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Abstract

Summary Our research shows that the newborns of vitamin D—deficient mothers have higher serum alkaline phosphatase (ALP)
activity compared with those of vitamin D-non-deficient mothers, which is likely related to increased bone turnover rather than just
being a marker for bone formation. This has a potential negative impact on fetal bone development and subsequent skeletal growth.
Purpose/introduction Low maternal serum 25-hydroxy vitamin D (25(OH)D) level during pregnancy contributes to vitamin D
deficiency in infants at birth, which is associated with multiple potential adverse effects on fetal skeletal mineralization and growth.
We studied the relationship between maternal 25(OH)D level and newborn serum alkaline phosphatase activity (ALP) at term.
Methods In this prospective cross-sectional hospital-based study, venous blood samples of healthy pregnant mothers were drawn
to measure 25(OH)D levels within 6 h of delivery. Cord blood samples were examined for calcium, phosphorus levels, and ALP
activity immediately after birth. In addition, we also recorded the newborns’ anthropometric measurements.

Results Seventy-two percent (n = 108/150) of mothers in our study were vitamin D—deficient (serum 25(OH)2D < 25 nmol/l). In
a multivariate logistic regression model, young maternal age (odds ratio (OR) = 0.94, 95% CI 0.88-0.99, p = 0.04) and increased
weight (OR =1.03,95% CI 1.01-1.07, p = 0.02) as well as decreased milk intake (OR = 0.31, 95% CI10.13-0.74, p = 0.009) were
all significantly associated with maternal vitamin D deficiency. ALP activity was significantly higher in newborns of vitamin D—
deficient compared with vitamin D-non-deficient mothers (median = 176 (IQR = 139-221) and 156 (IQR = 132-182), respec-
tively, p = 0.04). A significant inverse correlation (Pearson’s coefficient = — 0.18, p = 0.03) was observed between maternal
25(OH)D levels and babies’ ALP activities. This association persisted in a multivariate logistic regression model (OR = 3.46,
95% CI 1.18-10.18, p = 0.024).

Conclusions Our findings indicate that newborns of vitamin D—deficient mothers have higher serum ALP activity than those of
non-deficient mothers, which might be related to increased bone turnover rather than just being a marker for bone formation. This
could have a potential negative impact on fetal bone development and subsequent skeletal growth.
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metabolism of vitamin D in the non-pregnant state is well
known, its metabolism during pregnancy is not fully un-
derstood [3]. The status of maternal 25(OH)D level during
pregnancy is a determining factor for infant’s stores of
vitamin D and its skeletal mineralization and growth
[6-9]. In general, cord blood 25(OH) vitamin D concen-
trations are approximately 60—89% of the maternal value
[10, 11]. It is, therefore, important for maternal vitamin D
stores to be at appropriate level to meet the fetal demand
in that period.

The fetal growth is regulated by multiple factors including
maternal nutrition. In some literature, maternal 25(OH)D level
early in pregnancy can be associated with risk of low birth
weight and small-for-gestational age [12].

During fetal life, both calcium and phosphorus are required
for bone development. Calcium, phosphorus, and magnesium
are transported actively across the placenta from mother to
fetus, with bulk of materno-fetal transfer occurring in the third
trimester of pregnancy [13]. Vitamin D deficiency in fetal life
may have permanent effect on body physiology and metabo-
lism [7, 8]. However, there are gaps in the understanding of
whether and how vitamin D influences fetal bone develop-
ment and whether markers of bone turnover in cord blood
could predict bone mineral content. After the first trimester,
1,25(0OH)2 vitamin D that does not cross the placenta in-
creases by 100-200% in the mother and fetus without any
correlation with fetal calcium level [10, 11]. The fetal mineral
homeostasis starts in utero with influence of several factors
like parathyroid hormone (PTH) and PTH-related protein
(PTHrP), which are produced by fetal parathyroid glands
and the placenta, respectively, to maintain serum calcium con-
centration [14—16]. However, the transported calcium across
the placenta leads to PTH suppression, with a further decrease
in the hormone level towards the end of gestation; hence, PTH
is not a reliable marker for a bone turnover in the newborn
[17].

