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Abstract Low dietary intake and limited sun exposure
during Dutch winters, in particular when combined with
highly pigmented skin, could compromise the vitamin D
status of asylum seekers’ children in The Netherlands. We
determined the vitamin D status of children living in The
Netherlands, but originating from Africa, Central Asia, or
Eastern Europe. In a subgroup, we reassessed the vitamin D
status after the summer, during which the children had been
assigned at random to remain unsupplemented or to receive
vitamin D supplementation. In total 112 children (median
age 7.1 yr, range 2–12 yr) were assessed for serum
concentrations of 25-Hydroxyvitamin D [25(OH)D], intact
parathyroid hormone (I-PTH) and plasma alkaline phos-
phatase (ALP). Vitamin D deficiency (VDD) and hypo-
vitaminosis D were defined as 25(OH)D below 30 or
50 nmol/L, respectively. Dietary intake of vitamin D and
calcium was estimated using a 24 h recall interview. In mid-
spring, 13% of the children had VDD, and 42% had

hypovitaminosis D. I-PTH and ALP levels were significantly
higher in children with VDD. The dietary intake of vitamin
D was below 80% of the recommended daily allowances
(RDA) in 94% of the children, but the dietary calcium intake
was not significantly related to the s-25(OH)D levels found.
After the summer, median s-25(OH)D increased with
+35 nmol/L (+85%) and +19 nmol/L (+42%) in children
with or without supplementation, respectively. The effect of
supplementation was most prominent among African chil-
dren. VDD and hypovitaminosis D are highly prevalent in
mid-spring among asylum seekers’ children in The Nether-
lands. Although 25(OH)D levels increase in African children
during Dutch summer months, this does not completely
correct the compromised vitamin D status. Our data indicate
that children from African origin would benefit from vitamin
D supplementation.
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25(OH)D (serum) 25-Hydroxyvitamin D
VDD Vitamin D deficiency
ALP (plasma) alkaline phosphatase
I-PTH (serum) intact parathyroid hormone
RDA recommended daily allowance

Introduction

Vitamin D is important for calcium homeostasis in the body.
VDD and hypovitaminosis D, with secondary hyperparathy-
roidism, decrease bone mineralization and have been associ-
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ated with increased susceptibility for infections, dental caries,
and autoimmune disorders [23, 25, 42]. Severe and prolonged
vitamin D deficiency can lead to rickets. The prevalence of
rickets, biochemical VDD and hypovitaminosis D is associ-
ated with lack of supplement use, increased skin pigmenta-
tion and limited sun exposure [14, 17, 19]. Urbanisation,
migration and changing dietary habits contribute to an
increased incidence of rickets over recent decades [1, 2, 30,
33, 37]. Recently several cases of rickets among migrant
children were reported in The Netherlands [39]. Vitamin D
can be obtained from the diet, from supplements and via
synthesis in the skin under the influence of the ultraviolet
radiation. Synthesis of vitamin D is very limited between
September and April in the north of The Netherlands (53–53°
30′ N.Lat.) [41]. The capacity of the skin to synthesize
vitamin D is reduced by pigmentation [8]. Reduced synthesis
of vitamin D increases the dependence on adequate dietary or
supplemental intake of vitamin D.

The vitamin D status of asylum seekers’ children in The
Netherlands has not been systematically analyzed, despite
their theoretically increased susceptibility for VDD and
hypovitaminosis D because of frequent occurence of dark
pigmented skin, unfamiliarity with supplement use and
relatively poor vitamin D diets. We studied the prevalence
of VDD and hypovitaminosis D, the seasonal variation of
25(OH)D and the influence of supplementation during the
summer in asylum seekers’ children in The Netherlands.

Methods

The prevalence of VDD and hypovitaminosis D were
estimated in a cross-sectional study among 2–12 year old
children living in asylum seekers’ centres in the north of
The Netherlands. The study was approved by the Ethical
Committee of the Medical Centre Leeuwarden. The
children with their parents were invited to participate in
the study by an information letter translated into their native
languages. During the first visit, the procedure was
explained with the use of an independent language
interpreter and formal permission was obtained from the
caregiver of each child to participate in the study. Non-
fasting venous blood samples were collected at the
laboratory ward of the hospital facility. The dietary
assessment was based on a 24 h recall with language
interpreters to minimise misunderstanding. In addition,
pictures developed for dietary assessment of other migra-
tion populations and standardised samples were used to
estimate the size of the portions eaten. From the dietary
histories, food quantities were estimated using BECEL, a
nutritional software package developed by the Unilever B.V.,
Vlaardingen, The Netherlands. The data were compared to
the Dutch list of recommended daily allowance (RDA) for

gender and age [16]. If the intake of vitamin D was below
80% of the RDA, it was graded as “marginal” [5].

