
Review Article

Management of Vitamin D Deficiency in Children: An Update
SURAIYA BEGUM1, KOHINOOR JAHAN SHYAMALY2, BARAKA BADRUDDUZA TITHI2, ROMANA

OMANA AHKTER2, RUKHSANA PARVIN2, MUHAMMAD REJAUL KARIM2, ISMAT ARA JANNAT3

Abstract

Vitamin D is a steroid hormone that plays a major role in maintaining skeletal health

and it also has a role in disorders other than bone metabolism. In the paediatric

population, vitamin D deficiency has emerged as a significant public health problem

throughout the world and majority of children has vitamin D deficiency in spite of wide

availability of sunlight. Vitamin D deficiency status is defined as deficiency when

25(OH)D level is less than 30 ng/mL (75 nmol/L) The manifestations of deficiency

may vary from hypocalcemic seizures and tetany in infancy, florid rickets in toddlers,

and pain in adolescent. Vitamin D deficiency is associated with other different clinical

diseases, such as, insulin resistance, metabolic syndrome, respiratory tract infections,

asthma, and autoimmune diseases. It is also associated with prematurity, obesity,

malabsorption, extreme latitudes and little sunlight exposure. Routine supplementation

of vitamin D starting from newborn period is endorsed by various international

organizations. Prevention by adequate sunlight exposure, food fortification and routine

supplementation are the currently available options for this nutritional deficiency. In

conclusion, vitamin D deficiency is highly prevalent in the paediatric age group. Aim of

this review article is to discuss the health benefits of vitamin D and to provide

recommendations for the prevention and treatment of vitamin D deficiency.
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Introduction:

Vitamin D is important for bone development in

children.1It also has many non-calcemic functions,

including immune, cardiovascular, endocrine,

neuropsychological functions, neuromuscular

performance, cellular differentiation, and anticancer

actions.2,3 Vitamin D deficiency causes rickets among

children which represents only the tip of the vitamin

D deficiency iceberg. Vitamin D deficiency was initially

considered quite rare as most of the studies were

based on serum calcium and alkaline phosphatase.4

Currently its potential health implications are the

subject of significant interest. There is a high

prevalence of vitamin D deficiency among children

which is up to 85 to 98% in several studies.5.6 The

risk factors associated with vitamin D deficiency are

inadequate exposure to sun, atmospheric pollution,

darker skin pigmentation, low physical activity, indoor

confinement of children and high rise buildings. 7-10

Over the last two decades, concept about vitamin D,

its function and deficiency has changed remarkably.

In this review, the current knowledge on diagnosis,

screening, prevention and treatment of vitamin D

deficiency is discussed.

Physiology of vitamin D:

Vitamin D known as ‘the sunshine vitamin’ is a pro-

hormone.  Different forms of vitamin D are

cholecalciferol, calcidiol (25-OHD), and calcitriol

(1,25-OHD). Cholecalciferol has two physiologically

active forms, vitamin D2 (ergocalciferol), and vitamin

D3 (cholecalciferol).11 Source of vitamin D2  is food

which is formed from ultraviolet (UV) radiation in

plants and yeast, and vitamin D3 is synthesized in

the skin from 7-dehydrocholesterol. Vitamin D in

animal origin is cholecalciferol (vitamin D3), sources



are fish, such as eel, salmon, herring and to a lesser

extent - egg yolk, cheese and milk.12 It is estimated

that balanced diet covers 10-20% of the required daily

vitamin D intake. The production of vitamin D is

dependent on the amount of ultraviolet ray reaching

the skin, and is therefore influenced by skin

pigmentation, use of sunscreen, type of clothing,

season of the year, and geographical latitude. Sun

exposure cannot result in toxic vitamin D

concentrations.7 As skin synthesis is varied and

balanced diet cannot provide the complete vitamin

D requirement, so an appropriate vitamin D

supplementation plays a crucial role in maintenance

of the optimal health outcomes.12 Prevention of

vitamin D deficiency at the population level, a

mandatory fortification of selected food products

(milk, dairy products, cereals, orange juice, margarine

and pasta) is provided in some countries.13 Vitamin

D is converted by 25-hydroxylase enzyme to

25(OH)D in liver and then converted to 1,25-

dihydroxyvitamin D in kidneys by 1 á-hydroxylase

enzyme.11

Epidemiology of Vitamin D deficiency:

