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Studies on bone mineral health in children have been primarily based on clinical, biochemical and
radiological evidence. Measurement of vitamin D levels and bone mass by non invasive imaging
techniques like dual energy X-ray absorptiometry (DEXA), have led to a plethora of data regarding
various factors responsible for bone mineral health from various countries including India. We
reviewed the currently available evidence on status of calcium-vitamin D-parathormone (PTH)
relationship and bone mineral density (BMD) in apparently healthy children. High prevalence of
clinical and biochemical hypovitaminosis D exists in apparently healthy school children from north
India. Also, children from upper socio-economic strata (USES) from Delhi had significantly higher
mean BMD values at distal forearm (BMDdf) and calcameum (BMDca) than those from lower
socio-economic strata (LSES). Age, nutrition, height and weight were seen to be significantly
associated with BMD at peripheral sites.
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Optimal bone mineral health during childhood and of growth, but also during adulthood and old age.
adolescence leads to adequate peak bone mass whic@onsidering this fact, industrialized countries in the
acts as a safeguard against osteoporosis an®Vest have made fortification of milk and other food
susceptibility to fractures in adulthood and old age. products with vitamin D a routine practice. In
About 40-50 per cent of total skeletal mass is contrast, food fortification with vitamin D was never
accumulated during childhood and adolescence. Studiegonsidered in tropical countries like India due to the
show that 60-80 per cent variability in bone mass iswidely held notion that adequate sunshine is
due to genetic factors, with nutrition, lifestyle, physical ayajlable. But the findings from hospital-based
activity and hormonal factors causing the ¥ésit is sy dies show evidence to the contrary, that vitamin
precisely during this period that any nutritional or non p geficiency is present in a significant proportion of
pharmacologic strategies are likely to have the greatesbenereu population in Indf4 It has also been noted

impact on peak bone mass. that osteoporotic fractures occur 10-20 yr earlier in

Calcium and vitamin D nutrition appear to have Indian men and women, compared to Caucasians in
greatest effect on bone mass, not only during periodthe West

239



240 INDIAN J MED RES, MARCH 2008

Clinical examination to detect overt cases of healthy adolescents in Delhi with no significant
vitamin D deficiency would represent only the ‘tip of difference between the two socio-economic gréups
an iceberg’ of vitamin D insufficienéyWhile severe  In a similar age group, symptomatic rickets was
vitamin D deficiency, usually associated with 25(OH) observed in 68 per 100,000 years in Saudi Aféhiad
D levels <5.0 ng/ml, results in rickets and osteomalacia,9.4 per cent in Chirté
even less severe deficiency has been associated with a

number of negative skeletal consequences includin aborat_ory _ewden_ceA comparison of our data on
secondary hyperparathyroidism, increased boneS€rum vitamin D with other studies may not be entirely

turnover. enhanced bone loss and fracturd-¥sk appropriate given the fact that different studies have
’ been conducted in different seasons and using different

Bone mass is the most important determinant ofassays. Nonetheless, using the Lips classificiion
bone strength. Bo'ne mass measurements _are_useful Kevere hypovitaminosis D (<5 ng/ml) was seen in 8.6
the early detection of bone loss, monitoring of per cent of our study populatnwhile it was seen in
therapeutic responses and prediction of fracture risk in23 5 per cent of Finnish adolescétasd 45.2 per cent
osteoporosis. Prospective studies have noted anyf Chinese adolescents in wirifeln the latter study,
increased risk of fractures with decreasing bone densitygeyere hypovitaminosis D was present in only 6.7 per

and a 2-3 fold increase of fracture risk for every cent when the cohort was evaluated in summesthier
reduction in the standard deviation of bone mass at th%tudies from Finland, using cut-offs of 8-10 ng/ml, the

spine and hip& Significant reduction in fracture risk prevalence of hypovitaminosis D was approximately
has been shown in elderly women by (10-20%) aftery3 5 per et which compares with 37 per cent of

supplementation with calcium and vitamir’D children in this study having serum 25(OH)D <9 ng/ml

In developing countries like India, data on clinical (lower limit of manufacturer's normal range).

and sub clinical vitamin D deficiency status are scarce.
While there have been scattered epidemiological
studies, few have provided detailed clinical and

biochemical information on the prevalence of

hypovitaminosis D in the population. Also, data are

lacking on bone mineral density (BMD) measurements
in India.

