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Abstract
Introduction: Because neonates in the intensive care units (ICU) experience recurrent stress due to painful medical procedures, they 
are at risk of dysregulation of the hypothalamus-pituitary-adrenal (HPA) axis. 
Aim of the study: To evaluate the influence of repeated pain exposure on morning salivary cortisol (SC) in newborns admitted to the ICU.
Material and methods: The neonates were divided into 3 groups: term (370/7–416/7 weeks), moderate to late preterm (320/7–366/7 weeks), 
and very preterm (< 320/7 weeks). The hospital stay was prospectively monitored for the number of the most common medical pro-
cedures. At least 2 saliva samples for morning SC were collected after completion of 35 weeks of postmenstrual age (PMA) in preterm 
infants and before discharge in term neonates. The results of SC were compared with the reference intervals for healthy term newborns. 
Results: The study group consisted of 57 patients: 21 term, 17 moderate to late preterm, and 19 very preterm neonates. Very pre-
term neonates obtained the highest values of mean morning SC in comparison to moderate to late preterm and term infants (3.83 
[1.67–8.81] ng/ml vs. 2.44 [1.94–4.38] ng/ml vs. 2.15 [1.5–5.25] ng/ml, p = 0.45). The relationship between mean morning SC and 
the number of invasive blood samplings was found only in term newborns (Rs = –0.44, p < 0.05). 46% of all SC measurements in very 
preterm, 47% in moderate to late preterm, and 46% in term infants were within the reference intervals for healthy newborns.
Conclusions: High exposure to painful procedures seems to dampen the morning SC in term, but not in preterm infants.
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Streszczenie
Wstęp: Noworodki hospitalizowane na oddziale intensywnej terapii (OIT) są narażone na wystąpienie zaburzeń osi podwzgórze–
przysadka–nadnercza (HPA) ze względu na powtarzalny stres wywołany procedurami medycznymi.
Cel pracy: Ocena wpływu powtarzalnych bodźców bólowych na poranne stężenie kortyzolu w ślinie (SC) u noworodków hospita-
lizowanych na OIT.
Materiały i metody: Do badania włączono 3 grupy noworodków: donoszone, wcześniaki urodzone między 320/7 a 366/7 tygodniem 
ciąży i skrajne wcześniaki < 320/7 tygodnia ciąży. U każdego pacjenta monitorowano przebieg hospitalizacji pod kątem liczby do-
świadczanych procedur medycznych. W przypadku wcześniaków stężenie SC badano po ukończeniu 35 tygodni liczonych od daty 
ostatniej miesiączki (PMA), a u noworodków donoszonych przed wypisem. U wszystkich pacjentów pobrano przynajmniej 2 próbki 
śliny. Wyniki SC odniesiono do norm zaproponowanych dla zdrowych noworodków. 
Wyniki: Do badania włączono 57 noworodków: 21 donoszonych, 17 wcześniaków urodzonych między 320/7 a 366/7 tygodniem 
ciąży oraz 19 skrajnych wcześniaków. Najwyższe wartości średniego porannego SC stwierdzono u skrajnych wcześniaków, podczas 
gdy najniższe u noworodków donoszonych [3,83 (1,67–8,81) ng/ml vs. 2,44 (1,94–4,38) ng/ml vs. 2,15 (1,5–5,25) ng/ml, p = 0,45]. 
Jedynie u noworodków urodzonych o czasie zaobserwowano ujemną korelację pomiędzy doświadczoną liczbą inwazyjnych pobrań 
krwi a średnim porannym SC (Rs = –0,44, p < 0,05). Spośród wszystkich pomiarów w normach dla zdrowych noworodków mieściło 
się zaledwie 46% wyników uzyskanych od skrajnych wcześniaków, 47% od wcześniaków urodzonych między 320/7 a 366/7 tygodniem 
ciąży oraz 46% od noworodków donoszonych. 
Wnioski: Duże narażenie na ból proceduralny wydaje się mieć wpływ na poranne stężenie SC u noworodków donoszonych. 
U wcześniaków nie stwierdza się związku miedzy sumaryczną ekspozycją na ból a stężeniem SC.
Key words:
kortyzol, ślina, ból, noworodek, wcześniactwo.
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Introduction 
Cortisol, the main glucocorticoid hormone in humans, is the 

effector of the hypothalamus-pituitary-adrenal (HPA) axis. It is se-
creted in the circadian rhythm, with its peak in the morning and 
nadir in the evening [1]. This pattern of cortisol release is estab-
lished in infancy, as early as around one-month-old, and is pres-
ent throughout life [2]. Salivary cortisol (SC) is a feasible marker 
for the evaluation of HPA axis activity, especially its response to 
stress, due to the non-invasive method of sample collection. 
Salivary cortisol reflects the level of biologically active free serum 
cortisol, so it is unaffected by the level of cortisol binding globulin 
(CBG) or albumin [3]. Due to lipid solubility the SC concentration 
is also independent of saliva flow. 

