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Abstract

Background: Insufficient serum 25-hydroxyvitamin D [25(OH)D] levels are a global public health issue, and pregnant women are a
significant at-risk group. We aimed to assess maternal serum 25(OH)D concentrations in a cohort of Neapolitan pregnant women and
the association with dietary habits, to define which patients are at increased risk of hypovitaminosis and how we can identify them.
Methods: This was a prospective observational study. We included 103 pregnant women attending a routine third trimester obstetric
examination. Information on obstetrical history and socio-demographic characteristics were obtained through interviews and medical
records. Vitamin D intake was assessed using a food frequency questionnaire. Serum 25(OH)D concentration was measured by DiaSorin
Liaison and the cut-off value for deficiency was set at 20 ng/mL. Results: Among the 103 pregnant women recruited, 71 (68.9%) were
Vitamin D deficient (mean value 12.6 ± 0.5 ng/mL). No statistically significant differences were found between the women involved in
the study for: maternal age, pre-pregnancy body mass index (BMI), gestational weight gain, and gestational age at investigation. Women
with hypovitaminosis reported a significantly lower intake of milk/yoghurt, cheeses/dairy products and fish. Maternal hypovitaminosis
D significantly correlated with low birth weight. Conclusions: Our study confirms that Vitamin D deficiency is a common finding also
in sunny areas. Patients with low level of Vitamin D reported a lower intake of food rich of this micronutrient. An accurate anamnesis
can be an easy way to identify pregnant women at risk of hypovitaminosis D for whom screening and supplementation can be suitable.
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1. Introduction
Vitamin D deficiency is a widespread health problem

and mostly affects children, adolescents and elders, also in
well sun exposed countries, especially in the Middle East
[1,2]. It is a common finding during pregnancy. Less
than 50% of world population presents an adequate Vita-
min D status (>20 ng/mL) [3], and Vitamin D deficiency
is described in 33% of American and 24% Canadian preg-
nant women [1,4]. Another recent review including 13 tri-
als from seven countries evidenced a prevalence of Vita-
min D deficiency from 39.4% to 76.5%, with the highest
prevalence among Chinese (100%), Turkish (95.6%), Ira-
nian (89.4%) and Pakistanian (89.0%) women [5].

Deficiency of Vitamin D seems to be related to poorer
outcomes during pregnancy, neonatal and infant develop-
ment [6].

Maternal Vitamin D serum level is strictly related to
fetal and neonatal Vitamin D status [1,2]. Moreover, sev-
eral studies found that Vitamin D supplementation during
pregnancy may reduce the risk of preeclampsia, gestational
diabetes, low birthweight and could also decrease the risk

of severe postpartum hemorrhage [7].
In Italy, while it has been reported that the inci-

dence of Vitamin D deficiency is high (up to 86%) among
women above 70 years old [8], there is few evidence
about its incidence among young people. According to the
BONTOURNO study, in a cohort of 608 pre-menopausal
women, almost one-third of women presented Vitamin D
deficiency [9]. However, no recent studies can confirm this
data and we do not really know how common is Vitamin D
deficiency among our pregnant women.

Currently, in our setting, Vitamin D dosage and sup-
plementation are not routinely recommended during preg-
nancy, but it has to be decided case by case according to
the risk of having hypovitaminosis [10]. However, it has
not clearly established how to define such a risk.

Therefore, we decided to introduce a questionnaire re-
garding dietary habits and sun exposure to verify if we could
have relevant information to easily identify patients at high-
risk of vitamin deficiency that could benefit from supple-
mentation. Firstly, we assess the incidence of Vitamin D
deficiency in a cohort of Neapolitan pregnant women; sec-
ondarily, we compared dietary habits between women with
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normal levels of Vitamin D and those with a deficiency, to
define the dietary habits of patients with Vitamin D defi-
ciency.

2. Materials and Methods
This was an observational prospective study. We in-

cluded pregnant women attending a routine third trimester
obstetric examination at the Department of Mother & Child
of University Hospital Federico II of Naples, Southern Italy,
from January to May 2019. Exclusion criteria were: age
<18 years, twin pregnancy, Vitamin D supplementation.

This studywas conducted according to theDeclaration
of Helsinki and all procedures were approved by the local
Ethics Committee.

At enrollment, patients were asked to sign a written
consent. Moreover, they were invited to answer a specific
questionnaire about dietary habits.

The questionnaire was made according to Italian di-
etary habits. The Italian Society for Osteoporosis, Min-
eral Metabolism and Bone Diseases (SIOMMMS) stated
that the main sources of Vitamin D are represented by
fish and dairy products [8]. Our questionnaire consisted
of four questions: (1) Do you eat fatty fish (salmon, sar-
dine, tuna, mackerel, swordfish, snapper)? (2) Do you drink
milk/yoghurt? (3) Do you eat dairy products? (4) Do you
eat fruits and vegetables? Moreover, patients were asked to
report how often they eat/drink each type of food. We used
the same categories reported in the short Vitamin D ques-
tionnaire (VDQ) that has been used in previous studies [11].
Compared to VDQ, we included the use of dairy products
instead of margarine, because of its uncommon use in Italy
and we ask patients to report also about fruits and vegeta-
bles.

