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Purpose: To evaluate the clinical characteristics of vitamin D deficiency
and its association with iron deficiency anemia (IDA).

Methods: A total of 171 children aged less than two years underwent
25-hydroxyvitamin D, tests between January 2007 and july 2009.
The study was classified into two groups: normal and vitamin D
insufficiency, by their vitamin 25-hydroxyvitamin D; levels.

Results: In total, 120 children were in the normal group (mean age,
body weight and heights 12.5+7.0, 9.3+0.9 kg and 76.8+1.1 cm), and
51 children in the vitamin D insufficiency group (9.9+£5.4 months,
9.0+0.9 kg and 75.1+0.9 cm). Vitamin D insufficiency was most com-
monly diagnosed in the spring (44%). The proportion of complete
breast-feeding was higher in the insufficiency (92%), and 25.5% of
the children in the deficient group also experienced IDA compared
that 12% of normal group. Ten children in the insufficiency group ex-
perienced bony changes. Six children received calcitriol medication in
the normal group, in whom the mean vitamin 25-hydroxyvitamin D,
level increased from 39.6+14.6 ng/mL (pre-medication) to 41.8+17.2
ng/mL (post-medication), and 13 in the insufficiency group, in whom
the mean vitamin 25-hydroxyvitamin D, increased from 20.7+7.0 ng/
ml to a mean post-treatment level of 43.7£23.8 ng/mL.

Conclusion: This study demonstrated that approximately 30% of
children aged <2 years experienced vitamin D insufficiency associated
with subclinical rickets. Many children also experienced concurrent
IDA. Guidelines for vitamin D supplement in such children must
therefore be established.
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Introduction

Vitamin D deficiency causes rickets by bone demineralization. In

the affluent twentieth century, vitamin D deficiency was thought to
be infrequent, but reports on this condition have been on the increase

recently™. Several studies encompassing large Unites States of
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America (USA) populations have demonstrated that infants, children
and pregnant women have significantly high prevalence of vitamin D
deficiency®”. In addition, numerous studies on vitamin D deficiency
have been reported in the Korean licerature. Furthermore, there
have been increasing number of reports on subclinical vitamin D
deficiency and subclinical rickets. Our previous studies on subclinical
rickets showed that children who were breast-fed without vitamin D
supplement, or those admitted from outpatient clinics with infections,
were frequently found to have high prevalence of this condition,
which is also associated with iron deficiency anemia (IDA). As such,
it is thought that there is need to screen children with vitamin D
deficiency, and to administer vitamin D supplements®'”. Previously,
Grindulis et al.”” have documented concurrent iron and vitamin
D deficiency in Asian infants. In a recent surveillance, vitamin
deficiency and insufficiency was so common in Korean mothers
and their newborn infants, that 8.3% of mothers and 22.2% of
newborns were vitamin D deficiency, and 70% of both mothers and
newborns were insufficiency”. In breast feeding infants, cases with
both of vitamin deficiency and IDA were reported. Canpro analysis
performed on IDA infants showed that iron and vitamin D were
less than 40% and 30% of recommended intakes, respectively™*".
The aim of this study was to evaluate the dlinical characreristics of
subdlinical rickets in children, and its association with IDA.

Materials and methods

A total of 261 outpatient and inpatient children underwent
25-hydroryvitamin D, tests at the Department of Pediarrics, Eulji
General Hospital between January 2007 and July 2009. We excluded
the children with disease such as acute and chronic hepatiis, the
children have elevated C-reactive protein which can affect the level of
hemoglobin and ferritin. The number of children <6 months were 19,
6 1 12 months were 80, 12 to 24 months were 72. We retrospectively
analyzed these 171 children, their clinical characteristics, blood test
results, wrist radiograph results and treatment outcome. A serum
vitamin D concentration of 230 ng/dL (75 nmol/L) was defined as
being normal, and that of below 30 ng/dL (75 nmol/L) was defined
as vitamin D insufficiency">"”. Subdlinical rickets indicates vitamin
D deficiency without clinical symptoms such as bony changes or
seizure. Although subclinical rickets is not officially recognized
medical term, it was used in several recent studies. In other words,
subclinical rickets only manifest as reduced serum levels of vitamin
D and/or increased alkaline phosphatase (ALD), as well as minimal
radiological/biochemical bony changes®"**”.

