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Abstract

Background: The positive effects of steroids on lung development are well known, and 1,25-dihydroxy vitamin D3 has been shown
to exert positive effects on fetal lung development.
Objective: We aimed to investigate the relationship between 25-hydroxyvitamin D [25(OH)D] levels and respiratory distress syndrome (RDS) in premature infants.
Methods: Infants aged ≤32 gestational weeks who were admitted to the neonatal intensive care unit (NICU) during 1 year were
enrolled in this prospective study. 25(OH)D levels were obtained at the time of admission to NICU. Patients were divided into three
groups according to their 25(OH)D levels: severe (group 1), moderate (group 2), and mild (group 3) 25(OH)D deficiencies.
Results: The study comprised 72 patients; of them, RDS was observed in 49 and not observed in 23 patients. The mean 25(OH)D
levels were significantly lower in RDS patients (p=0.04). Multivariate analysis showed that patients with higher 25(OH)D levels can
be preventive for the development of RDS (odds ratio 0.89; 95% confidence interval 0.8–0.99; p=0.04).
Conclusion: Our study revealed that 25(OH)D deficiency is an independent risk factor for RDS in premature infants. However,
further studies are necessary to explore the association between 25(OH)D deficiency and RDS.
Keywords: 25-hydroxyvitamin D, prematurity, respiratory distress syndrome.
DOI: https://dx.doi.org/10.4314/ahs.v20i1.50
Cite as: Dogan P, Ozkan H, Koksal N, Bagci O, Varal IG. Vitamin D deficiency and its effect on respiratory distress syndrome in premature infants:
results from a prospective study in a tertiary care centre. Afri Health Sci. 2020;20(1):437-43. https://dx.doi.org/10.4314/ahs.v20i1.50

Introduction
25-hydroxyvitamin D [25(OH)D] is an important steroid
hormone involved in bone metabolism and neuromuscular functions; in recent years, an increasing number of reports in the literature have revealed incidences of maternal and neonatal 25(OH)D deficiency.1 Management of
vitamin D deficiency is crucial during pregnancy because
25(OH)D deficiency affects fetal development besides
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bone metabolism.2 25(OH)D exhibits antiproliferative,
proapoptotic, and immunomodulatoy properties; additionally, it plays a role in cell development and embryogenesis and helps in fetal lung maturation.3,4
Respiratory distress syndrome (RDS) is the most common respiratory problem in premature infants. The critical factors in the pathogenesis of RDS are surfactant deficiency and pulmonary immaturity.5 The positive effects
of steroids on lung development and maturation are well
known, and 1,25-dihydroxy vitamin D3 [1,25(OH)2D],
which is the active form of 25(OH)D with steroid structure, has been shown to exert positive effects on fetal lung
development. Animal studies have shown 1,25(OH)2D
to increase surfactant synthesis and secretion by increasing the number of type 2 alveolar cells.1,6 In this study,
we aimed to identify the relationship between RDS and
25(OH)D levels in premature infants.
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Materials and methods
All preterm infants aged ≤32 gestational weeks admitted
to the neonatal intensive care unit (NICU) of the Uludag
University Medical School between January 2014 and
2015 were enrolled in this prospective study. Exclusion
criteria included refusal of parental consent; infants with
major congenital abnormalities, chromosomal anomalies, or cyanotic congenital heart disease; major maternal
infection; and chorioamnionitis. The Ethics Committee
of the Uludag University Medical Faculty approved this
study; a written informed consent was obtained from the
parents before enrollment.

regular users (≥3 months in total). Patients were divided
into three groups according to their 25(OH)D levels, <5
ng/mL as severe deficiency group (group 1); 5–15 ng/
mL as moderate deficiency group (group 2); and 15–30
ng/mL as mild deficiency group (group 3).1,7,8