We did not include mushrooms, since they are not
common in our diet and their consumption is seasonal and
in general it is limited to autumn.

Moreover, we asked the patient about the frequency of
physical activity, since it has been reported that it can affect
Vitamin D concentration [12], and the personal perception
of sun exposure during the summer period, when the sun
exposure should be longest and the production and storage
of Vitamin D should be more influenced by sunlight [13].

Data related to general and demographic information,
age, gestational age (GA) at investigation, pre-gestational
body mass index (BMI), gestational weight gain (GWG),
obstetric history, family history of diseases, complications
and therapies during pregnancy were also collected and
recorded on a dedicated dataset. After delivery, obstetric
and neonatal outcomes was assessed from medical records.

For all enrolled patients, a blood sample was collected.
We asked all women to respect a 12-h fast before blood col-
lection. Blood was centrifuged for 10 minutes within 0.5–2
h of sampling. Serum was extracted and stored at –80 °C
until analysis by liquid chromatography tandem mass spec-
trometry. The serum concentration of 25-hydroxyvitamin

D [25(OH)D] was measured by DiaSorin Liaison and the
cut-off values for deficiency were fixed at 20 ng/mL. Val-
ues were given as the sum of 25(OH)D3 and 25(OH)D2.

Statistical analysis was performed using the statistical
analysis program SPSS 20.0 (Chicago INC, Chicago, IL,
USA). Data are presented as mean± standard deviation for
continuous variables, and number (percentage) for categor-
ical variables.

Comparison between groups was performed by the
Student’s t test and the Mann-Whitney test for continuous
variables and the Fisher’s exact test and the Chi-square test
for categorical variables. p value < 0.05 was considered
statistically significant.

3. Results
From January toMay 2019, 125 pregnant womenwere

eligible for the study, but only 103 women consented to par-
ticipate. Among them, 71 (68.9%) women presented a de-
ficiency of Vitamin D (<20 ng/mL).

Maternal characteristics of women presenting hypovi-
taminosis and those with normal Vitamin D levels are sum-
marized in Table 1.

No differences were reported in maternal age, GA at
investigation, maternal BMI, GWG, smoking and attitude
to physical exercise between the two groups. Based on ma-
ternal questionnaires, no significant difference was noticed
regarding the intake of fruits and vegetables.

Women with hypovitaminosis D reported a signifi-
cantly lower intake of milk/yoghurt, cheeses/dairy products
and fish: eight patients (25%) with normal levels of Vita-
min D and only 7 (9.9%) in the group with hypovitaminosis
reported consumption of milk and yoghurt more than once
a day (p < 0.05); 24 (75%) women with normal Vitamin
D level and only 30 (42.3%) in hypovitaminosis group re-
ported an intake of cheese or other dairy products more than
once a week (p< 0.05), while 18 patients (56.3%) with nor-
mal Vitamin D level and 29 (40.9%) with hypovitaminosis
consumed fish more than once a week (p< 0.05) (Table 2).

About sun exposure, 28 patients with hypovitaminosis
(39.4%) and 19 (59.4%) with normal level of Vitamin D
reported a sun exposure above 30 minutes per day during
the previous summer season (p = 0.06).

Regarding obstetric outcomes, no significant differ-
ence was found in gestational age at delivery between pa-
tients with hypovitaminosis and those with normal Vitamin
D levels (38 ± 1.5 weeks vs. 39 ± 2 weeks; p = 0.65).
However, in the hypovitaminosis group the mean birth-
weight was significantly lower compared to controls (2845
± 151 grams vs. 3049 ± 118 grams; p < 0.05). No differ-
ence was found for the other considered clinical conditions
(preeclampsia, gestational diabetes, preterm birth).

4. Discussion
In our prospective observational study, we found that

almost 70% of pregnant women present low levels of Vita-
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Table 1. Vitamin D serum level and characteristics of study population.
Vitamin D deficiency Normal Vitamin D level

p value
n = 71 (68.9%) n = 32 (31.1%)

Vitamin D serum level main value (ng/mL) 12.6 ± 0.5 26.4 ± 5.8 <0.0001
Age (years) 32 ± 0.6 32.5 ± 1.1 0.2
BMI (kg/m2) 26.7 ± 1.5 25.6 ± 1.5 0.6
GWG (kg) 10.9 ± 0.8 10.6 ± 4.5 0.1
GA at investigation (weeks) 30.0 ± 1.5 30.0 ± 2.0 0.8
Smoking (yes) 9 (12.7) 2 (6.3) 0.5
Physical activity† 6 (8.5) 3 (9.4) 1
†Percentage of women reporting physical exercises at least twice per week.
BMI, Body Mass Index; GWG, Gestational Weight Gain; GA, Gestational Age.
Bold face data, p value< 0.0001.

Table 2. Dietary intake in patients with hypovitaminosis and with normal Vitamin D level.

