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Abstract

Introduction Although the role of vitamin D in the pre-

vention of rickets has long been well established, contro-

versies still exist on the ideal dose of vitamin D

supplementation in infants.

Objective We assessed serum 25-hydroxyvitamin D

(25OHD) status simultaneously in maternal and cord samples

and the response to vitamin D3 supplementation in neonates.

Methods Serum 25OHD levels were evaluated from

maternal, and umbilical cord samples from term normal

pregnancies. Repeat 25OHD levels were assessed in

neonates with 25OHD below 30 nmol/L following vitamin

D3 200 IU daily after 6 weeks.

Results Blood samples were taken including 57 cord

samples and 16 follow-up neonatal samples. Maternal and

cord serum 25OHD were 43 ± 21 and 29 ± 15 nmol/L,

respectively. Infants with 25OHD\ 30 nmol/L

(19.8 ± 4.7 nmol/L) had a significant increase in serum

25OHD (63.3 ± 14.5 nmol/L) following vitamin D3

200 IU daily after 6 weeks.

Conclusion Healthy Irish infants born at term are at high

risk of vitamin D deficiency, but vitamin D3 200 IU daily,

rapidly corrects poor vitamin D status.

Keywords Vitamin D � Supplementation � Term infants �
Neonates

Introduction

Vitamin D is essential for maintenance of bone health and

deficiency is linked causally to rickets in children [1]. A

resurgence of vitamin D deficiency rickets has been

reported across most countries [2]. Vitamin D deficiency is

linked to extraskeletal disorders in infants and children

such as type 1 diabetes mellitus and inflammatory diseases

[3]. Infants at birth are entirely dependent on maternal

supply of vitamin D. The natural dietary sources of vitamin

D are quite limited, and in high latitude countries like

Ireland, synthesis of vitamin D is absent for nearly 6

months from late autumn to early spring [4, 5]. Once born,

an infant is dependent on oral intake of vitamin D; while

formula feeds are fortified to varying degrees with vitamin

D (approximately 50 IU per 100 ml). Normally, breast

milk is the best and natural source of nutrition for newborn

infants, but vitamin D content of breast milk is very low.
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Breast milk of mothers who are even replete in vitamin D

contains only 15–50 IU/L of vitamin D, which is not suf-

ficient enough to meet recommended daily vitamin D

intake [2]. In 2010 in Ireland, a national policy was

implemented mandating that all infants, both breast fed and

formula fed, be administered vitamin D3 200 IU daily for

12 months using a list of approved medications only [6].

The Institute of Medicine (IOM), following a systematic

review of all available scientific evidence, revised the dietary

reference intakes for calcium and vitamin D in the North

American population, both USA and Canada [7]. They

specified intakes for all age groups, and they advised about

corresponding 25OHD levels thatmatched these intakes. For

those over 1 year, the estimated average vitamin D

requirement is 400 IU daily, corresponding to a median

serum 25OHD level of 40 nmol/L. The recommended daily

allowance (RDA) for vitamin D that meets the requirement

of 97.5 % of the population was specified to be 600 IU daily,

corresponding to a 25OHD level of 50 nmol/L. For infants,

since there was insufficient evidence to specify an RDA, the

IOM specified that an adequate intake (AI) of vitamin D

400 IU daily is likely to meet the needs of the majority of

infants. The IOM went on to state that a 25OHD level per se

was not diagnostic of vitamin D deficiency but they deemed

that a 25OHD level below 30 nmol/L indicated an increased

risk of deficiency. The IOM also highlighted the tendency

towards inflation of the prevalence of vitamin D deficiency,

and that levels in excess of 125 nmol/L could be associated

with harm [7]. Some reports have shown that people living in

sun-enriched environment can attain higher levels without

toxicity [8]. Although the levels of vitaminD associatedwith

toxicity were much higher than 125 nmol/L in these reports,

it is sensible to have a cut-off level as a margin of safety for

the public. The IOMview is prudent as there are no reports of

added benefit for 25OHD levels higher than 125 nmol/L,

rather there may be harm from chronically higher concen-

trations [7]. In a survey of 148 preterm infants\32 weeks

gestation in whom we assessed the response to intake from

all sources of vitamin D (D2 and D3) 400 IU daily over a

median of 15 weeks, we demonstrated that such an intake

achieved 25OHD levels above 50 nmol/L in 86 % and that

nearly 10 % had levels above 125 nmol/L [9].

