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Abstract 
Introduction: Preterm infants are liable to various health problems including 
respiratory distress syndrome (RDS). There is variation in response to respi-
ratory support. In preterm infants, cortisol hormone is secreted by the adre-
nocortical gland in response to stress. Objectives: To compare the serum 
cortisol levels in blood among preterm infants who needed different respira-
tory support strategies e.g. headbox, continuous positive airway pressure 
(CPAP), intubation surfactant extubation (INSURE) and mechanical ventila-
tion (MV) and to correlate the cortisol levels to the severity of respiratory 
distress syndrome (RDS). Material and Methods: Observational prospective 
study that assessed the serum cortisol levels in preterm infants with RDS after 
initial respiratory support aged 28 - 34 gestational weeks that were admitted 
to the neonatal intensive care unit of Al Zahraa hospital of Al-Azhar Univer-
sity and Al-Estekama hospital between February 2019 and November 2019. 
Infants were classified into three groups, Group 1: 29 infants with severe RDS 
who needed a mechanical ventilator. Ten of them needed surfactant therapy. 
Group 2: 33 infants with moderate RDS who needed CPAP. Three of them 
needed surfactant therapy. Group 3: 28 infants with symptoms of mild RDS 
who needed headbox. None of them needed surfactant therapy. Blood sam-
ples were collected on the first day of life and were processed using the colo-
rimetric ELISA method. Demographic and medical information was col-
lected. Results: A total of 90 preterm infants were included. The serum cor-
tisol reference was 4.3 - 22.4 mg/dl. Group 1 showed significantly higher se-
rum cortisol levels compared to group 2 and group 3 (39.22 ± 9.91 mg/dl vs 
28.96 ± 6.48 mg/dl vs 25.88 ± 5.42 mg/dl) respectively, (P-value = 0.001). In-
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fants in group 2 who needed surfactant therapy had higher serum cortisol le-
vels than those who did not need surfactant therapy (32.30 ± 5.92 mg/dl vs 
28.33 ± 6.27 mg/dl). The serum cortisol levels were observed having a nega-
tive correlation with gestational age and birth weight. No significant differ-
ences were observed in terms of gender or type of delivery. Conclusion: Cor-
tisol levels had a positive correlation with the severity of RDS who needed 
various respiratory support strategies. 
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1. Introduction 

Preterm infants are liable to various health problems including respiratory dis-
tress syndrome (RDS). There is variation in response of preterm infants with the 
same gestational age to respiratory support, some may respond to oxygen, others 
may need intubation surfactant extubation (INSURE), continuous positive air-
way pressure (CPAP) or mechanical ventilator (MV) [1] [2]. The cortisol pro-
duced by the adrenal cortex changes structurally and functionally along with 
gestational age and maturation of the adrenocortical gland function. Cortisol in-
creases after late gestation (32 - 36 weeks). However, in preterm infants, the 
adrenocortical gland secrets cortisol in response to stress [3]. RDS develops res-
piratory distress due to impaired synthesis and secretion of the surfactant and 
affects mostly preterm infants [4] [5]. Surfactant prevents the alveoli from col-
lapsing during expiration and helps gas exchange [6]. Acute illnesses as RDS and 
infection influence the hypothalamic-pituitary-adrenal axis (HPA axis)  [7]. 
Available information on the endogenous cortisol levels of preterm infants and 
their response to respiratory support strategies in our country is limited. There-
fore, the objective of this study is to compare the endogenous cortisol levels 
among preterm infants with the severity of RDS, who needed respiratory sup-
port (e.g. headbox, CPAP, INSURE and MV) and to correlate the cortisol levels 
to the severity of RDS.  

2. Patients and Methods 

2.1. Study Design and Settings 

This is an observational prospective study that assessed the serum cortisol levels 
in preterm infants with RDS after initial respiratory support aged 28 - 34 gesta-
tional weeks. They were admitted to the neonatal intensive care unit of Al Za-
hraa hospital of Al-Azhar University and Al-Estekama hospital between Febru-
ary 2019 and November 2019. A total of 90 preterm infants were included in this 
study. Demographic data and medical history were collected. Infants were classi-
fied into three groups: Group 1: 29 infants with severe RDS who needed a me-
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chanical ventilator. Ten of them needed surfactant therapy. Group 2: 33 infants 
with moderate RDS who needed CPAP. Three of them needed surfactant thera-
py. Group 3: Infants with symptoms of mild RDS who needed headbox. None of 
them needed surfactant therapy.  