We defined osteopenia and rickets on X-ray by reading of
radiologist. The cortex thinning and trophic lines are characteristic of

osteopenia, and findings such as ill-demarcated, central cup-shaped
depression in the end of ulna or radius are characteristic of rickets.

Inall children, serum levels of 23-hydroxy vitamin D;, hemoglobin
{Hb), hematocrit (Hct}, iron, ferritin, transferrin saturation,
calcium, phosphate, ALP and intact parathyroid hormone (PTH)
were measured. Birch history, past medical history, and clinical
information such as height and body weight were collected from
the medical records. Data are expressed as the mean+SD. Statistical
analyses were performed using SPSS ver.13.0 (SPSS Inc., Chicago, IL,
USA). All statistical comparisons were made with the independent
sample test. Factors affecting serum vitamin D concentration
were examined by using Pearson’s correlation coefficients and
multiple regression analysis. A P value of less than 0.05 (P<0.05) was
considered to be statistically significant.

Results

1. Clinical characteristics

1) Normal group

Of the 171 children enrolled, 120 (70.2%) had a vitamin D
concentration of >30 ng/dL (normal group), and their mean age
was 12.547.0 months. The mean body weight was 9.3 kg (standard
deviation score [SDS], -0.32+0.9), and the mean height was 76.8 cm
(SDS, 0.15£1.1). The mean birth weight was 3.2+0.4 kg, the mean
gestational age was 38.4+1.4 weeks, and the mean annual frequency
of hospitalization until the time of initial diagnosis was 0.9+1.9.
Children in the normal group suffered respiratory disease most
frequently (40.3%), followed by gastrointestinal disease and atopic
dermatitis. Ninety-three children (78%) were breasefed (Table 1).

2) Vitamin D insufficiency group
Of the 171 children analyzed, 51 (29.8%) had a vitamin con-

Table 1. Comparison of Patient Characteristics by Vitamin D Status
Normal group (n=120) Insufficiency group (n=51) P

(vitamin D230 ng/m)  (vitamin D<30 ng/mL)  value
Age (mo) 12527.0 9.915.4 0.01
Weight SDS -0.32+0.9 -0.17+09 0.33
Height SDS 0.15+1.1 -0.22+0.9 0.03
Admission* 09+1.9 1.122.1 0.41
BW (kg) 32:04 31104 0.45
GA (wk) 38.4+1.4 37.941.2 0.05
Breast feeding {n) 78 g2 0.02

Values are presented as mean+SD or %.
SDS, standard deviation score; BW, birth weight; GA, gestational age.
*Admission frequency per year.
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centration of less than 30 ng/dL (insufficiency group). The mean
age was 9.915.4 months, which was significantly younger than
that of the normal group (P<0.05). The mean height was 75.1 cm
(SDS, -0.22 £0.9), which was significantly lower than in that of the
normal group. Although there was no significant difference in the
mean hospitalization frequency between the 2 groups, the frequency
tended to be higher in the insufficiency group, albeit without
statistical significance. Similar to the normal group, respiratory and
gastrointestinal diseases were frequently found in the insufficiency
group. There were more breast-fed children in the insufficiency group
than in the normal group (92% vs. 78%, P<0.05) (Table 1).

As for seasonal distribution, in the spring (March through May),
vitamin D insufficiency was diagnosed in 25 of 57 (44%) children
who underwent 25-hydroxyvitamin D, tests. In summer, autumn
and winter, the children of vitamin D insufficiency diagnosed
respectively 9 of 41 (22%), 5 of 33 (15%), 12 of 40 (30%).

2. Blood test resuits
1) Normal group

At the time of initial diagnosis, the mean 25-hydroxyvitamin D,
level was 60.8+26.4 ng/mL, the mean Hb was 11.3+1.4 g/dL. The

Table 2. Comparison of Biochemical and Radiological Profiles by
Vitamin D Status

Saarivas.

