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Abstract

Background: The possibility of vitamin D deficiency is high among mothers and their premature newborns.
Objectives: Due to the high rate of vitamin D deficiency in Iranian women, this study aimed to determine the association between
the serum levels of vitamin D in the blood of premature newborns and their mothers in the Iranian population.
Methods: This cross-sectional study was conducted on 324 mothers and their 324 newborns with gestational age less than 37 weeks,
who were referred to Ghaem Hospital affiliated to Mashhad University of Medical Sciences, Mashhad, Iran, during 2016-2020. After
clamping, 1.5 cc blood samples were obtained through the umbilical cord to determine the neonates’ vitamin D levels. Finally, the
serum levels of vitamin D were measured, and the correlation between the levels of vitamin D of mothers and their newborns was
calculated.
Results: The mean vitamin D levels of newborns and mothers were 15.75± 11.18 and 20.16± 13.41 ng/mL, respectively. Moreover, there
was a high correlation between the vitamin D levels of mothers and their newborns (r = 0.672; P < 0.001). Furthermore, a significant
correlation was observed between the vitamin D levels of mothers, who used vitamin D supplementation during pregnancy and
their neonates’ levels (r = 0.773; P < 0.001).
Conclusions: The findings suggest a positive correlation between neonatal and maternal vitamin D levels. Moreover, it seems that
maternal vitamin D levels can predict neonatal vitamin D deficiency.
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1. Background

Prematurity is associated with increased neonatal
and childhood morbidity and mortality (1). Premature
neonates weighing less than 1,500 g have far more prob-
lems and need more intensive care. According to the stud-
ies performed in Iran, about 28% of neonatal mortality is
due to prematurity (2, 3). The probability of the survival
rate of high-risk infants, including premature infants, has
increased recently with the advancement of perinatology
(4).

Vitamin D deficiency or hypovitaminosis D is a ma-
jor public health problem, especially among pregnant
women. The prevalence of vitamin D deficiency varies in
different regions worldwide relative to the place of resi-
dence and local clothing style, ranging between 18% and
84% (5, 6). The possibility of vitamin D deficiency is high
among premature newborns (7, 8).

Pregnancy is a risk factor for vitamin D deficiency;
accordingly, it can lead to an extra load reducing 25-
hydroxyvitamin D levels in pregnant women (9). Serum
25-hydroxyvitamin D levels less than 25 ng/mL during preg-

nancy are estimated at 17% - 18%, 12% - 34%, and 80% in Cau-
casian (10), Indian (10), and Iranian women (11), respec-
tively. Moreover, the level for pregnant mothers in China
was found to be 28% - 54% nmol/L (12-14). Decreased levels
of mothers’ vitamin D can reduce the transmission of vi-
tamin D through the placenta. Therefore, the newborns’
storage of vitamin D decreases at birth (15).

Vitamin D is a steroid hormone that has been known
for years to play a classic role in mineral balance, bone
metabolism, and neuromuscular function. Moreover, vita-
min D has a remarkable effect on the regulation of more
than 1,000 genes involved in biological processes, angio-
genesis, inflammation, and immune function (16, 17). The
concentration of vitamin D in the fetus depends on the
concentration of vitamin D in the mother. Vitamin D defi-
ciency is common during pregnancy and is associated with
an increased risk of fetal growth restriction, sepsis, and
lower respiratory infections (18-20). It is worth mention-
ing that this vitamin has a significant influence on many
neonatal diseases, including neonatal respiratory distress
syndrome, cerebral hemorrhage, and premature retinopa-
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thy (21, 22).
The serum vitamin D measurement in pregnancy is

one of the factors to predict vitamin D deficiency (23),
which leads to poor bone development. Therefore, vita-
min D intake is included in the current daily recommen-
dations to reduce the prevalence and prevent additional
consequences of low serum vitamin D levels (7, 8). Know-
ing about vitamin D physiologic components, risk factors
of vitamin D deficiency and methods of supplementation
to attain optimal levels in pregnant and lactating women
would help to prevent and reduce illnesses linked to early
vitamin D deficiency (15).