Blood samples of patients were obtained in NICU within 6 h of birth; maternal blood samples were collected
within the first 4 h of birth. Plasma of the blood samples
from the infants and mothers were stored at −80°C. Samples were analyzed using a Shimadzu LC-20AT high-performance liquid chromatography system (Shimadzu Scientific Instruments, SSI Kyoto, Japan) attached to a UV
RDS diagnosis was established by evaluating x-ray and detector at the Biochemistry Laboratory of the Uludag
clinical findings. All patients were treated with nasal University Faculty of Medicine (Bursa, Turkey).
continuous positive airway pressure (nCPAP) with 7 cm
H2O mean airway pressure. To maintain the arterial ox- Statistical analysis
ygen pressure above 60 mm Hg, the required fraction Statistical analysis was performed using the Statistical
of inspired oxygen (FiO2) was 0.3 for infants aged ≤26 Package for the Social Sciences (SPSS) version 20.0 softweeks and 0.4 for infants aged >26 weeks; the infants ware (SPSS Inc., Chicago, IL, USA). Besides evaluating
who needed FiO2 above 0.4 were treated with “early res- the study data for quantitative data comparison using
cue therapy” and 200 mg/kg poractant alfa (Curosurf®, descriptive statistical methods (mean, standard deviaChiesi Pharmaceuticals, Italy). Infants who did not show tion, median, frequency, rate, minimum, and maximum),
clinical improvement during follow-up and needed FiO2 Student’s t-test was used for two-group comparisons of
≥0.4 were administered a second dose 6 h after the first normal distributions, and Mann–Whitney U test was used
dose. During the follow-up, up to three doses of surfac- for two-group comparisons of non-normal distributions.
tant were administered due to RDS. Duration of hospital One-way analysis of variance was used to compare three
stay, duration of mechanical ventilation, bronchopulmo- or more groups with a normal distribution. Logistic renar dysplasia (BPD) development, and survival rates were gression analysis was used to examine the risk factors
affecting RDS. Chi-square, Fisher-Freeman-Halton, and
recorded.
Fisher’s exact tests were used for comparison of qualitaDemographic data such as maternal age, education level, tive data. A p value of <0.05 was considered significant.
socioeconomic status, and maternal disease status were
documented. All infants were recorded for gestation- Results
al age, birth weight, gender, type of delivery, and birth Of the 72 patients included in the study, RDS was obperiod. Birth seasons were separated into four groups: served in 49 and not observed in 23 patients. The defall (September, October, November), winter (December, mographic characteristics of the patients with and withJanuary, February), spring (March, April, May), and sum- out RDS are summarized in Table 1. Age in gestational
mer (June, July, August).
weeks and birth weights of RDS patients were found to
be significantly lower than those of the non-RDS paMaternal 25(OH)D usage was classified into three groups: tients, whereas the rates of cesarean section (C/S) and
those who never used it during pregnancy, those who used spring-summer births were found to be significantly highit intermittently (<3 months in total), and those who were er in the former than in the latter (Table 1).
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Table 1: Demographic characterics of the study groups.
RDS (+)
(n=49)

RDS (-)
(n=23)

p

GA at birth, wk
median (IQR)

29 (25-32)

30 (26-32)

0.001a

Birth weight, g
Median (IQR)

1020 (620-2260)

1400 (755-3140)

0.001a

23 (63.9)
26 (72.2)

13 (36.1)
10 (28.8)

0.4b

1 (12.5)
48 (75)

7 (87.5)
16 (25)

23 (71.9)
26 (65)

7 (87.5)
16 (25)

12 (50)
6 (54.5)
19 (82.6)
12 (85.7)

12 (50)
5 (45.5)
4 (17.4)
2 (14.3)

Sex, n (%)
Male
Female
Type of delivery, n (%)
NVD
C/S
Antenatal steroid: n(%)
Used
Not used
Season: n(%)
Fall
Winter
Spring
Summer

a

0.001c
0.6b

0.03d

Mann-Whitney U test, Chi Square test, Ficher’s Exact test, Ficher Freeman Halton test
b

c

d

GA: gestational age; IQR: interquartile range; NVD: normal vaginal delivery; C/S: caesarean section

When the patients were classified according to their vita- tional age, gender, ethnicity, delivery type, and antenatal
min D levels, there was no significant difference in terms steroid usage that could be a risk factor for RDS among
of perinatal characteristics such as birth weight, gesta- the groups (Table 2).
Table 2: Demographic data in terms of 25(OH)D levels

GA at birth: wk
median (IQR)
Sex: n (%)
Male
Female
Type of delivery:
n (%)
NVD
C/S
Antenatal Steroid:
n (%)
Used
Not used

a

Group 1
(n=29)

