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Abstract

Introduction. Attention deficit hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder in children, characterized by hyper-
activity, impulsivity, and inattention. Although pharmacological treatments such as methylphenidate remain the mainstay of therapy, many chil-
dren either respond inadequately or experience adverse effects, prompting interest in adjunctive or alternative interventions. Vitamin D, known
for its role in neurodevelopment and immune regulation, has recently attracted attention due to its potential link with ADHD symptoms and other
psychiatric conditions.

Methods. Following PRISMA guidelines and registered with PROSPERO, a systematic review and meta-analysis were conducted to evaluate the
effects of vitamin D deficiency and supplementation on ADHD symptoms in children. Databases searched included PubMed, ScienceDirect, and
the Cochrane Library through April 28, 2025. Only randomized controlled trials (RCTs) involving children or adolescents with ADHD receiving
vitamin D supplementation or assessed for deficiency were included. Study quality was appraised using the RoB-2 tool, and quantitative synthesis
was performed using Review Manager 5.4.

Results. Six RCTs comprising 366 participants, predominantly from Middle Eastern populations, met the inclusion criteria. Pooled analysis
demonstrated that vitamin D supplementation significantly improved total ADHD scores and hyperactivity symptoms compared to controls,
though no significant effects were observed on cognitive or inattention domains.

Conclusion. Vitamin D supplementation appears to be a safe and potentially effective adjunctive therapy for improving core ADHD symptoms,
particularly hyperactivity. Further large-scale, multicenter studies across diverse populations are warranted to confirm its therapeutic role and
clarify optimal dosing strategies.
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AnHomayusn

Beedenue. Cunznpom fedunnra BHUMaHUA U runepaktuBHocty (CIBT) — wacro Berpevaromieecs y JeTell HEHPOOHTOTeHEeTHIECKOoe 3a00IeBa-
HUE, XapaKTepu3yeMoe HUIIePaKTHBHOCTBIO, UMITYIbCUBHOCTBIO 1 HEBHUMATEJILHOCTBIO. XOTsI MeUKaMEHTO3HbIe METO/IbI, TAKHE KaK TEePAIIUs
MeTHI()EHUIATOM, ITO-TIPEKHEMY COCTABIIAIOT OCHOBY JIEYEHUsI, MHOTHE JIETU JIEMOHCTPUPYIOT HEZIOCTATOUHBIH OTBET HA JIeUueHHe WIX HaJITudue
He)KeJIaTeJIbHBIX SIBJIEHNH, UYTO 00yCIOBIMBAET HHTEPEC K BCIIOMOTaTeIbHBIM FJIM JIbTEPHATUBHBIM METO/IaM JieueHus1. Buramun D, poJib KOTo-
POTO B Pa3BUTHH HEPBHOW CHCTEMBI 1 UIMMYHHOH DETYJISAINHU U3BECTHA, HEZABHO IIPUBJIEK K cebe BHUMAaHNE U3-32 BO3MOXKHOH CBSA3H C CUMIITO-
mamu C/IBT' 1 gpyruMu ncuxudeckuMu 3a001€BaHUAMU.

Memoout. B coorBerctBuu ¢ pexomenianusamu PRISMA nociie perucrpanuy Ha PROSPERO BBINOIHEHBI CHCTEMATHYECKHH 0030p U MeTaaHa-
JIN3 C IeJIbI0 OLIEHUTD BIIUsAHUE ledpurura BuTamMuHa D 1 ncnosp3oBanus 106aBok ¢ BuTamuHoMm D Ha cumntomsr C/IBI y nereii. [IpoBenen mo-
uck B 6azax jaHHbIx PubMed, ScienceDirect, a Taxoke B Cochrane Library mo 28 anpesist 2025 r. Bpuin BKII0U€HBI TOJIBKO PAH/IOMU3UPOBAHHbBIE
KOHTPOJIUPYEMbIe UCCIIEZI0BAHNA, B KOTOPHIX IPUHSIM y4acTHe AeTd win noapoctku ¢ C/IBT, nosyyasuiue 706aBku ¢ BuTaMuHoM D mitw mmpo-
XOZUBIINE 00CseloBaHue 110 oBoAy Jedunura ButamuHa D. KavecTBo ncciezioBaHME OlleHUBAIM C TIOMOIIBIO0 HHCTpyMeHTa RoB-2, kosnnue-
CcTBEeHHOE 000011[eHe BBITTOJIHSIIN ¢ TOMOIIbi0 Review Manager 5.4.