2. Objectives

As mentioned above, mothers’ vitamin D deficiency
during pregnancy can be detrimental to the health of new-
borns. In this regard, it is essential to investigate the fac-
tors associated with newborns’ vitamin D deficiency. Due
to the high rate of vitamin D deficiency in Iranian women,
this study aimed to determine the association between
serum levels of vitamin D in the blood of premature new-
borns and their mothers in the Iranian population. More-
over, this study attempted to investigate the relationship
between vitamin D supplement consumption during preg-
nancy and the serum levels of vitamin D in premature new-
borns.

3. Methods

This single-center, cross-sectional study was conducted
on premature newborns who were referred to Ghaem Hos-
pital affiliated to Mashhad University of Medical Sciences,
Mashhad, Iran, during 2016 - 2020.

3.1. Inclusion and Exclusion Criteria

The inclusion criteria were mothers and their new-
borns with gestational age less than 37 weeks. On the other
hand, epileptic and asthmatic mothers, as well as their
newborns, were excluded from the study.

3.2. Study Design

The study population included 324 mothers and their
324 premature newborns with gestational age less than 37
weeks, who were born in Ghaem Hospital, Mashhad, Iran.
According to the results of the study by Boskabadi et al.
(17), the mean± SD of vitamin D was reported to be 21.23±
15.19 ng/dL in mothers of the control group and 17.9± 12.55
ng/dL in their infants. Considering alpha of 0.03 and beta
of 0.2, the sample size was estimated to be 317 newborns.

Demographic characteristics, including gestational
age, birth weight, first and fifth minute Apgar score,
and maternal information, were recorded in question-
naires. After clamping, 1.5 cc blood samples were obtained
through the umbilical cord to determine newborns’ vi-
tamin D levels. Moreover, 1.5 cc blood samples were ob-
tained from the mothers to assess their vitamin D lev-
els. The prepared samples were centrifuged, and the sera
were kept at -20°C. Vitamin D level was measured using an
Enzyme-Linked Immunosorbent Assay (ELISA) Reader de-
vice (RT2100c model, made in Germany) and ELISA wash-
ing device. Serum levels of vitamin D below 30 ng/mL were
considered as vitamin D deficiency. To describe the sever-
ity of vitamin D deficiency, we used the terms mild, moder-
ate, and severe deficiency for vitamin D serum levels of 20
- 30, 10 - 20, and below 10 ng/dL, respectively (24). Finally,
serum levels of vitamin D and the correlation between the
levels of vitamin D in mothers and their newborns were
measured.

3.3. Statistical Analysis

The data were analyzed in SPSS software (version 23).
The Pearson correlation was used to determine the rela-
tionship between variables. A P-value of less than 0.05 was
considered statistically significant.

3.4. Ethical Considerations

The study protocol was approved by the
Ethics Committee of Mashhad University of Med-
ical Sciences, Mashhad, Iran (no.: HYPERLINK
“http://research.mums.ac.ir/main/cartable.action”960406)
IR.MUMS.fm.REC.1396.635. Consent was obtained from
neonates’ parents before doing the research. In line with
the principles of research ethics, a code was given to
ensure the confidentiality of data.

4. Results

In this study, we assessed 324 serum levels of vitamin D
in mothers and their neonates. There was a significant cor-
relation between the vitamin D levels of mothers and their
newborns (r = 0.672; P < 0.001). Regarding the descriptive
statistics, the majority of the newborns (52.5%, n = 168) were
males. Moreover, the mean age of the mothers was 29.6 ±
6.64 years. Table 1 indicates the demographic characteris-
tics, including maternal age, gestational age, and neona-
tal birth weight. The assessment of the type of delivery
showed that 79 (30.9%) mothers had normal vaginal deliv-
eries, and 177 (69.1%) mothers had cesarean sections. More-
over, the mean vitamin D levels of newborns and mothers
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Table 1. Demographic Characteristics of Newborns

