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Abstract

Objective: To determine if children aged 1–6 years from non-Western immigrant
families have lower serum 25-hydroxyvitamin D (25(OH)D) levels than children
from Western-born families and examine which factors influence this relationship.
Design: Cross-sectional study.
Setting: Toronto, Canada.
Subjects: Healthy children (n 1540) recruited through the TARGet Kids! practice-
based research network. Serum 25(OH)D concentrations of non-Western immigrants
were compared with those of children from Western-born families. Children from
non-Western immigrant families were defined as those born, or their parents were
born, outside a Western country. Univariate and multiple linear regression analyses
were used to identify factors which might influence this relationship.
Results: Median age was 36 months, 51 % were male, 86 % had ‘light’ skin
pigmentation, 55 % took vitamin D supplements, mean cow’s milk intake was
1?8 cups/d and 27 % were non-Western immigrants. Median serum 25(OH)D
concentration was 83 nmol/l, with 5 % having 25(OH)D , 50 nmol/l. Univariable
analysis revealed that non-Western immigrant children had serum 25(OH)D
lower by 4 (95 % CI 1?3, 8?0) nmol/l (P 5 0?006) and increased odds of
25(OH)D , 50 nmol/l (OR 5 1?9; 95 % CI 1?3, 2?9). After adjustment for known
vitamin D determinants the observed difference attenuated to 0?04 (95 % CI 24?8,
4?8) nmol/l (P 5 0?99), with higher cow’s milk intake (P , 0?0001), vitamin D
supplementation (P , 0?0001), summer season (P 5 0?008) and increased age
(P 5 0?04) being statistically significant covariates. Vitamin D supplementation
was the strongest explanatory factor of the observed difference.
Conclusions: There is an association between non-Western immigration and
lower 25(OH)D in early childhood. This difference appears related to known
vitamin D determinants, primarily vitamin D supplementation, representing
opportunities for intervention.
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Vitamin D is an essential micronutrient and plays an

important role in bone metabolism(1,2). The Institute of

Medicine and the American Academy of Pediatrics suggest

that serum 25-hydroxyvitamin D (25(OH)D) concentration

of 50nmol/l will meet the needs of 97?5% of the population

for optimal bone-related health outcomes(3,4).

There is emerging evidence that low serum 25(OH)D

levels may also be associated with a number of chronic

health problems(5–8). Observational epidemiological studies

have suggested that low levels of vitamin D may play a role

in fractures(9,10), asthma(11,12), respiratory infections(13) and
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obesity(14) in children. Identifying subgroups of children

who are at risk of having low 25(OH)D is important,

especially given the possibly long duration of exposure to

low 25(OH)D beginning in childhood(1,2).

A number of determinants have been identified that affect

25(OH)D levels in children including skin pigmentation,

breast-feeding without vitamin D supplementation, low

intake of cow’s milk (in Canada and the USA, cow’s milk is

fortified with approximately 2?5 mg (100 IU) of vitamin D

per 250ml), higher latitude and higher adiposity(15–29). It has

been suggested that immigration may also play a role in

vitamin D status. Observational epidemiological data have

suggested that non-Western adults immigrating to a Western

country (Europe, North America, Australia or New Zealand)

are at increased risk of having low 25(OH)D(30–34). Further,

children under 1 year of age from non-Western immigrant

families living in a Western country appear to be at risk of

developing vitamin D-deficiency rickets(35–37). It is not

known whether there is a relationship between non-

Western immigration and 25(OH)D during early childhood

(i.e. in children older than 1 year of age) and whether

dietary, environmental or biological determinants of

25(OH)D might explain this effect.

The primary objective of the present study was to

determine whether children older than 1 year of age

from non-Western immigrant families have lower serum

25(OH)D levels than children from Western-born families.

Our secondary objective was to evaluate whether known

dietary, environmental or biological determinants of

25(OH)D influence this relationship.

Methods

The present study was a cross-sectional observational

study of healthy children aged 1–6 years.

Participants

Children were recruited between December 2008 and

July 2011 during a routine well-child doctor’s visit at

seven paediatric and family medicine group practices

participating in TARGet Kids!, and represented a diverse

sample of children in inner-city Toronto (latitude 43?48N),

the most culturally diverse city in Canada. Details of

subject recruitment have been published elsewhere(38,39).

