
Liu and Xu ﻿Italian Journal of Pediatrics           (2023) 49:16  
https://doi.org/10.1186/s13052-023-01415-w

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Italian Journal of Pediatrics

The association of serum vitamin D level 
and neonatal respiratory distress syndrome
Weili Liu* and Pingping Xu* 

Abstract 

Background  Neonatal respiratory distress syndrome (NRDS) is a critical disease in premature infants. Vitamin D plays 
an important role in promoting the development of fetal lung structure and the formation of pulmonary surfactants. 
This study aimed to investigate the correlation between the serum 25(OH)D3 level in the cord blood of premature 
infants and the prognosis of NRDS.

Methods  This retrospective study recruited 82 preterm infants (gestational age 28-36 weeks) diagnosed with NRDS 
as the NRDS group, and 82 non-NRDS preterm infants as the control group, respectively. The diagnostic efficiency 
of 25(OH)D3 on NRDS was revealed by receiver operating characteristics curve (ROC) analysis. Enzyme linked immu-
nosorbent assay (ELISA) was performed to evaluate the 25(OH)D3 level in the serum of the cord blood in preterm 
neonates. The NRDS risk indicators were identified by the multivariate logistic regression analysis.

Results  Cord blood 25(OH)D3 levels were significantly lower in NRDS preterm infants than control group infants. 
25(OH)D3 levels in cord blood can be used to predict NRDS in preterm infants. In addition, 25(OH)D3 levels in cord 
blood were positively correlated with Apgar score (1 min/5 min) and negatively correlated with oxygen support/CPAP 
duration in preterm infants with NRDS. 25(OH)D3 in cord blood <57.69 nmol/L (24 ng/ml), gestational age <31 weeks, 
birth weight <1.86 kg, Apgar score (1 min) <7 and Apgar score (5 min) < 8 were independent risk factors for NRDS.

Conclusion  25(OH)D3 level is an independent risk factor for NRDS in preterm infants.

Keywords  Neonatal respiratory distress syndrome (NRDS), Vitamin D, 25(OH)D3, Multivariate logistic regression 
analysis, Risk factors

Introduction
Neonatal respiratory distress syndrome (NRDS) is a com-
mon respiratory disease among preterm infants [1]. As a 
serious complication, NRDS often causes symptoms such 
as shortness of breath, cyanosis, respiratory failure, and 
dyspnea several hours after birth, which seriously threat-
ens the life of newborns [2]. Although the endotracheal 

pulmonary surfactant therapy has improved patient out-
comes [3], NRDS remains a serious disease with high 
mortality among preterm infants. In survivors, NRDS 
may be further complicated by bronchopulmonary dys-
plasia, a chronic lung disease characterized by impaired 
alveolar development and inflammation [4]. Using pul-
monary surfactant to treat NRDS is expensive and may 
require repeated dosing, as exogenous surfactant does 
not increase production of local surfactant [5]. Therefore, 
exploring the risk factors of NRDS in premature infants 
is of great value for the prevention, diagnosis and treat-
ment of NRDS.

Vitamin D is a class of fat-soluble steroid deriva-
tives with a wide range of biological activities. After 
vitamin D enters the blood circulation, it undergoes 
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two hydroxylation actions in the liver and kidneys to 
form 25(OH)D3 and 1,25-dihydroxy vitamin D3 (1,25-
(OH)2D3), respectively [6]. 25(OH)D3 has an increased 
half-life and relatively stable nature and is recognized as 
a key factor in measuring vitamin D reserves in the body 
[7]. Vitamin D is thought to play a crucial role in embry-
onic development, cell growth and differentiation, includ-
ing lung development and fetal lung maturation, while 
vitamin D deficiency may aggravate neonatal lung disease 
in preterm infants [8]. It has been reported that vitamin 
D inhibits the profibrotic effects of transforming growth 
factor-β1 in lung fibroblasts and epithelial cells in rats 
[9]. In addition, a physiologically relevant BALB/c mouse 
model of vitamin D deficiency showed deficits of lung 
functions [8]. Adham et al. reported that low 25(OH)D3 
level was far frequent among Egyptian preterm neonates 
and vitamin D deficiency was an independent risk factor 
for respiratory distress syndrome in preterm neonates 
[10]. However, there is not much research on the correla-
tion between NRDS and vitamin D.