Group 2
(n=31)

Group 3
(n=12)

p

29 (25-32)

30 (26-32)

29 (26-32)

0.6a

10 (27.8)
19 (52.8)

19 (52.8)
12 (33.3)

7 (19.4)
5 (13.9)

0.1b

2(25)
27 (42.2)

4 (50)
27(42.2)

2 (25)
10 (15.6)

12 (37.5)
17 (42.5)

14 (43.8)
17 (42.5)

6 (18.8)
6 (15)

Kruskal Wallis test, Chi -Square test, Fisher Freeman Halton test
b

0.7c

0.9b

c

Group 1 (Severe deficiency): 25(OH)D ≤ 5ng/ml; Group 2 (Moderete deficiency): 25(OH)D 5-15ng/ml; Group 3
(Mild deficiency): 25(OH)D 15-30 ng/ml
GA: gestational age; IQR: interquartile range; NVD: normal vaginal delivery; C/S: caesarean section
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25(OH)D levels were 7.2 ng/mL (median) in the RDS
group and 9.7 ng/mL (median) in the no-RDS group, and
there was a significant difference in the levels between the
groups (p=0.04) (Fig. 1, Table 3). There was no significant association between maternal vitamin D levels and
RDS development and it was noteworthy that the rate of

RDS in group 1 (patients with severe 25(OH)D deficiency) was higher (82.8%) (Table 3). All mothers included
in the study were homogeneous regarding their ethnicity/race. All the mothers were Turkish and of white race.
There was no significant difference between the RDS and
no-RDS groups regarding maternal age, educational status, maternal vitamin use, and disease status.

Figure 1: 25(OH)D levels of RDS and no-RDS patients
Figure 1: 25(OH)D levels of RDS and no-RDS patients
Table 3: Maternal and infant 25(OH)D levels and RDS ratios of the study groups

Maternal, 25(OH)D level
(ng/ml),
median (IQR)
Infant, 25(OH)D level
(ng/ml),
median (IQR)

RDS
(n=49)

No-RDS
(n=23)

P

11.1 (2.6-28.8)

10.2 (8-21.9)

0.75a

7.2 (5-20.8)

9.7 (5-27.5)

0.04a

Infant; n(%)
Group 1
Group 2
Group 3

0.06b
24 (82.8)
17 (54.8)
8 (66.7)

5 (17.2)
14 (45.2)
4 (33.3)

