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ANNOTATION
This literature review examines the significance of vitamin D deficiency in children, its role in the development of obesity, and other somatic
pathologies. It provides information on the prevalence of vitamin D deficiency in children and adolescents, risk factors, and the pathogenesis of
vitamin D deficiency in children with obesity. Also discussed are methods for correcting vitamin D deficiency in both obesity and other metabolic
disorders.
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ANNOTATSIYA

Ymby anabuériap mapxuzaa, 6onanapia BUTaMuH J{ €TUIIMOBYMIMIY, YHUHT CEMH3JIMK Ba OOIIKA COMATHK MATOJOTUsJIap PUBOXKIIAHHIINIIA

TyTraH YpHHU Xakuna éputwirad. bonanap Ba ycmupnapna BuramuH J{ neMIUTH TapKaIUII JAapa)kacy XaKuaa MablIyMoTJiap, ceMu3 Oonanapia

BUTaMUH J[ €THIIMOBYMIINIM PHUBOMNJIAHHULIMHUHI XaB( ommiapu Ba mnaroreHesu. Illy Ownman Oupraivkia BHUTaMHH [ KOPPEKUMSCHHUHT,
CEeMM3IIHKA Ba OOIIKA MOAANap aJMaIlNHyBH OY3WIHIINA, YTKA3MIHII yCyJUIapH KYPCAaTHITaH.
Kagur cy3aap: Bonanapaa cemusiuk, ButamuH J{, Buramusa J| neUIUTHHUHT KOPPEKIHACH.

Amyposa Makcyaa Kamienosua

JoueHT kadeapsl neanaTpuu gededHoro hakyspTeTa
CamapKaHACKUH TOCyJapCTBEHHBIH MEAUIIMHCKUI YHUBEPCUTET
Camapkanj, Y30exkucran

O)XUPEHUE U JJEGULIUT BATAMHHA D Y JETEN U IIOAPOCTKOB: COBPEMEHHOE COCTOSSHUE INPOBJIEMbBI

AHHOTALIUA
JlanHbIi 0030p JUTEPaTyphl, HOCBAIIEH AKTyaIbBHOCTH IPo0OieMsl Aedunnta BuTaMuHa J{ y eTel, ero pojiu B pa3BUTUH OXKUPEHUS ¥ IPYToi
coMaTH4ecKol matonoruu. [IpuBeieHbI CBECHUS O PAcIpoCTpaHEHHOCTH neduiura BuTamuHa JI, y nereid M MOAPOCTKOB, (GakTopbl pUcKa U
naroreHes pasBuTus neduiura BuraMuna [ mpu oxxupeHnu y nereil. Taxke o0CcysKmaroTcss METo bl KoppeKiuu Aedunnra BuTaMuaa D kak mpu
OKHPEHUH, TaK U JIPYruX HapyIIeHnil 0OMeHa BEIIeCTB.
KiroueBble ciioBa: oxxupeHue y nerei, Butamut Jl, koppekiust neduimra Buramusa J1.

According to the World Health Organization (WHO), the  population-based studies across diverse ethnic and age groups reveal a
prevalence of overweight and obesity among children and adolescents  strong correlation between obesity and inadequate vitamin D levels [9].
remains high. In 2016, 41 million children under the age of five and 340  Currently, obesity is recognized as a major risk factor for vitamin D
million children aged 5-19 were diagnosed with these conditions  deficiency and secondary hyperparathyroidism. Individuals with
worldwide. This underscores obesity as a major global public health  morbid obesity are particularly vulnerable to severe vitamin D
concern in children. deficiency. Beyond its role in bone health, vitamin D is also implicated

In recent years, complications traditionally associated with in the pathogenesis of various multifactorial diseases. Notably, vitamin
adulthood—such as arterial hypertension, type 2 diabetes mellitus, non- D influences blood lipid composition, blood pressure [23], cognitive
alcoholic fatty liver disease, and cholelithiasis—have been increasingly ~ function [1], and cancer risk [12]. Furthermore, vitamin D deficiency
observed in obese children, particularly adolescents. Additionally,
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has been linked to an increased susceptibility to infectious diseases,
including tuberculosis [11].