This study aimed to explore the relationship between 
neonatal serum 25(OH)D3 level and NRDS, which might 
provide evidence for clinical diagnosis and management 
of NRDS.

Methods
Participants
The retrospective study was performed to investigate 
the relationship between respiratory distress syndrome 
of preterm infants and umbilical cord serum vitamin D 
level. Eighty-two children with NRDS were selected for 
the study group and 82 preterm infants without NRDS 
were selected as the control group. This research was 
approved by the institutional review board of Cangzhou 
Central Hospital. Informed consent was obtained from 
all parents of the infants. Inclusion criteria and exclusion 
criteria are shown in Table 1. Infants received parenteral 
nutrition upon admission to the neonatal intensive care 
unit (NICU). The general intravenous nutrition of prema-
ture infants with NRDS includes: amino acids, fat emul-
sion, glucose, water-soluble and fat-soluble vitamins, 

electrolytes, and trace elements. Vitamin D was included 
in this intravenous nutrition. The data of venous nutri-
tion duration of the infants were shown in Table S1.

Oxygenation index (OI) evaluation
Oxygenation index (OI) was calculated at the first 
mechanical ventilation within 24 hours after infants’ 
admission to the NICU. 
OI =

(MeanAirvayPressure)×(ArterialOxygenPartialPressure)
(InhaledOxygenConcentration)×100

 . Pre-
term infants in the NRDS group were divided into three 
groups according to their OI values: severe group (OI ≥ 
16, n=18), moderate group (oxygen index 8 ≤ OI < 16, 
n=39) and mild group (4 ≤ OI< 8, n=25).

Hypoxia assessment
Arterial blood gas analysis and the Apgar scale were used 
to assess hypoxia in preterm infants. Neonates admit-
ted to the NICU were first assessed with the Apgar scale. 
The Apgar scale mainly includes five parts: skin color, 
heart rate, respiration, muscle tone and movement, and 
reflex, with 2 points for each part. The higher the score, 
the better the condition of the newborn. Arterial blood 
gas analysis was performed on the neonates after initial 
assessment with the Apgar scale. Arterial partial pres-
sure of oxygen (PaO2), partial pressure of carbon diox-
ide (PaCO2) and pH were used to further assess neonatal 
asphyxia. PaO2<50 mmHg, PaCO2>60 mmHg, pH<7.20, 
BE<-5.0 mmol/L were indicators of neonatal hypoxemia, 
hypercapnia and metabolic acidosis.

Enzyme‑linked immunosorbent assay (ELISA)
Vitamin D levels (25‐hydroxyvitamin D [25(OH)D] con-
centration) were evaluated by ELISA. Commercial kits 
(DIAsource ImmunoAssays, Louvain‐la‐Neuve, Belgium) 
were used for the collection of the cord blood and further 
analysis of 25(OH)D3 levels in the neonates.

Statistical analysis
The statistical analysis was performed using SPSS version 
20. Data were presented as mean ± standard deviation 
and percentages. Categorical variables were compared 

Table 1  Inclusion and exclusion criteria in this study

a According to the Montreux standard for neonatal acute respiratory distress syndrome (2017 Edition)

Inclusion criteria Exclusion criteria

• Singleton
• Birth gestational age 28-36 weeks
• Admission to NICU within 24 hours after birth
• Cord blood samples collected at birth
• Informed consent obtained from parents
• Clinical diagnosis of NRDS Medical records completeda

• Congenital and chromosomal anomalies
• Severe liver and kidney dysfunction
• Amniotic fluid aspiration syndrome
• Presence of adenomatous malformation of lung, diaphragmatic hernia and genetic defects 
related to surfactant
• Infants moved away during the study period
• Mother’s therapy that could affect vitamin D level
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using the Student t test, χ2, and F‐test (analysis of vari-
ance). Correlation between serum 25(OH)D3 concen-
tration and number of parameters were analyzed by the 
Pearson correlation coefficient. p < 0.05 was considered 
statistically significant.