Neonatal rickets has been reported in infants born to
mothers with severe vitamin D deficiency [18-20]. Raised
serum alkaline phosphatase (ALP) activity, which reflects
osteoblastic activity and increased bone turnover, is a
well-known marker of rickets. ALP level, as a bone bio-
marker, does increase during pregnancy regardless of vi-
tamin D status and attains higher values in umbilical cord
blood than maternal blood, possibly reflecting higher rates
of bone turnover [21, 22]. ALP activity is also known to
have inversed association with bone mineral content [23,
24].

The aim of this study is to determine the effect of
maternal vitamin D status on fetal bone metabolism,
mainly represented by the newborns cord blood alkaline
phosphatase activity. We also looked at the correlation
between maternal 25(OH)D level and the growth param-
eters of the newborns in our cohort.
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Methods

This is a cross-sectional study conducted at King Abdulaziz
Medical City, Riyadh, which is one of the two largest tertiary
centers in Riyadh, Saudi Arabia, which serves a catchment
area of East Riyadh with a target population of 1.5 million,
mainly represented by the National Guard employees. The
annual number of deliveries in the hospital is approximately
7000. In this study, we recruited healthy pregnant Saudi wom-
en attending this center over a month period (November
2011). Riyadh, the capital city of Saudi Arabia, lies at longi-
tude 46.4 E and latitude 24.7 N. It is likely to have low ALP
activity in November since babies are born at the end of fall
and early wintertime. The aim of the study was to assess the
following: (1) factors associated with maternal vitamin D de-
ficiency and (2) the effect of maternal 25(OH)D level on new-
borns’ alkaline phosphatase activity as well as the newborns’
anthropometric parameters.

King Abdullah International Medical Research Centre
(KAIMRC), Riyadh, Saudi Arabia, cthically approved the
study and an informed consent was obtained from every par-
ticipant in the study. For inclusion into the study, all newborns
and mothers had to be healthy (i.e., no chronic illness such as
diabetes mellitus and they were not severely obese).
Furthermore, all pregnant women were non-smokers and not
under medications that may affect their 25(OH)D level. A
consent form and a detailed questionnaire were distributed
among recruited mothers. Collected data included the follow-
ing: age, weight and height at the time of delivery, multi-parity
status, gestational age (< or > 37 weeks), sunscreen applica-
tion, vitamin D supplements, sun exposure per week (1 h, 2 h,
or 3 or more h), fortified milk (400 IU/I of vitamin D) intake
(1, 2, 3, or 4 cups/day; 1 cup = 180 ml), vitamin D supple-
ments, and level of education (no formal education, primary-
secondary education, or tertiary education).

Venous and cord blood samples were drawn and collect-
ed in serum separator tubes (SST) (Becton Dickinson (BD)
Company (NJ, USA)) from all women within 6 h in post-
partum period. Blood samples were centrifuged at 3000 rpm
and serum were separated in secondary tubes and analyzed
immediately; otherwise, samples were stored in the freezer
with — 70 °C. Vitamin 25(OH)D level was analyzed by
using immunoassay technique Chemiluminescent
Microparticle Immunoassay (CMIA) (LIAISON® XL,
DiaSorin Company; VC, Italy). This method measured both
two forms of vitamins D, and D5 and reported as total vita-
min D. In order to reduce the limitation of the immunoassay
variability, we have ensured that the used method included
and checked against the standard reference materials in the
assay, which was manufactured by the National Institute of
Standards and Technology (NIST). In addition, our labora-
tory has participated in an external proficiency program
from the College of American Pathologist (CAP) to monitor
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and compare the performance of the vitamin D assay accu-
racy and precision.

