
Paediatr Child Health Vol 16 No 2 February 2011 e11

Prevalence and predictors of low vitamin D  
concentrations in urban Canadian toddlers

Jonathon L Maguire MD MSc FRCPC1,2,3,4,6,7, Catherine S Birken MD MSc FRCPC3,4,6,7,  
Deborah L O’Connor PhD6,8,9, Colin Macarthur MBChB PhD3,4,6, Kevin E Thorpe MMath2,5,  

Muhammad Mamdani PharmD MPH2,7, Patricia C Parkin MD FRCPC3,4,6,7; for the TARGet Kids! Collaboration*

1Department of Pediatrics, St Michael’s Hospital; 2Applied Health Research Centre, Keenan Research Centre, Li Ka Shing Knowledge Institute, 
St Michael’s Hospital; 3Division of Pediatric Medicine and the Pediatric Outcomes Research Team, The Hospital for Sick Children; 4Child Health 
Evaluative Sciences, The Hospital for Sick Children Research Institute; 5Dalla Lana School of Public Health, University of Toronto; 6Department of 
Pediatrics; 7Department of Health Policy, Management and Evaluation; 8Department of Nutritional Sciences; 9Department of Physiology and 
Experimental Medicine, Faculty of Medicine, University of Toronto, Toronto, Ontario

*See Appendix 1 and Appendix 2
Correspondence: Dr Jonathon L Maguire, Applied Health Research Centre, Li Ka Shing Knowledge Institute, Department of Pediatrics, 

St Michael’s Hospital, 61 Queen Street East, 2nd Floor, Toronto, Ontario M5C 2T2. Telephone 416-813-7500,  
e-mail jonathon.maguire@utoronto.ca

Accepted for publication July 8, 2010

The role of vitamin D in skeletal development and main-
tenance of normal serum calcium levels is well estab-

lished (1). The risk of rickets is seemingly very low when 
serum  25-hydroxyvitamin D concentrations are greater than 
50 nmol/L in children (2). Largely based on this finding, the 
American Academy of Pediatrics (AAP) (3) recommends that 
 25-hydroxyvitamin D concentrations in children be greater 
than 50 nmol/L, whereas the Canadian Paediatric Society 

(CPS) (4) has recommended that  25-hydroxyvitamin D con-
centrations should be greater than 75 nmol/L based on extrapo-
lation from adult data.

There is emerging evidence, from both single-centre stud-
ies (5-8) and national surveys (9-11), that children of all ages 
in North America have vitamin D concentrations that are 
significantly lower than either the AAP or CPS recommenda-
tions (Table 1). However, less is known specifically about the 
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OBJeCTiveS: To determine the prevalence of low vitamin D con-
centrations in a cohort of healthy two-year-old children living in a 
large Canadian city, and to explore whether body mass index 
(BMI) and cow’s milk intake are associated with low vitamin D 
concentrations.
MeTHODS: A cross-sectional study was performed on healthy 
 two-year-old children attending a well-child visit in Toronto, Ontario 
(latitude 43.4°N). Dietary exposures were measured by questionnaire. 
The primary outcome was the prevalence of low vitamin D concentra-
tions (25-hydroxyvitamin D concentration of lower than 50 nmol/L or 
lower than 75 nmol/L).
ReSuLTS: A total of 91 healthy children 24 to 30 months of age were 
recruited between November 2007 and May 2008. The prevalence of 
low vitamin D concentrations (lower than 50 nmol/L) was 32% (29 of 
92, 95% CI 22% to 42%) and the prevalence of vitamin D concentra-
tions of lower than 75 nmol/L was 82% (75 of 91, 95% CI 73% to 
89%). Using multivariable logistic regression, the odds of vitamin D 
concentrations being lower than 50 nmol/L decreased by 0.44 (95% 
CI 0.2 to 0.96) for each additional cup of cow’s milk intake per day and 
increased by 1.2 to 2.6 per unit BMI depending on BMI level 
(P=0.07).
COnCLuSiOnS: A total of 30% to 80% of toddlers in the present 
study’s urban Canadian setting demonstrated low vitamin D concen-
trations – the highest prevalence of low vitamin D in toddlers outside 
of Alaska. Modifiable factors associated with low vitamin D were 
lower cow’s milk intake and higher BMI. The vitamin D status of tod-
dlers in urban Canada may require specific attention.
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La prévalence et les prédicteurs de faibles 
concentrations de vitamine D chez les tout-
petits des régions urbaines canadiennes