In this study, we sought to evaluate vitamin D status in

healthymothers, who delivered at term, and their infants.We

also sought to evaluate the early response to supplementation

in those infants with low 25OHD levels (below 30 nmol/L)

using the dose recommended by Food Safety Authority of

Ireland (FSAI), namely vitamin D3 200 IU daily [6].

Methods

This was a prospective study carried out in a cohort of full-

term normal infants and their mothers in Ireland. This

study was conducted at the National Maternity Hospital,

Dublin in 2010. Approval to conduct the study was

obtained from the Ethics Committee of National Maternity

Hospital. All parents were informed of the nature of the

study and informed written consent was obtained prior to

recruitment.

Serum 25OHD levels were evaluated from maternal and

umbilical cord samples from term normal pregnancies

within the first one hour of delivery. Newborns with a

congenital anomaly, maternal chorioamnionitis, intra-

uterine growth restriction, maternal substance abuse and/or

maternal intrapartum fever were excluded from the study.

The FSAI recommend supplements that contain only

vitamin D3; there are three vitamin D3-only liquid formu-

lations that are available in Ireland, namely Baby D vita-

min D3 supplement, BabyvitD3 vitamin D and Abidec

vitamin D3 drops. Baby D vitamin D3 supplement contains

vitamin D3 formulated in miglyol oil (extract of palm oil)

and also contains trace amount of vitamin E, which acts as

an anti-oxidant to vitamin D3. Baby D comes with a single

oral dosing syringe of 0.2 ml/200 IU vitamin D3 and is

given once a day. BabyvitD3 contains vitamin D3 also

formulated in miglyol oil and each drop has 100 IU vita-

min D3, it is given as two drops (i.e. 200 IU) once daily.

Abidec vitamin D3 drops contain vitamin D3 with potas-

sium sorbate and anise oil as a preservative and one drop

contains 40 IU of vitamin D3, it is given as 5 drops

(200 IU) once per day. Pregnant mothers were not rou-

tinely supplemented with vitamin D during antenatal care

in the hospital. Parents of infants with serum 25OHD levels

\30 nmol/L were invited to attend for repeat sampling at

6 weeks postnatally.

Serum 25OHD levels were measured by competitive

radioimmunoassay (Immunodiagnostic Systems Limited,

Boldon, Tyne and Wear, UK) as previously described [10].

In order to ensure a high standard of analysis, we partici-

pate in the Vitamin D External Quality Assessment

Scheme [11]. Descriptive statistics are presented as

mean ± standard deviation, unless stated otherwise. Dif-

ference between mean values is tested by independent or

paired t test, whichever is appropriate. A value of p\ 0.05

was considered statistically significant. Statistics were

performed using PASW Statistics for Windows version

18.0 (SPSS Inc, Chicago).
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Results

Maternal and cord (n = 57) samples were taken and 47 were

matched samples. There were 32 male and 25 female infants

of whom 50 were Caucasian and 7 non-Caucasian (Table 1).

The characteristics of the infants were as follows: gestational

age 40.0 ± 1.8 weeks; birth weight 3.6 ± 0.5 kg; body

length 52.3 ± 1.7 cm; head circumference 35.2 ± 1.1 cm;

and Apgar scores 9. The mean maternal 25OHD status was

42.8 ± 21.0 nmol/L and cord 25OHD was

29.3 ± 15.1 nmol/L. The prevalence of 25OHD levels

below 30 nmol/L was 24.5 % in maternal samples and

63.2 % in cord samples. In matched maternal-cord samples,

there was a positive correlation between maternal and cord

serum 25OHD levels (r = 0.6, p\ 0.001) (Fig. 1). There

was no significant difference in 25OHD level when gender,

birth weight and season of birth were considered; however,

there was a difference in 25OHD level in view of ethnicity

with Caucasians having higher serum 25OHD levels than

non-Caucasians (p = 0.04) (Table 1). The general practi-

tioners of all the infants with cord 25OHD level\30 nmol/L

were contacted, and all families were invited to bring the

infants for a follow-up assessment. Only 16 of 36 neonates

with 25OHD\30 nmol/L returned for repeat samples, but

levels increased significantly from 19.9 ± 4.7 to

63.2 ± 14.5 nmol/L (p\ 0.001). All the 16 but 3 infants

had 25OHD\ 50 nmol/L ofwhich 2were formula fed and 1

was breast fed. Post supplementation, formula-fed infants

Table 1 Vitamin D status in

cord blood grouped according to

different categories

Parameter Characteristic Number (%) Mean 25OHD (SD) p value

Total 57 (100) 29.4 (14.8)