Results
Baseline characteristics of the study subjects
Eighty-two preterm infants diagnosed with NRDS were 
enrolled as the NRDS group, and 82 non-NRDS preterm 
infants were selected as negative control group. Demo-
graphic characteristics of the participants in this study 
were shown in Table 2. We found that there was no sig-
nificant difference in gender, gestational age and weight 
at birth between two groups (p>0.05). However, Apgar 
score (1 min) and Apgar score (5 min) were remarkably 
lower in NRDS group (p<0.05) compared to the control 
group. The incidence of asphyxia in NRDS group has 
also increased (p<0.05). There was no statistical differ-
ence between mothers’ age, parity, delivery method (vagi-
nal delivery or caesarian section), gestational diabetes 
mellitus, and gestational hypertension between the two 
groups (p>0.05). The NICU treatment between the two 
groups were compared in Table S1. The statistical dif-
ferences between the two groups in continuous positive 
airway pressure ventilation (CPAP) duration, duration of 
oxygen support, length of hospital stay, and venous nutri-
tion duration were identified (p<0.05).

Cord blood serum 25(OH)D3 level between the NRDS and 
control groups
The level of 25(OH)D3 in cord blood was positively corre-
lated with neonatal weight (Fig. 1A). However, it was not 
significantly associated with preterm birth time (Fig. 1B). 
To further explore the role of 25(OH)D3 in the NRDS of 
the preterm babies, we compared the difference in cord 
blood serum 25(OH)D3 level between the two groups. We 
found that the level of 25(OH)D3 in the cord blood serum 
of preterm infants with NRDS was significantly reduced 

Table 2  Demographic and clinical characteristics of the preterm 
babies with (NRDS) and without (Control) neonatal respiratory 
distress syndrome

Values were expressed as n (percentage, %) or mean ± SD. p values for each 
group were derived from Mann–Whitney test. Chi-square test or Fisher’s exact 
test was used for assessing distribution of observations or phenomena between 
different groups

Characteristics Study group p value

Control (n=82) NRDS (n=82)

Gender

  Male 49 (59.8%) 44 (53.7%) 0.529

  Female 33 (40.2%) 38 (46.3%)

Gestational age (weeks) 32.7±2.8 31.9±3.2 0.283

Birth weight (Kg) 2.15±0.51 1.97±0.63 0.106

Apgar score (1 min) 8.14±1.39 6.76±1.45 < 0.001

Apgar score (5 min) 8.96±0.75 7.26±1.46 < 0.001

Asphyxia

  Yes 3 (3.7%) 21 (25.6%) < 0.001

  No 79 (96.3%) 61 (74.4%)

NRDS classification

  Mild - 25 (30.5%) -

  Moderate 39 (47.6%)

  Severe 18 (21.9%)

Maternal age (years) 28.4±4.2 29.7±4.6 0.417

Parity, %

  0 42 (51.2%) 34 (41.5%) 0.236

  1 36 (43.9%) 39 (47.6%)

  ≥ 2 4 (4.9%) 9 (10.9%)

Delivery

  Vaginal delivery 42 (51.2%) 31 (37.8%) 0.156

  Caesarian section 40 (48.8%) 51 (62.2%)

Gestational diabetes mellitus

  Yes 30 (36.6%) 37 (45.1%) 0.266

  No 52 (63.4%) 45 (54.9%)

Gestational hypertension

  Yes 9 (10.9%) 16 (19.5%) 0.128

  No 73 (89.1%) 66 (80.5%)

