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A bSt ract Introduction: Childhood obesity is associated with an increased risk of vitamin D deficiency due to volumetric dilution, adipose
sequestration, and altered metabolism. Vitamin D plays a crucial role in bone health, immune function, and metabolic
regulation; however, optimal supplementation strategies for children with obesity remain unclear. Current paediatric guidelines
do not provide specific recommendations for this population. This review evaluates the prevalence of vitamin D deficiency in
children with obesity and summarises evidence on effective supplementation regimens. Methods: A structured narrative review
of literature up to February 2026 was conducted using PubMed and Google Scholar. Clinical trials involving children with
obesity aged 5-20 years, with clearly defined methodology and reported 25(OH)D concentrations, were included. Results:
Children with obesity demonstrate a blunted response to vitamin D supplementation compared with normal-weight peers.
Standard doses (400-2,000 IU/day) frequently fail to achieve serum 25(OH)D >30 ng/mL. Higher doses (4,000 IU/day or
equivalent weekly/monthly regimens) are more effective in normalising vitamin D status. No significant adverse effects were
reported across included studies. Conclusions: Children with obesity may require individualised, higher-dose vitamin D
supplementation to achieve adequate serum 25(OH)D levels. Further research is needed to establish evidence-based dosing
guidelines and to evaluate long-term safety in this population.
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S’[reSZCZGHi e Wprowadzenie: Otylos¢ dziecieca wiaze si¢ ze zwiekszonym ryzykiem niedoboru witaminy D z powodu rozcieficzenia
objetosciowego, sekwestracji w tkance ttuszczowej oraz zaburzen metabolicznych. Witamina D odgrywa kluczowa role
w zdrowiu kosci, funkcjonowaniu ukladu odpornosciowego i regulacji metabolicznej, jednak optymalne strategie
suplementacji u dzieci z otytoécig pozostaja niejasne. Aktualne wytyczne pediatryczne nie zawieraja szczegétowych zalecen
dla tej populacji. Celem niniejszego przegladu jest ocena czesto$ci wystepowania niedoboru witaminy D u dzieci z otyto$ciag
oraz podsumowanie dowoddw dotyczacych schematéw suplementacji. Metody: Przeprowadzono strukturyzowany przeglad
narracyjny literatury w bazach PubMed i Google Scholar do lutego 2026 roku. Wlaczono badania kliniczne z udziatem dzieci
z otylo$cig w wieku 5-20 lat, o jasno zdefiniowanej metodologii i raportowanych stezeniach 25(OH)D. Wyniki: Dzieci
z otylosécig wykazuja oslabiong odpowiedz na suplementacje¢ witaminy D w poréwnaniu z réwie$nikami z prawidlowa masa
ciata. Standardowe dawki (400-2000 j.m./dobe) czesto nie pozwalajg uzyska¢ stezenia 25(OH)D 230 ng/ml. Wyzsze dawki
(>4000 j.m./dobe lub réwnowazne dawki tygodniowe/miesigczne) sg skuteczniejsze w normalizacji poziomu witaminy D.
W zadnym z wiaczonych badan nie odnotowano istotnych dziatan niepozadanych. Wnioski: Dzieci z otylo$cia moga
wymaga¢ zindywidualizowanej suplementacji witaminy D w wyzszych dawkach w celu osiggnigcia odpowiednich stezen
25(OH)D w surowicy. Konieczne s3 dalsze badania w celu opracowania wytycznych opartych na dowodach naukowych,
uwzgledniajacych optymalne dawkowanie i dlugoterminowe bezpieczenistwo w tej populacji.

