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Abstract

Adequate vitamin D levels are particularly important in pregnant women for both maternal

Key Words

and neonatal health. Prior studies have shown a significantly high prevalence of vitamin D » vitamin D deficiency
deficiency (VDD) among refugees. However, no study has addressed the prevalence of VDD » pregnant women

in pregnant refugees and its effects on neonatal health. In this study, we examined the > refugees
prevalence of VDD in refugee pregnant women living in Greece and compared our results  » neonatal outcomes
with Greek pregnant inhabitants. VDD was frequent in both groups but was significantly

more common in refugees (92.2 vs 67.3% of Greek women, P = 0.003) with 70.6% of

refugees having severe hypovitaminosis D (<10 ng/mL). As a result, most newborns had

VDD, which affected refugee newborns to a greater extent. Our results suggest a need to

screen newcomer children and pregnant women for VDD in all host countries around the

world. Such a screen will appropriately guide early and effective interventions with the goal

to prevent adverse neonatal and maternal outcomes.

Introduction

Vitamin D, an essential fat-soluble vitamin or steroid
prohormone, has many physiological roles, as itisnot only
responsible for the regulation of Ca and P homeostasis
and bone metabolism (1), but it is also implicated in
multiple biological systems such as immunomodulation,
cellular proliferation and differentiation; thus, adequate
levels are necessary and advantageous for optimal health
(1). 25-hydroxyvitamin D (250HD) is the main vitamin
D metabolite in the circulation. Though there is no
consensus on optimal levels of serum 250HD, vitamin D
deficiency (VDD) is defined by most experts as 250HD <20
ng/mlL, a level of 21-29 ng/mL is considered to indicate a
relative insufficiency, and a level of 30 ng/mL or greater
indicates sufficient vitamin D (2). Humans get vitamin D
mostly from exposure to sunlight (90% of the intake) and
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only partially from their diet (10% of intake) (1). Excessive
exposure to the sun’s UVB radiation can lead to diseases
such as skin cancer. On the other hand, lack of adequate
exposure to UVB can lead to VDD, as vitamin D is found
naturally in only a few foods. Hence, vitamin D has been
added to specific foods and is typically prescribed as tablets
around the world with the goal to prevent VDD.

VDD affects more than one billion people globally
including children and adults. It can be associated with
osteopenia and osteoporosis as well as non-bone-related
conditions such as autoimmune diseases and cancer (3,
4). Apart from its necessity for the general population,
adequatevitamin Dlevelsin pregnantwomenareimportant
for several reasons. First, maternal 250HD crosses the
placenta and reaches the fetus (5); after birth, when the
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neonate loses the placental nutrient supply, it becomes
completely dependent on vitamin D-mediated intestinal
absorption of Ca and phosphate to meet the demands of
the developing skeleton (§). Hence, neonatal VDD might
lead to hypocalcemia, rickets and impaired bone health
in later life (6). Furthermore, gestational VDD has been
associated with several adverse obstetric outcomes, such
as gestational diabetes mellitus, preeclampsia, intrauterine
growth restriction, preterm labor and primary cesarean
section as well as adverse outcomes in the offspring later
in life (7, 8, 9, 10).

Interestingly, gestational VDD is highly prevalent in
countries where prenatal visits are common and the health
system is considered developed and even in countries that
are characterized by frequent sunlight such as Greece (11,
12). Keeping that in mind, one would consider that such a
condition could have even more devastating outcomes in
populations that do not have access to prenatal care and
have not undergone robust evaluation during pregnancy.
In fact, VDD has been described in several groups of
immigrants and refugees in different parts of the world (13).
To date, no study has investigated the prevalence of VDD
in refugees during pregnancy and its association with fetal
and neonatal outcomes. Moreover, although prior studies
(11) assessing vitamin D status in pregnancy in Greece have
included women of other ethnic origins integrated in the
Greek society, the vitamin D status of immigrant pregnant
women living in refugee camps (and their newborns)
has never been evaluated. To answer this question with
the goal to identify the best practices to support refugee
women undergoing pregnancy and delivery under such
difficult conditions, we conducted a study in pregnant
women who were residents of the Greek island of Lesvos
and refugees who live in refugee camps in the same island.
In this study, we evaluated 250HD, parathyroid hormone
(PTH), total Ca and P levels in maternal serum and in cord
blood at delivery from Greek women and women living
in a refugee camp in the island of Lesbos and explored
potential correlations of hormone and mineral levels with
anthropometric characteristics of the neonates.