It is postulated that excessive activation of the HPA axis in early 
life can induce a long-term influence on its function. Neonates in 
intensive care units (ICU) experience recurrent episodes of stress 
due to painful medical procedures [4]. As a result, they are poten-
tially prone to dysregulation of the HPA axis. The analysis by Ivars 
et  al., including 51 preterm infants, revealed slightly lower me-
dian values of morning SC concentrations at the expected date 
of delivery (DED) in comparison to healthy term infants [5]. The 
persistence of differences in morning SC between preterm and 
term infants was observed at 3, 8, and 18 months of corrected 
age (CA) [6, 7]. Although those findings indirectly suggest the in-
fluence of repeated stress on the HPA axis, to date only one study 
showed a direct correlation between the number of skin-breaking 
procedures experienced by preterm newborns and morning SC 
[8]. So far, the impact of repetitive stress on morning SC in term 
neonates hospitalized in the ICU has not been analysed. 

Aim of the study

The aim of the present study was to evaluate the influence of 
repeated pain exposure on morning SC in newborns admitted to 
the ICU. The other objective was to analyse the potential impact 
of perinatal factors, especially exposure to antenatal corticoste-
roid prophylaxis and degree of prematurity, on HPA axis activity.  

Material and methods

Study population
Newborns were recruited from a  tertiary referral Neonatal 

Intensive Care Unit between June 2018 and March 2021. The 
neonates were divided into 3 groups based on their gestation-
al age (GA): term (370/7–416/7 weeks), moderate to late preterm 
(320/7–366/7 weeks), and very preterm (< 320/7 weeks). The exclu-
sion criteria included occurrence of major malformation, clinically 
suspected genetic disorder, severe intraventricular haemorrhage 
(IVH grade IV), congenital adrenal hyperplasia, history of any sur-
gical procedure, and earlier hospitalization in neonatology units 
longer than 3 days.

Study design
Patients’ medical records were analysed for perinatal history. In 

each patient, the hospital stay was prospectively monitored for the 

duration of mechanical ventilation, non-invasive ventilatory sup-
port, and the number of the most common medical procedures 
including intubation, invasive blood sampling (though venipunc-
ture or heel lance), urinary bladder catheterization, eye examina-
tion, lumbar punction, ultrasound (each body part considered as 
separate examination), vaccination, peripheral and central vein 
canulation, arterial line insertion, and umbilical artery/vein can-
nulation. The administration of local and systemic corticosteroids 
was analysed. Saliva samples for morning SC were collected after 
completion of 35 weeks of postmenstrual age (PMA) in preterm 
infants and before discharge in term neonates. Premature infants 
were qualified for saliva sampling if they were in a stable medical 
condition defined as the absence of invasive ventilation or cardio-
vascular support. Otherwise, the analysis was postponed until the 
criteria were fulfilled. Saliva collection was repeated on different 
days. At least 2 samples were obtained from each patient.

Saliva sampling
All samples were collected in the morning between 6 and 

9 a.m., before any other nursing or diagnostic procedures, with 
at least a  one-hour interval from feeding, without using saliva 
stimulants. Before collection, a  gentle examination of the oral 
cavity was performed to decrease the risk of contamination with 
milk. Samples were collected from the floor of the mouth and 
buccal mucosa using SalivaBio Infant’s Swabs (SIS) (Salimetrics 
LLC, State College, PA, USA). If milk reflux appeared, sampling 
was stopped and postponed. The maximum collection time was 
10 minutes. After sampling saliva was pressed out from SIS into 
Eppendorf Tubes (1.5 ml) using a syringe. All samples were kept 
frozen at –20°C until their processing.

