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Recognition of the important non-skeletal health effects of vitamin D has focused attention on the vitamin D status of individuals across the
lifespan. To examine the vitamin D status of newborns, we measured serum levels of 25-hydroxyvitamin D (25(OH)D) in the cord blood of
929 apparently healthy newborns in a population-based study in New Zealand, a country at 41°S latitude, with strong anti-skin cancer (sun avoid-
ance) campaigns and without vitamin D food fortification. Randomly selected midwives in two regions recruited children. The median cord blood
level of 25(OH)D was 44 nmol/l (interquartile range, 29—78 nmol/l). Overall, 19 % of newborns had 25(OH)D levels <25nmol/l and 57 % had
levels <50nmol/l; only 27 % had levels of 75nmol/l or higher, which are levels associated with optimal health in older children and adults.
A multivariable ordinal logistic regression model showed that the strongest determinants of low vitamin D status were winter month of birth
and non-European ethnicity. Other determinants of low cord blood 25(OH)D included longer gestational age, younger maternal age and a parental
history of asthma. In summary, low levels of vitamin D are common among apparently healthy New Zealand newborns, and are independently
associated with several easily identified factors. Although the optimal timing and dosage of vitamin D supplementation require further study,
our findings may assist future efforts to correct low levels of 25(OH)D among New Zealand mothers and their newborn children.

Vitamin D: 25-Hydroxyvitamin D: Newborns: Pregnancy: New Zealand

Nutritional interventions in pregnancy and early childhood
have had a major impact on a variety of maternal and child
health problems'”. The potential benefits of vitamin D
supplementation in pregnancy and early childhood are less
clear'®. Although vitamin D status has important implications
for the long-term bone health of the pregnant mother, it
actually may have more important implications for the general
health of the developing fetus and newborn child. Over the
past decade, numerous studies have reported on the myriad
health effects of vitamin D in adults and, increasingly, in
children®”. The most promising findings in early childhood
are vitamin D-associated increases in growth(4), as well as
inverse associations with type 1 diabetes®™ and early child-
hood wheezing®”. Nevertheless, the population prevalence
of vitamin D deficiency among newborns — and therefore its
public health importance — remains unclear.

Based largely on the historical efforts to prevent rickets,
the US Institute of Medicine recommends a dietary reference
intake for pregnant women (5 pg/d) that is the same as that
recommended for all individuals from birth to the age of
50 years™. Because of the possible health risk of low
vitamin D status and emerging evidence that populations
at higher latitudes are at increased risk of vitamin D
deficiency®, some groups have begun to advocate for
higher doses of vitamin D supplementation during pregnancy
and early childhood. For example, the Canadian Paediatric
Society recently increased their recommendation to up to
50 wg/d for pregnant women and at least 10 pg/d for infants®.
The characteristics of newborns at increased risk of vitamin D
deficiency are uncertain, but they are assumed to mirror
the risk factors in other age groups (e.g. winter months at
high latitude and increased skin pigmentation).

Abbreviation: 25(OH)D, 25-hydroxyvitamin D.
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New Zealand provides an interesting location to examine
‘latent’ vitamin D deficiency, given its high average latitude
(41°S), strong anti-skin cancer (sun avoidance) campaigns
and absence of vitamin D food fortification. The sun avoid-
ance campaign is motivated by one of the highest cutaneous
malignant melanoma rates in the world'?, along with con-
cerns about periods of ozone depletion and resulting increases
in UV radiation exposure(“). In this context, the New Zealand
Ministry of Health defines an adequate intake for pregnant
women as 5 pg/d, which is the same as that for adults in
general'®. Although data are limited, the vast majority of
New Zealand women do not take vitamin D supplements
during pregnancy. Indeed, a recent survey suggests that only
28-33 % of pregnant women in New Zealand take any type
of dietary supplement (e.g. folate) during months 4-7 of
their pregnancy(13). Paediatric data are also limited, but an
Auckland study of children aged 6-23 months"* and a
national survey of New Zealand children aged 5-14 years
found that a substantial number of New Zealand children
are vitamin D deficient. To date, the vitamin D status of
New Zealand newborns has not been reported.