25-(OHVITD, (nﬁf 60.8+26.4 22.845.0
Hemoglobin (g/dL) 11.311.4 10.7+1.4 0.04
Hematocrit (%) 33.5+3.4 32.6+3.4 0.23
MCV (L) 75.1+6.8 71.218.6 0.01
iPTH (pg/mL) 40£73 122.8+133 001
ALP (UL 798.4+1073.9 1018.3+843.8  0.03
Ferritin (ng/mL) 29.3+29.4 20.5+£24.3 0.15
Fe (ug/dy) 28.8+16.0 26.2+20.2 0.64
TIBC (ug/dL) 365.5+78.5 386.1x71.8 0.38
Transferrin saturation 84155 54422 0.02
(%)
Ca (mg/dL) 9.9:05 9.6+0.6 0
P (mg/dL) 51x0.6 4.9+1.9 0.69
Wrist X-ray 25/120 (21) 25/51 (49)

Osteopenia 0/25 (0) 1/25 (4)

Rickets 5/25 (20) 9/25 (36)

Normal 20/25 (80) 15/25 (60)

Values are presented as meanSD or case (%).

25-(OHMTD,, 25-hydroxyvitamin D;; MCV, mean corpuscular volume; iPTH,
intact parathyroid hormone; ALP, alkaline phosphatase; Fe, iron; TIBC, total
iron-binding capacity; Ca, calcium; P, phosphorus.

mean serum calcium level was 9.9+0.5 mg/dL, the mean serum
phosphorus level was 5.1:0.6 mg/dL, the mean serum ALP level was
7984110739 IU/L, and the mean serum iPTH level was 40473 pg/
mL. The mean serum ferritin level was 29.3+29.4 ng/mL, the mean
serum iron level was 28.2+16.0 mg/dL, and the mean transferrin
saturation level was 8.4+5.5%. Iron deficiency anemia was detected
in 129% of children. Of the 120 children, 25 showed increased ALP
levels or clinical symptoms and signs suspicious of rickets. Wrist
radiographs taken in these 25 children demonstrated rickets (n=5)
and normal findings (n=20) (Table 2).

2) Vitamin D insufficiency group

At the time of initial diagnosis, the mean serum 25-hyctroxy-
vitamin Dj level was 22.8+5.0 ng/mL. The mean serum Hb level was
10.7:14 g/dL, which was significantly lower than that of the normal
group (P<0.05). The mean serum ALP level was 1,018.8+843.8 IU/
L, which was significantly higher than that of the normal group
(P<0.05). No child experienced hypocalcemia. The mean serum
phosphate was 4.9£1.9 mg/dL, and hypophosphatemia (3.8 mg/dL)
was observed in 2 children.

The mean serum iPTH level was 122.8+133 pg/mL, which was
significantly higher than that of the normal group (P<0.05). The
mean serum ferritin level was 20.5:24.3 ng/mL, which was not
significantly different from the normal group. However, it tended
to be lower than the normal group. The mean serum iron level was
26.2+20.2 ug/dL, and the mean transferrin saturation level was
5.4+2.2% which was lower than that of the normal group (P<0.05).
IDA was more common in the deficient group than in the normal
group (25.5% vs. 12.0%, P<0.05). In multiple regression analysis,
young age and low Hb level were independent factors for vitamin D
insufficiency (Figs. 1, 2).

Wrist radiographs were taken in 25 of 51 children in the insuffi-

25(0H)vitD = -0.97 +Age*1.03=Hb+*3.48
R?2=0.11, P<0.05
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Fig. 1. Linear correlation between vitamin D and hemoglobin level. 25-
(OHVITD, 25-hydroxyvitamin D; Hlf,“hemoglobin.
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Fig. 2. Linear correlation between vitamin D level and age. 25-(OH)VITD,
25-hydroxyvitamin D; Hb, hemoglobin.

ciency group, which demonstrated osteopenia 1 child, findings
suggestive of rickets in 9 and normal findings in 15 children (Table
2). Of the 51 children, 11 had a 25-hydroxy vitamin D, level of
<20 ng/mlL. In these 11 children, the mean body weight was 8.5
kg (SDS, -0.44+0.5 kg), and the mean height was 75.7 cm (SDS,
-0.2310.7 cm), which were remarkably lower than that of the normal
and insufficiency groups. The mean serum Hb level was 10.4+1.5
g/dL, and the mean serum Hct level was 31.6+4.0%, which were
significantly lower than that of the normal and insufficiency groups.
Of these 11 children, 10 were breast-fed, 4 (36%) experienced
concurrent IDA, with its frequency being significantly higher. In

