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Abstract
Background Critically ill patients, including those with sepsis, have 
increased cortisol levels due to activation of the hypothalamic-
pituitary-adrenal (HPA) axis or critical illness-related corticoste-
roid insufficiency (CIRCI).
Objective To evaluate for a possible association between cortisol 
levels and mortality from sepsis in pediatric patients by systematic 
review of the literature.
Methods A systematic review was conducted on studies 
involving critically ill children, including those with sepsis. We 
included studies published between 2011-2020 analyzing data on 
cortisol levels [total serum cortisol, serum-free cortisol, salivary 
cortisol, real-time free cortisol, basal serum cortisol and post-
adrenocorticotropin hormone (ACTH) stimulation test, or basal 
salivary cortisol and post-ACTH stimulation test], the predictive 
score for mortality (Pediatric Logistic Organ Dysfunction/PELOD), 
Pediatric Risk of Mortality (PRISM), Pediatric Index of Mortality 
(PIM), Vasotropic Inotropic Score (VIS), or Pediatric Critical Illness 
Score (PCIS)], mortality (non-survivor percentage), and CIRCI 
percentage as an outcomes in patients with critical illness, sepsis, 
and septic shock. 
Results Twenty-one observational studies were included in our 
systematic review, with a total of 2,212 subjects, 916 of whom had 
sepsis. Nineteen studies indicated a positive association between 
elevated cortisol levels and mortality in critically ill children, but 
2 studies stated that there was no association with the CIRCI  
percentage of 32.3 and 84.3% respectively. The median mortality  
percentage of critically ill patients with elevated cortisol levels 
and sepsis were 25.81 (range 2.7-60)% and 35.31 (range 6-60)%, 
respectively. The median percentages of CIRCI in critically ill 
and sepsis patients were 21.91 (range 0-84.3)% and 21.35 (range 
0-84.3)%, respectively.
Conclusion Cortisol levels may increase or decrease in critically ill 
children. Elevated cortisol levels are associated with mortality in 
septic children. The effect of CIRCI on mortality in critically ill  
children cannot be concluded.  [Paediatr Indones. 2023;63:472-82;  
DOI: https://doi.org/10.14238/pi63.6.2023.472-82 ].
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The regulation of cortisol production becomes 
more complex during critical illness due to 
stress. Critical illness, such as sepsis, causes 

such severe physical stress that the body must respond 
to restore homeostasis. The hypothalamus, pituitary, 
and adrenal glands, which make up the HPA axis, 
have a central role in regulating the stress response. 
In critically ill patients, stress mobilizes a variety 
of neuronal and inflammatory signals that directly 
or indirectly cause the paraventricular nucleus to 
stimulate the synthesis andecretion of corticotropin-
releasing hormone (CRH) and arginine vasopressin 
(AVP), leading to disruption of the circadian rhythm 
of cortisol secretion. Furthermore, the hypophyseal 
portal circulation transports CRH and AVP from the 
hypothalamus to the anterior pituitary gland. The 
CRH and AVP hormones trigger corticotropic cells 
to release ACTH into the systemic circulation.1-3 
The HPA axis activation accompanied by increased 
cortisol concentration is the best-documented 
endocrine response to severe systemic stress. In 
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critically ill patients, elevated cortisol levels result 
from activation of the HPA axis, leading to a 6-10 
times increase in adrenocortical cortisol synthesis 
and secretion compared to normal, in response to 
increased ACTH release from the anterior pituitary 
gland.1,2

Total serum cortisol was found to be higher in 
patients with severe sepsis (with a well-functioning 
HPA axis) than in healthy subjects. Mortality was 
associated with high cortisol levels.3 High cortisol 
was associated with a higher risk of mortality as well 
as higher total basal serum cortisol and PRISM-III 
scores. High blood pressure is a significant predictor 
of mortality.4 Prognostic indicators of children with 
sepsis could include serum cortisol levels.5 There was 
a positive correlation between serum cortisol levels 
and the PRISM-III score.6 Serum total cortisol and 
free cortisol were associated with disease severity as 
measured by the PRISM-III score.7 

On the other hand, CIRCI is defined as 
insufficient cellular corticosteroid activity based on 
the severity of the patient's disease.2,8-11 The CIRCI 
can manifest as glucocorticoid insufficiency, decreased 
expression, and dysfunction of glucocorticoid receptors 
that regulate proinflammatory transcription factors, 
leading to a progressive increase of proinflammatory 
mediators over time, including decreased production 
of CRH, ACTH, and cortisol, and decreased cortisol 
metabolism.1,2,8  We aimed to evaluate the association 
between cortisol levels and mortality from sepsis in 
pediatric patients in a systematic review.

