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Introduction 

 Adequacy of vitamin
 

D status in children and 

adolescents has been the focus of a
 
number of recent 

investigations, (Cashman, 2007) reported a high prevalence of 

low vitamin D status during the winter
 
with lower prevalence 

during the
 

summer and recommended consideration of 

potential corrective strategies
 
to allow children and adolescents 

to maintain adequate vitamin
 
D Status throughout the year. 

The best indicator of vitamin
 

D status is the 

concentration of circulating 25-hydroxyvitamin
 

D. The 

determinants of serum 25-(OH) D concentrations
 
in children 

include dietary vitamin D intake, which in the absence
 
of 

fortified foods or supplements is generally low, and conditions
 

that affect the synthesis of vitamin D in the skin such as skin
 

color and sun exposure; the latter are affected by season, 

geographic
 
latitude, sunscreen use, and clothing (Wharton and 

Bishop, 2003). 

The most serious clinical consequence of vitamin
 
D 

deficiency in children is rickets (Wharton and Bishop, 2003). 

Recent discoveries indicate
 
that vitamin D has functions 

unrelated to calcium, specifically
 
in cell differentiation and in 

the immune system (Cantorna et. al, 2004). These
 
biological 

effects add plausibility to reports that low vitamin
 
D status is 

associated with increased risk of childhood-onset
 
Type 1 

diabetes (Hypponen et. al.,2001) and increased risk of some 

types of cancer
 
in adults (Jacobs et. al.,2004). 
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Przybelski and Binkley,2007 suggested a potential role 

for vitamin D in cognitive function of older adults as they 

reported positive significant correlation between serum 

25(OH)D concentration and mini-mental state examination 

score (MMSE) in patients suffering from memory problems. 

Vitamin D
 
deficiency was associated with low mood and 

with impairment
 
on two of four measures of cognitive 

performance (Wilkins et al., 2006). Additionally, Joyce and 

Bruce, 2008 concluded that there is ample biological evidence 

to suggest an
 

important role for vitamin D in brain 

development and function. 
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AIM OF THE WORK 

 This study is designed to evaluate the level of 25- 

hydroxy vitamin D in middle childhood who suffers from 

delayed school achievement and delineate its relation to their 

dietary intake, sun exposure, physical activities and their 

lifestyle. 
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NUTRITIONAL NEEDS OF 

CHILDREN 

The importance of healthy diets for children should not 

be underestimated. Growth and physical development require 

not only ample energy but also essential vitamins, minerals, 

and amino acids (Position of the American Dietetic 

Association, 2004); therefore, appropriate dietary practices 

should be strongly encouraged in the first decade of life and 

reinforced thereafter (Kelder et al., 1994). 

The Food Guide Pyramid (FGP) is an outline of what 

we should eat each day. It is not a rigid description but; a 

general guide that lets you choose and plan a healthful diet that 

is right for you and your family. The overall message of the 

FGP is to select foods that together give you all the nutrients 

you need to maintain health without eating too many calories 

or too much fat as shown in figure (1) (Kendal and Puck, 

1999).  

The meal plans; outlined by the FGP should provide a 

proper balance of macro and micro nutrients. Age appropriate 

nutrition education throughout childhood is critical for the 

development of lifelong healthy eating habits (Kathleen, 

2008). 
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Fig (1): Food guide pyramid (USDA, 2008) 

USDA: United state Government of Agriculture 

A- Nutritional Requirements from Infancy 

through Childhood: 

 Infants From Birth to 6 months: 

Human milk is uniquely superior for infant feeding and 

is the reference against which other infant feeding strategies 

must be measured (Gartner et al., 2005).  

Modern science and technology has not been able to 

produce a better food for young infants than mother‘s milk. 

Breastfeeding is the best way to satisfy the nutritional and 

psychological needs of the baby. The exceptional nutritional 

quality of human milk has been recognized for a long time. 

Mother‘s milk is designed for easy digestion and assimilation 

(Food and nutrition board, 2006). 
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Composition of human milk: 

Breast milk is uniquely composed to satisfy the biologic 

needs of the human infant. In particular, the uniquely human 

need for brain development and immune system support are 

provided by breast milk and not by artificial formula (Newton 

and Edward, 2004).  

Constituents of human milk: 

 Water: 

Water is the largest quantity of the constituents of milk. 

