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Abstract

This study assessed the effect of the deficiency in the levels of vitamin
D3 and calcium on children's health and growth. The study was focused on
children aged 1 day to 12 years. The results shown levels of vitamin D3 were
higher for males than females, although levels of calcium were similar across
both sexes. This suggests that males may have a better vitamin D3 status due
to their outdoor activity. Results show that children in the younger age group
were deficient in vitamin D3 and calcium Compared to controls. These
findings suggest that vitamin D3 and calcium deficiency may contribute to an
increased risk of rickets and osteoporosis in children, highlighting the
importance of improving nutrition and sun exposure. The study recommends
providing vitamin D3 and calcium supplements to children, along with
strengthening awareness programs .
Keywords: Vitamin D3, Levels of Calcium, Biochemical parameters,
Children's health and growth, Deficiency (VDD) and insufficiency (VDI) of
vitamin D3
Introduction

Vitamin D31,D2,D3 and D4 are a fat-soluble vitamin essential for
calcium and phosphorus absorption, VitaminD3 are crucial for healthy bones
and teeth. It also strengthens the immune system and reduces the risk of
chronic infections. The body obtains vitamin D3 through sunlight exposure
and certain foods, such as fatty fish and fortified dairy products. Vitamin D3
plays a key role in physiological functions within skeletal and extra-skeletal
tissues. Deficiency (VDD) and insufficiency (VDI) of vitamin D3 are linked
to various acute and chronic illnesses, including calcium metabolism
disorders, autoimmune diseases, certain cancers, type 1 and type 2 diabetes
mellitus, cardiovascular diseases, and infectious diseases.” ° As a steroid
hormone, vitamin D3 has endocrine, paracrine, and autocrine effects. The
skin produces vitamin D3 upon exposure to ultraviolet rays, and it can also be
obtained from dietary sources and supplements.*® Rickets, a common
childhood malnutrition disease, results from insufficient calcium,
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phosphorus, and vitamin D3, as well as inadequate sun exposure.” This
condition leads to skeletal deformities, such as skull, rib cage, spine, and
pelvic bone abnormalities, along with bowed legs.” ® During childhood and
adolescence, vitamin D3 is crucial for calcium absorption and bone
development. It helps maintain normal bone turnover and mineralization in
adulthood while preventing rickets in children.” ® Additionally, vitamin D3
may protect against type 1 diabetes mellitus,”® hypertension,™* multiple
sclerosis,® and cancer.”® Studies indicate that vitamin D3 deficiency is
widespread and often unrecognized, affecting young adults, the elderly, and
children in various regions.* Despite milk fortification, subclinical vitamin
D3 deficiency is common, particularly among hospitalized adults,
homebound elderly individuals, postmenopausal women with hip fractures,
and healthy young adults.* **> Data on the prevalence of this deficiency
among healthy. children and adolescents remain limited.®

The primary source of vitamin D3 is skin synthesis following exposure to
ultraviolet radiation (UVR), with less than 10% obtained from dietary
sources.’” The amount produced in the skin depends on factors such as sun
angle, latitude, season, time of day, and duration of exposure.’® Maximum
synthesis occurs when the sun is at its zenith, but during winter at latitudes
above and below D3 degrees North and South, sun exposure does not
produce vitamin D3. Other factors that reduce vitamin D3 production include
increased skin pigmentation, aging, and the use of sunscreen ** %

Vitamin D3 is necessary for calcium absorption from the intestines and for
maintaining normal calcium and phosphate levels in the blood. Vitamin D3
deficiency in children occurs when vitamin D3 levels are too low, leading to
impaired calcium and phosphorus absorption, poor bone growth, and
weakened immunity. This condition can cause rickets, characterized by soft,
deformed bones, and results from inadequate sun exposure or dietary intake.?
Calcium is the main mineral in building bones and teeth and also plays an
important role in regulating the heartbeat, muscle contraction and
transmitting nerve signals.”