To address this gap in the literature, we measured serum
levels of 25-hydroxyvitamin D (25(OH)D) in the cord
blood of 929 apparently healthy New Zealand newborns to
determine their vitamin D status. Having documented a high
prevalence of vitamin D deficiency (defined as either <25
or <50nmol/l), we then examined factors that independently
predicted vitamin D status at birth.

Experimental methods
Study design and subjects

The New Zealand Asthma and Allergy Cohort Study is a
prospective birth cohort comprising 1105 infants recruited in
Wellington (41°S) and Christchurch (43°S) between 1997
and 2001. Briefly, expectant mothers were recruited by a
random sample of midwives, health professionals who provide
almost all maternity care in New Zealand. At birth, midwives
or study nurses collected the newborn’s anthropometric details
and cord blood, when available. Study nurses conducted
face-to-face, structured interviews shortly after birth and at
3 months. Full details of recruitment and follow-up have been
presented elsewhere!'”. The present study was conducted
according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving human subjects were
approved by the Wellington and Canterbury Regional Ethics
Committees. Written informed consent was obtained from
each mother.

Cord blood 25-hydoxyvitamin D. The primary outcome
for the present study is the cord blood level of 25(OH)D.
Cord blood was available for 929 participants (84 % of the
original cohort), and this sample is representative of the over-
all study population (data not shown). The cord blood samples
were promptly refrigerated at —4°C and then transferred,
within 24 h, to —80°C freezers for long-term storage. Levels
of 25(OH)D were measured using the LIAISON automated
chemiluminescence immunoassay (DiaSorin Stillwater, MN,
USA). The assay has an intra-assay CV of 9 % and an inter-
assay CV of 11%. The 929 specimens were run in one
batch, sorted by study identification number.

Risk factors. Exposures of interest included study site
(Wellington and Christchurch), gestational age, sex, child’s
ethnicity (European, Maori, Pacific and Other), birth weight,
month of birth, season of birth, maternal age at birth and par-
ental history of asthma (neither and either). Child’s ethnicity
was assessed with the following question: ‘Which ethnic
group or groups does (child’s name) belong to?” For analytical
purposes, a child’s ethnicity was assigned using the following
prioritisation: New Zealand Maori > non-Maori Pacific
Islander > Other > European. Socio-economic status was
assessed using the New Zealand Deprivation Index 2001
based on the child’s home address at 3 months"'®; the index
ranges from 1 (affluent) to 10 (poor).

Data analysis

We performed all the analyses using STATA 10.0 (Stata
Corporation, College Station, TX, USA). The sample was
described using proportions, and means and standard devi-
ations (or medians with interquartile range, where appro-
priate). For outcome analyses, we generated an ordinal
variable from serum 25(OH)D concentrations to describe
vitamin D status in four groups: <25, 25-49, 50-74 and
75+ nmol/l. Unadjusted associations between various new-
born and parental characteristics and vitamin D status were
examined. For each characteristic, we reported the median
25(OH)D concentration, interquartile range and the proportion
of newborns by vitamin D status. To test for the trend in
vitamin D status for each characteristic, we wused the
STATA command nptrend, a non-parametric test for trend
based on the Wilcoxon—Mann—Whitney test. To adjust for
potentially confounding effects of covariates, we created a
multivariable ordinal logistic regression model using the
four-level vitamin D status variable as the dependent variable.
Re-analyses of the data — using data-derived quartiles or a
multivariable logistic regression to examine predictors of
vitamin D deficiency per se (serum 25(OH)D either <25 or
<50nmol/l) — yielded similar results (data not shown).
A two-tailed P<<0-05 was considered statistically significant.

Results

Among the 929 mother—child pairs, midwives recruited 474
pairs (51 %) in the Wellington area and 455 pairs (49 %) in
the Christchurch area. All mothers received free prenatal
care from government-supported midwives. Use of prenatal
vitamins was not consistently recorded by the study personnel,
but was, with the possible exception of folate, uncommon. In
the small subset of women taking a daily multivitamin in
1997-2001, most preparations would have contained a maxi-
mum of 5 g of vitamin D.