Pe3yavmamut. Kputepusam BKJIIOUYEHUsI COOTBETCTBOBAIA 6 PAHJOMUBHPOBAHHBIX KOHTPOJIUPYEMBIX HCC/IEOBAHMH, B KOTOPBIX IPUHSAIN
yuactue 366 ueIoBeK, IPEeNMyIIECTBEHHO U3 OJIMKHEBOCTOUHBIX MOMYJIANUN. AHAIN3 00beJTUHEHHOTO MAaCCUBA JJAHHBIX IOKA3aJI, YTO UCIIOJIb-
30BaHue /100aBOK ¢ BUTaMHHOM D 3HaunMo ysryurano obuee cocrostaue npu C/IBT 1 06s1er4aso ciMnToMbl THIEPAKTHBHOCTH 110 CPABHEHUIO
C KOHTPOJIEM, IIPY 3TOM OTCYTCTBOBAJIO 3HAYMMOE BJIMAHME HAa KOTHUTHUBHBIE ACIIEKThI 1 HEBHUMATEJIbHOCTb.

Bwbteo0owt. Cy/isi IO BCeMy, UCIIOJIb30BaHue T00aBOK ¢ BUTAMUHOM D mpezicTaBsieT coboi 6e30macHbIl U MOTEeHIHaTbHO 3 (EeKTUBHBIN BCIO-
MOTraTeJIbHBIA METO/1 JIEYeHU A, T03BOJIAIONINI 0071erYuTh OcHOBHBIE cuMnToMbl C/IBI', mpexxie Bcero runepakTuBHOCTh. Heo6X0/1MMBbI aibHeH-
IIMe MUPOKOMACIITaOHble MHOTOIIEHTPOBBIE UCCIIEZI0BAHUS PA3HOOOPA3HBIX MOIYJIAINM, YTOOBI ITOTBEP/IUTH €ro JeueOHbIi 9D deKT u yTou-
HUTD CTPATEIMH BbIOOPA ONTHMAJIBHBIX /103.

JIlas yumupoeanus: Vbaauna 3., CerbsiBaru 10. Ilepeocmbicienne posiu ButamuHa D B KOHTeKCTe CUHAPOMA JieUIiTa BHUMAHUSA U TUIIED-
AKTUBHOCTH Y JIETEl: JaHHBIE CHCTEMATHYECKOr0 0630pa U MetaaHaiu3a. Kaunuveckuil pasbop 6 obwetl meduyure. 2026; 7 (5): 127-132.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is one of
the most common neurodevelopmental disorders in chil-
dren, characterized by persistent difficulties in attention,
impulsivity, and hyperactivity. Its prevalence has increased
over the past decades, and symptoms often continue into
adolescence and adulthood, affecting learning, social ad-
justment, and mental health [1]. Although stimulant med-
ications remain the mainstay of treatment, many children
experience incomplete response or side effects, prompting
interest in alternative or complementary interventions that
are safe, affordable, and biologically plausible [2].

Nutrition has emerged as an important area of investiga-
tion in ADHD management. Several studies have explored
the influence of micronutrients such as zine, iron, and
omega 3 fatty acids on cognitive and behavioral outcomes
[3]. Among these, vitamin D has received increasing atten-
tion due to its role in brain function, neuroplasticity, and
immune regulation. Vitamin D receptors are present in
brain regions involved in attention, emotion, and executive
control, suggesting a possible mechanistic link between vit-
amin D and ADHD [4].

Observational studies have consistently found that chil-
dren with ADHD have lower serum 25 hydroxyvitamin D
levels compared with healthy peers [5]. Low maternal vita-
min D during pregnancy has also been associated with a
higher risk of ADHD in offspring, pointing to a develop-
mental component in this relationship [6]. Moreover, vita-
min D influences neurotransmitter systems, including
dopamine and serotonin pathways, and plays a regulatory
role in oxidative stress and inflammation, mechanisms of-
ten implicated in ADHD pathophysiology [1].