Children need adequate amounts of calcium during the growth stage to avoid
osteoporosis later on.?*> Hypocalcemia in children is a condition in which the
level of calcium in the blood decreases, affecting the health of bones,
muscles, and the nervous system, leading to problems such as muscle spasms,
weak bones, and delayed growth.? This is problems happens by a deficiency
of vitamin D3 and Calcium, unhealthy diet, or disorders of absorption.*
There is lack of consensus amongst clinicians and scientists on the role of
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vitamin D3 supplementation in relation to extra skeletal effects particularly in
pediatrics;** this Guideline therefore, does not deal with these effects of
vitamin D3.* Lifestyle of children is including stay indoor without sun
exposure for long time (avoiding optimal hours of sun exposure between 10
AM to 3 PM, the best time to form Vitamin D3 in the skin) further reduce the
sunlight exposure and therefore rise the tendency for vitamin D3
deficiency.® %

In addition , regularly low levels of calcium are described in children from
numerous studies, especially those from lower socioeconomic country
because mostly their families cannot provide healthy food for their children
regularly.?’

Vitamin D3 deficiency occurs when serum levels of vitamin D3-25-hydroxy
(25- OH) D fall below 20 ng/ml (50 nmol/L) in children. Levels between 21-
29 ng/ml are considered insufficient (deficiency of Vitamin D3), while levels
above 30 ng/ml are generally considered adequate. Diagnosis usually
involves a blood test to measure these vitamin D3 levels.?®

Vitamin D3 and calcium deficiency in children poses a risk to their growth
and general health. It affects the bones, muscles, and nervous system as
follows:

* Rickets causes weak bones, bowed legs, and skeletal deformity.

» Muscle weakness causes delayed walking, difficulty moving,

And an increased risk of falling.

« Delayed growth: may lead to short stature and delayed teething.

* Muscle cramps due to low blood calcium, which may cause painful
or Serious convulsions.

« Osteoporosis increases the risk of fractures and injuries even at a young age.
« Weak immunity increases the likelihood of recurrent infections.

Vitamin D3 and calcium deficiency in children is a serious health problem
that can lead to serious complications if left untreated. Early recognition and
proper management are crucial to ensure healthy growth and development.
Regular checkups of children can help identify nutritional deficiencies
early.

Methods

A set of results was collected from Al-Azhar Laboratory and Al-Thiag
Specialized Laboratory. The study included 52 test results from male and
female. The children aged between one day and 12 years. 26 samples of
patients and 26 samples of control groups.
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All the parameters were used serum, the methodology tacked 5 ml of blood
from the arm of the patient, than, sample is putted in a tube. Finaly, all the
tubes sent to the laboratory for vitamin D3 and calcium analysis.

The concentration of vitamin D3 was measured using the specified analytical
method [25-OH vitamin D3 total]. While, the serum total calcium level
was determined using the appropriate laboratory technique. The normal
range for serum calcium is 8.6-10.0 mg/dL, while vitamin D3 levels below
20 ng/mL are classified as deficient.® %

These results were statistically analyzed based on their respective reference
ranges.

Note:- 1-The samples were shown result of level VitaminD3 and Calcium in
normal range, they considered as controls group; and the samples were
shown result of level VitaminD3 and Calcium in lower than normal range as
patient groups.

2- All the samples were talked from children don’t have any other chronic
disease

Results

Table 1 Presents the results of children (Control group), without vitamin
D3 and calcium deficiency

Sex Age Vitamin D3 Calcium
Male 3 Months 45.6 0.8
Female 6 Months 60.2 9.7
Female 8 Months 80.2 9.3
Male 1 Years 50.3 0.6
Male 1 Years 70.2 9.3
Female 2 Years 74.6 9.2
Female 2 Years 60.2 9.7
Male 2 Years 30.6 0.6
Male 3 Years 42.3 0.8
Female 3 Years 22.3 9.3
Female 3 Years 50.6 9.2
Male 4 Years 40.3 9.6
Male 4 Years 36.2 9.5
Male 4 Years 40.2 9.6
Female 5 Years 32.5 0.6
Male 6 Years 20.6 0.6
Male 7 Years 235 9.3
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Female 7 Years 52.3 9.7
Female 8 Years 60.5 9.5
Female 8 Years 56.3 0.8
Female 9 Years 50.2 0.6
Female 10 Years 30.4 0.8
Male 10 Years 70.2 9.8
Male 11 Years 30.2 8.8
Male 11 Years 22.6 9.5
Female 12 Years 50.2 8.9

Table 2 Presents the results of males (Control group) without vitamin D3
and calcium deficiency.

