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On the other hand, the prevalence and diagnosis of ad-
renal insufficiency (AI) in critically ill patients remain 
controversial. AI is estimated to occur at the rate of 25%-
40% in the patient with septic shock (5), depending on the 
diagnostic test and the threshold applied for the diagnosis 
of AI. Moreover, identification of this disorder and its 
predisposing factors in ICU-admitted patients is important 
for assessing the burden of disease and planning the best 
therapeutic options in a specified population. Thus, we 
conducted a study to investigate the prevalence of AI and 
its associated factors among patients admitted to the med-
ical Intensive Care Unit (ICU) due to sepsis. 

 
Methods 
This is a cross-sectional study carried out in the Medical 

ICU at one of the specialty hospitals in Tehran, Iran.  All 
adult patients admitted to the medical ICU and who met 
the criteria for sepsis/septic shock defined by the Ameri-
can College of Chest Physicians/ Society of Critical Care 
Medicine Consensus Conference were included in the 
study (6). Sepsis was defined as a systemic inflammatory 
response syndrome (SIRS) with a possible or established 
source of infection. Severe sepsis was defined as sepsis 
with one or more signs of organ dysfunction including the 
cardiovascular system, renal system, respiratory system, 
hematological system, unexplained metabolic acidosis, or 
inadequate fluid resuscitation. Septic shock was defined as 
sepsis with hypotension (systolic blood pressure <90 
mmHg, or 40 mmHg less than patient’s normal blood 
pressure) for at least 1 h in spite of adequate fluid resusci-
tation or need for vasopressors to maintain systolic blood 
pressure  ≥ 90 mmHg. Patients with prior history of ad-
renal insufficiency (AI), those who suffered from HIV 
infection or tuberculosis, and patients who received any 
regular dose of corticosteroids, etomidate, ketoconazole or 
other medications known to suppress the adrenal function 
were excluded. Informed written consent was obtained 
from the first-degree relatives of the patients. The study 
adhered strictly to the principles of the Declaration of Hel-
sinki, and approval from the local ethics committee was 
also obtained. 

Demographic information (sex, age) and laboratory da-
ta, measured at the time of admission, including white 
blood cell count (WBC), erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), results of blood culture, 
and severity of sepsis were recorded.  

Patients who met the including criteria for sepsis/ septic 
shock underwent high dose (250 µ) corticotropin stimula-
tion testing (cosyntropin test) within 24 hours of admis-
sion to the medical ICU. After a baseline serum cortisol 
concentration was obtained, the patient received 250µg of 
corticotropin through the intravenous route. Post-
stimulation serum cortisol concentration was drawn after 
60 min of corticotropin injection. Serum cortisol levels 
were measured using radioimmunoassay kits (RIA). The 
cortisol increment levels were determined (Δ, T60-T0). 
Patients were considered to have AI if delta cortisol after 
cosyntropin (250-μg) administration was < 9 μg/dl or ran-
dom plasma cortisol was < 10 μg/dl (7).  

 

Statistical analysis 
Continuous variables are presented as mean ± standard 

deviation (SD), and categorical variables are expressed as 
percentage. Independent Student t-test, Mann- Whitney U-
test, and Chi-square test were used, as appropriate, to 
compare the variables between the two groups. The odds 
ratio (OR, 95% confidence interval) was calculated by 
logistic regression analysis. P ≤ 0.05 was considered sta-
tistically significant. 

 
Results 
During a 12-month period of study (2014-2015), 106 

patients including 60 (56.6%) men and 46 (43.4%) wom-
en, who met the criteria for sepsis and were admitted to 
the medical ICU were included. The mean age of patients 
was 55.3 ± 21.7 years. The mean value of WBC was 
15326±3469. The mean ESR was 44.6±17.2 mm/h. All 
patients showed to have positive CRP of different degrees. 
Blood culture was positive in 8.6% of patients. A large 
proportion of patients suffered from sepsis (n= 60, 56.1%) 
while severe sepsis and septic shock were diagnosed in 
30.5% (n= 32), and 13.4% (n= 14) of patients, respective-
ly (Table 1). Of the 106 patients with the diagnosis of sep-
sis, 99 subjects underwent the corticotropin stimulation 
test. Adrenal insufficiency was found in 25 (25.3%) of 
these patients. Mean cortisol level before and after cosyn-
tropin test was 32.3 ± 15.9 µg/dl and 53.5 ± 11.9 µg/dl, 
respectively (p=0.001).  