The alkaline phosphatase enzyme catalyzed the substrate p-
nitrophenyl phosphate (p-NPP) and the formed yellow prod-
ucts were directly proportional to the alkaline phosphatase
enzyme activity and were measured by the colorimetric meth-
od using ARCHITECT c Systems (ABBOTT Company; IL,
USA). In addition, calcium and phosphate assays were mea-
sured by the colorimetric methods using ARCHITECT c
Systems (ABBOTT Company; IL, USA).

Most commonly, and as in ESPGHAN and NASPGHAN
consensus statement (2013), vitamin D deficiency is defined
as 25(OH)D with a serum concentration < 50 nmol/l and se-
vere vitamin D deficiency at < 25 nmol/l. The immunoassay
manufacturer’s definition used in this study stated that defi-
ciency is at < 25 nmol/l, insufficiency 25-75 nmol/l, sufficien-
cy 75-250 nmol/l, and toxicity > 250 nmol/l. We aimed to
include only such patients with marked vitamin D deficiency
in order to demonstrate any apparent statistical relationships
between vitamin D status and newborn bone markers of met-
abolic bone disease, namely, alkaline phosphatase (ALP) and
calcium and phosphate levels in the cord blood.

All newborns were full-term healthy babies apart from four
babies who were between 33 and 36 gestational weeks in age
who did not require active resuscitation or intubation. All
babies who were very unwell and required intubation or had
hepatic problems were excluded from the study. The cord
blood samples for calcium, phosphorus levels, and ALP ac-
tivity were taken immediately after birth for all babies.
Newborns’ physical examination and anthropometric mea-
surements (birth weight, birth length, and head circumference)
were taken at birth. Birth weight was measured to the nearest
10 g using an infant digital scale (weight scale, seca, model
727). Birth length and the head circumference were measured
to the nearest 0.1 cm using a paper tape measure.

Statistical analysis

Data were summarized as medians (inter-quartile range
(IQR)) or percentages. Continuous variables were compared
using the Mann-Whitney test and categorical variables using
the ? test. Logistic regression models were fitted to deter-
mine factors associated with (1) vitamin D deficiency (25-
hydroxyvitamin D level < 25 nmol/l) and (2) increased ALP
activity (> 75th percentile; 212 mg/dl). Factors significant in
univariate analysis were included in a final model. All tests
were two-sided, and a p < 0.05 was considered significant.

Results

The study included 150 mothers. Seventy-two percent (n =
108/150) had 25(OH)D level < 25 nmol/1 (vitamin D—

deficient). The non-deficient mothers (n = 42/150) had
25(0OH)D level 25-75 nmol/l. Multi-parity status, education
level, sunscreen use, intake of vitamin D supplement, and sun
exposure was not different in vitamin D—deficient and vitamin
D-—non-deficient mothers. However, vitamin D—deficient
mothers were significantly younger and had increased weight
and BMI and less milk intake (Table 1). Further analysis by
logistic regression models had confirmed these findings
(Table 2). In the multivariate logistic regression analysis mod-
el, variables independently associated with mothers with vita-
min D deficiency were young age (odds ratio (OR) = 0.94;
95% CI 0.88-0.99, p = 0.04)), weight (OR = 1.03; 95% CI
1.01-1.07; p = 0.02), and milk intake (OR = 0.31, 95% CI
0.13-0.74; p = 0.009).

Increased 25(OH)D levels were observed with increased
milk intake (Fig. 1).

Newborns to mothers in the two groups had similar gender,
weight, length, head circumference, and serum calcium and
phosphorus levels (Table 3). From a clinical point, all ALP
values in our data fall within normal range of ALP activity.
However, statistically, ALP activity was significantly higher
in newborns of vitamin D—deficient mothers (median (IQR) =
176 (139-221)) compared with newborns of non-vitamin D—
deficient mothers (median (IQR = 156 (132-182)), p = 0.04)
(Table 3). An inverse relationship was observed between new-
born ALP activity and their maternal vitamin D levels (corre-
lation coefficient » = — 0.18, p = 0.03) (Fig. 2).