The mean serum concentration of 25(OH) D in the
study on children from northern India was 1%+.9.2
ng/mP4. Other studies have also noted low serum 25
(OH) D concentrations among adults of Indian origin
both in India and in the United Kingddf#”. The mean
25(0OH)D concentration in adolescents, in the above
study?, was lower than that reported in Western
Vitamin D status in children studied?®2and in Brazf® and marginally higher than

Clinical evidenceMetabolic bone disorders secondary that in Chin&.

to vitamin D deficiency continue to be prevalentin  Qur study shows that adolescents from low socio-
Indian subcontinent as reported by hospital-basedeconomic strata (LSES) had significantly lower mean
studies. The earliest description of adolescent ricketsy5(0H) D concentration compared to those from the
in India dated back to 19251In a recent study, the ypper socio-economic strata (USESThe only other
prevalence of clinical evidence of vitamin D deficiency study, which has compared low and high socio-
in 5-15 yr old children has been shown to be 0.19 pergconomic groups, has not revealed any difference in
cent though objective diagnostic criteria were not ,aan vitamin D concentration between the two
mentlone_él“. In children of Indian origin residing in group€®. This difference is further supported by the
ISOUth _Ar\]frlca, th;ezpsrevalence of kno%k fggej ar;g(l: bOWpservation that lower socio-economic group children
egs with gaps of 2.5 cm or more was 6.1-19.4 pereent 5154 paq higher intact parathyroid hormone (iPTH),

Ir:eAa?I;T:en:)lfgéFnO;Im‘te:rt:wen ng)nollta?"%'eﬁlgg%ocmh"ldtrg(ra\ higher alkaline phosphatase, and lower serum
prev inical vitami iciency | ' phosphorus concentrations. Since serum calcium

an(_j ac_iolesce_nts was ShO.W” to k_)e 5o 30 p‘?*eééf‘t concentration and sunlight exposure are comparable in
whl.le in studies using biochemical andsradlologlcal the two groups, and dietary calcium intake is
variables, prevalence was 12.5 to 66 per‘cefit significantly lower in LSES, it suggests that nutrition

Adolescent period is prone to vitamin D deficiency plays an important role in causing these differences, as
state due to increased mineral demands of the growinghas been reported earfie?. In addition, the lower
skeleto??. Our study demonstrated clinical evidence serum phosphorus could also be correlated with the
of vitamin D deficiency in 10.8 per cent of apparently higher levels of iPTH in this group.
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There was a negative correlation between 25 (OH)our study, which is in agreement with other stuiéé4:
D and iPTH which is in agreement with the findings of However, some studies in different age groups did show
other studies (r=-0.20P<0.001%33 Surprisingly, only  a significant correlatidit?. Another study carried out
10.3 per cent of subjects with vitamin D levels below 9 recently provides information on BMD in peripheral
ng/dl had iPTH concentrations above normal. In anothersites (distal forearm and calcaneum) in healthy Indian
study, the serum iPTH was elevated in 37.5 per cenfgirls and its relationship with age, anthropometry and
adolescent girls with low vitamin D concentratiihns  biochemical variablés It was found that the mean
This could possibly be due ta) éufficient 25 (OH) D BMDdf values in LSES subjects were 0.358+0.066 g/
is being converted to 1, 25 (OJB) for maintenance of  cn? while those in the USES subjects were 0.389 +
calcium homeostasis; and)(prolonged exposure to  0.067 g/cri, whereas the mean values of BMDdf in
low vitamin D status and poor nutritional status in these 12-16 yr old girls from China was 0.34+0.05 g#éfn
children may have lowered the threshold for iPTH In comparison, the only other study using peripheral
release. densitometry was reported from Japan using a different
densitometer and may not be appropriate for