addition, there was a tendency for more severe findings suggestive of

rickets in these 11 children.
3. Treatment outcome -

1) Normal group

Of the 120 children, 10 (8%) were given calcitriol for a mean
duration of 2.2 months. Their 25-hydroxyvitamin D, levels were all
at the lower normal limit and 5 of them showed radiological findings
suggestive of rickets. Of these 10 children, 6 underwent follow-up
25-hydroxyvitamin D, tests, in whom the D, level increased form
amean pretreatment D, level of 39.6+14.6 ng/mL to a mean post-
treatment D3 level of 41.8+17.2 ng/mL. Three of these 10 children
were followed up with radiographs: 2 showed improvement, 1
returned to normal.

2) Vitamin D insufficiency group

Of the 51 children, 18 (35.2%) were given calcitriol for a mean
duration of 2.5 months. Other insufficient children were missed
follow-up. Of these 18 children, 13 underwent 25-hydroxy vitamin

D, tests, and the D, level increased from a mean pretreatment level

0f 20.7£7.0 ng/mL to 2 mean post-treatment level of 43.7£23.8 ng/
mL. Of these 18 children, 7 were followed up with radiographs; 2
showed improvement, 2 returned to normal. Of the 11 children with
a 25-hydroxy vitamin D; level of <20 ng/mL, 4 (36%) were given
calcitriol for a mean duration of 4.1 months. D; level was markedly
increased from a pretreatment D level of 13.325.2 ng/mL, to a mean
post-treatment D, level of 34.5:23.8 ng/mL. Of these 4 children,
2 wete followed up with radiographs, both of whom returned to

normal.

Discussion

In this study, the prevalence of vitamin D insufficiency is 29.8%
of children younger than 2 years old. A recent large-scale study on
the US population reported that 61% of 9,757 children experienced
vitamin D deficiency, which is higher than that of our study. The
prevalence of vitamin D deficiency was reported to be 3.1 to 57.8% in
Chinese adolescents, 0.1% in Japanese children aged 1 to 4 years and
24% in Mongolian children younger than 1 year old'**"*, These
data are comparable to the outcomes of our study.

In this study, as age and serum Hb level decreased, serum vita-
min D level also decreased (Figs. 1, 2). Grindulis et al.'? have
demonstrated the relationship between vitamin D deficiency and
IDA. Katsumata et al.™ have reported that IDA affects the synthesis
and metabolism of iron-dependent enzymes for vitamin D activation,
leading to osteopenia. Based on these results, serum vitamin D
concentration should be measured in children with IDA, and vice
versa. In this study, a considerable number of children with vitamin
D insufficiency had concurrent IDA. It is suggestive that IDA
associated with vitamin D insufficiency may affect bone growth. This
suggestion is enhanced when considering that the height of vitamin
D deficient children was found to be low, although their body
weight was not significantly different from that of normal children.
The reasons for lower vitamin D levels in younger children may be
explained as follows. First, young children were beast-fed without
vitamin supplement. Second, they undertook less outdoor activities
than older children. Third, they experienced reduced exposure
to sunlight, because they wore thicker clothes compared to older
children while they were outdoors. To validate our results, we suggest
furcher studies to investigate the proportion of breast-feeding in a
cohort of mixed fed children, the duration of complete breastfeeding,
the duration of sunlight exposure and the use of sun block.

The diagnosis rate of vitamin D insufficiency was highest in the
spring in this study. The reason may be that duration of sunlight
exposure is short during the winter. In addition, the lowest diagnosis

rate of vitamin D insufficiency in the autumn may be explained by
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the fact that children were sufficiently exposed to sunlight during the
summer. Vitamin D production requires sunlighg, it is “a vitamin
of the sun”. However, parents are reluctant to expose their children
to sunlight due to fear of skin cancer, or respiratory viral infection.
The guidelines of the American Society of Pediatrics recommend
that children aged less than 6 months should avoid direct sunlight
exposure, and wear long clothing or use sun block while they are
outdoors™. Reluctance to be exposed to sunlight due to concern
about skin cancer or upper respiratory infection may be an important
cause of the increasing prevalence of vitamin D deficiency all over the
world.