2.2. Inclusion Criteria 

The study included infants who suffered from RDS with various degrees and in-
appropriate weight for gestational age. 

2.3. Exclusion Criteria 

1) Infants with major congenital malformations; 
2) Infants with endocrine abnormality; 
3) Neonatal asphyxia; 
4) Infants with adrenal hemorrhage; 
5) Neonatal infection;  
6) Neonatal persistent hypoglycemia; 
7) Mothers with hypertension; 
8) Maternal history of endocrine disorders such as diabetes, thyroid, or adren-

al problems; 
9) Mothers on chronic steroid treatment; 
10) Maternal history alcohol during pregnancy. 

2.4. Laboratory Investigation 

Blood samples were taken on the 1st day of life in a sterile tube, was left to clot, 
and then was centrifuged at 3000 rpm. The serum was separated and stored at 
−20˚C till the time of assay. The samples were tested using colorimetric ELISA 
(Cortisol AccuBind ELISA Kit), reference: (4.3 - 22.4) mg/dl. 

2.5. Statistical Analysis 

Statistical analysis was performed for 90 preterm infants by using Statistical 
Package for the Social Sciences software (SPSS) 20.0 program. Cortisol levels 
were analyzed using the chi-square test, unpaired student t-test, and Mann-Whitney 
U-test. The linear correlation coefficient was used for the detection of a correla-
tion between two quantitative variables in one group. The correlation coefficient 
was accepted as 0.05. 

2.6. Ethical Approval 

Informed consent was obtained for each participant. Ethical approval was ob-
tained from the Institutional Review Board at Al-Zahraa university hospital and 
Al-Estekama hospital. 

3. Results 

A total of 90 infants were included in the study, 29 in group 1, 33 in group 2, and 
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28 in group 3. Concerning the gender composition of the subjects, 35 are females 
(38.89%) and 55 of them are males (61.11%). Besides, the demographics of the 
groups are shown in Table 1. One notable difference between the three groups is 
the gestational age: the infants in group 3 score significantly higher than the 
infants in groups 1 and 2. 

Serum cortisol level was evaluated on the 1st day of life as shown in Table 2. 
The mean cortisol level in group 1 is 39.22 mg/dl with a standard deviation (SD) 
of 9.91. This was significantly higher than group 2, with the average 28.96 mg/dl, 
and standard deviation 6.48 and group 3, with the average 25.88 mg/dl and 
standard deviation 5.42 as shown in Figure 1. There is a negative correlation 
between serum cortisol levels and age as well as birth weight as shown in Figure 
2. 

On the other hand, ROC curve of cortisol levels and the severity of RDS is 
shown in Figure 3. The cutoff point of cortisol level is 28.7. The sensitivity and 
specificity were 96% and 61.54%, respectively. 

There were no significant differences observed in serum cortisol levels in 
terms of the gender (P = 0.074) or the mode of delivery (P = 0.407): both 
p-values fall short of statistical significance. 

The mean cortisol levels were significantly higher in infants with severe RDS 
in group 1 compared to other preterm infants (P = 0.001) (Table 3).  

 
Table 1. Demographic data of the studied groups. 

 
Group 1 

Ventilator 
(N = 29) 

Group 2 
CPAP 

(N = 33) 

Group 3 
headbox 
(N = 28) 

Chi-Square Test/One-Way ANOVA 

X2/f* P-value 

Gender 
Female 7 (24.1%) 13 (39.4%) 15 (53.6%) 

5.199 0.074 
Male 22 (75.9%) 20 (60.6%) 13 (46.4%) 

GA (weeks) Mean ± SD 31.28 ± 2.28 32.85 ± 1.70 33.82 ± 0.39 16.973 <0.001 

Mode of  
Delivery 

C.S (N = %) 24 (82.8%) 24 (72.7%) 24 (85.7%) 
1.8 0.407 

N.V.D (N = %) 5 (17.2%) 9 (27.3%) 4 (14.3%) 

Weight (kg) Mean ± SD 1.84 ± 0.53 1.90 ± 0.35 2.38 ± 0.29 15.132 <0.001 

Length (cm) Mean ± SD 41.63 ± 2.92 43.12 ± 2.03 44.66 ± 1.37 13.530 <0.001 

F* = one-way ANOVA; x2 = Chi square test; GA: gestational age.  

