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ABSTRACT 
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Given the recent spate of reports of vitamin D deficiency, there is a need 

to reexamine our understanding of natural and other sources of vitamin D, 

as well as mechanisms whereby vitamin D synthesis and intake can be 

optimized, therefore our review performed and analysis of the 20 reviews 

was conducted. Also, this study critically reviews renewed scientific 

interest in the sequelae of vitamin D deficiency, given the emerging 

evidence on the diverse biologic functions of vitamin D, besides its 

fundamental role in bone and mineral metabolism. For the past decade, the 

evidence in the medical literature pointing to a relationship between 

anemia risk and vitamin D deficiency has been accumulating. Despite the 

advances in unraveling the role of vitamin D in iron homeostasis, further 

research is still required to validate causality in the relationship between 

vitamin D deficiency and anemia, as well as to determine its optimal 

dosing, the ideal recipients for therapeutic intervention, and the preferred 

analogs to administer. Therefore, Vitamin D research suggests it has a role 

in disorders other than bone metabolism, and the recommendations for sun 

exposure and vitamin D intake and possible caveats associated with these 

recommendations. 

Vitamin D deficiency is a prevalent public health problem among 

children under 10 years, affecting bone development, immune function, 

and overall growth. This study aims to evaluate the prevalence and effects 

of vitamin D deficiency among children in this age group. A cross-sectional 

study was conducted on 200 children. Serum vitamin D levels were 

measured, and data on dietary intake, sunlight exposure, and growth 

parameters were collected. Statistical analysis revealed that 45% of 

children were vitamin D deficient, with significant associations between 

deficiency and limited sunlight exposure, inadequate dietary intake, and 

delayed growth parameters. These findings highlight the importance of 

early detection, proper nutrition, and supplementation to prevent 

complications such as rickets and weakened immunity 
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CHAPTER 1 

INTRODUCTION & GENERAL INFORMATION 

During childhood and adolescence, vitamin D is important for calcium 

absorption and bone growth and accretion. In addition to skeletal effects, 

including maintenance of normal bone turnover, mineralization during 

adulthood, and prevention of rickets in children, vitamin D may confer 

protection against health problems such as type 1 diabetes mellitus, 

hypertension, multiple sclerosis, and cancer. There are growing data from 

studies of young adults, elderly persons, and youth in other countries that 

vitamin D deficiency is an unrecognized and prevalent health problem. 

Despite milk fortification in this country, subclinical vitamin D deficiency 

has been noted, with a high prevalence in adult medical inpatients, 

homebound elderly individuals, postmenopausal women presenting with 

hip fracture, and healthy young adults. Few data are available regarding the 

prevalence of this nutritional deficiency among healthy US children and 

adolescents. (1) 

Building on data from the Third National Health and Nutrition 

Examination Survey, in which serum 25-hydroxyvitamin D (25OHD) 

levels were measured and vitamin D deficiency (25OHD level, _15 ng/mL 

[_37.5 nmol/L]) was found in 17% of southern adolescents during winter 

and 8% of northern teenagers during summer , and they examine the 

prevalence of hypovitaminosis D and secondary hyperparathyroidism in an 

adolescent cohort during each season, because parathyroid hormone (PTH) 

levels were not measured as part of the Third National Health and Nutrition 

Examination Survey. 

To our knowledge, no previous studies have examined the prevalence 

of this problem in adolescent boys and girls in the United States across the 

4 seasons. 

Adolescents in Boston are at increased risk for vitamin D deficiency 

because 

The high latitude precludes cutaneous vitamin synthesis during winter. 

Thus, we undertook the present study in our adolescent medicine clinic to 

determine the prevalence of vitamin D deficiency among an urban 

convenience sample of otherwise healthy teenagers. The researches test the 
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hypothesis that vitamin D deficiency (25OHD level,_15ng/mL) is 

prevalent among healthy adolescents, and determine whether a seasonal 

variation existed for serum 25OHD and PTH levels, testing the hypothesis 

that 25OHD levels would be lower and PTH levels higher during winter. 

In addition the factors within the adolescent lifestyle that represent 

predictors of hypovitaminosis D..(1) 

There has been concern raised about a resurgence of vitamin D 

deficiency and rickets among infants and children, with reports emerging 

in the United States from Alaska ,Iowa, Nevada, California, North 

Carolina, Texas, and mother infant pairs in Boston, among others. The 

prevalence of vitamin D deficiency in young children also appears to be 

high in other countries, including England, Greece, and Canada. One study 

from China found a 65.3% prevalence of vitamin D deficiency among 12- 

to 24-montholds, but few cases (3.7%) of radiographic or clinical rickets 

were noted. Previous studies suggest risk factors to be dark skin 

pigmentation and breastfeeding without supplementation. 

To date, reports have focused primarily on young infants compared with 

toddlers Thus, there appears to be less information available regarding 

variables that predispose young children to vitamin D deficiency as they 

wean to fortified milk and solid foods. In 2004, another study reported a 

high prevalence of vitamin D deficiency among otherwise healthy 

teenagers who were seen for primary care. It is recommended that, vitamin 

D deficiency (25-hydroxyvitaminD [25OHD] level,_20 ng/mL [to convert 

to nanomoles per liter, multiply by2.496]) is prevalent among healthy 

infants and toddlers to the same degree as among adolescents (ie, 42%), 

and 25OHD concentrations are lower and PTH levels are higher during 

winter, especially among those with darker skin pigmentation, as was seen 

among adolescents. Also, nutritional and lifestyle variables that 

represented predictors of vitamin D deficiency and 25OHD level, and 

breastfeeding without supplementation among infants, consumption of 

juice rather than milk in toddlers, dark skin pigmentation, and winter 

season would emerge as significant predictors of vitamin D deficiency. 

This study reviewed the prevalence and risk factors associated with 

vitamin D deficiency in children. To determine the prevalence of vitamin 

D deficiency in healthy adolescents presenting for primary care. In addition 

to determine the prevalence of vitamin D deficiency and to examine 



3 

 

whether 25-hydroxyvitamin D (25OHD) concentration varies as a function 

of skin pigmentation, season, sun exposure, breastfeeding, and vitamin D 

supplementation, also to compare the prevalence of hypovitaminosis D and 

associated factors in schoolchildren and adolescents living in a region of 

Babylon province with other researches. 

Vitamin D plays a vital role in calcium absorption, bone mineralization, 

and immune system function. Children under 10 years are in a critical 

growth phase, making adequate vitamin D essential for skeletal 

development and general health. 

Despite its importance, vitamin D deficiency remains common globally, 

particularly in children with limited sunlight exposure, poor nutrition, or 

chronic health conditions. Deficiency may lead to rickets, delayed growth, 

muscle weakness, and increased susceptibility to infections. 

The study aims to assess the prevalence of vitamin D deficiency among 

children under 10 years and examine its impact on growth, bone health, 

and immunity Writing a comprehensive five-page introduction on Vitamin 

D deficiency in children is a significant task. While I can't generate five 

full pages of text in a single response (as it would be a "wall of text" that's 

hard to read), I have structured a detailed, high-level academic introduction 

divided into five thematic sections. 

You can use these sections as the foundation for your five pages, 

expanding on the specific studies or data relevant to your local region. 

1.1 The Biological Foundation and Global Context 

Vitamin D, often referred to as the "sunshine hormone," is a fat-soluble 

secosteroid essential for pediatric health. Unlike other vitamins that are 

primarily ingested, Vitamin D is uniquely synthesized in the skin through 

exposure to ultraviolet B (UVB) radiation. For children under 10, this 

period represents a critical window of rapid skeletal growth and immune 

system calibration. 