Clinical trials have begun to test whether vitamin D sup-
plementation can improve ADHD symptoms. A recent
meta-analysis of randomized controlled trials demon-
strated modest yet statistically significant improvements in
total ADHD and hyperactivity scores when vitamin D was
administered alongside standard therapy [4]. However,
findings across studies remain inconsistent, likely due to
differences in dosage, baseline deficiency, and study design.

Considering these findings, vitamin D may represent a bi-
ologically relevant and practical adjunct in managing
ADHD. This systematic review and meta-analysis were con-
ducted to synthesize current evidence on the effect of vita-
min D supplementation on ADHD symptoms in children
and adolescents, and to assess its clinical significance and
potential role in future therapeutic strategies.

Methods

Search strategy. This systematic review and meta-
analysis followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.
A comprehensive literature search was conducted up to
April 28, 2025, using PubMed, ScienceDirect, and the
Cochrane Library. The search terms included: (“Vitamin D”
OR “25(0OH)D”) AND (“attention deficit hyperactivity disor-
der” OR “Attention deficit and hyperactivity disorder” OR
“ADHD”) AND (“Supplementation” OR “Deficiency”).

Studies were screened based on titles and abstracts, and
potentially relevant articles were retrieved for full-text eval-
uation. Eligible studies were included in both the qualita-
tive synthesis and quantitative meta-analysis. This review
was prospectively registered in PROSPERO on March 21,
2025 (registration number: CRD420251016505).

Inclusion and exclusion criteria. Studies were in-
cluded if they met the following criteria:

1. Participants were children or adolescents diagnosed
with ADHD.

2. The intervention involved vitamin D supplementation
or assessment of vitamin D deficiency.

3. The control group received either placebo or standard
therapy.

4. Outcomes included serum vitamin D levels or ADHD
symptom scores after intervention.

5. The study design was a randomized controlled trial
(RCT).

Exclusion criteria were:

1. Studies with unavailable full text.

2. Articles with inappropriate design, intervention, or
outcome measures.

The detailed study selection process is summarized in
Figure 1, following the PRISMA flow diagram.

Data extraction and quality assessment. Data were
independently extracted by two reviewers and verified by a
third to ensure accuracy. Extracted variables included study
characteristics (author, year, country, sample size, age, in-
tervention details, control type, dosage, and duration) and
outcome measures (vitamin D serum levels and ADHD
symptom scores).

Risk of bias was assessed using the Cochrane Risk of Bias 2
(RoB 2) tool, which evaluates key domains such as random-
ization, deviations from intended interventions, missing
data, outcome measurement, and selection of reported re-
sults. Each domain was rated as low risk, some concern, or
high risk. Any discrepancies were resolved through discus-
sion until consensus was achieved.

Statistical analysis. Meta-analysis was performed using
Review Manager version 5.4 (The Cochrane Collaboration,
Copenhagen, Denmark). Effect sizes were expressed as stan-
dardized mean differences (SMD) with corresponding 95%
confidence intervals (CI). A random-effects model was used
to account for anticipated clinical heterogeneity among stud-
ies. Statistical significance was defined as p<0.05. Hetero-
geneity was assessed using the I2 statistic, categorized as neg-
ligible (0—25%), low (26—50%), moderate (51—75%), or high
(>75%). Sensitivity analyses were planned to explore sources
of heterogeneity when applicable.

Results

Study selection and characteristics. A total of six
randomized controlled trials met the inclusion criteria, en-
compassing 366 children diagnosed with ADHD across two
countries: Iran and Egypt. All studies compared vitamin D
supplementation with placebo in children aged 6 to 13
years, with treatment durations ranging from 6 to 12 weeks.
Dosages varied from 1000 IU/day to 50,000 1U/week of
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Table 1. Characteristics and main findings of included studies on vitamin D supplementation in children with ADHD

Vitamin D n Main
Author, Year Country | Design | Population | Regimen Control | (Intervention/ o Key Findings
. utcomes
(Duration) Control)
Serum 25(0OH)D
Children Serum 25(0OH)D, | and dopamine levels
Seyedi, 2019 Iran RCT with ADHD 2000 1U/ Placebo | 37/38 BDNF, ) significantly increased
[16] dayx12 weeks dopamine, (p<0.05);
(DSM-5) - A
serotonin no significant change
in BDNF or serotonin
Serum vitamin D
. and WPREMB
Children Serum 25(0OH)D, .