 
Table 2. Cortisol levels (mg/dl) on the 1st day in the studied groups. 

 

Group 1 
Ventilator 
(N = 29) 

Group 2 
CPAP 

(N = 33) 

Group 3 
Headbox 
(N = 28) 

One-way ANOVA 

Mean SD Mean SD Mean SD F P-value 

Cortisol level (mg/dl) 39.22 9.91 28.96 6.48 25.88 5.42 25.131 0.001 
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Figure 1. Serum cortisol level among studied groups on the first day after birth. 
 

 
Figure 2. Negative correlation between serum cortisol level and weight. 
 

 
Figure 3. ROC curve of cortisol level and severity of RDS. 
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Preterm infants who needed surfactant therapy among group 2 had higher 
cortisol levels compared to those who did not need surfactant therapy in the 
same group (P-value = 0.045). However, the infants who needed surfactant 
therapy in group 1 did not show any significant difference in cortisol levels 
compared to those who did not need surfactant therapy in the same group (P = 
0.087) (Table 4). 

There was a significant increase in serum cortisol levels in infants who devel-
oped complications: intra ventricular hemorrhage, bronchopulmonary dysplasia 
and, mortality (P-value = 0.001, 0.001, and 0.032 respectively) (Table 5). 

ROC curve of cortisol levels and the mortality is shown in Figure 4. The cu-
toff point of cortisol level is 28.4. The sensitivity and specificity were 91.89% and 
69.81%, respectively. 

 
Table 3. The relation between the severity of RDS and cortisol level. 

Severity of RDS  
by Down’s score 

N. % 
Types of respiratory support Cortisol  

level mg/dl 

One-way ANOVA 

Ventilator CPAP Headbox F P-value 

Mild 30 33.3 0 2 28 25.51 

20.185 0.001 Moderate 31 34.4 5 26 0 30.39 

Severe 29 32.2 24 5 0 38.28 

RDS was graded by Down’s scoring into mild (1 - 3) moderate (4 - 6) and severe (7 - 10). 

 
Table 4. Cortisol level (mg/dl) in babies who needed surfactant therapy versus who did not need surfactant therapy. 

Group 1: Ventilator 

Ventilator without Surfactant 
(N = 19) 

Ventilator with Surfactant 
(N = 10) 

Independent t-test 

Mean SD Mean SD T P-value 

Cortisol level (mg/dl) 34.80 11.03 41.32 4.66 1.776 0.087 

Group 2: CPAP 

CPAP without surfactant 
(N = 30) 

CPAP with surfactant 
(N = 3) 

Independent t-test 

Mean SD Mean SD T P-value 

Cortisol level (mg/dl) 28.33 6.27 32.30 5.92 -1.842 0.045 

 
Table 5. Comparison between cortisol levels as regards outcome. 

 

Cortisol level (mg/dl) Independent t-test 

Mean SD t P-value 

Mortality 
Alive 26.97 7.34 

-6.345  0.001 
Died 37.51 8.31 

Intraventricular hemorrhage 
No 29.38 8.63 

3.816 0.001 
Yes 37.63 8.82 

Bronchopulmonary dysplasia 
No 30.45 9.14 

2.174 0.032 
Yes 36.39 9.00 
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Figure 4. ROC curve of cortisol level and mortality. 

4. Discussion 

This study aimed to compare the serum cortisol concentrations among preterm 
infants who needed different respiratory support strategies (e.g. headbox, CPAP, 
Insure, and MV), and correlate the cortisol level to the grade of severity of RDS 
and response to respiratory support. Our prospective observational study sug-
gests that there is a positive correlation between the cortisol levels in preterm 
infants with RDS who needed various respiratory support strategies. Our results 
are consistent with another study that found an association between ventilation 
and high cortisol levels in preterm infants [8]. 