Fig. 1  Spearman correlation analysis of 25(OH)D3 in cord blood with birth weight (A) and gestational age (B) in preterm babies with neonatal 
respiratory distress syndrome
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compared with the control group (Fig. 2A). The sensitiv-
ity of 25(OH)D3 in cord blood serum was 76.83% and the 
specificity was 70.73%, respectively (57.69 as the cutoff 
value of 25(OH)D3). The area under curve (AUC) was 
0.786 (Fig. 2B). ROC analysis revealed that 25(OH)D3 in 
the umbilical cord blood serum of preterm infants could 
predict NRDS. Then we divided the preterm infants with 
NRDS into subgroups according to the Montreux crite-
ria of "Newborn Acute Respiratory Distress Syndrome" 
(2017 Edition). Our results revealed that the 25(OH)
D3 level in cord blood serum gradually decreased with 
the increase of the severity of NRDS (Fig. 2C, p<<0.05). 
Finally, we demonstrated that there was a significant neg-
ative correlation between the oxygenation index (OI) and 
the 25(OH)D3 of the preterm infants (Fig.  2D, p<0.01). 
To further exclude the effect of asphyxia on the rela-
tionship between 25(OH)D3 and IO, we analyzed serum 
25(OH)D3 levels in 61 neonates with NRDS but without 
asphyxia in Fig. S1. Spearman correlation analysis dem-
onstrated that serum 25(OH)D3 levels in these neonates 
not affected by asphyxia were also statistically negatively 
correlated with OI.

Monofactor analysis of NRDS risk factors
We further analyzed the correlation between 25(OH)
D3 level and Apgar score (1 min/5 min). There was a 

positive correlation between Apgar score and 25(OH)
D3 level (Fig. 3A and B). Subsequently, we analyzed the 
correlation between the 25(OH)D3 in preterm infants 
and duration of oxygen support/ CPAP. Our results 
demonstrated that the level of 25(OH)D3 was signifi-
cantly negatively correlated with oxygen support or 
CPAP duration (Fig. 4A and B), suggesting that 25(OH)
D3 in the umbilical cord blood serum of preterm infants 
is related to the NRDS treatment status.

Multivariate logistic regression analysis of NRDS risk 
factors
The regression model (the occurrence of NRDS was 
the dependent variable, and the variables in Table  3 
were the independent variables) showed that cord 
blood serum 25(OH)D3<57.69 nmol/L (OR=4.784, 
95% CI: 1.895-8.364, p=0.002), birth weight<1.86 
kg (OR=2.216, 95% CI: 1.484-4.35, p=0.005), Apgar 
score (1 min) <7 (OR=6.216, 95% CI: 3.756-9.337, 
p<0.001), gestational age<31 weeks (OR=7.163, 95% 
CI: 4.075-12.547, p<0.001), and Apgar score (5 min) <8 
(OR=1.967, 95% CI: 1.253-3.188, p=0.017) are inde-
pendent risk factors for NRDS.

Fig. 2  A Comparisons of serum levels of 25(OH)D3 of the NRDS group and Control group. Data were shown with median with quarterback rang. 
Mann Whitney test. B ROC analysis of serum 25(OH)D3 in cord blood for the prediction of NRDS in preterm infants. C Comparisons of 25(OH)D3 in 
cord blood among infants with different classification of NRDS. Data were shown with median with quarterback rang. One-way ANOVA followed 
Dunn’s multiple comparisons test. D Spearman correlation analysis of 25(OH)D3 in cord blood and oxygenation index in preterm babies with 
neonatal respiratory distress syndrome
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Discussion
NRDS is a common acute disease in pediatrics [11]. 
It has been reported that the onset of NRDS is closely 
related to lung hypoplasia, progressive alveolar collapse 
and high permeability lesions of pulmonary alveoli [12]. 
NRDS is a self-limiting disease [13]. However, there is a 
greater risk of concurrent infection during the onset of 
the NRDS, and NRDS can seriously threaten the lives of 
the infants. Therefore, exploring biochemical indicators 

that may be able to detect and judge the risk of NRDS 
is necessary.