Stowa kluczowe: niedobdr witaminy D, suplementacja, 25-hydroksywitamina D, otylos¢ dziecigca
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BACKGROUND AND INTRODUCTION

hildhood obesity has emerged as a major glob-

al public health challenge. The World Health

Organization reports a dramatic increase in over-
weight and obesity among children and adolescents over
recent decades, affecting millions worldwide across both
developed and developing countries. As of 2022, approxi-
mately 20% of individuals aged 5-19 are classified as over-
weight, including obesity!. Paediatric obesity is associated
with numerous short- and long-term health consequenc-
es, including metabolic, cardiovascular, and endocrine
disturbances®?.
Among these, vitamin D deficiency appears to be particu-
larly prevalent. Depending on the population studied and
the definition of deficiency applied, prevalence estimates
range from 40% to over 60% in most cohorts, with the high-
est rates observed in urban areas and during seasons with
limited sunlight exposure®-®. In certain populations, par-
ticularly in regions with high skin pigmentation or limited
sun exposure, the prevalence may exceed 90% . Skin pig-
mentation itself is a key determinant of vitamin D status.
Studies have shown that among children with obesity, de-
ficiency affects up to 71-87% of African American youth
and 44-52% of Latino youth, with prevalence rates signifi-
cantly higher in autumn and winter compared with spring
and summer®. Even among Polish children, a higher mela-
nin index is associated with lower 25(OH)D concentrations,
particularly during autumn months®.
The clinical consequences of vitamin D deficiency in chil-
dren with obesity can be substantial, yet often remain un-
derrecognised. A complex adaptive response may modi-
fy the clinical presentation, making symptoms subtle and
frequently overlooked, which complicates accurate preva-
lence assessment. Adolescents with severe deficiency may
present with vague, nonspecific manifestations such as pain
in weight-bearing joints, back, thighs, or calves, difficulty
walking or climbing stairs, and muscle cramps. This adap-
tive process involves hormonal shifts which, over time, may
adversely affect bone mineralisation, potentially leading to
osteopenia and osteoporosis'?. Beyond these skeletal ef-
fects, vitamin D plays a crucial role in immune regulation,
glucose metabolism, and inflammatory pathways®!"2).
Emerging evidence suggests that suboptimal vitamin D sta-
tus in children with obesity may contribute to insulin resis-
tance, dyslipidaemia, and low-grade chronic inflammation,
potentially amplifying cardiometabolic risk'?).
The pathophysiology underlying vitamin D deficiency in
children with obesity is multifactorial. A well-documented
inverse relationship exists between body mass index (BMI)
and serum 25-hydroxyvitamin D [25(OH)D] concentra-
tions in children, establishing obesity as a major risk factor
for vitamin D deficiency and lower circulating levels4!*),
Several mechanisms have been proposed to explain low-
er 25(OH)D levels in children with obesity, including vol-
umetric dilution, sequestration in adipose tissue, altered
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hepatic 25-hydroxylation, and potential differences in vi-
tamin D receptor expression®*!>19, Importantly, vitamin
D status in children with obesity is shaped not only by al-
tered distribution and metabolism but also by environmen-
tal and lifestyle determinants. Limited outdoor activity, in-
creased screen time, and reduced sun exposure - frequently
observed in this population — may significantly decrease en-
dogenous vitamin D synthesis. Dietary patterns character-
ised by low intake of vitamin D-rich foods, combined with
socioeconomic constraints affecting food quality, fortifi-
cation exposure, and access to supplementation, may fur-
ther contribute to hypovitaminosis D. Additionally, chil-
dren with darker skin pigmentation are at increased risk
due to reduced cutaneous synthesis, and this risk may be
further amplified in populations facing socioeconomic dis-
advantage, where limited access to safe outdoor spaces, nu-
trient-dense foods, and healthcare services may compound
existing vulnerabilities">'”). These interacting biological and
social determinants underscore the multifactorial nature of
vitamin D deficiency in this population and highlight the
need for individualised strategies when addressing vitamin
D deficiency in children with obesity.

Although standard vitamin D supplementation guidelines
exist for the general paediatric population (e.g. American
Academy of Pediatrics, European Society for Paediatric
Gastroenterology Hepatology and Nutrition, Institute of
Medicine), uncertainty remains regarding optimal dosing
strategies in children with obesity. Due to the lipophilic na-
ture of vitamin D, its sequestration in adipose tissue, and
an altered volume of distribution, standard supplementa-
tion doses may be insufficient®*”.

