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ABSTRACT

Background: The 25-hydroxyvitamin D3(25-OH D3)deficiency is a common problem worldwide, and it is aprevalent
incidence in neonates. Different studies investigated the relationship of vitamin D deficiency with neonatal mortality
and morbidity. This study aimed to evaluate the relationship between vitamin D deficiency and respiratory distress in
preterm neonates.

Methods: A prospective cohort study was conducted in Alzahra Hospital affiliated to Isfahan University of Medical
Sciences, Isfahan, Iran. In total, 160 preterm neonates with>1000 g birth weight were evaluated for the manifestation
of respiratory distress during the first 6 h of life. The neonates were divided into two groups of A (n=80) with
respiratory symptoms and B (n=80) without respiratory symptoms. The level of 25-OH D3 was measured in the first h
of the neonate's life. All neonates were followed to reach 36 weeks of gestational age or 28t day of life. Subsequently,
the two groups were compared in terms of vitamin D levels. There was a relationship between vitamin D deficiency
and respiratory morbidities in group A.

Results: The mean vitamin D level was obtained at 27.42+11.25 ng/mL, and it was categorized into adequate level
(n=53, 33.1%), inadequate level (n=62,38.8%), and vitamin D deficiency (n=45, 28.1%).According to the results,
vitamin D level correlated significantly with birth weight and gestational age (P<0.05). Moreover, respiratory distress
correlated with birth weight, gestational age, and the use of corticosteroids during pregnancy (P<0.001). The mean
vitamin D level in group A (with respiratory distress syndrome [RDS]) was significantly lower than that in group B
(without RDS, P<0.001).Furthermore, vitamin Dcorrelated with RDS, a need for intubation surfactant extubation, and
duration of continuous positive airway pressure (P<0.05).

Conclusion: Neonates with a low level of vitamin D are prone to manifest respiratory distress, and vitamin D
deficiency is a risk factor for presenting RDS.
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Introduction

Vitamin D is a fat-soluble vitamin active form
(1,25dihydroxyvitamin D3) which has a crucial
role in calcium, phosphate, and bone metabolism
with several biologic effects (1). It inhibits
parathyroid hormone synthesis, adoptive immune,
cell proliferation, and also increases insulin
secretion, innate immunity, and stimulation of cell
differentiation(2).

Vitamin D deficiency is a worldwide problem

and the Middle East studies reported that 72.8%
of the population had this type of deficiency (3, 4).
Moreover, it is also common among neonates,
especially those with very low birth weight
(VLBW) and small gestational age(5, 6). Vitamin D
deficiency is considereda risk factor for other
diseases, such ascardiovascular, infectious, and
bone diseases, as well as cancers (7, 8). Preterm
neonates, especially those with VLBW are athigh
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risk for the nutritional deficiency that affects
neonatal and infancy health and development.
Preterm neonates have an inadequate level of
vitamins that predispose them to increased
mortality and morbidity (9, 10). The relationship
between vitamin D deficiency and diseases of
prematurityhas been investigated, and the results
showed that it led to sepsis, necrotizing
enterocolitis (NEC), respiratory distress syndrome
(RDS) (11), and broncho-pulmonary dysplasia
(BPD) (12-15).

The RDS is a common complication in
prematurity, and around half of the VLBW
neonates suffer from this situation (16). Some
studies reported vitamin D hada role in lung
development, and preterm neonates with vitamin
D deficiency are more prone to manifest RDS signs
and symptoms (17). Alveolar cells have vitamin D
receptor that is involved in surfactant synthesis
and secretion in response to vitamin D. Previously
conducted studies reported the role of vitamin
Don pulmonary development, maturation, and
respiratory diseases (18).

The majorly of the previous studies on the
relationship between vitamin D deficiency and
respiratory diseases in preterm neonates were
conducted in developed countries, and there are
limited studies on this association in developing
countries. According to the effect of climate and
sunlight exposure in different countries, this study
aimed to evaluate the relationship between
vitamin D deficiency and respiratory distress in
preterm neonates in Isfahan as the third
populated city in Iran.