Materials and methods
Subject recruitment

We conducted a cross-sectional study of 103 pregnant
women, 52 Greek inhabitants of Lesbos and 51 immigrants
living in the ‘Moria’ and the ‘Kara Tepe’ Refugee Camps in
Lesbos, Greece, who gave birth at the Hospital of Lesvos
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(Vostaneio) from October 1, 2018, to June 5, 2019. Refugees
were recruited only if they had spent at least 6 months in
Lesbos prior to delivery. All participants were recruited
at delivery, they were healthy and had uncomplicated,
term pregnancies. None of the participants was taking
medication known to affect Ca, P, vitamin D or PTH
homeostasis. Greek pregnant women were taking 800
IU of vitamin D daily, whereas refugees were not on any
vitamin D supplementation. Maternal age, ethnicity,
prior medical and obstetric history, type of delivery and
gestational age were recorded for each participant. The
sex and anthropometric features (birth weight, length and
head circumference) of the newborns were also recorded.
All participants provided informed consent prior to
enrolment. The study was approved by the Vostaneio
Hospital ethical committee.

Laboratory evaluation

Maternal blood samples were collected by venipuncture
on the day of labor, and umbilical cord blood was collected
from the umbilical vein immediately after clamping.
250HD and PTH were analyzed in maternal and cord
blood by electrochemiluminescence in Cobas e 411
analyzer (Roche Diagnostics). The intra- and inter-assay
precision CV (%) values were 1.6-6.6% and 2.6-8.7% for
250HD and 1.2-2.7% and 1.7-6.5% for PTH, respectively.
The values of the lower detection limits were 3 ng/mL for
250HD and 1.20 pg/mL for PTH. Ca and P were analyzed in
maternal and cord blood by the NM-BAPTA and
phosphomolybdate UV methods, respectively, in the
Cobas Integra 400 Plus analyzer (Roche Diagnostics).
Vitamin D sufficiency was defined as 250HD >30 ng/mL,
insufficiency as 250HD 20-30 ng/mL, and deficiency as
250HD <20 ng/mL, according to the American Endocrine
Society guidelines (2).

Statistical analysis

Data were analyzed using SPSS 25.0 for Windows (IBM
Corp. Released 2017, IBM SPSS Statistics for Windows,
Version 25.0, IBM Corp). Data are presented as mean + S.D.
for quantitative variables and as number (percentage) for
qualitative ones. Variables were tested for normality with
the Kolmogorov-Smirnov test. Comparisons between
subgroups were performed using the independent samples
t-test (normally distributed data) and the Mann-Whitney
U test (non-normally distributed data). Frequencies were
compared with the chi-squared test. Correlations were
estimated by Pearson’s or Spearman’s correlation tests,
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as appropriate. All tests were two-tailed, and a Pvalue of
less than 0.05 was considered significant.

Results

Demographics and anthropometric characteristics
of pregnant women and their newborns

Our study population consisted of 103 women with a
mean age of 29.2 + 5.3 years. As shown in Table 1, refugees
were younger than Greeks. Most of the refugees were
of Afghan origin (n=32); of the rest, seven were Syrian,
six were Iraqi, three Congolese, one Iranian, one Somali
and one Algerian. The mean duration of gestation for
all pregnant women was 38.7 + 1.1 weeks without any
differences between the two groups. Thirty-two women
(31.1%) were primiparous, 82 (79.6%) delivered vaginally,
while in 21, cesarean section was performed. Interestingly,
the proportion of women undergoing C-section was
higher in Greeks compared to refugees. C-section was
performed for the following reasons: previous C-section
(n=13), cephalopelvic disproportion (n=4), breech
position (n=1), no progression of labor (n =2), maternal
tachycardia (n=1). All newborns were healthy and were
born at term. Their mean birth weight, length and head
circumference were 3274.6 + 348.2 g, 45.6 = 1.7 cm and
34.4 £ 1.4 cm, respectively, without any differences between
the two groups.