OBJeCTiFS : Déterminer la prévalence de faibles concentrations de 
vitamine D au sein d’une cohorte d’enfants en santé de deux ans qui vivent 
dans une grande ville canadienne et explorer si l’indice de masse corporelle 
(IMC) et la consommation de lait de vache s’associent à de faibles 
concentrations de vitamine D.
MÉTHODOLOGie : Les chercheurs ont mené une étude transversale 
auprès d’enfants en santé de deux ans de Toronto, en Ontario 
(latitude 43,4 °N) qui se présentaient à leur visite d’enfant en santé. Ils 
ont mesuré leur exposition alimentaire par questionnaire. L’issue primaire 
était la prévalence de faibles concentrations de vitamine D (concentration 
de 25-hydroxyvitamine D inférieure à 50 nmol/L ou à 75 nmol/L).
RÉSuLTATS : Au total, les chercheurs ont recruté 91 enfants en santé de 
24 à 30 mois entre novembre 2007 et mai 2008. La prévalence de faibles 
concentrations de vitamine D (inférieure à 50 nmol/L) était de 32 % 
(29 sur 92, 95 % IC 22 % à 42 %) et la prévalence de concentrations de 
vitamine D inférieures à 75 nmol/L était de 82 % (75 sur 91, 95 % IC 73 % 
à 89 %). Selon la régression logistique multivariable, le risque que les 
concentrations de vitamine D soient inférieures à 50 nmol/L diminuait de 
0,44 (95 % IC 0,2 à 0,96) par tasse supplémentaire de lait de vache 
consommée par jour et augmentait de 1,2 à 2,6 par unité d’IMC selon le 
taux d’IMC (P=0,07).
COnCLuSiOnS : Au total, de 30 % à 80 % des tout-petits de la présente 
étude en milieu urbain canadien présentaient de faibles concentrations de 
vitamine D, soit la plus forte prévalence de faibles concentrations de 
vitamine D chez des tout-petits à l’extérieur de l’Alaska. Les facteurs 
modifiables associés au faible taux de vitamine D étaient une faible 
consommation de lait de vache et un IMC plus élevé. Il faudrait peut-être 
s’intéresser tout particulièrement au taux de vitamine D des tout-petits des 
régions urbaines du Canada.
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vitamin D status of Canadian urban toddlers during the winter. 
They may be at particular risk of having low vitamin D con-
centrations when they transition from vitamin D- supplemented 
breastfeeding or vitamin D-fortified infant formula to a diet con-
taining vitamin D-fortified cow’s milk and solid foods (2).

The primary objective of the study was to determine the preva-
lence of low vitamin D concentrations in a cohort of healthy 
 two-year-old children who were seen for routine primary care and 
lived in a large Canadian city during the winter and spring. A 
secondary objective was to explore associations between low vita-
min D concentrations and modifiable factors such as body mass 
index (BMI) and cow’s milk intake.

MeTHODS
Subjects and design
A cross-sectional study was performed with concurrent measurement 
of dietary and lifestyle exposures, as well as  25-hydroxyvitamin D 
concentration by blood test.

Healthy children between 24 and 30 months of age were 
recruited from a three-physician (SJ, MP, CT) community-based 
paediatric group practice located in downtown Toronto, Ontario 
(latitude 43.4°N), during their well-child visits between November 
2007 and May 2008. The practice is hospital and university affili-
ated, and provides primary care for approximately 10,000 children. 
Exclusion criteria were a birth weight of lighter than 2 kg, and 
acute or chronic illness (except for asthma).