Salivary cortisol measurements
Salivary cortisol concentrations were measured using ra-

dioimmunoassay (Cortisol-RIA-CT, DIASource ImmunoAssays 
S.A., Louvain-la-Neuve, Belgium). All samples were thawed and 
centrifuged. Consecutively, 200 µl of each saliva sample was 
incubated with 500 µl of 125Iodine-labelled cortisol in tubes coat-
ed with anti-cortisol monoclonal antibodies. After 180 minutes 
of incubation in a water bath at 37°C, the content of each tube 
was decanted. Then all tubes were washed with 3 ml of wash 
solution and aspirated again. The same procedure was done 
for 7  calibrators. All tubes were counted in a  gamma counter 
for 60 seconds. The bound radioactivity of calibrators was used 
for the construction of the calibration curve. The cortisol concen-
trations of the samples were determined by dose interpolation 
from the calibration curve. The limit of detection was 0.53 ng/ml. 
The obtained results of SC were compared with the reverence 
intervals proposed by Ivars et al. [2]. Normal values were defined 
as concentrations between 25th and 75th percentile, which cor-
responded to results between 1.02 and 2.97 ng/ml. The mean 
morning SC was calculated from repeated measures. 

Statistical analysis
Results were presented based on the parameters of de-

scriptive statistics, including numbers with percentages for cat-
egorical variables, mean values and standard deviations (SD), 
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or median values with first and third quartile (Q1, Q3) for con-
tinuous variables. The Shapiro-Wilk test was applied to analyse 
the distribution of continuous variables. The groups were com-
pared using the χ2 test, Fisher exact test, one-way ANOVA, and 
Kruskal-Wallis test. The Spearman rank test was used to analyse 
the correlation between the number of performed procedures 
and values of morning SC. Girls and boys were compared with 
the Mann-Whitney U test. The analysis was performed using 
Statistica software, version 13.3 (TIBCO Software Inc., Palo Alto, 
CA, USA). Statistical significance was set at a p-value of < 0.05.

Ethical approval
Written formal consent was obtained from all legal guard-

ians of the newborns. The study was approved by the Eth-
ics Committee of Jagiellonian University (permission number 
1072.6120.112.2018).

Results

Study group
Initially, 71 newborns were eligible for the study. Out of them, 

14 neonates were excluded from the analysis because 2 inde-
pendent saliva samples were not obtained (Figure 1). In total, 
the study group consisted of 57 patients: 21 term, 17 moderate 
to late preterm, and 19 very preterm neonates with median GA 
of 40, 33, and 28 weeks, as appropriate. 33.33% of newborns 
from the moderate to late preterm group and 21.05% from the 
very preterm group received complete antenatal corticosteroid 
prophylaxis according to the guidelines of the American Col-
lege of Obstetricians and Gynecologists [9]. The detailed char-
acteristics of assessed patients are presented in Table I. 

Procedural pain during hospitalization
The mean duration of the hospital stay before saliva sam-

pling was 6 ±4 days for term, 16 ±8 days for moderately to 
late preterm, and 53 ±21 days for very preterm newborns. The 
analysed groups differed in the median time of both mechani-
cal ventilation (p < 0.001) and non-invasive respiratory support 
(p = 0.01, Table I). During the hospital stay, very preterm infants 
were exposed to 24 (12–38) skin-breaking procedures, where-
as the exposure in moderate to late preterm and term neonates 
was significantly lower (6 [4–13] and 7 [3–11], as appropriate, 
p  <  0.001). Similarly, very preterm infants experienced the 
highest number of total procedures related to hospitalization in 
comparison to the other groups (64 [43–100] vs. 24 [18–32] vs. 
19 [15–26], p < 0.001). 

Administration of corticosteroids
At the time of saliva sampling the patients did not receive 

corticosteroids. However, 21 (36.84%) infants had a history of 
treatment with systemic corticosteroids, whereas administra-
tion of local corticosteroids (inhaled, topical, or ophthalmic) 
was found in 11 (19.3%) patients. Both types of corticotherapy 
were used significantly more often in very preterm newborns 
in comparison to other groups (p  <  0.001 for systemic and 
p = 0.001 for local corticosteroids).

Morning salivary cortisol
In 67% of patients, 3 independent saliva samples for SC 

assessment were obtained. In the remaining 33% of newborns, 
SC was measured twice. The groups did not differ in the in-
terval between sample collections counted in days (p > 0.05). 
At the time of saliva sampling, 33 (57.89%) infants were fed 
orally, 20 (35.09%) obtained oral and nasogastric tube feeding, 
2 (3.51%) were fed only enterally using the nasogastric tube, 
and 2 (3.51%) received partial enteral and parenteral nutrition. 