Vitamin D deficiency is the most common nutritional

deficiency.14 It is one of the most common

undiagnosed medical conditions in the world. It has

been estimated that one billion people worldwide

have vitamin D deficiency or insufficiency.15 Though

majority of population in this subcontinent receive

sunlight throughout the year, vitamin D deficiency is

very common in all the age groups and both the

sexes.16 One study found that about 80% of

Bangladeshi children had vitamin D deficiency and

there was no difference in relation to sex and

socioeconomic condition.17 Agarwal et al in their study

showed that in exclusively breastfed infants, 55.67%

at 10 weeks and 44.33% infants at 6 months had

vitamin D deficiency and 16.49% infants developed

rickets.18 In Delhi of India, 93.7% children aged 6-17

years have shown to be deficient in vitamin D.19

Prevalence of Vitamin D deficiency was noted to be

almost similar in children from both upper (91.9%)

and lower (89.6%) socio economic strata.6

Pathophysiologyof Vitamin D deficiency:

Inadequate circulating 25(OH)D is associated with

secondary hyperparathyroidism which may result in

increased mobilization of calcium from the bone.20

Vitamin D deficiency with or without calcium

deficiency may result in rickets in infants/toddlers or

osteomalacia, pain, and muscle weakness in older

children/adolescents.15 Vitamin D deficiency may

also have a negative impact on the peak bone mass

resulting in low bone mineral density in childhood,

which may subsequently result in osteoporosis in

adulthood.21 Maternal vitamin D deficiency may result

in hypocalcemic seizures, rickets and rarely

cardiomyopathy in neonate.22 Vitamin D not only

regulates calcium and bone metabolism but also

reduces the risk of chronic diseases including

autoimmune diseases, malignancies, cardiovascular

and infectious diseases. Vitamin D binds to vitamin

D receptors on various cells which participate in

immune responses, and modulate activation and

deactivation of the innate and adaptive responses

by its effect on B-lymphocyte and T-lymphocyte

function.23 Vitamin D deficiency being associated with

autoimmune diseases such as type 1 diabetes and

multiple sclerosis.24,25  Protective effects of vitamin

D supplementation have been demonstrated against

rheumatoid arthritis, autoimmune thyroiditis and

inflammatory bowel disease.26,27 Low levels of

vitamin D level was associated with increased

susceptibility of sepsis.28  The biologically active form

of vitamin D can modulate gene expression, inhibit

the cellular proliferation, induction of differentiation,

and apoptosis ultimately inhibiting the cell growth of

cancer. An increased incidence of VDD was observed

in children suffering from cancer (leukemia/

lymphoma or solid tumors) as compared to the control

and vitamin D supplementations reduced total cancer

mortality.29,30  In all the age groups, Vitamin D

deficiency is related to bone pain and increased

susceptibility to bone fractures.31

In vitamin D deficiency, a three-stage regulatory

mechanism was described. Initially, a compensatory

increase of parathormone (PTH) secretion to sustain

normo-calcemia. A relative resistance to PTH may

develop resulting in decreased calcium

concentrations and increased phosphate

concentrations. At this stage, symptoms of

hypocalcemia, including tetanic convulsions, may

occur. Osteopenia is visible on radiographs, without

typical ricketic lesions. In the next stage, when vitamin

D deficiency continues to progress, PTH resistance

gets overcome leading to improved calcemia,

hypophosphatemia and clinical and radiological

manifestation of rickets, Alkaline phosphatase (ALP)

increases and 1,25(OH)2D is normal or increased.