Sax Age Vitamin D3 Calcium
Male 3 Months 45.6 0.8
Male 1 Years 50.3 0.6
Male 1 Years 70.2 9.3
Male 2 Years 30.6 9.6
Male 3 Years 42.3 0.8
Male 4 Years 40.3 0.6
Male 4 Years 36.2 9.5
Male 4 Years 40.2 9.6
Male 6 Years 20.6 0.6
Male 7 Years 235 9.3
Male 10 Yrars 70.2 9.8
Male 11 Years 30.2 8.8
Male 11 Years 22.6 9.5
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Table 3 Presents the results of females (Control group) without vitamin
D3 and calcium deficiency.

Sax Age Vitamin D3 Calcium
Female 6 Months 60.2 9.7
Female 8 Months 80.2 9.3
Female 2 Years 74.6 9.2
Female 2 Years 60.2 9.7
Female 3 Years 22.3 9.3
Female 3 Years 50.6 9.2
Female 5 Years 32.5 0.6
Female 7 Years 52.3 9.7
Female 8 Years 60.5 9.5
Female 8 Years 56.3 0.8
Female 9 Years 50.2 0.6
Female 10 Years 30.4 0.8
Female 12 Years 50.2 8.9

Table 4 Presents the results of children with vitamin D3 and calcium
deficiency

Sex Age Vitamin D3 Calcium
Female 1 Days 4.3 5.2
Female 2 Days 3.2 4.3
Female 3 Days 4.3 4.5
Female 3 Days 3 6.5
Female 4 Days 7.2 7.2
Female 4 Days 4.8 5.6
Female 5 Days 4.6 5.4

Male 6 Days 3.4 6.2
Female 7 Days 3.2 4.5

Male 8 Days 3.9 55
Female 9 Days 4.2 6.6

Male 1 Years 13.2 8.4

Male 2 Years 11.1 7.8
Female 2 Years 10.1 7.6
Female 3 Years 16 8.2
Female 3 Years 45 8.1
Female 4 Years 6.3 4.6
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Female 5 Years 13.2 7.6
Male 5 Years 14.1 8.3
Female 6 Years 9.9 8.1
Female 7 Years 14 7.8
Male 7 Years 13.2 7.8
Male 8 Years 15.4 7.4
Female 8 Years 5.5 7.8
Female 10 Years 10.7 9.3
Male 12 Years 9 6.7

Table 5 Presents the results of males (Patients group) of vitamin D3 and
calcium deficiency.

Sex Age Vitamin D3 Calcium
Male 6 Days 3.4 6.2
Male 8 Days 3.9 55
Male 1 Years 13.2 8.4
Male 2 Years 11.1 7.8
Male 5 Years 14.1 8.3
Male 7 Years 13.2 7.8
Male 8 Years 15.4 7.4
Male 12 Years 9 6.7

Table 6 Presents the results of female (Patients group) of vitamin D3 and
calcium

Sex Age Vitamin D3 Calcium
Female 1 Days 4.3 5.2
Female 2 Days 3.2 4.3
Female 3 Days 4.3 4.5
Female 3 Days 3 6.5
Female 4 Days 7.2 7.2
Female 4 Days 4.8 5.6
Female 5 Days 4.6 54
Female 7 Days 3.2 4.5
Female 9 Days 4.2 6.6
Female 2 Years 10.1 7.6
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Female 3 Years 16 8.2
Female 3 Years 45 8.1
Female 4 Years 6.3 4.6
Female 5 Years 13.2 7.6
Female 6 Years 9.9 8.1
Female 7 Years 14 7.8
Female 8 Years 5.5 7.8
Female 10 Years 10.7 9.3

Table 7 Presents the results of Calcium deficiency across different age
groups (patients groups).

Number Number of children.  Number of
of group Age groups Number of with Calcium healthy children
patients deficiency
1. 1 Days - 1 Years 17 12 9)
2. 2 Years - 4 Years 14 5 9
3. 5 Years - 8 Years 13 7 6
4, 9 Years - 12 Years 8 1 7

Table 8 illustrates the prevalence of vitamin D3 deficiency across
different age groups.