Outcome variables
The primary outcome was prevalence of low vitamin D con-
centrations. Two estimates were calculated based on the recom-
mendations of the AAP (25-hydroxyvitamin D concentration of 
lower than 50 nmol/L) (3) and the CPS  (25-hydroxyvitamin D 
concentration lower than 75 nmol/L) (4). Blood was obtained 
by venipuncture at the time of the well-child visit, and samples 
were transported daily on ice to the biochemistry laboratory at 
The Hospital for Sick Children (Toronto). Serum samples were 
analyzed for 25-hydoxyvitamin D using liquid chromatography-
 tandem mass spectrometry, which has been shown to compare 
favourably with radioimmunoassay methods for children older than 
one year of age (12). One instrument (4000 Q TRAP LC/MS/MS 
system, Applied Biosystems, USA) was used for all samples and 
was regularly calibrated according to the Vitamin D External 

Quality Assessment Scheme, which is an internationally rec-
ognized protocol (13). Intra-assay imprecision was 3.2% and 
interassay imprecision was 6.8% at a  25-hydroxyvitamin D 
concentration of 135 nmol/L.

Secondary outcomes included whether BMI and cow’s milk 
intake were associated with low vitamin D concentrations. Data 
were collected using a standardized data collection form completed 
by parents. Nutritional survey questions were adapted from the 
Canadian Community Health Survey (14). Cow’s milk intake was 
queried in cups per day (1 cup = 250 mL). BMI was calculated as 
the weight in kilograms divided by height in metres squared 
(15,16). Weight was measured using a precision digital scale 
(±0.025%; SECA, Germany) and standing height was measured 
using a stadiometer (SECA).

The following covariates were also collected: age, sex, birth 
weight, ethnicity, maternal age and education level, duration of 
breastfeeding, vitamin D supplementation when breastfed, bottle 
use, daily juice intake, daily multivitamin use, daily snacking 
(consumption of potato chips or sweets or more than two cups of 
soda daily), weekly time outdoors, season of serum sampling 
(winter [November through March] versus spring [April through 
May]) and skin pigmentation. Skin pigmentation was recorded 
by a research assistant using the Fitzpatrick scale, which is a skin 
pigmentation classification system that is widely used in derma-
tological research (17-19).

Statistical analysis
Using the convenience sample, the prevalence of low vitamin D 
concentration (based on the AAP and CPS definitions) and 
its associated 95% CI was estimated. Data were analyzed using 
SAS 9.0 (SAS Institute Inc, USA) for Windows (Microsoft 
Corporation, USA). Fisher’s exact test and Student’s t test were 
used to test for associations between low vitamin D concentra-
tions and categorical and continuous variables, respectively. 
Logistic regression was used to examine the relationship among 
milk intake, BMI and low vitamin D concentrations. For the 
purpose of the present analysis, the most conservative cut-off for 
vitamin D  (25-hydroxyvitamin D concentration of lower than 
50 nmol/L) was used as the binary outcome.

The study was approved by the Research Ethics Board of 
The Hospital for Sick Children, and parents of all participating 
children consented to participation in the study.

Table 1
North american studies of low vitamin D including children older than one year of age

Vitamin D, nmol/l
First author (reference) location Year(s) latitude age Season(s) n <50, % <75, %
Kumar (9) Nationally representative US 

sample (NHANES)
2001–2004 NA 1–21 years Not available 6275 9* 70

Mansbach (10) Nationally representative US 
sample (NHANES)

2001–2006 NA 1–5 years Winter for lower latitudes; 
summer for higher latitudes

1799 14 63

Gordon (7) Boston, Massachusetts, US 2005–2007 42°N 8–24 months All seasons 133 12 40
Gordon (6) Boston, Massachusetts, US 2001–2003 42°N 11–18 years All seasons 307 42 NA
Gessner (5) Alaska, US 2001–2002 58–61°N 6–23 months All seasons 133 11* 31†

Roth (22) Edmonton, Alberta 2003 52°N 2–8 years Spring 35 17* NA
Newhook (8) St John’s, Newfoundland and 

Labrador
2005–2006 47°N 0–14 years Autumn/spring 48 35 77

Langlois (11) Nationally representative 
Canadian (CHMS)

2007–2009 NA 6–11 years All seasons 453 4 51

Maguire (current study) Toronto, Ontario 2007–2008 43°N 24–30 months Winter/spring 91 32 82
*Lower than 37.5 nmol/L; †Lower than 62.5 nmol/L. CHMS Canadian Health Measures Survey; NA Not available; NHANES National Health and Nutrition Examination 
Survey; US United States
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ReSuLTS
Study population
A total of 136 children were approached to participate during their 
routine two-year well-child visit between November 2007 and May 
2008. Of these, 10 children (7%) did not meet the inclusion criteria 
because of acute illness, 26 parents (19%) did not consent and 
nine children (7%) had an insufficient quantity of blood drawn. 
Therefore, 91 children (67%) had anthropometric data, survey data 
and bloodwork completed, and were included in the final analysis. 
The population was mainly Caucasian (70%) with highly educated 
mothers (87% had university or college education) and a high fre-
quency of breastfeeding at nine months of age (47%). Subject char-
acteristics are presented in Table 2.