Grindulis et al.”” have reported that in the winter, serum vitamin D
concentration is significarxly different between children with vitamin
D deficiency who were given vitamin D supplement and those who
were not. Whereas in the summer, it is not significantly different.
Because Korea is situated in 34° to 43° North Latitude (Seoul, 37°
4) and sunshine duration is considerably shorter in regions situated
above 37° North Latitude™. It is therefore necessary to perform
vitamin D tests and supplement with vitamin D where appropriate,
especially during the winter. Further studies are needed to determine
whether vitamin D dosage should be adjusted according to the
season.

We reported 8 breast-fed children with subdlinical rickets”. It has
been demonstrated that the risk of vitamin D deficiency rickets is
higher in breast-fed infants"™. In our study; the proportion of breast-
feeding was higher in the vitamin D insufficiency group. Under the
assumption thar there is lictle sun exposure, children who ingest 750
mL of breast milk daily will in reality ingest 11 to 38 IU of vitamin
D, which is much lower than the minimum requirement of 200 U/
day”*®®. The American Society of Pediatrics guidelines recommend
that infants aged less than 2 months should be given a daily vitamin
D supplement of 400 IU, and their minimal annual vitamin D
concentration should be maintained at 230 ng/dL***”. In Korea,
despite the fact that breast-feeding is increasing due to social emphasis
on the advantage of breast milk, vitamin D tests and supplementation
are still inadequately performed due to lack of understanding, and
disagreement on criteria and timing for vitamin D tests and lack of
pure vitamin D medication. Therefore, guidelines for these issues
should be established to prevent children from becoming vitamin D
deficient,

In this study, the annual frequency of hospitalization was higher in
the vitamin D insufficiency group than in the normal group, albeit
without statistical significance. Considering that immunological
function of vitamin D, it is thought that children with vitamin
D insufficiency are at high risk of serious diseases requiring hos-

pitalization. Of 25 children in the normal vitamin D group who

underwent radiological examination, 10 showed osteopenia and
findings suggestive of rickets. These outcomes are suggestive that
some children with normalized vitamin D concentration suffer from
subclinical rickets characterized by persistent radiological changes
of the bone. Additional studies on bone density and growth are
needed to validate our findings. Curiously the mean level of ALP
was high in the normal group. It is suggestive that there were also
some children who have normalized vitamin D concentration suffer
from subclinical rickets characterized by high level of ALP because of
their compensative bone forming action. And another cause is some
disease status may affect their ALP level in inpatients who did not
meet exclusion criteria.

Limitation to this study include the following, although the
relationship of the concentration with that of hemoglobin and
transferrin saturation was positive, other factors reflect iron
concentration were unrelated to the status of vitamin D. In addition,
the numbser of children who have work up for IDA was too small (43
of 171).

In condlusion, this study demonstrated that approximately 30%
of children aged <2 years experienced vitamin D insufficiency
associated with subclinical rickets, and that vitamin D concentration
decreased in the winter due to scanty sunlight. For these reasons,
vitamin D insufficiency children should be given vitamin D
supplement. In addition, vitamin D insufficiency can be associated
with IDA and growth retardation, and breast-fed children are at
high risk of vitamin D insufficiency. Thus, guidelines for vitamin
D supplement in such children must be established. Since children
with vitamin D insufficiency are also at high risk of serious diseases
requiring hospitalization, and some continue to experience bony
changes associated with morphological abnormalities, regular follow-
up is important.

References

1. Holick MF. Vitamin D deficiency. N Engl ] Med 2007;357:266-81.
. Rajakumar K. Vitamin D, cod-liver oil, sunlight, and rickets: a historical
perspective. Pediatrics 2003;112:e132-5.
3. Park EA. The etiology of rickets. Physiol Rev 1923;3:106-63.
4. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth R.
Estimates of optimal vitamin D status. Osteoporos Int 2005;16:713-6.

5. Bouillon R, Carmeliet G, Verlinden L, van Etten E, Verstuyf A, Luderer
HEF, et al. Vitamin D and human health: lessons from vitamin D recepror
null mice. Endocr Rev 2008;29:726-76.

6. Ginde AA, Liu MC, Camargo CA Jr. Demographic differences and
trends of vitamin D insufficiency in the US population, 1988-2004. Arch
Intern Med 2009;169:626-32.

7. Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Picciano MF, Yetley
EA. Serum 25-hydroxyvitamin D status of the US population: 1988-

™~



Korean J Pediatr 2011;54(7):298-303 * http:/dx.doi.org/10.3345/kjp.2011.54.7.298

303

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

1994 compared with 2000-2004. Am ] Clin Nutr 2008;88:1519-27.

- Rovner AJ, O'Brien KO. Hypovitaminosis D among healthy children in

the United States: a review of the current evidence. Arch Pediatr Adolesc

Med 2008;162:513-9.

. Taylor JA. Defining vitamin D deficiency in infants and toddlers. Arch

Pediatr Adolesc Med 2008;162:583-4.

SeoJY, Kim C, Lee HW, Ahn YM. Eight cases of incidentally diagnosed
as subclinical rickets. Korean ] Pediatr 2008;51:812-9.

Lee HS, Lim BT, Lee HS, Hwang JS. Vitamin D deficiency in breastfed
infants. ] Korean Soc Pediatr Endocrinol 2008;13:158-62.

Grindulis H, Scott PH, Belton NR, Wharton BA. Combined deficiency
of iron and vitamin D in Asian toddlers. Arch Dis Child 1986;61:843-8.

NaB, No S, Kim MJ, Han HS, Jeong EH, Han Y, et al. Nutritional status
of vitamin D in Korean mothers and their newborn infants. Korean ]
Perinatol 2007;18:399-406.

Choi EH, Jung SH, Jun YH, Lee Y], Park JY, You JS, et al. Iron deficiency
anemia and vitamin D deficiency in breastfed infants. Korean ] Pediatr
Gastroenterol Nutr 2010;13:164-71.

Holick MF. High prevalence of vitamin D inadequacy and implications
for healch. Mayo Clin Proc 2006;81:353-73.

Huh SY, Gordon CM. Vitamin D deficiency in children and adolescents:

epidemiology, impact and treatment. Rev Endocr Metab Disord 2008;
9:161-70.

Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Daw-
son-Hughes B. Estimation of optimal serum concentrations of 25-

hydroxyvitamin D for multiple health outcomes. Am J Clin Nutr
2006;84:18-28.

Park SY, Park SW, Kang SK, Jun YH, Kim SK, Son BK, et al. Subclinical
rickets in breastfed infants. Korean ] Pediatr 2007;50:1188-93.

Spence JT, Serwint JR. Secondary prevention of vitamin D-deficiency
rickets. Pediatrics 2004;113(1 Pt 1):¢70-2.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pettifor JM, Isdale JM, Sahakian ], Hansen JD. Diagnosis of subclinical
rickets. Arch Dis Child 1980;55:155-7.

Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML. Prevalence
and associations of 25-hydroxyvitamin D deficiency in US children:
NHANES 2001-2004. Pediatrics 2009;124:¢362-70.

Huh K, Woo MK, Yoon JR, Shim GH, Chey MJ, Patk M]J. Clinical
characteristics of vitamin D deficiency rickets in infants and preschool
children. Korean J Pediatr 2010;53:152-7.

Katsumata S, Katsumata-Tsuboi R, Uehara M, Suzuki K. Severe iron

deficiency decreases both bone formation and bone resorption in rats. J
Nutr 2009;139:238-43.

American Academy of Pediatrics. Committee on Environmental Health.
Ultraviolet light: a hazard to children. Pediatrics 1999;104(2 Pt 1):328-33.

Holick MF. Sunlight and vitamin D for bone health and prevention of
autoimmune diseases, cancers, and cardiovascular disease. Am ] Clin

Nutr 2004;80(6 Suppl):16785-88S.

Leerbeck E, Sendergaard H. The total content of vitamin D in human
milk and cow's milk. Br ] Nutr 1980;44:7-12.

Perrine CG, Sharma AJ, Jefferds ME, Serdula MK, Scanlon KS. Ad-
herence to vitamin D recommendations among US infants. Pediacrics
2010;125:627-32.

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.

Gartner LM, Greer FR; Section on Breastfeeding and Committee on
Nutrition. American Academy of Pediatrics. Prevention of rickets and
vitamin D deficiency: new guidelines for vitamin D intake. Pediatrics
2003;111(4 Pt 1):908-10.

Holick MF. Vitamin D status: measurement, interpretation, and clinical
application. Ann Epidemiol 2009;19:73-8.