Number| Age groups Number of Number of Number of
of group patients childrenwith | healthy children
Vitamin D3
deficiency

1. 1 Days - 1 Years 17 12 5

2. 2 Years - 4 Years 14 5 9

3. 5 Years - 8 Years 13 7 6

4, O Years - 12 Years 8 2 6
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Figure 1 Calcium and Vitamin D3 Levels in Patients by Gender

In our study, vitamin D3 levels were higher in males ( 10) compared to
females ( 7), while calcium levels showed a slight difference between the two
genders ( 7 in males vs. 6 in females). This suggests that males might have
better vitamin D3 status, potentially due to higher outdoor activity and sun
exposure. A similar trend was reported by Alicja et al. (2022),%* who found
that vitamin D3 deficiency is more prevalent in females, likely due to
lifestyle and dietary differences. Their study emphasized that dietary
counseling alone was insufficient to correct these deficiencies, highlighting
the need for supplementation, which supports the potential necessity of
targeted interventions in our population.*®
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Figure 2 Calcium and Vitamin D3 Levels in Patients vs. Healthy
Controls

Our study revealed that patients had significantly lower vitamin D3 levels (
7) compared to healthy controls ( 46), while calcium levels were also lower
in patients ( 6) than in controls ( 7). This finding highlights the severity of
vitamin D3 and calcium deficiency in our patient group. Erick et al. (2020)*
reported a similar pattern, where children with chronic illnesses had
significantly lower vitamin D3 levels than healthy peers, reinforcing the role
of supplementation and nutritional interventions in preventing complications
such as rickets and hypocalcemia. The marked difference in our study
suggests the urgent need for improved dietary intake and possibly vitamin D3
fortification strategies.®
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Figure 3 Calcium and Vitamin D3 Levels in the First Age Category (1
Days - 1 Years)

In the youngest age group, our study found that patients had markedly lower
vitamin D3 ( 6) compared to controls ( 60), with a similar trend for calcium (
5 vs. 7). This indicates that younger children are at higher risk of severe
vitamin D3 deficiency. Fiscaletti et al. (2017)* emphasized that vitamin D3
deficiency is particularly critical in early childhood due to its role in skeletal
growth and immune function. Their study suggested that infants and toddlers
require more aggressive supplementation, which aligns with our findings and
highlights the need for early intervention programs.®
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Figure 4 Calcium and Vitamin D3 Levels in the Second Age Category (2
Years - 4 Years)

Our study showed that children in the second age group had vitamin D3
levels of ( 7) compared to ( 45) in controls, while calcium levels remained
lower in patients ( 5 vs. 7). This suggests that the deficiency persists beyond
infancy. Escobedo-Monge et al. (2024)*' found that children and adolescents
with chronic conditions exhibit persistent vitamin D3 and calcium
deficiencies mostly because of malnutrition, affecting their overall growth
and metabolic health. Our findings further support the need for continued
supplementation throughout childhood, particularly in at-risk populations.®
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Figure 5 Calcium and Vitamin D3 Levels in the Third Age Category (5
Years - 8 Years)

In our study, older children (third category) had higher vitamin D3 ( 12)
compared to younger groups, but still significantly lower than controls ( 40).
Calcium levels showed slight improvement ( 6 vs. 7). This suggests a slight
recovery with age but continued deficiency that because the children in
younger age need to Calcium and VitaminD3 more than old group age, for
building their bodies.®® Tytusa et al. (2022)*° examined vitamin D3 and
calcium intake in school-aged children and found that even in older children,
deficiencies were prevalent, affecting bone health. Their findings reinforce
the rggcessity of long-term monitoring and intervention, as reflected in our
data.
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Figure 6 Calcium and Vitamin D3 Levels in the Fourth Age Category (9
Years - 12 Years)

Our study found that vitamin D3 levels ( 12) and calcium levels ( 6) in the
fourth age category were still lower than in healthy controls ( 40 and 7,
respectively). This indicates that deficiencies persist into adolescence.
Bacchetta et al. (2022)* highlighted that adolescence is a crucial period for
bone mineralization, and inadequate vitamin D3 and calcium intake increases
the risk of osteoporosis later in life.*
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Figure 7 Calcium and Vitamin D3 Levels in Patients by Age Category