Methods

This  prospective  cohort study was
conductedon preterm neonates who were born in
Alzahra Hospital affiliated to Isfahan University of
Medical Science (IUMS), Isfahan, Iran, during
2018. The inclusion criteria were: 1) preterm
neonates with 28-37 weeks of gestation, 2) weight
of 21000 g at birth, 3) five-minuteApgar score>4,
and 4) parent's willingness to participate in this
study. On the other hand, the neonates who had a
major anomaly, history of chorioamnionitis during
delivery or premature rupture of membrane >
18h, as well as clinical or laboratory diagnosis of
sepsis, pneumonia, or congenital heart diseases
were excluded from the study. The study protocol
was approved by the Ethics Committee of [UMS
(IR.MUILREC.1396.3.585).

Blood samples (2 ml) were taken from the
cords of the neonates immediately after birth or
peripheral blood was taken during the first h of
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the neonate's life. Subsequently, the samples were
referred to the laboratory of Alzahra Hospital, and
the level of 25-hydroxycholecalciferol (25-OHD3)
was measured by enzyme-linked immunosorbent
assay (ELISA). The level of 25-OHD3 is reported
with ng/mL and categorized into adequate
(>30ng/mL), inadequate (20-30 ng/mL), deficient
(10-20 ng/mL), and severely deficient (<10
ng/mL)(18).

All neonates were followed during the first 6 h
of life for the presence of respiratory symptoms,
including  respiratory  rate>60, grunting,
retraction, nasal flaring, and the need for oxygen
therapy. Therefore, neonates were divided into
two groups of A and B with and without
respiratory symptoms, respectively. Neonates in
group A were followed to reach 36 weeks of
gestational age or the 28t day of life. They were
then evaluated regarding the duration of oxygen
therapy, duration of treatment with mechanical
ventilation or continuous positive airway pressure
(CPAP), a need for intubation surfactant
extubation (INSURE), presence of RDS, transient
tachypnea of neonates (TTN), BPD, NEC, and
intraventricularhemorrhage (IVH).

Other information extracted from each
neonate medical record or using interviews with
their parents included gestational age, gender,
weight at birth, singleton or twin pregnancy, and
use of vitamin D supplementations and
corticosteroids during pregnancy.

Data were analyzed in SPSS software (version
24) (SPSS crop., Chicago, IL, USA). Moreover, the
quantitative and qualitative data were analyzed by
mean+SD as well as number and percent,
respectively. Furthermore, the chi-square test,
Fisher's Exact test, Mann Whitney U test, and
General Linear Model were utilized to compare
the groups in terms of variables. A p-value less
than 0.05 was consideredstatistically significant.

Results

This study evaluated 160 neonates with the
meangestationalage of 34.64+1.58 weeks and a
mean weight of 2274.815+430.69 g. The majority
of the neonates were female (n=84, 52.5%). The
mean vitamin D level was obtained at 27.42+11.25
ng/mL and categorized into adequate level (n=53,
33.1%), inadequate level (n=62, 38.8%), and
deficient (n=45, 28.1%). Vitamin D level did not
correlate with gender (P=0.91) and twin
pregnancy (P=0.24). However, vitamin D level
correlated significantly with birth weight and
gestational age (birth weight: P=0.03and
gestational age: P=0.04).
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According to the results, the mean birth weight
and gestational age were significantly lower in
neonates with respiratory symptoms (P<0.001 for
both). In addition, the use of corticosteroids
during pregnancy was significantly higher in
neonates with respiratory symptoms (P<0.001).

There was no significant difference between the
two groups regarding gender distribution, twin
pregnancy, and use of vitamin D supplementation
during pregnancy (P=0.21,0.08, 0.87, respectively).
The mean values of vitamin D levels were
23.66+x8.46 ng/mL and 31.18+12.44 ng/mL in
neonates with and without respiratory distress,
respectively. This indicates a significant difference
between the groups in this regard. In other words,
the mean vitamin D level in group A was
significantly lower than that in group B (P<0.001).

Moreover, the results of the General Linear
Model considering confounding variables (i.e.,
birth weight, gestational age, and wuse of
corticosteroid) showed a statistically significant
relationship between the mean level of vitamin D
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and the presence of respiratory symptoms in
neonates (P=0.001, Tablel).

The neonates in group A (with respiratory
symptoms) were evaluated in terms of preterm
morbidities, including RDS,TTN, a need for
mechanical ventilation, a need for INSURE,
duration of oxygen therapy, and duration of CPAP.
The results revealed a significant relationship
between vitamin D levels and RDS. In other words,
the neonates with inadequate vitamin D obtained
a higher frequency of RDS, compared to those with
adequate vitamin D levels (P=0.004). Moreover,
the frequency of a need for INSURE was
significantly lower in new borns with inadequate
vitamin D, compared to neonates with adequate
vitamin D levels (P=0.03). The mean duration of
CPAP in the group with an inadequate level of
vitamin D was significantly higher than the group
with an adequate vitamin D level (P=0.02).
Additionally, vitamin D levels did not correlate
with transient tachypnea, mechanical ventilation,
and duration of oxygen therapy (P>0.05, Table 2).