Accumulating evidence has explained the association 
of vitamin D levels at birth and pulmonary disease mor-
bidity in very preterm infants [14]. The use of vitamin D 
as adjuvant therapy in RDS cases resulted in significantly 
lower severity, complication rates, and length of hospi-
tal stay in preterm infants with RDS [15]. Barchita et al. 
reported that spontaneous and idiopathic preterm labor 
is associated with vitamin D deficiency. Preterm birth 
is an important factor leading to NRDS, and it was ini-
tially revealed that vitamin D deficiency caused by pre-
term birth may be related to NRDS [16, 17]. Decreased 
vitamin D is related to preterm birth, and vitamin D sup-
plementation during pregnancy can reduce the rate of 
preterm birth [18, 19]. Aylor et al. reported that the levels 
of alveolar surfactant protein B and vascular endothelial 
growth factor increased through inhalation of vitamin 
D, suggesting that vitamin D might exhibit special func-
tions in the management and treatment of NRDS [20]. 
Decreased vitamin D is a common and changeable risk 
factor for bronchopulmonary dysplasia and RDS [21]. A 

Fig. 3  Spearman correlation analysis of 25(OH)D3 in cord blood with Apgar score (1 min) A and Apgar score (5 min) B in preterm babies with 
neonatal respiratory distress syndrome

Fig. 4  Spearman correlation analysis of 25(OH)D3 in cord blood with duration of oxygen support A and CPAP duration B in preterm babies with 
neonatal respiratory distress syndrome

Table 3  Multivariate logistic analysis for neonatal respiratory 
distress syndrome

OR Odds ratio, CI Confidence interval

OR 95% CI p value

Serum levels of 25(OH)D3 in 
cord blood < 57.69 nmol/L

4.784 1.895 to 8.364 0.002

Gestational age < 31 weeks 7.163 4.075 to 12.547 < 0.001

Birth weight < 1.86 kg 2.216 1.484 to 4.35 0.005

Apgar score (1 min) < 7 6.216 3.756 to 9.337 < 0.001

Apgar score (1 min) < 8 1.967 1.253 to 3.188 0.017
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recent large prospective study which covered 402 new-
born infants and their mothers suggested that cord blood 
vitamin D deficiency was associated with increased risk 
of preterm birth, NRDS and hospitalization during the 
first year of life [22]. Interestingly, some studies found 
no correlation between vitamin D and neonatal lung dis-
ease or lung co-development. For example, in a study that 
included 44 extremely preterm infants (gestational age 
<29 weeks), neither cord blood nor the 36 weeks’ cor-
rected age 25(OH)D3 levels were associated with develop-
ment of bronchopulmonary dysplasia [23]. Furthermore, 
no significant association was found between vitamin D 
status and selected clinical outcomes when using a cut-
off of 25 nmol/l (severe vitamin D deficiency) in preterm 
infants [24]. Considering a large number of animal and 
clinical studies that have revealed the importance of vita-
min D for the development of the neonatal respiratory 
system, we believe that the differences in these results are 
because the cutoff values used in the above studies were 
not strong enough to distinguish differences in respira-
tory disease in preterm infants with vitamin D deficiency 
from other preterm infants.

There is still few clinical research on the effect of serum 
25(OH)D3 concentration on the extra-skeletal effects of 
premature infants. It is still unclear how much serum 
25(OH)D3 concentration can satisfy the needs of pre-
term infants. This study indicates that the 25(OH)D3 level 
in the serum of newborns with NRDS was statistically 
decreased than the control group, suggesting that the 
low 25(OH)D3 of newborns may be related to NRDS. The 
level of serum 25(OH)D3 of newborns could be used to 
predict NRDS taking 57.69 nmol/L (24ng/ml) as the cut-
off value. In addition, we found that the serum 25(OH)
D3 level in the cord blood serum of children was signifi-
cantly positively correlated with Apgar score, and signifi-
cantly negatively correlated with OI, duration of oxygen 
support and continuous positive airway pressure ventila-
tion. The possible mechanism is that, lung surface active 
substances are produced by alveolar type II epithelial 
cells, which have vitamin D receptors and renal tubules 
1α-hydroxylase protein expression. Therefore, alveolar 
type 2 epithelial cells may be the target cells for vitamin 
D bioregulation, which will have a certain impact. For the 
developing fetus, the lack of vitamin D leads to insuffi-
cient alveolar surface-active substances, thus affecting 
the development of lung structure and function. There-
fore, 25(OH)D3 is related to NRDS in participants of our 
research.

