majority of subgroup analyses did
not indicate a statistical significance between the vitamin D and
placebo group, except in the cases of weekly doses of vitamin D for
inattention scores, high doses of vitamin D for oppositional scores,
and low doses of vitamin D for behavior scores. The only signifi-
cant difference found between subgroups was between low and
high vitamin D dose for oppositional scores (p=0.02).

Only one RCT separately reported vitamin D intervention
among children with different vitamin D baseline statuses (suffi-
cient, insufficient, and deficiency) (Dehbokri et al. 2019). In this
RCT, no standard deviation was provided, only MD and p-values.
As a result, we were unable to perform a meta-analysis. Generally,
before treatment, there was no significant difference regarding

ADHD baseline scores among all subgroups (sufficient, insuffi-
cient, and deficient serum levels). However, after 6 weeks of vi-
tamin D supplement, children with a previous insufficient level of
vitamin D displayed significantly decreased ADHD/total Conners
scores and all subscale scores compared with the corresponding
placebo group. Children with a deficient level of vitamin D also had
a significantly lower Conners H/I score compared with the corre-
sponding placebo group. However, children with a sufficient level
of vitamin D did not express any statistically significant improve-
ment in ADHD scores.

Publication bias. A funnel plot requires 10 or more studies for
detecting publication bias. As there was an insufficient number of
trials included in our study, we did not create funnel plots to assess
publication bias.
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Sensitivity analysis. Sensitivity analysis revealed that our
results were not influenced by differing models to pool the data,
which demonstrates the robustness of the primary analysis, in-
cluding ADHD total scores (by random-effects model, SMD 0.39;
95% CI 0.03-0.74, 12=41%, p=0.03), inattention scores (fixed-
effects model, SMD 0.57; 95% CI0.27-0.86, I* = 67%, p=0.0002),
hyperactivity scores (fixed-effects model, SMD 0.47; 95% CI10.21-
0.72, P=75%, p=0.0003), behavior scores (random-effects model,
SMD 0.54; 95% CI 0.18-0.90, I>=0%, p=0.003), and vitamin D
status (fixed-effects model, SMD 2.21; 95% CI 1.87-2.55,
P=81%, p=0.005).

Discussion
Main findings

Vitamin D deficiency is prevalent in ADHD patients (Villago-
mez and Ramtekkar 2014; Focker et al. 2017; Khoshbakht et al.
2018), and vitamin D treatment is considered safe, economical, and
simple to apply. To our knowledge, this is the first systematic
review and meta-analyses to examine the effect of vitamin D
supplementation for ADHD patients.

We found that vitamin D supplementation may alleviate ADHD
symptoms, which were supported by improvements in ADHD total
scores, inattention scores, hyperactivity scores, and behavior scores.
Improvements in oppositional measures were not observed. Fur-
thermore, vitamin D supplementation appears safe, as no significant
difference in adverse events was found between the vitamin D and
placebo groups, although most studies did not prospectively monitor
adverse events or other safety measures. Vitamin D supplementation
also significantly increases the vitamin D levels in patients with
ADHD. In summation, the findings of our meta-analysis conclude
that there is clinical evidence that vitamin D supplementation may
improve the ADHD symptoms without any obvious side effects.

Currently, there are only a small number of trials assessing vi-
tamin D supplementation treatment for ADHD patients. In this
meta-analysis, the four trials included 256 participants with ADHD,
all of which were pediatric patients from the Middle Eastern
countries. No data from adult patients or those from other countries
were available. Additionally, this study has only investigated the
effect of vitamin D supplementation as add-on therapy to methyl-
phenidate. No evidence could be gathered or accurately extrapo-
lated about the effect of vitamin D as monotherapy for ADHD
symptoms or the effect of vitamin D supplementation as adjunctive
treatment to other classic ADHD medicines. Therefore, the appli-
cability of evidence presented in this study should be met with
caution beyond these settings.

According to current guidelines, it is recommended that daily
vitamin D doses should range between 400 and 2000 IU depending
on age, body weight, disease status, and ethnicity (Pludowski et al.
2018; Randev et al. 2018). Individuals with insufficient and defi-
cient vitamin D require 1000 IU per day or 50,000 IU per week
intake orally, respectively (Alshahrani and Aljohani 2013). Dosage
can even reach levels as high as 10,000-50,000 IU daily in cases of
gastrectomy or malabsorption history (Alshahrani and Aljohani
2013). It has been reported that severe adverse effects could occur
only 12-52 weeks after consumption of ~ 40,000 IU/day. Conse-
quently, dosage and duration in our included RCT's were within safe
and acceptable ranges: dosage was between 1000 IU per day and
3000 IU per day or 50,000 IU per week and the duration of vitamin
D therapy was at or below 3 months.

A range of symptoms due to vitamin D toxicity have been
documented, such as diarrhea, nausea, vomiting, anorexia, bone

pain, loss of appetite, weakness, headaches, and drowsiness (Al-
shahrani and Aljohani 2013; Randev et al. 2018), some of which
were reported in our included studies. However, it may be inap-
propriate to attribute these adverse effects to vitamin D therapy as
no significant difference was found between the vitamin D and
placebo groups. A plausible explanation is that those adverse ef-
fects were due to methylphenidate administration (Elshorbagy et al.
2018). Limited by the sample size, it is hard to discriminate the
advantages and disadvantages of different doses and frequency of
vitamin D administration.