Methods

We performed a systematic review by PRISMA 
guidelines. We used PubMed, Directory of Open Access 
Journal (DOAJ), Google Scholar, Scopus, and ProQuest 
to search for relevant articles published from 2011 to 
2020, with the keywords ‘cortisol,‘ ‘sepsis,’ ‘prognosis,’ 
‘mortalit*,’ and ‘children.’ We searched for potential 
studies and other publications from the bibliography 
on cohort reports, meta-analyses, and guidelines. We 
also carried out a hand search of conference/seminar 
abstracts from the European Society for Pediatric 
Endocrinology and the Pediatric Endocrine Society.

Our review was restricted to studies that met 
the following inclusion criteria: (1) pediatric patients 

with critical illness, such as sepsis and septic shock;  
(2) observational studies (cohort, case-control, and 
cross-sectional) containing at least one pediatric 
patient with sepsis; (3) available in full-text; and 
(4) involved analyses of cortisol levels (total serum 
cortisol, serum-free cortisol, salivary cortisol, real-
time free cortisol, basal serum cortisol, and post-
ACTH stimulation test, or basal salivary cortisol 
and post-ACTH stimulation test), with predictive 
score for mortality (PELOD, PRISM, PIM, VIS or 
PCIS), mortality (non-survivor percentage), and 
CIRCI percentage reported as outcomes. Studies were 
excluded if they (1) did not provide the data required; 
(2) used languages other than English or Indonesian; 
or (3) focused on CIRCI. The primary outcome was 
the percentage of mortality in pediatric patients with 
sepsis with elevated cortisol levels.

Studies were assessed for quality and risk of bias 
by two independent reviewers using standardized 
critical appraisal by the Newcastle-Ottawa Quality 
Assessment Form for cohort, case-control, and 
cross-sectional studies.12 Any disagreements that 
arose between the reviewers were resolved through 
discussion or with the help of a third reviewer. 

Results

We identified 1,903 studies from our initial database 
literature searches and 3 studies from hand searches. 
After removing duplicates, we evaluated the articles 
individually for eligibility at the level of title, abstract, 
full text, and study design, and excluded studies that 
did not meet our criteria. Twenty-one studies were 
included, consisting of 3 cross-sectional studies and 
18 cohort studies. The flowchart of study selection is 
shown in Figure 1. Articles included originated from 
the USA (4), Egypt (3), Turkey (3), Indonesia (3), 
Canada (2), and India (2) as well as one study each 
from China, Brazil, Israel, and Vietnam. All included 
studies were assessed for quality (risk of bias) and were 
each found to have a low risk of bias. 

A total of 21 observational studies published 
before 2022 were analyzed, with a total of 2,212 
enrolled subjects, of whom 57.97% were male and 
42.03% were female.5,6,13-30 The sample consisted 
of 1,810 subjects with critical illness, including 916 
subjects with sepsis and septic shock, and 402 control 
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Figure 1.  Systematic review flowchart of the study selection process

52 full text records assessed for eligibility

1,670 records excluded 
due to title and/or abstract 

deficiencies

1,722 records after duplicates were removed 

1,903 records identified through database searching
Pubmed (n=112)

DOAJ (n=51)
Google Scholar (n=576)

Scopus (n=497)
Ori/qyest (n=667)