Prevalence of low vitamin D concentration
The median vitamin D concentration was 60 nmol/L, ranging 
from 20 nmol/L to 126 nmol/L. Low vitamin D concentration 
(lower than 50 nmol/L) was found in 29 of 91 children (32%, 
95% CI 22% to 42%). One child had a vitamin D concentration 
of lower than 25 nmol/L (1%, 95% CI 0% to 6%) and 75 children 
had a vitamin D concentration of lower than 75 nmol/L (82%, 
95% CI 73% to 89%).

variables associated with low vitamin D concentration
Comparison of the demographic characteristics of patients with 
 25-hydroxyvitamin D concentrations of lower than 50 nmol/L 
versus 50 nmol/L or greater are found in Table 2. Children with 

Table 2
Subject characteristics

n*

Vitamin D <50 nmol/l (n=29) Vitamin D ≥50 nmol/L (n=62)
lower 

quartile Median
Upper 

quartile Mean ± SD n (%)
lower 

quartile Median
Upper 

quartile Mean ± SD n (%)
Age of child, months 91 24.10 24.16 24.48 24.30±0.55 24.06 24.40 25.75 25.18±1.67
Sex 91

Female 14 (48) 29 (47)
Male 15 (52) 33 (53)

Season of visit 86
Spring 6 (22) 24 (41)
Winter 21 (78) 35 (59)

Birth weight, kg 90 3.18 3.36 3.60 3.31±0.42 3.04 3.23 3.47 3.32±0.42
Maternal age, years 91 33.0 37.0 З8.0 35.1±4.6 32.0 35.0 38.0 34.3±4.4
Maternal education 91

Public school 0 (0) 0 (0)
High school 4 (14) 8 (13)
University or college 25 (86) 54 (87)

Daily cow’s milk intake (250 mL cups) 79 0.98 1.50 2.00 1.40±0.67 1.25 1.75 2.06 1.73±0.64
Daily juice intake (250 mL cups) 72 0.25 0.75 1.00 0.70±0.45 0.31 0.50 0.75 0.65±0.54
Bottle use 85

No 22 (81) 41 (71)
Yes 5 (19) 17 (29)

Daily snacking 85
No 13 (48) 28 (48)
Yes 14 (52) 30 (52)

Weight, kg 85 11.8 13.0 13.6 12.6±1.2 11.5 12.1 1.3.4 12.5±1.4
Body mass index, kg/m2 85 15.4 16.6 17.4 16.4±1.4 14.8 15.6 16.5 15.7±1.3
Feeding at 9 months 88

Breast only 7 (24) 18 (31)
Bottle only 16 (55) 29 (49)
Breast and bottle 6 (21) 12 (20)

Ever used vitamin D drops 80
No 7 (28) 14 (25)
Yes 18 (72) 41 (75)

Multivitamin use 85
No 21 (78) 37 (64)
Yes 6 (22) 21 (36)

Outdoor time, h/week 85
0–4 16 (59) 29 (50)
>4 11 (41) 29 (50)

Always uses sunscreen 85
No 10 (37) 27 (47)
Yes 17 (63) 31 (53)

Skin pigmentation 85
1–3 23 (85) 48 (83)
4–6 4 (15) 10 (17)

The lower quartile, median and upper quartile are for continuous variables. *Represents the number of nonmissing values
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low vitamin D concentrations were slightly younger (median 
24.2 months versus 24.4 months, P=0.01), more likely to consume a 
smaller daily volume of cow’s milk (median 1.5 cups versus 1.75 cups, 
P=0.049), and had a higher BMI (median BMI 16.6 kg/m2 versus 
15.6 kg/m2, P=0.05). There was a trend toward low vitamin D con-
centrations being more common during the winter than during the 
spring (78% versus 22%), but this was not statistically significant 
(P=0.15).