Vitamin D deficiency is prevalent worldwide, including in Western
European countries. For instance, a recent study involving a cohort of
1,006 adolescents aged 12-17 years from nine European Union (EU)
countries reported widespread vitamin D insufficiency. Vitamin D
levels were classified as optimal (>30 ng/ml), insufficient (20-30
ng/ml), deficient (10-20 ng/ml), and severely deficient (<10 ng/ml). The
average serum 25-(OH)-D level in the cohort was 22.8 ng/ml, with 80%
of participants exhibiting suboptimal levels (39% insufficient, 27%
deficient, and 15% severely deficient) [3]. These findings underscore
the alarming prevalence of vitamin D insufficiency among adolescents,
even in economically developed EU countries.

Recent population-based studies also indicate a high prevalence of
hypovitaminosis D among children in other regions. In the United
States, 61% of children have 25-(OH)-D levels between 15-29 ng/ml,
while 9% have levels below 15 ng/ml [14]. Similarly, an
epidemiological study in Brazil—despite the country's high solar
exposure—revealed that 14% of children under 10 years old and 24%
of adolescents had vitamin D levels below 20 ng/ml [15]. In the United
Arab Emirates, an assessment of vitamin D status in four pediatric age
groups found that children aged 8-14 years had a higher prevalence of
deficiency compared to younger children (2-7 years). Thus, adolescents
are at the highest risk of vitamin D deficiency, a concern further
exacerbated by the fact that their increased vitamin D requirements are
often overlooked [41].

Vitamin D is classified as a secosteroid. The two most studied forms
in humans are vitamin D2 (ergocalciferol), obtained from dietary
sources, and vitamin D3 (cholecalciferol), synthesized in the skin from
7-dehydrocholesterol upon exposure to ultraviolet B (UVB) radiation.
Vitamin D is sequestered in adipose tissue and transported in the
bloodstream via vitamin D-binding protein [20].

Vitamin D3 is biologically inactive and requires two hydroxylation
steps to become active [30]. The first occurs in the liver, where
cholecalciferol is converted to calcidiol (25(OH)D3) by 25-
hydroxylase. The second takes place in the kidneys, where calcidiol is
converted into the biologically active form, calcitriol (1,25(0OH)2D3),
by lo-hydroxylase. Calcitriol binds to its receptor, forms a
heterodimeric complex with the retinoid X receptor, and interacts with
vitamin D response elements on DNA, thereby regulating gene
transcription, including that of the KI (Clotho) gene [20, 30].

Vitamin D receptors (VDRs) are widely distributed across various
organs, including the cardiovascular system, where they are expressed
in vascular smooth muscle cells [18, 34], endothelial cells [19], and
cardiomyocytes [40]. Experimental studies have demonstrated that, in
vitro, the active form of vitamin D influences cardiomyocyte and
vascular smooth muscle cell activity, modulates cell proliferation [27,
28], suppresses the renin-angiotensin system [17], regulates calcium
absorption in vascular smooth muscle cells [6], inhibits cytokine release
from lymphocytes [33], and affects inflammation and lipid metabolism

Serum 25(OH)D3 levels, the primary circulating form of vitamin D,
reflect both cutaneous synthesis and dietary intake [20]. According to
the WHO, more than one billion people worldwide suffer from vitamin
D deficiency, highlighting the need for increased awareness and
preventive measures to address this global health issue.

The risk factors contributing to vitamin D deficiency in the body
include:

. Geographic location of residence
Season of the year
Skin pigmentation intensity
Maternal vitamin D status
Consumption of vitamin D-fortified foods
Overall nutritional status
Presence of comorbid conditions

Genetic polymorphisms affecting vitamin D receptors
Several factors contributing to vitamin D deficiency in children and
adolescents should be considered[22]:
1. Reduced Vitamin D Intake or Synthesis:

21

Birth to a mother with vitamin D deficiency

Prolonged exclusive breastfeeding

Dark skin pigmentation

Limited sun exposure due to excessive sunscreen use,
protective clothing, chronic illnesses, or frequent hospitalizations
Inadequate intake of vitamin D-rich foods

Intestinal Dysfunction and Malabsorption:

Celiac disease, food allergies and exudative enteropathy

Exocrine pancreatic insufficiency (e.g., cystic fibrosis,
Schwachman-Diamond syndrome)

. Biliary obstruction

3. Decreased Synthesis or Increased Degradation of 25-
(OH)-D or 1,25-(OH)2D:

Chronic liver and kidney diseases
Medications that accelerate vitamin D metabolism (e.g.,
rifampicin, isoniazid, anticonvulsants)

Obesity and Vitamin D Deficiency: Obesity-related vitamin D
deficiency is driven by multiple physiological mechanisms. Vitamin D,
being fat-soluble, is sequestered in the larger volume of adipose tissue
in obese individuals, leading to reduced plasma concentrations.
Additionally, obese individuals often wear more concealing clothing
and spend less time outdoors, limiting natural vitamin D synthesis
through sun exposure.