In our study, we observed that vitamin D3 levels increased slightly with age,
starting at 5 in the first category, reaching 13 in the third category, and
slightly decreasing to 11 in the fourth. Similarly, calcium levels showed a
gradual rise from 5 in younger children to 9 in older groups. However,
despite this improvement, levels remained suboptimal, indicating that age
alone does not correct the deficiency. Roberto et al. (2018),** who
emphasized that vitamin D3 deficiency during childhood can have long-term
consequences, including impaired bone mineralization and increased
susceptibility to chronic diseases. Their findings suggest that relying solely
on dietary intake may not be sufficient to restore adequate levels, reinforcing
the necessity of continued supplementation and dietary fortification
strategies, especially for at-risk pediatric populations.”

May (2025) L, el T o J o A
15



4 piall palad! Jlme (B Ao b G A1 A okl a0 kg
shad ceig
(Qoaoiml) doekdel Aglge duedacidly A2 pall polad!)
2025512928 sl 3l ¥ pose

Vitamin D and Calcium levels

70

60
50
40
30
20
10
" R "Rl B

Vitamin D Calcium . Calcium Vitamin D
Patient control

M First category M Second category Third category M Fourth category

Figure 8 Vitamin D3 and Calcium Levels in Patients vs. Controls by Age
Category

Our study revealed that across all age groups, patients had consistently lower
vitamin D3 and calcium levels than healthy controls, demonstrating a
persistent deficiency that does not resolve with age. For instance, vitamin D3
levels in patients remained around 5-13, whereas in healthy controls, they
were significantly higher at 10-45. Calcium levels followed a similar trend,
remaining lower in patients compared to controls. This persistent disparity
aligns with the findings of Andrew et al. (2022)*, who highlighted that
vitamin D3 and calcium deficiencies are prevalent across pediatric age groups
and require structured public health strategies. Their expert consensus
emphasized that dietary interventions alone are insufficient, advocating for
routine screening and supplementation programs to bridge the gap in nutrient
intake and prevent long-term complications. Our findings reinforce this
perspective, highlighting the urgency of early intervention to prevent adverse
skeletal and metabolic outcomes in deficient populations.**

In our study, which included 52 children, 26 children were found to have
vitamin D3 deficiency, and 25 children had calcium deficiency. This
highlights the strong correlation between vitamin D3 deficiency and
calcium deficiency in the body.

Vitamin D3 plays a crucial role in the absorption of calcium from the
intestines, which helps maintain normal calcium levels in the blood. When
vitamin D3 levels are low, calcium absorption becomes impaired, leading to a
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reduction in calcium levels in the blood. To compensate for this, the
parathyroid glands release parathyroid hormone, which draws calcium from
the bones. As a result, bone health can deteriorate, increasing the risk of
fractures.”

A study similar to the findings of our research demonstrated a significant
correlation between vitamin D3 deficiency and decreased calcium levels in
the blood. This study, conducted in Sebha city, found that 62.9% of the
participants had vitamin D3 deficiency, while 67.7% exhibited calcium
deficiency, regardless of gender.”

Conclusions

In conclusion, this study explored vitamin D3 and calcium deficiency in
children from multiple perspectives. One of the key findings was the
significant deficiency in vitamin D3 and calcium levels among children,
exposing them to various health risks, most notably osteoporosis and rickets.
This aligns with medical literature indicating that vitamin D3 and calcium
deficiency are among the leading causes of bone disorders in children.
Research findings also highlight a notable deficiency in these nutrients, with
lower levels observed in females and younger children, depending on age and
gender. Therefore, we recommend raising awareness about the importance of
adequate sun exposure and maintaining a diet rich in vitamin D3 and
calcium. Additionally, appropriate supplementation under medical
supervision may be necessary, particularly for children at higher risk of
deficiency. Health authorities should also implement preventive programs
that include regular screening for these nutrients to ensure healthy growth and
prevent related health complications.

We hope this study contributes to expanding knowledge on vitamin D3 and
calcium deficiency in children and paves the way for further research in the
future.

References

(1) Del Valle, H. B.; Yaktine, A. L.; Taylor, C. L.; Ross, A. C. Dietary
reference intakes for calcium and vitamin D. 2011.