The number of measurements within the reference inter-
val proposed by Ivars et al. was 29 (46%) for term newborns, 
24  (47%) for moderate to late preterm infants, and 26 (46%) 
for very preterm infants (p > 0.05). The widest range of SC re-
sults was observed in very preterm neonates. In 4 (19%) term, 
3 (18%) moderate to late preterm, and 4 (21%) very preterm in-
fants all individual SC concentrations were within the proposed 
normal range. The results of repeated SC measurements are 
shown in Figures 2–4. 

Very preterm newborns obtained higher mean morning SC 
in comparison to moderate to late preterm and term neonates; 
however, the difference between the groups was not significant 
(3.83 [1.67–8.81] ng/ml vs. 2.44 [1.94–4.38] ng/ml vs. 2.15 [1.5–
5.25] ng/ml, p = 0.45). In term newborns the mean morning SC 
was negatively correlated with the number of invasive blood 
samplings (Rs = –0.44, p < 0.05). No correlation between the 
total number of experienced procedures or the number of skin-
breaking procedures and the mean morning SC was found in 
any group (p > 0.05). However, we observed a significant re-
lationship between the time of non-invasive ventilatory support 
and the mean morning SC in very preterm infants (Rs = –0.68, 
p < 0.05). Antenatal corticosteroid prophylaxis did not affect 
morning SC in preterm infants. Furthermore, we did not find any 
significant influence of either systemic or local corticosteroids 
on the mean morning SC in newborns (p > 0.05). No relation-
ship between morning SC and other perinatal factors was ob-
served. Girls were characterized with significantly lower morn-
ing SC than boys (1.97 [1.59–4.94] ng/ml vs. 3.66 [2.34–5.73] 
ng/ml, p = 0.03).

Figure 1. The study recruitment

Excluded (2 saliva samples  
not obtained) (n = 14)

Assessed as eligible (n = 71)

30 term 21 moderate  
to late preterm 20 very preterm

Participant recruited for the study (n = 57)

21 term 17 moderate  
to late preterm 19 very preterm
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Figure 2. Repeated measures of SC in term newborns
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Figure 3. Repeated measures of SC in moderate to late 
preterm infants

Sa
liv

ar
y 

co
rti

so
l [

ng
/m

l]

Table I. Characteristics of the study group

Group/Characteristics Term Moderate to late preterm Very preterm p-value

Male 12 (57.14%) 9 (52.94%) 8 (42.11%) 0.62a

Gestational age (weeks) 40 (38–40) 33 (33-35) 28 (26–30)

Birth weight (g) 3430 ±540 2030 ±530 1240 ±360

Caesarean section 7 (33.33%) 15 (88.24%) 16 (84.21%) < 0.001a

1st minute Apgar score (pt.) 9 (5–10) 7 (6–9) 6 (4–6) 0.006b*

5th minute Apgar score (pt.) 10 (7–10) 9 (7–10) 7 (6–7) 0.003b**

Antenatal corticosteroid prophylaxis 0.55c

None 12 (70.59%) 11 (57.89%)

Partial 1 (5.88) 4 (21.05%)

Complete 4 (23.53%) 4 (21.05%)

Twin pregnancy 0 (0%) 4 (23.53%) 4 (21.05%) 0.04c

Age at admission (days) 1 (1–3) 1 (1–2) 1 (1–1) 0.17b

CA at first saliva sampling (days) 8 ±4 18 ±7 55 ±21

PMA at first saliva sampling (weeks) 40 (39–41) 36 (35–36) 35 (35–36)

Mechanical ventilation (days) 0 (0–1) 0 (0–2) 6 (2–12) < 0.001b***

Non-invasive respiratory support (days) 1 (0–3) 4 (1–6) 4 (1–5) 0.01b****

Data are presented as n (%), medians (Q1–Q3) or means ±SD. 
a χ2 test; b Kruskal-Wallis test; c Fisher exact test.
* Significant difference for paired comparison between term and very preterm neonates (p = 0.03) and between moderate to late preterm and 
very preterm neonates (p = 0.01).
** Significant difference for paired comparison between term and very preterm neonates (p = 0.006) and between moderate to late preterm and 
very preterm neonates (p = 0.02).
*** Significant difference for paired comparison between term and moderate to late preterm neonates (p = 0.002) and between term and very 
preterm neonates (p < 0.001).
**** Significant difference for paired comparison between term and very preterm neonates (p = 0.01).
pt – points; g – grams; CA – chronological age; PMA – postmenstrual age.
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Discussion
To the best of our knowledge, this is the first study to exam-