We compared the clinical characteristics of septic pa-
tients with and without AI (Table 2). There was no signif-
icant difference in the mean age of patients with and with-
out AI (52.09 vs. 56.9 years, p=0.071). Compared to the 
patients without AI, the patients with AI were more likely 
to be men (53.4% vs. 70.8%). However, it did not reach 
statistical significance (p= 0.120). There was also no sig-
nificant difference in WBC count (15610 vs 15140 cell × 
1000/mm3; p= 0.084 and ESR (45.25 vs 44.64 mm/h; p= 
0.080) between two groups. There was no significant dif-
ference in the distribution of different types of sepsis ac-
cording to the presence or absence of AI (p= 0.124). 

 
Table 1. Baseline characteristics of patients with sepsis admitted in 
ICU 
Variable  Statistic 
Age (yrs) 55.3 ± 21.7 
Sex (M) 60 (56.6%) 
WBC (cell × 1000/mm3) 15326 ± 3469 
ESR (mm/h) 44.6 ± 17.2 
CRP 

1+ 
2+ 
3+ 
4+ 

 
4 (2.4%) 

32 (30.5%) 
37 (35.4%) 
33 (31.7%) 

Blood culture (% positive) 9 (8.6%) 
Sepsis classification (%)  

Sepsis 60 (56.1%) 
Severe sepsis 32 (30.5%) 
Septic shock 14 (13.4%) 

Baseline cortisol level  (µ/dl) 32.3 ± 15.9 
Stimulated cortisol level µ/dl 53.5  ± 11.9 
Data are presented as mean (standard deviation) or number (percentage) 
ICU; intensive care unit, WBC; white blood cell, ESR; erythrocyte sedimenta-
tion rate, CRP; C-reactive protein 
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However, patients with AI showed significantly higher 
levels of CRP (p< 0.001), and they were more likely to 
have positive blood culture (21.1% vs. 3.3%, p= 0.021). 
Binary logistic regression models showed the patients 
with positive blood culture had a higher likelihood of AI 
than patients with negative blood culture (odds ratio 
(95%CI); 7.8 (3.5-9.1); p=0.021). Moreover, patients with 
CRP≥ 3+ were more likely to develop AI compared to 
those with CRP<3+ (odds ratio (95% CI);14.1(5.7-16.2); 
p<0.001).   

 
Discussion 
In this study, the prevalence of AI among ICU-admitted 

septic patients was estimated to be 25.3%. Moreover, pa-
tients with higher levels of CRP and those with positive 
blood cultures were more likely to develop AI. 

The prevalence of AI in this study is less than some 
previous ones (8, 9). The reported prevalence of AI varies 
in a wide range across the studies depending on the stud-
ied population, underlying disease, severity of illness, 
specific tests, and the threshold for diagnosis of AI. Alt-
hough high dose (250 µg) cosyntropin test has been con-
firmed to be superior to the other existing diagnostic tests 
for establishing AI (10), there is still no consensus on 
whether the ACTH stimulation test is superior to random 
cortisol for the routine diagnosis of AI in the critically ill 
patients (7). It is unlikely that a single test can reliably 
diagnose AI because AI during sepsis may be induced by 
several mechanisms such as alteration in the cortisol syn-
thesis or metabolism, or tissue resistance to the cortisol. In 
this study, both random cortisol less than 10 µg/dl and 
delta cortisol less than 9 μg/dl after cosyntropin (250 μg) 
administration were considered as AI. Moreover, we 
found that the prevalence of AI did not differ across the 
spectrum of sepsis. Although several studies showed the 
more severe sepsis is associated with the lower levels of 
basal cortisol (9, 11), a more recent study indicated high 
un-stimulated cortisol, but not low, is associated with dis-
ease severity (12). Furthermore, recent results from a large 
European multicenter study conducted among patients 
with severe sepsis and septic shock revealed that patients 
who did not survive this critical illness had higher baseline 
cortisol levels but a blunted response to ACTH compared 
with the survivors (13). This finding supports the fact that 

both impaired cortisol secretion and tissue resistance to 
cortisol could be the possible mechanisms underlying AI 
during sepsis. However, the prevalence of AI in critical 
illness might be overestimated because of limited evalua-
tion tools. In some centers, a rise in blood pressure (BP) 
following administration of hydrocortisone in patients 
with septic shock has been considered as evidence for AI, 
while it may not be due to AI and maybe only a vascular 
interaction (14). 