The TARGet Kids! practice-based research network was

designed to collect data relevant to nutritional factors

and dietary patterns in healthy infants and children. It was

developed as a partnership between researchers at the

Paediatric Outcomes Research Team at the Sick Kids

Research Institute of The Hospital for Sick Children, the

Applied Health Research Centre at the Li Ka Shing

Knowledge Research Institute of St. Michael’s Hospital,

and primary-care providers in the Section on Community

Paediatrics in the Department of Paediatrics and the

Department of Family and Community Medicine at the

University of Toronto. Exclusion criteria included any

chronic illness (except for asthma), severe developmental

delay, non-verbal English and medications known to

affect vitamin D metabolism (i.e. anti-seizure medications).

Measurements

Survey data were collected through a parent-completed

standardized data collection form adapted from the

Canadian Community Health Survey(40). Trained research

assistants embedded in the practices obtained physical

measurements and venous sampling occurred on site at

the primary-care clinic by a trained phlebotomist. Blood

samples were sent daily to the Mount Sinai Services

Laboratory in Toronto (www.mountsinaservices.ca).

Serum 25(OH)D was measured using a competitive

two-step chemiluminescence assay (Diasorin LIAISON�R )(41).

This assay was regularly calibrated according to the

internationally recognized Vitamin D External Quality

Assessment Scheme(42). Extensive testing and validation

of this assay have been performed and demonstrated an

intra-assay imprecision of 7?2 % at a concentration of

213 nmol/l and an inter-assay imprecision of 4?9 % at

32 nmol/l, 8?9 % at 77 nmol/l and 17?4 % at 213 nmol/l,

values which are well within acceptable limits for bio-

chemical measurements(43,44).

Our primary exposure variable was non-Western

immigration determined by the parent(s) and child’s

country of birth. Non-Western immigration was defined as

a child born outside Europe, North America, Australia or

New Zealand or a child who has a parent (one or both)

who emigrated from a non-Western country(45). Thus first-

and second-generation non-Western immigrant children

were considered non-Western immigrants for the present

analysis because dietary factors affecting young children

likely reflect cultural patterns of their parents(46–51).

Immigration was measured by two open-ended ques-

tions: ‘Where were your child’s biological parents born?’

and ‘Where was your child born?’

Our primary outcome was serum total 25(OH)D (con-

tinuous outcome) and our secondary outcome was

25(OH)D , 50 nmol/l (binary outcome), based on the

Institute of Medicine’s reference cut-off point(3).

Clinically relevant covariates that we hypothesized might

influence the relationship between non-Western immigra-

tion and 25(OH)D included ethnicity, sex, age, skin pig-

mentation, BMI, season, current vitamin D supplementation,

cow’s milk intake and outdoor play. Ethnicity was captured

by the open-ended ethnicity question ‘What were the ethnic

or cultural origins of your child’s ancestors (an ancestor is

usually more distant than a grandparent)?’ Two co-authors,

J.A.O. and S.C., independently converted responses into the

following five geographically based ethnicity categories: (i)

East & South-east Asian; (ii) South-west Asian; (iii) African &

Caribbean; (iv) mixed Western; and (v) mixed Western/

non-Western(52). Mixed Western included children born in

families from Western countries (e.g. Western and Eastern
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Europe) and mixed Western/non-Western included children

from mixed ethnic families from both non-Western

countries (e.g. East Asian and Latin American) or families

from Western and non-Western countries (e.g. South

Asian and Western Europe). Differences in categorization

between reviewers were identified less than 5 % of the

time and subsequently resolved by consensus in each

instance. The overall effect of ethnicity was tested using

Western as the reference of the other four geographically

based ethnic categories, identified above.

Each child’s weight was measured using a precision

digital scale (60?025 %; Seca, Hamburg, Germany) and

standing height was measured using a stadiometer (Seca).

BMI was calculated as weight in kilograms divided by

the square of height in metres(53,54). BMI Z-scores were

calculated using WHO growth standards(55). Skin pig-

mentation was measured by trained research assistants

using the Fitzpatrick scale, which is a skin pigmentation

classification system widely used in dermatological

research(56,57). Cow’s milk consumption was measured

from parental report based on response to the following

question: ‘How many 250 ml cups of cow’s milk does

your child drink in a typical day?’ All commercially

available cow’s milk in Canada is fortified with 2?5 mg

(100 IU) of vitamin D per 250ml cup(58,59). Daily vitamin D

supplementation was defined as currently taking a daily

multivitamin and/or vitamin D supplement. In Canada,

all over-the-counter multivitamins contain vitamin D and

standard dosing of children’s vitamin D-containing supple-

ments is 10 mg (400 IU) per dose(60). Outdoor play was

defined as hours per week spent outside playing, which

was used as a proxy for sun exposure.