Interestingly, in our subgroup analyses of baseline vitamin D
status, the results from one RCT indicated that only ADHD children
with insufficient or deficient vitamin D levels would benefit from
vitamin D supplementation. No benefit was observed for ADHD
children with sufficient baseline vitamin D levels. This may indi-
cate that only patients with vitamin D deficient/insufficient levels
benefit from vitamin D supplementation. Therefore, future studies
need to explore whether the effectiveness of vitamin D on ADHD
symptoms is based on the deficiency of vitamin D, whether it is
necessary to routinely monitor concentrations in children with
ADHD before vitamin D treatment, and whether patients with
normal vitamin D status benefit from vitamin D supplementation.

Considering the safety of vitamin D and its general deficiency
in ADHD patients (Alshahrani and Aljohani 2013; Villagomez
and Ramtekkar 2014; Focker et al. 2017; Khoshbakht et al. 2018),
vitamin D supplementation has strong potential as an adjunctive
therapy for ADHD treatment. To date however, the current evi-
dence is not strong enough. To confirm these findings, further re-
search requires multicentered, higher-quality RCTs with broader
geographical representation, a greater age range (children and
adults), and a longer range of follow-up. These future RCTs could
confirm the studies reviewed and analyzed in this study and dem-
onstrate conclusively the potential therapeutic effectiveness and
safety of vitamin D supplementation as a monotherapy or add-on
therapy to traditional ADHD pharmacological treatment.

Strength and limitation

The present review has several strengths. Our meta-analysis is
the first systematic review to summarize the evidence regarding
vitamin D supplementation as adjunctive medicine for ADHD
treatment. We registered this systematic review on PROSPERO.
Two authors (J.G. and T.X.) independently applied comprehensive
searches in relevant databases. We finished article selection, data
extraction, and bias risk evaluation according to the Cochrane
Handbook for Systematic Reviews of Intervention. A third author
(D.M.) resolved the disagreements. After we contacted the authors
and were informed of any missing data, some of the biases, such as
the allocation sequence generation and the allocation concealment,
could be eliminated. Sensitivity analysis revealed that our results
were not influenced by different models used to pool the data.

Forthrightly, this review has some limitations. Our study was
based on only four trials with a limited number of participants
(n=256) only in Middle East countries. Three trials were prone to
selection bias due to an unclear generation of allocation sequence
and concealment. One trial was at high risk of bias of incomplete
outcome due to the high dropout rate in the placebo group without
explanation. This missing outcome data could plausibly have had a
large enough effect to induce clinically relevant bias in observed
effect size. Due to the limited number of included trials, we could
not investigate the risk publication through funnel plot or other
analyses.
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Generally, we rated the quality of the evidence as low to very
low mainly due to three reasons: (1) selection bias may exist due to
an unclear risk of random sequence generation and allocation
concealment; (2) the total population size is <400; (3) P is more
than 50%. We considered low-quality evidence for ADHD total
scores and behavior scores, and very low-quality evidence for in-
attention, hyperactivity, and oppositional scores (Fig. 4). Ad-
ditionally, we only searched studies published in English. There are
potentially other relevant articles published in other languages that
were consequently missed.

Conclusions

In summary, our meta-analyses from limited evidence indicate
that vitamin D supplementation for ADHD treatment may safely
alleviate ADHD symptoms with no significant adverse events.
Considering the wide use of vitamin D and the general deficiency in
ADHD patients, vitamin D is indeed a potential and feasible agent
that may contribute to the treatment of ADHD.

Clinical Significance

This study, for the first time, examined available clinical data to
assess the efficacy and safety of vitamin D supplementation versus
placebo as adjunctive to methylphenidate for patients with ADHD.
According to our study, the available data support the use of vita-
min D for the therapy of ADHD as a supplementation agent. This
review highlights the need for future studies on the efficacy of
vitamin D for ADHD symptoms as monotherapy. Moreover, future
studies should consider baseline vitamin D levels and address
different dosing (low or high dose) and the frequency of vitamin D
supplementation.

Authors’ Contributions

The study was conceived by J.G., P.G.,D.M.,C.C.,and T.X. J.G.
and T.X. developed the eligibility criteria, search strategy, assess-
ment of methodological quality, data extraction, and data summary
plan with guidance from J.G., D.M., and T.X. J.G. and P.G. wrote
the article, to which all authors J.G., P.G., D.M., C.C., and T.X.
contributed.

Disclosures

This work was not supported by any pharmaceutical companies.
None of the authors had a corporate/commercial relationship with
all pharmaceutical companies.

References

Abdullah M, Jowett B, Whittaker PJ, Patterson L: The effectiveness of
omega-3 supplementation in reducing ADHD associated symptoms
in children as measured by the Conners’ rating scales: A systematic
review of randomized controlled trials. J Psychiatr Res 110:64-73,
2019.

Al-Alyani H, Al-Turki HA, Al-Essa ON, Alani FM, Sadat-Ali M:
Vitamin D deficiency in Saudi Arabians: A reality or simply hype:
A meta-analysis (2008-2015). J Family Commun Med 25:1-4,
2018.

Alshahrani F, Aljohani N. Vitamin D: Deficiency, sufficiency and
toxicity. Nutrients 5:3605-3616, 2013.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 3rd ed. Washington, DC: American Psychia-
tric Association; 1980.

GAN ET AL.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 3rd ed. Text Revision. Washington, DC:
American Psychiatric Association; 1987.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 4th ed. Washington, DC: American Psychia-
tric Association; 1994.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 4th ed., Text Revision. Washington, DC:
American Psychiatric Association; 2000.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 5th ed. Washington, DC: American Psychia-
tric Association; 2013.