Multivariable analysis
Results of the logistic regression analysis are shown in Table 3. 
Lower cow’s milk intake and higher BMI were independently asso-
ciated with low vitamin D concentrations (total model P=0.035). 
There was no interaction between milk intake and BMI (likeli-
hood ratio test P=0.53). Exploratory analysis suggested that the 
relationship between milk intake and low vitamin D was linear. 
Nonlinearity was demonstrated in the relationship between BMI 
and a low vitamin D concentration. To describe the nonlinearity, 
ORs for low vitamin D concentration per unit of change in BMI 
are presented separately for a BMI of 14 kg/m2 to 15 kg/m2 (below 
the 50th percentile for this age group representing normal weight) 
and 17 kg/m2 to 18 kg/m2 (above the 85th percentile for this age 
group representing overweight) in Table 3.

DiSCuSSiOn
The results of the present cross-sectional study show that 32% of a 
cohort of healthy two-year-old urban children in Toronto had 
25-hydroxyvitamin D concentrations below those recommended 
by the AAP (lower than 50 nmol/L) and 82% had concentrations 
below those recommended by the CPS (lower than 75 nmol/L) 
during the winter and spring. With regard to modifiable risk fac-
tors associated with low vitamin D concentrations, our findings 
suggest that lower cow’s milk intake and higher BMI are associated 
with low vitamin D concentrations in this population of toddlers 
 (25-hydroxyvitamin D lower than 50 nmol/L).

The present study is unique because it focused on an urban 
population of healthy (primarily Caucasian) children in a narrow 
age range, seen for routine primary care during winter in Canada.

The prevalence of low vitamin D concentrations found in 
the present cohort of 24-month-old toddlers is higher than that 
reported for infants and toddlers younger than 24 months of age in 
Boston (USA) (7), and similar to infants and toddlers in Alaska 
(5) and children in St John’s (Newfoundland and Labrador), which 
is one of the cloudiest of Canadian cities (8) (Table 1). This differ-
ence does not appear to be a function of latitude because Toronto 
is only 1.5 degrees north of Boston but at least 14 degrees south 
of Alaska. The difference may be a function of season because 
we chose to measure vitamin D during the winter and spring; 
however, we did not find a significant difference in vitamin D 
concentrations between winter and spring (November through 
March versus April through May). Furthermore, others (7) have 

reported a paradoxical relationship between  25-hydroxyvitamin D 
concentration and season in infants and toddlers, with lower 
concentrations found in April through September than October 
through March. Population differences may explain this; however, 
children in the present study had lighter skin pigmentation and 
higher socioeconomic status than children from Boston – two fac-
tors that are thought to be associated with higher vitamin D con-
centrations (7,20).

We suggest that age is partly responsible for the higher preva-
lence of low vitamin D concentrations in the present study’s 
cohort. While Canadian guidelines support supplementation of 
breastfed infants with 400 IU of vitamin D per day during the first 
year of life (4,21), the discontinuation of vitamin D supplementa-
tion when transitioning to low vitamin D-containing solid foods 
may have a negative impact on vitamin D status, resulting in a 
rebound of low vitamin D concentration in the second and third 
years of life.

Our finding that cow’s milk intake was a significant moderator 
of vitamin D concentration is consistent with this hypothesis 
because vitamin D-fortified cow’s milk (100 IU of vitamin D per 
250 mL cup in Ontario) is likely the major dietary source of vita-
min D for young children (22). Others have reported a positive 
association between volume of cow’s milk intake and vitamin D 
levels in toddlers. Gordon et al (7) found a 7.75 nmol/L increase in 
 25-hydroxyvitamin D level per additional cup of cow’s milk 
ingested by toddlers 12 to 24 months of age, which is similar to our 
finding of a 6.9 nmol/L increase per cup. Kumar et al (9), using 
National Health and Nutrition Examination Survey data, reported 
that children who drank milk less than once per week had an OR 
for low vitamin D concentration (25-hydroxyvitamin D of lower 
than 37.5 nmol/L) of 2.9.

The inverse association between BMI and vitamin D that we 
report is consistent with that reported for adults, adolescents and 
toddlers (6,7,9,23-26). It has been proposed that increased adipos-
ity decreases vitamin D bioavailability because of deposition of 
this fat-soluble vitamin in fatty tissues (25).