In addition, we investigated the factors associated with 
AI among the ICU-admitted septic patients. We found no 
relationship between age and sex of the patients and the 
occurrence of AI in septic patients. Few studies have in-
vestigated the association of age and sex with the occur-
rence of AI during sepsis. One study reported a higher rate 
of AI in younger-aged septic patients (8). Another study 
demonstrated that AI is common in elderly patients with 
septic shock (15). However, this study evaluated the prev-
alence of AI in septic patients for more than 70 years. A 
more recent study assessed the prevalence of adrenal crisis 
in general practice settings. This study indicated among 
patients with no history of chronic AI those who were 
older and had more comorbidity were more likely to de-
velop adrenal crisis (16). Although we found no gender 
difference in the occurrence of AI in ICU-admitted septic 
patients, a previous study showed female gender is an 
independent protective factor for the occurrence of AI in 
mechanically-ventilated, critically ill patients. The possi-
ble explanation for this finding is the lower prevalence of 
sepsis in women compared to men (17). However, the 
discrepancy in these results might be due to the difference 
in the studied population and geographical or racial fac-
tors.   

When we investigated the role of routine inflammatory 
markers in the development of AI during sepsis, we found 
there is no difference in the level of ESR as well as WBC 
count between septic patients with and without AI. How-
ever, patients with higher levels of CRP and those with 
positive blood cultures were more likely to develop AI. 
Pro-inflammatory cytokines have been suggested to com-
pete with corticotropin at its receptor (18) or induce tissue 
resistance to glucocorticoids (19). On the other hand, such 
inflammatory factors as interleukin (IL)-1, IL-6, and tu-
mor necrosis factor (TNF), may be responsible for the 

Table 2. Clinical characteristics of septic patients with and without adrenal insufficiency 
Variable Patients with AI 

(N=25) 
Patients without AI 

(N= 74) 
p-value 

Age (yrs) 52.09 ± 22.7 56.92 ± 21.20 0.071 
Sex (% M) 18 (70.8%) 40 (53.4%) 0.120 
WBC (cell × 1000/mm3) 15610 ± 3256 15140 ± 3506 0.084 
ESR (mm/h) 45.25 ± 12.17 44.64 ± 18.82 0.080 
CRP (%) 

<3+ 
≥ 3+ 

 
2 (5%) 

24 (95%) 

 
32 (42.6%) 
32 (57.4%) 

<0.001 

Blood culture (% Positive) 5 (21.1%) 2 (3.3%) 0.021 
Sepsis classification (%) 

Sepsis 
Severe sepsis 
Septic shock 

 
10 (40%) 
10 (40%) 
15 (20%) 

 
46 (62.3%) 
19 (26.2%) 
8 (11.5%) 

0.124 

Data are presented as mean (standard deviation) or number (percentage) 
AI; adrenal insufficiency, WBC; white blood cell, ESR; erythrocyte sedimentation rate, CRP; C-reactive protein 

 



    
 Adrenal Insufficiency in Sepsis 

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2021 (20 Nov); 35:154. 
 

4 

activation of the HPA axis during sepsis (20). Leukocyto-
sis and increased CRP have also been reported to be asso-
ciated with AI (21). Our study showed the association 
between CRP, but not WBC count, and AI. Similar to 
another study (9), positive blood culture was associated 
with an increase in the risk of AI in our patients. However, 
stress-related illness during sepsis is mediated by different 
mechanisms. Moreover, both environmental and genetic 
factors can induce glucocorticoid resistance. Thus, it is not 
surprising that this condition varies greatly in the presen-
tation in different individuals and populations. Identifica-
tion of inflammatory markers associated with an increased 
risk of AI is of great importance in that they can be ap-
plied as predictors of AI in critically ill patients. 

In contrast to most previous studies that focused on the 
evaluation of AI in septic shock, we investigated the prev-
alence of AI and its associated factors in the spectrum of 
sepsis. Moreover, to define AI, we applied both basal cor-
tisol levels of <10 µg/dl and an incremental level of <9 
µg/dl after stimulation. In addition, we examined the in-
flammatory markers, routinely checked in septic patients, 
as predictors of AI. However, our study was performed in 
a single medical center and comprised of a small number 
of subjects. 

 
Conclusion 
In summary, this study demonstrated AI is common in a 

spectrum of septic patients admitted in ICU, and physi-
cians should search for AI in septic shock, severe sepsis, 
or even sepsis especially when CRP is elevated or blood 
cultures are positive. 

 
Acknowledgments 
Hereby, the authors highly appreciate the participation 

of the patients of Iran University of Medical Sciences in 
this study. 

 
Conflict of Interests 

The authors declare that they have no competing interests. 
 