When vitamin D deficiency becomes very severe and

1,25(OH)2D synthesis is markedly inhibited, the

calcitriol concentration decreases, and absorption of

both calcium and phosphorus is impaired, along with

persistent elevation of PTH and increased ALP.20
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Classification of vitamin D deficiency32

Vitamin D status is measured through assay of

25(OH) D. Twenty-five (OH)D is the major circulating

form of vitamin D with a half-life of 2-3 weeks and its

levels are the best indicators of vitamin D status.

Although calcitriol is the active form, it has a half-life

of only 4 hours and it is not a good indicator of vitamin

D stores. Optimum level of 25(OH)D is more than

30pg/ml (> 75 nmol/L) and  hypercalcaemia is

associated with 25(OH) D when the level is more

than 150 ng/mL (> 374 nmol/L).

Etiology of vitamin D Deficiency:

No age is immune for vitamin D deficiency and

causes of vitamin d deficiency are decreased

synthesis, intake, absorption and increased

degradation of vitamin D.20

Table-I

Classification of vitamin D deficiency

Vitamin D status ng/mL nmol/L

Severe deficient <5 12.5

Deficient <20 <50

Insufficient 20-30 50-75

Sufficient >30 >75

Risk of Toxicity 100 250

Intoxication >150 >374

Table-II

Etiology of vitamin D Deficiency

Decreased vitamin D synthesis Skin pigmentation, physical agents blocking UVR exposure,

clothing, latitude, season, air pollution, cloud cover, altitude,

sedentary lifestyle

Decreased nutritional intake of vitamin D Strict vegetarian, high phytates and oxalates diet

Age and physiology related Prematurity, Elderly, obese and institutionalized

Decreased maternal vitamin D stores Exclusive breast feeding

Malabsorption  Celiac disease, pancreatic insufficiency (cystic fibrosis), biliary

obstruction (biliary atresia)

Decreased synthesis Chronic liver disease

Increased degradation of 25 (OH) D Drugs such as rifampicin, isoniazid, anticonvulsants,

glucocorticoids.

Vitamin D levels is low in breast milk which is on

average 22 IU/L (15 -80 IU/L) in vitamin D sufficient

mother.33 The prevalence of Vitamin D deficiency in

term breastfed infants without vitamin D

supplementation was  40% at four months of age in

the USA, and  83% at one month of age in Qatar34,35

Vitamin D deficiency is common in infancy due to

several factors such as – decreased dietary intake,

decreased cutaneous synthesis, exclusive breast

feeding, and low maternal vitamin D.36  Individuals

aged 11–18 years are among the groups of increased

risk of vitamin D deficiency due to rapid and significant

weight gain, an acceleration of skeletal growth, rapid

bone turnover and modeling, redistribution of muscle-

fat compartments, sedentary behavior and dietary

habits. This is the target group of special concern

and highlighted a need to increase a recommended

vitamin D daily dose.37

Clinical features of vitamin D deficiency:

Vitamin D deficiency is often a silent disease. By

definition, rickets occurs in children whose growth

plates have not fused.20 These children often walk

quite late or prefer to sit down for prolonged periods.

In children with a severe vitamin D deficiency, bowing

in the legs may be found. In adolescents and adults

with a severe vitamin D deficiency, periosteal bone

painmay be found. This is best-detected by using firm

pressure on the sternal bone or tibia. Vitamin D

deficiency is often associated with other clinical

diseases, such as, insulin resistance, metabolic

syndrome, respiratory tract infections, asthma, and

autoimmune diseases.
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Severe vitamin D deficiency:

Advanced stages of nutritional rickets and osteomalacia

are characterized by bone deformities, hypocalcemic

seizures, tetany, severe bone pain, significant muscle

weakness, hypocalcemic cardiomyopathy, circulatory

failure, disorders of psychomotor and physical

development, and short stature.38-40

Screening of vitamin D

Indian Academy of Pediatrics (IAP) Guidelines on

vitamin D deficiency do not recommend routine

screening of healthy children. The screening is

done in people who are at risk of Vitamin D

deficiency.31

Table-III

Symptoms and signs of vitamin D deficiency in children20

Infants Seizures, tetany and cardiomyopathy

Children Aches and pains; myopathy causing delayed walking; rickets with bowed legs, knock

knees, poor growth and muscle weakness

Adolescents Aches and pains, muscle weakness, bone changes of rickets or osteomalacia

Biochemical change and radiography:

Table-IV

Biochemical Markers and radiography of vitamin D deficiency in children41

Stages Serum Serum ALP PTH 25(OH)D  1,25 (OH)D3 Radiography

calcium phosphorus

Early N /¯ ¯/N   ¯ N Osteopenia

Moderate N /¯ ¯   ¯¯  Rachitic changes 1+

Severe ¯¯ ¯/N   ¯¯¯ /N /¯ Rachitic changes 2+

Table-V

Indications of screening of vitamin D deficiency32

i. Dark skinned infants who live at higher altitude and infants born to Vitamin D deficient mothers.

ii. In the presence of nonspecific symptoms like poor growth, gross motor developmental delay and unusual

irritability.

iii. Children with suspected rickets, those with osteoporosis.

iv. Chronic kidney disease

v. Hepatic failure

vi. Malabsorption syndromes:

1. Cystic fibrosis

2. Inflammatory bowel disease

3. Crohn’s disease  

vii. Hyperparathyroidism

viii. On medications:

1. Anticonvulsants

2. Glucocorticoids

3. AIDS medications

4. Antifungals (ketoconazole)

ix. Obese children and adults (BMI > 30kg/m2)

x. Granuloma forming disorders:

1. Sarcoidosis

2. Tuberculosis

3. Histoplasmosis

XI.  Children with non-traumatic fall
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Treatment of vitamin D deficiency:

Vitamin D therapy is necessary for infants and

children who manifest clinical features of

hypocalcemia as a result of vitamin D deficiency or

rickets and when vitamin D levels are in the deficient

range even if asymptomatic.20  For infants, daily

vitamin D intake should be initiated by one month of

life. Duration of treatment is for a minimum of 3

months; after treatment, daily maintenance doses

should be given.

Studies have shown that vitamin D3 is at least 3

times more potent than vitamin D2.42 Hence

supplements containing D3 may be preferred.

Loading load is justified when everyday regular

supplementation of vitamin D is not possible

because of socioeconomic reasons or limitations

of the health care system.

Prevention of vitamin D deficiency

Balanced diet covers up to 10% of the required daily

vitamin D intake.43 When an additional source such

as skin synthesis is scarce, only balanced diet can

not provide the complete vitamin D requirement, so

vitamin D supplementation is needed for

maintenance of the optimal health. For preventing of

vitamin D deficiency at the population level,

mandatory fortification of selected food products is

provided in some countries.44 The most important

factor determining the vitamin D status in infancy is

the maternal vitamin D status.45 Preterm infants

should be supplemented from birth because of

inadequate transfer of maternal vitamin D, poor

feeding and impaired absorption.36  For infants, daily

vitamin D intake should be initiated within few days

after birth

Sources of Vitamin D

Sunlight:  Most of the circulating vitamin D is

provided by synthesis from skin exposure to

ultraviolet radiation.42  At solar noon between 10.00

– 15.00 hours, the ratio of UVB – UVA light is the

highest.46  Exposure to sunlight about 18% of the

body surface area including face, uncovered

forearms, hand and lower limbs for 10-30 minutes

depending on time of day, season, latitude, and skin

pigmentation, at least 3 times a week is adequate.47

But it is difficult to achieve because of modernization

and cultural practices so supplementation and

fortification is needed. Asian children require three

times the recommended amount of sun light

exposure to maintain the vitamin D levels

because of dark skin color. Fortified foods and

supplementation are important source of vitamin D.48

Dietary  vitamin D:

Dietary sources of vitamin D are scarce and include

mainly fatty fish and egg yolk.49 In some European

countries, certain foods are fortified with vitamin D.