Mohammadpour, | . | RCT with ADHD | 20001U/ Placebo | 25/29 CPRS, ADHD-Rs, | Scores improved

2018[17] (DSM-IV) dayx8 weeks WPREMB significantly;
no difference in CPRS
or ADHD-RS scores
Vitamin D reduced

. Children impulsivity and

Hase]nm, 2018 Iran RCT with ADHD (112021' lZJ/weeks Placebo | 36/35 éggsmsﬁéogg?' prevented worsening

(DSM-IV) Y ! ! of behavioral
symptoms (p<0.05)
Serum 25(0OH)D
. markedly increased;

Mirhosseini, Iran RCT i ADHD | 500001/ Placebo | 20/15 Serum 25(OH)D | WWhen combined with

2024 [19] (DSM-5) weekx8 weeks neurofeedback, EEG
parameters also
improved
Significant
improvements

. . in total and

Dehbokri, Children 50 000 IU/ Serum 25(0H)D, | " ;

2019 [20] Iran RCT with ADHD | weekx6 weeks Placebo | 51/45 Conners Scale inattention subscales
(p<0.05); greatest
effect in children with
baseline deficiency
Vitamin D improved

Children cognitive and
gg:‘g{gif’y' Egypt | RCT with ADHD Zgogllzj/weeks Placebo | 16/19 CPRS behavioral
(DSM-IV) Y performance on CPRS

(p<0.05)

Summary. Across all studies, vitamin D supplementation increased serum 25(OH)D levels and yielded small-to-moderate improvements in total ADHD
and hyperactivity scores, with limited or inconsistent effects on inattention and cognitive domains. The most robust benefits were observed in trials
where baseline deficiency was present or higher-dose regimens (=2000 IU/day or 50 000 IU/week) were used

Fig. 1. Flow diagram of the literature search and study selection process for this meta-analysis.

Identification
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Records identified through database searching (n=289)
PubMed: 12
ScienceDirect: 421
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Y
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Y

Record duplicates screened (n=12)

'

Full-text articles assessed for eligibility (n=9)

:

Studies included in quantitative synthesis (n=6)

Records excluded (n=459)

Duplicates found (n=3)

Full-text articles excluded (n=3)
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- Inappropriate outcome reported
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Fig. 2. Forest plot showing the pooled effect of vitamin D supplementation on serum 25(0OH)D levels in children with ADHD.

Our meta-analysis demonstrated a significant increase in serum vitamin D levels following supplementation compared to control. The pooled
standardized mean difference (SMD) was 3.30 (95% Cl: 1.79-4.81; p<0.0001), indicating a large and clinically meaningful effect size. Heterogeneity was
substantial (°>=96%), reflecting differences in dosage, duration, and baseline vitamin D status across studies. Overall, these findings confirm that vitamin
D supplementation effectively raises serum 25(0OH)D concentrations in pediatric ADHD populations.

Supplementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Dehbokri, 2019 4498 11.62 51 14.94 9.47 45 20.7% 2.791[2.22,3.36] -
Mirhosseini, 2023 46 178 20 28 15 97  20.8% 1.15[0.65, 1.66] -
Mohammadpour, 2016 34635 9.544 25 11225 5.114 29 20.1% 3.08[2.27,3.89] -
Naeini, 2019 8437 1743 36 5494 20.07 35 20.8% 1.55[1.02, 2.08] - -
Seyedi, 2019 3344 2.14 37 15.59 1.88 38 17.6% 8.78[7.27,10.29]
Total (95% Cl) 169 244 100.0% 3.30[1.79, 4.81] R
Heterogeneity: Tau?=2.78; Chi?>=103.60, df=4 (p<0.00001); 1>=96% } } } }
Test for overall effect: Z=4.29 (p<0.0001) -10 -5 0 5 10

Favours Control Favours Supplementation

Fig. 3. Forest plots showing pooled results for (A) total ADHD symptoms, (B) hyperactivity symptoms, (C) inattention symptoms, and (D)
cognitive symptoms following vitamin D supplementation.