All other constituents are dissolved, suspended or dispersed in 

water (Lawrence and Lawrence, 2005). 

 Lipids: 

Lipids function in at least three critical roles. Lipids are 

an important energy source; they supply over 50% of the caloric 

intake. Fatty acids, phospholipids, and cholesterol are major 

substrates for somatic and central nervous system growth. 

Linoleic and linolenic are essential fatty acids for growth and 

the synthesis of other fatty acids, such as long-chain 

polyunsaturated fatty acids (LC-PUFA) (Rodriguez-Palbero et 

al., 1999). 

Human milk fat contains LC-PUFA metabolites such as 

Arachidonic acid (AA) and Docosahexaaenoic acid (DHA) 

which are considered to have an important role in the brain 

development (Genzel et al., 1997). 

 Proteins: 

The human milk contains only 1-1.5 gm % proteins 

compared to approximately 3.3 gm% in cow`s milk. Protein in 

mother‘s milk is in a more soluble form which is easily digested 

and absorbed by the baby, the increased protein in cow`s milk 

results almost entirely from its six fold higher content of casein. 
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Human milk protein consists of approximately 75% whey 

proteins, largely lactalbumines and 25% casein while the cow`s 

milk ratio is reversed to 22.78 (Curran and Barness, 2007). 

Two significant differences in the composition of human 

milk and bovine milk are the ratio of the sulfa-containing amino 

acids, methionine and cysteine, and the low content of aromatic 

amino acids, phenylalanine and tyrosine, in human milk. The 

ratio of methionine to cysteine is 1:1 in human milk and 2 to 3:1 

in bovine milk. Taurine is a third sulfur-containing amino acids 

that has been found in high concentrations in human milk and is 

virtually absent in bovine milk. Taurine appears to play a role as 

a neuromodulator in the brain and retina (Newton and Edward, 

2004). 

 Carbohydrates: 

Human milk contains 6.5-7.0% lactose. About 10% of 

the carbohydrates in human milk consist of polysaccharides and 

glycoprotiens (Curran and Barness, 2007). 

Lactose is the major carbohydrate in breast milk. It is 

composed of galactose and glucose. Lactose concentration in 

breast milk increases over the duration of breast feeding 

(Lawrence and Lawrence, 2005).  

The milk sugar lactose in mother‘s milk provides ready 

energy. In addition, a part of it is converted into lactic acid in 

the intestines which destroys harmful bacteria present there and 

helps in absorption of calcium and other minerals (Food and 

nutrition board, 2006). 

 Vitamins: 

The breast milk of woman who eats a well balanced diet 

contains all of the vitamins necessary for their infant with the 

possible exceptions of vitamin D and vitamin K (Rudolph et al., 

2003): 



  Review of Literature 

 - 8 - 

 Vitamin D: 

Vitamin D is a fat-soluble vitamin necessary for bone 

development. The vitamin D content of breast milk is less than 

that of vitamin D fortified milk and vitamin D fortified formula 

(American Academy of Pediatrics, 2005).  

In 2008, the American Academy of Pediatrics (AAP) 

issued recommended intakes for vitamin D that exceed those of 

Food Nutrition Board (FNB) (Wagner and Greer, 2008).These 

recommendations are based from more recent clinical trials and 

the history of safe use of 400 IU/day of vitamin D in pediatric. It 

also recommends that exclusively and partially breastfed 

infants receive supplements of 400 IU/day of vitamin D shortly 

after birth and continue to receive these supplements until they 

are weaned and consume ≥ 1,000 ml /day of vitamin D-fortified 

formula or whole milk, Similarly, all non-breastfed infants 

ingesting< 1, 000 ml/day of vitamin D-fortified formula or milk 

should receive a vitamin D supplement of 400IU/day (Wagner 

and Greer, 2008).  

 Vitamin K: 

Vitamin K is a fat-soluble vitamin necessary for blood 

coagulation. Vitamin K is low in breast milk. Breast fed infants 

have been reported with hemorrhagic disease of the newborn 

(vitamin K deficiency) (Bhat, 1998). 

All breast fed infants should receive vitamin K in the 

postpartum period. In the United States this is usually given as a 

1 mg intramuscular injection soon after birth (Clark and James, 

1995). 