Andreeva VA, Whegang-Youdom S, Touvier M, Assmann KE, Fezeu
L, Hercberg S, Galan P, Kesse-Guyot E: Midlife dietary vitamin D
intake and subsequent performance in different cognitive domains.
Ann Nutr Metab 65:81-89, 2014.

Apostolakis M, Armeni E, Bakas P, Lambrinoudaki I: Vitamin D and
cardiovascular disease. Maturitas 115:1-22, 2018.

Arab Ameri E, Dehkhoda MR, Hemayattalab R: Bone mineral density
changes after physical training and calcium intake in students with
attention deficit and hyper activity disorders. Res Dev Disabil 33:
594-599, 2012.

Bala KA, Dogan M, Kaba S, Mutluer T, Aslan O, Dogan SZ: Hor-
mone disorder and vitamin deficiency in attention deficit hyperac-
tivity disorder (ADHD) and autism spectrum disorders (ASDs).
J Pediatr Endocrinol Metab 29:1077-1082, 2016.

Belanger SA, Andrews D, Gray C, Korczak D: ADHD in children and
youth: Part 1-etiology, diagnosis, and comorbidity. Paediatr Child
Health 23:447-453, 2018.

Bener A, Khattab AO, Al-Dabbagh MM: Is high prevalence of vita-
min D deficiency evidence for autism disorder? In a highly en-
dogamous population. J Pediatr Neurosci 9:227-233, 2014.

Briars L, Todd T: A review of pharmacological management of
attention-deficit/hyperactivity disorder. J Pediatr Pharmacol Ther
21:192-206, 2016.

Chan E, Fogler JM, Hammerness PG: Treatment of attention-deficit/
hyperactivity disorder in adolescents: A systematic review. JAMA
315:1997-2008, 2016.

Chen SC, Yu BY, Suen LK, Yu J, Ho FY, Yang JJ, Yeung WF:
Massage therapy for the treatment of attention deficit/hyperactivity
disorder (ADHD) in children and adolescents: A systematic review
and meta-analysis. Complement Ther Med 42:389-399, 2019.

Chiang M, Natarajan R, Fan X: Vitamin D in schizophrenia: A clin-
ical review. Evid Based Ment Health 19:6-9, 2016.

Craig F, Savino R, Trabacca A: A systematic review of comorbidity
between cerebral palsy, autism spectrum disorders and attention
deficit hyperactivity disorder. Eur J Paediatr Neurol 23:31-42,
2019.

Cui X, Pertile R, Liu P, Eyles DW: Vitamin D regulates tyrosine
hydroxylase expression: N-cadherin a possible mediator. Neuro-
science 304:90-100, 2015.

Dalsgaard S, Ostergaard SD, Leckman JF, Mortensen PB, Pedersen
MG: Mortality in children, adolescents, and adults with attention
deficit hyperactivity disorder: A nationwide cohort study. Lancet
385:2190-2196, 2015.

Dehbokri N, Noorazar G, Ghaffari A, Mehdizadeh G, Sarbakhsh P,
Ghaffary S: Effect of vitamin D treatment in children with
attention-deficit hyperactivity disorder. World J Pediatr 15:78-84,
2019.

Demontis D, Walters RK, Martin J, Mattheisen M, Als TD, Agerbo E,
Baldursson G, Belliveau R, Bybjerg-Grauholm J, Baekvad-Hansen
M, Cerrato F, Chambert K, Churchhouse C, Dumont A, Eriksson N,
Gandal M, Goldstein JI, Grasby KL, Grove J, Gudmundsson OO,
Hansen CS, Hauberg ME, Hollegaard MV, Howrigan DP, Huang



Downloaded by University of Minnesota BIOMEDICAL LIB 325A from www.liebertpub.com at 08/04/19. For personal use only.

THE EFFECT OF VITAMIN D SUPPLEMENTATION ON ADHD 13

H, Maller JB, Martin AR, Martin NG, Moran J, Pallesen J, Palmer
DS, Pedersen CB, Pedersen MG, Poterba T, Poulsen JB, Ripke S,
Robinson EB, Satterstrom FK, Stefansson H, Stevens C, Turley P,
Walters GB, Won H, Wright MJ, Andreassen OA, Asherson P,
Burton CL, Boomsma DI, Cormand B, Dalsgaard S, Franke B,
Gelernter J, Geschwind D, Hakonarson H, Haavik J, Kranzler HR,
Kuntsi J, Langley K, Lesch KP, Middeldorp C, Reif A, Rohde LA,
Roussos P, Schachar R, Sklar P, Sonuga-Barke EJS, Sullivan PF,
Thapar A, Tung JY, Waldman ID, Medland SE, Stefansson K,
Nordentoft M, Hougaard DM, Werge T, Mors O, Mortensen PB,
Daly MJ, Faraone SV, Borglum AD, Neale BM: Discovery of the
first genome-wide significant risk loci for attention deficit/hyper-
activity disorder. Nat Genet 51:63-75, 2019.

Dijkers M: Introducing GRADE: A systematic approach to rating
evidence in systematic reviews and to guideline development. KT
Update 115:1-9, 2013.

Ellison-Wright I, Ellison-Wright Z, Bullmore E: Structural brain
change in attention deficit hyperactivity disorder identified by meta-
analysis. BMC Psychiatry 8:51, 2008.