These include milk, dairy products, margarine,

breakfast cereals, and fruit juices.

Calcium supplementation:

While managing vitamin D deficiency, calcium

supplementation is very important for avoiding

subsequent hypocalcaemia from an increase bone

mineralization as PTH levels normalize due to hungry

bone syndrome.

Table-VI

Prevention and treatment of vitamin D deficiency (Indian Academy of Pediatrics (IAP) guideline31

Age Prevention Treatment Treatment with large dose (oral route

preferred)

Premature Neonates 400 IU/day 1000 IU/day NA

Neonates 400 IU/day 2000 IU/day NA

1-12 months 400IU/day 2000IU/day 60,000IU weekly (over 3 months of age)

1-18 years 600IU/Day 3000-6000 IU/day 60000 IU weekly

At risk groups 400-1000IU/day As per age group As per age group
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Calcium preparations: Calcium carbonate is the most

common form of calcium supplements. Calcium

gluconate is less concentrated form of calcium and

are not practical oral supplements. The maximal dose

of elemental calcium that should be taken at a time

is 500 mg.36

Monitoring therapy in rickets:

Estimation of serum calcium, phosphorus and PTH

levels are recommended 1 month after initiation of

therapy. Usually calcium and phosphorus levels

become normal within 6-10 days whereas PTH,

25(OH)D levels normalize within 1-2 months and

serum alkaline phosphatase by 3-6 months. Evidence

of healing is evident within one month and complete

healing takes longer time. After 3 months it is

recommended to obtain serum levels of calcium,

phosphorus, serum ALP, 25(OH)D, PTH, and a

repeat X-ray if there are bone changes present

initially. Subsequently 25(OH)D levels may be

monitored yearly.20

Conclusion

Vitamin D deficiency is a global public health problem

even in tropical regions where the risk of deficiency

assumed to be low due to sunlight.  The prevalence

of vitamin D deficiency is very high and alarming in

children. Only small percentage of patients are

presented with rickets. Vitamin D deficiency is also

associated with extra-skeletal problems. Four

hundred IU of vitamin D supplementation should be

started as universal coverage in all infants and

fortification of food for all age group to be initiated for

prevention of vitamin D deficiency disorders.

Screening is needed in high risk groups and treatment

should be given in vitamin D deficiency appropriately

for prevention of health-related consequences.

National authorities should adopt policies aimed at

improving vitamin D status by using measures such

as dietary recommendations, food fortification, and

vitamin D supplementation.

References:

1. Jain V, Gupta N, Kalaivani M, Jain A, Sinha A,

Agarwal R. Vitamin D deficiency in healthy

breastfed term infants at 3 months and their

mothers in India: Seasonal variation and

determinants. Indian J Med Res 2011; 133:

267-73.

2. Maruotti N, Cantatore FP. Vitamin D and the

immune system. J Rheumatol 2010; 37:491-5.

3. Krishnan AV, Trump DL, Johnson CS, Feldman

D. The role of Vitamin D in cancer prevention

and treatment. Endocrinol Metab Clin North Am

2010; 39:401-18.

4. Goswami R, Gupta N, Goswami D, Marwaha

RK, Tandon N, Kochupillai N. Prevalence and

significance of low 25hydroxyvitamin D

concentrations in healthy subjects in Delhi. Am

J ClinNutr 2000; 72:472-5.

5. Garg MK, Marwaha RK, Khadgawat R, Ramot

R, Obroi AK, Mehan N, et al. Efficacy of Vitamin

D loading doses on serum 25-hydroxy Vitamin

D levels in school going adolescents: An open

label non-randomized prospective trial. J

PediatrEndocrinolMetab 2013; 26:515-23.