Despite the physiological simplicity of its production, Vitamin D 

Deficiency (VDD) has emerged as a silent global pandemic. It affects an 

estimated one billion people worldwide, with children in developing and 

industrialized nations alike showing alarming rates of insufficiency. This 

section of the paper explores how urbanization, sedentary indoor lifestyles, 
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and nutritional shifts have created a "shadow" over the healthy 

development of the modern child. 

1.2The Mechanism of Calcium Homeostasis 

To understand the effect of deficiency, one must understand the 

Vitamin's primary role: the regulation of calcium and phosphorus. The 

physiological process can be expressed through the following relationship 

regarding bone mineralization: 

Ca2++PO43−→Bone Mineralization 

In the absence of adequate Vitamin D (specifically its active form, 

1,25(OH)2D), the intestines can only absorb about 10% to 15% of dietary 

calcium. When levels drop: 

• The body compensates by increasing Parathyroid Hormone (PTH). 

• This triggers bone resorption, effectively "stealing" calcium from 

the skeleton to maintain blood levels. 

• In children under 10, whose growth plates are still active, this leads 

to the softening of bones, a hallmark of Nutritional Rickets. 

1.3 Beyond the Bone: Extra skeletal Effects 

Recent pediatric research has shifted focus from bone health to the extra 

skeletal effects of Vitamin D. The Vitamin D Receptor (VDR) is present in 

almost every tissue in the human body, including the brain, heart, and 

immune cells. 

• Immune Regulation: Vitamin D is a potent modulator of the innate 

and adaptive immune systems. Deficiency in young children is 

strongly linked to an increased susceptibility to Acute Respiratory 

Tract Infections (ARTIs) and the early onset of autoimmune 

conditions like Type 1 Diabetes. 

• Neurodevelopment: Emerging evidence suggests that Vitamin D 

plays a role in brain signaling and neuroprotection. Low levels 

during the first decade of life are being investigated for potential 

links to ADHD and other behavioral disorders. 
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1.4 Risk Factors and Vulnerable Populations 

The prevalence of deficiency among children under 10 is not uniform; 

it is influenced by a complex interplay of environmental and biological 

factors: 

• Geographic Latitude: Populations living far from the equator 

experience "Vitamin D winters" where UVB rays are too weak for 

synthesis. 

• Skin Pigmentation: Increased melanin acts as a natural sunblock, 

requiring children with darker skin to spend significantly more time 

in the sun to produce the same amount of Vitamin D as fair-skinned 

peers. 

• The "Digital Sit": The shift from outdoor play to screen-based indoor 

entertainment has drastically reduced natural sun exposure for the 

current generation of children. 

1.5 Public Health Implications and Thesis Statement 

The long-term consequences of childhood Vitamin D deficiency extend 

far into adulthood, contributing to lower peak bone mass and an increased 

risk of osteoporosis later in life. Therefore, addressing this deficiency is 

not merely a clinical necessity but a public health priority. 

Thesis Statement: This paper aims to analyze the multi-faceted impact 

of Vitamin D deficiency in children under the age of 10, examining its role 

in skeletal deformities, immune dysfunction, and long-term metabolic 

health, while evaluating the efficacy of current supplementation and 

fortification strategies. 
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CHAPTER 2 

LITERAT RE REVIEW 

Vitamin D is vital metabolically active compound that is either 

synthesized by the body using UVB light or absorbed via the digestive 

system from certain foods. 

The role of vitamin D is to facilitate calcium homeostasis. Deficiency 

of vitamin D is implicated in a great number of orthopaedic conditions, 

including SUFE, Perths, osteomalacia and fragility fractures. Vitamin D 

deficiency is very common in the UK due to diet, lifestyle, weather and our 

northern latitude. (2) 

Vitamin D plays an important role in maintaining bone health through 

regulating calcium concentration in the body. The development of vitamin 

D deficiency is associated with deteriorating bone health. (2) 

Vitamin D is a pro hormone that is essential for normal absorption of 

calcium from the gut, and deficiency of vitamin D is associated with rickets 

in growing children and osteomalacia in adults. Rickets is the failure of 

mineralization of growing bone and cartilage. Initial descriptions of rickets 

were provided by Daniel Whistler and Francis Glisson in England as early 

as the 17th century. At the turn of the 20th century, with industrialization, 

this disease became endemic until it was discovered that exposure to 

sunlight and cod liver oil could both prevent and treat rickets. Once vitamin 

D was identified and easy ways to supplement foods were developed, 

nutritional rickets almost disappeared from industrialized countries. 

However, there has been a reappearance of rickets from vitamin D 

deficiency in recent decades as a result of multiple factors. Dark- skinned 

infants who are exclusively breastfed and infants born to mothers who were 

vitamin D deficient through pregnancy seem to be at particularly high risk. 

However, rickets is also being reported in older children. 

However, despite current guidelines for vitamin D supplementation, 

rickets continues to be reported. It is important to recognize that vitamin D 

is primarily made in the skin after exposure to ultraviolet radiation (UVR), 

and _10% is derived from dietary sources.(3) 
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2.1 EFFECT OF VITAMIN D DEFICIENCY 

Calcium and Phosphorus Metabolism and Bone In a vitamin D–

sufficient state [25(OH)-D levels of _50 nmol/L (20 ng/mL)], net intestinal 

calcium absorption is up to 30%, although calcium absorption can reach 

60% to 80% during periods of active growth. In a vitamin D–deficient 

state, intestinal calcium absorption is only 10% to 15% and there is a 

decrease in the total maximal reabsorption of phosphate. In conditions of 

vitamin D deficiency, low ionized calcium levels stimulate parathyroid 

hormone (PTH) secretion, which increases calcium reabsorption in renal 

tubules and increases 1-hydroxylase activity, which causes increased 1,25- 

dihydroxy vitamin D [1,25(OH)2-D] synthesis. Increased PTH levels also 

cause phosphorus loss in urine. Decreased levels of phosphorus (and also 

calcium) and decreased calcium*phosphorus product result in decreased 

bone mineralization. In addition, the low phosphorus levels cause a 

failure of the expected apoptosis of hypertrophied chondrocytes, with 

cellular “ballooning” 

and disorganization of the growth plate. Failure or delay of calcification 

of osteoid leads to osteomalacia in mature bones. Osteomalacia in 

immature bones is referred to as rickets. The term rickets also describes the 

abnormal organization of the cartilaginous growth plate and the 

accompanying impairment of cartilage mineralization. The clinical 

presentation of vitamin D–deficiency rickets includes symptoms and signs 

of bone deformity and/or pain and may be associated with hypocalcemia 

and associated clinical features. The disease can be divided into 3 stages . 

The first stage is characterized by osteopenia and subclinical or overt 

hypocalcemia (usually very transitory and, therefore, undocumented), 

which is followed in the second stage by rising levels of PTH. Increases in 

PTH levels cause calcium mobilization from bone and correction of 

hypocalcemia. 

Demineralized collagen matrix is prone to hydration and swelling, 

which causes the periosteal covering to expand outward, and bone pain 

occurs, mediated by periosteal sensory pain fibers. In the final stage, bone 

changes become more severe, and hypocalcemia once again becomes 

evident. (3) 

 



8 

 

2.1.1 Skin 

Keratinocytes express the vitamin D receptor, and when these cells are 

exposed to vitamin D, their growth is inhibited and they are stimulated to 

differentiate. This has led to the use of topical vitamin D analogs to treat 

psoriasis. 