_ _ _ _ _ comparisoff-+,
There are various non-invasive techniques available

to determine bone mass such as radiography, single and . €0mparison of BMD at calcaneum in Indian

double X-ray absorptiometry (SXA, DXA), quantitative childrer?” with data from healthy Caucasian children
computed tomography (QCT) and quantitative in the United Kingdom acquired with the same model
ultrasound (QUS). Peripheral dual energy X-ray of densitometéf showed that LSES subjects had lower

absorptiometry (pDXA) is used to measure bone masdvalues and USES sub!ects had higher values. In the
in the radius (non-weightbearing) and calcaneumStudy conducted in Chiffa the mean BMDca values
(trabecular site) with low precision errors, low radiation In 12-16 yr old girls were 0.47 + 0.06 g/gnvalues
dose and short data acquisition time. Since measuremenhich were higher than those of LSES subjects (0.429
by pDXA at forearm and calcaneum has been shown tgt 0-064 g/cr) and lower than USES subjects (0.488 +
have good correlation with control DXA (cDXA) 0.083 g/crd) from our stud¥. Earlier studies assessing

measurements, pDXA is now used to predict fracturethe increase in BMD through age have used single
risk in children and adufs® photon absorptiometry (SPA) and DXA. Our study

) o S showed that BMDdf had a progressive increase with
However, role of pDXA in clinical practice in  aqe {ill the age of 16 yr with a tendency to plateau

children is not clear because of lack of reference dat"’lhereafter especially in the LSES gréupther studies
and clearly set predictors of BMD at these sites. While using pDXA4, DXA%*47and SPA**°have also recorded

studies looking into predictors of BMD have mainly gjmijar findings. However, some studies using SPA
focused on lifestyle and anthropometry, role of paye shown an increase in BMD beyond the age of 16
ggcgsgcglegﬁraane?ﬁfd and correlation with BMD has ys0s1 e cannot make an exact comparison because
y : the methodology and region of interest of measurements
In one study on BMD in 555 children (225 boys, could be different in these studies.

3_30_gir|s) from north India, those from LSES had Unlike BMDdf, BMDca shows an increase till the
significantly (P<0.01) lower BMD values at the forea_lrm age of 12 yr with a tendency to plateau there#ffehe
‘ha’? those_ from U.SES Subsequent BMD studies only other study which provides age-wise values of
carrufed ou][ |nh66h4 girls (3(|3|9 LSES& 295| ?SES) ShoweolBMDca by pDXA estimated calcaneal BMD by pDXA
significantly higher overall mean distal forearm BMD shows an increase in BMD throu

gh all the &8svo
(BMDdf) (LSES 0.337+0.70, USES 0.366£0.075 gkm studies using ultrasound bone densitometry at the

and calcaneal BMD (BMDca) (LSES 0.407+0.073, . .
USES 0.464+0.093 g/dinvalues in USES subjects than gﬁﬁ%e;‘g’z variably show plateauing at the ages of 12

in LSES subjectdR<0.001y". This could be due to poor
overall nutrition as evidenced by low BMI, low dietary Our data show a significant association of body
calcium intaké, low serum 25(OH) D concentration weight and age with BMDdf and the model
and secondary hyperparathyroid®&niNo statistically  incorporating age, height and weight explains
significant correlation was seen between the BMD andapproximately 50 per cent of the variance at thi§’site
25(0OH) D concentration and serum calcium levels in Several studies have shown association of age, height

Bone mineral density in children
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and weight with BMDdf. Pettifor & MoodlIéy have There was no association between serum ALP and
shown that the combined effect of age, height andBMDca in this stud§/, which could be due to the
weight was 57 per cent. Other studies using multipledifferential effect of PTH on cortical and cancellous
regression analysis have noted that modelsbone.

incorporating age, height, weight and sexual maturation

explained about 46-79 per cent of the variability in Conclusion & Recommendations

BMDdf*¢495457 The relative individual contribution of There is a high prevalence of clinical and
eaph of these variables is not entirely derived becausgiochemical hypovitaminosis D in apparently healthy
of interdependence of each of these factors. school children in India. The significant difference in

Similarly, approximately 50 per cent of the BMD between the two socio-economic groups from the

variability in BMD at calcaneum is explained by age, S@me ethnic origin, suggests that nutrition plays a
height and weight Ultrasound measurements have Significant role in attaining optimal bone density. Age,
noted a significant association of weight and pubertalheight and weight remain the best predictors of BMD
status with BMDcz°° and multiple regression models at the distal forearm and calcaneum. The only bone
incorporating age, height, weight and sexual maturationmineral parameter which had a significant influence
explained about 40 per cent of the variability in on BMDdf was alkaline phosphatase.