6. Puri S, Marwaha RK, Agarwal N, Tandon N,

Agarwal R, Grewal K, et al. Vitamin D status of

Table-VII

Management of Hypocalcaemia Due to Vitamin D deficiency32

Symptomatic hypocalcaemia due to vitamin D

deficiency

Asymptomatic vitamin D deficiency

IV calcium gluconate (1-2ml/kg) (up to maximum of

20 ml/ dose) 1-2 doses (till symptoms subside). Then

oral calcium 30-75mg/kg/day (up to a maximum of

1-2 g/ day) in 3 divided doses for 1-2 weeks

Oral calcium 30-75mg/kg/day (up to a maximum of

1 – 2 g/ day) in 3 divided doses for 1-2 weeks

Reduce the dose by half and continue till PTH and

vitamin D becomes normal. Calcitriol 0.05 mcg/kg/

day (up to a maximum of 0.5 mcg/ day) may be

needed till calcium levels normalize.

Reduce the dose by half and continue till PTH and

vitamin D becomes normal. Calcitriol 0.05 mcg/kg/

day (up to a maximum of 0.5 mcg/ day) may be

needed till calcium levels normalize.

BANGLADESH J CHILD HEALTH 2019; VOL 43 (3) : 170 Management of Vitamin D Deficiency in Children: An Update



apparently healthy schoolgirls from two different

socioeconomic strata in Delhi: Relation to

nutrition and lifestyle. Br J Nutr 2008; 99:

876–82.

7. Ekbote VH, Khadilkar AV, Mughal MZ,

Hanumante N, Sanwalka N, Khadilkar VV et al.

Sunlight exposure and development of rickets

in Indian toddlers. Indian J Pediat 2010; 77:61–

5.

8. Agarwal KS, Mughal MZ, Upadhyay P, Berry JL,

Mawer EB, Puliyel JM. The impact of

atmospheric pollution on Vitamin D status of

infants and toddlers in Delhi, India. Arch Dis

Child 2002; 87:111–3.

9. Wagner CL, Greer FR. American Academy of

Pediatrics Section on Breastfeeding; American

Academy of Pediatrics Committee on Nutrition.

Prevention of rickets and Vitamin D deficiency

in infants, children, and adolescents. Pediatrics

2008; 122:1142–52.

10. Hollis BW. Circulating 25-hydroxyvitamin D

levels indicative of Vitamin D sufficiency:

Implications for establishing a new effective

dietary intake recommendation for Vitamin D. J

Nutr 2005; 135:317–22.

11. Holick MF, MacLaughlin JA, Clark MB, Holick

SA, Potts JT Jr, Anderson RR et al.

Photosynthesis of previtamin D3 in human skin

and the physiologic consequences. Science

1980; 210(4466):203–5.

12. Spiro A, Buttriss JL. Vitamin D: an overview of

vitamin D status and intake in Europe. Nutr Bull

2014; 39:322–50.

13. Cashman KD, van den Heuvel EG, Schoemaker

RJ, Prévéraud DP, Macdonald HM, Arcot J. 25-

hydroxyvitamin D as a biomarker of vitamin D

status and its modeling to inform strategies for

prevention of vitamin D deficiency within the

population. AdvNutr 2017; 8:947–57.

14. Holick MF. Vitamin D: extraskeletal health.

Rheum Dis Clin North Am 2012; 38:141-60.

15. Holick MF, Vitamin D deficiency. N Engl J Med

2007; 357:266-81.

16. Harinarayanan CV, Joshi SR. Vitamin D status

in India – Its implications and remedial

measures. J Assoc Physicians 2009; 57: 40-8.

17. Zaman S, Hawlader MDH, Biswas A, Hasan M,

Jahan M, Ahsan GU. High Prevalence of Vitamin

D Deficiency among Bangladeshi Children: An

Emerging Public Health Problem. Health

2017;9: 1680-8.

18. Agarwal N, Faridi MM, Aggarwal A, Singh

O.Vitamin D Status of term exclusively breastfed

infants and their mothers from India.

ActaPaediatr 2010; 9:1671-4.