Statistical analyses

Descriptive statistics were performed for the primary

exposure, outcomes and covariates. For our primary ana-

lysis, univariate linear regression was used to determine

the unadjusted association between our primary exposure

(non-Western immigration) and our primary outcome

(serum 25(OH)D as a continuous outcome) and univariate

logistic regression was used to determine the unadjusted

association between our primary exposure (non-Western

immigration) and our secondary outcome (25(OH)D , 50

nmol/l as a binary outcome). For our secondary analysis, a

multiple linear regression model was developed using

our primary outcome, serum 25(OH)D, with adjustment

for pre-specified, clinically relevant covariates (described

above) to explore factors which might influence a rela-

tionship between non-Western immigration and 25(OH)D.

All covariates were felt to be clinically important and were

included in the final model regardless of P value.

To explore whether vitamin D supplementation and

skin pigmentation may have different effects on 25(OH)D

in non-Western immigrant children relative to Western-

born children, two biologically plausible interactions

were considered: (i) immigration and skin pigmentation;

and (ii) immigration and vitamin D supplementation.

To achieve a balance between over-fitting and inter-

pretation and limit biases that can result from standard

variable selection approaches, these interactions were

tested together using a likelihood ratio test. If the P value

for inclusion of the interactions was large (i.e. greater

than 0?30), these interactions were considered to be

unlikely and were not included in the final models.

Multicollinearity was assessed using the variance

inflation factor, a measure of the degree that a regression

coefficient is inflated when other independent variables

contain similar information(61). As the model did not contain

large variance inflation factors (values not exceeding 5)

multicollinearity was unlikely to be a problem, so each of

the hypothesized covariates (including ethnicity and immi-

gration) were considered independent variables(62).

Data were analysed using the statistical software

package SAS 9?2 for Windows. The study was approved

by the Research Ethics Board of St. Michael’s Hospital and

The Hospital for Sick Children, and parents of all parti-

cipating children consented to participation in the study.

Results

Consent was obtained from parents of 3696 children;

1540 had complete survey, anthropometric and laboratory

data and were included in the analysis (see Fig. 1). Children

included and not included in the analysis appeared similar

(see Table 1). The median age of included children was

36 months, 51% were male, 86% had ‘light’ skin pigmen-

tation (Fitzpatrick scale I, II or III), 55% took vitamin D

supplements and mean cow’s milk intake was 1?8 cups/d.

Children from non-Western immigrant families made up

27% of the population (see Table 2). Of non-Western

immigrant families, 4% of children and 96% of parents

were born outside Canada, in a non-Western country.

Median serum 25(OH)D was 83nmol/l. Eighty-one children

(5%) had 25(OH)D levels below 50nmol/l (thirty-one (3%)

children from Western families and fifty (12%) children

from non-Western immigrant families).

For our primary analysis, univariable linear regression

revealed that non-Western immigrant children had lower

mean serum 25(OH)D concentrations than children from

Western-born families (85 v. 89 nmol/l, respectively) with

a difference of 4 (95 % CI 1?3, 8?0) nmol/l (P 5 0?006).

Univariable logistic regression revealed increased odds of

25(OH)D levels less than 50 nmol/l in non-Western

immigrant children (OR 5 1?9; 95 % CI 1?3, 2?9).

For our secondary analysis, multiple linear regression

adjusted for clinically relevant covariates resulted in a

reduction of the observed mean serum 25(OH)D differ-

ence between non-Western immigrant children and chil-

dren from Western-born families to 0?04 (95 % CI 24?8,

4?8) nmol/l, which was no longer statistically significant

(P 5 0?99; see Table 3).
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Covariates which appeared to attenuate the relationship

between non-Western immigration and 25(OH)D included

volume of cow’s milk intake (P , 0?0001), vitamin D

supplementation (P 5 ,0?0001), season (P 5 0?008) and

age (P 5 0?04; see Table 3). Cow’s milk intake, vitamin D

supplementation, season and age were all associated with

non-Western immigration and had an effect on 25(OH)D.

However, only vitamin D supplementation changed the

parameter estimate for non-Western immigration by more

than 10%, suggesting it was the strongest explanatory factor.

We did not find that other variables, including ethnicity, skin

pigmentation and outdoor play, were modifiers of the

observed 25(OH)D difference (see Table 3).

Interactions between non-Western immigration and

vitamin D supplementation and non-Western immigration

and skin pigmentation were tested together which

revealed P 5 0?9, making these interactions unlikely.

These interactions were not included in the final model.

Discussion

Immigration is a defining component of urban North

America(63,64). We have identified an association between

non-Western immigration and lower 25(OH)D in early

childhood. While the median 25(OH)D concentration was

83nmol/l, well above the American Academy of Pediatrics’

cut-off point of 50nmol/l, non-Western immigrant children

had nearly a twofold increased odds of 25(OH)D , 50

nmol/l when compared with children from Western-born

families.