A study of 149 children aged 8-13 years demonstrated an inverse
correlation between vitamin D levels and triglyceride levels (correlation
coefficient r = -0.86, p = 0.01). This effect remained statistically
significant after adjusting for age, gender, BMI, and physical activity
[32].

To further investigate the mechanisms underlying vitamin D
deficiency in obesity, Worthman J. et al. examined serum
concentrations of D2, D3, and 25-(OH)-D in obese and normal-weight
individuals following ultraviolet (UV) exposure and oral ergocalciferol
supplementation [36]. The study included 19 healthy participants (BMI
<25) and 19 obese participants (BMI >30), all Caucasian with skin types
Il and Ill. Serum vitamin D3 concentrations typically peak 24 hours
post-UV exposure. Blood samples were collected one hour before and
one day after exposure to measure vitamin D synthesis and transport
from the skin to the bloodstream. Basal vitamin D3 concentrations did
not significantly differ between obese and control groups. However, the
increase in vitamin D3 levels post-UV exposure was significantly lower
in obese individuals than in non-obese individuals (6.7+1.4 ng/ml vs.
15.3+2.1 ng/ml, p=0.0029). Although obese individuals have a greater
body surface area, their post-UV exposure vitamin D3 increase was 57%
lower than that of non-obese individuals, suggesting impaired
bioavailability rather than synthesis capacity. [24-25].

Earlier research from the 1980s and 1990s indicated that obesity
does not affect the content of 7-dehydrocholesterol (the precursor of
vitamin D3) in the skin, nor does it impair vitamin D synthesis. This
suggests that the primary issue in obesity is impaired transport of
vitamin D from the skin to the bloodstream. It is hypothesized that
subcutaneous fat absorbs a greater proportion of the vitamin produced
in the skin, thereby limiting its bioavailability.

Findings by Arunabh S. et al. further support the hypothesis that
reduced serum 25-(OH)-D levels in obesity result from tissue
redistribution within a larger volume of adipose tissue [2]. Their study
examined the relationship between 25-(OH)-D levels and body fat
percentage in 410 healthy women (BMI range: 17-30), revealing an
inverse correlation between adipose tissue percentage and 25-(OH)-D
levels.

A large-scale study confirmed that serum 25-(OH)-D levels decline
as BMI increases, while HbAlc levels tend to rise. Among obese
individuals, 80% had serum 25-(OH)-D levels below 75 nmol/L,
compared to 68% of non-obese individuals (p < 0.0001). Additionally,
patients with type 2 diabetes or HbAlc levels exceeding 7% exhibited
significantly lower 25-(OH)-D levels than those with normal glucose
metabolism (36.9 nmol/L vs. 52 nmol/L).

To further evaluate vitamin D metabolism, researchers analyzed
2,126 patients at the Oslo Clinic for Metabolism and Medical Lifestyle

.
2.
.
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Management, examining seasonal fluctuations in 25-(OH)-D3 levels
relative to BMI, gender, and age [16]. Multiple regression analysis
revealed that for every 1 kg/m?2 increase in BMI, serum vitamin D3
concentration decreased by 0.74 nmol/L. Similarly, each 1 cm increase
in waist circumference, serum vitamin D3 levels declined by 0.29
nmol/L. These findings highlight the association between obesity
(measured by BMI and waist circumference) and vitamin D3 deficiency.