19. Marwaha RK, Tandon N, Agarwal N, Puri S,

Agarwal R, Singh S et al. Impact of two

regimens of vitamin D supplementation on

calcium - vitamin D - PTH axis of schoolgirls of

Delhi. Indian Pediatr 2010; 47:761-9.

20. Misra M, Pacaud D, Petryk A, Collett-Solberg

PF, Kappy M. Drug and Therapeutics

Committee of the Lawson Wilkins Pediatric

Endocrine Society. Vitamin D deficiency in

children and its management. Review of current

knowledge and Recommendations. Pediatrics

2008; 122; 398-417.

21. Gupta A.Fortification of foods with vitamin D in

India. Nutrients 2014; 6:3601-23.

22. Wharton B, Bishop N. Rickets. Lancet 2003;

362(9393): 1389–400.

23. Bhalla AK, Amento EP, Clemens TL, Holick MF,

Krane SM. Specific high-affinity receptors for

1,25-dihydroxyvitamin D3 in human peripheral

blood mononuclear cells: presence in

monocytes and induction in T lymphocytes

following activation. J ClinEndocrinolMetab.

1983;57:1308 –10.

24. Staples JA, Ponsonby AL, Lim LL, McMichael

AJ. Ecologic analysis of some immune-related

disorders, including type 1 diabetes, in Australia:

latitude, regional ultraviolet radiation, and

disease prevalence. Environ Health Perspect.

2003;111:518 –23.

25. McMichael AJ, Hall AJ. Does immuno-

suppressive ultraviolet radiation explain the

latitude gradient for multiple sclerosis?

Epidemiology. 1997;8:642– 5

26. Kostoglou-Athanassiou I, Athanassiou P, Lyraki

A, Raftakis L, Antoniadis C. Vitamin D and

rheumatoid arthritis. TherAdvEndocrinolMetab

2012; 3:181-7.

Management of Vitamin D Deficiency in Children: An Update BANGLADESH J CHILD HEALTH 2019; VOL 43 (3) : 171



27. Cantorna MT, Munsick C, Bemiss C, Mahon BD.

1,25- Dihydroxycholecalciferol prevents and

ameliorates symptoms of experimental murine

inflammatory bowel disease. J Nutr. 2000; 130:

2648–52.

28. Upala S, Sanguankeo A, Permpalung N.

Significant association between vitamin D

deficiency and sepsis: a systematic review and

meta-analysis. BMC Anesthesiol 2015; 4:15:

84-7.

29. Mohan R, Mohan G, Scott JX, Rajendran A,

Paramasivam V, Ravindran M. Vitamin D

insufficiency among children with cancer in

India. Indian J Med PaediatrOncol 2016; 37:

14-9.

30. Keum N, Giovannucci E. Vitamin D

supplements and cancer incidence and

mortality: a meta-analysis. Br J Cancer 2014;

111: 976-80.

31. Khadilkar A, Khadilkar V, Chinnappa J, Rathi

N, Khadgawat R, Balasubramanian S, et al;

Indian Academy of Pediatrics ‘Guideline for

Vitamin D and Calcium in Children’ Committee.

Prevention and Treatment of Vitamin D and

Calcium Deficiency in Children and Adolescents:

Indian Academy of Pediatrics (IAP) Guidelines.

Indian Pediatr2017; 54:567-73.

32. Holick MF, Binkley NC, Bischoff-Ferrari HA,

Gordon CM, Hanley DA, Heaney RP. Evaluation,

treatment, and prevention of vitamin D

deficiency: An Endocrine Society clinical

practice guideline. J ClinEndocrinMetab 2011;

96:1911-30.

33. Leerbeck E, Sondergard H. The total amount

of VD in human milk and cow‘s milk. Br.J.Nutr

1980;44(1):7-12.

34. Merewood A, Mehta SD, Grossman X, Chen

TC, Mathieu J, Holick MF, et al. Vitamin D status

among 4-month-old infants in New England: a

prospective cohort study. Journal of Human

Lactation 2012;28:159–66.