Dietary intake 
Vitamin D deficiency Normal Vitamin D level

p value 
n = 71 (68.9%) n = 32 (31.1%)

Fish
>once a week 29 (40.8) 18 (56.3) <0.05
Once a week 19 (26.8) 8 (25)
<once a week 23 (32.4) 6 (20.7)

Milk/yoghurt
>once a day 7 (9.9) 8 (25) <0.05
Once a day 45 (63.4) 18 (56.3)
<once a day 19 (26.8) 6 (20.7)

Cheese/dairy products
>once a week 30 (42.3) 24 (75) <0.05
Once a week 29 (40.8) 6 (18.8)
<once a week 12 (16.9) 2 (6.2)

Vegetables
>once a day 45 (63.4) 22 (68.8) 0.6
Once a day 14 (19.7) 7 (21.9)
<once a day 12 (16.9) 3 (9.4)

Fruits
>once a day 29 (40.8) 14 (43.8) 0.7
Once a day 35 (49.3) 17 (53.1)
<once a day 7 (9.9) 1 (3.1)

Bold face data, p value< 0.05.

min D during the third trimester of pregnancy; this is an un-
expected high percentage, considering that a previous study
reported that the incidence of vitamin D deficiency in fer-
tility period has been estimated to be in 1:3 women in Italy
[9].

Despite our study has been conducted in a very sunny
area, our percentage is very similar to the one reported in
some Northern European countries, like Germany (77%)
and in high-risk ethnicities, like South-Asian women, re-
porting a prevalence of Vitamin D hypovitaminosis that can
be up to 96% [7]. Indeed, according to the self-reported
perception of sun exposure, even if patients with Vitamin D
deficiency reported a lower sun exposure, in all the cohort
less than half of women reported a sun exposure above 30

minutes.

Our finding was consistent with the results of a sys-
tematic review by Karras et al. [14], reporting that, de-
spite a good sun exposure, Vitamin D deficiency seems to
be quite high in the Mediterranean region: they reported
a prevalence ranging from 22.7% to 90.3%. According to
that, apart from sun exposure that was lower in the group
with hypovitaminosis D in our population, we should con-
sider other factors, such as dietary habits, to identify pa-
tients at risk of deficiency.

Regarding dietary habits, we found that the consump-
tion of milk/yoghurt, cheese, and dairy products signifi-
cantly differed between the two groups and it could affect
Vitamin D serum levels, if we consider that has been stated
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that the main sources of Vitamin D in the food are repre-
sented by fish and dairy products [8].

Several studies reported an association between ad-
verse obstetric outcomes and hypovitaminosis D [15]. In
our study, patients with low level of Vitamin D had signif-
icantly lower birthweight compared to those with a normal
level. However, this data must be confirmed with larger
studies and considering other possible actors linked to lower
birthweight (i.e., smoke): no definitive conclusion can be
drawn on the basis of this result.

Due to the lack of clear evidence about the relation-
ship between Vitamin D and obstetric outcomes, there are
no official recommendations about Vitamin D intake: the
World Health Organization (WHO) does not indicate it as
routine antenatal care [16]. Also, according to our national
guidelines, Vitamin D supplementation in pregnancy is not
routinely recommended [10].

However, considering the high percentage of hypovi-
taminosis D in our setting and the long-term effect of this
condition during women’s life, we cannot ignore that preg-
nancy could be an important moment to screen for vita-
min deficiency; on the contrary, a universal screening to
all pregnant women could be difficult to realize.

Vitamin D supplementation has been considered a
valid intervention to correct deficiency in a specific pop-
ulation, such as pregnant women [17], but it has been im-
portant to stress with our patients that changing the lifestyle
is the best way to prevent such a deficit.

Several findings suggest that supplementation around
1000 IU/day may be optimal to obtain a Vitamin D serum
level greater than 50 nmol/L (20 ng/mL) [18–21].

This dosage is supposed to increase blood 25-
hydroxyvitamin D by 1.2 nmol/L for every mcg (40 IU)
of vitamin D3 given orally to individuals with low 25-
hydroxyvitamin D levels [22].

To the best of our knowledge, this is the first study
reporting the prevalence of hypovitaminosis D among
Neapolitan pregnant women. The small sample size rep-
resents the main limitation of the study. In future, it will be
interesting compare our sample considering different gesta-
tional age and different sun exposed population. Moreover,
we reported sun exposure based on self-reported personal
perception and referring to the previous summer season,
while it would be more accurate to use objective methods,
such as UV radiations dosimeters [13]. However, our aim
was to understandwhich information directly obtained from
the patients could be helpful in identify the risk of Vitamin
D deficiency.

5. Conclusions
Despite we conducted this observational study in a

sunny area, we demonstrated a high percentage of Vita-
min D deficiency among pregnant women during the third
trimester and a low sun exposure, based on what emerged
from the questionnaires. In a setting where Vitamin D sup-

plementation is recommended only in high-risk subjects but
no tools are provided to identify at-risk patients, a good
anamnesis addressing nutritional habits and personal sun
exposure perception could be an easy way to identify pa-
tients at risk of Vitamin D deficiency.
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