When biologically important covariates related to

vitamin D intake and synthesis were included in our

adjusted model, the observed 25(OH)D mean difference

between immigration groups could largely be explained

by known vitamin D determinants, with current vitamin D

supplementation having the strongest effect. Cow’s milk

intake, season and age were significant covariates in

the adjusted linear regression model but did not change

the parameter estimate for non-Western immigration

by more than 10 %, suggesting they were weaker expla-

natory factors.

To our knowledge, the present study is unique in

documenting an association between 25(OH)D status and

non-Western immigration in early childhood (children

aged 1–6 years). Understanding non-Western immigration

as an exposure is important due to the high frequency of

Consent obtained
n 3696

Blood obtained
n 2081

Included in the
analysis
n 1540

Blood not
obtained
n 1615

Participants did mot
have complete data for
one or more variables

n 541

Fig. 1 Patient recruitment and enrolment flow chart
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non-Western immigration in much of urban North

America(63). Our finding that vitamin D supplementation

appears to be the strongest explanatory factor of the observed

difference in 25(OH)D suggests that vitamin D supple-

mentation may be an excellent target for interventions to

increase 25(OH)D among non-Western immigrant children.

Previous studies have identified a number of factors

that affect 25(OH)D in children including factors related

to cutaneous production of vitamin D such as skin

pigmentation (melanin pigment decreases cutaneous

synthesis)(15–17), ethnicity(65,66) and outdoor time(15–17,67,68).

We did not find that these factors were modifiers of the

relationship between non-Western immigration and

25(OH)D. This could be a consequence of sun avoidance

of young children or the relatively low frequency of ‘dark’

skin pigmentation in this population. If skin exposure

to the sun were minimal, cutaneous production of

25(OH)D would also be expected to be minimal regard-

less of skin pigmentation, ethnicity or outdoor playtime.

Strengths of our study were the relatively large sample

size with detailed clinical and laboratory data which

allowed us to adjust for the many factors known to impact

25(OH)D concentrations in children. Further, our urban

population included an ethnically diverse sample from

one of the most multicultural cities in the world.

Limitations of the study include its cross-sectional

design, from which causality cannot be inferred.

Although the median 25(OH)D concentration was rela-

tively high in our population and the majority of children

had 25(OH)D levels above the American Academy of

Pediatrics’ cut-off point of 50 nmol/l, other Canadian-

based studies including the national Canadian Health

Measures Survey have found similar 25(OH)D levels in

this age group(69–71). There was a low representation of

certain ethnic groups in the present study compared with

visible minority groups in Toronto; however, this can be

partially explained by the higher frequency of mixed

ethnicities in our study(72). Residual confounding from

Table 1 Population description for children included and not included in the analysis (children aged 1–6 years participating in TARGet Kids!,
Toronto, Canada, December 2008 to July 2011)

Children included in the analysis Children not included in the analysis
(n 1540) (n 1979)*

Child characteristic Frequency % Median Range Frequency % Median Range

Age (months) – – 36 12–78 – – 26 12–80
Missing (n 0)

Sex, male 785 51 – – 1029 52 – –
Missing (n 1)

Skin pigmentation, light 1320 86 – – 1401 84 – –
Missing (n 316)

BMI Z-score – – 0?2 23?1 to 3?9 0.2 23?4 to 3?9
Missing (n 159)

Ethnicity-
Mixed Western 1004 65 – – 1206 61 – –
Mixed Western/non-Western 345 22 – – 451 23 – –
East Asian & South-east Asian 90 6 – – 119 6 – –
South-west Asian 70 5 – – 92 5 – –
African & Caribbean 31 2 – – 51 3 – –

Missing (n 60)
Season

May-Sept (summer) 711 46 – – 834 42 – –
Missing (n 0)

Current cow’s milk intake (ml) – – 500 0–1250 – – 500 0–1250
Missing (n 259)

Vitamin D supplements
Yes 850 55 – – 1070 58 – –

Missing (n 136)
Outdoor play

1–4 h/week 629 41 – – 729 40 – –
5–7 h/week 911 59 – – 1078 60 – –

Missing (n 172)
Annual household income ($CAN)-

-

– – 56 000 15 000–335 000 – – 56 800 15 000–269 000
Missing (n 210)

Serum 25(OH)D (nmol/l) – – 83 11–267 – – 83 15–278
Missing (n 1627)

