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Abstract

Vitamin D insufficiency during pregnancy is associated with disturbed skeletal homeostasis during infancy. Our
aim was to investigate the influence of adherence to recommendations for vitamin D supplement intake of
10 pg per day (400 IU) during pregnancy (mother) and in the first months of life (child) on the occurrence of
positional skull deformation of the child at the age of 2 to 4 months. In an observational case—control study, two
hundred seventy-five 2- to 4-month-old cases with positional skull deformation were compared with 548
matched controls. A questionnaire was used to gather information on background characteristics and vitamin D
intake (food, time spent outdoors and supplements). In a multiple variable logistic regression analysis, insuffi-
cient vitamin D supplement intake of women during the last trimester of pregnancy [adjusted odds ratio (aOR)
1.86, 95% (CI) 1.27-2.70] and of children during early infancy (aOR 7.15, 95% CI 3.77-13.54) were indepen-
dently associated with an increased risk of skull deformation during infancy. These associations were evident
after adjustment for the associations with skull deformation that were present with younger maternal age and
lower maternal education, shorter pregnancy duration, assisted vaginal delivery, male gender and milk formula
consumption after birth. Our findings suggest that non-adherence to recommendations for vitamin D sup-
plement use by pregnant women and infants are associated with a higher risk of positional skull deformation in
infants at 2 to 4 months of age. Our study provides an early infant life example of the importance of adequate
vitamin D intake during pregnancy and infancy.
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asymmetry (Littlefield eral. 2002, 2004; Hutchison
et al. 2004). When the occipital skull is deformed sym-
metrically, this is defined as deformational brachy-

Introduction

Background

Positional skull deformation refers to a condition in
young infants in which the shape of the head and
often also the face are deformed as a result of posi-
tional preference or external moulding forces. The
deformation, which occurs because the cranium is
malleable and growing rapidly, may result in flatten-
ing of part of the cranium, ear misalignment and facial

cephaly; when the deformation is asymmetrically, this
is defined as deformational plagiocephaly (DP).
Figure 1 shows both components of positional skull
deformation, however, mixed forms are frequently
observed. The term skull deformation is generally
used as a collective name for both types of deforma-
tion (Litva et al. 2002).
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Fig. 1. Components of skull deformation: (a) plagiocephaly, (b)
brachycephaly.

Prevalence of skull deformation

The prevalence of positional skull deformation varies
with age and measurement method used. In infants,
van Vlimmeren et al. (2007) reported a DP preva-
lence of 6% at birth, 22% at age 7 weeks and
17% at age 6 months. DP was measured using
plagiocephalometry, in which the two oblique skull
diameters are compared as a ratio (van Vlimmeren
etal. 2006). In another cohort of healthy infants,
Hutchison et al. (2004), using the HeadsUp method,
digital photography and head shape quantification
using custom written software, found a prevalence of
skull deformation at age 6 weeks and 4 months of
16% and 20%, respectively (Hutchison et al. 2004,
2005). After the age of 6 months, the prevalence of
skull deformation in both studies gradually declined.

Risk factors for skull deformation

Several risk factors for positional skull deformation
have been identified (Bialocerkowski et al. 2008),

Key messages

primarily in studies of the plagiocephaly rather than
the brachycephaly component of skull deformation.
Obstetric risk factors for skull deformation include
unusual shape of the uterus, primiparity, multiple
birth pregnancy, premature gestation, prolonged
labour, breech presentation and assisted delivery
(vacuum/forceps) (Littlefield et al. 2002; Peitsch et al.
2002; Hutchison et al. 2003; van Vlimmeren et al.
2007). Infant risk factors for skull deformation that
have been identified include male sex, torticollis and
delayed motor development (Hutchison ez al. 2003,
2004; van Vlimmeren et al. 2007). The known infant
care risk factors are cumulative exposure to the
supine position, positional preference, lack of vari-
ation in head positioning when sleeping in the first 6
weeks of life and position during bottle-feeding.
Tummy time when awake more than three times a day
protects against skull deformation (Hutchison et al.
2003; van Vlimmeren etal. 2007; McKinney et al.
2008; Lennartsson 2011). In one study, excessive daily
intake of folic acid during pregnancy was associated
with skull deformation (Michels et al. 2011).