Although 929 mothers consented to participate in the study
and provided cord blood for analyses, 7 mothers did not pro-
vide baseline data (e.g. demographic factors) at the postnatal
visit, leaving 922 newborns in most analyses. Moreover,
additional baseline data (e.g. home address and parental history
of asthma) were collected at 3 months, at which point, another
forty women dropped out of the study. Therefore, the analytical
sample size for multivariable models included a maximum of
882 newborns (i.e. 80 % of the original cohort and 95 % of
the cohort with cord blood 25(OH)D levels).
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Table 1. Characteristics of New Zealand newborns by cord blood 25-hydroxyvitamin D concentration
(Medians, interquartile ranges (IQR) and percentages, n 929)

Serum 25-hydoxyvitamin D (nmol/l)

<25 (n180) 25-49 (n 350) 50—74 (n 146) 75+ (n253)

n Median IQR Newborns (%; by row) P for trend
Study site
Wellington 474 45 31,79 18 37 17 28
Christchurch 455 42 27,77 21 38 14 26 0-12
Gestational age (weeks)
<37 27 64 35, 90 0 33 26 41
37-39 335 47 30, 83 17 36 18 29
40+ 555 41 28, 76 22 39 14 25 0-01
Missing 12 51 38, 85
Sex
Male 467 44 30, 80 18 37 18 27
Female 455 44 27,78 21 38 14 27 0-22
Missing 7 53 39, 99
Ethnicity
European 655 47 31, 83 16 36 16 31
Maori 130 41 27, 64 21 45 13 22
Pacific 54 32 19, 47 39 39 9 13
Other 43 31 21,63 33 33 19 16 <0-001
Missing 47 42 25, 63
Birth weight (kg)
<3 76 44 30, 77 21 33 18 28
3-3.9 543 46 30, 80 18 36 17 28
4+ 154 41 26, 80 21 40 10 29 0-50
Missing 156 41 29, 71
Month of birth
January 46 84 45,123 2 28 11 59
February 60 98 82, 121 5 10 7 78
March 58 81 52, 124 3 16 24 57
April 63 63 38, 95 8 29 21 43
May 72 50 36, 81 14 36 19 31
June 75 35 23,48 27 51 15 8
July 94 33 20, 48 38 40 10 12
August 110 30 22, 41 36 49 10 5
September 111 35 22, 51 30 45 14 1
October 99 40 26, 57 20 51 14 15
November 74 52 35, 77 8 39 26 27
December 60 68 42, 90 7 27 23 43 <0-001
Missing 7 53 39, 99
Season of birth
Spring (September—November) 284 39 26, 60 21 45 17 17
Summer (December—February) 166 85 49, 111 5 21 14 60
Autumn (March—May) 193 65 41, 100 9 27 21 42
Winter (June—August) 279 32 22,45 34 47 11 8 <0-001
Missing 7 53 39, 99
NZ Deprivation Index
1 156 53 32, 94 15 30 19 36
2 86 52 33, 88 16 31 21 31
3 108 41 29, 69 20 42 18 20
4 114 43 31,78 17 43 15 25
5 76 44 31,90 11 49 9 32
6 78 44 25,78 26 32 10 32
7 63 40 29, 68 17 46 16 21
8 63 42 25, 82 25 33 14 27
9 77 48 27,79 22 31 19 27
10 61 36 23, 48 30 46 10 15 0-001
Missing 47 42 25, 63
Maternal age at birth (years)
<30 409 40 26, 70 23 41 14 22
30-34 358 49 31,87 17 34 17 32
35-39 121 43 31,76 18 39 17 26
40+ 24 58 36, 83 4 42 21 33 0-15
Missing 17 53 39, 93
Parental history of asthma
Neither 650 46 30, 81 18 37 15 30
Either 172 41 26, 69 23 41 17 19 0-03
Missing 107 41 27,71

NZ, New Zealand.
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As noted in Methods section, the sample was population
based without any specific exclusion criteria. As expected,
most newborns were term, with a median gestational age of
40 (interquartile range, 39-41) weeks and a mean birth
weight of 3-6 (sp 0-5) kg. Mean maternal age at birth was
30 (sp 5) years. A slightly higher proportion of children
were born during the spring (September—November, 31 %)
and winter (June—August, 30 %) months. The majority of
newborns were of European ethnicity (71 %), but the major
minority groups of New Zealand also were represented, with
14 % being Maori and 6 % of Pacific ethnicity. Newborns of
‘Other’ ethnicity (5 %) were predominantly Asian (34 of 43,
or 79 %). Thus, the racial/ethnic mix of the cohort closely
matches that of the overall New Zealand population'.