BMDca*®. No study using pDXA has provided a
multiple regression analysis of age, height and weight
to explain the variability in BMDca.

In view of high prevalence of hypovitaminosis D
in apparently healthy children because of lifestyle
changes and cultural practices, awareness needs to be
On multiple regression analysis, after adjusting generated about benefits accrued by direct sunlight
for the association of other factors we did not find exposure. Future prospective studies measuring BMD
any significant association of either 25 (OH)D or in children should take into account pubertal status to
PTH on either sité. Also, other studies available on validate the observations of present cross-sectional
adolescent subjects did not find any association ofstudies. Significantly low BMD in LSES children when
BMDdf with either 25-OHDB*?8%° or PTH*?, No compared to those from USES, suggests the need for
study using DXA has found a direct positive interventional studies to evaluate the role of nutrition
association of 25 (OH)D with BMD at peripheral sites in improving BMD and peak bone mass. Appropriate
in growing children, although one group noted that BMD norms for Indian children should be generated
subjects with 25 (OH)D concentration of <40 nmol/ from children of upper socio-economic strata in view
| had low BMD values at BMDdf compared to those of significantly low BMD in children from poor
with values >40 nmolff. It is clear that the background.
relationship between 25 (OH)D and BMD is complex
and is often influenced by other factors. To the best
of our knowledge, no study has specifically looked 1. Adams JS, Hollis BW. Vitamin D synthesis, metabolism and

into the relationship of PTH and 25 (OH)D with clinical measurement In: Coe FL, Favus MJ, edidisorders
BMDca of bone and mineral metabolisiZ® ed. Philadelphia, PA,

USA: Lippincott, Williams & Wilkins; 2002 p. 157-74.

Among the common bone mineral parameters, we2. Guillemant J, Cabrol S, Allemandou A, Peres G, Guillemant
found that 0n|y serum alkaline phosphatage (ALP) had S. Vitamin D-dependent seasonal variation of PTH in growing
a significant negative association with BMBdOne male adolescent&one1995;17: 513-6.

. . . . study of 25-hydroxyvitamin Dserum levels in normal
::Sr:]elgtllon Wltgag?ﬁf art]g SUbJe_?:]S with AILIP\;é?OO humans.J Clin Endocrinol Metall979;48 : 771-5.
A ah Owera d an do.se V\él | horma .el i a* Harinarayan CV, Gupta N, Kochupillai N. Vitamin D status
nother study conducted In ado _escent giris . a in primary hyperparathyriodism in Indi€lin Endocrinol

documented that serum osteocalcin was negatively  (oxf) 1995;43: 351-8.
Cor_related with BMD at ultra distal and prc_)ximal 5. Goswami R, Gupta N, Goswami D, Marwaha RK, Tandon N,
radius of the forearfh However, most studies in Kochupillai N. Prevalence and significance of low 25-
children looking into the effect of bone formation hydroxyvitamin D concentrations in healthy subjects in Delhi.
markers on BMD have mainly focused on total body, ~ AMJ Clin Nutr2000;72 - 472-5.

lumbar spine and femoral neck with variable 6 AryaV, Bhambri R, Godbole MM, Mithal A. Vitamin D status
associatioff-ss and its relationship with bone mineral density in healthy Asian

Indians.Osteoporos InR004;15 : 56-61.

References



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

MARWAHA & SRIPATHY: HYPOVITAMINOSIS IN INDIAN CHILDREN

Gupta A. Osteoporosis in India- The nutritional hypothesis. 25.
In: Mithal A, Rao DS, Zaidi M, editordMetabolic bone
disorders Lucknow, India: Hindustani Book Depot; 1998.
p. 115-32.

Ford JA, McIintosh WB, Butterfield R, Preece MA, Pietrek J,
Arrowsmith WA, et al. Clinical and sub clinical vitamin D
deficiency in Bradford childrenArch Dis Child1976;51 :
939-43.

Parfitt AM. Osteomalacia and related disorders In: Avioli LV, 28
Krane SM, editorsMetabolic bone diseas8&? ed. San Diego, ’
CA, USA: Academic Press; 1998. p. 345-86.

Lips P. Vitamin D deficiency and secondary
hyperparathyroidism in the elderly: consequences for bone g
loss and fractures and therapeutic implicatidrsdocr Rev
2001,;22: 477-501.