There was a significant increase in cortisol levels in group 1 compared to oth-
er groups. Elevated serum cortisol levels in infants on MV have shown that in-
fants with RDS produce more cortisol than normal infants to cope with poor 
lung functions. Cortisol might have been released due to the pain or the stress of 
the intubation procedure itself [9]. (Grofer et al., 2010) reported that there was a 
positive association between the rate of cortisol production and severity of ill-
ness in preterm infants aged (30 - 36) gestational weeks [10]. We have found 
that the cutoff point of cortisol level is 28.7 regarding the severity of RDS. The 
severity of the respiratory distress syndrome was assessed by Downes score that 
determines the progression of the respiratory distress and also used to predict 
the requirement of the respiratory support, mechanical ventilation and mortality 
in neonates with the respiratory distress [11]. The sensitivity and specificity were 
96% and 61.54%, respectively.  

There was a significant increase in the birth weight and mean serum cortisol 
level in group 3 compared to the group 1 and group 2 (P-value < 0.001). This 
agreed with studies that found an inverse association between the birth weight 
and RDS [12] [13], and another study found that preterm with lower birth 
weight had higher serum cortisol [14]. In the present study, we observed that the 
cortisol levels within group 2 of infants who needed surfactant therapy were 
higher than those in the same group who did not need surfactant therapy. How-
ever, there was no significant association between cortisol levels and surfactant 
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therapy in group 1 of infants on MV. There is another study indicated that the 
surfactant therapy had no clinical respiratory benefit for intubated preterm in-
fants at any dose [15]. 

Besides, we found that the cortisol levels were inversely related to gestational 
age. The cortisol levels were higher in infants with a gestational age of 32 weeks 
or less. This agreed with other studies which observed the relation between ges-
tational age and serum cortisol levels  [16] [17]. 

This can be explained by two factors: 1) reduction of tissue sensitivity to the 
cortisol with decreasing gestational age thus the body needs higher cortisol level 
to be able to do the same physiological functions during early neonatal life; and 
2) reduction of cortisol degradation and immature adrenal enzymes with the 
lower gestational age  [18]. 

Male infants were the predominant in this study. However, there was no sig-
nificant difference in serum cortisol levels or RDS severity regarding the gender. 
(P-value = 0.074). Our findings agreed with other studies that showed that the 
age of infants with RDS had no effect on the severity of RDS [19] . Estrogen im-
proves fetal lung development by increasing the number of alveolar type II cells 
and also by increasing the formation of lamellated bodies. In contrast, androgen 
delays the secretion of fibroblast-pneumocyte factor like dihydrotestosterone 
and decreases the synthesis of phosphatidylcholine in the fetal lung, that may 
delay the development of alveolar type II cells and may reduce surfactant releas-
es, thus it increases the incidence of RDS [20]. 

In addition, our study found that the mode of delivery did not show any sig-
nificant association with the serum cortisol levels. This goes with another study 
that mentioned the same result [21]. 

Our study found that higher cortisol levels were associated with cases devel-
oped complications as intra ventricular hemorrhage, and chronic lung disease 
[22]. The cutoff point of cortisol level is 28.4. The sensitivity and specificity were 
91.89% and 69.81%, respectively. Other studies reported that infants with severe 
intraventricular hemorrhage or chronic lung disease had higher serum cortisol 
levels  [14] [16]. 

Early non-invasive treatment of RDS among preterm infants may decrease 
adverse events and complications and improve patient safety [23] [24]. 

In this study, cortisol was measured after the initial respiratory support has 
started, and thus, not only RDS severity but also ventilation-support procedure 
may have affected the cortisol level. The present study could not distinguish 
these two. However, generally speaking, the severer the RDS is, the more inva-
sive the respiratory therapy becomes, and thus, the present context is still rea-
sonable, we believe. 

5. Conclusion 

In conclusion, serum cortisol levels in preterm infants seem to be correlated to 
the severity of RDS and preterm infants who need respiratory support. Besides, 
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there is an inverse association of the cortisol levels with gestational age and birth 
weight. No significant differences were observed in terms of the gender or the 
mode of delivery. We can use the 1st-day serum cortisol level as a simple way to 
predict the severity of RDS, the respiratory support strategy needed and the 
short-term outcome of preterm with RDS. 
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