Variables Mean ± SD Minimum Maximum

Maternal age, y 29.6 ± 6.64 16 49

Gestational age, wk 33.790 ± 3.08 23 37

Birth weight, g 1711.99 ± 631.58 670 3935

First minute Apgar score 6.98 ± 1.94 0 9

Five minute Apgar score 8.46 ± 1.32 3 10

Table 2. The Status of Vitamin D Deficiency in Mothers and Neonates

Variables
Condition of Vitamin D

Mothers, No. (%) Neonates, No. (%)

Normal (> 30 ng/dL) 67 (20.7) 37 (11.4)

Mild deficiency (20 - 30 ng/dL) 65 (20.1) 50 (15.4)

Moderate deficiency (10 - 20
ng/dL)

105 (32.4) 99 (30.6)

Severe deficiency (> 10 ng/dL) 87 (26.9) 138 (42.6)

were 15.75 ± 11.18 and 20.16 ± 13.41 ng/mL, respectively (Ta-
ble 2).

Based on the results, 79.3% of the mothers and 88.6%
of the newborns had vitamin D deficiency. Table 2 illus-
trates the status of vitamin D deficiency in mothers and
neonates. The analysis of the relationship between vita-
min D levels of mothers and their premature newborns re-
vealed a high correlation (r = 0.672; P < 0.001) (Figure 1). A
high correlation was also observed between the vitamin D
levels of mothers who did not take vitamin D supplemen-
tation during pregnancy and those of their newborns (r =
0.61; P < 0.001) (Figure 1).

5. Discussion

To reiterate, 80% of the mothers and 89% of their new-
borns had vitamin D deficiency. The prevalence of vita-
min D deficiency in preterm neonates is high in the Mid-
dle East compared to western countries (25). According to
a study conducted by Merewood et al. (26), vitamin D defi-
ciency was present in 58% of newborns and 35.8% of moth-
ers. Moreover, 38% of newborns and 23.1% of mothers suf-
fered from severe vitamin D deficiency. The frequency of
vitamin D deficiency in the present study was higher than
that in the aforementioned study. Merewood et al. (26) also
found a close association of vitamin D deficiency with win-
ter birth and BMI. Vitamin D deficiency was identified in
nearly 100% of mothers who had newborns with rickets,
compared to just over 50% of mothers who gave birth to
newborns without rickets in another study conducted in
the Middle East (27). This difference is due to the lack of vi-
tamin D stores at birth in newborns whose mothers were

vitamin D deficient. It should be mentioned that the breast
milk of these mothers contains negligible amounts of vita-
min D (28).

Moreover, about a quarter of pregnant women with
preterm birth were severely deficient in vitamin D. It was
also observed that 43 (13%) newborns had severe vitamin
D deficiency. According to a study carried out by Dawodu
and Nath (25), a relationship was found between the high
prevalence of maternal vitamin D deficiency and vitamin
D stores of prematurely born Arab neonates. The obtained
result was confirmed in the community (29). In another
study, serum 25-hydroxyvitamin D concentrations of less
than 12.5 nmol/L were reported among 44% of preterm in-
fants, which is compatible with the metabolic bone disease
(30).

Based on the obtained results of the present study,
there was a high correlation between the vitamin D lev-
els of premature newborns and those of their mothers.
Moreover, a significant correlation was observed between
the vitamin D levels of mothers who used vitamin D sup-
plementation during pregnancy and those of their pre-
mature newborns; also, a high correlation was reported
between non-supplemented mothers and their premature
newborns in terms of vitamin D level. In a study conducted
by Wang et al., neonatal serum 25-hydroxyvitamin D lev-
els were significantly correlated with maternal serum 25-
hydroxyvitamin D levels. They showed that the maternal
serum 25-hydroxyvitamin D levels can help predict neona-
tal vitamin D deficiency. The area under the curve was
0.96, and both sensitivity (97.2%) and specificity of mater-
nal serum 25-hydroxyvitamin D levels were high to predict
neonatal vitamin D deficiency (80.3%) (31). The results of a
study conducted by Zhu et al. (12) showed an association
between the maternal vitamin D level and the incidence
of preterm delivery. Accordingly, lower vitamin D was re-
ported among mothers who delivered their babies before
31 weeks compared to those delivered after 31 weeks. In
the mentioned study, vitamin D deficiency was observed in
63% of mothers who had preterm babies (12). There are two
main sources of vitamin D, namely exposure to solar radi-
ation and dietary intake (32). As we know, the prevalence
of vitamin D deficiency depends on the place of residence
and local clothing style (5, 6).