Consequences of skull deformation

Although skull deformation is considered to be a
minor and purely cosmetic condition (Collett et al.
2005), associations in the longer term have been
described with auditory processing disorders (Balan
etal. 2002), mandibular asymmetry (St John et al.
2002) and strabismus (Rekate 1998). Skull deforma-
tion has the potential for negative physical and psy-
chosocial effects, e.g. teasing and poor self-perception
(Collett et al. 2005).

* Vitamin D insufficiency during pregnancy has been described to be associated with disturbed skeletal

homeostasis in the infant.

* Insufficient vitamin D supplement intake of woman during the last trimester of pregnancy is associated with
a higher risk of positional skull deformation in her 2- to 4-month-old child.

* Insufficient vitamin D intake of the child in the first months of life is associated with an increased risk of
positional skull deformation (independent of the maternal vitamin D intake).

* Our study shows the importance of promoting a lifestyle with sufficient vitamin D intake in pregnant women
and provides evidence for the potential that these recommendations prevent skull deformation.
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Vitamin D status as a potential risk factor for
skull deformation

Vitamin D is known to be important for the intestinal
absorption of calcium and for bone mineralization.
The vitamin D status of the newborn and the
breastfed infant is determined by maternal vitamin D
status during pregnancy and lactation (Dawodu &
Wagner 2007). The higher concentrations of 1,25-
dihydroxy-vitamin D that occur during pregnancy are
believed to be important for adequate calcium levels
to be available for fetal bone mineralization (Coulter
2012). Congenital rickets is a recognized complication
of maternal vitamin D deficiency during pregnancy
(Innes et al. 2002). Vitamin D deficiency is associated
with an increased risk of craniotabes, the term used to
describe a newborn’s skull that is softer and thinner
than normal and that deforms reversibly when local-
ized pressure is applied (Yorifuji eral. 2008). If
vitamin D deficiency persists during infancy then this
has the potential to cause skull bones to remain rela-
tively soft and more malleable for a longer period and
thus predispose the infant to skull deformation.

Vitamin D can be obtained from sun exposure,
food and supplements. The major source of vitamin D
for most humans is exposure of the skin to sunlight.
However, the ability to make vitamin D from sunlight
exposure is dependent on several factors including
seasonal variation, time of day and geographical loca-
tion. When insufficient exposure to sunlight occurs,
dietary and supplement sources of vitamin D become
important determinants of vitamin D status (Holick
2007). As few natural food products contain signifi-
cant quantities of vitamin D, diet is an inadequate
source of vitamin D in countries which do not have
mandatory vitamin D fortification. Even in those
countries which have mandatory food fortification
dietary vitamin D intake is not always sufficient
(Calvo et al. 2004, 2005). The most rational approach
therefore to reduce the risk of vitamin D deficiency in
pregnant women (and infants) is through supplemen-
tation (Compston 1998).

Vitamin D supplements

According to a Cochrane review in 2012, the use of
supplementation during pregnancy improves vitamin D

concentrations at birth. However, the review concluded
that there is currently insufficient high quality evidence
for any clinical benefit from such supplementation
(De-Regil et al. 2012). The uncertainty created by this
lack of evidence is reflected in the variability in recom-
mendations for vitamin D supplementation during
pregnancy in different countries and continents. Dosing
recommendations for supplementation vary fourfold
in Australasia: 5 ug per day (200 IU) National Health
and Medical Research Council (2006), the United
Kingdom: 10 pg per day (400 IU) (Scientific Advisory
Committee on Nutrition 2007), the Netherlands: 10 pg
per day (400 IU) (Health Council of the Netherlands
2008), Scandinavia: 10 pg per day (400 IU) (Nordic
Council of Ministers 2004), the United States: 15 pg per
day (600 IU) (Ross et al. 2011) and Germany, Switzer-
land, Austria and Belgium: 20 ug per day (800 IU)
(Hoge Gezondheidsraad 2009; Deutsche Gesellschaft
fir Erndhrung, Osterreichische Gesellschaft ~fiir
Gesellschaft  fiir
Erndhrungsforschung & Schweizerische Vereinigung
fiir Erndhrung 2013).