Vitamin D and bone mineral homeostasis in
pregnant women of Greek origin and refugees

Comparing Greek women with refugees, we found that
Greeks had higher total serum Ca and 250HD and lower
PTH than refugees. Umbilical cord levels of Ca and
250HD were also higher, and PTH lower in Greek women
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as shown in Table 2. VDD was frequent in both groups
but was significantly more common in refugees (92.2 vs
67.3%, P =0.003). Only 7.7% of the Greeks and 2% of the
refugees had 250HD levels >30 ng/mL, whereas 19.2% of
Greeks and 70.6% of refugees had severe hypovitaminosis
D (<10 ng/mL). Likewise, secondary hyperparathyroidism
was more prevalent in refugees. There were no statistically
significant seasonal variations in serum 250HD levels in
either group (although there was a trend toward higher
levels in autumn), and refugees had always lower 250HD
than Greeks, regardless of the season of delivery.

As expected, Ca and P were higher in umbilical cord than
in maternal blood (10.4 £ 1.3 mg/dL and 5.5 + 0.9 mg/dL
vs 8.4 + 1.3 mg/dL and 3.4 £ 0.8 mg/dL, respectively,
P <0.001). In contrast, PTH was significantly higher in the
maternal circulation (46.4 + 33.8 pg/mL vs 7.3 + 12.5 pg/mL,
P < 0.001). There was no significant difference between
the maternal and umbilical cord blood levels of 250HD
(13.5£10.9ng/mLvs 12.8 + 7.8 ng/mL, P =0.232). Maternal
250HD displayed a strong positive correlation with
umbilical cord 250HD (r=0.905, P < 0.001) and a negative
correlation with maternal PTH (r=-0.422, P < 0.001).
In addition, maternal 250HD was positively correlated
with umbilical cord Ca (r=0.335, P=0.001) and weakly
correlated with maternal Ca (r=0.185, P =0.05). Cord
blood 250HD demonstrated positive correlations with cord
blood Ca (r=0.361, P < 0.001) and P (r=0.296, P =0.002).
We also found that maternal Ca and P levels were positively
correlated with umbilical cord Caand P (r=0.588, P < 0.001
for Caand r=0.539, P < 0.001 for P, respectively).

Effect of vitamin D deficiency on
neonatal outcomes

Neonates born to Greek mothers demonstrated a trend
for higher birth weight and length, which did not reach

Table 1 Anthropometric and clinical characteristics of pregnant women and their neonates. Greek women and refugees were

compared for anthropometric characteristics (age) and clinical characteristics (gestational age in weeks and mode of delivery).
Anthropometric and clinical features of their neonates were also assessed (neonatal sex, birth weight, body length and head

circumference).

Greeks (n =52) Refugees (n = 51) P
Age (years) 31.0+4.7 27.3+5.2 <0.001
Gestational age (weeks) 38.8+1.4 38.5+0.8 0.075
Mode of delivery (vaginal/cesarean section) 36/16 46/5 0.008
Neonatal sex (M/F) 30/22 25/26 0.378
Neonate birth weight (g) 3336.4 + 382.7 3211.6 £300.0 0.060
Neonate body length (cm) 459+1.5 453+1.8 0.055
Neonate head circumference (cm) 346+1.5 343+1.2 0.224

Bold indicates statistical significance, P <0.05.
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Table 2 Laboratory evaluation of pregnant women and their neonates. Greek women and refugees were evaluated for Ca,
phosphate, 250HD and PTH. Similarly, neonates were compared for umbilical cord Ca, phosphate, 250HD and PTH.