Despite higher total food intake, obese individuals frequently
exhibit deficiencies in essential nutrients, including vitamin D. Meta-
analyses of randomized, placebo-controlled trials suggest that a daily
intake of at least 700-800 U of vitamin D is required to prevent bone
mineral density loss and reduce the risk of falls and fractures. Since
vitamin D enhances calcium absorption, its effectiveness is optimized
when combined with at least 1,000 mg of calcium per day [13]. Ongoing
debate exists regarding the optimal daily dosage of vitamin D. Current
recommendations for correcting vitamin D deficiency, unfortunately,
lack strong clinical evidence. In cases of confirmed deficiency,
ergocalciferol is typically prescribed at 50,000 IU per week for eight
weeks. Once 25(0OH)D levels normalize, maintenance therapy with
800-1,000 1U/day of cholecalciferol is recommended [4]. According to
Cannell J., individuals with established vitamin D deficiency may
require higher doses, ranging from 2,000 to 7,000 IU per day, to
maintain 25(OH)D levels within 40-70 ng/ml (100-175 nmol/L) [7,8].
As previously noted, obese individuals have an increased need for
vitamin D, which should be considered when prescribing preventive or
therapeutic supplementation. The target 25(OH)D level should not fall
below 30 ng/ml (75 nmol/L), and achieving this may require doses
exceeding 800-1,000 U per day [5]. Some clinical studies suggest that
2,000-4,000 1U/day may be effective in managing obesity and diabetes.
A 12-week study involving obese adolescents receiving 2,000 1U/day of
vitamin D3 or a placebo demonstrated a significant serum 25(OH)D
increase of +6 ng/ml (p < 0.001) [26]. Another 12-month study showed
that a daily intake of 3,000 IU of vitamin D3 increased adiponectin
levels (p < 0.02) in vitamin D-deficient obese children (<15 ng/ml) [35].
Additionally, supplementation with 25,000 1U/week (~4,000 1U/day)
for nine weeks in a group of 109 obese children (aged 8-18 years) with
vitamin D deficiency (<50 nmol/L) reduced deficiency cases to 25%
without adverse effects [31]. A study assessing daily vitamin D intake
in pregnant women found that a dose of 2,000 IU/day was the most
effective in preventing deficiency. Among 91 participants, the incidence
of vitamin D deficiency (<20 ng/ml) was 20% in the 2,000 1U/day
group, significantly lower than the 58% and 61% observed in the 600

IU/day and 1,200 1U/day groups, respectively (p = 0.03). Similarly,
among newborns, vitamin D deficiency was detected in only 9% of
those born to mothers receiving 2,000 1U/day, compared to 74% and
48% in the lower-dose groups (p = 0.006). These findings suggest that
a minimum intake of 2,000 1U/day is necessary to maintain optimal
vitamin D levels during pregnancy and early infancy [38].

Another study examined individuals at increased risk for diabetes,
defined by glycated hemoglobin levels between 5.8% and 6.9%, who
also had vitamin D deficiency (25-OHD <30 ng/ml). Participants were
randomized to receive either weekly vitamin D supplementation
(88,865 1U/week, n = 56) or a placebo (n = 53) for 12 months. Within
three months, mean 25-OHD levels in the supplemented group rose
from 22 ng/ml to 70 ng/ml. After 12 months, glycated hemoglobin levels
showed a significant reduction (-0.2%) in the vitamin D group,
highlighting its potential role in metabolic regulation [10].

It is essential to emphasize that administering single megadoses of
vitamin D is both risky and often ineffective. A randomized trial
involving 61 individuals with type 2 diabetes mellitus (T2DM)
investigated the effects of a single high-dose vitamin D administration
(100,000 1U or 200,000 IU) [37]. Beyond the ethical concerns
surrounding such large doses, described as a form of "human
experimentation" [39], the study [21] found no measurable
improvements in endothelial function, insulin resistance, or glycated
hemoglobin levels. These findings reinforce the notion that long-term,
consistent vitamin D supplementation at physiological doses remains
the safest and most effective strategy.

Conclusion: The global prevalence of obesity continues to rise,
affecting individuals at increasingly younger ages. The primary
contributors to obesity in children and adolescents are modifiable risk
factors, including excessive intake of carbohydrates and saturated fats,
micronutrient deficiencies, physical inactivity, alcohol consumption,
and smoking. Among these, vitamin D deficiency plays a significant
role in increasing the risk of diabetes. Vitamin D has widespread effects
on the molecular physiology of cells and tissues. Numerous studies
support its role in preventing and managing obesity and related
complications. Early detection and correction of vitamin D deficiency,
particularly in high-risk groups such as children and adolescents, can
reduce the likelihood of chronic diseases in adulthood. This, in turn, can
lower healthcare costs. Optimizing vitamin D intake through public
health policies and regulatory measures is a crucial step toward
improving overall health outcomes.
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