Participants had a median cord blood 25(OH)D concen-
tration of 44 nmol/l (interquartile range, 29—78 nmol/l). Over-
all, 19% of New Zealand newborns had serum 25(OH)D
levels <25nmol/l and 57 % had levels <50nmol/l; only
27 % had the 25(OH)D levels of 75 nmol/l or higher. Table 1
shows the associations between various newborn and parental
characteristics and vitamin D status. Looking across the four
categories of 25(OH)D, the median 25(OH)D values were
19, 36, 60 and 100nmol/l, respectively. The unadjusted
associations between the various characteristics and vitamin
D status were strongest for newborn ethnicity and month
(season) of birth (all P for trend =0-001). As expected,
median serum 25(OH)D concentrations peaked in infants
born during summer months, and were lowest for infants
born in the winter. Unadjusted analyses also indicated that
gestational age, New Zealand Deprivation Index and parental
history of asthma were potential determinants of newborn
vitamin D status (all P for trend <0-05).

The newborns of Pacific ethnicity and ‘Other’ (i.e. non-
European, non-Maori and non-Pacific) ethnicity had the
lowest median 25(OH)D serum concentrations, with values
of 32 and 31 nmol/l, respectively. Indeed, a clear majority of
newborns of Pacific ethnicity (78 %) and Other ethnicity
(66 %) had cord blood 25(OH)D levels <50nmol/l. Two-
thirds of Maori newborns also had 25(OH)D levels
<50 nmol/l, though Maori children were less likely than the
other non-European groups to have levels <25 nmol/l.

Adjusting for multiple newborn and parental characteristics
(including socio-economic status), month of birth and
ethnicity remained the strongest determinants of vitamin D
status (Table 2). Newborns born in October through May
were more likely to have a higher vitamin D status than
those born in August (all P=0-001). Those born in February,
the final summer month, were sixty-seven times more likely to
have a higher vitamin D status than those born in August.
Compared with newborns of European ethnicity, newborns
of Pacific ethnicity were 77 % less likely to have a higher
vitamin D status, while those of Other ethnicity were 75 % less
likely to have a higher vitamin D status (both P<<0-001).
Those of Maori ethnicity also seemed less likely to have a
higher vitamin D status, but the estimate was not statistically
significant (P=0-06).

New Zealand newborns with a gestational age of 40 or more
weeks were less likely to have a higher vitamin D status
than those born between 37 and 39 weeks. Newborns with
older mothers, particularly those over 40 years of age, were
more likely to have a higher vitamin D status than newborns

Table 2. Multivariable ordinal logistic regression model of higher cord
blood 25-hydroxyvitamin D concentrations

(Odds ratios and 95 % confidence intervals, n 744 with complete data)

Characteristics OR 95% ClI P
Study site
Wellington Reference -
Christchurch 0-84 0-62, 1-14 0-27
Gestational age (weeks)
<37 1.74 0-60, 5-07 0-31
37-39 Reference -
40+ 0-68 0-50, 0-92 0-01
Sex
Male Reference -
Female 0-78 0-59, 1.04 0-09
Ethnicity
European Reference -
Maori 0-66 0-43, 1-01 0-06
Pacific 0-23 0-12, 0-45 <0-001
Other 0-25 0-12, 0-50 <0-001
Birth weight (kg) 0-80 0-58, 1-09 016
Month of birth
January 22.27 10-23, 48-47 <0-001
February 67-11 2868, 156-99 <0-001
March 26-19 12.-04, 56-95 <0-001
April 17-39 8-44, 35-83 <0-001
May 5.98 316, 11-32 <0-001
June 1.96 1.06, 3-63 0-03
July 1-49 0-82, 2.73 0-19
August Reference -
September 1.59 0-89, 2-84 0-12
October 2.67 1.49, 4-80 0-001
November 6-60 3.57, 1218 <0-001
December 12.48 6-31, 24-67 <0-001
NZ Deprivation Index 0-97 0-92, 1.03 0-30
Maternal age at birth (years)
<30 Reference -
30-34 1.62 1.18, 2.22 0-003
35-39 1.18 0-73, 1-88 0-50
40+ 2-68 1.06, 6-77 0-04
Parental history of asthma
Neither Reference -
Either 0-70 0-53, 0-94 0-02