Since insufficient maternal vitamin D levels may lead
to neonatal vitamin D deficiency, which is higher among
preterm birth, it is of utmost importance to use vitamin D
supplementation during pregnancy as a strategy to main-
tain vitamin D sufficiency in both mothers and their new-
borns (33). The American Academy of Pediatrics intro-
duced guidelines for vitamin D intake to prevent rickets
and vitamin D deficiency in healthy neonates. In this
guideline, a daily supplement of 400 IU/day of vitamin D
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Figure 1. Correlation between mothers and their newborns in terms of vitamin D levels

should be given to newborns from the first few days of life
and continued throughout childhood (34).

Based on our findings, there was a high correlation
between the vitamin D levels of supplemented mothers
and those of their newborns, and a significant correla-
tion was observed between non-supplemented mothers
and their newborns in terms of vitamin D levels. Accord-
ing to the literature, there is a difference between supple-
mented and non-supplemented mothers regarding serum
25-hydroxyvitamin D levels (35), and the use of vitamin D is
suggested for preterm newborns. The recommended rate
of vitamin D supplementation varies and ranges from 150
- 400 to 800 - 1600 IU/day (25). Moreover, up to 400 IU/day
is recommended to maintain normal vitamin D levels in
preterm infants (36).

According to our findings, both mothers who did not
take vitamin D supplementation during pregnancy and
who used vitamin D supplementation during pregnancy
had vitamin D levels in high correlation with those of their
newborns, but this does not mean that taking vitamin D
supplement has little effects. This finding can be justified
as follows. The consumption of vitamin D in the third
trimester of pregnancy in mothers increased its serum
level in the mother, but due to the high vitamin D demand
of fetal tissues, this vitamin was absorbed by fetal tissues,

and the serum levels in the fetus did not increase as much
as we expected. Some studies have shown that injecting
vitamin D into the mother during delivery, despite not in-
creasing the serum levels of vitamin D in the newborn, has
led to the benefits of receiving vitamin D, such as reducing
neonatal respiratory distress (37).

To conclude, the optimal vitamin D requirement of
preterm newborns should be determined considering
mothers’ vitamin D levels during pregnancy and geo-
graphical locations (25). Due to the high prevalence of vita-
min D deficiency among Iranian women, vitamin D supple-
mentation should be used to ensure vitamin D sufficiency
in high-risk infants, including prematurely born neonates.

Limitations of the Study: Although this study paved the
way for the evaluation of vitamin D levels in premature
newborns, it suffers some limitations. This was a single-
center study; therefore, it is not possible to generalize our
data to other populations. Moreover, due to the observa-
tional nature of our study, it was not possible to achieve a
causal relationship between variables. There is also a pos-
sibility of data manipulation by confounding variables. It
also would be beneficial to check the seasons when the ba-
bies were born to assess the relationship between the sea-
son of birth and vitamin D levels.
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5.1. Conclusions

Vitamin D deficiency is very common among mothers
and their premature newborns. The maternal and neona-
tal vitamin D levels are positively correlated. It seems that
maternal vitamin D levels can predict neonatal vitamin D
deficiency. Checking serum levels of vitamin D in women
who are planning to be pregnant or at the first visit of preg-
nancy is recommended. Further research investigating the
relationship between the birth season and vitamin D levels
of mothers and newborns would be a useful follow-up to
this study.
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