3 records identified through 
a hand search

21 studies included in qualitative analysis

31 records excluded
• lack of full text (n=1)
• Involved adult patients (n=20)
• review articles (n=3)
• case stydt desugb (n=1)
• published in Chinese (n=1)
• involved pediatric patients without sepsis (n=3)
• involved pediatric patients with sepsis after burns (n=1)
• focused on CIRCI (n=1)

subjects. The characteristics and outcomes of included 
studies are shown in Tables 1 and 2, respectively. 
The 21 studies were heterogeneous in terms of study 
design, population, and outcomes in the form of 
cortisol levels, mortality, and CIRCI. Nineteen of 21 
studies stated that there was a relationship between 
elevated cortisol levels and mortality in critical illness 
patients, including those with sepsis, as shown in 
Table 3.5,6,13-17,19-22,24-30 One study agreed with the 
statement, but found no relationship between post-
serum ACTH stimulation test and mortality in critical 
illness patients.17

Fourteen studies had mortality percentage 
data critical illness patients with elevated cortisol 
levels.5,6,13-20,25-27 Descriptive analysis on these 14 
studies revealed a median mortality of 25.81 (range 
2.7-60)% in critical illness patients. Only 7 studies 
had mortality rates of sepsis and septic shock patients 
with elevated cortisol levels.6,13,17,25-29 The median 

mortality was 35.31 (range 6-60)% in sepsis/septic 
shock patients.

Sixteen studies reported percentages of CIRCI 
in critical illness patients,5,13-19,21-26,29,30 comprising a 
median of 21.91 (range 0-84.3) % of these patients. 
Only 8 studies had CIRCI percentage in sepsis and 
septic shock patients,13,15,21,23-26,29 comprising a 
median of 21.35 (range 0-84.3) % of such patients.

Discussion 

In critical illnesses such as sepsis, cortisol functions 
directly to reduce norepinephrine reuptake and 
increase the availability of calcium in the myocardium 
and blood vessels, causing increased myocardial 
contractility and vasoconstriction. Cortisol also 
inhibits prostacyclin and endogenous nitric oxide 
production, resulting in increased vascular tone, 
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Table 1. Study design and baseline characteristics of included studies 

Author Year Study design Country Population Measured in study

Rady, et al.13 2014 Prospective 
cohort

Egypt 60 subjects, 30 in the sepsis group 
and 30 in the control group

Basal serum cortisol and post-
ACTH stimulation test, % non-
survivor, % CIRCI

Iyer, et al.14 2017 Retrospective 
cohort

USA 76 subjects with critical illness 
using ACTH stimulation test, 12 
with sepsis

Basal serum cortisol and post-
ACTH stimulation test, PRISM-III 
score, % non-survivor, % CIRCI

Lin et al.15 2020 Retrospective 
cohort

China 74 subjects, 24 in early stage 
septic shock, 25 in advanced 
stage septic shock, 25 in the 
control group 

Total serum cortisol, PCIS, % 
CIRCI

Jacobs et al.16 2019 Prospective 
cohort

Canada 506 subjects, 442 in the critical 
illness group (93 with sepsis) and 
64 in the control group

Serum free cortisol, PELOD score, 
PIM2 score, % non-survivor, % 
CIRCI

Levy-Shraga et al.17 2016 Retrospective 
cohort

Israel 99 subjects with critical illness 
using ACTH stimulation test, 48 
with sepsis and 47 with septic 
shock

Basal serum cortisol and post-
ACTH stimulation test, PCIS, % 
non-survivor, % CIRCI

Balbao et al.18 2014 Prospective 
cohort

Brazil 51 subjects, 36 in the critical 
illness group (19 with sepsis and 
septic shock) and 15 in the control 
group

Basal serum cortisol and post-
ACTH stimulation test, basal 
salivary cortisol and post-ACTH 
stimulation test, % non-survivor, 
PRISM-III score, PELOD score, 
% CIRCI

Aydin et al.19 2013 Prospective 
cohort

Turkey 40 subjects with critical illness (10 
with sepsis) 

Total serum cortisol, PRISM score, 
PELOD score, % non-survivor, % 
CIRCI

Demiral et al.20 2019 Prospective 
cohort

Turkey 116 subjects, 81 in the critical 
illness group (11 with sepsis) and 
35 in the control group

Total serum cortisol, basal serum 
cortisol and post-ACTH stimulation 
test, PRISM-III score, % non-
survivor