Erndhrung,  Schweizerische

Study objectives

In order to determine if positional skull deformation
is associated with vitamin D status, we report findings
from our case—control study which investigated the
influence of adherence to recommendations for
vitamin D supplement intake in the third trimester of
pregnancy (woman) and in the first months of life
(child) on the development of positional skull defor-
mation in 2- to 4-month-old children. We hypoth-
esized that lower vitamin D supplement intake during
later pregnancy and early infancy would be associated
with an increased risk of positional skull deformation.
We also investigated the contribution of other vitamin
D-related factors (dietary sources and sun exposure)
and the known sociodemographic, obstetric and infant
care risk factors for positional skull deformation.

Material and methods
Study design

We conducted a population-based case—control study
among Dutch children 2 to 4 months old and born
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between 22 November 2009 and 9 June 2010. A total
of two hundred seventy-five 2- to 4-month-old cases
with mild to severe skull deformation from the
Helmet Therapy Assessment in Deformed Skulls
(HEADS) study (van Wijk eral. 2012) were com-
pared with 548 controls from a survey on infant milk
feeding in 2010 (Lanting & Rijpstra 2011).

Cases and controls

Cases that were referred to a paediatric physical
therapist because of positional preference or skull
deformation were approached to participate in the
HEADS study. They were eligible as cases for this
case—control study if they had a diagnosis of clinically
relevant skull deformation and were aged between 2
and 4 months. Premature children (<36 weeks of
pregnancy time), children with a diagnosis of
craniosynostosis, congenital muscular torticollis or
craniofacial dysmorphism were excluded (van Wijk
etal. 2012). The diagnosis ‘skull deformation” was
based on plagiocephalometry performed by the pae-
diatric physical therapist at the first visit in their
practice.

Plagiocephalometry is an easy-to-apply, non-
invasive and reliable measurement to assess skull
shape with good clinical accuracy (van Vlimmeren
etal. 2006; van Adrichem et al. 2008). The largest
transverse circumference of the head with perpen-
dicular marks of both ears and nose represents the
different skull flattening aspects. An oblique diameter
difference index (ratio of the longest and the smallest
oblique diameter x 100%, representing severity of
plagiocephaly) of >104% is defined to be clinically
relevant for an asymmetrically deformed skull; a
cranio proportional index (the ratio of the width and
length diameter X 100%, representing severity of
brachycephaly) of >90% for symmetrical flattening.
The deformation is not dichotomous; combinations of
both aspects of skull deformation often occur simul-
taneously (Litva etal. 2002; van Vlimmeren et al.
2006). Controls were recruited from a survey on type
of infant milk feeding in 2010 (Lanting & Rijpstra
2011). A questionnaire was handed out to parents of
children aged 2 to 6 months at participating well-baby
clinics (250) across the Netherlands. Children were

eligible as controls in our study when they were
between 2 and 4 months of age and when parents
responded negatively to the question whether their
child consulted a paediatric physical therapist for
skull deformation or positional preference.

Questionnaire

Using a structured questionnaire, data were collected
on sociodemographic, obstetric and infant risk factors
and vitamin D intake. The sociodemographic factors
measured included maternal age, education and eth-
nicity (as defined by country of birth) of the woman.
Obstetric factors included pregnancy duration and
delivery method (caesarean, assisted delivery, normal
delivery). Infant factors included gender, birthweight
and type of milk feeding.