Greeks (n =52) Refugees (n = 51) P
Maternal Ca (mg/dL) 84+1.5 82+1.0 0.004
Maternal P (mg/dL) 3.4+09 3.4+0.8 0.709
Maternal 250HD (ng/mL) 17.9+12.2 9.1+7.1 <0.001
Maternal vitamin D deficiency (n (%)) 35 (67.3%) 47 (92.2%) 0.003
Maternal PTH (pg/mL) 36.7+27.2 56.3 +37.1 <0.001
Secondary hyperparathyroidism (n (%)) 7.7% 25.5% 0.015
Umbilical cord Ca (mg/dL) 10.8+1.3 10.0+1.1 <0.001
Umbilical cord P (mg/dL 56+1.0 54+0.8 0.180
Umbilical cord 250HD (ng/mL) 16.5+6.7 9.0+7.1 <0.001
Umbilical cord PTH (pg/mL) 4.8+3.2 9.8 +17.1 0.001
Neonatal vitamin D deficiency (n (%)) 38 (73.1%) 46 (90.2%) 0.041

PTH, parathyroid hormone; 250HD, 25-hydroxyvitamin D.
Bold indicates statistical significance, P <0.05.

statistical significance. Head circumference did not
differ between the groups. The vast majority (84/103) of
newborns had VDD, which affected refugee newborns to a
greater extent as shown in Table 1. None of the newborns
born to a refugee mother was vitamin D sufficient, while
the respective percentage was only 3.8% among the
offspring of Greek women. Finally, the birth weight of the
neonates was significantly correlated with the maternal P
(r=0.227, P=0.021) and the umbilical cord P (r=0.256,
P=0.009) and Ca (r=0.246, P=0.012) levels, whereas
their head circumference was positively correlated with
maternal 250HD (r=0.218, P =0.027).

Discussion

According to the United Nations High Commissioner
for Refugees, 79.5 million people around the world had
been forcibly displaced from their primary residence at
the end of 2019, including 26 million refugees. Refugees
are constantly faced with multiple acute and chronic
illnesses (14). Among them, a particularly sensitive group
are women in pregnancy (15). Timely access to perinatal
healthcare is the only effective method to optimize
pregnancy outcomes and the lifelong health of women
and their offspring (15). Late or no access to maternity care
can result in adverse perinatal outcomes (15). Pregnant
women with asylum seeker and refugee status face barriers
to accessing healthcare (16) including maternity care
(17). Previously published systematic studies report that
pregnant women who are seeking asylum or are refugees
demonstrate a higher prevalence of antenatal and postnatal
mental disorders including depression (18, 19), higher
maternal and neonatal mortality rates (20, 21), lower birth

weight for their offspring (22), preterm deliveries (23) and
neonatal congenital abnormalities (23) than women from
their host countries.

Endocrinopathies are common diseases among
women of reproductive age, and thus, pregnant women
are particularly susceptible to such disorders. Even though
VDD has been reported in refugees (see below), no study
has addressed the prevalence of VDD in refugees during
pregnancy or postpartum. In this study, we focused on
investigating the prevalence and outcomes of VDD in
pregnant women and their newborns who seek asylum or
are refugees and compared them to Greek inhabitants for
the following reasons:

(i) Greece has been one of the main host countries
of refugees from the Middle East in the most
recent years: The armed conflicts and the severe
economic/nutritional affecting multiple
countries of Asia and Africa since the beginning of the
20th century have generated an overwhelming refugee
flow toward Europe. Due to its geographic position,
Greece is the main point of entry for refugees, and
several thousands of them have taken residence in the
country. As refugee camps have become overcrowded,
host countries are unable to meet the demands of the
population in need.

(ii) VDD is highly prevalent in Greece among
adults, children and pregnant women. In a
study of 271 postmenopausal women (mean age: 67.3
years old) living in Athens, Greece, the mean serum
250HD was 16.53 + 6.41 (ng/mL) (24). Similarly,
when 393 pre-school children living in Greece were
studied, 6.6% of them had serum 250HD less than
10 ng/mL with immigrant children demonstrating
lower serum 250HD levels associated with lower

crises
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vitamin D intake and lower socioeconomic class when
compared with the Greek children (25). In addition,
in a study that included 23 healthy mother-newborn
pairs living in Athens, Greece, 19.5% of the mothers
and 8.1% of the neonates had a 250HD level less than
10 ng/mL (11).