The study subjects (n=135) were healthy children who
were at least one year in The Netherlands. With regards to
age, gender and region of origin, the studied children
constituted a representative sample of the more than 12,000
children aged 2–12 years, remaining in Dutch asylum centres
for at least one year. 123 children (91%) allowed blood
withdrawal and a dietary history was taken of 116 children
(86%). Results of 11 children were analyzed separately
because they had used vitamin D supplements prior to the
investigations. Children whose laboratory investigations were
performed before June were requested to allow control blood
sampling after three months, to estimate the effect of sun
exposure during the summer on vitamin D status. For
comparative analyses the geographical origin of the children
was categorized into three regions: Africa, n=39; Central
Asia, n=33; and, Eastern Europe, n=40; respectively. The
length of stay in The Netherlands of children from Eastern
Europe was longer than that of the African children (p<0.05).

All children were advised to expose their skin to the sun for
at least 30 minutes daily and half of the children were
randomly assigned to receive a supplement of 400 IU vitamin
D daily for three months. Three months thereafter 56 children
allowed blood withdrawal. Of these 56 children 26 confirmed
the use of 400 IU vitamin D during the 3 months.

Vitamin D deficiency (VDD) and hypovitaminosis D
were defined as 25(OH)D below 30 or 50 nmol/L,
respectively. Levels of 25 (OH)D in serum (radio-immu-
noassay, DiaSorin; normal range 30–100 nmol/L), of intact
PTH in serum (I-PTH, sandwich ECLIA Roche; normal
range 1–7 pmol/L) and of alkaline phosphatase (ALP) in
heparin-plasma (IFCC Roche; normal range<325 IU/L)
were measured at the Department of Clinical Chemistry of
the Medical Center Leeuwarden. Data were analysed using
the SPSS statistical software package (SPSS 11.5 2003).
The χ2 test was used for the relations between origin,
gender, age, or length of stay and the prevalence of vitamin
D deficiency and hypovitaminosis D and between marginal
vitamin D intake and hypovitaminosis D. The Mann-
Whitney test was used to test for differences in levels
of blood indices between different groups according to
origin, age, gender, and length of stay in The Netherlands.
Seasonal changes in concentrations of 25(OH)D, I-PTH and
ALP between supplemented and non-supplemented chil-
dren were evaluated by Mann-Whitney test. A p-value of
0.05 was taken as threshold for statistical significance.

Results

To estimate the prevalence of clinical VDD all children
were examined for corresponding clinical signs. None of
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the children showed classical symptoms of VDD such as
bowed legs, swelling of wrists, rickets rosary or muscle
weakness. The children had at least 30 minutes of outside
activities per day, based on specific questioning, and did
not wear a veil or other forms of sun protection. Six percent
of the parents reported that their child frequently com-
plained about joint pains. However, the vitamin D levels of
these children were similar to those of children without
these complaints (mean values: 48±16 vs. 49±9 nmol/L,
respectively).

Table 1 shows the prevalence of VDD, hypovitaminosis
D and levels of I-PTH and ALP above the upper limit of the
reference values in mid spring, according to origin, gender,
age group, and length of stay of the children in The
Netherlands. African children had a higher prevalence of
VDD, secondary hyperparathyroidism and increased levels
of ALP. Hypovitaminosis D was found more frequently in
girls than in boys (p<0.05). Secondary hyperparathyroidism
was mainly found among children above 6 years of age.
Children with VDD had higher I-PTH and ALP levels
compared to children with 25(OH)D levels above 30 nmol/
L (each p<0.01). Seventy five percent of the children with
elevated serum levels of I-PTH and ALP had serum vitamin
D level below 50 nmol/L.

The values of 25(OH)D and ALP in mid spring were
significantly higher in children from Eastern Europe than in
children from Central Asia (p<0.05) and Africa (p<0.01),
respectively.