In addition, in order to further analyze the relationship 
between neonatal 25(OH)D3 and NRDS, the risk factors 
of NRDS were analyzed. Our results suggested that cord 
blood serum 25(OH)D3 <57.69 nmol/L (24 ng/ml), ges-
tational age<31 weeks, birth weight<1.86kg, Apgar score 

(1 min) <7 and Apgar score (5 min) <8 are independ-
ent risk factors for NRDS (p<0.05). Our data is consist-
ent with the data of previous related studies. Decreased 
vitamin D in preterm infants is an independent risk fac-
tor for RDS [10]. In addition, Fettha et al. confirmed that 
higher serum 25(OH)D3 level in preterm infants could 
prevent RDS in preterm infants [25]. However, the differ-
ence is that in the latest prospective cohort study, when 
using 10 ng/ml as the cut-off value, vitamin D was not 
related to RDS, and the serum 25(OH)D3 level of infants 
did not affect the incidence of RDS [26]. This may be due 
to the use of 10 ng/mL as the cutoff value in the above-
mentioned study was not sufficient to distinguish the dif-
ference between the two groups. At present, there is no 
consistent international standard for the optimal level of 
25(OH)D3 in preterm infants [27]. Many scholars believe 
that 25(OH)D3 concentration <20 ng/ml indicates insuf-
ficient, and serum concentration<10 ng/ml indicates 
severe deficiency [26, 28, 29]. The cut-off value in this 
study is 57.69 nmol/L (24 ng/ml), which suggests that 
we may need a higher serum 25(OH)D3 level to prevent 
NRDS. However, patients who take vitamin D excessively 
for a long time may suffer from vitamin D poisoning, 
when the content of 25(OH)D3 in their blood exceeds 
100ng/ml. Although vitamin D toxicity is rare in clinical 
practice, we should actively monitor the 25(OH)D3 level 
in patients’ blood during treatment.

In fact, there are still many deficiencies in our research. 
First, due to the limitations of hospital size and depart-
ment beds, we only recruited 82 qualified infants with 
NRDS. Insufficient number of infants may affect the accu-
racy of statistical results. We plan to conduct future mul-
ticenter joint studies to expand the number of patients 
with NRDS. Second, we mainly analyzed the relation-
ship between vitamin D in umbilical cord blood and the 
incidence and treatment of postnatal NRDS. However, 
there is no reliable study to explain why vitamin D defi-
ciency increases the NRDS incidence rate. The key role of 
vitamin D in the formation of fetal alveolar cells and the 
establishment of lung tissue structure remains unclear. 
We would like to further reveal the important role of 
vitamin D in fetal lung development in future mechanism 
research. In addition, the risk factors of NRDS revealed 
in this study are very limited. We only analyzed the rela-
tionship and correlation between 25(OH)D3 level, preg-
nancy time, birth weight, Apgar score (1 min) and NRDS 
in this study. However, previous studies have shown that 
the risk of NRDS may be due to maternal diabetes, fetal 
gender, delivery time, and difficult labor experience. Due 
to the limitation of manpower and information integrity, 
we did not analyze the relationship between these fac-
tors and NRDS incidence rate in this study. We intend 
to fully cover these factors in the future. Moreover, our 
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study also lacked data on the association of cord blood 
25(OH)D3 levels with subsequent incidence of neona-
tal bronchopulmonary dysplasia, and the association of 
cord blood 25(OH)D3 levels with maternal vitamin D 
status. We will continue to refine these studies in future 
research.

Conclusion
In conclusion, we demonstrated that serum 25(OH)D3 
level in the premature newborns were negatively cor-
related with the occurrence of NRDS. Moreover, serum 
25(OH)D3 level in the newborn is also an independent 
risk factor for NRDS. Our study reveals that the moni-
toring of serum 25(OH)D3 levels in clinically preterm 
neonates may play a predictive role in the occurrence 
of NRDS.
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NRDS	� Neonatal respiratory distress syndrome
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CPAP	� Continuous positive airway pressure ventilation
OI	� Oxygenation index
AUC​	� Area under curve
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