26.

27.

243

Narchi H, El Jamil M, Kulaylat N. Symptomatic rickets in
adolescencéArch Dis Child2001;84 : 501-3.

Du X, Greenfield H, Fraser DR, Ge K, Trube A, Wang Y.
Vitamin D deficiency and associated factors in adolescent girls
in Beijing. Am J Clin Nutr2001;74 : 494-500.

Serhan E, Newton P, Ali HA, Walford S, Singh BM.
Prevalence of hypovitaminosis D in Indo-Asian patients
attending a rheumatology cliniBone1999;25 : 609-11.

Outila TA, Karkkainen MUM, Lamberg-Allardt CJE. Vitamin

D status affects serum parathyroid hormone concentrations
during winter in female adolescents: associations with forearm
bone mineral densityAm J Clin Nutr2001;74 : 206-10.

. Stamp TCB, Round JM. Seasonal changes in human plasma

levels of 25-hydroxyvitamin DNature 1974;247 : 563-5.

30. Linhares ER, Jones DA, Round JM, Edwards RHT. Effect of

Marshall D, lohnell O, Wedel H. Metaanalysis of how well
measures of bone mineral density predict occurrence of
osteoporotic fractureBMJ 1996;312 : 1254-9.

Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B,
Arnaud Set al. Vitamin D and calcium to prevent hip fractures
in elderly womenN Engl J Med1992;327 : 1637-42.

Stapleton G. Late rickets and osteomalacia in DeHricet
1925;ii : 1119-23.

Awate RV, Ketkar YA, Somaiya PA. Prevalence of nutritional

e ) . h 33
deficiency disorders among rural primary school children (5-
15 years)J Indian MedAssoc1997;95 : 410-5.

Goel KM, Sweet EM, Logan RW, Warren JM, Arneil GC,
Shanks RA. Florid and subclinical rickets among immigrant
children in GlasgowLancet1976;i : 1141-5.

Arneil GC. Nutritional rickets in children in GlasgoRroc
Nutr Soc1975;34 : 101-9.

Dunnigan MG, Paton JPJ, Haase S, McNicol GW, Gardner
MD, Smith CM. Late rickets and osteomalacia in the Pakistani
community in GlasgowScott Med 1962;7 : 159-67.

Holmes AM, Enoch BA, Taylor JL, Jones ME. Occult rickets
and osteomalacia amongst the Asian immigrant population. 36.
Q J Med1973;42: 125-49.

Dunnigan MG, Mcintosh WB, Sutherland GR, Gardee R,
Glekin B, Ford JA. Policy for prevention of Asian rickets in
Britain: a preliminary assessment of the Glasgow rickets
campaignBr Med J1981;282: 357-60.

Ford JA, Colhoun EM, Mcintosh WB, Dunnigan MG. Rickets
and osteomalacia in the Glasgow Pakistani community, 1961-
1971.BMJ 1972;2: 677-80.

Moncrieff MW, Lunt HRW, Arthur LJH. Nutritional rickets
at puberty Arch Dis Child1973;48: 221-4.

Ala-Houhala M, Parviainen MT, Pyykko K, Visakorpi JK.
Serum 25-hydroxyvitamin D levels in Finnish children aged
2 to 17 yearsActa Pediatr Scand1984;73: 232-6.

Goel KM, Sweet EM, Campbell S, Attenburrow A, Logan
RW, Arneil GC. Reduced prevalence of rickets in Asian
children in GlasgowlLancet1981;ii : 405-6.

Marwaha RK, Tandon N, Reddy DHK, Aggarwal R, Singh
R, Sawhney RCet al Vitamin D and bone mineral density
status of healthy schoolchildren in northern Indien J Clin
Nutr 2005;82 : 477-82.

32.

34

35.

37.

38.

39.

40.

nutrition on vitamin D status: studies on healthy and poorly
nourished Brazilian childref®Am J Clin Nutr1984;39: 625-
30.

Raghuramulu N, Reddy V. Serum 25-hydroxy-vitamin D
levels in malnourished children with rickesrch Dis Child
1980;55: 285-7.

Raghuramulu N. Etiology of rickets in Indiadian Pediatr
1987;54 : 521-7.