ine the influence of repeated procedural pain related to hospi-
talization on HPA axis activity in preterm and term newborns. We 
performed a comprehensive analysis of not only skin-breaking 
but also other stressful procedures frequently performed in the 
ICU. In the present study, we observed a negative correlation be-
tween the number of invasive blood samplings and mean morn-
ing SC only in term newborns. In contrast, Ivars et al. did not find 
any significant relationship between the number of self-reported 
traumas and SC concentrations in one-month-old infants [2]. 
There was no relationship between exposure to procedural pain 
and mean morning SC in premature neonates, irrespective of 
the degree of prematurity. In contrast, Gunner et al. showed that 
greater pain-related neonatal stress was associated with higher 
basal SC levels in extremely preterm infants at 8 months of CA 
[8]. Another study revealed a gradual decrease of basal SC in 
preterm infants during the first 2 weeks of life [10]. Nevertheless, 
the direct influence of postnatal stress on the dampened SC 
levels was not analysed. 

Importantly, the results of SC in term and preterm newborns 
with eventful perinatal history should not be referred to normal 
ranges for healthy term neonates. We observed that about 46% 
of all results were within the proposed reference range. Fur-
thermore, we suggest that due to the high individual variability 
of SC concentrations, the assessment of HPA axis activity in 
newborns should never be based on a single value, but rather 
on a series of repeated measurements. 

It seems that very preterm infants over 35 weeks of PMA 
obtain higher levels of morning SC than term and moderate to 
late preterm newborns. The data regarding morning SC in pre-
term newborns at age around DED are limited. In comparison 
to our results, Ivar et al. reported lower levels of morning SC in 
preterm neonates in similar PMA [5]. However, the analysed 
cohort was characterized by higher Apgar scores and more 
frequent use of antenatal corticosteroids than our study group. 
This leads to the conclusion that preterm newborns with higher 
illness severity seem to have higher morning SC levels. 

The influence of antenatal corticosteroid prophylaxis on 
HPA axis activity has been comprehensively analysed, but the 
available studies presented inconsistent results. Karsli et  al. 
revealed that antenatal corticosteroids affected only the level 
of 17-hydroxyprogestrone (17-OHP) in neonatal cord blood, 
whereas other studies showed significant reductions in both 
serum 17-OHP and cortisol levels in newborns [11, 12]. Al-
though antenatal corticosteroids can potentially dampen the 
SC levels until 33 weeks of PMA, this effect is no longer ob-
served at 2 and 3 months of CA [13–15]. In the present study, 
we did not observe any long-term influence of antenatal corti-
costeroid prophylaxis on morning SC levels in preterm infants. 

The current data regarding sex differences in basal SC lev-
els are ambiguous. Gunnar et al. observed lower basal SC in 
girls than in boys at different time points of infancy [16]. How-

ever, a  review on gender-specific differences in HPA axis ac-
tivity did not report significant differences in SC among chil-
dren < 8 years old in 4 out of 5 included studies [17]. Male 
gender is a well-known risk factor for some of the complications 
of prematurity; hence, we postulate that the observed differenc-
es in morning SC are potentially caused by the illness severity, 
not the newborn’s gender [18].

The main strength of our study is its comprehensive pro-
spective analysis of procedural pain related to hospitalization. 
It enabled the evaluation of total stress exposure related to ICU 
stay in preterm and term infants. The main limitation is the small 
sample size. However, the analysis of the power of the study 
revealed that based on the recruited groups (n = 19) the de-
tectable difference in medians should be 2.45 ng/ml with the 
assumption of a significance level of 0.05. So, if the difference 
between the groups exists, it seems to be lower than 2.45 ng/ml,  
which can be considered clinically insignificant. The other limi-
tation is that saliva sampling was performed only once per day. 
Indeed, multiple diurnal assessments of SC give significantly 
more insight into the functioning of the HPA axis. In addition, in 
33% of assessed newborns, morning SC was calculated using 
only 2 independent saliva samplings. Because newborns are 
characterized by a wide range of SC concentrations, it could 
result in bias during calculation of the mean [19].

Conclusions

Although hospitalization in the ICU is related to high expo-
sure to painful procedures, it seems that repeated stress does 
not deteriorate the morning HPA axis activity in preterm infants. 
However, it can potentially dampen the SC levels in term new-
borns. We suggest that the assessment of HPA axis activity in 
infants should be based on repeated measurements, due to 
the high individual variability of morning SC levels. Results of 
SC in infants with eventful perinatal history should not be re-
ferred to normal ranges for healthy term neonates. During the 
interpretation of SC results, gender-specific differences should 
also be considered.
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Figure 4. Repeated measures of SC in very preterm infants
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