Vitamin D intake was measured with questions
about the various factors known to influence vitamin
D status. The intake assessment comprised of the use
of vitamin D supplements, consumption of dietary
sources of vitamin D and exposure to sunlight. The
reference period was the last trimester of pregnancy
for mothers and the first months of life for the child.
Adequacy of vitamin D intake was defined using
Dutch Health Council recommendations (Health
Council of the Netherlands 2008). Adequate vitamin
D intake during pregnancy was defined as taking a
vitamin D supplement containing the recommended
amount of vitamin D [10 pg (400 IU)] at least five
times a week. Certain brands of vitamin D supple-
ments or multivitamins for adults/pregnant woman do
not contain the recommended amount of vitamin D.
Therefore, the brand of the vitamin D supplements
taken was retrieved to verify the vitamin D sup-
plement intake. Adequate vitamin D intake in the first
months of life was defined as 10 ug per day (400 IU)
of vitamin D supplements (if breastfed) or daily con-
sumption of at least 0.5 L of fortified formula milk. To
our knowledge, all specific child vitamin D supple-
ments available in the Netherlands contain the rec-
ommended amount of vitamin D (10 pg per 400 IU).

Exposure to sunlight was operationalized as the
time spent outdoors per day from April to September.
In the Netherlands, situated at latitude 52°N, sunlight
exposure only generates vitamin D during these
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months of the year. Adequate sunlight exposure was
defined as more than 15 min outside on more than
five occasions per week from April to September for
both pregnant women and children. Due to our
enrollment period (birth date from November until
June), the pregnant women included in this study
could not meet the ‘time spent outdoors’ conditions
for their entire pregnancy. Therefore, this variable was
not included in the analysis.

In addition to supplement intake and sunlight
exposure, dietary sources of vitamin D for the preg-
nant women were determined. We determined mater-
nal intake, during the last trimester of pregnancy, of
foods that are either natural (fish consumption per
week) or fortified (milk, yoghurt, cheese and marga-
rine consumption per day) sources of vitamin D.

Data analysis

Logistic regression was used to estimate associations
between each risk factor and the presence of a skull
deformation (univariate analyses). Because the
importance of certain risk factors may not be found
when their effects are confounded by other risk
factors, we performed a multiple logistic regression
analysis. In the multivariate model of factors associ-
ated with skull deformation, vitamin D variables spe-
cific to the mother during late pregnancy and specific
to the child during early infancy were both entered.
Other factors with a P-value < 0.10 at the univariate
level were included in the multivariate model.
Covariates that did not contribute to the full model
based on examination of the Wald statistic and com-
parison between its unadjusted odds ratio and
adjusted odds ratio (aOR) were removed from the
final model (Hosmer & Lemeshow 2000). In addition,
the Chi-square test was used to determine whether
covariates that were independently associated with
skull deformation were also associated with each
other.

Results

Demographic data, obstetric and infant characteris-
tics of the 275 cases and 548 controls are presented in
Table 1. Mothers of children included in the cases

were younger (P <0.001) and had a lower level of
education (P <0.001). Cases were more likely to be
born at an earlier gestation (P = 0.012) or following
an assisted delivery (P =0.018). Cases were more
likely to be male (P < 0.001) and to have commenced
formula rather than breast milk feeding (P = 0.021).
No significant differences were found for birthweight
and country of birth. There was also no significant
difference between the birth seasons of cases and
controls.

Table 2 shows the vitamin D intake of mothers and
infants and associations between vitamin intake and
skull deformation. Insufficient vitamin D supplement
intake during the last trimester of pregnancy was
associated with an increased risk of skull deformation
(P<0.001). The risk of skull deformation was
decreased in infants of mothers who consumed fish
one to two times per week during the last trimester of
pregnancy (P =0.018). Insufficient vitamin D sup-
plement intake during early infancy was associated
with an increased risk of skull deformation
(P <0.001).

The multiple variable logistic regression analysis
(Table 3) showed an independent association with
skull deformation of both inadequate maternal
vitamin D supplement use (aOR = 1.86) during preg-
nancy and insufficient vitamin D supplement intake
during infancy (aOR =7.15) either as a vitamin D
supplement or vitamin D fortified milk. Lower mater-
nal dietary intake of vitamin D as defined by fish
consumption less than once weekly was also associ-
ated with an increased risk of skull deformation
(aOR =1.50). No significant association was found
between the time the child spent outdoors and the
risk of skull deformation. Other factors indepen-
dently associated with an increased risk of skull defor-
mation were younger maternal age (aOR =0.94),
lower maternal education (aOR = 1.97), shorter preg-
nancy duration (aOR = 0.84), assisted vaginal deliv-
ery (aOR =2.55), infant male gender (aOR =2.34)
and formula milk consumption after Dbirth
(aOR = 1.51).