Therefore, the aim of this review is to provide a comprehen-
sive overview of the prevalence of vitamin D deficiency in
children with obesity and to critically analyse current evi-
dence regarding supplementation strategies, dosing consid-
erations, and existing clinical recommendations.

RESEARCH MATERIALS AND METHODS

This study was conducted as a structured narrative review
of current literature on vitamin D deficiency and supple-
mentation in obese paediatric populations. A literature
search was performed using PubMed and Google Scholar
databases up to March 2026. The following keywords were
applied: “vitamin D supplementation’, “vitamin D deficien-
cy’, “paediatric obesity”, “obese children’, and “25(OH)D”.
Boolean operators were used to refine the search strategy.

Studies were included if they involved children or adoles-
cents aged 5-20 years, addressed obesity defined by BMI
criteria, and evaluated vitamin D status and supplementa-
tion strategies. In the included studies, obesity was defined
using various anthropometric criteria, predominantly body
mass index (BMI) percentiles or Z-scores according to age-
and sex-specific reference charts (including World Health
Organization growth standards, national reference cen-
tile charts, and other established paediatric criteria), with
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cut-offs ranging from >85" percentile for overweight to
295" percentile or >2 standard deviations above the mean
for obesity. Only studies with clearly defined methodology
and reported baseline and post-treatment serum 25(OH)D
concentrations were included in the primary analysis.
Studies with unclear methodology, inconsistent reporting, or
missing outcome data were excluded, as were studies con-
ducted exclusively in adults, animal studies, case reports, ed-
itorials, and non-English publications. The analysis focused
primarily on clinical trials, including both randomised and
non-randomised interventions. Other types of publications,
such as narrative reviews or guidelines, were used in the in-
troduction or discussion to provide background and context
but were not included in the quantitative synthesis.

LITERATURE REVIEW

The following section presents a synthesis of clinical trials
assessing vitamin D supplementation in paediatric popula-
tions with obesity. Studies included in this review employed
varying dosing regimens, durations, and schedules, allow-
ing for a comparative evaluation of supplementation strat-
egies and their effectiveness in achieving sufficient serum
25(OH)D concentrations of 230 ng/mL (Tab. 1).

The included intervention studies demonstrated substan-
tial heterogeneity in dosing regimens, encompassing daily,
weekly, and monthly supplementation strategies. Baseline
25(OH)D concentrations were generally within the de-
ficient or insufficient range across cohorts. Treatment re-
sponse varied considerably depending on dose and supple-
mentation schedule.

Standard paediatric doses (400-800 IU/day), as well as
moderate doses such as 1,000-2,000 IU/day, were frequent-
ly insufficient to achieve serum 25(OH)D concentrations
230 ng/mL in obese participants. In several trials, a sub-
stantial proportion of children remained below the suffi-
ciency threshold despite supplementation. Even daily dos-
es of 2,000 IU did not consistently normalise vitamin D
Status(2,5,18720,23,28)-

Higher daily doses, particularly >4,000 IU/day, 225,000 IU/
week, and >100,000 IU/month, were more likely to achieve
serum concentrations above 30 ng/mL. Studies employing
such dosing strategies reported higher normalisation rates
compared with standard regimens”?-2),

A dose-response relationship appears to emerge from
the available data, with higher daily doses consistent-
ly associated with greater increases in serum 25(OH)D
concentrations.

Notably, considerable heterogeneity exists across stud-
ies in dosing regimens, duration of supplementation, and
target serum thresholds, complicating direct compari-
sons and limiting the development of definitive clinical
recommendations.