The rest of fat and water soluble vitamins are shown in 

table (1).  
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Table (1):  Comparison of fat and water soluble vitamins in 

various milk sources  

Vitamin Content per 800 mL 

Fat-soluble Vitamins 

Mature 

Human 

Milk 

Bovine 

Milk 

Representative 

Formula 

RDA 

(mg) 

A(µg RE) 535 328 32 395 

D (µg) 0.45 0.16 8 7.5 

E (µg) 2.0 0.56 7.5 3 

K (µg) 12 48 43 5 

Water-soluble 

Vitamins 

    

Thiamine(µg) 160 344 67 300 

Riboflavin(µg) 280 1160 100 400 

Niacin (µg niacin equivalent) 120 656 503 500 

B6 (µg) 120 512 42 300 

Pantothenic acid (µg) 2.0 2.7 1.7 2.0 

Biotin(µg) 56 2.8 1.5 10 

Folic acid(µg) 65 0.13 6.7 25 

B12(µg) 0.8 4.8 1.5 0.3 

Vitamin C(µg) 40 8.8 5.7 30 

RDA: recommended dietary allowance (Newton and Edward, 2004) 

 Minerals: 

 Sodium, Potassium, Calcium and Magnesium: 

These minerals are the major cations in human milk. 

Breast feeding woman mobilize bone to supply calcium to their 

infants. This may be mediated by parathyroid hormone-related 

protein. The bone is replenished during and after weaning. 

Breast milk sodium and potassium are regulated by 

corticosteroids (Strewler, 2000). 
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 Iron: 

Iron is necessary for hemoglobin formation. Iron in 

breast milk is present in low amounts but the percentage of iron 

absorbed is very high. Infants older than 6 months of age need 

another source of iron besides breast milk in their diet such as 

meats, iron-fortified cereals, or green vegetables (American 

Academy of Pediatrics, 2005). 

 Zinc: 

Zinc is found in human milk and is necessary of enzyme 

production and activation. Zinc concentrations differs between 

human milk and cow milk formulas, with potential nutritional 

advantage for breast milk (American Academy of Pediatrics, 

2005).  

 Copper, Selenium, Chromium, Manganese, Molybdenum 

and Nickel: 

All these minerals are present in small amounts in breast 

milk (American Academy of Pediatrics, 2005). 

 Enzymes: 

There are over 20 active human- milk enzymes. They can 

be categorized into three general groups by their activity: 

mammary gland function, which reflects physiologic changes 

occurring in the mammary gland itself during lactation; 

compensatory digestive enzymes in human milk, which have 

digestive functions in the neonate; and milk enzymes, important 

in stimulating neonatal development (Hamosh, 1995). 

 Hormones: 

The hormones identified in human milk include 

gonadotrophin-releasing hormone, thyroid- stimulating 

hormone (TSH), gonadotrophin, ovarian hormones, 

erythropoietin, cyclic adenosine monophosphate (cAMP) and 

cyclic guanosine monophosphate (cGMP). The concentration 



  Review of Literature 

 - 11 - 

of hormones change during lactation, with prolactin decreasing 

over time and triiodothronine (T3) and tetraiodo- thyronine (T
4
) 

increasing (Lawrence, 1999). 

 Prostaglandins: 

The concentration of prostaglandins in breast milk is 

more than 100 times the concentration in adult plasma; 

prostaglandins are not present in artificial formula. 

Prostaglandins and gastrointestinal regulatory peptides play a 

major role in digestion and motility (Newton and Edward, 

2004). 

 Growth factors (GFs): 

GF stimulates the proliferation of epidermal and 

epithelial tissues and has significant biologic effects in humans, 

particularly in the fetus and the newborn (Donovan and Odle, 

1994). Its concentration in human milk is 30- 40 ng/ ml, less 

than 2 ng/ ml in bovine milk, and none in several bovine 

milk-based formulas (Iacopetta et al., 1992). 

Artificial feeding: 

Substitutes of breast milk for young infants have been 

developed from the milk of other mammals, through a variety of 

modifications, into the complex formulas that are available 

today. These developments results from improvements in the 

understanding of the chemical and nutrient composition of 

human milk and mammalian milks in general (Aggett et al., 

2001).  