25(OH)D, 25-hydroxvitamin D.
*2176 children were not included in the analysis (blood not obtained for 1615 and 1540 did not have complete survey or anthropometric data). The table
describes 1979 children; 197 were removed because they were outliers (fifteen children had BMI Z-score . 4, 181 had age ,11?5 months or .84 months, and
one had 25(OH)D of 352 nmol/l).
-Visible minorities in Toronto according to the 2006 census were 12?0 % South Asian, 2?6 % Arab or West Asian (totalling 14?6 % South-west Asian); 11?4 %
Chinese, 4?1 % Filipino, 1?4 % Korean, 1?5 % South-east Asian, 0?5 % Japanese (totalling 18?9 % East Asian & South-east Asian); 8?4 % Black (totalling 8?4 %
African & Caribbean); and multiple visible minority 1?3 %(72).
-

-

Median annual household income in Toronto in 2010 was $CAN 68 110(73).
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unknown and unmeasured covariates is also a possibility,

although such effects are likely to be small given that

the adjusted 25(OH)D difference was small. Finally, a

language barrier could have precluded some immigrant

families from participating in the study. However, only

0?4 % of eligible children were actually excluded because

of a language barrier yet almost a third of our population

were non-Western immigrant families.

Conclusion

Children older than 1 year of age from non-Western immi-

grant families may be at increased risk of lower 25(OH)D.

Vitamin D supplementation appeared to be the strongest

explanatory factor of the observed difference in 25(OH)D,

suggesting that targeted interventions to improve vitamin D

supplementation among immigrant children beyond the

first year of life may be successful at increasing the 25(OH)D

status of non-Western immigrant children. Non-modifiable

factors such as ethnicity and skin pigmentation did not

appear to explain the observed difference.
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Immigration (non-Western v. Western) –0?04 0?99
Age, months 20?09 0?04*
Sex (male v. female) –0?03 0?98
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Mixed Western/non-Western –4?54
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Serum 25(OH)D (nmol/l) – – 84 12–267 – – 80 11–210
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1552 JA Omand et al.

https://doi.org/10.1017/S1368980013001328 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980013001328


the research study. P.B.D., P.C.P. and C.S.B. helped to

refine the study design. J.A.O., J.L.M. and K.E.T. analysed

the data. M.K., S.C. and J.D. coordinated data collection. All

authors contributed to the interpretation of results. J.A.O.

and J.L.M. drafted the manuscript. All authors read and

approved the final manuscript. Acknowledgements: The

authors thank the practitioners, paediatric and family

medicine practices and families who are currently involved

in the TARGet Kids! research network.

TARGet Kids! Collaboration Site Investigators: Tony

Barozzino, Gary Bloch, Ashna Bowry, Douglas Campbell,

Sohail Cheema, Brian Chisamore, Karoon Danayan, Anh

Do, Michael Evans, Mark Feldman, Sloane Freeman,

Moshe Ipp, Sheila Jacobson, Tara Kiran, Holly Knowles,

Eddy Lau, Fok-Han Leung, Julia Morinis, Sharon

Naymark, Patricia Neelands, Michael Peer, Marty Perlmutar,

Navindra Persaud, Michelle Porepa, Noor Ramji, Alana

Rosenthal, Janet Saunderson, Michael Sgro, Susan Shepherd,

Carolyn Taylor, Sheila Wijayasinghe, Ethel Ying and

Elizabeth Young. Steering Committee: Tony Barozzino,

Brian Chisamore, Mark Feldman and Moshe Ipp. Research

Team (Managers/Coordinators/Research Assistants): Azar

Azad, Tonya D’Amour, Sarah Carsley, Julie DeGroot,

Kanthi Kavikondala, Marina Khovratovich, Tarandeep

Malhi, Magda Melo, Subitha Rajakumaran, Juela Sejdo

and Laurie Thompson. Applied Health Research Centre:

Muhammad Mamdani, Andreas Laupacis, David Klein,

Gerald Lebovic, Kevin Thorpe, Magda Melo, Kim Phu,

Judith Hall and Rino La Grassa, Bryan Boodhoo, Nike

Onabajo, Karen Pope.

References

1. Dietitians of Canada (2010) Food sources of vitamin D.
http://www.dietitians.ca/Nutrition-Resources-A-Z/Fact-Sheet-
Pages(HTML)/Vitamins/Food-Sources-of-Vitamin-D.aspx
(accessed March 2012).

2. Holick MF (2004) Vitamin D: importance in the prevention
of cancers, type 1 diabetes, heart disease, and osteoporosis.
Am J Clin Nutr 79, 362–371.