(2) Ahmed, A.; Saleem, M. A.; Saeed, F.; Afzaal, M.; Imran, A.; Akram, S.;
Hussain, M.; Khan, A.; Al Jbawi, E. A comprehensive review on the impact
of calcium and vitamin D insufficiency and allied metabolic disorders in
females. Food Science & Nutrition 2023, 11 (9), 5004-5027.

(3) Al-Azzawi, M. A.; Maftool, A. J.; Al-Shimary, A. A.; Mohammed, A. a
comprehensive review of vitamin D3: metabolism, functions, and clinical
implications. International Journal of Medical Science and Dental Health

May (2025) OO [N - [ N P2 X P
17



2l gl U (b A1 A1 Akl p 501 il
Jlad Coag
(i i g Al 2l ptal
20257512928 juadell gslagyd) g

2023, 9 (12), 37-46.

(4) Voiculescu, V. M.; Nelson Twakor, A.; Jerpelea, N.; Pantea Stoian, A.
Vitamin D: Beyond Traditional Roles—Insights into Its Biochemical
Pathways and Physiological Impacts. Nutrients 2025, 17 (5), 803.

(5) Bocheva, G.; Slominski, R. M.; Slominski, A. T. The impact of vitamin D
on skin aging. International Journal of Molecular Sciences 2021, 22 (16),
9097.

(6) Saini, A.; Habib, M.; Jan, S.; Jan, K.; Chauhan, K. Vitamin D
Fortification. In Food Fortification, CRC Press, 2024; pp 57-71.

(7) Charoenngam, N.; Ayoub, D.; Holick, M. F. Nutritional rickets and
vitamin D deficiency: Consequences and strategies for treatment and
prevention. Expert Review of Endocrinology & Metabolism 2022, 17 (4),
351-364.

(8) Manchanda, A.; Kumar, J.; Gupta, S. Skeletal Disorders of Metabolic and
Endocrine Origin. Diagnostic Radiology: Musculoskeletal and Breast
Imaging 2020, 156.

(9) Wagner, C. L.; Greer, F. R.; Breastfeeding, S. o.; Nutrition, C. o.
Prevention of rickets and vitamin D deficiency in infants, children, and
adolescents. Pediatrics 2008, 122 (5), 1142-1152.

(10) Yu, J.; Sharma, P.; Girgis, C. M.; Gunton, J. E. Vitamin D and beta cells
in type 1 diabetes: a systematic review. International journal of molecular
sciences 2022, 23 (22), 14434.

(11) Jensen, N. S.; Wehland, M.; Wise, P. M.; Grimm, D. Latest knowledge
on the role of vitamin D in hypertension. International Journal of Molecular
Sciences 2023, 24 (5), 4679.

(12) Sangha, A.; Quon, M.; Pfeffer, G.; Orton, S.-M. The role of vitamin D in
neuroprotection in multiple sclerosis: an update. Nutrients 2023, 15 (13),
2978.

(13) Mufioz, A.; Grant, W. B. Vitamin D and cancer: an historical overview
of the epidemiology and mechanisms. Nutrients 2022, 14 (7), 1448.

(14) Giustina, A.; Bouillon, R.; Dawson-Hughes, B.; Ebeling, P. R,
Lazaretti-Castro, M.; Lips, P.; Marcocci, C.; Bilezikian, J. P. Vitamin D in
the older population: a consensus statement. Endocrine 2023, 79 (1), 31-44.
(15) Pellegrino, L.; Marangoni, F.; Muscogiuri, G.; D’Incecco, P.; Duval, G.
T.; Annweiler, C.; Colao, A. Vitamin D fortification of consumption cow’s
milk: Health, nutritional and technological aspects. A multidisciplinary
lecture of the recent scientific evidence. Molecules 2021, 26 (17), 5289.

(16) Olusanya, B. O.; Kancherla, V.; Shaheen, A.; Ogbo, F. A.; Davis, A. C.

May (2025) OO [N - [ N P2 X P
18



2l gl U (b A1 A1 Akl p 501 il
Jlad Coag
(i i g Al 2l ptal
20257512928 juadell gslagyd) g

Global and regional prevalence of disabilities among children and
adolescents: analysis of findings from global health databases. Frontiers in
public health 2022, 10, 977453.

(17) Benedik, E. Sources of vitamin D for humans. International Journal for
Vitamin and Nutrition Research 2021.