Tablel. Distribution of gender, number of fetuses, weight, gestational age, use of corticosteroids, and vitamin D supplementation
during pregnancy in neonates with and without respiratory symptoms

With respiratory symptoms

Without respiratory symptoms

Variable Number (%) Number (%) P-value
Male 35(43.8) 41(51.3)

Gender Female 45(56.3) 39(48.8) 0.21
Singleton 73(91.3) 78(97.5)

Number of fetuses Multiple 7(8.8) 2(2.5) 0.08
<1500 21(26.3) 0(0)

. 1500-2000 32 (40) 4(5)

Weight 2000-2500 19 (23.8) 21(26.3) <0.001
>2500 8 (10) 55(68.8)
28-31 22(27.5) 0(0)

Gestational age 32-33 21 (26.3) 5(6.3) <0.001
>34 37(46.3) 75 (93.8)

Use of corticosteroid during Yes 45(56.3) 14(17.5) <0.001

pregnancy No 35(43.8) 66 (82.5) '

Use of vitamin D supplements  Yes 38 (47.5) 37(46.3) 0.87

during pregnancy NO 42 (52.5) 43(53.8) )

Table 2. Distribution of RDS, transient tachypnea, a need for mechanical ventilation, a need for INSURE, as well as duration of oxygen
therapy and CPAP in neonates with and without vitamin D deficiency

Variables Vitamin D level <30 ng/mL Vitamin D level >30 ng/mL P-value

Yes 45(63.4) 10(19.2)

1
RDS No 63(36.6) 42(80.8) 0.004
. Yes 6(5.6) 1(1.9)
1
Transient tachypnea No 102(94.4) 51(98.1) 0.27
. I Yes 2(1.9) 0(0)
1

Mechanical ventilation No 106(98.1) 52(100) 0.45

Yes 44(40.7) 30(57.7)

1

Needs for INSURE No 64(59.3) 22(42.3) 0.03
Duration of oxygen therapy? 60.41(63.01) 57.91(46.68) 0.87
Duration of CPAP2 27.01(33.09) 12.01(9.35) 0.02

Data are presented bynumber (%)
2Data are presented by mean (SD)
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Discussion

The mean level of vitamin D was estimated at
27.42+11.25 ng/mL among preterm neonates in
this study. This value was obtained at
18.1#11.6ng/mL in a study conducted on this
population(19).0ther studies showed that the
mean values of vitamin D level in preterm
neonates were 14.5 and 32 ng/mL in Arab
countries and the Korean  population,
respectively(20, 21). In this study,28.1% and
38.8% of the neonates had vitamin D deficiency
and inadequate levels of vitamin D, respectively. It
should be noted that the prevalence rate of
vitamin D deficiencyvaries in several studies and
ranges from 65.2% to 89.9% (5, 21). Vitamin D
deficiency is a worldwide problem, and there is
evidence about the higher prevalence of this
deficiency in Europe, the United States, and the
Middle East (3, 11, 22).

The differences among the studies regarding
the level of vitamin D and prevalence of vitamin D
deficiency among preterm neonates is maybe due
to different study population features including
weight, gestational age, and mother’s vitamin D
status. One of the reasons for the lower level of
vitamin D in Iranian neonates, compared to those
in other communities is probably attributed to
receiving vitamin D pearls during pregnancy in
Iranian pregnant women (20).

The present study showed a significant
relationship between the level of vitamin D and
birth weight in preterm neonates. A study was
conductedon 607 VLBW and 300 term neonates
and compared these two groups in terms of
vitamin D level. According to the results, vitamin D
deficiency was more prevalent in neonates with
lower weight (5). Similarly, a study was
performedon 83 VLBW neonates and 301
newborns who were small for gestational age. The
results of the aforementioned study revealed that
the mean level of vitamin D<50 ng/mL was
associated with a decreased risk of VLBW(23).