3. Committee to Review Dietary Reference Intakes for
Vitamin D and Calcium, Institute of Medicine (2010)
Dietary Reference Intakes for Calcium and Vitamin D
[AC Ross, CL Taylor, AL Yaktine et al., editors]. Washington,
DC: National Academies Press.

4. Wagner CL & Greer FR (2008) Prevention of rickets and
vitamin D deficiency in infants, children, and adolescents.
Pediatrics 122, 1142–1152.

5. Bischoff-Ferrari H, Giovannucci E, Willett W et al. (2006)
Estimation of optimal serum concentrations of 25-hydroxy-
vitamin D for multiple health outcomes. Am J Clin Nutr 84,
18–28.

6. Hollis BW (2005) Circulating 25-hydroxyvitamin D levels
indicative of vitamin D sufficiency: implications for
establishing a new effective dietary intake recommenda-
tion for vitamin D. J Nutr 135, 317–322.

7. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357,
266–281.

8. Bischoff-Ferrari HA, Willett WC, Wong JB et al. (2005) Fracture
prevention with vitamin D supplementation: a meta-analysis of
randomized controlled trials. JAMA 293, 2257–2264.

9. Dawson-Hughes B (2008) Serum 25-hydroxyvitamin D
and functional outcomes in the elderly. Am J Clin Nutr 88,
issue 2, 537S–540S.

10. Clark EM, Tobias JH & Ness AR (2006) Association between
bone density and fractures in children: a systematic review
and meta-analysis. Pediatrics 117, e291–e297.

11. Litonjua AA & Weiss ST (2007) Is vitamin D deficiency to
blame for the asthma epidemic? J Allergy Clin Immunol
120, 1031–1035.

12. Masoli M, Fabian D, Holt S et al. (2004) The global burden
of asthma: executive summary of the GINA Dissemination
Committee report. Allergy 59, 469–478.

13. Ginde AA, Mansbach JM & Camargo CA (2009) Vitamin D,
respiratory infections, and asthma. Curr Allergy Asthma
Rep 9, 81–87.

14. Reis JP, von Muhlen D, Miller ER 3rd et al. (2009) Vitamin D
status and cardiometabolic risk factors in the United States
adolescent population. Pediatrics 124, e371–e379.

15. Greer FR (2008) 25-Hydroxyvitamin D: functional out-
comes in infants and young children. Am J Clin Nutr 88,
issue 2, 529S–533S.

16. Clemens T, Adams JS, Henderson SL et al. (1982) Increased
skin pigment reduces the capacity of skin to synthesise
vitamin D3. Lancet i, 74–76.

17. Carpenter TO, Herreros F, Zhang JH et al. (2012) Demo-
graphic, dietary, and biochemical determinants of vitamin D
status in inner-city children. Am J Clin Nutr 95, 137–146.

18. Gibson R (2005) Principles of Nutritional Assessment.
New York: Oxford University Press.

19. Nakao H (1988) Nutritional significance of human milk
vitamin D in the neonatal period. Kobe J Med Sci 34, 121–128.

20. Kumar J, Muntner P, Kaskel FJ et al. (2009) Prevalence and
associations of 25-hydroxyvitamin D deficiency in US
children: NHANES 2001–2004. Pediatrics 124, e362–e370.

21. Vatanparast H, Calvo MS, Green TJ et al. (2010) Despite
mandatory fortification of staple foods, vitamin D intakes of
Canadian children and adults are inadequate. J Steroid
Biochem Mol Biol 121, 301–303.

22. Ladizesky ML, Oliveri Z, San Roman B et al. (1995) Solar
ultraviolet B radiation and photoproduction of vitamin D3

in central and southern areas of Argentina. J Bone Miner
Res 10, 545–549.

23. 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.

24. Matsuoka LY, Wortsman J, Haddad JG et al. (1989) In vivo
threshold for cutaneous synthesis of vitamin D3. J Lab Clin
Med 114, 301–305.

25. Gilbert-Diamond D, Baylin A, Mora-Plazas M et al. (2010)
Vitamin D deficiency and anthropometric indicators of
adiposity in school-age children: a prospective study. Am J
Clin Nutr 92, 1446–1451.

26. Cizmecioglu FM, Etiler N, Gormus U et al. (2008)
Hypovitaminosis D in obese and overweight schoolchildren.
J Clin Res Pediatr Endocrinol 1, 89–96.

27. Wortsman J, Matsuoka LY, Chen TC et al. (2000) Decreased bio-
availability of vitamin D in obesity. Am J Clin Nutr 72, 690–693.

28. Garanty-Bogacka B, Syrenicz M, Goral J et al. (2011) Serum
25-hydroxyvitamin D (25-OH-D) in obese adolescents.
Endokrynol Pol 62, 506–511.