(iii) VDD is one of the most prevalent conditions
among adult and child refugees around the
world: In Canada, VDD/vitamin D insufficiency was
shown toaffecthalfof theimmigrant children included
in a study, while it was even more common (70-80%)
in refugee children (26, 27). Similar results have been
obtained in European countries, where 76-86% of
refugees arriving in Denmark and Switzerland are
vitamin D deficient (28, 29), while the mean 250HD
levels of 46 studied refugees in Italy was 9.18 ng/mL
(30). Finally, 77.5% of 3307 refugees arriving to Sydney,
Australia, were found to have VDD (42.7% mild, 32.6%
moderate and 2.3% severe); interestingly, more than
75% of the study population was from Middle Eastern
countries (31).

In our study, we found that that maternal VDD was
frequent in both Greeks and refugees at delivery, but
it was significantly more common in refugees (92.2 vs
67.3%, P=0.003). Importantly, 70.6% of refugees had
severe hypovitaminosis D (<10 ng/mL). Greeks had higher
total serum Ca and 250HD and lower PTH than refugees.
Umbilical cord levels of Ca and 250HD were also higher,
and PTH lower in Greek women compared to refugees. Even
though in normal pregnancy PTH decreases compared to
pre-pregnancy levels (5), secondary hyperparathyroidism
was detected in both groups but was more prevalent in
refugees, highlighting the severity of VDD in this group.
Although in the present study factors known to determine
vitamin D status (sun exposure, dietary intake, etc.) were
not evaluated, there are several possible explanations
for the observed difference in 250HD between the two
groups. First, all Greek women are advised to use vitamin
D supplementation at 800 IU/day, whereas none of the
refugees were taking vitamin D supplements. In addition,
Greeks exhibit different lifestyle practices regarding
clothing, which allow for greater exposure to sunlight.
Moreover, low socio-demographic status of recent
immigrants with chronic dietary insufficiencies of Ca and
vitamin D may result in further restriction of vitamin D
synthesis or vitamin D intake. This fact may be related to
lack of knowledge regarding vitamin D requirements in the
new environment, dietary habits established in country of
origin, low income that limits healthy dietary choices and
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lack of access to supplements as well as lifestyle habits that
limit exposure to sunlight.

Vitamin D sufficiency is crucial during pregnancy as
well as postnatally for both the mother and the neonate.
The normal development of the fetal/neonatal skeleton
requires significant amounts of minerals, mainly Ca
and phosphate. While in utero, these are provided by the
maternal circulation through the placenta; maternal
levels of 1,250H-VitD double early in pregnancy leading
to increased intestinal absorption of Ca and phosphate, in
order to cover fetal demand. Interestingly, the fetal blood
Ca is regulated relatively independently of the levels of
maternal Ca and vitamin D, with the fetus always having
a higher than maternal level, due to the regulatory role
of PTH-related peptide (5). The importance of vitamin D
becomes apparent postnatally, as the neonate depends
solely on vitamin D-mediated intestinal absorption of Ca
and phosphate to supply its developing skeleton, and the
only physiological source of vitamin D for the neonate is
the maternally derived 250HD stored during pregnancy.
Hence, in the early postnatal period, the neonatal Ca level
depends on the maternal 250HD, as shown in both animals
and humans: Studies of maternal VDD in rats (32, 33, 34)
and pigs (33) have shown that the blood Ca is typically
normal at birth and the skeleton is fully mineralized, but
later on, neonates develop hypocalcemia, rachitic skeletal
lesions and failure to thrive (34, 35). Similarly, in humans,
low 250HD levels in neonatal or cord blood have been
associated with hypocalcemia (6), rachitic changes in the
skull (36) and decreased wrist ossification (37) in infants.
Conversely, vitamin D supplementation during pregnancy
is associated with higher neonatal serum Ca levels and a
reduced incidence of neonatal hypocalcemia and skeletal
defects (34, 38). These findings suggest that maternal/fetal
VDD may be manifest early in postnatal life. In addition,
maternal VDD has been associated with increased health
risks in the offspring in later life (e.g. childhood obesity),
through epigenetic modifications (10). Thus, careful pre-
and postnatal screening of mothers and their offspring
is highly recommended to prevent adverse outcomes.
Furthermore, in selected populations where VDD is highly
prevalent and screening might be impractical for many
reasons such as in pregnant refugees, providing adequate
Vitamin D supplementation upon initial medical contact
could be a cheaper, faster and more reliable strategy to
mitigate the risks of maternal VDD.

