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Abstract

Objectives. This study determined the baseline hypothalamic-pituitary-adrenal axis hormonal levels and their associated 
factors in noncritically ill hospitalized patients with coronavirus disease 2019 (COVID-19).

Methodology. This cross-sectional study was carried out in 91 noncritical RT-PCR-confirmed COVID-19 patients (aged 18 
to 65 years) recruited consecutively from the COVID unit of two tertiary care hospitals over a period of six months. After 
the screening, relevant history and physical examinations were done, and blood was drawn between 07:00 am to 09:00 
am in a fasting state to measure serum cortisol and plasma adrenocorticotropic hormone (ACTH) by chemiluminescent 
microparticle immunoassay.

Results. Of 91 patients, 54, 26, and 11 had mild, moderate, and severe COVID-19, respectively. Median values of serum 
cortisol (p = 0.057) and plasma ACTH (p = 0.910) were statistically similar among the severity groups. Considering a 
cortisol cut-off of 276 nmol/L (<10 μg/dL), the highest percent of adrenal insufficiency was present in severe (27.3%), 
followed by mild (25.9%) and least in the moderate (3.8%) COVID-19 cases. Using the cortisol/ACTH ratio >15, only 
6.6% had enough reserve.

Conclusions. The adrenocortical response was compromised in a significant percentage of noncritically ill hospitalized 
patients with COVID-19, with the highest percentage of adrenal insufficiency present in severely infected cases. The 
HPA axis parameters of serum cortisol, plasma ACTH and cortisol/ACTH were similar across the severity of noncritical 
patients with COVID-19.
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INTRODUCTION 

Cortisol and adrenocorticotrophic hormones (ACTH) are 
under the control of hypothalamic–pituitary–adrenal (HPA) 
axis that maintains the adaptive changes in metabolism, 
cardiovascular function, and immune-modulation.1 Any 
stress can increase the secretion of cortisol hormone.1,2 
Following the severe acute respiratory syndrome 
coronavirus (SARS-CoV) pandemic in 2003, researchers 
observed that the virus may affect both the hypothalamus 
and pituitary glands in addition to other endocrine 
glands.3,4 The genome of SARS-CoV-2 is 80% identical to 
that of SARS-CoV-1, and both viruses produce comparable 
clinical signs.4 Angiotensin-converting enzyme 2 (ACE2) 
receptors are abundant in the tissues of the endocrine 

glands and have been identified as the domain of SARS-
CoV-2 infection.5 So, it has been proposed that SARS-CoV-2 
infection might lead to hormonal problems. Specifically, 
the HPA axis function may be affected in two ways: (i) 
Directly through viral invasion and cell destruction; and 
(ii) Indirectly through increased cytokine production and 
action.6 Furthermore, a few cases of pituitary infarction 
with SARS-CoV-2 infection have been reported recently.7 
The immune response and viral gene expression are 
responsible for the formation of viral proteins which have 
an impact on the HPA axis function. The adrenal glands 
may become temporarily or permanently dysfunctional 
as a result of these disease processes.8,9 The factors that 
influence severity and death during the coronavirus 
disease 2019 (COVID-19) are still unknown.10 This study 
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study. To calculate the cortisol/ACTH ratio, serum cortisol 
(nmol/L) was divided by plasma ACTH (pg/mL converted 
to pmol/L by multiplying with 3.67). 

Data were expressed in mean ± SD or median (inter-quartile 
range, IQR) or frequencies (percent, %). Association between 
two groups was analyzed by the independent samples 
t-test or Mann-Whitney U test, while Kruskal-Wallis one-
way ANOVA test was employed for more than two groups. 
For qualitative variables, Pearson’s chi-square test was 
done. Spearman’s correlation test was done to determine 
the correlation of cortisol and cortisol/ACTH ratio with 
different clinical and biochemical variables. Statistical 
significance was considered with p-values below 0.05. Data 
were analyzed using SPSS software version 22.0. 