In the final multivariate logistic regression model for fac-
tors associated with newborns higher ALP activity, vitamin
D—deficient mothers (OR = 3.46; 95% CI 1.18-10.18; p =
0.03) and gestational weeks < 37 (OR = 11.76; 95% CI
2.11-65.53, p = 0.005) were the factors independently asso-
ciated with higher activity of ALP.

Discussion

Two-thirds of pregnant mothers in our study were vitamin D—
deficient. Cord blood serum ALP activity was higher in in-
fants born to vitamin D—deficient mother. Furthermore, we
found an inverse correlation between maternal serum
250HD and cord blood ALP activity. While we cannot infer
causality from this association, it is likely that intrauterine
infant bone mineralization might be impaired in infants born
to vitamin D—deficient mothers. Infants’ growth can also be
affected as shown in previous literature, although this was not
observed in our data. Being young and obese with low milk
intake put pregnant ladies at a higher risk of vitamin D
deficiency.

We know that severe maternal vitamin D deficiency causes
neonatal rickets and raised cord blood ALP activity is a mark-
er of subclinical rickets [ 18-20]. Furthermore, possible “track-
ing” of impaired mineralization was previously demonstrated
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Table 1 Characteristics of

mothers with vitamin D Characteristic Vitamin D—deficient Non-vitamin D—deficient p value™™
deficiency (n = 108) compared
with a control group of vitamin Age, years* 28 (24-35) 32(28-37) 0.03
D-non-deficient mothers (n = 42) Weight (kg)* 76 (67-85) 67 (60-82) 0.01
Height (cm)* 157 (154-161) 157 (152-160) 0.36
BMI** 24.6546 (4.89173) 22.4452 (3.82292) 0.009
Multi-partum?**#* 091
Yes 71 (66) 28 (67)
No 37 (34) 14 (33)
Education level *** 0.64
No formal education 48 (44) 16 (38)
Primary-secondary 35(33) 17 (41)
Tertiary 25 (23) 921
Sunscreen use*** 0.17
Yes 5(4.6) 0
No 103 (95.4) 42 (100)
Vitamin D supplement™** 0.23
Yes 80 (74) 37 (88)
No 28 (26) 5(12)
Sun exposure per week 0.26
lh 76 (70) 29 (69)
2h 30 (28) 10 (24)
3h 22 3
Milk intake 0.003
Yes 59 (55) 34 (81)
No 49 (45) 8(19)

Unless otherwise specified, figures presented as median (inter-quartile range)

*Median (IQR)
**Mean (SD)
#*ENumber (%)

s The Mann-Whitney test for continuous variables and x* test for categorical variables

by low bone mass density and impaired bone geometry in later
childhood [23-25].

In this study, we focused on ALP activity in cord blood
as a useful marker of fetal bone turn over. Two-thirds of
pregnant women in our study had vitamin D deficiency. In

Table 2 Univariate and multivariate logistic regression analysis for
maternal factors associated with vitamin D deficiency

Variable  Univariate analysis Multivariate analysis

OR (95% CI) p value*  OR (95% CI) p value

Age 0.93 (0.88-0.99)  0.02 0.94 (0.88-0.99) 0.04
Weight 1.04 (1.01-1.07)  0.01 1.03 (1.01-1.07)  0.02
Milk intake
Yes 0.28 (0.12-0.67)  0.004 0.31(0.13-0.74)  0.009
No 1 1