29. Canadian Paediatric Society Position Statement (2007)
Vitamin D supplementation: recommendations for Canadian
mothers and infants. Paediatr Child Health 12, 583–589.

30. Skull SA, Ngeow JY & Biggs BA (2003) Vitamin D deficiency
is common and unrecognized among recently arrived adult
immigrants from the Horn of Africa. Intern Med J 33, 47–51.

31. van Schoor NM & Lips P (2011) Worldwide vitamin D
status. Best Pract Res Clin Endocrinol Metab 25, 671–680.

Vitamin D in children according to immigration status 1553

https://doi.org/10.1017/S1368980013001328 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980013001328


32. Lips P (2007) Vitamin D status and nutrition in Europe and
Asia. J Steroid Biochem Mol Biol 103, 620–625.

33. Lips P (2010) Worldwide status of vitamin D nutrition.
J Steroid Biochem Mol Biol 121, 297–300.

34. Andersen R, Molgaard C, Skovgaard LT et al. (2008)
Pakistani immigrant children and adults in Denmark have
severely low vitamin D status. Eur J Clin Nutr 62, 625–634.

35. Ward LM, Gaboury I, Ladhani M et al. (2007) Vitamin D-
deficiency rickets among children in Canada. CMAJ 177,
161–166.

36. Binet A & Kooh SW (1996) Persistence of vitamin D-
deficiency rickets in Toronto in the 1990s. Can J Public
Health 87, 227–230.

37. Pillow JJ, Forrest PJ & Rodda CP (1995) Vitamin D
deficiency in infants and young children born to migrant
parents. J Pediatr Child Health 31, 180–184.

38. Morinis J, Maguire J, Khovratovich M et al. (2012) Paediatric
obesity research in early childhood and the primary care
setting: the TARGet Kids! research network. Int J Environ
Res Public Health 9, 1343–1354.

39. TARGet Kids! Practice Based Research Network website (2013)
Homepage. http://www.targetkids.ca (accessed February 2013).

40. Statistics Canada (2004) Canadian Community Health
Survey. http://www.statcan.gc.ca/concepts/health-sante/
content-contenu-eng.htm (accessed April 2012).

41. DiaSorin (2007) The Diagnostic Specialist. Vercelli: DiaSorin SPA.
42. Carter GD, Carter R, Jones J et al. (2004) How accurate are assays

for 25-hydroxyvitamin D? Data from the international vitamin D
external quality assessment scheme. Clin Chem 50, 2195–2197.

43. Maunsell Z, Wright DJ & Rainbow SJ (2005) Routine isotope-
dilution liquid chromatography–tandem mass spectrometry
assay for simultaneous measurement of the 25-hydroxy
metabolites of vitamins D2 and D3. Clin Chem 51, 1683–1690.

44. Singh RJ, Taylor RL, Reddy GS et al. (2006) C-3 epimers can
account for a significant proportion of total circulating
25-hydroxyvitamin D in infants, complicating accurate
measurement and interpretation of vitamin D status. J Clin
Endocrinol Metab 91, 3055–3061.

45. Schenk L, Ellert U & Neuhauser H (2007) Children and
adolescents in Germany with a migration background:
methodical aspects in the German Health Interview and
Examination Survey for Children and Adolescents (KiGGS).
Bundesgesundheitsblatt 50, 590–599.

46. Nusche D, Wurzburg G, Naughton B (2010) OECD Reviews
of Migrant Education: Denmark. http://www.oecd.org/
dataoecd/54/17/44855206.pdf (accessed June 2012).

47. Wicherts IS, Boeke AJ, van der Meer IM et al. (2011)
Sunlight exposure or vitamin D supplementation for
vitamin D-deficient non-western immigrants: a randomized
clinical trial. Osteoporos Int 22, 873–882.

48. Scaglioni S, Arrizza C, Vecchi F et al. (2011) Determinants
of children’s eating behavior. Am J Clin Nutr 94, 6 Suppl.,
2006S–2011S.

49. Patrick H & Nicklas TA (2005) A review of family and social
determinants of children’s eating patterns and diet quality.
J Am Coll Nutr 24, 83–92.

50. Savage JS, Fisher JO & Birch LL (2007) Parental influence
on eating behavior: conception to adolescence. J Law Med
Ethics 35, 22–34.

51. Schwartz SJ, Montgomery MJ & Briones E (2006) The role
of identity in acculturation among immigrant people:
theoretical propositions, empirical questions, and applied
recommendations. Hum Dev 49, 1–30.