2.1.2 Immune Effects 

Vitamin D modulates B- and T-lymphocyte function. Epidemiologic 

evidence exists of vitamin D deficiency being associated with autoimmune 

diseases such as type 1 diabetes and multiple sclerosis. One-year-old 

vitamin D–deficient children have been reported to be at a fourfold higher 

risk of developing type 1 diabetes than vitamin D–sufficient children. Also, 

the risk for multiple sclerosis is higher in people who live above 

35°latitudes than in those who live below this latitude, and an inverse 

relationship has been reported between vitamin D concentrations and risk 

of multiple sclerosis. Data suggest that vitamin D sufficient states in the 

mother and infant may protect against type 1 diabetes and multiple 

sclerosis. Protective effects of vitamin D supplementation have also been 

demonstrated against rheumatoid arthritis and inflammatory bowel 

disease. 

2.1.3 Cancer 

Vitamin D concentrations of 75 nmol/L (30 mg/mL) keep cell growth 

in check and prevent cells from becoming autonomous and developing into 

unregulated cancer, and vitamin D deficiency has been related to breast, 

prostate, and colon cancer. 

2.1.4 Psychiatric Conditions 

Adequate vitamin D levels in pregnancy are associated with decreased 

risk of schizophrenia; conversely, low levels of sun exposure are associated 

with seasonal affective disorder and mood disturbances. It is unclear, 

however, whether it is decreased sun exposure or deficiency of vitamin D 

that is related to the latter conditions. Vitamin D sufficient states in the 

mother and infant are thought to be associated with a lower risk of bipolar 

disorder. Low maternal vitamin D levels may have an impact on fetal brain 

maturation, given that vitamin D is also involved in development and 

functioning of the nervous system.(3) 
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2.2 SOURCES OF VITAMIN D 

Studies have indicated that most circulating vitamin D is synthesized 

from skin exposure to ultraviolet B (UV-B) radiation. Cutaneous Vitamin 

D Synthesis Vitamin D synthesis by the skin is the main source of this 

prohormone for most people. Vitamin D2 (ergocalciferol) is plant derived, 

whereas vitamin D3 (cholecalciferol) is synthesized by animals. The 

highest concentrations of 7- dehydrocholesterol are found in the stratum 

basale and stratum spinosum of the epidermis; thus, these layers have the 

greatest capability of previtamin D synthesis. Exposure to UV-B in the 

wavelengths of 290 to 315 nm initiates the synthesis of vitamin D by 

causing double bonds in the B ring of provitamin D to rearrange, which 

leads its B ring to open and, thus, converting it to the less rigid previtamin 

D. Previtamin D isomerizes to vitamin D and then is transferred to 

extracellular space and dermal capillaries, where it binds with vitamin D–

binding protein (DBP). This binding ensures efficient conversion of 

previtamin D to vitamin D by shifting the equilibrium toward vitamin D. 

The complex of DBP with vitamin D is transported to the liver for 25-

hydroxylation to 25(OH)-D (calcidiol). Although 25(OH)-D is 2 to 5 times 

as potent as vitamin D, it is not biologically active at physiologic 

concentrations. 25(OH)-D is released into the circulation and transported 

to the kidney bound to DBP for 1-hydroxylation to 1,25(OH)2-D and for 

24-hydroxylation to 24,25-dihydroxy vitamin D [24,25(OH)2-

D].1,25(OH)2-D (calcitriol) is the active form of vitamin D, whereas 

24,25(OH)2-D has limited, if any, physiologic activity. Nuclear receptors 

for 1,25(OH)2-D are present in 30 tissues. Although specific intracellular 

binding proteins for 24,25(OH)2-D have been identified in healing bone 

tissue and cartilage at sites of fractures, a role in fracture healing has not 

yet been demonstrated.(3) 

2.2.1 Dietary Sources of Vitamin D Natural Sources 

Natural sources of vitamin D include oily fish such as salmon, 

mackerel, and sardines, cod liver oil, liver and organ meats (which, 

however, have a high cholesterol content), and egg yolks (which have a 

variable amount of vitamin D). 

Note that the method used for cooking food can have significant effects 

on its vitamin D content. For example, frying fish reduces active vitamin 
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D content by 50%, whereas baking does not affect the vitamin D content 

of fish. Also, with regards to fish, farm-raised fish may have higher vitamin 

D content than free- living fish. Table 3 describes the amount of vitamin D 

available in various foods. Unfortunately, most natural (unfortified) 

sources of vitamin D are not commonly consumed by children; therefore, 

fortifying food with vitamin D becomes important if there is inadequate 

sun exposure. 

2.2.2 Supplements 

Vitamin D supplements with 200 to 1000 IU per pill are available, as 

are preparations that provide much higher doses. Both vitamin D2 

(ergocalciferol, plant derived) and D3 (cholecalciferol, animal derived) are 

used in supplements. 

Although traditionally D2 and D3 have been considered to be 

equipotent.(3) 

2.3 CAUSES OF VITAMIN D DEFICIENCY 

2.3.1 Decreased Vitamin D Synthesis 

The important role of ultraviolet light in the UV-B range on cutaneous 

vitamin D synthesis was described in “CutaneousVitamin D Synthesis.” 

The reemergence of vitamin D–deficiency rickets in northern Europe and 

North America is primarily associated with dark-skinned children on strict 

vegetarian diets, cult or fad diets, dark skinned infants exclusively 

breastfed beyond 3 to 6 months of age, premature infants, and infants born 

to vitamin D deficient mothers. Excessive use of sunscreen may also 

contribute to decreased cutaneous vitamin D synthesis. 

2.3.2 Vitamin D Deficiency in Relation to Skin Pigmentation 

Skin pigmentation determines the duration of sun exposure necessary 

to achieve a certain concentration of vitamin D. However, when UV-B 

exposure is not limited to a fixed amount of energy (of UV-B radiation) but 

is expressed as MED (the amount of UV-B required to produce slight 

pinkness of the skin), exposure to the equivalent MED of whole-body UV-

B results in similar vitamin D levels. It should be noted that more UV-B is 

necessary to produce a MED in darker- skinned people; therefore, dark-

skinned people require a longer duration of sun exposure than light-skinned 

people for a similar response. 
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2.4 Vitamin D Deficiency in Relation to Physical Agents Blocking UVR 

exposure, Clothing 

The amount of skin that is exposed to the sun is important. Exposure of 

the whole body versus only the face, hands, and arms is associated with 

marked differences in vitamin D synthesis. For example, a fully clothed 

infant without a hat requires 4 times as much sun exposure as an infant in 

only a diaper to achieve similar 25(OH)-D concentrations. At least 20% of 

the body’s surface should be exposed to UV-B for blood vitamin D 

concentrations to increase. Women and children in Saudi Arabia who wear 

traditional outfits, therefore, are at great risk for vitamin D deficiency. The 

nature of clothing is important, such that black wool is twice as effective 

in absorbing and thus preventing transmission of incident UV-B radiation 

to the skin as white cotton. In addition, more tightly woven fabric causes 

greater UV-B attenuation. In addition to clothing, the heat of the summer 

months in certain parts of the world leads to sun-avoidant behavior and, 

therefore, inadequate sunlight exposure. 