Elshorbagy HH, Barseem NF, Abdelghani WE, Suliman HAI, Al-
Shokary AH, Abdulsamea SE, Elsadek AE, Abdel Maksoud YH,
Nour El Din D: The impact of vitamin D supplementation on
attention-deficit hyperactivity disorder in children. Ann Pharmac-
other 52:623-631, 2018.

Eyles DW, Burne TH, McGrath JJ: Vitamin D, effects on brain de-
velopment, adult brain function and the links between low levels of
vitamin D and neuropsychiatric disease. Front Neuroendocrinol 34:
47-64, 2013.

Eyles DW, Feron F, Cui X, Kesby JP, Harms LH, Ko P, McGrath JJ,
Burne TH: Developmental vitamin D deficiency causes abnormal
brain development. Psychoneuroendocrinology 34(Suppl 1):S247-
S257, 2009.

Feldman HM, Reiff MI: Clinical practice. Attention deficit-
hyperactivity disorder in children and adolescents. N Engl J Med
370:838-846, 2014.

Fernell E, Bejerot S, Westerlund J, Miniscalco C, Simila H, Eyles
D, Gillberg C, Humble MB: Autism spectrum disorder and low
vitamin D at birth: A sibling control study. Mol Autism 6:3,
2015.

Focker M, Antel J, Ring S, Hahn D, Kanal O, Ozturk D, Hebebrand J,
Libuda L: Vitamin D and mental health in children and adolescents.
Eur Child Adolesc Psychiatry 26:1043-1066, 2017.

Garcia-Serna AM, Morales E: Neurodevelopmental effects of prenatal
vitamin D in humans: Systematic review and meta-analysis. Mol
Psychiatry [Epub ahead of print]; DOI: 10.1038/s41380-019-0357-
9, 2019.

Ghaderi A, Banafshe HR, Motmaen M, Rasouli-Azad M, Bahmani F,
Asemi Z: Clinical trial of the effects of vitamin D supplementation
on psychological symptoms and metabolic profiles in maintenance
methadone treatment patients. Prog Neuropsychopharmacol Biol
Psychiatry 79:84-89, 2017.

Gordon HA, Rucklidge JJ, Blampied NM, Johnstone JM: Clinically
significant symptom reduction in children with attention-deficit/
hyperactivity disorder treated with micronutrients: An open-label
reversal design study. J Child Adolesc Psychopharmacol 25:783—
798, 2015.

Grant WB, Holick MF: Benefits and requirements of vitamin D for
optimal health: A review. Altern Med Rev 10:94-111, 2005.

Groves NJ, Kesby JP, Eyles DW, McGrath JJ, Mackay-Sim A, Burne
TH: Adult vitamin D deficiency leads to behavioural and brain
neurochemical alterations in C57BL/6J and BALB/c mice. Behav
Brain Res 241:120-131, 2013.

Gustafsson P, Rylander L, Lindh CH, Jonsson BA, Ode A, Olofsson P,
Ivarsson SA, Rignell-Hydbom A, Haglund N, Kallen K: Vitamin D

status at birth and future risk of attention deficit/hyperactivity dis-
order (ADHD). PLoS One 10:¢0140164, 2015.

Heilskov Rytter MJ, Andersen LB, Houmann T, Bilenberg N, Hvolby
A, Molgaard C, Michaelsen KF, Lauritzen L: Diet in the treatment
of ADHD in children—a systematic review of the literature. Nordic
J Psychiatry 69:1-18, 2015.

Higgins JP, Green S: Cochrane Handbook for Systematic Reviews
of Interventions. Hoboken, NJ, John Wiley & Sons, 2008, pp. 1-29.
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470712184
Accessed July 25, 2019.

Humble MB, Gustafsson S, Bejerot S: Low serum levels of 25-
hydroxyvitamin D (25-OHD) among psychiatric out-patients in
Sweden: Relations with season, age, ethnic origin and psychiatric
diagnosis. J Steroid Biochem Mol Biol 121:467-470, 2010.

Jozefowicz O, Rabe-Jablonska J, Wozniacka A, Strzelecki D: Ana-
lysis of vitamin D status in major depression. J Psychiatr Pract 20:
329-337, 2014.

Kamboj P, Dwivedi S, Toteja GS: Prevalence of hypovitaminosis D in
India and way forward. Indian J Med Res 148:548-556, 2018.

Khoshbakht Y, Bidaki R, Salehi-Abargouei A: Vitamin D status and
attention deficit hyperactivity disorder: A systematic review and
meta-analysis of observational studies. Adv Nutr 9:9-20, 2018.

Lehti V, Chudal R, Suominen A, Gissler M, Sourander A: Associa-
tion between immigrant background and ADHD: A nationwide
population-based case-control study. J Child Psychol Psychiatry 57:
967-975, 2016.

Lichtenstein P, Halldner L, Zetterqvist J, Sjolander A, Serlachius E,
Fazel S, Langstrom N, Larsson H: Medication for attention deficit-
hyperactivity disorder and criminality. N Engl J Med 367:2006—
2014, 2012.

Mazahery H, Conlon CA, Beck KL, Mugridge O, Kruger MC,
Stonehouse W, Camargo CA, Meyer BJ, Jones B, von Hurst PR: A
randomised controlled trial of vitamin D and omega-3 long chain
polyunsaturated fatty acids in the treatment of irritability and hy-
peractivity among children with autism spectrum disorder. J Steroid
Biochem Mol Biol 187:9-16, 2019.