Figure 1 shows the 25(OH)D levels of the children relative
to age and origin. 25(OH)D levels in African children above
6 years (mean 35±13 nmol/L) were profoundly lower than in
those below 6 years (mean 51±15 nmol/L, p<0.01) or in
children above 6 years of Eastern Europe (mean 52±16 nmol/
L, p<0.01). The mean I-PTH values of the children above
6 years of age were 7.3±3.0 pmol/L for the African children
and 5.5±2.1 pmol/L for the children from Eastern Europe
(p<0.05).

25(OH)D levels before and after the summer with or
without supplementation, were obtained from 57 children.
At the end of the summer, none of these children had
biochemical VDD, but three non-supplemented children
had hypovitaminosis D. The increase of 25(OH)D between
spring and autumn was +19 nmol/L (42%) in children
without supplementation (n=31) and +35 nmol/L (85%)
(p=0.01) in children with supplementation (n=26). Figure 2
shows the increase of 25(OH)D levels during the summer
in relation to origin and supplementation. The increase of
25(OH)D among supplement users did not significantly
differ with origin (increase of children from Eastern Europe
+30 nmol/l, Central Asia +34 nmol/L and Africa +40 nmol/L,
respectively). The increase of 25(OH)D levels of the non-
supplemented African children was significantly less
(+16 nmol/L, +23%) than in the supplemented African
children (+40 nmol/L, +103%, p<0.05).

In addition to supplement use and seasonal variation, 25
(OH)D levels are influenced by dietary intake of vitamin D.

Table 1 Prevalence of VDD, hypovitaminosis D and elevated I-PTH and ALP in mid spring

Total (n) VDD hypovitaminosis D I-PTH>7.0 pmol/L ALP>325 U/L

Origin
Eastern Europe 40 2* 13* 7 2**
Central Asia 33 3 18* 4* 5**
Africa 39 9* 16 14* 14*
Gender
Female 47 7 24* 14 5
Male 65 7 23* 11 16
Age
2–6 yr 48 3 19 5** 8
7–12 yr 64 11 28 20** 13
Length of stay
1–3 yr 60 12* 21 11 14
>3 yr 52 2* 26 14 7
Total 112 14 (13%) 47 (42%) 25 (22%) 21 (19%)

Excluded 1 unexplained very high Alkaline Phosphatase
VDD: 25(OH) D≤30.0 nmol/L (12 ng/ml)
Hypovitaminosis D: 30.0 nmol/L(12 ng/ml)<25(OH) D<50.0 nmol/L(20 ng/ml)
Statistical analyses to origin, gender, age, and length of stay were all based on χ2 test
*=p<0.05
**=p<0.01
African origin in detail: children from Angola n=16, Somalia n=16, Sudan n=7
Central Asian origin in detail: children from Afghanistan n=15, Iraq n=8, Iran n=6, and others n=4
Eastern European in detail: children from Azerbaijan n=12, Yugoslavia n=14, Russia n=12 and others n=2
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The RDA of vitamin D for children in the Netherlands is
5.0 μg in children below 4 years of age and 2.5 μg in the
older children [16]. The dietary intake of vitamin D was
marginal (80% of the RDA) in 94% of the children studied.
The estimated vitamin D intake ranged from 0.1 μg to
6.0 μg (median 1.2 μg). Only one African child had an
adequate dietary vitamin D intake, and this child had 25
(OH)D levels above 50 nmol/L. Fifty nine percent of the

children with a marginal vitamin D intake had hypo-
vitaminosis D. The prevalence of hypovitaminosis D in
children with marginal dietary vitamin D intake was
significantly less in children from Eastern Europe
(n=12) than in those from Asia (n=19) or Africa (n=24)
(p<0.05). The dietary intake of calcium was normally
distributed with a mean intake of 683±309 mg, and no
significant differences to age group or region of origin
were found (data not shown). Children with a dietary
calcium intake below 500 mg did not have lower 25(OH)D
levels than children with a higher calcium intake (mean
25(OH)D 46±13 nmol/L vs. 47±15 nmol/L, respectively).
More details on the dietary intake of asylum seekers’
children are described elsewhere [36].

Discussion

In the presented study we report a high prevalence of VDD
and hypovitaminosis D among asylum seekers’ children in
The Netherlands in mid spring. The compromised vitamin
D status could be attributed to a marginal dietary vitamin D
intake, to geographic origin of the children (most likely
related to skin pigmentation), to seasonal variation and
finally to lack of supplement use.