a
Mann-Whitney U test, bFisher Freeman Halton Test
IQR: interquartile range

Group 1(Severe deficiency): 25(OH)D≤5ng/ml; Group 2 (Moderete deficiency): 25(OH)D 5-15 ng/ml; Group 3 (Mild
deficiency): 25(OH)D 15-30 ng/ml
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When the RDS group was evaluated for the severity of
RDS, patients with low vitamin D levels showed a longer
duration of mechanical ventilation, which was statistically
significant (p=0.002). BPD was not observed in group 3
(mild vitamin D deficiency), whereas BPD rate in group
1 was 45.8% (p=0.3).
When the gestational week, antenatal steroid use, and
25(OH)D levels of the patients were considered as possible independent risk factors in the multiple regression
analysis, it was observed that high 25(OH)D levels of the
patients (odds ratio [OR] 0.89; 95% confidence interval
[CI] 0.80–0.99; p=0.04) and gestational age (OR 0.59;
95% CI 0.42–0.83; p=0.003) can be preventive for the
development of RDS .
In multivariate analysis, factors that could affect the duration of hospitalization were assessed, and late neonatal
sepsis, BPD, and 25(OH)D levels were included in the
model. Of these three factors, BPD was found to have a
significant effect on the duration of hospitalization (OR
70.26; 95% CI 53.4–87.0; p<0.001).
Discussion
In this study, we investigated the association between
RDS development and vitamin D levels and showed
that vitamin D deficiency is an independent risk factor
for RDS development. 25(OH)D is thought to prevent
surfactant insufficiency by increasing the proliferation of
type 2 pneumocytes and, thus, increasing surfactant synthesis, a critical factor in RDS pathophysiology9,10. Our
results are compatible with the recent literature reporting
a similar relationship between vitamin D deficiency and
RDS.1,11,12 Age in gestational weeks is another important
risk factor for RDS besides vitamin D deficiency, and patients with RDS have a lower age in gestational weeks and
lower birth weight.5 However, even when the cases were
controlled according to their age in gestational weeks, vitamin D deficiency was identified as an important risk
factor. Moreover, a literature review for RDS risk factors
reveals that low birth weight and low 25(OH)D levels can
increase the frequency and severity of RDS.12
The active form of 25(OH)D is known to play an essential role in many tissues and epithelial barriers.13 Although
there is no clear evidence on the effects of vitamin D
on fetal and neonatal lung development, animal studies
investigating the effects of vitamin D and vitamin D receptors (VDRs) on the development of pulmonary sys-
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tem have indicated a positive correlation between type 2
pneumocyte and fibroblast proliferation, surfactant synthesis, and VDR upregulation in pulmonary tissue.4,6,14
Surfactant reduces surface tension and helps in controlling
lung inflammation. Many factors regulate surfactant synthesis, including cytokine release, hormones, and growth
factors.6 Corticosteroids induce fetal lung maturation by
aiding type 2 pneumocyte differentiation and stimulating
surfactant release.4,15 Nguyen et al. 9 conducted a study on
rats and showed an association between VDR expression
and lung maturation level. They stated that 1,25(OH)2D
may increase surfactant synthesis through gluconeogenesis and that vitamin D plays a crucial role in epithelial cell–mesenchymal cell interactions during pulmonary
system development. Vitamin D increases the production
as well as secretion of surfactant-related phospholipids
in type 2 pneumocytes; furthermore, it has been reported that during the most active period of alveolarization,
1,25(OH)2D positively affects type 2 pneumocytes and
fibroblasts by inhibiting apoptosis and stimulating secretion of surfactant-related phospholipids.16 The inhibition
of apoptosis results in an increased number of cells postnatally.17,18 In a study by Sakurai et al. 14 C-3 epimer,
which is a metabolite of 1,25(OH)2D, was shown to play
a crucial role in antenatal lung maturation, lipofibroblast
proliferation, and epithelial mesenchymal interaction
mechanisms. In our study, vitamin D levels of the RDS
patients were significantly lower similar to the findings
in the literature. It is noteworthy that the RDS rate was
markedly higher in patients with severe vitamin D deficiency.11
In our study, patients’ age in gestational weeks and birth
weights were low, as expected, and C/S birth rate was
high in RDS cases. In a study by Tochie et al.19 C/S was
reported to be an independent predictor for RDS. Regular pregnancy follow-up and avoiding unnecessary early elective C/S may reduce the incidence of premature
births and RDS.
For patients in group 1, the duration of mechanical ventilation was significantly longer and the BPD rate was
47.1%. Due to the positive effects of high 25(OH)D levels on lung development, it can be speculated that patients in group 3 had a better prognosis for RDS. The reason behind this speculation is that in group 3, a markedly
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reduced duration of mechanical ventilation was observed
and no BPD was observed in any case. A similar observation was recently reported by Cetinkaya et al.20 who
detected a severe 25(OH)D deficiency in all premature
BPD patients. BPD is one of the most severe morbidities
in premature patients, and we found a significant effect
of BPD on the duration of hospitalization. In premature
infants, positive effects of high 25(OH)D levels on preventing BPD are promising.

to gestational weeks. Nonetheless, we believe that largescale studies on 25(OH)D vitamin levels according to
gestational weeks are needed.

Conclusion
25(OH)D deficiency is an independent risk factor for
RDS development in premature infants, and high neonatal 25(OH)D levels at birth may protect premature infants against RDS. However, further studies with more
patients are necessary to assess the association between
The literature reveals no clarity on the adequate 25(OH) 25(OH)D deficiency and RDS.
D levels, particularly in premature infants. Fettah et al.11
have defined 25(OH)D deficiency for premature infants Conflict of interest
as levels ≤ 15 ng/mL. Likewise, in this study, we defined None.
vitamin D levels <5 ng/mL as severe deficiency and levels between 5 and 15 ng/mL as moderate deficiency. In Funding
the literature, 25(OH)D levels >30 ng/ml have been ac- None.
cepted as normal. Therefore, we defined levels between
15 and 30 ng/mL as mild deficiency.8,21,22
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