The meta-analysis demonstrated that vitamin D supplementation was associated with a statistically significant improvement in total ADHD symptom
scores and hyperactivity subscale scores, both reflecting a moderate clinical effect size. In contrast, the effects on cognitive performance and inattention
symptoms were not statistically significant. These findings suggest that vitamin D may play a complementary role in modulating behavioral and
hyperactivity dimensions of ADHD, while its influence on attention and cognitive function remains uncertain and requires further investigation.

A
Supplementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Dehbokri, 2018 11.92 6.26 51 13.82 6.22 45 28.7% -0.30[-0.71, 0.10] _—
Elshorbagy, 2018 51.573 10.045 16 66.64 9.162 19 19.5% -1.54 [-2.30,-0.77] —_—
Mohammadpour, 2016 55.84 10.2 25 59.79 9.6 29 25.2% -0.09 [-0.63, 0.44] s
Naeini, 2019 65 145 36 77.69 16.66 35 26.6% -0.74 [-1.22,-0.26] —
Total (95% Cl) 128 128 100.0% -0.61[-1.11,-0.10] -
Heterogeneity: Tau?=0.19; Chi?=11.13, df=3 (p=0.01); I>=73% I I 1 1
Test for overall effect: Z=2.35 (p=0.02) -2 -1 0 1 2
Favours Supplementation Favours Control
B
Supplementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl
Dehbokri, 2018 509 392 51 633 436 45 284% -0.30 [-0.70, 0.11] ——
Elshorbagy, 2018 57.34 11.342 16 7592 8851 19 19.6% -1.80 [-2.61,-1.00] —_—
Mohammadpour, 2016 56.82 11 25 59.79 124 29 25.4% -0.25[-0.79, 0.29] —
Naeini, 2019 5.17 2.6 36 7.06 23 35 26.6% -0.76 [-1.24, -0.28] I
Total (95% Cl) 128 128 100.0% -0.70 [-1.25,-0.28] -
Heterogeneity: Tau?=0.23; Chi?=12.83, df=3 (p=0.005); >=77% + g 0 b b
Test for overall effect: Z=2.51 (p=0.01) Favours Supplementation Favours Control
C
Supplementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Random, 95% Cl IV, Random, 95% CI
Dehbokri, 2018 8.64 4.04 51 1044 439 45  552% -0.42 [-0.83,-0.02] ——
Elshorbagy, 2018 55.48 12.462 16 71.67 9.654 19 448% -1.44[-2.19,-0.68] ———@—
Total (95% Cl) 67 64 100.0% -0.88 [-1.86, 0.11] e
Heterogeneity: Tau?=0.42; Chi>=5,35, df=1 (p=0.02); 12=81% ) 4 0 ! 5
Test for overall effect: 7=1,75 (p=0.008) Favours Supplementation Favours Control
D
Supplementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Fixed, 95% Cl IV, Fixed, 95% Cl
Dehbokri, 2018 5.41 3.14 51 597 353 45  64.0% -0.17 [-0.57, 0.23] i
Mohammadpour, 2016 56 11.8 25 57.21 10.5 29 36.0% -0.11 [-0.64, 0.43] L

Total (95% Cl) 76 74 100.0% -0.15[-0.47,0.18] ‘—
1 1 1

ity: 2— - df=1 (p= - 12=09 } T u u
Heterogeneity: Tau?=0.03; df=1 (p=0.86); I’=0% 05 025 0 025 05
Test for overall effect: Z=0.89 (p=0.37)

Favours Supplementation Favours Control

cholecalciferol. The details of each study are summarized in ~ Questionnaire (SDQ), and Continuous Performance Test
Table 1. (CPT). Several studies also measured serum biomarkers

All studies utilized validated ADHD assessment tools, in- such as brain-derived neurotrophic factor (BDNF),
cluding the Conners’ Parent Rating Scale (CPRS), Conners’ dopamine, and serotonin to evaluate potential neurobiolog-
ADHD Rating Scale (ADHD-RS), Strengths and Difficulties ical effects.
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In most trials, vitamin D supplementation significantly
increased serum 25(OH)D levels compared with placebo
(p<0.05). Some studies also observed improvements in to-
tal ADHD and hyperactivity scores, while the effects on
inattention and cognitive performance were less consistent.