The European Society of Pediatric Gastroentrolology, 

Hepatology and Nutrition (ESPGHAN) recommended that the 

composition of infant formulas should serve to meet the 

particular nutritional requirements and to promote normal 

growth and development of the infants for whom they are 

intended (ESPGHAN, 2005). 
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 Recommendations for Infant Formula Composition: 

 Energy density: 

The international expert group (IEG) proposes an energy 

density of infant formulas in the range of 60-70 kcal/100 ml, 

which is appropriate to support physiological rates of weight 

gain in healthy infants (ESPGHAN, 2005).  

 Proteins: 

The principal nutritional function of food protein is to 

meet physiological needs by supplying adequate amounts of 

dietary indispensible (essential) and of dietary conditionally 

indispensible (conditionally essential) amino acids, and of total 

nitrogen (Scientific Committee on Food, 2003). 

The IEG recommends that the protein content of infant 

formulas based on cow`s milk protein hydrolysates should not 

be less than 1.8 g/100 kcal and not be greater than 3.0 g/100 

kcal (ESPGHAN, 2005).  

 Lipids: 

The recommended total fat content of 4.4-6.0 g/100 kcal 

is equivalent to about 40-45% of energy content which is 

similar values found typically in human milk (Koletzko et al., 

2001).  

Docosahexaenoic acid (DHA, 22: 6n-3) and arachidonic 

acid (AA, 20: 4n-6) are the main LC-PUFA in human milk, 

both are always present (Koletzko et al., 1999). 

Until the benefits and suitability for particular nutritional 

uses and the safety of other additions have been adequately 

demonstrated, the optional addition of DHA should not exceed 

0.5% of total fat intake, and AA contents should be at least the 

same concentration as DHA (ESPGHAN, 2005).  
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 Carbohydrates: 

Carbohydrates are an essential source of energy for the 

infant. The IEG proposes a maximum carbohydrate content of 

14.0 g/100 kcal being equivalent to about 56% of energy 

content and a minimum total carbohydrate content of 9.0 g/100 

kcal (ESPGHAN, 2005) 

 Vitamins: 

Considering vitamin A contents in human milk, a 

presumed higher bioavailability from human milk than infant 

formula, reference intake values and upper tolerable intake 

levels, a content of 60-180 µg RE/100 kcal (retinol equivalent, 

1µg RE = 3.33 IU vitamin A = 1 µg all-trans retinol) is 

recommended (ESPGHAN, 2005).  

No available conclusion to allow a comparative 

assessment of the biologic activity of dietary vitamin D3 and 

vitamin D2 in infants. Therefore, it is recommended to continue 

to use vitamin D3 in infant formulas, rather than vitamin D2, 

until such comparative data might become available (Scientific 

Committee on Food, 2003). 

In agreement with the considerations discussed by 

previous expert panels, vitamin D3 content in the range of 1-2.5 

µg/100kcal is recommended (ESPGHAN, 2005).  

 Infant formula should contain 0.5-5 mg [alpha]-TE/100 

kcal ([alpha]-tocopherol equivalent, 1 mg [alpha]- TE = 1 mg 

d-[alpha]-tocopherol), but not less than 0.5 mg/g linoleic acid or 

equivalent. A maximum intake of 5 mg will suffice to protect 

the proposed maximum contents of polyunsaturated fatty acids 

in the order of 1.5 g/100 kcal.  

Vitamin K levels of current infant formulas, usually 

above 4 µg/100 kcal, provide an effective protection against 

vitamin K deficiency and the occurrence of bleeding (Suzuki et 

al., 2001). 
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Infant formulas should contain the following 

concentrations of water soluble vitamins as shown in table (2). 

Table (2):  Recommended concentrations of water soluble 

vitamins in infant formulas compared by the 

reference intakes of these vitamins 

Water-soluble vitamin 
Reference 

concentration 

Recommended 

concentration/100kcal 

Thiamin (B1) 200-300 µg 60-300µg 

Riboflavin (B2) 300-400mg 80-400µg 

Niacin (B3) 164-343µg 300-1500µg 

Pantothenic acid (B5) 1.2-3mg 400-2000mg 

Pyridoxine (B6) 10-45µg 35-175µg 

Colobalamin (B12) 0.3-0.5µg 0.1-0.5µg 

Folic acid 50-65µg 10-50µg 

 (ESPGHAN, 2005) 

 Minerals and trace elements:  

Infant formulas should contain the following 

concentrations of minerals and trace elements as shown in 

table (3).  


