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Childhood



Bone Health in Children

Community Based Studies
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Bone Health in Children

Immigrant Studies

� Dunnigan et al, 1962: clinical evidence of Vitamin D deficiency in 13.2%

Pakistani children 

� Holmes et al, 1973: clinical evidence of rickets was 30%, biochemical 

evidence was 74%

� Ford et al, 1973: biochemical evidence of rickets in 45% Asian children

� Goel et al, 1976: 2% Asian children had florid rickets, 7.5% sub-clinical 

rickets >> other ethnic groups

� Dunnigan et al, 1981: 14% had radiological evidence of active rickets, 

40% had biochemical evidence; 44% had 25(OH)D < 5 ng/ml

� Later studies: declining prevalence



Bone Health in Children

25(OH)D Measurements in Indian Children

� Raghuramulu and Reddy, 1980: 

� Mean 25(OH)D in rachitic children 7.1 ng/ml <<< non-

rachetic children (lean and normal BMI) 

� Raghuramulu, 1987: 25(OH)D in children with rickets 

(6.5 ng/ml) << healthy children (35.2 ng/ml)



Role of vitamin D deficiency in the etiology 

of rickets: Young Children vs. Adolescents 

� 24 children, 16 adolescents with rickets / osteomalacia

� Young children cf. controls:

� Lower calcium intake

� Similar 25(OH)D levels: 49 ± 38 vs. 61 ± 36 nmol/l

� 16 children had 25(OH)D levels > 25 nmol/L (rachitic range)

� Showed healing when given calcium (± vitamin D)

� Adolescents cf. controls:

� Lower calcium intake

� Lower 25(OH)D levels: 12.6 ± 7.1 vs. 46 ± 45.4 nmol/l

� Showed healing only when given Ca + vitamin D

Balasubramanian et al, 2003 



Vitamin D Status in School Children in Delhi

� 5137 school children

� Socioeconomic stratification:

� 3089 - LSES

� 2048 - USES

� 760 children selected by cluster randomization for detailed 
biochemical / hormonal work up

Am J Clin Nutr, 82: 477



Vitamin D Status in School Children in Delhi

� Two definitions of hypovitaminosis D:

� 25(OH): 9.0-37.6 ng/ml

� 25(OH)D < 20 ng/ml [Lips classification]

Am J Clin Nutr, 82: 477



Serum Alkaline Phosphatase

� Adjusted mean ± SE values for LSES and USES: 

387.1 ± 8.9 IU/L vs. 299.2 ± 10.3 IU/L ( P < 0.01)

� Significant positive correlation between SAP and 

iPTH (r=0.330; P < 0.01)

Am J Clin Nutr, 82: 477



Serum iPTH

Adjusted mean ± SE values for LSES and USES: 

42.8 ± 1.6 mg/dl vs. 23.5 ± 1.9 mg/dl ( P < 0.01)

Sig. neg. correlation between iPTH and 25(OH)D: r = -0.202; P < 0.01
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Serum 25 Hydroxy Vitamin D

Unadjusted mean serum 25(OH)D: 11.8 ±±±± 7.2ng/ml

Adjusted mean ± SE values for LSES and USES were: 

10.4 ± 0.4 ng/dl vs. 13.7 ± 0.4 ng/dl (P < 0.01)

USES 

Females

LSES 

Females

LSES 

Males

USES 

Males

Am J Clin Nutr, 82: 477



Serum 25 Hydroxy Vitamin D

� 35.7% children had 25(OH)D values < 9 ng/ml

� Only 10.3% of these had iPTH levels above normal

� Males had a higher serum 25(OH)D cf. females in both 

SES

� As per Lips classification, hypovitaminosis D seen in:

� 92.6% LSES (11.2% severe, 39.5% moderate, 42.1% 

mild)

� 84.9% USES (4.9% severe, 25.5% moderate, 57.6% 

mild) 

Am J Clin Nutr, 82: 477
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Vitamin D and PTH



Vitamin D status of apparently healthy schoolgirls 

from two different socioeconomic strata in Delhi
Relation to nutrition and lifestyle

� Healthy schoolgirls (6-18 years): LSES =1477; 

USES=1650 

� 404 randomly selected girls (LSES =193, USES 

=211) underwent detailed dietary, biochemical 

and hormonal assessment. 