NZ, New Zealand.

with younger mothers (age <30 years). Also, those born to
a parent with a history of asthma were less likely to have a
higher vitamin D status. Parental histories of allergic rhinitis
or eczema were NS predictors of newborn 25(OH)D levels
(data not shown). Other factors that were NS predictors of
vitamin D status, after adjusting for covariates, were study
site, sex, birth weight and New Zealand Deprivation Index.

Discussion

In a population-based cohort of 929 apparently healthy
New Zealand children, we found that cord blood levels of
25(0OH)D were generally quite low. Almost one in five
children started life with 25(OH)D levels <25 nmol/l. Cord
blood 25(OH)D had strong associations with a summer
birth, which was the single strongest predictor of high vitamin
D status. Significant predictors of low cord blood 25(OH)D
were non-European ethnicity, longer gestational age, younger
maternal age and parental history of asthma.

The seasonality of serum 25(OH)D levels in older children
and adults is well documented'*'”~'? By contrast, few studies
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have examined this issue in the newborn children. In recent
years, vitamin D deficiency in newborns has been reported
in several developing nations, such as India®” and Iran".
Of greater relevance to our New Zealand cohort, investigators
in Sydney, Australia (33°S), recently reported that vitamin D
deficiency (defined as <25nmol/l) was found in 15% of
pregnant women and 11 % of newborns®?. At more compa-
rable latitudes in the USA, investigators in Pittsburgh (40°N)
reported vitamin D deficiency (defined as 25(OH)D < 37-5
nmol/l) in 10% of white newborns and 47 % of black
newborns in a sample of 400 mother—child pairs®®. Similar
results were reported from Boston (42°N), where 80 % of
newborns had 25(OH)D < 50nmol/l despite seemingly
ample intake of vitamin D by their mothers (e.g. 70 % took
daily prenatal vitamin of 10pg, 90% of the sample ate
fish and 93 % drank approximately 2.3 glasses of vitamin
D-fortified milk daily)®®. A study of 123 healthy mother—
child pairs in Athens, Greece (38°N), found that vitamin D
deficiency (defined as <25nmol/l) was present in 20 % of
pregnant women and 8 % of newborns'*>. We are not aware
of prior studies that have examined how seasonal patterns
of cord blood 25(OH)D might differ between the ethnic
populations of New Zealand. The low 25(OH)D levels of
Pacific newborns raise significant concerns for this important
and growing segment of the New Zealand population.

At a minimum, our data suggest that New Zealand women
should consider vitamin D supplements during the late autumn
and winter to offset their likely decline in vitamin D during
these months with less UVB exposure. The optimal timing
and dosage of maternal vitamin D remain unknown, with
most groups recommending 5 Mg/d(g) but others recommend-
ing up to 50 pg/d®. A recently completed trial of pregnant
women in South Carolina provided even higher doses
(100 pg/d) throughout pregnancy, and this regimen did not
appear to have caused any measurable harm (B. Hollis,
personal communication). Nevertheless, others have appro-
priately cautioned against the use of seemingly high doses
of vitamin D without better safety data®®. Clearly, there is
an urgent need for further research in this novel area of
human nutrition.

The lower vitamin D levels of dark-skinned individuals also
are consistent with prior reports among older children and
adults®. Skin pigment interferes with vitamin D synthesis in
the skin, and it has been estimated that dark-skinned indi-
viduals require to spend five to ten times as long in the
sunlight to create the same amount of vitamin D as their
light-skinned counterparts®”. To date, there are very sparse
data on the vitamin D status of the Maori and Pacific children
of New Zealand. The only other published work on this topic,
among New Zealand children aged 6—23 months'* and aged
5-14 years“s), also found that the highest prevalence of
vitamin D deficiency was among Pacific, rather than among
Maori, children. Our study extends this finding to newborns,
and demonstrates that this difference is independent of several
pregnancy-related and socio-economic factors. Although skin
pigmentation is the most likely explanation for the observed
ethnic differences, the contribution of other genetic or
environmental differences merits further study.