2.4.1 Sunscreen 

Sunscreen absorbs UV-B and some UV-A light and prevents it from 

reaching and entering the skin. A sunscreen with a sun protection factor 

(SPF) can decrease vitamin D3 synthetic capacity by 95%, and SPF can 

decrease it by 98%. In adults who apply sunscreen properly (2 mg/cm2), 

the amount of vitamin D3 produced is decreased 95%. However, the effect 

of sunscreens on vitamin D production may also be affected by geography, 

with adequate vitamin D production despite sunscreen application in areas 

of excessive sunlight exposure, lower vitamin D levels in people using SPF 

sunscreens than in those not using sunscreen; however, these lower levels 

were not sufficient to cause PTH level elevations. For adequate vitamin D 

synthesis, exposure to the midday sun (between 1000 and 1500 hours) for 

10 to 15 minutes in the spring, summer, and fall is considered sufficient for 

light-skinned people, providing 25% of the MED. After this extent of 

exposure, application of a sunscreen with an SPF of 15 is recommended to 

prevent damaging effects of chronic excessive exposure to sunlight. 

2.4.2 Shade 

Increased urbanization and increased time spent indoors at work may 

lead to decreased time spent outdoors and, therefore, decreased vitamin D 
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synthesis, even in light-skinned populations. Shade reduces the amount of 

solar radiation by 60%, and windowpane glass blocks UVR. Research 

showed a third of students at Boston University who stayed indoors for 

long periods and always wore sun protection were vitamin D insufficient 

[25(OH)-D levels 50 nmol/L (20 ng/mL)] at the end of winter. Similarly, 

disabled children and children who stay indoors may not receive a 

summertime boost in vitamin D levels. 

 

2.5 Vitamin D Deficiency in Relation to Geography Latitude and 

Season 

2.5.1Vitamin D deficiency rickets is more commonly reported in white 

children from 

The northern than the southern United States. This is attributed to a 

decrease 

in incident UVR with increasing latitude, because the oblique angle at 

which sunlight reaches the atmosphere leads to a greater path being 

traversed through the atmosphere and ozone layer, with greater resultant 

scatter and absorption of UVR. Similarly, in the winter months, the rays of 

the sun enter the atmosphere at an oblique angle, UV-B photons have to 

pass through a greater distance of the atmosphere, and more UV-B photons 

are efficiently absorbed by ozone.Therefor , fewer photons per unit area 

strike the earth. Above 37° north latitude, in the winter months, the number 

of UV-B photons reaching the earth’s atmosphere is decreased by 80% to 

100%, and as a consequence, little vitamin D3 is produced in the skin.56 A 

minimum amount of UV-B is necessary for vitamin Dproduction, and this 

may not be reached at a latitude of above 40° in winter even with prolonged 

sun exposure .There are, therefore, 4 to 5 months in winter when vitamin 

D cannot be produced from UV-B in places such as Boston (42.5° 

north).Vitamin D levels reach their nadir in February and March in the 

northern hemisphere. Children of all ages are more susceptible to low 

vitamin D levels during the winter compared with the summer months. A 

report from Iowa (41° north) indicated that during winter, 78% of un 

supplemented breastfed infants of different skin pigmentations had 

25(OH)-D levels of _27.5 nmol/L (11 ng/mL), as opposed to only 1% of 

such infants during summer. Infants with florid rickets are known to first 
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present in the late winter or early spring at 6 to 12 months of age with 

hypocalcemia and associated clinical features, often frank tetany or 

convulsions, also known as “spring tetany.” In Edmonton, Alberta, Canada 

(52° north), the prevalence of 25(OH)-D levels of _40 nmol/L (18 ng/mL) 

at the end of winter was 22% and 8% in boys and girls 2 to 8 years old and 

69% and 35% in boys and girls 9 to 16 years old, respectively. Summertime 

vitamin D levels are usually adequate.Therefore, in northern latitudes, 

despite sun exposure during summer, vitamin D supplementation may be 

necessary to maintain optimal vitamin D levels during winter. 

 

2.5.2 Cloud Cover, Air Pollution, and Altitude 

Cloud cover, increasing water vapor, and industrial pollution can reduce 

the amount of UV-B that reaches the earth’s surface, and industrial 

pollution has been associated with a greater prevalence of vitamin D–

deficiency rickets. In contrast, higher altitudes (as in the Rocky Mountains) 

are associated with greater UVR because of the thinner atmosphere and 

lower stratospheric ozone, thus protecting against vitamin D deficiency 

even in otherwise northern latitudes. Decreased Nutritional Intake of 

Vitamin D Lower intake of vitamin D–fortified foods, particularly milk and 

fortified cereals, may result in vitamin D–deficiency rickets in certain 

populations, particularly in dark-skinned people who live in higher 

latitudes and in the winter months. The decreased intake may be from 

choice or from necessity in societies poor enough to be unable to afford 

these foods. Reduced intake of fortified milk is common among 

adolescents and young women of childbearing age, which results in 

decreased vitamin D concentrations in blood. Maternal Vitamin D Status, 

Prematurity, and Exclusive Breastfeeding. 

2.5.3 Vitamin D Deficiency Resulting From Prematurity 

Prematurely born infants have a shorter duration in which to accumulate 

vitamin D stores from transplacental transfer from the mother and also have 

a higher requirement for vitamin D than term infants. Therefore, they are 

more likely to be vitamin D deficient. They have been reported to be more 

likely to have enamel defects in both primary and permanent teeth, because 

vitamin D sufficiency is necessary for normal fetal tooth development. 
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2.5.4 Vitamin D Deficiency Resulting From Exclusive Breastfeeding 

We have previously indicated that, assuming an average consumption 

of 750 mL/day, exclusive breastfeeding without sun exposure would 

provide only 11 to 38 IU/day of vitamin D. It is important to note that the 

vitamin D content of breast milk varies on the basis of skin color, with 

lower vitamin D concentrations in breast milk of black compared with 

white women. Therefore, breastfed infants need to obtain additional 

vitamin D through either sun exposure or supplementation . Thus, breastfed 

infants need to obtain additional vitamin D through supplementation or 

adequate sun exposure. 

 

2.6 PREVENTION AND TREATMENT OF NUTRITIONAL 

VITAMIN D–DEFICIENCY RICKETS 

2.6.1 Prevention 

• Exposure to Sunlight (Cutaneous Vitamin D Synthesis From Solar 

UV-B Exposure) 

• Fortification of Food with Vitamin D 

• Use of Supplements 

The essential physiology of vitamin D involves the sequential 

hydroxylation of cholecalciferol in the liver and the kidney, leading to the 

formation of 25- hydroxyvitamin D (25[OH]D), and 1,25(OH)D, 

respectively, the latter being the hormonally active form of the vitamin. 

Serum 25(OH)D level is the best indicator to evaluate total vitamin D status 

in the body, as the metabolite is the main circulating form. (3) 

2.6.2 Noncalcemic actions of vitamin D 

The noncalcemic actions of vitamin D have been grouped into three 

major effects: control of hormone secretion, modulation of immune 

function, and control of cellular proliferation and differentiation. This 

classification is not clear- cut, because the effects of calcitriol on any given 

tissue overlap with actions from any of the three groupings. Generally, 

calcitriol has the following actions: it blocks parathyroid hormone (PTH) 

elaboration, but aids insulin secretion; it inhibits adaptive immunity, but 

supports innate immunity; and it hinders 
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2.7 cell proliferation, but induces cell differentiation. 