Br J Nutr 2008; 99:876 



Baseline characteristics, lifestyle and 

biochemical parameters

0.00112.6929.3817.4334.6125(OH)D (nmol/l)

0.61519.733.420.832.4PTH  (pg/ml)

0.000170.3330.6257.5484.5ALP (IU/L)

0.0000.221.350.251.48S. P (mmol/l)

0.0000.12.300.22.22S.Ca (mmol/l)

0.0003.518.72.916.7BMI (kg/m2)

0.00013.041.510.733.9Weight (kg)

0.00014.0146.914.3140.3Height (cm)

0.7043.012.33.212.4Age (years) 

P valueSDMeanSDMean

USES

(n=211)

LSES

(n=193)

Variables

Br J Nutr 2008 ;99(4):876 

� 25(OH) D < 9ng/ml - 30% subjects 

� Hypovitaminosis D (<20 ng/ml): 90.8% of the population



Intake of nutrients

0.000184.8685.5187.4454.2400-600Calcium (mg)

0.00053.685.653.3105.3 Phytate (mg)

0.0006.29.77.513.9-Dietary Fibre (g)

0.0007.449.27.739.522Fat (g)

0.00930.2194.631.6202.8-Carbohydrate (g)

0.0007.143.87.037.4 41-65Protein (g)

0.000677.15849.1716.45542.38151-8611Energy (kJ)

P 

value*

SDMeanSDMean

USES

(n=211)

LSES

(n=193)

SI / RDADiet Variables

Br J Nutr 2008; 99:876 



Vitamin D levels in slum children

82.019.2 n mol/L

(20.2)

52GurgaonAugust

84.017.8 n mol/L

(22.4)

48Rajiv ColonyAugust

82.923.76 n mol/L

(27.03)

49Rajiv Colony February

2.096.3 n mol/L

(25.7)

47SundernagariJanuary

% with 25(OH)D levels

< 35 nmol/L

Mean 25(OH) D
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No.
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studied
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sampling

Tiwari & Puliyel, 2004



The impact of atmospheric pollution on 

vitamin D status of infants and toddlers

Agarwal et al, 2002



Rural Data

� 121 adolescent girls; 139 pregnant women (2nd

trimester); 28 adolescent girls vs 34 male siblings 

� Hypovitaminosis D [25(OH)D < 50 nmol/l]: 88.6% 

adolescent girls; 74% pregnant women

� 25(OH)D levels in summer [55.5 ± 19.8 nmol/l ] > 

winter levels [27.3 ± 12.3 nmol/l ]

� Winter 25(OH)D levels in boys [ 67.5 ± 29.0 nmol/l] 

> female siblings [31.3 ± 13.5 nmol/l]

Sahu et al, 2009



Impact on the clinical manifestation 

of environmental fluoride excess

� Case control study: high fluoride vs. control village

� Skeletal deformities: 20% (HFV) vs 0%(CV)

� Mean serum 25 (OH)D levels were significantly 

lower among the children with deformities as 

compared to those without deformities

Calcif Tissue Int. 2005;76:412 



Pregnant Women



Pregnant Women and their Newborn

� 207 urban and rural pregnant women at full term; cord blood from
117 newborns

� Maternal 25(OH)D  = 14 ng/ml; cord blood 25(OH)D  = 8.4 ng/ml

Maternal 25(OH)D showed:

� Strong positive correlation with cord blood 25(OH)D:

r = 0.79; P < 0.001

� Moderate negative correlation with maternal PTH: 

r = -0.35; P < 0.001 

Sachan et al, 2005



Breast Fed Infants and 

Lactating Mothers



Vitamin D Nutrition status of exclusively 

breast fed infants and their mothers

� 180 healthy lactating mothers and exclusively 
breast fed infants, 2-24 weeks old

� 82% infants had normal nutrition

� Mother-infant pairs underwent concurrent clinical, 
biochemical and hormonal evaluation for Calcium-
Vitamin D-PTH axis 

JPEM 2009



Vitamin D Nutrition Status of Exclusively 

Breast Fed Infants

� 180 exclusively breast-fed 

infants (2-24 weeks) and 

their mothers

� 25(OH)D levels of mothers: 

47.8% < 10 ng/ml; 94% <  

20 ng/ml 

� 25(OH)D levels of infants: 

43.2% < 10 ng/ml; 91% < 20 

ng/ml 

JPEM, 2009

655 ± 311337 ± 172ALP (IU/L)

5.3 ± 1.404.4 ± 1.1Phosphorus 

(mg/dl)

11.6 ± 8.310.9 ± 5.825(OH)D 

(ng/ml)

57.0 ± 61.052.6 ± 52.6PTH (pg/ml)

4.6 ± 0.474.6 ± 0.40Ionized Ca 

(mg/dl)

10.01 ± 1.29.8 ± 0.89 Total Ca 

(mg/dl)

Infants

(Mean ± SD)

Mothers 

(Mean ± SD)

Serum Conc.