Meyer T, Becker A, Sundermann J, Rothenberger A, Herrmann-
Lingen C: Attention deficit-hyperactivity disorder is associated with
reduced blood pressure and serum vitamin D levels: Results from
the nationwide German Health Interview and Examination Survey
for Children and Adolescents (KiGGS). Eur Child Adolesc Psy-
chiatry 26:165-175, 2017.

Mohammadpour N, Jazayeri S, Tehrani-Doost M, Djalali M, Hosseini
M, Effatpanah M, Davari-Ashtiani R, Karami E: Effect of vitamin
D supplementation as adjunctive therapy to methylphenidate on
ADHD symptoms: A randomized, double blind, placebo-controlled
trial. Nutr Neurosci 21:202-209, 2018.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group: Pre-
ferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med 6:e1000097, 2009.

Morales E, Julvez J, Torrent M, Ballester F, Rodriguez-Bernal CL,
Andiarena A, Vegas O, Castilla AM, Rodriguez-Dehli C, Tardon A,
Sunyer J: Vitamin D in pregnancy and attention deficit hyperac-
tivity disorder-like symptoms in childhood. Epidemiology 26:458—
465, 2015.

Naeini AA, Fasihi F, Najafi M, Ghazvini MR, Hasanzadeh A: The ef-
fects of vitamin D supplementation on ADHD (attention deficit hy-
peractivity disorder) in 6-13 year-old students: A randomized, double-
blind, placebo-controlled study. Eur J Integr Med 25:28-33, 2019.

Nct: Vitamin D as a therapeutic adjunct in the stimulant treatment
of ADHD. https://clinicaltrials.gov/show/nct03103750 2017 Accessed
July 23, 2019.

Noorazar G, Mehdizadeh G, Ghaffari A, Dehbokri N, Khodayari
MT, Ghaffary S: Association between level of Vitamin D with



Downloaded by University of Minnesota BIOMEDICAL LIB 325A from www.liebertpub.com at 08/04/19. For personal use only.

14

environmental and bioelement factors in children with attention
deficit hyperactivity disorder (ADHD). Pharmaceut Sci 24:193—
198, 2018.

Orme RP, Bhangal MS, Fricker RA: Calcitriol imparts neuroprotec-
tion in vitro to midbrain dopaminergic neurons by upregulating
GDNF expression. PLoS One 8:¢62040, 2013.

Patrick RP, Ames BN: Vitamin D and the omega-3 fatty acids control
serotonin synthesis and action, part 2: Relevance for ADHD, bi-
polar disorder, schizophrenia, and impulsive behavior. FASEB J 29:
2207-2222, 2015.

Pludowski P, Holick MF, Grant WB, Konstantynowicz J, Mascar-
enhas MR, Haq A, Povoroznyuk V, Balatska N, Barbosa AP,
Karonova T, Rudenka E, Misiorowski W, Zakharova I, Rudenka A,
Lukaszkiewicz J, Marcinowska-Suchowierska E, Laszcz N, Abra-
mowicz P, Bhattoa HP, Wimalawansa SJ: Vitamin D supplemen-
tation guidelines. J Steroid Biochem Mol Biol 175:125-135, 2018.

Randev S, Kumar P, Guglani V: Vitamin D supplementation in child-
hood—a review of guidelines. Indian J Pediatr 85:194-201, 2018.

Reinehr T, Langrock C, Hamelmann E, Lucke T, Koerner-Rettberg C,
Holtmann M, Legenbauer T, Gest S, Frank M, Schmidt B, Rad-
kowski K, Jockel KH: 25-Hydroxvitamin D concentrations are not
lower in children with bronchial asthma, atopic dermatitis, obesity,
or attention-deficient/hyperactivity disorder than in healthy chil-
dren. Nutr Res 52:39-47, 2018.

Ritterhouse LL, Crowe SR, Niewold TB, Kamen DL, Macwana SR,
Roberts VC, Dedeke AB, Harley JB, Scofield RH, Guthridge JM,
James JA: Vitamin D deficiency is associated with an increased
autoimmune response in healthy individuals and in patients with
systemic lupus erythematosus. Ann Rheum Dis 70:1569-1574, 2011.

Rosen CJ, Adams JS, Bikle DD, Black DM, Demay MB, Manson JE,
Murad MH, Kovacs CS: The nonskeletal effects of vitamin D: An
Endocrine Society scientific statement. Endocr Rev 33:456-492,
2012.

Rucklidge JJ, Johnstone J, Kaplan BJ: Nutrient supplementation ap-
proaches in the treatment of ADHD. Expert Rev Neurotherapeut 9:
461-476, 2009.

Sahin N, Altun H, Kurutas EB, Balkan D: Vitamin D and vitamin D
receptor levels in children with attention-deficit/hyperactivity dis-
order. Neuropsychiatr Dis Treat 14:581-585, 2018.

Shang-Guan LL, Zhao YR: [Serum levels of 25-hydroxyvitamin D in
children with attention deficit hyperactivity disorder]. Zhongguo
dang dai er ke za zhi 17:837-840, 2015 (Article in Chinese).

Sharif MR, Madani M, Tabatabaei F, Tabatabaee Z: The relationship
between serum vitamin D level and attention deficit hyperactivity
disorder. Iran J Child Neurol 9:48-53, 2015.

Sharma A, Couture J: A review of the pathophysiology, etiology, and
treatment of attention-deficit hyperactivity disorder (ADHD). Ann
Pharmacother 48:209-225, 2014.

GAN ET AL.