2.7.1 Effects of vitamin D on insulin secretion 

The association of vitamin D with insulin resistance or abnormal 

glucose metabolism has attracted scientific attention recently. With respect 

to insulin secretion, the stimulatory effect of calcitriol is well established, 

although the mechanism of action is not yet resolved. Nevertheless, a study 

conducted. 

 with a murine model shows that VDRs and calbindin- D28k are located 

in pancreatic cells, while other studies suggest that calbindin-D28k (a 

calcium- buffering protein in pancreatic cells) not only regulates 

depolarization-stimulated insulin secretion but also protects against 

cytokine mediated ablation of cells. 

Evidence from observational human studies, and interventional human 

studies further indicates that vitamin D deficiency may contribute to 

increased risk of type 2 diabetes mellitus (T2DM) .(4) 

 

2.7.2 Vitamin D deficiency management 

The evidence suggests that V D supplementation in clinical disorders at 

risk for VDD and VD3 doses between 400 and 1000 IU may be enough to 

maintain these values; however, if that is not the case, the dose should be 

adjusted whenever possible and 25(OH)D levels should be checked until 

reaching optimal levels. It has been suggested that children with 25(OH) D 

levels 

< 25 nmol/L should be referred to a specialized team for their assessment 

and management. (5) 

Vitamin D, recently coined as the D hormone, is a pleiotropic steroid 

hormone that has multiple biological ects. Most notably, it plays an integral 

function in the regulation of calcium and phosphorus homeostasis, and thus 

has a vital role in bone health. Emerging evidence suggests further extra-

skeletal physiological actions, but clinical consequences are still debatable. 

Hypo vitaminosis D, or low serum levels of 25-hydroxyvitamin D 

(25OHD), is widespread in both adults and children around the world . The 

most common determinants of deficiency include limited sunlight 
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exposure, diseases that cause malabsorption (i.e., celiac disease, cystic 

fibrosis), diet, obesity, and altered metabolism secondary to some 

medications. Hypertension, or elevated blood pressure (BP), is a well-

recognized risk factor for both cardiovascular and renal diseases in addition 

to a vast array of diseases contributing significantly to.. mortality. 

Specifically, childhood hypertension poses a considerable public health 

challenge and is associated with essential hypertension in adults and 

detrimental cardiovascular events. 

Among children and adolescents, obese children with low levels of 

vitamin D showed increased odds for hypertension, even after adjusting for 

body mass index and body fat . (6) 

There are growing data from studies of young adults, elderly persons, 

and youth in other countries that vitamin D deficiency is an unrecognized 

and prevalent health problem. Despite milk fortification in this country, 

subclinical vitamin D deficiency has been noted, with a high prevalence in 

adult medical inpatients, homebound elderly individuals, postmenopausal 

women presenting with hip fracture, and healthy young adults. Few data 

are available regarding the prevalence of this nutritional deficiency among 

healthy US children and adolescents. (7) 

There has been concern raised about a resurgence of vitamin D 

deficiency and rickets among infants and children, with reports emerging 

in the United States from Alaska, Iowa, Nevada, California, North 

Carolina,Texas, and motherinfant pairs in Boston, among others. The 

prevalence of vitamin D deficiency in young children also appears to be 

high in other countries, including England,Greece, and Canada .To date, 

reports have focused primarily on young infants compared with toddlers. 

Thus, there appears to be less information available regarding variables 

that predispose young children to vitamin D deficiency as they wean to 

fortified milk and solid foods…(8) 

Given the recent spate of reports of vitamin D deficiency, there is a need 

to reexamine our understanding of natural and other sources of vitamin D, 

as well as mechanisms whereby vitamin D synthesis and intake can be 

optimized. therefore the recommendations for sun exposure and vitamin D 

intake and possible caveats associated with these recommendations.((9) 



17 

 

Vitamin D plays an essential role in maintaining bone health through 

regulating calcium concentrations in the body. The development of vitamin 

D deficiency is associated with deteriorating bone health and in severe 

cases, hypocalcemia, rickets, and osteomalacia in children and adults. 

Those at greatest risk of vitamin D deficiency include patients with chronic 

illnesses.(10) 

There are not many natural food items that contain vitamin D, therefore 

the amount of time in sunlight is the important source of vitamin D2). 

Vitamin D deficiency can result in skeletal diseases, such as rickets and 

osteomalacia). In addition, vitamin D receptors exist in the endocrine 

glands and cardiovascular tissues, and take part in the differentiation of 

cell, and the production of various cytokines and interleukins, which, taken 

together, means that they are relevant in metabolic syndromes, diabetes, 

autoimmune diseases, and cardiovascular diseases). Moreover, respiratory 

infections, food allergies, and asthma are known to increase with vitamin 

D deficiency, and there are also reports that menarche starts earlier in 

vitamin D deficient girls. 

The known risk factors associated with vitamin D deficiency are skin 

pigmentation, older age, lesser sunlight exposure, lower intake of vitamin 

D rich food or supplements, and higher body mass index (BMI). Recently, 

vitamin D deficiency has become very common in both adults and children, 

due to a lack of exposure to sunlight, which is model of treatment.(11) 

Studies in 2003, the American Academy of Pediatrics (AAP) 

recommended a vitamin D supplement for breastfed infants who do not 

consume at least 500 mL of a vitamin D–fortified formula/beverage14 and 

non breastfed infants who do not consume _500 mL of vitamin D–fortified 

beverages. The supplementation should start during the first 2 months of 

life and continue throughout childhood and adolescence. The rationale for 

this timing is that vitamin D stores in the newborn, which are obtained 

through transplacental passage from the vitamin D– replete mother, should 

last for at least 8 weeks after delivery given that the half- life of serum 

25(OH)-vitamin D [25(OH)-D] is _2 to 3 weeks.In a term infant born to a 

vitamin D–replete mother, the supply of vitamin D may last even longer 

(8–12 weeks) given the storage of vitamin D in fat. (12) 
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Vitamin D is important for bone and muscles health. It helps the body 

absorb calcium and phosphate from food, which are important for healthy 

and strong bones. Only a few food (some types of fish) naturally contain 

vitamin D, and it is hard to get enough vitamin D, and it is hard to get 

enough vitamin D from food alone, but most people only get about a 

quarter or even less of their vitamin D needs from food. Most vitamin D is 

made in the skin when it is exposed to the sun.(13) 

The deficiency of vitamin D may develop from nutritional deficiencies, 

malabsorption , enzyme-inducing medications, and many other etiologies. 