Vitamin D status in mothers and infants

11.7 ng/ml10.7 ng/ml25(OH)D level below 

which PTH rose above 

normal

-0.431-0.597Correlation between 

25(OH)D and PTH

3.14.3% Elevated PTH if 

25(OH)D ≥ 10 ng/ml

69.659.3% Elevated PTH if 

25(OH)D < 10 ng/ml

21.113.8- 25(OH)D: < 5 ng/ml

22.833.9- 25(OH)D: 5-10 ng/ml

47.246.1- 25(OH)D: 10-20 ng/ml

91.193.825(OH)D: < 20 ng/ml

Infants (%)Mothers (%)Parameter

JPEM 2009 
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Figure 1: Relationship between serum 25(OH)D levels of mother-infant pairs

JPEM 2009 

60.4% of infants born to mothers with 25(OH)D < 25 nmol/L had 

moderate – severe hypovitaminosis D (vs. 28.7%; P < 0.01)



Hypovitaminosis D and hypocalcemic

seizures in infancy 

� Hypocalcemia is an important cause for seizures 

in infants

� 60 infants with hypocalcemic seizures (serum Ca 

< 8 mg/dl) and their mothers (study group)

� 60 healthy breast-fed infants with their lactating 

mothers (control group) 

� Concurrent evaluation to assess the calcium-

vitamin D-PTH axis 

Indian Pediatrics, 2009



Hypovitaminosis D and hypocalcemic

seizures in infancy

� Wide anterior fontanelle and craniotabes: 13% 

study infants; no control infant  

� Radiological evidence of rickets: 30% study 

infants

� Mothers of study infants had significantly lower 

BMI, calorie and calcium intake and sun exposure 

compared with mothers of control infants 

Indian Pediatrics, 2009



Serum Calcium and Phosphorus levels in 

control and study infant-mother groups 

0.0053.33 ± 1.354.37 ± 0.830.0874.16 ± 0.893.84 ± 0.73Serum IP

(mg/dl)

0.00013.30 ± 0.264.54 ± 0.280.00014.42 ± 0.344.70 ± 0.27Serum Ca 2+

(mg/dl)

0.00017.11 ± 0.46 9.79 ± 0.780.0149.57 ± 0.489.83 ± 0.67Serum tCa

(mg/dl)

P valueStudy

Mean ± SD

Controls

Mean ± SD

P valueStudy

Mean ± SD

Controls

Mean ± SD

InfantsMothersParameter

Indian Pediatrics, 2009



Median serum alkaline phosphatase, 25 (OH)D 

and PTH levels in infant-mother groups 

0.0001132.7  ± 91.7

122.5 (13-490)

69.1 ± 72.4

35 (17-416)

0.5660.6  ± 37.6

52  (10-160)

64.4 ± 56.2

45 (10-260)

PTH

(pg/ml)

0.00014.9 ± 4.6

3.75 (1-18)

9.0 ± 4.6

11 (1-15.4)

0.007

0.0009

6.5 ±5.3

4.9 (1-21)

9.1 ± 4.8

10.25 (1-24)

25 OH D

(ng/ml)

0.00011738.5 ± 499.2

1653(960-3278)

557.2 ±167.4

567 (236-860)

0.0001654.8 ±141.4

646 (410-990)

310.5 ±102.8

283 (172-635)

ALP

(IU/L)

P 

value

Study

Mean ± SD

Median (range)

Controls

Mean ± SD

Median (range)

P valueStudy

Mean ± SD

Median (range)

Controls

Mean ± SD

Median (range)

InfantsMothersParameter

Indian Pediatrics, 2009



Serum 25 (OH) D levels in control and 

study subjects 
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Vitamin D nutrition in mothers and infants

� Significant inverse correlation between 25 (OH) D and 

PTH: study (r = - 0.22, p<0.04) and control (r = - 0.72; 

p<0.0001) mothers 

� No significant correlation between PTH and 25(OH)D in 

study infants; r = - 0.65; P < 0.0001 in control infants

� Among study infants with 25 (OH) D <10ng/ml, 75% had 

raised PTH in contrast to only 3.1% infants with 25(OH) 

D>10ng/ml



Vitamin D nutrition: Correlation between 

mother-infant pairs

� Strong positive correlation between serum 

25(OH)D levels of mother-infant pairs

� Infants born to mothers with 25 (OH) D <10 ng/ml 

had a 40 times increased risk of 

hypovitaminosis D when compared to those born 

to mothers with 25(OH) D levels >10 ng/ml. 



Vitamin D status in Pregnancy / 

Lactation / Infants / Children

Conclusions

� Significant prevalence of biochemical hypovitaminosis D 

across physiological states

� Socio-economic status, nutrition have an important bearing

� Impact of environment on occurrence of hypovitaminosis D

� Impact of vitamin D status on skeletal disease resulting 

from environmental toxicity

� Need to discuss potential public health interventions: at 

least in high risk states (pregnancy / lactation/ growing 

infant and children)
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