The majority of studies were characterised by relatively
short follow-up periods, restricting conclusions regarding
long-term maintenance of vitamin D sufficiency.
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DISCUSSION

The present review demonstrates that children with obe-
sity frequently exhibit a blunted response to vitamin D
supplementation compared with their normal-weight
peers”1+1629) Despite adherence to standard paediatric
dosing regimens, serum 25(OH)D concentrations often
remained below sufficiency thresholds, indicating that in-
creased adiposity affects vitamin D bioavailability and stor-
age. This pattern was observed consistently across multiple
intervention studies employing daily, weekly, and monthly
supplementation strategies®>18-2023-28),

Existing clinical recommendations reflect a growing rec-
ognition that children with obesity require higher vitamin
D doses than their normal-weight peers. Guidance across
professional societies and expert consensus varies, encom-
passing both preventive and therapeutic approaches: some
recommend 1,000-1,500 IU daily during periods of limit-
ed sun exposure, while the American Academy of Pediatrics
advises 5,000 IU daily until stores are replenished in cas-
es of documented deficiency, and the Endocrine Society
suggests 2,000 IU daily or 50,000 IU weekly for at least six
weeks. Interventional studies support these higher thresh-
olds, demonstrating that doses of around 4,000 IU daily, or
equivalent weekly or monthly regimens, effectively restore
sufficiency in obese adolescents">*”. Collectively, these ob-
servations support the view that children with obesity typi-
cally require approximately double the vitamin D dose rec-
ommended for age-matched peers of normal weight.
Obesity alters vitamin D metabolism through increased se-
questration of this lipophilic vitamin in adipose tissue, as
well as through potential alterations in hepatic hydroxyl-
ation and other metabolic pathways, ultimately leading to
lower circulating 25(OH)D concentrations®*!>1%. Reduced
vitamin D availability in children with obesity has been as-
sociated with disturbances in calcium and bone homeosta-
sis, impaired immune function, and metabolic dysregula-
tion®*!"-1%), These pathophysiological mechanisms further
underscore the clinical importance of maintaining adequate
vitamin D status in this at-risk population.

From a clinical perspective, paediatricians should recognise
that children with obesity may require individualised vita-
min D dosing strategies to achieve and maintain adequate
serum 25(OH)D concentrations. Sustained daily supple-
mentation appears to be as effective as weekly or monthly
dosing regimens, although patient adherence and treatment
compliance should be taken into consideration. Available
evidence suggests that doses up to 4,000 IU/day are gener-
ally well tolerated; however, long-term safety data in obese
paediatric populations remain limited. Regular monitoring
of serum 25(OH)D concentrations, particularly in children
receiving higher doses, may help guide individualised treat-
ment and improve clinical outcomes.

From a public health perspective, optimising vitamin D
screening and supplementation strategies among children
with obesity may represent a cost-effective and scalable
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Intervention Vitamin D Baseline Post-treatment
Study sample size dose Duration 25(0H)D 25(0H)D
(n) (ng/mL) (ng/mL)
A:6001U/d A:23.1
Asghari et al. (2021)® 378 B: 1,000 1U/d 12 months 11.5-12.2 B:25.6
(:2,0001u/d (:286
Brzezinski et al. (2020)? 85 1,2001U/d 26 weeks 19.35 24.99
A:4001U/d A:24.8
(19
Javed etal. (2015) 47 B:2,000 1U/d 12 weeks 24.0 B 271
A:6001U/d A:23.8
Rajakumar et al. (2020)® 156 B: 1,000 1U/d 6 months 143 B:273
(:2,0001u/d (:30.1
Nader et al. (2014)@" 44 2,0001U/d 12 weeks 25.8 31.8
. A:4,0001U/d A:31.2
) :
Setia et al. (2025) 68 B+ 6,000 1U/d 12 weeks 9.4 B 402
Masoumi-Moghaddam et al. (2021)") 123 50,000 IU/week 12 weeks 20.15 49.8
A: 50,000 [U/week A:38.6
Talib et al. (2016)® 183 B:5,000 1U/d 8 weeks 13.7 B:34.7
(:1,000Iu/d :19.9
Kelishadi et al. (2014) 21 25,000 IU/week 12 weeks 183 32,0
A: 50,000 IU/week A:18.34
6 ,
Samaranayake et al. (2020) 52 B: 2,500 1U/week 24 weeks 14.92 B-15.26
Sethuraman et al. (2018)%) 29 50,000 IU/week 12 weeks 121 32,0
50,000 IU/week for 2 months
(26) : ,
Rostampour et al. (2020) 53 then 1,000 1U/d for 3 months 5 months 13.51 46.16
Javed et al. (2016)® 19 100,000 IU/month 3 months 22.36 34.76
A: 120,000 IU/month A:26.89
28) :
Varshney et al. (2019) 189 B- 400 1U/d 12 months 8.36 B 1314
Note: For consistency, all values originally reported in nmol/L have been converted to ng/mL using the conversion factor of 2.5 (nmol/L < 2.5 = ng/mL).