*p value: Wald test

@ Springer

addition, the ALP activity in the newborns of vitamin D—
sufficient and vitamin D—deficient mothers was within the
normal range; however, the range of ALP activity was
significantly higher in the newborns of vitamin D—
deficient mothers. This could be explained by more bone
activity for bone formation. There are some studies that
observed low maternal 25(OH)D level associated with
hypocalcaemia in cord blood of the newborns or during
the first week of life [13, 26-28]. In a study in Iran, for
the newborns with severe vitamin D deficiency (< 12.5
ng/ml) and maternal vitamin D deficiency, serum ALP
activity was higher (331.4 + 95 compared with 606.9 +
270.3 (p = 0.001) [29]. However, the cutoff level of vita-
min D deficiency used in this study was very low and not
the commonly used in clinical practice. To our knowl-
edge, the data on the effect of maternal vitamin D status
on the newborns’ ALP is scarce. In Greece, they reported
no association between ALP in vitamin D—deficient
mothers (range 133-187 TU/l) and their newborn ALP
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activity (range of 116—175 IU/1) (p value = 0.76) [30]. But
they did not directly compare maternal 25(OH)D level
and newborn ALP activity.

We found that women who were drinking less milk are
significantly more deficient in 25(OH)D levels. Some of these
women in both groups were even on vitamin D supplements,
although many studies have shown that women who received
vitamin D supplements had higher levels of 25(OH)D com-
pared with those who did not [31-33]. However, Koski et al.
compared the restricted and non-restricted milk takers (1 cup
= 250 ml, restricted < 1 cup and non-restricted > 1cup) and
found that mothers with restricted milk intake gave birth to
lower birth weight babies [34]. In our study, the low 25(OH)D
level in deficient ladies could be explained by lifestyle (avoid-
ance of sun exposure) in addition to limited intake of milk.
Moreover, raw camel milk consumption, which is unfortified
with vitamin D, is not uncommon in Saudi Arabia. Limited
sunlight exposure is due to excessive heat, hence, a tendency
to live outdoors in the evening times. Inadequate sunscreen
application, poor compliance to treatment, or not using

\\1
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enough doses of vitamin D to meet the demands of pregnant
women could also be additional factors. Vitamin D deficiency
is of multifactorial etiology despite launching vitamin D sup-
port programs in some countries [35]. It continued to be a
serious problem worldwide, in most of pregnant ladies and
their infants in these countries [35, 36].

Our result showed that vitamin D—deficient women are
younger and heavier with significantly higher BMI compared
with vitamin D—sufficient women. We observed that there was
no difference in either groups in the parity status, education
level, and sunlight exposure and sunscreen application. In 78
Turkish women younger and older than 25 years, no signifi-
cant correlation was found between maternal vitamin D levels
and the age and parity of mothers [37]. Our study showed
heavier women had low vitamin D level, compared with a
study done in Greece, which found no correlation between
maternal weight gaining (median gaining was 13 kg) during
pregnancy and their 25(OH)D level [30]. This was supported
by a study in Iran with similar findings [29]. In our study,
heavier women had lower 25(OH)D levels that could be

Table 3 Anthropometric

measurements and bone Characteristic Vitamin D—deficient Non-vitamin D—deficient p value*

biochemistry of newborns of

vitamin D—deficient mothers (n = Sex (%) 0.25

108) con?parefd with the pewboms Male newborns 53 (49) 25 (60)

of non-vitamin D-deficient Female newborns 55 (51) 17 (40)

mothers (n = 42) .
Weight (kg) 3.19 (2.82-3.50) 3.2 (2.90-3.33) 091
Length (cm) 51 (49-53) 52 (49-53) 0.55
Head circumference (cm) 34.5 (33-35) 34.5 (34-35) 0.58
Calcium (mmol/l) 2.4 (2.3-2.5) 2.4 (2.3-2.5) 0.79
Phosphorus (mmol/l) 1.80 (1.66-2) 1.82 (1.67-2) 0.91
Alkaline phosphatase (mmol/l) 176 (139-221) 156 (132-182) 0.04

Unless otherwise specified, figures presented as median (inter-quartile range)

#The Mann-Whitney test for continuous variables and x* test for categorical variables
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influenced by natural weight gaining during pregnancy and
increased demand of vitamin D supplements. Moreover, it is
well known that fat cells absorb 25(OH)D reducing its serum
level [38]. Nevertheless, this could be protective to 25(OH)D
from degradation extending its half-life [38].