(18) Neville, J. J.; Palmieri, T.; Young, A. R. Physical determinants of
vitamin D photosynthesis: a review. Journal of Bone and Mineral Research
Plus 2021, 5 (1), e10460.

(19) Janousek, J.; Pilafova, V.; Macakova, K.; Nomura, A.; Veiga-Matos, J.;
Silva, D. D. d.; Remiao, F.; Saso, L.; Mala-Ladov4, K.; Maly, J. Vitamin D:
sources, physiological role, biokinetics, deficiency, therapeutic use, toxicity,
and overview of analytical methods for detection of vitamin D and its
metabolites. Critical reviews in clinical laboratory sciences 2022, 59 (8),
517-554.

(20) Holick, M. F. The one-hundred-year anniversary of the discovery of the
sunshine vitamin D3: historical, personal experience and evidence-based
perspectives. Nutrients 2023, 15 (3), 593.

(21) Holick, M. F. Vitamin D and health: evolution, biologic functions, and
recommended dietary intakes for vitamin D. Vitamin D: Physiology,
molecular biology, and clinical applications 2010, 3-33.

(22) Raskh, S. The importance and role of calcium on the growth and
development of children and its complications. International Journal for
Research in Applied Sciences and Biotechnology (IJRASB) 2020, 7 (6), 162-
167.

(23) Ciancia, S.; Hogler, W.; Sakkers, R. J.; Appelman-Dijkstra, N. M.; Boot,
A. M,; Sas, T. C.; Renes, J. S. Osteoporosis in children and adolescents: how
to treat and monitor? European Journal of Pediatrics 2023, 182 (2), 501-511.
(24) Giustina, A.; Bilezikian, J. P.; Adler, R. A.; Banfi, G.; Bikle, D. D,;
Binkley, N. C.; Bollerslev, J.; Bouillon, R.; Brandi, M. L.; Casanueva, F. F.
Consensus statement on vitamin D status assessment and supplementation:
whys, whens, and hows. Endocrine reviews 2024, 45 (5), 625-654.

(25) Rahman, M.; Dipti, D. I.; Ahmed, M. Y. Prevalence and Risk Factors of
Vitamin D Deficiency in Rural Population. 2025.

(26) Dos Santos, E. A.; Cavalheiro, L. A. M., Rodrigues, D.;
Machado-Rodrigues, A.; Silva, M. R.; Nogueira, H.; Padez, C. Is more
prolonged sun exposure associated with healthier life habits and obesity
indicators in Portuguese children? American journal of human biology 2023,
35 (9), e23918.

May (2025) OO [N - [ N P2 X P
19



2l gl U (b A1 A1 Akl p 501 il
Jlad Coag
(i i g Al 2l ptal
20257512928 juadell gslagyd) g

(27) Shlisky, J.; Mandlik, R.; Askari, S.; Abrams, S.; Belizan, J. M,;
Bourassa, M. W.; Cormick, G.; Driller-Colangelo, A.; Gomes, F.; Khadilkar,
A. Calcium deficiency worldwide: prevalence of inadequate intakes and
associated health outcomes; Wiley Online Library, 2022.

(28) Fischer, P. R.; Johnson, C. R.; Leopold, K. N.; Thacher, T. D. Treatment
of vitamin D deficiency in children. Expert Review of Endocrinology &
Metabolism 2023, 18 (6), 489-502.

(29) Bargagli, M.; Ferraro, P. M.; Vittori, M.; Lombardi, G.; Gambaro, G.;
Somani, B. Calcium and vitamin D supplementation and their association
with kidney stone disease: a narrative review. Nutrients 2021, 13 (12), 4363.
(30) Elham, A. S.; Azam, K.; Azam, J.; Mostafa, L.; Nasrin, B.; Marzieh, N.
Serum vitamin D, calcium, and zinc levels in patients with COVID-19.
Clinical nutrition ESPEN 2021, 43, 276-282.

(31) lbrahim, H. A. E.; Elsayed, M. R.; Hindy, O. W.; Agroudy, A. E. B.;
Kelany, A. K. Assessment of Vitamin D Status and Study the Effect of
Supplementation of Vitamin D on Type 1 Diabetic Children in Egypt.
Alfarama Journal of Basic & Applied Sciences 2024, 5 (2), 175-182.