Zabidi et al.6 2015 Retrospective 
cohort

Indonesia 30 subjects with sepsis Total serum cortisol, % non-
survivor

Menon et al.21 2018 Prospective 
cohort

Canada 30 subjects with septic shock Total serum cortisol, serum free 
cortisol, PRISM score, PELOD 
score, VIS, % CIRCI

Zimmerman et al.22 2011 Prospective 
cohort

USA 186 subjects, 165 in the critical 
illness group (26 with sepsis) and 
21 in the control group

Total serum cortisol, serum free 
cortisol, real-time free cortisol, 
PRISM-III score, % CIRCI

Bekhit et al.5 2019 Prospective 
cohort

Egypt 81 subjects with critical illness (11 
with sepsis)

Total serum cortisol, PRISM-III 
score, % non-survivor, % CIRCI

Singh et al.23 2012 Prospective 
cohort

India 130 subjects, 51 in the septic 
shock group and 79 in the control 
group

Basal salivary cortisol and post-
ACTH stimulation test, % non-
survivor, % CIRCI

Karaguzel et al.24 2012 Prospective 
cohort

Turkey 64 subjects, 23 in the septic shock 
and sepsis group and 23 in the 
control group

Basal serum cortisol and post-
ACTH stimulation test, PRISM-III 
score, % CIRCI

Alder et al.25 2018 Prospective 
cohort

USA 129 subjects with sepsis and 
septic shock and 35 in the control 
group

Total serum cortisol, PRISM-III 
score, % non-survivor, % CIRCI

Nguyen et al.26 2019 Prospective 
cohort

Vietnam 74 subjects with septic shock Total serum cortisol, PRISM-II 
score, % non-survivor, % CIRCI

Yehya et al.27 2016 Prospective 
cohort

USA 155 subjects with critical illness 
(44 with sepsis)

Total serum cortisol, PRISM-III 
score, % non-survivor
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Table 1. Study design and baseline characteristics of included studies (continued)

Author Year Study design Country Population Measured in study

El-Kelany et al.28 2017 Cross 
sectional

Egypt 45 subjects with sepsis and 45 in 
the control group

Total serum cortisol, salivary 
cortisol, % non-survivor

Pertiwi et al.7 2017 Cross 
sectional

Indonesia 42 subjects with critical illness (14 
with sepsis)

Total serum cortisol, PELOD score

Rachmawati et al.29 2011 Cross 
sectional

Indonesia 30 subjects with sepsis Basal serum cortisol and post-
ACTH stimulation test, PELOD 
score, % non-survivor, % CIRCI

Wani et al.30 2019 Prospective 
cohort

India 114 subjects with critical illness 
(90 with sepsis)

Total serum cortisol, PRISM-III 
score, PELOD score, VIS, % non-
survivor, % CIRCI

modulating capillary leakage, and augmenting 
adrenergic receptors in the heart.15 However, potential 
adverse side effects of elevated cortisol include 
hyperglycemia, diffuse neuromuscular weakness 
(including diaphragmatic muscle weakness) associated 
with catabolism, and an increased risk of hospital-
acquired infection. Elevated cortisol may contribute to 
poorer outcomes in critically ill patients.2 This finding 
seems to be suggested in 19 studies included in this 
systematic review.5,6,13-17,19-22,24-30 

One study noted an association between 
increased basal serum cortisol levels and mortality 
in critically ill children, but no relationship between 
post-ACTH stimulation serum cortisol levels and 
mortality in critically ill children. Levy-Shraga et al.17 

stated that the non-survival group had higher basal 
serum cortisol levels than the survivor group (mean 
22.58 and 12.79 g/dL, respectively; P=0.05), but no 
significant difference in post-test serum cortisol levels 
ACTH stimulation in both groups. Two studies found 
no relationship between elevated cortisol levels and 
mortality in critically ill patients, including those with 
sepsis. Balbao et al.18 stated that basal serum cortisol 
levels, basal salivary cortisol levels, salivary cortisol 
levels post-ACTH stimulation test, and serum cortisol 
levels post-ACTH stimulation test in the case group 
were higher than in the control group (P=0.0001). 
However, the difference in the increase in serum and 
saliva cortisol after the ACTH stimulation test was 
not significantly different in the case and control 
groups. There was a positive relationship between 
basal serum cortisol levels and basal salivary cortisol 
(r=0.67; P<0.0001) with serum and salivary cortisol 
levels post-ACTH stimulation test (r=0.41; P=0.02) 
in patients with critical illness. A negative relationship 

