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Persistent Deﬁciency for 40% of Toddlers
Who Were Vitamin D Deﬁcient as Neonates,
Which Cannot Be Assessed by Examining
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We studied a group of 74 toddlers, mean age 16 months, diagnosed with severe vitamin
D deﬁciency at birth (cord blood <20 nmol/L 25OH vitamin D for neonates). Of 74
initially deﬁcient toddlers, 30 did not reach sufﬁciency at 50 nmol/L level of serum
vitamin D, suggesting persistent vitamin D deﬁciency over on average 16 months. Boys
remained deﬁcient more often than girls. Even in severely deﬁcient toddlers (25OH
vitamin D <30 nmol/L), no clinical evidence of symptoms of rickets, growth and
development retardation, or abnormal serum calcium levels was observed.

Introduction
We previously showed a 72% prevalence of vitamin D deﬁciency in non-Western newborns living in the Netherlands,
whereas 24% of West European newborns were deﬁcient
(<20 nmol/L 25OH vitamin D in cord blood for neonates,
which is comparable to <30 nmol/L for older children).1,2
At the time of the study, the advice of the Dutch Health
Counsel was 200 IU (5 μg) vitamin D3 daily for exclusively
breast-fed infants. Because all formula milk was supplemented
with vitamin D, no additional vitamin D supplementation was
advised for children exclusively fed by formula milk.3
The objective of our study was to determine whether
vitamin D deﬁciency at birth was normalized at the second
year of life and whether there were clinical signs of rickets.

Material and Methods
In a previous study, we observed 164 out of 523 children
having perinatal vitamin D deﬁciency (25OH vitamin D <20
nmol/L in cord blood for neonates) in the Amersfoort region
of the Netherlands.1 From this deﬁciency group, 74 children

responded to our call for a follow-up visit in early spring 2006
at the age of 12 to 21 months (mean, 15.8 months).
Serum 25OH vitamin D concentration was measured in
duplo with the RIA method of DiaSorin (Stillwater, Minnesota, United States). We used the average of the two
measurements in our analyses. A blood level of less than
50 nmol/L 25OH vitamin D was regarded as deﬁcient for
toddlers.4–6 Calcium concentration was measured with an
ion-selective assay on a Beckman Coulter analyzer (Unicel
DxC880i analyzer, Beckman Coulter, Brea, California, United States). Breast-feeding and vitamin D supplementation
were assessed by questionnaire, and the medical history
about growth (related to birth weight) and initiating
standing and walking were assessed by a trained physician.
Also, the trained physician performed a speciﬁc examination7 for rickets, including examination for growth retardation, rickets rosary, pigeon chest, craniotabes, caput
quadratum, epiphyseal swelling, bowed legs, and
abnormality of walking.
Statistical analyses were performed with the SPSS statistical software package. This study was approved by the local
medical ethical committee.
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Of 74 children included, 38 were of West-European (mainly
Dutch) and 36 of non-Western origin (mainly Turkish or
Moroccan). As an infant, 76% of the toddlers were breastfed of whom 26% did not receive a vitamin D supplement. As
toddlers, 68% received a vitamin D supplement. However,
vitamin D supplementation and breast-feeding were not
signiﬁcantly different between children with or without
persistent vitamin D deﬁciency. Median serum 25OH vitamin
D level was 53 nmol/L (range: <12 nmol/L–136 nmol/L).
Thirty of the 74 children (41%) remained vitamin D deﬁcient
(25OH vitamin D <50 nmol/L for toddlers). Eight children
(9%) remained severely deﬁcient (25OH vitamin D <30 nmol/
L for toddlers). Boys remained deﬁcient more often than girls
(►Fig. 1). There was no signiﬁcant difference in the prevalence of persistent vitamin D deﬁciency between children of
West-European origin (mainly Dutch) or those of non-Western origin (►Fig. 2). Serum calcium levels were within normal
ranges (2.20–2.70 mmol/L) for all children except for one
toddler with a level of 2.75 mmol/L. This child had a 25OH
vitamin D level of 110 nmol/L.
None of the (severely) deﬁcient children showed any
clinical sign of rickets. Growth was normal (within normal
variations related to birth weight) and no delay in age of
initiating standing or walking was reported.

Discussion and Conclusion
Although general practitioners (GPs) were reported of the
neonatal vitamin D deﬁciency, not enough was done for 41%
of 74 initially deﬁcient toddlers to reach a 50-nmol/L level
of serum vitamin D. The parents of 21 out of the 30
persistent deﬁcient children reported giving them vitamin
D supplements. This implies that the supplementation
advice of the government of 200 IU (5 μg) vitamin D3 per
day at the time was not enough to correct this deﬁciency for
these children. Boys and children of non-Western origin
may be overrepresented in our study compared with all
invited children (those with neonatal deﬁciency in the
previous study1). In our population, 57% were boys and
49% were of non-Western origin, compared with respec-

Fig. 2 25OH vitamin D status in 38 children of West-European origin
and 36 children of non-Western origin at age 12–21 months (mean
age: 16 months), who were severely vitamin D deﬁcient at birth.

tively 50% and 39% of all children who were invited. Because
there was no difference in vitamin D status by origin, this
will not have inﬂuenced our results. However, because boys
remain more often deﬁcient in this study, slight overrepresentation of this group may have resulted in slightly higher
deﬁciency rates. The fact that boys remained deﬁcient more
often than girls should be replicated in future studies before
any conclusions can be drawn. Even at 25OH vitamin D
concentrations of less than 30 nmol/L, we observed no
clinically evident symptoms of rickets and serum calcium
levels were within normal ranges. However, this does not
imply that subclinical vitamin D deﬁciency, measured by
serum phosphorus, alkaline phosphates, and PTH levels,
does not exist in these children. Vitamin D deﬁciency
should not be taken lightly given the accumulating evidence about early vitamin D deﬁciency and possible adverse effects later in life: increased risk of developing
autoimmune diseases such as diabetes mellitus type 1,
multiple sclerosis, rheumatoid arthritis, and an increased
risk of osteoporosis and some forms of cancer.8 We showed
that detecting (moderate) vitamin D deﬁciency needs
measurement of the vitamin D blood level. Hence, even
in the absence of clinical signs, health care workers should
be aware of the risk of vitamin D deﬁciency as it is highly
prevalent and has the long-term effects.
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