Sex Male 32 (56) 31.9 (18) 0.15

Female 25 (44) 26.1 (10.2)

Weight \91st centile 43 (75) 28.2 (14.2) 0.37

[91st centile 14 (25) 32.9 (18)

Ethnicity Caucasian 50 (88) 30.2 (15.7) 0.04*

Non-Caucasian 7 (12) 22.9 (6.8)

Season of birth Summer 9 (16) 37.1 (21.6) 0.09

Winter 48 (84) 27.9 (13.3)

All parameters did not significantly affect serum 25OHD levels except ethnicity, with Caucasians having

higher levels than non-Caucasians, *p = 0.04

p value indicates the result of independent t test

Summer May–Nov, Winter Dec–April

Fig. 1 Regression line

demonstrating significant

positive correlation between

maternal 25OHD levels and

cord 25OHD
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had significantly higher serum 25OHD levels compared to

their breast-fed counterparts (67.1 ± 14.7 versus

51.8 ± 5.2, p = 0.008). The individual increments in

25OHD level at 6 weeks repeat samples for the 16 infants are

shown in Fig. 2.

Discussion

We demonstrated low 25OHD levels among a cohort of

healthy Irish mothers with nearly 25 % having levels at

risk for vitamin D deficiency, similar to our earlier report

[12]. Cord 25OHD levels were about two-thirds of mater-

nal levels leaving 63 % of the newborn infants at risk of

deficiency unless remedial action was taken. Low dose

supplementation with vitamin D3 200 IU daily readily

corrected low 25OHD levels. No infant achieved a 25OHD

level above the safe threshold.

There has been considerable controversy about the ideal

dose and duration of neonatal vitamin D supplementation.

The IOM, the American Academy of Pediatrics, the Drug

and Therapeutics Committee of the Lawson Wilkins

Pediatric Endocrine Society, the Canadian Paediatric So-

ciety, and the European Society for Paediatric

Endocrinology (ESPE) recommend total 400 IU daily of

vitamin D intake for infants [1, 7, 13]. The Endocrine

Society advocates vitamin D 1500–2000 IU daily to cor-

rect low 25OHD levels [14]. The UK Department of Health

recommend a daily vitamin D supplements of 280–340 IU

daily in the form of drops for all children aged 6 months to

5 years; however it is advised that babies fed infant formula

will not need vitamin D supplements unless receiving

\500 ml of formula per day. The European Society for

Paediatric Gastroenterology, Hepatology and Nutrition

(ESPGHAN) suggested 800–1000 IU daily for infants [15].

Given that most infants may be fed either formula or

breast milk, we think that the Irish policy of the FSAI is the

safest and most effective approach for this population. An

oral supplement of vitamin D3 200 IU daily should suffice

for all, as shown in this study. Vitamin D3 rather than

vitamin D2 is preferred because the former is more potent,

as we have previously shown in infants [10]. None of the

guidelines other than FSAI specify the form of vitamin D.

With the exception of IOM, the North American guidelines

do not distinguish between total intake and supplemental

intake. The UK guidelines need to cover supplementation

from birth, rather than waiting until 6 months; this is harder

to implement than starting after birth, and likely to be less

successful. The ESPGHAN guideline may be excessive

and is likely to result in infants having 25OHD levels in

excess of 125 nmol/L, which is the safe upper limit. Our

opinion is also supported by study showing that dose of

200–250 IU daily of vitamin D3 given to breast-fed infants

has been shown to prevent privational rickets, and a dose of

400 IU daily has not been shown to be superior [16, 17].

Limitation of our study is the small numbers, especially for

the follow-up response to supplementation despite several

invitations to parents although in all cases, parents were

advised about vitamin D supplementation. However, the

cord 25OHD levels are similar to 25OHD levels that we

found in 274 preterm infants; and the response to low dose

supplementation is also similar in 148 with

Fig. 2 Individual increments in

25OHD level during the 6

weeks for the 16 infants

followed up
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25OHD\ 50 nmol/L taken at a median of 15 weeks

intervention and at a median gestational age of 7 weeks

[10].

In summary, hypovitaminosis D is common in healthy

neonates at birth in Ireland, but this is readily corrected by

supplementation with vitamin D3 200 IU daily, regardless of

whether formula fed or breast fed. We recommend that

guidelines of low dose vitamin supplementation be advised

and implemented for all infants from birth. Surveillance by

measurement of 25OHD is not warranted, but centres should

audit their compliance with this public health policy.
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