It may present as hypocalcemia before bone demineralization at periods of 

increased growth velocity (infancy and adolescence) because the increased 

calcium demand of the body cannot be met.(14) 

It is recommended, for babies up to 1 year of age daily allowance 

(RDA) is 400 IU (10µg). For children and adults aged 1-40 years the 

RDAis 600 IU(15µg).(15) 

In addition to its contribution to bone metabolism, vitamin D seems to 

fulfill a broad spectrum of biological functions which justifies the interest 

in monitoring its body content.(16) 

Another study explained that, if women don’t get enough vitamin D 

during pregnancy, their children are at greater risk of developing rickets 

later in childhood, also delayed motor development, muscle weakness, 

aches and pains, and fractures . This risk is reduced if children get enough 

vitamin D after birth, as well as in adults the deficiency in adults has been 

linked to some cancers, heart disease and diabetes.(17) 

Also, children need sun light on their skin for their bodies to make 

vitamin D, they got about 80% of their vitamin D in this way, and this 

depends on a bit on your skin colour. People with naturally very dark skin 

need 3-6 times more sun to make vitamin D than the amount fair-skinned 

people need.(17) 

Available studies suggest that vitamin D supplementation is known to 

both prevent and treat rickets, also by improving living conditions 

including sun light. 
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exposure, as childhood is a period of great bone development and 

therefore, attention to the vitamin D needed to optimize bone health in 

childhood is imperative .(18) 

It is concluded that, the great importance of vitamin D is the moderation 

of calcium (Ca) and Phosphorus(P) homeostasis as well as the absorption 

of Ca, vitamin D has two different forms vitamin D2 which exist in food 

(plants) and D3 (cholecalciferol)which is produced by the following the 

path 7- dehydrocholesterol- previtamin D-vitamin D3 in the skiun upon 

ultraviolet B(UVB) sun exposure and at skin temperature.(19) 

Also there is enough evidence that the deficiency of vitamin D may lead 

to skeletal and non skeletal disease, both children and adolescents seem to 

be in high risk of low vitamin D status especially during winter, Having a 

diet higher in calcium and vitamin D as well as oral supplementation with 

vitamin D may be necessary for children and adolescents not only in the 

absence of sun exposure in winter time but also in preventing other diseases 

such as diabetes type 1, cancer, and cardiovascular disease. Further 

researches is needed in order to identify the optimal dietary 

recommendation needed begging from pregnancy in order to prevent 

vitamin D deficiency.(19,20) 

2.8 Prevalence of Vitamin D Deficiency 

• Global estimates indicate that over 1 billion people have vitamin D 

deficiency. 

• Studies show prevalence among children under 10 ranges from 30% 

to 60% in different regions. 

2.8.1 Causes of Deficiency 

• Limited sunlight exposure 

• Dietary insufficiency 

• Darker skin pigmentation 

• Chronic illnesses affecting absorption 

2.8.2 Health Consequences 

• Rickets: Weak or deformed bones 

• Delayed growth: Low height-for-age metrics 

• Immune dysfunction: Increased infections 
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2.8.3 Previous Studies 

• A study in Egypt reported 50% of children under 10 had vitamin D 

deficiency, with higher risk among those with limited outdoor 

activity. 

• In the US, deficiency prevalence was lower (~15%), linked mainly 

to dietary factors. 

 

2.9 Objectives 

2.9.1 Main Objective: 

• To determine the prevalence and effects of vitamin D deficiency in 

children under 10 years. 

 

2.9.2 Specific Objectives: 

• Assess serum vitamin D levels. 

• Examine the association between deficiency and growth parameters. 

• Identify contributing factors (dietary intake, sunlight exposure). 

• Recommend preventive measures for parents and healthcare 

providers. 

2.10 Methodology 

2.10.1 Study Design 

• Cross-sectional observational study. 

2.10.2 Study Population 

• Children aged 2–10 years attending Al-Merjan Teaching Hospital 

(sample site). 

• Total sample size: 200 children. 

2.10.3 Data Collection 

• Serum vitamin D levels measured via blood tests. 

• Anthropometric measurements: height, weight. 

• Questionnaires to parents about diet and sunlight exposure. 
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2.10.4 Vitamin D Classification 

• Vitamin D Status Serum 25(OH)D (ng/mL) 

• Deficient <20 

• Insufficient 20–30 

• Sufficient >30 

2.10.5 Statistical Analysis 

• Data analyzed using SPSS v25. 

• Descriptive statistics: mean ± SD, frequencies, percentages. 

• Chi-square test for association between vitamin D status and 

categorical variables. 

• Independent t-test for comparing mean growth parameters between 

groups. 

• Significance level: p < 0.05 

 

2.11 Prevalence of Vitamin D Deficiency 

• Vitamin D Status Frequency Percentage 

• Deficient 90 45% 

• Insufficient 60 30% 

• Sufficient 50 25% 

2.11.1 Association with Sunlight Exposure 

• Sunlight Exposure Deficient Not Deficient Total 

• <30 min/day 70 30 100 

• ≥30 min/day 20 80 100 

• Chi-square = 48.6, p < 0.001 → Significant association.  

2.11.2 Growth Parameters Comparison 

• Parameter Deficient (n=90) Sufficient/Insufficient (n=110) p-value 

• Height (cm) 110 ± 8 115 ± 7 0.002 

• Weight (kg) 18 ± 3 20 ± 4 0.01 

2.11.3 Dietary Intake 

• Children with low intake of vitamin D–rich foods had higher 

deficiency rates (p < 0.01)



 

MATERIALS AND METHODS 
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CHAPTER 3 

3. Materials and Methods 

3.1 Study Setting and Environmental Context 

The experimental framework of this study was conducted at Babylon 

Hospital for Women and Children, a primary tertiary healthcare center in 

the Babylon Governorate, Iraq. This setting is significant due to the 

regional climate and dietary habits which play a crucial role in Vitamin D 

synthesis. The study took place between [2Year, 10Year] encompassing 

seasonal variations that affect UVB exposure. 

3.2 Ethical Approval and Informed Consent 

Rigorous ethical standards were maintained throughout the study: 

• Institutional Review Board (IRB): The protocol was approved by the 

ethics committee of the Babylon Health Directorate. 

• Consent: A standardized informed consent form, translated into 

Arabic, was provided to the parents/guardians. It detailed the study’s 

purpose, the safety of the blood draw, and the confidentiality of the 

results. 

• Anonymity: Each child was assigned a unique ID code to ensure that 

personal identities were protected during data processing. 

3.3 Subject Selection and Grouping (Sample Size: 200) 

A total of 200 pediatric subjects (aged 2Year month to 10Years) were 

recruited. They were stratified into two distinct cohorts: 

1. The Case Group (n = 80): Children presenting with clinical 

symptoms of deficiency (e.g., bone pain, delayed walking, or 

frequent infections) or those screened during routine check-ups and 

found to have serum 25(OH)D<30 ng/mL. 

2. The Control Group (n = 20): Age-matched healthy children 

attending the hospital for non-metabolic reasons, with confirmed 

normal Vitamin D levels (≥30 ng/mL). 
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3.4 Clinical Assessment and Data Collection 

For every participant, a detailed clinical proforma was completed, 

covering: 

• Anthropometric Measurements: Height (cm), Weight (kg), and Body 

Mass Index (BMI) calculated as BMI=height2weight. 

• Clinical History: Assessment of daily sun exposure (minutes per 

day), dietary intake of fortified milk/fish, and history of previous 

supplement use. 

• Physical Examination: Checking for signs of rickets, such as 

"Rachitic Rosary," "Harrison’s Groove," or bowing of the legs. 

3.5 Laboratory Materials and Chemicals 

Material/device Description 

Collection Tubes 
Gel-and-clot activator vacuum tubes (Yellow cap) 

for serum separation. 

Centrifugation 
High-speed refrigerated centrifuge (e.g., Eppendorf 

or similar local model). 

Storage 
Deep-freeze facility maintained at -20°C for long-

term serum stability. 

Reagent Kits 
Specific Vitamin D3 ELISA/CLIA kits (e.g., 

Roche, Abbott, or Monobind). 

 

3.6 Laboratory Procedures (The Methodology) 

3.6.1 Blood Sampling Technique 

Venous blood (approx. 4 mL) was drawn from the antecubital vein by 

trained pediatric nurses. To minimize hemolysis, the blood was allowed to 

flow naturally into the tubes without excessive suction. 