Tab. 1. Characteristics of clinical trials assessing vitamin D supplementation in obese paediatric populations. The intervention sample size refers
to participants receiving active vitamin D supplementation; control or placebo groups are not included. Daily, weekly and monthly regi-
mens are presented, together with trial duration and baseline and post-treatment serum 25(0OH)D concentrations

intervention to reduce long-term metabolic, skeletal, and im-
munological complications at the population level. This issue
may be particularly relevant in Central and Eastern Europe,
where pronounced seasonal variation in sunlight exposure
and limited winter UVB availability may further increase the
risk of vitamin D deficiency in children with obesity.
Several limitations should be acknowledged when inter-
preting the findings of this review. Considerable hetero-
geneity exists across studies in terms of dosing regimens,
supplementation duration, baseline vitamin D status, and
target serum 25(OH)D thresholds, complicating direct
comparisons between trials. In addition, many studies in-
cluded relatively small sample sizes and short follow-up pe-
riods, limiting the ability to assess long-term maintenance
of vitamin D sufficiency. These methodological differenc-
es also restrict conclusions regarding the long-term safety
of higher supplementation doses in children with obesity.
Although none of the reviewed studies reported clinical-
ly significant adverse effects, vitamin D toxicity remains
a theoretical concern when high doses are used over pro-
longed periods. Toxicity is generally associated with ex-
cessive serum 25(OH)D concentrations, typically above
150 ng/mL, and is primarily mediated through hypercalcae-
mia. Potential clinical manifestations include nausea, vom-
iting, polyuria, dehydration, nephrocalcinosis, and renal
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dysfunction. However, no such complications were ob-
served in the intervention studies analysed in this review.
Finally, relatively few trials have directly investigated opti-
mal dosing strategies specifically tailored to obese paediat-
ric populations, highlighting a critical gap in the literature
and underscoring the need for larger, well-designed long-
term studies.

CONCLUSIONS

Vitamin D deficiency is highly prevalent in children with obe-
sity and should be regarded as a routine clinical concern rather
than an incidental finding. This population not only presents
with lower baseline 25(OH)D concentrations but also exhib-
its a reduced response to standard supplementation regimens,
likely due to altered vitamin D distribution and metabolism.

A key clinical implication of the available evidence is that stan-
dard paediatric vitamin D doses are often inadequate in chil-
dren with obesity. Multiple studies consistently indicate that
higher doses may be required to achieve and maintain suffi-
cient serum 25(OH)D levels. Therefore, a “one-size-fits-all”
approach to supplementation should be avoided in this group.
From a practical perspective, clinicians should adopt an in-
dividualised strategy that includes assessment of baseline
vitamin D status, adjustment of dosing according to body
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mass, and regular monitoring of serum 25(OH)D concen-
trations. Attention should also be given to modifiable fac-
tors such as sun exposure, diet, and physical activity, which
may further influence vitamin D status.

Optimising vitamin D levels in children with obesity may
have implications beyond bone health, potentially support-
ing metabolic and immune function. Given the growing
prevalence of paediatric obesity, incorporating tailored vita-
min D management into routine care may represent a sim-
ple yet impactful intervention.

Further high-quality, long-term studies are needed to define
optimal dosing strategies and ensure safety. However, cur-
rent evidence already supports a more proactive and indi-
vidualised approach in clinical practice.
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