was found between post-ACTH stimulation salivary 
cortisol levels and VIS in the first 48 hours of patient 
admission to the PICU (r=-0.56; P<0.0008). 
Furthermore, there was no significant relationship 
between basal serum cortisol and basal salivary cortisol 
levels with PRISM-III (P=0.04) and PELOD (P=0.1) 
scores in the first 24 hours of patient admission to 
the PICU.

Singh et al.23 also found that basal salivary 
cortisol levels and salivary cortisol levels after ACTH 
stimulation test were not associated with mortality. 
Basal salivary cortisol levels were 19.8 (7.2-42.44) g/dL 
in the case group with septic shock and 2.6 (1.3-7.6) g/dL  
(P<0.001) in the control group. However, the 
salivary cortisol delta or the mean difference between 
post-ACTH stimulation basal salivary cortisol in the 
survivor group was higher was 1.45 (SD 2.56) g/dL 
compared to the non-survivor group of 1.05  (SD 
3.27) g/dL (P=0.657).

There was no significant relationship between 
cortisol levels and mortality in three of the studies, due 
to the high percentages of CIRCI, which were 37.3% 
for the Levy-Shraga et al. study,17  32.3% for the Balbao 
et al. study,18 and 84.3% for the Singh et al. study.23 
So further study is needed to determine the effect of 
CIRCI on mortality in children with sepsis.

The cortisol data obtained from 21 studies 
included total serum cortisol, serum-free cortisol, 
salivary cortisol, real-time free cortisol, basal serum 
cortisol and post-ACTH stimulation test, as well as 
basal salivary cortisol and post-ACTH stimulation 
test. As such, cortisol output analysis can only be 
descriptive due to the heterogeneity of the data. We 
suggest that serum total cortisol levels be preferred 
over other types of cortisol for use as a predictor 
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Table 3. Analysis of cortisol levels and mortality as well as CIRCI percentage in critical illness patients 

Study or subgroup Association between increased cortisol levels and mortality CIRCI, %

Rady, et al.13 + 33.3

Iyer, et al.14 + 11

Lin et al.15 + 0

Jacobs et al.16 + 0

Levy-Shraga et al.17 + but no relationship between post-ACTH stimulation serum cortisol levels and mortality 37.3

Balbao et al.18 - 32.3

Aydin et al.19 + 27.8

Demiral et al.20 + NR

Zabidi et al.6 + NR

Menon et al.21 + 0

Zimmerman et al.22 + 33

Bekhit et al.5 + 18.5

Singh et al.23 - 84.3

Karaguzel et al.24 + 17

Alder et al.25 + 0

Nguyen et al.26 + 9.5

Yehya et al.27 + NR

El-Kelany et al.28 + NR

Pertiwi et al.7 + NR

Rachmawati et al.29 + 26.7

Wani et al.30 + 20

NR=not reported

of mortality in septic patients because it is cheaper 
and more readily available in hospital laboratories, 
especially in Indonesia. 

Mortality and CIRCI analyses had a similar 
non-uniformity issue. A wide range of mortality rates 
were obtained because of various diagnoses, not only 
sepsis or septic shock. Heterogeneous data were also 
obtained in mortality prediction scores in critically ill 
patients with elevated cortisol levels. Children with 
sepsis had increased PRISM, PELOD, PIM, and VIS 
scores, and decreased PCIS score. The score used 
to predict mortality varied, but we suggest that the 
mortality prediction score be preferred because it can 
distinguish the risk of death in children with sepsis 
during the first 24 hours of patient hospital admission. 
A wide range of CIRCI percentages were reported 
because the diagnoses varied, and were not just sepsis 
or septic shock.

In conclusion, in critically ill children, cortisol 
levels may increase or decrease. The effect of CIRCI 
on mortality in critically ill children cannot be 
concluded. Elevated cortisol levels are associated with 

mortality in septic children. 
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