(32) Wierzbicka, A.; Oczkowicz, M. Sex differences in vitamin D
metabolism, serum levels and action. British Journal of Nutrition 2022, 128
(11), 2115-2130.

(33) de Santana, K. V. d. S.; Oliver, S. L.; Mendes, M. M.; Lanham-New, S.;
Charlton, K. E.; Ribeiro, H. Association between vitamin D status and
lifestyle factors in Brazilian women: Implications of Sun Exposure Levels,
Diet, and Health. EClinicalMedicine 2022, 47.

(34) Forno, E.; Bacharier, L. B.; Phipatanakul, W.; Guilbert, T. W.; Cabana,
M. D.; Ross, K.; Covar, R.; Gern, J. E.; Rosser, F. J.; Blatter, J. Effect of
vitamin D3 supplementation on severe asthma exacerbations in children with
asthma and low vitamin D levels: the VDKA randomized clinical trial. Jama
2020, 324 (8), 752-760.

(35) Cashman, K. D. Vitamin D: dietary requirements and food fortification
as a means of helping achieve adequate vitamin D status. The Journal of
steroid biochemistry and molecular biology 2015, 148, 19-26.

(36) Fiscaletti, M.; Stewart, P.; Munns, C. The importance of vitamin D in
maternal and child health: a global perspective. Public health reviews 2017,
38, 1-17.

(37) Escobedo-Monge, M. F.; Bahillo-Curieses, P.; Parodi-Roméan, J.;
Escobedo-Monge, M. A.; Alonso-Ldpez, P.; Marugan-Miguelsanz, J. M.
Calcium, Phosphate, and Vitamin D in Children and Adolescents with

May (2025) OO [N - [ N P2 X P
20



2l gl U (b A1 A1 Akl p 501 il
Jlad Coag
(i i g Al 2l ptal
20257512928 juadell gslagyd) g

Chronic Diseases: A Cross-Sectional Study. Nutrients 2024, 16 (9), 1349.
(38) Bouillon, R.; Antonio, L.; Olarte, O. R. Calcifediol (250H vitamin D3)
deficiency: A risk factor from early to old age. Nutrients 2022, 14 (6), 1168.
(39) Tytusa, A.; Wyszynska, J.; Yatsula, M.; Nyankovskyy, S.; Mazur, A.;
Deren, K. Deficiency of Daily Calcium and Vitamin D in Primary School
Children in Lviv, Ukraine. International Journal of Environmental Research
and Public Health 2022, 19 (9), 5429.

(40) Bacchetta, J.; Edouard, T.; Laverny, G.; Bernardor, J.; Bertholet-
Thomas, A.; Castanet, M.; Garnier, C.; Gennero, |.; Harambat, J.; Lapillonne,
A. Vitamin D and calcium intakes in general pediatric populations: A French
expert consensus paper. Archives de pédiatrie 2022, 29 (4), 312-325.

(41) Bennouar, S.; Cherif, A. B.; Kessira, A.; Bennouar, D.-E.; Abdi, S.
Vitamin D deficiency and low serum calcium as predictors of poor prognosis
in patients with severe COVID-19. Journal of the American College of
Nutrition 2021, 40 (2), 104-110.

(42) Antonucci, R.; Locci, C.; Clemente, M. G.; Chicconi, E.; Antonucci, L.
Vitamin D deficiency in childhood: old lessons and current challenges.
Journal of Pediatric Endocrinology and Metabolism 2018, 31 (3), 247-260.
(43) Heaney, R. P.; Recker, R. R.; Grote, J.; Horst, R. L.; Armas, L. A.
Vitamin D3 is more potent than vitamin D2 in humans. The Journal of
Clinical Endocrinology & Metabolism 2011, 96 (3), E447-E452.

(44) Beauchesne, A. R.; Cara, K. C.; Krobath, D. M.; Penkert, L. P
Shertukde, S. P.; Cahoon, D. S.; Prado, B.; Li, R.; Yao, Q.; Huang, J.
Vitamin D intakes and health outcomes in infants and preschool children:
Summary of an evidence report. Annals of medicine 2022, 54 (1), 2277-2300.

May (2025) OO [N - [ N P2 X P
21