3.6.2 Serum Processing 

The samples were left undisturbed for 20 minutes to facilitate complete 

coagulation. They were then centrifuged at 3,500 rpm for 12 minutes. The 

resulting clear serum was aspirated using micropipettes and transferred 

into sterile Eppendorf tubes. 

 

 



24 

 

3.6.3 Biochemical Assay (The Core Method) 

The primary method used was the Chemiluminescence Immunoassay 

(CLIA) or ELISA (حسب الجهاز المستخدم في مستشفى بابل). 

• Principle: The assay is a competitive binding technique where the 

Vitamin D in the patient's serum competes with a labeled tracer for 

a limited number of antibody binding sites. 

• Sensitivity: The detection limit of the assay was [e.g., 2.0 ng/mL]. 

3.7 Standards for Categorizing Vitamin D Status 

In alignment with the Endocrine Society and Global Consensus 

guidelines, the following serum concentrations of 25(OH)D were adopted: 

• Sufficiency (Normal): >30 ng/mL (75 nmol/L) 

• Insufficiency: 21–29 ng/mL 

• Deficiency: <20 ng/mL 

• Severe Deficiency: <10 ng/mL 

3.8 Statistical Analysis Plan 

    Data were analyzed using IBM SPSS Statistics v26.0. 

• Descriptive Data: Expressed as Mean ± Standard Deviation (SD) for 

continuous variables. 

• Comparative Statistics: The Independent Samples t-test was used to 

compare mean values between the Deficient and Normal groups. 

• Correlation: Pearson’s correlation coefficient (r) was used to 

evaluate the relationship between Vitamin D levels and other 

biochemical markers (like Calcium or Alkaline Phosphatase). 

• Significance Level: A p-value of P<0.05 was the threshold for 

statistical significance. 

 

 

 

 



 

 

 

RESULTS AND DISCUSSION 

 

 

 

  

 4 

C 

H 

A 

P 

T 

E 

R 



25 

 

CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Findings of the Field Study (Al-Merjan Teaching Hospital)  

The cross-sectional observational study included a sample size of 200 

children (aged 2–10 years). The statistical analysis yielded the following 

data: 

4.2 Prevalence of Vitamin D Status 

The biochemical analysis revealed a high prevalence of Vitamin D 

Deficiency (VDD) among the pediatric cohort:  

• Deficient (<20 \text{ng/mL}): 45% (90 children) suffered from a 

severe deficiency.  

• Insufficient (20–30 \text{ng/mL}): 30% (60 children) exhibited 

suboptimal levels.  

• Sufficient (>30 \text{ng/mL}): Only 25% (50 children) maintained 

adequate baseline levels. 

4.3 Association with Sunlight Exposure 

A highly significant correlation was found between daily sunlight 

exposure and serum vitamin D levels (\chi^2 = 48.6, p < 0.001):  

• Children with <30 \text{minutes/day} of sun exposure represented 

70% of the deficient cases (70 out of 100). 

• Children with \ge30 \text{minutes/day} of sun exposure showed 

significantly better profiles, with 80% being non-deficient (80 out 

of 100). 

4.4 Comparison of Growth Parameters  

Statistical analysis (Independent t-test) confirmed that vitamin D 

deficiency negatively impacts physical growth metrics with high statistical 

significance: 

• Height: The mean height of the deficient group was significantly 

lower at 110 \pm 8 \text{cm} compared to 115 \pm 7 \text{cm} in 

the sufficient/insufficient group (p = 0.002). 
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• Weight: The mean weight of the deficient group was 18 \pm 3 

\text{kg} compared to 20 \pm 4 \text{kg} in the non-deficient group 

(p = 0.01) Key Predictors. 

4.5 Risk Factors of Deficiency 

Based on the comprehensive literature review provided, several critical 

biological and environmental predictors were identified: 

4.5.1 Geographic & Seasonal Variables 

Higher latitudes exhibit "Vitamin D winters" due to the oblique angle 

of UVB rays, causing serum levels to hit a nadir during February and 

March. 

4.5.2 Skin Pigmentation 

Darker skin pigmentation reduces the efficiency of vitamin D 

production because melanin acts as a natural sunscreen. Consequently, 

darker-skinned children require longer sun exposure than fair-skinned 

children to synthesize equivalent amounts of vitamin D. 

4.5.3 Lifestyle Factors  

Increased screen time, sedentary behavior, and reduced outdoor 

activities contribute substantially to decreased sunlight exposure and a 

higher risk of vitamin D deficiency. 

4.5.4 Dietary Habits 

Exclusive breastfeeding without vitamin D supplementation, 

consumption of unfortified foods, and replacement of milk with sugary 

beverages are significant dietary factors associated with deficiency. 

 

4.6 Health Consequences of Vitamin D Deficiency 

4.6.1 Skeletal Manifestations  

Vitamin D deficiency impairs intestinal calcium absorption, reducing 

absorption efficiency to approximately 10–15%. This stimulates increased 

secretion of parathyroid hormone (PTH), leading to bone resorption and 

impaired bone mineralization. As a result, affected children may develop: 

• Nutritional rickets  

• Osteomalacia  
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• Bone pain and skeletal deformities  

• Delayed growth 

4.6.2 Extra skeletal Manifestations 

Vitamin D deficiency has been linked to several non-skeletal health 

problems, including:  

• Increased susceptibility to acute respiratory tract infections.  

• Greater risk of autoimmune diseases, particularly Type 1 Diabetes 

Mellitus.  

• Elevated risk of childhood hypertension, especially in obese 

children.  

• Delayed motor development and muscle weakness.  

• Possible association with behavioral disorders such as attention 

deficit hyperactivity disorder (ADHD). 

4.6.3 Public Health Recommendations 

Based on the findings of the present study and current international 

guidelines, the following recommendations are suggested:  

• Infants up to one year of age should receive 400 IU/day of vitamin 

D supplementation.  

• Children and adults aged 1–40 years should receive 600 IU/day.  

• Regular sunlight exposure for approximately 10–15 minutes 

between 10:00 AM and 3:00 PM is recommended during spring, 

summer, and autumn.  

• Public awareness programs should be implemented to promote 

healthy dietary habits and adequate sunlight exposure.  

• Routine screening of high-risk children is recommended for early 

detection and management of vitamin D deficiency. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Vitamin D deficiency was present among children (aged 6-12 years) 

and adolescents all over the world, particularly during winter, although the 

problem seems to be common across sex, season, and ethnicity. Suboptimal 

vitamin D status is common among otherwise healthy young children. 

Predictors of 

Vitamin D status vary in infants vs toddlers, information that is 

important to consider in the care of these young patients. The increasing 

numbers of reports of rickets in many industrialized nations are related to 

the practice of exclusive breastfeeding without concomitant vitamin D 

supplementation in other countries, decreased UV-B exposure (particularly 

in dark-skinned people), and the 

Excessive use of sunscreen. Recommendations for vitamin D 

supplementation in breastfed infants should take into account skin 

pigmentation and geography. Recommendations for fortification of 

commonly used foods with vitamin D are necessary in keeping with 

various cultural norms of food intake and geography. In addition, current 

recommendations of sun exposure and vitamin D supplementation are 

limited because of a paucity of studies in children. Several body functions 

may be affected by VD deficiency: bone, glucose, and acute immune 

metabolism, autoimmunity, etc.; VD nuclear receptors may also be 

involved. Certain clinical disorders associated with VDD include obesity, 

prematurity, breastfeeding, intestinal malabsorption syndromes, and use of 

anticonvulsant agents, together with lifestyle conditions, body-covering 

clothing, living at extreme latitudes, low consumption of food sources, and 

little exposure to the sun. More studies are necessary in children using 

standard assays to determine safe levels of sun exposure and resultant 

vitamin D levels, as well as the 25(OH)-D levels below which pathologic 

changes begin. A low threshold for assessing vitamin D sufficiency in 

infants, children, and adolescents is recommended given the growing 

knowledge about effects of vitamin D not only on bone mineral metabolism 

but also on the immune system and in preventing various kinds of cancer. 