Slavov GS, Trenova AG, Manova MG, Kostadinova, II, Vasileva TV,
Zahariev ZI: Vitamin D immunomodulatory potential in multiple
sclerosis. Folia Med (Plovdiv) 55:5-9, 2013.

Spencer T, Biederman J, Wilens T, Doyle R, Surman C, Prince J,
Mick E, Aleardi M, Herzig K, Faraone S: A large, double-blind,
randomized clinical trial of methylphenidate in the treatment of
adults with attention-deficit/hyperactivity disorder. Biol Psychiatry
57:456-463, 2005.

Storebo OJ, Simonsen E, Gluud C: Methylphenidate for attention-
deficit/hyperactivity disorder in children and adolescents. JAMA
315:2009-2010, 2016.

Storebo OJ, Skoog M, Damm D, Thomsen PH, Simonsen E, Gluud C:
Social skills training for attention deficit hyperactivity disorder
(ADHD) in children aged 5 to 18 years. Cochrane Database Syst
Rev CD008223, 2011.

Tagliabue E, Raimondi S, Gandini S: Vitamin D, cancer risk, and
mortality. Adv Food Nutr Res 75:1-52, 2015.

Thalheimer W, Cook S: How to calculate effect sizes from published
research: A simplified methodology. Work Learn Res 1-9, 2002.
Thapar A, Cooper M: Attention deficit hyperactivity disorder. Lancet

(London, England) 387:1240-1250, 2016.

Tolppanen AM, Sayers A, Fraser WD, Lewis G, Zammit S, Lawlor
DA: The association of 25-hydroxyvitamin D3 and D2 with beha-
vioural problems in childhood. PLoS One 7:e40097, 2012.

Villagomez A, Ramtekkar U: Iron, magnesium, vitamin D, and zinc
deficiencies in children presenting with symptoms of attention-
deficit/hyperactivity disorder. Children (Basel) 1:261-279, 2014.

Voigt RG, Katusic SK, Colligan RC, Killian JM, Weaver AL, Bar-
baresi WJ: Academic achievement in adults with a history of
childhood attention-deficit/hyperactivity disorder: A population-
based prospective study. J Dev Behav Pediatr 38:1-11, 2017.

Wilens TE, Hammerness PG, Biederman J, Kwon A, Spencer TJ,
Clark S, Scott M, Podolski A, Ditterline JW, Morris MC, Moore
H: Blood pressure changes associated with medication treatment
of adults with attention-deficit/hyperactivity disorder. J Clin Psy-
chiatry 66:253-259, 2005.

Address correspondence to:

Tao Xiong, MD

Department of Pediatrics

West China Second University Hospital
Sichuan University

No. 20, Section Three, South Renmin Road
Chengdu 610041

China

E-mail: tao_xiong@126.com

(Appendix follows—)



Downloaded by University of Minnesota BIOMEDICAL LIB 325A from www.liebertpub.com at 08/04/19. For personal use only.

THE EFFECT OF VITAMIN D SUPPLEMENTATION ON ADHD 15
APPENDIX TABLE Al. SEARCH STRATEGY OF THE FOLLOWING DATABASES IN JANUARY 2019: PUBMED, EMBASE,
THE COCHRANE CENTRAL REGISTER OF CONTROLLED TRIALS, WEB OF SCIENCE, CLINCALTRIALS.GOV,
AND WORLD HEALTH ORGANIZATION’S INTERNATIONAL CLINICAL TRIALS REGISTRY PLATFORM
# Searches Results
Platform:
PubMed
1 vitamin D 79,557
2 vitamin D2 5109
3 vitamin D3 32,057
4 1-alpha hydroxyvitamin D3 1378
5 1-alpha-hydroxy-vitamin D3 49
6 1-alpha hydroxycalciferol 4
7 1-alpha-hydroxy-calciferol 1
8 1,25 dihydroxyvitamin D3 22,234
9 1,25-dihydroxy-vitamin D3 601
10 1,25 dihydroxycholecalciferol 21,071
11 1,25-dihydroxycholecalciferol 21,071
12 25-hydroxycholecalciferol 4573
13 25 hydroxycholecalciferol 4573
14 25 hydroxyvitamin D 15,498
15 25-hydroxy-vitamin D 1803
16 Alfacalcidol 1237
17 Calcidiol 4112
18 Calcitriol 20,545
19 Calcifediol 3861
20 Calciferol 4407
21 Ergocalciferol 4501
22 Cholecalciferol 26,488
23 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR 84,042
#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22
24 Attention Deficit Disorder 36,144
25 Adhd 36,179
26 Addh 33,844
27 Hyperactivity 50,767
28 Hyperkinesia 5104
29 hyperactiv* 62,292
30 hyperkinesis* 4667
31 Attention Deficit Disorder* with Hyperactivity 26,625
32 Attention Deficit Disorders with Hyperactivity 34,081
33 Attention Deficit*Hyperactivity Disorder* 22,480
34 Attention Deficit Disorder* 27,158
35 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 69,417
36 #23 AND #35 113
Platform: OVID (Database: Embase 1974 to Present with Daily Update)
1 Vitamin D/explode.mp. 20,900
2 vitamin D.mp. 113,072
3 vitamin D2.mp. 1630
4 vitamin D3.mp. 14,841
5 1-alpha hydroxyvitamin D3.mp. 109
6 1-alpha-hydroxy-vitamin D3.mp. 27
7 1-alpha hydroxycalciferol.mp. 1
8 1-alpha-hydroxy-calciferol.mp. 6450
9 1,25 dihydroxyvitamin D3.mp. 588
10 1,25-dihydroxy-vitamin D3.mp. 1300
11 1,25 dihydroxycholecalciferol.mp. 1300
12 1,25-dihydroxycholecalciferol.mp. 1236
13 25-hydroxycholecalciferol.mp. 1236
14 25 hydroxycholecalciferol.mp. 22,751
15 25 hydroxyvitamin D.mp. 2952
16 alfacalcidol.mp. 4503
17 calcidiol.mp. 1508
18 calcitriol.mp. 31,865
19 calcifediol.mp. 8505
20 calciferol.mp. 333

(continued)



Downloaded by University of Minnesota BIOMEDICAL LIB 325A from www.liebertpub.com at 08/04/19. For personal use only.