In view of the association observed between
formula milk consumption and skull deformation, we
determined whether formula milk consumption was
also associated with socioeconomic status and with
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Table I. Univariate associations of maternal sociodemographic, obstetric and infant factors with infant skull deformation

Variable

Skull deformation

Cases (n;=275)  Controls (n,=548)  OR (95% CI) P

Maternal sociodemographic factors
Mother’s age in years (n; = 272, n, = 546), mean £ SD
Mother’s education level*, (n; =272, n, = 543), n (%)
Low
Medium
High
Mother’s country of birth, (n1 =272, n, = 543), n (%)
Netherlands
Other country
Obstetric factors
Birth season, (n1 =275, n, = 548), n (%)
January-March (Winter)
April-June (Spring)
July-September (Summer)
October-December (Autumn)
Pregnancy duration in weeks, (n; = 274, n, = 548), mean + SD
Assisted delivery, (n; =270, n, = 513), n (%)
Yes
Normal delivery or cesarean section
Infant factors
Gender, (n1 =275, np = 547), n (%)
Boy
Girl
Birthweight in grams, (n1 = 273, n, = 545), mean + SD
Type of milk feeding started after birth, (n1 = 275, n, = 548), n (%)
Breastfeeding
Formula milk

30.13+£4.24 31.40 £ 4.49 0.94 (0.91-0.97)  <0.001
<0.001
64 (23) 85 (16) 215 (143-322)  <0.001
121 (45) 210 (39) 1.64 (1.18-2.29)  0.003
87 (32) 248 (45) 1.00
261 (96) 520 (95) 1.00
12 (4) 28 (5) 0.85 (0.43-1.71)  0.655
0.113
156 (57) 349 (64) 124 (0.72-2.13) 0138
90 (33) 158 (29) 1.00
0 (0) 0 (0) -
29 (10) 41 (7) 0.79 (0.57-1.1) 0.433
394415 39.6+1.4 0.88 (0.79-0.97)  0.012
30 (11) 32 (6) 1.88 (1.12-3.17)  0.018
240 (89) 481 (94) 1.00
186 (68) 255 (47) 239 (1.77-324)  <0.001
89 (32) 292 (53) 1.00
3495 + 575 3524 +512 1.00 (1.00-1.00)  0.476
188 (68) 416 (76) 1.00
87 (32) 132 (24) 1.46 (1.06-2.01)  0.021

CI, confidence interval; OR, odds ratio. *Low educational level: lower technical and vocational training and lower general secondary education;

Medium educational level: intermediate vocational training and advanced secondary education; High educational level: higher vocational

education and university.

maternal vitamin D intake. In comparison with
breastfed infants, a larger proportion of the mothers
of formula milk-fed infants had a low education level
(28% vs. 15%, P < 0.0001) and an insufficient vitamin
D intake (74% vs. 62%, P = 0.002).

Discussion
Summary of results

Our case—control study showed that the risk of skull
deformation at 2 to 4 months of age is increased in
infants if vitamin D intake by the mother during late
pregnancy or by the infant during early infancy
is insufficient as defined by the current recommenda-
tions in the Netherlands. These associations
were evident after adjustment for maternal

sociodemographic, obstetric and infant factors that
are already acknowledged as risk factors for skull
deformation and for which independent associations
with skull deformation were also evident in this study.

The association between skull deformation and
adequacy of vitamin D intake was stronger for infant
[aOR =7.15, 95% confidence interval (CI) 3.77-
13.54] rather than maternal adequacy of vitamin D
supplement intake (aOR =1.86, 95% CI 1.27-2.70).
However, a sufficient vitamin D supplement intake by
the children themselves in the first months of life did
not reverse the consequences of the insufficient
vitamin D intake during pregnancy. These findings are
consistent with observations made on the effects of
maternal vitamin intake during pregnancy on bone
mineral density during early childhood (Viljakainen
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Table 2. Univariate associations of vitamin D related risk factors with infant skull deformation