In our study, we showed that the vast majority of
newborns had VDD, which affected refugee newborns
to a greater extent (none of the refugee newborns were
vitamin D sufficient). Neonatal head circumference was
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positively correlated with maternal 250HD. The association
of vitamin D levels with neonatal anthropometric
characteristics has been supported by prior studies. In a
population-based birth cohort study that recruited 3658
eligible mother-and-singleton-offspring pairs, a positive
correlation between maternal serum 250HD level and
offspring birth weight was observed (39). Moreover, in
a metanalysis that included 54 eligible studies, vitamin
D-deficient mothers (<30 nmol/L) had offspring with
lower birthweight, lower head circumference and a higher
risk of small for gestational age infants and preterm birth
compared to mothers with concentrations >30 nmol/L.
Importantly, offspring of vitamin D-insufficient mothers
had lower scores in mental and language developmental
tests, highlighting the potential long-term outcomes of
VDD (40). We also found that the newborn’s birthweight
was positively correlated with cord blood Ca and
phosphate levels. Previous works have revealed similar
correlations: in a study of 223 women with live-born
singleton deliveries from rural Bangladesh, birth length
exhibited a significant relationship with cord blood Ca,
even after adjusting for several covariates (gestational age,
sex of newborn, socioeconomic status, maternal height,
BMI, age and season at birth) (41). Furthermore, in a study
of 70 pregnant women and their neonates, cord blood Ca
levels were significantly positively correlated with birth
weight, birth length and head circumference, whereas
cord P was significantly positively correlated with birth
length (42).

Limitations of the study included the following: (i)
no dedicated questionnaires assessing the clothing or sun
exposure (that information was gathered only through
medical history) were available; (ii) even though Greek
pregnant women were advised to take 800 IU of vitamin
D daily, their adherence to supplementation is not clear
as it was not systematically documented in each visit;
(iii) even though total protein was measured and no
hypoproteinemia was identified, no albumin levels were
checked and thus we could not correct Ca for albumin.
Thus, total Ca was assessed and compared between the
groups; (iv) the groups of women studied (Greek women
vs refugees) have different ethnic backgrounds, and
thus, cultural practices and diet may have influenced the
outcomes. In addition, the refugee population that remain
on the island of Lesbos may be rather different from those
refugees that are able to move on from the island. Further
studies in subgroups of refugee populations are required
to evaluate such cultural and socioeconomic factors on
the prevalence of VDD; (v) finally, long-term follow-up of
neonates was not performed in the current study, as recall
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for re-assessment of refugees and their neonates has been
limited due to the difficult living conditions.

In conclusion, to our knowledge, this is the first study
that has investigated the prevalence of VDD in refugee
pregnant women and the associated outcomes in their
newborns. We discovered high prevalences of VDD in both
Greek inhabitants and refugees. Seventy percent (70%)
of refugees display severe hypovitaminosis compared to
19.2% of Greek women. As a result, most newborns had
VDD, which affected refugee newborns more severely
than Greek neonates. VDD can lead to devastating health
outcomes for both mothers and neonates, and thus,
prenatal education, screening, adequate supplementation
and monitoring are fundamental ways of improving the
outcome in such vulnerable populations. Our results
suggest a need to screen newcomer children and pregnant
women for VDD in all host countries around the world.
Such a screen will appropriately guide early and effective
interventions. Importantly, in countries where VDD is
highly prevalent and screening can be cost- and time-
effective, acting upon this situation at the population level
with adequate vitamin D supplementation of pregnant
refugees upon their first contact with healthcare providers
might be recommended.
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