Compromised vitamin D status among dark skinned
migrants and a seasonal variation of 25(OH)D levels in
autochthonous children have been reported in several
northern European countries with higher latitude than The
Netherlands [6, 10, 29]. The high prevalences are mainly
explained by insufficient sun exposure in winter, total skin
cover (veiled), indoor living and low dietary intake of
vitamin D. Vitamin D status in Moroccan and Turkish
children in The Netherlands was reported compromised
15 years ago [21]. The vitamin D status of native Dutch
children has shown to be appropriate [3, 34, 38]. The
lowest 25(OH)D levels in children in The Netherlands are
expected in February/March as skin synthesis of vitamin D
in winter is negligible [34, 40]. Because 25(OH) levels can
be expected to improve after 3 weeks of adequate sun-
exposure, our results obtained in mid-spring could have
underestimated the prevalence of compromised vitamin D
status, since April and May 2003 were relatively sunny in
the study area.

High risks of nutritional VDD have been reported in
infants with prolonged breast feeding without supplemen-
tation, in children with specific diets or with gastrointestinal
or metabolic diseases and in adolescents with insufficient
dietary intake [4, 7, 9, 12, 13, 28, 30, 32]. The children we
studied, however, did not belong to any of these nutritional
risk groups.

Our food analyses showed a low dietary intake of
vitamin D, particularly in the children from Africa or Asia.
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Yet, low dietary intake per se does not necessarily lead to a
compromised vitamin D status, as reported on children in
the besieged city of Sarajevo [20]. It is strongly suggestive
that the skin colour is of additional major influence, in
consideration of the light skin colour of most children in
Sarajevo and of the latitude of Sarajevo, which is much
further south than the north of The Netherlands.

The analyses of the seasonal variation in our study
demonstrate the dependence on the synthesis of vitamin D
in the skin by sun exposure. The improvement of 25(OH)D
levels of African children during the summer without
supplements was incomplete, in line with lower synthesis
rates in individuals with darker skin pigmentation. This
indicates that asylum seekers’ children of African origin are
likely to benefit from vitamin D supplementation, with
respect to the biochemical parameters of the vitamin D
metabolism. Recurrently compromised vitamin D status
accelerates bone resorption and is suggested to contribute to
a low mineral bone mass in preadolescent girls [18, 22, 27,
31, 35]. The increased levels of ALP and I-PTH among the
children with VDD in our study indicate a disturbance of
the bone homeostasis. To obtain optimal peak bone mass in
puberty, the present vitamin D recommendations have been
suggested to be too low [11]. A study among French male
adolescents showed that vitamin D supplementation is
effective to prevent or treat VDD or hypovitaminosis D
[15]. The provision of a single dose of 3.75 mg vitamin D
to 5–11 year-old children at the beginning of autumn has
been shown to maintain appropriate vitamin D status during
winter without inducing hypercalcaemia or hypercalciuria
[26]. The risk of hypervitaminosis D through supplemen-
tation is probably low, since supplementation up to 100 μg
daily has been shown to be well tolerated without serious
side effects [24].

In our study the potency of vitamin D supplements could
be confirmed in 11 children that were excluded from the
present study, because of reported use of cholecalciferol
prior to the investigations. The vitamin D levels of these
supplemented children were significantly higher than those
of the non-supplemented children (62±18 vs. 47±15 nmol/
L, p=0.003).

In conclusion, our present data indicate a high preva-
lence of compromised vitamin D status asylum seekers’
children in The Netherlands. The current relationships
between compromised vitamin D status and geographic
origin and dietary vitamin D intake allow identification of
risk groups among asylum seekers’ children, who are
expected to benefit from vitamin D supplementation.

Acknowledgements This study was supported by the Medical
Organisation Asylum Seekers North Netherlands (MOA-NN). The
authors thank Mrs. Tina de Vries, dietician, for her skilful contribution
to the dietary interviews.