Variable Skull de

formation

Cases (n1 =275) Controls (n; = 548) OR (95% CI) P

Pregnant woman
Supplement use*, (n = 247, n, = 489), n (%)

Insufficient 173 (70)
Sufficient 74 (30)
Dietary vitamin D, (n; = 275, n> = 548), n (%)
Daily milk/yoghurt 248 (90)
Daily cheese 168 (61)
Daily (diet) margarine 217 (79)
Fish 1-2 times a week 104 (38)
Child
Time spent outdoors’ (ny =273, n, = 543), n (%)
Insufficient 203 (74)
Sufficient 70 (26)
Vitamin D supplement intake® (n; = 269, n, = 548), n (%)
Insufficient 17 (6)
Sufficient 252 (94)

273 (56) 1.85 (1.34-2.56) <0.001
216 (44) 1.00
485 (89) 0.83 (0.52-1.30) 0.467
358 (65) 1.20 (0.89-1.60) 0233
443 (81) 1.10 (0.79-1.60) 0512
255 (47) 1.43 (1.06-1.92) 0.018
427 (79) 0.79 (0.56-1.11) 0.170
116 (21) 1.00

19 (4) 574 (329-10.02)  <0.001
529 (96) 1.00

CI, confidence interval; OR, odds ratio. *Sufficient defined as 10 g per day of vitamin D at least five times per week. "Time spent outdoors after

the age of 4 weeks. Sufficient defined as being outside for more than 15 mi

n on more than five occasions per week, from April until September.

“Sufficient defined as 10 pg per day vitamin D supplement intake if breastfeeding or >0.5 L per day of formula milk.

et al. 2011). While post-natal vitamin D supplementa-
tion improves infant vitamin D status and bone
mineral content, it only partly eliminates the differ-
ences in bone mineral content, measured at age 14
months, that were associated with poorer maternal
vitamin D status during pregnancy (Viljakainen et al.
2011).

Milk formula consumption after birth was associ-
ated with an increased risk of skull deformation,
despite milk formula being a source of vitamin D. This
association was not as strong as that seen with
adequate vitamin D intake by the mother and infant.
Possibly, the usually unilateral position during bottle-
feeding, in the context of a child born with poor
vitamin D status secondary to inadequate maternal
vitamin D intake, outweighed the protective effect of
post-natal vitamin D supplements in formula milk.
This potentially supports our observation that suffi-
cient vitamin D supplement intake by the children
themselves in the first months of life cannot reverse
the consequences of the insufficient maternal vitamin
D intake during pregnancy. The finding of more skull
deformities among the formula-fed infants reflected
their socioeconomic status as well. The mothers who

© 2014 John Wiley & Sons Ltd Maternal and Child Nutrition (2016), 12, pp

chose formula-feeding were less well educated and a
larger portion of them had an insufficient vitamin D
supplement intake during pregnancy. Thus, these
infants had a lower starting point with respect to their
vitamin D status, and it would take them longer to
reach vitamin D sufficiency, even with formula milk
that contains 10 ug per 0.5 L (400 IU per 0.5 L).

Food fortification is a population-prevention
approach to reducing the population risk of vitamin D
deficiency. Some specific target groups, such as chil-
dren and pregnant women, [especially women with
more pigmented skin (McAree et al. 2013)] will need
extra vitamin D. Supplementation use is then the best
(individual) treatment approach to enable these
higher risk groups to achieve adequate vitamin D
status. Pregnant women should be strongly recom-
mended to take vitamin D supplements, particularly
during seasons when the body is unable to create
vitamin D without the exposure to sunlight.