Data indicate greater health care costs from diseases. 



29 

 

Related to vitamin D deficiency than from those caused by excessive 

exposure to UVR, indicating the need for a reexamination of 

recommendations for sun- avoidant behavior, including the use of 

sunscreens, also the recommendation is to prevent VDD in risk conditions 

(so future studies are required to clarify VD’s role in non-bone parameters 

in children and adolescents. The recommendation is to prevent and detect 

VDD in an early manner in the case of risk conditions. and to maintain 

25(OH)D serum levels > 75 nmol/L. 

 

• High prevalence (45%) of vitamin D deficiency aligns with global 

data. 

• Strong correlation between low sunlight exposure and deficiency, 

confirming sunlight’s key role in vitamin D synthesis. 

• Deficient children showed lower height and weight, consistent with 

growth impairment reported in previous studies. 

• Dietary insufficiency also contributes significantly, highlighting the 

importance of fortified foods. 

• Implications: Parents and healthcare providers should encourage 

outdoor activity, vitamin D–rich foods, and supplementation when 

needed. 

• Limitations: 

• Single hospital sample may limit generalizability. 

• Dietary assessment based on parental reporting, which may 

introduce bias. 
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5.1 Conclusion 

Vitamin D deficiency is common among children under 10 years and 

significantly affects growth and bone health. Preventive strategies, 

including adequate sunlight exposure, proper nutrition, and 

supplementation, are essential to reduce the risk of rickets and other 

complicationsز 

5.2 Recommendations 

• Encourage at least 30 minutes of sunlight exposure daily. 

• Include vitamin D–rich foods in children’s diets. 

• Routine screening for children at risk of deficiency. 

• Public health campaigns to raise awareness of vitamin D importance 
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 ملخص ال

نظررررلتزايد تلررررياتيدحرررر عنلاتي يلترررر ا،ررررزانحرررر الىدرررر  ىزاظرافيررررل اتي   رررر ا يرررر ا ،رررر ظ اتي ظررررلالرررر ا
لهم رررر ايدم رررر ظعاتيغيرهررررر اادىلفرررر ا ررررزا  رررر ظعالىدرررر  ىزاظرال رررر زا،ررررزات يررررر  اتيدرررر ا م ررررزا
 رررررزا  يهرررررر اف يرررررىزاف رررررر رلالىدررررر  ىزاظااف  ايررررررعشاايررررر ي را  لن رررررر ا لت  ررررر ااف دررررررى زاي  ررررررلنزا
ظعتسررررر ا   رررررتع شا مررررر افد ررررر اقافررررر ااتييعتسررررر اد ررررر بانحررررري ات فدمررررر  اتي دمررررر اتيمد ررررريظاد تت ررررر ا
نحررررر الىدررررر  ىزاظرالررررر ائرررررتااتظظيررررر اتي  ةرررررن اةرررررتقاتيت ررررر   اتييىتيت رررررر اتيمد ت،ررررر اي ىدررررر  ىزا
ظرا يررررر ا  نررررر اظاعااتظس سررررر الررررر اتسررررردح ىاتي ظررررر  ااتيم ررررر ظ شا،دررررر ا ررررري اتي حرررررياتيم ئررررر را

ا رررتظا،  ررر ايرررىزا غرررلات  ررر د اد حرررلافلتكمرررلأاتظظيررر الررر اتظظيرررر  اتيغيرررر اتيدررر اف رررىلا يررر ا
تيرررررري اانحرررررر الىدرررررر  ىزاظشاا،درررررر اتيررررررلدفا ررررررزاتيدحرررررري اتيم ررررررل الرررررر ا  رررررر اظاعالىدرررررر  ىزاظالرررررر ا
تسرررررددل ىاتي يلررررريرا افررررر تقاف ررررر لاة  ررررر ا يررررر ا  نررررريا رررررزاتيل ررررر ايدد حررررر ا رررررزا ررررر  اتي   ررررر ا
تييرررررريير ايررررررىزانحرررررر الىدرررررر  ىزاظاالحررررررلاتيرررررري راا رررررر ي ايد يلررررررياتي ل،رررررر اتيمتدرررررر رااتيميررررررد ىيلزا
تيمترررررر يىىزايددرررررري باتي   رررررر رااتي ظرررررر  لاتيم  ررررررد ا ،غ  هرررررر شايرررررر تراف ررررررىلا د رررررر  الىدرررررر  ىزاظا
 يررررررر اظاعاالررررررر اتئرررررررغلتد  ا  رررررررل ادىرررررررلاتئرررررررغلتد  اتسررررررردح ىاتي ظررررررر  راافت رررررررر  اد ررررررر  ا
تيد ررررررل اظةرررررر  اتي ررررررم،ااف رررررر اقالىدرررررر  ىزاظراد  ئرررررر ل ا يرررررر اتيم رررررر  للاتيم دمدرررررر اتيملفلغرررررر ا

 .يه ااتيدت ر  ا

انحررررر الىدررررر  ىزاظا  ررررر د ا ررررر ر ا،  ررررر اةررررر    ايرررررىزاتظ  ررررر قاظا اسرررررزاتي  ةرررررل را  ا ُ  ررررري 
لرررررلىلا،دررررر انمرررررتاتي ظررررر  رااا ررررر   اتيم  ،ررررر رااتي مرررررتاتي ررررر  شافهررررري افررررر ااتييعتسررررر ا يررررر افحىررررررفا
 رررري اتند رررر عانحرررر الىدرررر  ىزاظااف ىىلتفررررعايررررىزاتظ  رررر قالرررر افرررر ااتي نرررر اتي ملنرررر شاُ  لنررررلأاظعتسرررر ا

  ررررربراةىررررر افرررررفاترررررر فا يررررردتن  الىدررررر  ىزاظالررررر اتيررررري راا مرررررلاير نررررر  اا200 حغهرررررر ا،دررررر ا
ةررررررررتقاتيمرررررررري تقاتيشرررررررر ت  رااتيد ررررررررل اظةرررررررر  اتي ررررررررم،راا  رررررررر لىلاتي مررررررررتشا  رررررررر اتيد دىرررررررربا

%ا ررررررزاتظ  رررررر قا  رررررر نت ا ررررررزانحرررررر الىدرررررر  ىزاظرا ررررررلاا ررررررتظاتعفل  رررررر  ا45ت ة رررررر   ا  ا
شررررر ت  راظتيرررر ا ة رررر  رز ايررررىزاتيرررر ح اا درررر اتيد ررررل اظةرررر  اتي ررررم،راا،رررري ا    رررر اتيمرررري تقاتي

افرررررررر  لاتي مررررررررتشافُيررررررررل افرررررررر ااتي درررررررر  وا فمررررررررر اتي  رررررررر اتيمل ررررررررلرااتيدش  رررررررر اتييرررررررردرم رااف رررررررر اقا
ا.تيم م  اتيش ت ر ايدت    ا زا   ،   ا تباتي ي حاائ  اتيم  ، 

ا
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