References

1. Abrams SA (2002) Nutritional rickets: an old disease returns. Nutr
Re 60:111–115

2. Allgrove J (2004) Is nutritional rickets returning? Arch Dis Child
89:699–701

3. Anonymous. (1998) Zo eet Nederland 1998. Resultaten van de
voedselconsumptie peiling 1998. Voedingscentrum, Den Haag

4. Atiq M, Suria A, Nizami SQ, Ahmed I (1998) Vitamin D status of
breastfed Pakistani infants. Acta Paediatr 87:737–740

5. Brussaard JH, Erp-Baart MA, Brants A, Hul KF (2000)
Voedselconsumptie en voedingtoestand bij 8-jarige Marokkaanse,
Turkse en Nederlandse kinderen en hun moeders. TNO Voeding

6. Brustad M, Alsaker E, Engelsen O, Aksnes L, Lund E (2004)
Vitamin D status of middle-aged women at 65–71 degrees N in
relation to dietary intake and exposure to ultraviolet radiation.
Public Health Nutr 7:327–335

7. Carvalho NF, Kenney RD, Carrington PH, Hall DE (2001) Severe
nutritional deficiencies in toddlers resulting from health food milk
alternatives. Pediatrics 107:E46

8. Clemens TL, Adams JS, Henderson SL, Holick MF (1982)
Increased skin pigment reduces the capacity of skin to synthesise
vitamin D3. Lancet 1:74–76

9. Crocombe S, Mughal MZ, Berry JL (2004) Symptomatic vitamin
D deficiency among non-Caucasian adolescents living in the
United Kingdom. Arch Dis Child 89:197–199

10. Davies PS, Bates CJ, Cole TJ, Prentice A, Clarke PC (1999)
Vitamin D: seasonal and regional differences in preschool children
in Great Britain. Eur J Clin Nutr 53:195–198

11. Gartner LM, Greer FR (2003) Prevention of rickets and vitamin D
deficiency: new guidelines for vitamin D intake. Pediatrics
111:908–910

12. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ
(2004) Prevalence of vitamin D deficiency among healthy
adolescents. Arch Pediatr Adolesc Med 158:531–537

13. Greer RM, Buntain HM, Potter JM, Wainwright CE, Wong JC,
O’Rourke PK, Francis PW, Bell SC, Barch JA (2003) Abnormal-
ities of the PTH-vitamin D axis and bone turnover markers in
children, adolescents and adults with cystic fibrosis: comparison
with healthy controls. Osteoporos Int 14:404–411

14. Grootjans-Geerts I (2001) Hypovitaminosis D: a veiled diagnosis.
Ned Tijdschr Geneeskd 145:2057–2060

15. Guillemant J, Le HT, Maria A, Allemandou A, Peres G,
Guillemant S (2001) Wintertime vitamin D deficiency in male
adolescents: effect on parathyroid function and response to
vitamin D3 supplements. Osteoporos Int 12:875–879

16. Health Council of the Netherlands (2000) Dietary reference
intakes: calcium, vitamin D, thiamin, riboflavin, niacin, panto-
thenic acid, and biotin. Publication no. 2000/12. The Hague:
Health Council of the Netherlands

17. Lawson M, Thomas M, Hardiman A (1999) Dietary and lifestyle
factors affecting plasma vitamin D levels in Asian children living
in England. Eur J Clin Nutr 53:268–272

18. Lehtonen-Veromaa MK, Mottonen TT, Nuotio IO, Irjala KM,
Leino AE, Viikari JS (2002) Vitamin D and attainment of peak
bone mass among peripubertal Finnish girls: a 3-y prospective
study. Am J Clin Nutr 76:1446–1453

19. Lips P (2001) Vitamin D deficiency in a multicultural setting. Ned
Tijdschr Geneeskd 145:2060–2062

20. Mardel S, Hailey PC, Mahmutovic A, Broom J, Golden MH,
Franklin M, Mills CF (1995) Micronutrient status of the besieged
residents of Sarajevo. Eur J Clin Nutr 49 Suppl 2:S46–S61 May
1993

21. Meulmeester JF, van den BH, Wedel M, Boshuis PG, Hulshof KF,
Luyken R (1990) Vitamin D status, parathyroid hormone and

Eur J Pediatr (2007) 166:201–206 205



sunlight in Turkish, Moroccan and Caucasian children in The
Netherlands. Eur J Clin Nutr 44:461–470

22. Molgaard C, Michaelsen KF (2003) Vitamin D and bone health in
early life. Proc Nutr Soc 62:823–828

23. Muhe L, Lulseged S, Mason KE, Simoes EA (1997) Case-control
study of the role of nutritional rickets in the risk of developing
pneumonia in Ethiopian children. Lancet 349:1801–1804