The present study has several limitations. First, cross- sectional 
designs can identify associations but cannot determine causality. 
Second, this population is not generalizable to all urban Canadian 
children because it is primarily a population of children with 
lightly pigmented skin who were born to highly educated mothers, 
seen in a single practice and lived in Toronto. Third, our small 
convenience sample resulted in relatively wide 95% CIs around 
the prevalence point estimates. To narrow the 95% CIs to plus or 
minus 5% would have required a sample size of approximately 
250 children.

COnCLuSiOn
The results of the present study suggest that two-year-old children 
living in an urban Canadian city are at particular risk for winter-
time vitamin D concentrations below those recommended by the 
AAP and the CPS. It also suggests that young children rely on 
fortified cow’s milk to maintain their vitamin D status. Cow’s milk 
intake is important to the vitamin D status of toddlers. However, 
it is unclear whether increasing cow’s milk intake raises vitamin D 
concentrations sufficiently to meet suggested concentrations. 
Universal vitamin D supplementation for children beyond breast-
feeding and through childhood may be required, as has recently 
been recommended by the AAP (3).

AuTHOR COnTRiBuTiOnS: The authors completed all 
aspects of the study (design, conduct, data collection, manage-
ment, analysis, interpretation, manuscript preparation and 

Table 3
logistic regression model for low vitamin D concentration 
(lower than 50 nmol/l)
Characteristic OR* (95% CI) P
Cow’s milk intake (per 250 mL cup daily) 0.44 (0.2–0.96) 0.04
Body mass index 14–15 kg/m2 2.6 (0.8–8.3) 0.07†

Body mass index 17–18 kg/m2 1.2 (0.6–2.6)
*OR represents the increase in odds per unit predictor; †P value includes 
two degrees of freedom (body mass index 14 kg/m2 to 15 kg/m2, and 17 kg/m2 
to 18 kg/m2)



low vitamin D concentrations in urban Canadian toddlers

Paediatr Child Health Vol 16 No 2 February 2011 e15

ReFeRenCeS
1. Behrman RE, Kliegman RM, Jenson HB. Nelson Textbook of 

Pediatrics, 16th edn. Philadelphia: WB Saunders Company, 2000.
2. Greer FR. 25-hydroxyvitamin D: Functional outcomes in infants 

and young children. Am J Clin Nutr 2008;88:529S-33S.
3. Wagner CL, Greer FR; American Academy of Pediatrics, Section 

on breastfeeding, Committee on Nutrition. Prevention of rickets 
and vitamin D deficiency in infants, children, and adolescents. 
Pediatrics 2008;122:1142-52.

4. Canadian Paediatric Society, First Nations, Inuit and Métis Health 
Committee. Vitamin D supplementation: Recommmendations for 
Canadian mothers and infants. Paediatr Child Health 2007;12:583-98.

5. Gessner BD, PlotnikJ, Muth PT. 25-hydroxyvitamin D levels among 
healthy children in Alaska. J Pediatr 2003;143:434-7.

6. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. 
Prevalence of vitamin D deficiency among healthy adolescents. 
Arch Pediatr Adolesc Med 2004;158:531-7.

7. Gordon CM, Feldman HA, Sinclair L, et al. Prevalence of 
vitamin D deficiency among healthy infants and toddlers. 
Arch Pediatr Adolesc Med 2008;162:505-12.

8. Newhook LA, Sloka S, Grant M, Randell E, Kovacs CS, Twells LK. 
Vitamin D insufficiency common in newborns, children and 
pregnant women living in Newfoundland and Labrador, Canada. 
Matern Child Nutr 2009;5:186-91.

9. 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:e362-70. 

10. Mansbach JM, Ginde AA, Camargo CA Jr. 
Serum 25-hydroxyvitamin D levels among US children aged  
1 to 11 years: Do children need more vitamin D? Pediatrics 
2009;124:1404-10.

11. Langlois K, Greene-Finestone L, Little J, Hidiroglou N, Whiting S. 
Vitamin D status of Canadians as measured in the 2007 to 2009 
Canadian Health Measures Survey. Health Rep 2010;21:47-55.

12. Singh RJ, Taylor RL, Reddy GS, Grebe SK. 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 2006;91:3055-61.

13. Carter GD, Carter R, Jones J, Berry J. How accurate are assays for 
25-hydroxyvitamin D? Data from the international vitamin D 
external quality assessment scheme. Clin Chem 2004;50:2195-7.