In this study, insufficient or no vitamin D sup-
plement intake in the third trimester of pregnancy
was observed in the majority of women (70% of the
mothers of infants with skull deformation and 56% of
the mothers of infants without skull deformation).
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Table 3. Multiple logistic regression analysis of risk factors for infant
skull deformation

Variable aOR (95% CI) P

Pregnant woman vitamin D intake

Insufficient vitamin D 1.86 (1.27-2.70) 0.001
supplement use*
Not consuming fish 1-2 times a 1.50 (1.04-2.16) 0.031
week
Child vitamin D intake
Insufficient time spent outdoors’ 0.68 (0.45-1.03) 0.071

Insufficient vitamin D 7.15 (3.77-13.54) 0.000
supplement intake*

Maternal sociodemographic,
obstetric

and infant factors

Maternal age in years 0.94 (0.90-0.98) 0.002
Educational level of mother 0.023

Low 1.97 (1.19-3.26) 0.009

Medium 1.51 (1.00-2.27) 0.049
Pregnancy duration in weeks 0.84 (0.74-0.95) 0.006
Assisted vaginal delivery 2.55 (1.33-4.86) 0.005
Male gender 2.34 (1.63-3.35) <0.001
Milk formula consumption after 1.51 (1.00-2.27) 0.049

birth

aOR, adjusted odds ratio; CI, confidence interval. Pseudo
(Nagelkerke) R?=0.216. *Not taking 10ug per day of vitamin D at
least five times per week. "Time spent outdoors after the age of 4
weeks. Sufficient defined as being outside for more than 15 min on
more than five occasions per week, from April until September. *Not
taking 10 pg per day if vitamin D supplement intake if breastfeeding
or 0.5 L of formula milk per day.

This frequency of inadequate vitamin intake during
pregnancy is comparable with the study of Belderbos
et al. of 1000 healthy term neonates born in the Neth-
erlands from 2006 to 2009, in which only 46% of the
mothers of these newborns had used the recom-
mended dose of vitamin supplements during preg-
nancy (Belderbos et al. 2011). Of note, almost 14% of
all vitamin D supplements taken in this study by preg-
nant women (six of the 25 brands) neither contained
10 ug (400 IU) of vitamin D nor advised the right
amount for pregnant women.

Vitamin D dietary references and folic acid recom-
mendations have common target populations: women
who are pregnant or trying to get pregnant. In a
recent study in the Netherlands, 52% of pregnant
women reported using folic acid during the entire
recommended period (Zetstra-van der Woude et al.

2012). Hence, the uptake of folic acid is somewhat
higher compared with the vitamin D supplement
uptake in this study. Dietary intake advice specific to
pregnancy can be combined into a single ‘healthy life-
style’ advice which could potentially enable more
effective promotion. Special attention should be paid
to less educated women, as in our study pregnant
women who were less educated had two times greater
risk of having a child with skull deformation com-
pared with highly educated woman.

The vitamin D supplement intake advice for infants
had a better uptake: 94% of the cases and 97% of
controls met the daily required intake of 10 pug
(400 IU) of vitamin D. This is due either to the use of
formula milk or, in case of breastfeeding, to starting
with the recommended vitamin D supplementation
within 3 weeks. However, if vitamin D intake is insuf-
ficient during pregnancy then infant supplementation
will not be sufficient to prevent all cases of skull defor-
mation for which vitamin D deficiency is a contribu-
tory factor.

Recently, van Wijk et al. showed that skull deforma-
tion does not completely resolve in all infants
by natural course, but also that helmet therapy
does not increase the likelihood of resolution. This
emphasizes the importance of prevention, early
detection and early treatment with pediatric physio-
therapy (van Wijk et al. 2014). Our study shows the
importance of promoting a lifestyle with sufficient
vitamin D intake in pregnant women and provides
evidence for the potential that these recommenda-
tions prevent skull deformation, which is a prevalent
contemporary infant health issue.

Furthermore, vitamin D insufficiency during preg-
nancy and early childhood has been associated with
an increased risk of a number of serious diseases,
including type 1 diabetes (Zipitis & Akobeng 2008),
multiple sclerosis (Munger et al. 2004), schizophrenia
(McGrath etal. 2004), early childhood wheeze
(Camargo etal. 2007) and respiratory infections
(Wayse et al. 2004; Karatekin et al. 2009; Belderbos
et al. 2011). As a number of these health outcomes do
not become apparent until later life, they are more
difficult concepts to use in the promotion to pregnant
women of the importance of adequate vitamin D
intake. Our study provides an early infant life
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example of the importance of adequate vitamin D
intake during pregnancy and infancy.