Effect of vitamin D supplementation on serum vi-
tamin D levels. The pooled analysis demonstrated that vi-
tamin D supplementation significantly increased serum
25(OH)D concentrations, with a standardized mean differ-
ence (SMD) of 3.30 (95% CI: 1.79—4.81; p<0.0001). Hetero-
geneity was high (I2=96%), reflecting differences in dosage
and treatment duration across studies (Figure 2).

Effect of vitamin D on ADHD symptom scores.
A meta-analysis of symptom outcomes indicated a statisti-
cally significant reduction in total ADHD symptom scores
among children receiving vitamin D supplementation com-
pared with placebo. Improvement was most pronounced for
hyperactivity symptoms, with smaller and non-significant
effects observed for inattention and cognitive domains (Fig-
ure 3).

These results suggest that vitamin D supplementation
can meaningfully improve certain behavioral dimensions
of ADHD, particularly hyperactivity, while its effects on
cognitive and attentional outcomes require further inves-
tigation.

Discussion

This meta-analysis offers new insights into the potential
role of vitamin D supplementation in children with ADHD.
By aggregating data from six randomized controlled trials
comprising 366 participants, we confirmed that supple-
mentation reliably raises serum 25(0OH)D levels and yields
modest improvements in total ADHD symptoms and hyper-
activity. However, findings on inattention and cognitive do-
mains remain equivocal. Below, we interpret these results
in the context of existing literature, explore plausible bio-
logical mechanisms, highlight key caveats, and propose fu-
ture directions.

Interpretation in context of prior evidence. Our
findings align with earlier meta-analyses and trials suggest-
ing a beneficial adjunctive effect of vitamin D in ADHD. For
example, a pooled analysis of RCTs by [PubMed study] ob-
served small but statistically significant improvements in
total ADHD, inattention, and hyperactivity scores when vi-
tamin D was added to methylphenidate therapy.+ Similarly,
trials combining vitamin D with magnesium (50,000
IU/week + magnesium) have demonstrated improvements
in behavioral and emotional outcomes in ADHD children,
though not uniformly across all symptom subscales [7].

By contrast, other trials focusing on inflammatory mark-
ers found that vitamin D supplementation over three
months did not significantly reduce cytokines such as IL-6
or TNF-a, despite increasing serum vitamin D levels [8].
This suggests that the behavioral improvements we observe
may not be mediated solely, or even primarily, via systemic
anti-inflammatory effects.

A complementary perspective comes from neurophysio-
logical research. One study combining vitamin D supple-

mentation and neurofeedback in children with ADHD re-
ported not only increased serum vitamin D but favorable
changes in EEG metrics, such as decreased theta-to-beta ra-
tios and relative theta power, which correlated with im-
proved behavioral scores [7]. These findings suggest that vi-
tamin D might have direct effects on neural excitability or
network dynamics beyond peripheral markers.

Furthermore, a recent case—control study of children with
ADHD examined vitamin D status and sleep parameters.
The authors found that vitamin D insufficiency was associ-
ated with worse sleep duration and greater sleep-disor-
dered breathing, though not with direct differences in core
ADHD symptom scores [9]. Because sleep disruption is
known to exacerbate attention and behavioral dysregula-
tion [10], vitamin D’s effect on ADHD might be mediated
via sleep improvements in some patients.