. Guillemant J, Taupin P, Le HT, Tanight N, Allemandae A,

Peres Get al Vitamin D status during puberty in French
healthy adolescentfsteoporos Inl999;10 : 222-5.

. Chinn DJ, Fordham JN, Kibirige MS, Crabtree NJ, Venables

J, Bates Xt al Bone density at the os calcis: reference values,
reproducibility, and effects of fracture history and physical
activity. Arch Dis Child2005;90 : 30-5.

Hernandez-Prado B, Lazcano-Ponce E, Cruz-Valdez A, Diaz
R, Tamayo J, Hernandez-Avila M. Validity of bone mineral
density measurements in distal sites as an indicator of total
bone mineral density in a group of pre-adolescent and
adolescent womermirch Med Ref002;33 : 33-9.

ller PD, Siris ES, Barrett-Connor E, Faulkner KG, Wehren
LE, Abbott TA, et al. Prediction of fracture risk in
postmenopausal white women with peripheral bone
densitometry: Evidence from the National Osteoporosis Risk
Assessment] Bone Miner Re2002;17 : 2222-30.

Marwaha RK, Tandon N, Reddy DHK, Mani K, Puri S,
Aggarwal N, et al Peripheral bone mineral density and its
predictors in healthy schoolgirls from two socioeconomic
groups in DelhiOsteoporosis In2007;18 : 375-83.

Oliveri MB, Wittich A, Mautalen C, Chaperon A, Kizlansky
A. Peripheral bone mass is not affected by winter vitamin D
deficiency in children and young adults from Ushu@ialcif
Tissue Int2000;67 : 220-4.

Bonofiglio D, Maggiolini M, Catalano S, Marsico S, Aquila S,
Giorna A et al Parathyroid hormone is elevated but bone markers
and density are normal in young female subjects who consume
inadequate dietary calciuBr J Nutr2000;84 : 111-6.

Meier DE, Luckey MM, Wallenstein S, Clemens TL, Orwoll
ES, Waslien CI. Calcium, vitamin D and parathyroid hormone
status in young white and black women: Association with
racial differences in bone mad<Clin Endocrinol Metald991;

72 :703-10.



244

INDIAN J MED RES, MARCH 2008

41. Kristinsson 10, Valdimarsson O, Sigurdsson G, Franzson L, 54. Kardinaal AF, Hoorneman G, Vaananen K, Charles D, Ando

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Olafsson |, Steingrimsdottir L. Serum 25-hydroxy vitamin D
levels and bone mineral density in 16-20 years-old girls: lack
of associationJ Int Med1998;243: 381-8.

Perry HM lll, Horowitz M, Morley JE, Fleming S, Jensen J,
Caccione P. Aging and bone metabolism in African American
and Caucasian womed.Clin Endocrinol Metald 996; 81 :
1108-17.

Afghani A, Xie B, Wiswell RA, Gong J, LiV, Anderson
Johnson C. Bone mass of Asian adolescents in China:
influence of physical activity and smokinigled Sci Sports
Exerc2003;35 : 720-9.

Matsukura T, Kagamimori S, Yamagami T, Nishino H, Iki
M, Kajita E, et al. Reference data of forearm bone mineral
density in healthy Japanese male and female subjects in the
second decade based on calendar age and puberty onset:
Japanese Population Based Osteoporosis (JPOS) study.
Osteoporos In2000;11 : 858-65.

56.

57.

S, Maggiolini . Determinants of bone mass and bone geometry
in adolescent and young adult wome&alcif Tissue In2000;
66 : 81-9.

55. Cheng JCY, Leung SSSF, Lee WTK, Lau JT, Maffulli N,

Cheung AY et al Determinants of axial and peripheral bone
mass in Chinese adolescentgch Dis Child1998; 78 :
524-30.

Arabi A, Tamim H, Nabulsi M, Maalouf J, Khalife H, Choucair
M, et al. Sex differences in the association of body-
composition variables on bone mass in healthy children and
adolescentsAm J Clin Nutr2004;80 : 1428-35.

Gunnes M, Lehmann EH. Dietary calcium, saturated fat, fiber
and vitamin C as predictors of forearm cortical and trabecular
bone mineral density in healthy children and adolescAnta.
Paediatr1995;84 : 388-92.