Strengths and limitations

Access to a large and well-defined case group in
which skull deformation was based upon a robust
definition was the strength of our study. That these
cases were not from a highly referred and specialized
population make the comparison with population
controls from a survey on child milk feeding feasible.
A few children with skull deformation may have been
included in the control group because exclusion was
only based on one question. If this was the case, this
would mean that the findings of our study are an
underestimation of the true effect of vitamin D sup-
plement use on skull deformation. Furthermore, cases
as well as controls were born in the same period of the
year and because of our inclusion period (November—
June), not enough data were gathered to study the
association between birth season and skull deforma-
tion for all seasons.

Important limitations of this study were the preci-
sion of measurement of the intake of vitamin D and
the lack of measurement of vitamin D status. Vitamin
D intake is a multidimensional concept, made up out
of several components. Precisely measuring all these
aspects with a questionnaire is difficult because the
contribution of each factor to the persons’ total
vitamin D intake cannot be estimated. For example,
the concentration of vitamin D in breast milk was
considered negligible in this study because quite large
doses of vitamin D [65-90 pg per day (1600-3600 IU
per day)] are required to achieve significant increases
in breast milk vitamin D content (Hollis & Wagner
2004). However, when a pregnant woman’s vitamin D
intake is optimal, the vitamin D content in her breast
milk content would be increased and her infant would
be at lower risk of developing skull deformation.
Because we did not collect the data on which brand of
formula milk was given to the child, we were unable
to consider variability in vitamin D content of differ-
ent commercial milk products.

Serum 25-hydroxy-vitamin D (25(OH)D) concen-
tration reflects the adequacy of vitamin D intake and
production and is generally used to assess vitamin D

status. However, obtaining blood samples and meas-
uring serum 25(OH)D concentration was beyond the
scope of this study. To explore our findings further, a
randomized controlled trial of vitamin D supplemen-
tation during pregnancy and infancy with measure-
ment of maternal and infant serum 25(OH)D
concentrations should be conducted to establish
whether there is a causal link between vitamin D
supplement use and skull deformation.

Our study highlights the importance of asking not
only the frequency of vitamin D supplement use
during pregnancy but also the brand of the sup-
plement used. This enabled us to more precisely esti-
mate the vitamin D supplement intake of the
pregnant woman. The information on brand is
required to determine vitamin D intake and also
implies that it is likely that some mothers will com-
mence supplementation during pregnancy without
realizing that the supplement they are taking is an
inadequate source of vitamin D. Reducing variance in
the vitamin and mineral content of pregnancy supple-
ments would be a potentially important way of
improving the status of pregnant women with respect
to other key micronutrients including folate and
iodine (Gallego et al. 2010).

Selection bias in the control group is another
potential limitation of our study. In the control group,
in comparison with the average Dutch population,
there was an overrepresentation of highly educated
women. This could potentially lead to an overestima-
tion of the vitamin D intake in the control group
leading to an overestimation of the odds ratio for risk
of vitamin D-related skull deformation in the general
population.

The case—control design of this study might have
led to sampling and information bias, especially recall
bias. Cases compared with controls may have given
more detailed information on their vitamin D intake;
it is, however, questionable if the recall of this before-
hand unknown risk factor differs substantially for
cases and controls. The occurrence of socially desir-
able answers will probably be equal in both groups.
This study identified well-known risk factors for skull
deformation such as shorter pregnancy duration,
assisted vaginal delivery and male gender. However,
identified risk factors such as younger maternal age
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and lower maternal education are less well defined in
the literature (Bialocerkowski et al. 2008). Further
research of those risk factors and the mechanism by
which they lead to skull deformation is required.

Conclusion

Our findings suggest that insufficient vitamin D sup-
plement intake by the pregnant woman is associated
with a higher risk of positional skull deformation in
her offspring at 2 to 4 months of age. We also showed
that only 40% of all pregnant women had a sufficient
vitamin D supplement intake during the last trimester
of pregnancy. Our study shows the importance of pro-
moting a lifestyle with sufficient vitamin D intake in
pregnant women and provides evidence for the
potential that these recommendations prevent skull
deformation.
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