35. Salameh K, Al-Janahi NS, Reedy AM, Dawodu

A. Prevalence and risk factors for low vitamin D

status among breastfeeding mother-infant in an

environment with abundant sunshine.

International Journal of Women’s Health 2016;

8:529–35.

36. Balasubramanian S, Dhanalakshmi K,

Amperayani S. Vitamin D deficiency in

childhood-A review of current guidelines on

diagnosis and management. Indian Pediatr

2013; 50:669-75.

37. Rusin´ska A, P³udowski P, Walczak M,

BorszewskaKornacka MK, Bossowski A,

Chlebna-Sokó³ D. Vitamin D Supplementation

Guidelines for General Population and Groups

at Risk of Vitamin D Deficiency in Poland—

Recommendations of the Polish Society of

Pediatric Endocrinology and Diabetes and the

Expert Panel With Participation of National

Specialist Consultants and Representatives of

Scientific Societies-2018 Update. Front.

Endocrinol 9:246. doi: 10.3389/fendo. 2018.

00246

38. Basatemur E, Sutcliffe A. Incidence of

hypocalcemic seizures due to vitamin D

deficiency in children in the United Kingdom and

Ireland. J ClinEndocrinolMetab 2015; 100(1):

91-5.

39. Ariganjoye R. Pediatric hypovitaminosis D:

molecular perspectives and clinical implications.

Glob Pediatr Health 2017. Doi: 10.1177/

2333794X16685504.

40. Bhattoa HP, Konstantynowicz J, Laszcz N,

Wojcik M, Pludowski P. Vitamin D: musculo-

skeletal health. Rev Endocr Metab Disord  2017;

18(3):363–71.

41. Levine M, Zapalowski C, Kappy M.Disorders of

calcium, phosphate, parathyroid hormone and

vitamin D metabolism. In: Kappy MS, Allen DB,

Geffner ME, eds. Principles and Practice of

Pediatric Endocrinology.4th ed. Springfield, IL:

Charles C. Thomas Co; 2005.p.695-13

42. Asmas LA, Hollis BW, Haeney RP. Vitamin D2

is much less effective than vitamin D3 in

humans. J. Clin Endocrinol Metab.2004; 89:

5387-91.

43. Specker BL, Valanis B, Hertzberg V, Edwards

N, Tsang RC. Sunshine exposure and serum

25- hydroxy vitamin D concentrations in

exclusively breastfed infants. J. Pediatr1985;

107:372-6.

44. Ross AC, Taylor CL, Yaktine AL, Dell Vale HB.

Dietary Reference Intakes for Calcium and

BANGLADESH J CHILD HEALTH 2019; VOL 43 (3) : 172 Management of Vitamin D Deficiency in Children: An Update



Vitamin D. Washington, DC:The National

Academies Press; 2011.Dio. Org/10.17226/

13050.

45. Moy R, Shaw N, Mather I. Vitamin D

supplementation in pregnancy. Lancet 2004;

363 (9408):574.

46. Joiner TA, Foster C, Shope T. The many faces

of vitamin D deficiency rickets. Pediatr Rev

2000; 21:296-302.

47. Holick MF, Garabedian M. Vitamin D:

photobiology, metabolism, mechanism of action,

and clinical applications. In: Favus MJ, ed.

Primer on the metabolic bone diseases and

disorders of mineral metabolism. 6th ed.

Washington, DC: American Society for Bone

and Mineral Research 2006:129-37.

48. Lamberg-Allardt C. Vitamin D in foods and as

supplements. ProgBiophysMolBiol 2006; 92:

33-8.

49. Babu US, Calvo MS. Modern India and the

vitamin D dilemma: evidence for the need of a

national food fortification program. MolNutr

Food Res 2010; 54: 1134-47.

Management of Vitamin D Deficiency in Children: An Update BANGLADESH J CHILD HEALTH 2019; VOL 43 (3) : 173