 

References 
1. McPherson D, Griffiths C, Williams M, Baker A. Sepsis-associated 

mortality in England: an analysis of multiple cause of death data from 
2001 to 2010. BMJ Open. 2010;3:e002586.  

2. Annane D, Sharshar T. Cognitive decline after sepsis. Lancet Respir 
Med. 2015;3(1):61-9.  

3. Perl TM, Dvorak L, Hwang T, Wenzel RP. Long-term survival and 
function after suspected gram-negative sepsis. JAMA. 
1995;274(4):338-45. 

4. Annane D. The Role of ACTH and Corticosteroids for Sepsis and 
Septic Shock: An Update. Front Endocrinol. 2016;7:70. 

5. Rothwell PM, Udwadia ZF, Lawler PG. Cortisol response to 
corticotropin and survival in septic shock. Lancet. 
1991;337(8741):582-3.  

6. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et 
al. 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis 
Definitions Conference. Intensive Care Med. 2003;29:530–538.  

7. Annane D, Pastores SM, Rochwerg B, Arlt W, Balk RA, Beishuizen 
A, et al. Guidelines for the diagnosis and management of critical 
illness-related corticosteroid insufficiency (CIRCI) in critically ill 
patients (Part I): Society of Critical Care Medicine (SCCM) and 
European Society of Intensive Care Medicine (ESICM) 2017. 
Intensive Care Med. 2017;43(12):1751-63. 

8. Singh J,  Agrawal A, Gutch M, Consul S, Mahdi AA, Singh A, et al 
(2014). Incidence of adrenal insufficiency and its relation to mortality 
in patients with septic shock.  Afr J Med Health Sci. 2014;13(2):80-
84. 

9. Annane D, Maxime V, Ibrahim F, Alvarez JC, Abe E, Boudou P. 
Diagnosis of adrenal insufficiency in severe sepsis and septic shock. 
Am J Respir Crit Care Med. 2006;174(12):1319-26. 

10. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer 
R, et al. Surviving Sepsis Campaign: International Guidelines for 
Management of Sepsis and Septic Shock: 2016. Intensive Care Med. 
2017;43(3):304-77. 

11. Marik PE, Zaloga GP. Adrenal insufficiency during septic shock. 
Crit Care Med. 2003;31(1):141-5. 

12. Dalegrave D,  Silva RL, Becker M,  Gehrke LV,  Friedman G. 
Relative adrenal insufficiency as a predictor of disease severity and 
mortality in severe septic shock. Rev Bras Ter Intensiva. 
2012;4(24):362-8. 

13. Lipiner-Friedman D, Sprung CL, Laterre PF, Weiss Y, Goodman 
SV, Vogeser M, et al. Adrenal function in sepsis: the retrospective 
Corticus cohort study. Crit Care Med. 2007;35(4):1012-8. 

14. Sprung CL, Annane D, Keh D, Moreno R, Singer M, Freivogel K, et 
al. Hydrocortisone Therapy for Patients with Septic Shock. NEJM. 
2008; 358:111-24. 

15. Morizio A, Kupfer Y, Pascal W, Tessler S. Adrenal Insufficiency Is 
Common in Elderly Patients with Septic Shock. Chest. 
2006;130(4):221S. 

16. Iwasaku M, Shinzawa M, Tanaka S, Kimachi K, Kawakami K. 
Clinical characteristics of adrenal crisis in adult population with and 
without predisposing chronic adrenal insufficiency: a retrospective 
cohort study. BMC Endocr Disord. 2017;17(1):58. 

17. Moss M. Epidemiology of Sepsis: Race, Sex, and Chronic Alcohol 
Abuse. Clin Infect Dis. 2005; 41:490-7.  

18. Bornstein SR, Engeland WC, Ehrhart-Bornstein M, Herman JP. 
Dissociation of ACTH and glucocorticoids. Trends Endocrinol Metab. 
2008;19(5):175-80. 

19. Silverman MN, Sternberg EM. Glucocorticoid regulation of 
inflammation and its functional correlates: from HPA axis to 
glucocorticoid receptor dysfunction. Ann N Y Acad Sci. 
2012;1261:55-63. 

20. Boonen E, Bornstein SR, Van den Berghe G. New insights into the 
controversy of adrenal function during critical illness. Lancet Diabetes 
Endocrinol. 2015;3(10):805-15. 

21. Popugaev K, Savin I, Astafieva L, Gadjieva O, Tenedieva V. Role of 
procalcitonin in diagnostics of acute adrenal insufficiency. Crit Care. 
2008;12(Suppl 2):P180. 

 