Our finding suggested a significant relationship
between the low level of vitamin D and RDS. The
results of this study are consistent with the
findings of other studies. In a study conducted by
Ataseven et.al (2013), it was investigated whether
vitamin D deficiency was a risk factor for RDS or
not. They evaluated 152 preterm neonates with
29-35 weeks of gestational age and reported that
RDS was more prevalent in neonates with severe
vitamin D deficiency, compared to those with mild
vitamin D deficiency. Accordingly, it is suggested
that the identification of vitamin D deficiency in
pregnant women and prescription of appropriate

25-Hydroxyvitamin D in Premature Infants with and without Respiratory Distress

supplementation has effects on reducing the risk
of RDS in their neonates (12). In the same line,
Kim etal. evaluated the association between
vitamin D level at birth and respiratory
morbidities in VLBW infants. They indicated that
low serum vitamin D level was a risk factor for
RDS (OR: 4.32) (18). A recently conducted study
evaluated the level of vitamin D using the blood
samples taken from the neonates' cord. The
results showed that a lower level of vitamin D was
associated with a higher risk of respiratory tract
infection during the first 3 months of life and
wheezing in early childhood (24). A similar study
revealed that subclinical vitamin D deficiency was
associated with frequent development of acute
respiratory tract infection (25).

There is evidence about the role of vitamin D in
lung development. The effect of an active form of
vitamin D (1,25(0H)D3) is through the vitamin D
receptors (VDR) which are nuclear receptors. The
VDR with 25(0OH) D3 binds to the vitamin D
response element (VDRE) and regulates the
expression of the vitamin D target gene (26).
Around 3000 genes have VDRE, and groups of
them are involved in lung development (27, 28).
Vitamin D pathway gene is up-regulated during the
pseudoglandular and saccular stage of lung
development, and proximal and distal airways are
generatedin this stage (28). Vitamin D hasalso
effects on alveolar epithelial-mesenchymal
interaction. There is evidence that shows the
alveolar type II cells have a specific binding site for
vitamin D and its active metabolite. Moreover, it
stimulates the production of surfactant, protein
and phospholipid, alveolar type II cells, as well as
fibroblast proliferation and differentiation (29-31).

Vitamin D has a role in the function of the
innate immune system by induction of
antimicrobial peptides in epithelial cells,
neutrophil, and macrophage (32, 33). An active
form of vitamin D can maintain the integrity of the
epithelial cell by encoding the proteins that are
needed for several tight junctions (32, 34). It also
affected T helper cells and has anti-inflammatory
effects on neutrophils (35). It is involved in
superoxide generation in monocytes and inhibits
excessive production of inflammatory cytokines
and facilitates neutrophil's phagocytosis and
motility (36).

In a study performed by Boskabadi et al. in
Iran, the association of vitamin D level was
evaluated with respiratory complications on 160
preterm neonates weighing less than 2000 g.
According to the results, the mean vitamin D level
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was significantly higher in the preterm newborns
with distress, compared to those without distress.
Moreover, vitamin D levels correlated significantly
with the duration of hospitalization, gestational
age, birth weight, one- and five-minute Apgar
scores, and head circumference (37).

In the same vein, in a study, it was found that
vitamin D deficiency was more common among
preterm infants. Moreover, there was a significant
relationship between vitamin D level in the infants
and IVH. In other words, the mean vitamin D level
was less than normal in the infants with IVH
(38).Furthermore, according to the results of a
study, level of vitamin D in the infants correlated
with mortality and gestational age (39).

Among the strength of this study, one can
name its appropriate sample size that is sufficient
for generalizing the results to the Iranian
population. On the other hand, one of the
limitations of this study was the selection of
neonates from a public hospital. Since pregnant
women with a poor or intermediate level of
nutrition generally refer to these hospitals, the
mother's nutritional levelsmay have effects on the
outcomes.

This study did not evaluate the mother's
vitamin D level which may play a role in the level
of neonate's vitamin D according to previous
studies (14). The level of vitamin D was measured
in participants at birth, and this variable was not
assessed during hospitalization to detect the
alteration of this vitamin level during
hospitalization. Therefore, further studies are
required to select the samples from all public and
private hospitals considering the confounding
factors, such as the mother's vitamin D level.

Conclusion

In conclusion, vitamin D deficiency in preterm
neonates is considereda risk factor for developing
respiratory diseases, such as RDS. Moreover,
vitamin D level is associated with the cause of
respiratory distress due to low birth weight, lower
corticosteroids, and lower gestational age.
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