14. Statistics Canada. Canadian Community Health Survey, 2004. 
Ottawa: Health Canada, 2004.

15. Mei Z, Grummer-Strawn LM, Pietrobelli A, Goulding A, 
Goran MI, Dietz WH. 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 
2002;75:978-85.

16. Pietrobelli A, Faith MS, Allison DB, Gallagher D, Chiumello G, 
Heymsfield SB. Body mass index as a measure of adiposity among 
children and adolescents: A validation study. J Pediatr 
1998;132:204-10.

17. Pathak MA, Kimbov J, Szabo G, Fitzpatrick TB. Sunlight and 
melanin pigmentation. In: Smith KC, ed. Photochemical and 
Photobiological Reviews. New York: Plenum Press, 1976:211-39.

18. Fitzpatrick TB. The validity and practicality of sun-reactive skin 
types I through VI. Arch Dermatol 1988;124:869-71.

19. Jimbow K, Fitzpatrick B, Wick M. Biochemistry and physiology of 
melanin pigmentation. In: Golsmith LA, ed. Physiology, 
Biochemistry and Molecular Biology of the Skin. New York: 
Oxford Univeristy Press, 1991.

20. Weng FL, Shults J, Leonard MB, Stallings VA, Zemel BS. 
Risk factors for low serum 25-hydroxyvitamin D concentrations in 
otherwise healthy children and adolescents. Am J Clin Nutr 
2007;86:150-8.

21. Canadian Paediatric Society, Dietitians of Canada and Health 
Canada. Nutrition for Healthy Term Infants. Ottawa: Minister of 
Public Works and Government Services, 2005.

22. Roth DE, Martz P, Yeo R, Prosser C, Bell M, Jones AB. 
Are national vitamin D guidelines sufficient to maintain adequate 
blood levels in children? Can J Public Health 2005;96:443-9.

23. Bischof MG, Heinze G, Vierhapper H. Vitamin D status and its 
relation to age and body mass index. Horm Res 2006;66:211-5.

24. Vilarrasa N, Maravall J, Estepa A, et al. Low 25-hydroxyvitamin D 
concentrations in obese women: Their clinical significance and 
relationship with anthropometric and body composition variables. 
J Endocrinol Invest 2007;30:653-8.

25. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. 
Decreased bioavailability of vitamin D in obesity. Am J Clin Nutr 
2000;72:690-3.

26. Rockell JE, Green TJ, Skeaff CM, et al. Season and ethnicity are 
determinants of serum 25-hydroxyvitamin D concentrations in 
New Zealand children aged 5-14 y. J Nutr 2005;135:2602-8.

approval) independent of the funding organization. Study con-
cept and design: Drs Maguire and Parkin. Acquisition of data: 
Drs Maguire, Parkin, Jacobson, Peer and Taylor. Analysis and 
interpretation of data: Drs Maguire and Parkin, and Mr Thorpe. 
Drafting of the manuscript: Dr Maguire. Critical revision of 
the manuscript for important intellectual content: Drs Parkin, 
Macarthur and O’Connor. Statistical analysis: Drs Maguire 
and Parkin, and Mr Thorpe. Obtained funding: Drs Maguire 
and Parkin. Administrative, technical and material support: 
Dr Parkin. Study supervision: Drs Maguire and Parkin.

FunDinG AnD SuPPORT: JLM is supported by a Canadian 
Institutes of Health Research Fellowship. This study was supported 
by a grant-in-aid from the Danone Institute of Canada and The 
Hospital for Sick Children Research Institute Trainee Startup 
Fund. The Paediatric Outcomes Research Team is supported by a 
grant from The Hospital for Sick Children Foundation.

COnFLiCTS OF inTeReST: None of the authors have any con-
flicts of interest to declare.

APPenDix 1: TARGet Kids! co-authors: Sheila Jacobson MD 
FRCPC, Michael Peer MD FRCPC, Carolyn Taylor MD FRCPC and 
Khosrow Adeli PhD FCACB DABCC FACB.

APPenDix 2: The authors thank Magda Mekky, Laura Burr, 
Stephanie Clairmont, Kate Smith, Joanna Wu and Jennifer 
Kundakci.