52. Statistics Canada (2008) Appendix C: Comparison of ethnic
origins disseminated in 2006, 2001 and 1996. http://
www12.statcan.gc.ca/census-recensement/2006/ref/dict/app-
ann003-eng.cfm (accessed June 2012).

53. Pietrobelli A, Faith MS, Allison DB et al. (1998) Body mass
index as a measure of adiposity among children and
adolescents: a validation study. J Pediatr 132, 204–210.

54. Mei Z, Grummer-Strawn LM, Pietrobelli A et al. (2002) Validity
of body mass index compared with other body-composition
screening indexes for the assessment of body fatness in
children and adolescents. Am J Clin Nutr 75, 978–985.

55. World Health Organization (2006) WHO Child Growth
Standards: Methods and Development. Geneva: WHO;
available at http://www.who.int/childgrowth/publications/
technical_report_pub/en/index.html

56. Fitzpatrick TB (1988) The validity and practicality of sun-
reactive skin types I through VI. Arch Dermatol 124, 869–871.

57. Quevedo WC, Fitzpatrick TB, Pathak MA et al. (1975) Role
of light in human skin color variation. Am J Phys Anthropol
43, 393–408.

58. Roth DE, Martz P, Yeo R et al. (2005) Are national vitamin D
guidelines sufficient to maintain adequate blood levels in
children? Can J Public Health 96, 443–449.

59. Minister of Justice (2013) Food and Drug Regulations
C.R.C. c. 870. http://laws-lois.justice.gc.ca/PDF/C.R.C.,_c._
870.pdf (accessed August 2012).

60. Health Canada (2007) Multi-vitamin/mineral supplement
monograph. http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/prodnatur/multivit_min_mono-eng.pdf
(accessed June 2012).

61. Cody RP & Smith JK (2006) Applied Statistics and the SAS
Programming Language, 5th ed. Upper Saddle River, NJ:
Elsevier Science Publishing Co./Pearson Prentice Hall.

62. Morris JK, Bestwick J & Wald NJ (2008) Multiple-marker
screening for Down’s syndrome: a method of assessing the
statistical robustness of proposed tests. J Med Screen 15, 55–61.

63. Chui T, Tran K & Maheux H (2007) Immigration in
Canada: A Portrait of the Foreign-Born Population, 2006
Census. Ottawa: Statistics Canada, Social and Aboriginal
Statistics Division.

64. Grieco EM, Acosta YD, de la Cruz DP et al. (2012) The
Foreign-Born Population in the United States: 2010.
American Community Survey Reports, May 2012. Washington,
DC: US Department of Commerce, Economics and Statistics
Administration, US Census Bureau.

65. Hintzpeter B, Scheidt-Nave C, Müller MJ et al. (2008)
Higher prevalence of vitamin D deficiency is associated
with immigrant background among children and adoles-
cents in Germany. J Nutr 138, 1482–1490.

66. McGillivray G, Skull SA, Davie G et al. (2007) High
prevalence of asymptomatic vitamin D and iron deficiency
in East African immigrant children and adolescents living in
a temperate climate. Arch Dis Child 92, 1088–1093.

67. Tandon PS, Zhou C & Christakis DA (2012) Frequency of
parent-supervised outdoor play of US preschool-aged
children. Arch Pediatr Adolesc Med 166, 707–712.

68. Maguire JL, Birken CS, O’Connor DL et al. (2011) Prevalence
and predictors of low vitamin D concentrations in urban
Canadian toddlers. Paediatr Child Health 16, e11–e15.

69. El Hayek J, Pham TT, Finch S et al. (2013) Vitamin D status
in Montreal preschoolers is satisfactory despite low vitamin
D intake. J Nutr 143, 154–160.

70. Maguire JL, Birken CS, Khovratovich M et al. (2013)
Modifiable determinants of serum 25-hydroxyvitamin D
status in early childhood: opportunities for prevention.
JAMA Pediatr 167, 230–235.

71. Langlois K, Greene-Finestone L, Little J et al. (2010) Vitamin
D status of Canadians as measured in the 2007 to 2009
Canadian Health Measures Survey. Health Rep 21, 47–55.

72. Toronto Public Health Access Alliance (2006) Socio-
demographic profile of immigrants in Toronto. http://
www.toronto.ca/health/map/pdf/global_city/demographics.
pdf (accessed March 2013).

73. Statistics Canada (2012) Median total income, by family
type, by census metropolitan area. http://www.statcan.
gc.ca/tables-tableaux/sum-som/l01/cst01/famil107a-eng.htm
(accessed November 2012).

1554 JA Omand et al.

https://doi.org/10.1017/S1368980013001328 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980013001328