The other independent correlates of low vitamin D status
included longer gestational age, younger maternal age and
parental history of asthma. We lack data on gestational

diabetes, but note that this condition is associated with
longer gestational age and may be more common in mothers
with vitamin D deficiency®®. Moreover, a longer gestational
age might provide further opportunity for the developing
fetus to draw upon a mother’s depleted reserves — a scenario
that argues against a single dietary reference intake for
pregnant and non-pregnant women alike®. It is more difficult
to explain the maternal age finding. Were younger mothers
more likely to comply with sun avoidance or less likely to
take prenatal vitamins? We believe that this finding requires
replication and further study. The same is true of the associ-
ation between parental history of asthma and lower cord
blood levels of 25(OH)D. Confirmatory results would be of
likely relevance to recent reports of an inverse association
between vitamin D status and several asthma-related out-
comes®"2,

What is the health impact of low cord blood levels of
25(OH)D? To date, the paucity of outcome data prevents
any definitive statements, but there is a growing international
interest in this issue. In recent years, the European and North
American investigators have found higher risk of several
important childhood diseases among those with low vitamin
D status, including type 1 diabetes”, wheezing®” and
winter-related eczema®”. As research advances on the role
of vitamin D in pregnancy and early childhood, evidence
about health outcomes will surely grow. These future studies
will provide data to better inform healthcare providers and
public health officials about what exactly constitutes vitamin
D ‘deficiency’ in newborns, as well as the levels that are
associated with optimal health.

Another research need suggested by our work is the
development of an equation to link the more easily tested
maternal level of 25(OH)D with the expected level of a
child at birth. Unfortunately, we did not measure concurrent
maternal 25(OH)D levels, and are unable to examine this
issue. Vitamin D metabolites, especially 25(OH)D, are
known to cross the placentam). Prior studies, based on rela-
tively small samples, suggest that maternal levels of 25(OH)D
are approximately 10—15nmol/l higher than the levels in
cord blood?**¥, By contrast, a study from Greece found
significantly lower average levels of 25(OH)D in 123 term
mothers (41nmol/l) than in the cord blood (51nmol/1)®>.
Population-based studies of diverse samples are needed.
The development of such an equation would facilitate the
development of studies on the potential impact of introducing
a maternal supplement during pregnancy or early childhood —
without the logistical complexity and research challenges of
measuring 25(OH)D levels in cord blood.

The present study has other potential limitations. Although
the study lacks data on food intake during pregnancy, non-
fortified food sources of vitamin D have limited effect on serum
25(OH)D levels®??. The study also lacks data on maternal
25(OH)D levels from earlier in the pregnancy; it would have
been interesting to examine the relationship of earlier levels
with cord blood levels. Although estimates vary, the half-life
of serum 25(OH)D in adults is 2—3 weeks®. If this was
true in cord blood, it would suggest that the measured levels
reflect maternal—fetal status during the final months of
pregnancy. Sun-related behaviours and dietary intake may
change over the course of a pregnancy, but these changes
are relatively minor®? and probably, they are not influenced
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by baseline levels of maternal 25(OH)D. Thus, we believe that
the cord blood values provide a reasonably accurate way to
rank-order mothers by their vitamin D status during
pregnancy — and, therefore, to identify characteristics of
mothers who might benefit from higher dose vitamin D
supplementation.

In summary, vitamin D deficiency and insufficiency are
common in apparently normal newborns in New Zealand.
The health implications of this finding are not clear, but a
growing body of evidence suggest that lower levels of vitamin
D are associated with important health problems of childhood.
Given the absence of any compelling evidence for an adverse
effect of increased vitamin D intake among pregnant women,
and with some professional societies already recommending
much higher doses”, we believe that such a public health
campaign merits serious consideration. The optimal timing
and dosage of vitamin D supplementation require further
study. In the meantime, however, our findings can help
identify individuals at increased risk, and thereby assist
efforts to correct the low levels of vitamin D among most
New Zealand mothers and their newborn children.
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