24. Muskiet FA, Dijck-Brouwer DA, van der Veer E, Schaafsma A.
(2001) Do we really need > or =100 microg vitamin D/d, and is it
safe for all of us? Am J Clin Nutr 74:862–864

25. Nikiforuk G, Fraser D (1981) The etiology of enamel hypoplasia:
a unifying concept. J Pediatr 98:888–893

26. Oliveri B, Cassinelli H, Mautalen C, Ayala M (1996) Vitamin D
prophylaxis in children with a single dose of 150000 IU of
vitamin D. Eur J Clin Nutr 50:807–810

27. Outila TA, Karkkainen MU, Lamberg-Allardt CJ (2001) Vitamin
D status affects serum parathyroid hormone concentrations during
winter in female adolescents: associations with forearm bone
mineral density. Am J Clin Nutr 74:206–210

28. Parsons TJ, van Dusseldorp M, van der Veer E, van de WK,
Schaafsma G, van Staveren WA (1997) Reduced bone mass in
Dutch adolescents fed a macrobiotic diet in early life. J Bone
Miner Res 12:1486–1494

29. Pedersen P, Michaelsen KF, Molgaard C (2003) Children with
nutritional rickets referred to hospitals in Copenhagen during a
10-year period. Acta Paediatr 92:87–90

30. Pugliese MT, Blumberg DL, Hludzinski J, Kay S (1998)
Nutritional rickets in suburbia. J Am Coll Nutr 17:637–641

31. Seibel MJ (2002) Nutrition and molecular markers of bone
remodelling. Curr Opin Clin Nutr Metab Care 5:525–531

32. Sentongo TA, Semaeo EJ, Stettler N, Piccoli DA, Stallings VA,
Zemel BS (2002) Vitamin D status in children, adolescents, and
young adults with Crohn disease. Am J Clin Nutr 76:1077–
1081

33. Shaw NJ, Pal BR (2002) Vitamin D deficiency in UK Asian
families: activating a new concern. Arch Dis Child 86:147–149

34. Sluis van der IM, Hop WC, van Leeuwen JP, Pols HA, de Muinck
Keizer-Schrama SM (2002) A cross-sectional study on biochem-
ical parameters of bone turnover and vitamin D metabolites in
healthy Dutch children and young adults. Horm Res 57:170–179

35. Specker B (2004) Nutrition influences bone development from
infancy through toddler years. J Nutr 134:691S–695S

36. Stellinga-Boelen AAM, Wiegersma PA, Bijleveld CMA (2006)
Dietary intake in asylum seeker children in The Netherlands,
strongly related to age and origin. Eur J Clin Nutr (in press). DOI
10.1038/sj.ejcn.1602501

37. Tomashek KM, Nesby S, Scanlon KS, Cogswell ME, Powell KE,
Parashar UD, Mellinger-Birdsong A, Grummer-Strawn LM, Diets
WH (2001) Nutritional rickets in Georgia. Pediatrics 107:E45

38. van der Linden-Kuiper AT, Bunge-van Lent FC, Boere-Boonekamp
MM (1999) Recommendations of vitamin D supplements for
toddlers frequently disregarded. Ned Tijdschr Geneeskd
143:2146–2150

39. van de Meer, I, Wuister JD, Karamali NS, Verhoeven I (2005)
Seizures in foreign newborns due to maternal vitamin-D deficien-
cy. Ned Tijdschr Geneeskd 149:958–959

40. Webb AR, DeCosta BR, Holick MF (1989) Sunlight regulates the
cutaneous production of vitamin D3 by causing its photodegra-
dation. J Clin Endocrinol Metab 68:882–887

41. Webb AR, Kline L, Holick MF (1988) Influence of season and
latitude on the cutaneous synthesis of vitamin D3: exposure to
winter sunlight in Boston and Edmonton will not promote vitamin
D3 synthesis in human skin. J Clin Endocrinol Metab 67:373–378

42. Wilkinson RJ, Llewelyn M, Toossi Z, Patel P, Pasvol G, Lalvani
A, Wright D, Latif M, Davidson RN (2000) Influence of vitamin
D deficiency and vitamin D receptor polymorphisms on tubercu-
losis among Gujarati Asians in west London: a case-control study.
Lancet 355:618–621

206 Eur J Pediatr (2007) 166:201–206

http://:dx.doi.org/10.1038/sj.ejcn.1602501

	Vitamin D levels in children of asylum seekers in The Netherlands in relation to season and dietary intake
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