16 GAN ET AL.
TABLE ATI1. (CONTINUED)
# Searches Results
21 ergocalciferol.mp. 8750
22 cholecalciferol.mp. 3891
23 OR/1-22 141,353
24 exp Attention Deficit Disorder/ 54,424
25 adhd.mp. 32,399
26 addh.mp. 151
27 exp Hyperactivity/ 19,132
28 Hyperkinesia/ 4428
29 (attention adj3 deficit).mp. 59,837
30 hyperactiv*.mp. 77,601
31 hyperkinesis*.mp. 897
32 (minimal adj brain adj3 disorder*).mp. 19
33 (minimal adj brain adj3 dysfunction*).mp. 1577
34 (minimal adj brain adj3 damage*).mp. 117
35 OR/24-34 108,562
36 23 and 35 328
Database: The Cochrane Central Register of Controlled Trials
1 MeSH descriptor Attention Deficit Disorder with Hyperactivity explode all trees 38
2 adhd or addh or adhs 3261
3 attention near/3 deficit 4351
4 hyperactiv* 5174
5 hyperkinesis* 510
6 attention deficit* 5926
7 MeSH descriptor Hyperkinesis explode all trees 11
8 minimal brain near/3 disorder* 67
9 minimal brain near/3 dysfunction* or minimal brain near/3 damage* 175
10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 7961
11 vitamin D 11,562
12 vitamin D2 272
13 vitamin D3 2098
14 1,25 dihydroxyvitamin D3 230
15 1,25 dihydroxycholecalciferol 69
16 25 hydroxycholecalciferol 107
17 25 hydroxyvitamin D 2061
18 Alfacalcidol 295
19 Calcidiol 62
20 Calcitriol 1598
21 Calcifediol 513
22 Calciferol 49
23 Ergocalciferol 290
24 Cholecalciferol 1879
25 #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR 13,541
#23 OR #24
26 #10 AND #25 107
Platform: Science and Conference Proceedings Citation Index-Social Science and Humanities (Web of Science)
1 TS=(““ADHD” or “ADDH” or “ADHS” or “AD/HD”’) 39,581
2 TS =((attention* or behav*) NEAR/3 (defic* or dysfunc* or disorder*)) 759,223
3 TS = ((disrupt* NEAR/3 disorder*) or (disrupt* NEAR/3 behav*) or (defian* NEAR/3 disorder*) or 17,432
(defian* NEAR/3 behav*))
4 TS = (impulsiv* or inattentiv* or inattention* or hyperactiv* or hyperkine*) 189,644
5 TS =(*““‘minimal brain disorder*’”) 7
6 TS =(vitamin d2 OR vitamin d 2 OR hydroxyvitamin* OR cholecalciferol* OR calciferol* OR 130,395
calcitriol* OR calcifediol* OR dihydrotachysterol* OR alfacalcidol* OR alphacalcidol* OR
colecalciferol*)
7 #1 OR #2 OR #3 OR #4 OR #5 888,065
8 TS = (random™* or control* or trial* or groups or effectiveness or evaluation or placebo*) 30,355,853
9 #06 AND #7 AND #8 1153
Platform: ClincalTrials.gov
1 Attention Deficit Disorder OR adhd OR addh OR Hyperactivity OR Hyperkinesia OR hyperactiv* 1184

OR hyperkinesis* OR Attention Deficit Disorder* with Hyperactivity OR Attention Deficit
Disorders with Hyperactivity OR Attention Deficit*Hyperactivity Disorder* OR Attention
Deficit Disorder*

(continued)
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TABLE AT1. (CONTINUED)

# Searches Results
2 vitamin D OR vitamin D2 OR vitamin D3 OR 1,25 dihydroxyvitamin D3 OR 1,25 543
dihydroxycholecalciferol OR 25 hydroxycholecalciferol OR 25 hydroxyvitamin D OR
alfacalcidol OR calcidiol OR calcitriol OR calcifediol OR calciferol OR ergocalciferol OR
cholecalciferol OR
3 #1 and #2 2
Platform: WHO’s International Clinical Trials Registry Platform
1 Attention Deficit Disorder OR adhd OR addh OR Hyperactivity OR Hyperkinesia OR hyperactiv* 2680
OR hyperkinesis* OR Attention Deficit Disorder* with Hyperactivity OR Attention Deficit
Disorders with Hyperactivity OR Attention Deficit*Hyperactivity Disorder* OR Attention
Deficit Disorder*
2 vitamin D OR vitamin D2 OR vitamin D3 OR 1,25 dihydroxyvitamin D3 OR 1,25 3683
dihydroxycholecalciferol OR 25 hydroxycholecalciferol OR 25 hydroxyvitamin D OR
alfacalcidol OR calcidiol OR calcitriol OR calcifediol OR calciferol OR ergocalciferol OR
cholecalciferol OR
3 #1 and #2 6

WHO, World Health Organization.