In our study, we did not find correlation between maternal
25(OH)D level and anthropometric birth parameters and cal-
cium and phosphate levels. Maternal vitamin D status during
pregnancy may program skeletal development and body com-
position in the offspring by influencing the interaction be-
tween osteoblasts and adipocytes [7]. Low maternal serum
25-OHD is associated with shorter duration of gestation and,
consequently, reduced growth of long bones in newborns [39].
Maternal vitamin D status early in pregnancy was associated
with risk of low birth weight and small-for-gestational age
infants in one study, whereas another study found this relation
only among white women [12]. Polymorphisms in vitamin D
receptor gene may contribute to vitamin D—related disparities
in fetal growth [8]. During the fetal period, other hormones,
such as PTH-related protein, prolactin, or placental lactogen,
may contribute to enhanced calcium metabolism [14-16]. In
Irani pregnant women and their newbomns (total numbers =
552), their study also showed no correlation of maternal
25(OH)D level and birth parameters [29]. However, a positive
correlation between the level of ionized calcium in deficient
mother and crown-head length of the newborns was found in
thirty Pakistani women [40]. In Australia, they reported no
association between maternal 25(OH)D level and birth length
of the newborns [41]. That was also supported by a recent
report from Pakistan by Hossain et al. [42]. Mannion et al.
however found an association between vitamin D intake dur-
ing pregnancy and birth weight. They found the birth weight
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of newborn increased by 11 g for every additional 40 IU of
maternal vitamin D intake [34]. In another UK study, they also
reported an association between low maternal 25(OH)D level
during pregnancy and intrauterine long bone growth as early
as 19 weeks of gestation [43]. Nevertheless, in a UK study, of
a longer duration, they found no statistically significant asso-
ciations between maternal 25(OH)D levels and any growth
measurement of children at birth, at 9 months of age, or even
at age of 9 years [44]. In addition, two earlier data showed no
difference in the birth length of babies to women who took
vitamin D supplement during pregnancy compared with
women who did not take it [32, 45]. But these studies showed
those babies who their mothers were on vitamin D supplement
had larger head circumference. Mallet et al. showed no differ-
ence of weight at birth of infants from women who received
vitamin D supplement compared with women who did not
[33]. Most of the studies support our findings of no association
between maternal 25(OH)D level and birth parameters of
newborns.

Improving mother’s milk-derived calcium intake would be
highly recommended especially with the sun avoidance prac-
tice and traditional dressings with veils in these communities.
It should have a protective effect through reducing maternal
plasma PTH, which in turn reduces catabolism of 250HD.
However, this is a speculation, as plasma PTH levels were
not measured in maternal bloods in our cohort. Although,
the population treated in our institute constitutes of different
tribes of the Saudi population, a limitation in our study is that
it is a single-center study and immunoassay, which is not as
reliable as the nowadays LCMSMS standard method, was
used for the measurement of vitamin D at the time of the study.
However, we did our early validation study in the lab and we
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have compared our immunoassay results with LCMSMS an-
alyzer and the correlation was accepted.

Conclusion

Vitamin D deficiency is prevalent among pregnant women in
Saudi Arabia especially in the overweight and young age
groups. We emphasize on the importance of maternal
25(OH)D level for a normal bone formation in the newborns.
The newborns of vitamin D—deficient Saudi mothers are likely
to be at a higher risk of metabolic bone disease having signif-
icantly higher alkaline phosphatase activity.

Compliance with ethical standards King Abdullah
International Medical Research Centre (KAIMRC), Riyadh, Saudi
Arabia, ethically approved the study and an informed consent was obtain-
ed from every participant in the study.

Conflicts of interest None.
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