Biological plausibility and mechanisms. Several
mechanistic pathways support a potential role for vitamin D
in ADHD etiology and symptom modulation:

 Neurotransmitter regulation: Vitamin D regulates en-
zymes and transporters involved in dopamine and sero-
tonin pathways. It also modulates expression of tyrosine
hydroxylase, a rate-limiting enzyme in dopamine synthesis
[11], which is relevant to ADHD’s dopaminergic hypotheses.

e Neurotrophic and synaptic support: Vitamin D acts
through its receptor (VDR) and the enzyme 1a-hydroxylase
(expressed in brain) to influence gene expression related to
synaptic plasticity, neuronal survival, and differentiation
[12].

« Oxidative stress and neuroinflammation: In vitro and
animal studies demonstrate that vitamin D downregulates
pro-inflammatory cytokines, upregulates antioxidant path-
ways, and dampens microglial activation. These pathways
are implicated in neurodevelopmental disorders and may
contribute to vulnerability in ADHD.

« Neural excitability and electrophysiology: The observed
EEG effects in supplemented children (e.g., shifting
theta/beta ratios) hint that vitamin D may modulate neural
circuit excitability or inhibit aberrant oscillatory patterns.

« Sleep regulation: Vitamin D participates in regulation of
melatonin synthesis and circadian rhythm. Insufficiency
may worsen sleep quality or architecture, which in turn can
impair attention and executive function [13, 14], potentially
amplifying ADHD symptoms.

« Developmental programming: Evidence from perinatal
studies shows that higher vitamin D supplementation in in-
fancy is associated with reduced internalizing symptoms
later in childhood [15]. This suggests early vitamin D levels
may have long-term neuropsychiatric effects.

These overlapping mechanisms suggest that vitamin D
supplementation may exert multi-modal effects: direct
modulation of brain circuits, indirect amelioration of sleep,
and resilience to oxidative or inflammatory stress.

Limitations. While the findings of this meta-analysis
are encouraging, several limitations should be acknowl-
edged. All studies included in this systematic review, after
screening based on the inclusion and exclusion criteria and
applied methodology, were conducted in Iran and Egypt,
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which limits generalizability to other populations where
sunlight exposure, diet, and genetic factors may differ. High
heterogeneity (12=96%) across trials reflected variation in
dosage, intervention duration, and baseline vitamin D sta-
tus. Most studies had small sample sizes, short follow-up
periods, and moderate methodological quality, which re-
stricts the interpretation of long-term outcomes. Moreover,
vitamin D was frequently used alongside stimulant medica-
tions, making it difficult to isolate its independent effects.
Despite these limitations, this analysis contributes addi-
tional evidence supporting the role of vitamin D as a poten-
tial adjunctive therapy in ADHD management and high-
lights the need for larger, multi-center trials across diverse
populations.

Directions for future research. To advance this field
meaningfully, future studies should:

« Enroll larger samples and include diverse populations
across geographic, ethnic, and environmental contexts.

« Use longer follow-up periods (e.g., 6—12 months) to as-
sess sustained response and relapse rates.

« Stratify participants by baseline vitamin D status (defi-
cient vs sufficient) to explore differential responsiveness.

Include multi-arm designs with varying dosing regimens
to identify dose-response relationships.

« Integrate mechanistic measurements such as inflamma-
tory biomarkers, oxidative stress indices, EEG and neu-
roimaging, and sleep metrics (polysomnography).

e Test vitamin D monotherapy vs adjunctive therapy to
assess independent effects.

« Evaluate functional outcomes (school performance, ex-
ecutive tests, quality of life) beyond symptom scales.

Conclusion

In sum, This meta-analysis reinforces the growing evi-
dence that vitamin D supplementation can safely elevate
serum 25(OH)D levels and may provide modest sympto-

matic benefits for children with ADHD, particularly in re-
ducing total and hyperactivity scores. The findings are clin-
ically meaningful and align with evidence linking vitamin D
to neurodevelopment, neurotransmission, and immune
regulation. As all included studies were conducted in Iran
and Egypt, the results are most applicable to Middle East-
ern populations but may also have relevance for other re-
gions with similar sunlight exposure and dietary patterns,
such as parts of Asia. Further large-scale, multicenter stud-
ies with diverse populations and longer follow-up are war-
ranted to validate these findings and guide integration of vi-
tamin D supplementation into clinical practice for ADHD
management.
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