APPENDIX TABLE A2. ATTENTION-DEFICIT/HYPERACTIVITY DISORDER SYMPTOM SEVERITY SCALES USED IN INCLUDED TRIALS

Mohammadpour Dehbokri Elshorbagy Naeini
Scales/measures et al. (2018) et al. (2019) et al. (2018) et al. (2019)
Conners parent rating scale Yes Yes Yes —
ADHD rating scale-IV Yes — —
Strengths and Difficulties Questionnaire by parents/teachers — — — Yes
Continuous Performance Test — — — Yes
Weekly Parent Ratings of Evening and Morning Behavior Yes — — —
Conners Parent Questionnaire — — — Yes

ADHD, attention-deficit/hyperactivity disorder.

APPENDIX TABLE A3. DESCRIPTION OF SCALES USED IN INCLUDED STUDIES

Scales/measures Number of items Scoring

Conners parent rating scale A 27-item scale that is usually scored by patents, A total score is derived from the scale, and the
consisting of four subsocres: oppositional, cutoff score of 15 has been established.
cognitive/inattentive problems, hyperactivity, Raw scores were converted to T-scores
and ADHD index or total scores. Ratings on based on gender and age.
the questionnaire ranged from O (never or
rarely) to 3 (very often).

ADHD rating scale-IV 18-Item questionnaire classified into three Items were scored from O (never or rarely) to
subgroups: hyperactivity/impulsivity, 3 (very often) and scoring was in T-score
inattention, and total. Nine questions each on format.

inattention and hyperactivity/impulsivity,
where the odd-numbered items represent the
inattention subscale, and the even-numbered
items represent the hyperactive/impulsive
subscale.

(continued)
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TABLE AT3. (CONTINUED)

GAN ET AL.

Scales/measures

Number of items

Scoring

Strengths and Difficulties

Questionnaire by
parents/teachers

Continuous Performance Test

Weekly Parent Ratings of

Evening and Morning
Behavior

Conners Parent Questionnaire

This questionnaire includes 25 questions and was

completed by parents (SDQP) and teachers
(SDQT), with results being obtained
numerically. The questionnaire has five scales
each constituted by five questions, and
included; emotional problems, behavioral
problems, hyperactivity, problems with peers,
and social behavior scales.

The test is conducted by computer and its length

of time is adjustable; in this research it was
adjusted to take 5 minutes. In the test, 120
images were shown on the monitor; each
image lasted for 8 seconds after which another
image was substituted. 15 of the 120 images
were repeated, and on seeing an image shown
before, the respondents were to tab the space
bar. The Game Card and Joystick versions
were used in this research.

WPREMB questionnaire includes 11 items; 3

questions for morning symptoms and 8
questions pertinent to late afternoon and
evening symptoms. Morning questions were
asked about behaviors before taking the first
dose of methylphenidate and evening items
were specifically about behaviors 2-3 hours
after taking the last dose of medication, to
ensure that symptoms are not mainly affected
by the methylphenidate consumption.

The Conners Parent Questionnaire has 26

questions and has been validated by the Iranian
Institute of Cognitive Sciences.

The score of each scale ranges between 0 and
10, and each question is assigned a score
between O and 2.

Correct detection: This indicates the number
of times the client responded to the target
stimulus. Higher rates of correct detections
indicate better attentional capacity;
Commission errors: This score indicates the
number of times the client responded but no
target was presented. A fast reaction time
and high commission error rate points to
difficulties with impulsivity. A slow
reaction time with high commission and
omission errors, indicates inattention in
general.

Responses to each item were a Likert-type
scale; O (none), 1 (a little), 2 (a moderate
amount), and 3 (a lot). Values for the
WPREMB questionnaire were defined in
three subscores: morning symptoms, late
afternoon and evening symptoms, and total.
The higher the score, the stronger the
disorder.

The total score of the test ranges from 26 to
104. If the obtained score is higher than 34,
it can be concluded that there exists a case
of attention deficit disorder. The higher the
score, the stronger the disorder.

ADHD, attention-deficit/hyperactivity disorder; WPREMB, Weekly Parent Ratings of Evening and Morning Behavior; SDQP, Strengths and

Difficulties Questionnaire by parents; SDQT, Strengths and Difficulties Questionnaire by teachers.

APPENDIX TABLE A4. SECONDARY OUTCOME OF TRIALS WITH VITAMIN D SUPPLEMENTATION COMPARED
WITH TRIALS WITH PLACEBO INTERVENTION, INCLUDING THE RATIO OF PATIENTS WITH SUFFICIENT
VITAMIN D LEVEL AND THE VITAMIN D LEVEL OF PATIENTS’ LEVEL AFTER INTERVENTION

Outcome and Subgroups

RCT  Participants

Statistical method

1% (%) p-Values Effect estimate

The vitamin D level of patients’
level after intervention

The ratio of patients with sufficient
vitamin D level after intervention

3 221

1 96

SMD (IV, random, 95% CI)* 81 0.005

RR (M-H, fixed, 95% CI) NA NA

2.26 [1.46, 3.06]

0.14 [0.07, 0.29]

RR <1 indicates that compared with placebo, vitamin D could increase the ratio of patients with sufficient vitamin D level after intervention.
“The random effects model was selected because the I* value >50% or p-value <0.05.
RCT, randomized controlled trial; NA, not applicable; SMD, standard mean difference; CI, confidence interval; RR, risk ratio.