58. Cvijetic S, Baric IC, Bolanca S, Juresa V, Ozegovic DD.

Ikeda Y, Iki M, Morita A, Aihara H, Kagamimori S, Kagawa
Y, et al. Ultrasound bone densitometry of the calcaneus,
determined with Sahara, in healthy Japanese adolescents:
Japanese Population-based Osteoporosis (JPOS) $olye
Miner Metab2004;22 : 248-53.

Zanchetta JR, Plotkin H, Alvarez Filgueira ML. Bone mass
in children: normative values for the 2-20-year-old population.
Bone1995;16 : 393S-9S.

Arabi A, Nabulsi M, Maalouf J, Choucair M, Khalifc H, Vieth

R, et al. Bone mineral density by age, gender, pubertal stages,
and socioeconomic status in healthy Lebanese children and
adolescentsBone2004;35 : 1169-79.

59.

60.

Ultrasound bone measurement in children and adolescents.
Correlation with nutrition, puberty, anthropometry, and
physical activity.J Clin Epidemiol2003;56 : 591-7.

Novotny R, Daida YG, Grove JS, Acharya S, Vogt TM, Paperny
D. Adolescent dairy consumption and physical activity
associated with bone magsev Med2004;39 : 355-60.

Kardinaal AF, Ando S, Charles P, Charzewska J, Rotily M,
Vaananen Ket al Dietary calcium and bone density in
adolescent girls and young women in Eurap8one Miner
Res1999;14 : 583-92.

61. Bonofiglio D, Maggiolini M, Catalano $Jarsico S, Aquila

Rubin K, Schirduan V, Gendreau P, Sarfarazi M, Mendola R,
et al. Predictors of axial and peripheral bone mineral density
in healthy children and adolescents, with special attention to
the role of pubertyd Pediatr1993;123: 863-70.

Katzman DK, Bachrach LK, Carter DR, Marcus R. Clinical
and anthropometric correlates of bone mineral acquisition in
healthy adolescent girld.Clin Endocrinol Metald991;73:
1332-9.

Matkovic V, Jelic T, Wardlaw GM, llich JZ Goel PK, Wright

JK, et al Timing of peak bone mass in Caucasian females and 63.

its implication for the prevention of osteoporosis. Inference from
a cross-sectional modd.Clin Investl994;93 : 799-808.

Gunnes M. Bone mineral density in the cortical and trabecular
distal forearm in healthy children and adolesceAtsta
Paediatr1994;83 : 463-7.

Volta C, Bagni B, lughetti L, Rossi M, Corazzari T, Bagni I,
et al. Bone mass evaluated by calcaneous ultrasound and radial
peripheral computed tomography in 726 youngstécta
Pediatr 2004;93 : 747-51.

Pettifor JM, Moodley GP. Appendicular bone mass in children
with a high prevalence of low dietary calcium intakeBone
Miner Res1997;12 : 1824-32.

62.

64.

65.

S, Giorna A.et al Parathyroid hormone is elevated but bone
markers and density are normal in young female subjects who
consume inadequate dietary calciuBr.J Nutr 2000; 84 :
111-6.

van Coeverden SCCM, Netelenbos JC, de Ridder CM, Roos
JC, Popp-Snijders C, Delemarre-vadewall HA. Bone
metabolism markers and bone mass in healthy pubertal boys
and girls.Clin Endocrinol (Oxf)2002;57 : 107-16.

Lehtonen-Veromaa M, Mottonen T, Irjala K, Nuotio I, Leino
A, Vikan J. A 1l-year prospective study on the relationship
between physical activity, markers of bone metabolism, and
bone acquisition in peripubertal girlsClin Endocrinol Metab
2000;85 : 3726-32.

Mora S, Pitukcheewanont P, Kaufman FR, Nelson JC, Gilsanz
V. Biochemical markers of bone turnover and the volume and
the density of bone in children at different stages of sexual
developmentJ Bone Miner Re4999;14 : 1664-71.

Libanati C, Baylink DJ, Lois-Wenzel E, Srinivasan N, Mohan
S. Studies on the potential mediators of skeletal changes
occurring during puberty in girlsl Clin Endocrinol Metab
1999;84 : 2807-14.

Reprint requestsBrig R.K. Marwaha, D-11 /343, Vinay Marg, Chanakyapuri, New Delhi 110 021, India

e-mail: Marwaha_Raman@ hotmail.com