RESULTS

Among 91 noncritical hospitalized patients with COVID-19, 
37 (40.7%) were males and 54 (59.3%) were female. Fifty-
four (59.3%), 26 (28.6%), and 11 (12.1%) patients had 
mild, moderate, and severe disease respectively. Only six 
participants (6.6%) had a sufficient reserve, defined as a 
cortisol/ACTH ratio greater than 15, 62 patients (62.81%) 
had a ratio between 3 and 15, and 25 patients (25.3%) had 
a ratio below 3.

The frequency of patients with serum cortisol <100 nmol/L, 
100 to <200 nmol/L, 200 to <300 nmol/L, 300-350 nmol/L, 
and >550 nmol/L were seven (7.7%), four (4.4%), eight 
(8.8%), 41 (45.1%), and 31 (34%), respectively (Figure 1). 
Serum cortisol (p = 0.057), plasma ACTH (p = 0.910), and 
cortisol/ACTH (p = 0.206) were statistically similar across 
the severity of noncritical patients with COVID-19 (Table 1).

Considering the cortisol cut-off of 276 nmol/L (~10 μg/dL), 
a total of 18 out of the 91 patients (19.78%) had AI. When 
grouped according to the severity of COVID-19, 25.9% 
(14/54) of those with mild COVID had AI, 3.8% (1/26) in 
the moderate group, and 27.3% (3/11) in severe cases. 
The adrenal reserve was found to be similar among the 
study groups (p = 0.054) (Figure 2). All except one of these 
patients had plasma ACTH within the normal range (min: 
5.1 pmol/L, max: 48.20 pmol/L, upper limit of normal: 
46 pmol/L). 

Using a serum cortisol cut-off of 15 μg/dL (~413.85 nmol/L), 
39 (42.86%) had inadequate cortisol reserve. The patient 
group with the highest percentage of inadequate reserve 
was in the mild group (27, 50%), followed by the severe 
group (4, 36.4%) and, lastly, in the moderate group (8, 
30.8%) of COVID-19.

was designed to determine the baseline HPA axis hormonal 
levels in COVID-19 patients who were acutely unwell, as 
well as identify any associated factors that would have 
an impact on that determination.

METHODOLOGY

This cross-sectional study was done in the COVID-19 unit of 
two tertiary care hospitals from September 2021 to February 
2022 after receiving ethical approval from the Institutional 
Review Board of a university. Informed written consent 
was taken from each participant. The sample size was 
calculated from a similar study taking into consideration 
a 95% confidence interval (Z = 1.96), the prevalence of 
adrenal insufficiency (p = 0.643), and a 10% margin of error 
(d = 0.1), and applying the following formula (n = Z2pq/d2).11 
The minimum sample size was computed at 88. The study 
was able to include a total of 91 noncritical adult patients 
aged 18 to 65 years with reverse transcription-polymerase 
chain reaction (RT-PCR) confirmed COVID-19 within 48 
hours of viral detection. Exclusion criteria were: critical 
COVID-19, pregnancy, known chronic disorders affecting 
cortisol levels e.g., known case of Addison’s disease or 
Cushing syndrome, chronic kidney disease, chronic liver 
disease, malignancy or any other diseases affecting the HPA 
axis, receiving steroids in any form in the last 3 months, 
oral contraceptive pill intake in the last 3 months and serum 
albumin <2.0 g/dL. 

History (socio-demographic characteristics and symptoms) 
was taken and relevant vital signs and physical exami-
nations (height, weight, pulse rate, respiratory rate, 
oxygen saturation, and blood pressure) were done. 
Initial investigations (complete blood count, electrolytes, 
C-reactive protein, and D-dimer) on admission were checked 
and all were recorded in a semi-structured questionnaire. 
To measure serum cortisol and plasma ACTH, blood 
was drawn by venipuncture before receiving any form of 
steroid between 07:00 am to 09:00 am, in a fasting state, via 
chemiluminescent microparticle immunoassay (Siemens, 
USA). For measurement of ACTH, blood was transported 
to the laboratory on ice and centrifuged at 4°C within 
15 minutes of collection.

Diagnosis and classification of COVID-19 (mild, moderate, 
and severe) were done according to the World Health 
Organization’s interim guidance (WHO, 2020).12 To 
identify adrenal insufficiency (AI) during acute illness, 
different researchers have proposed different cut-offs 
for serum cortisol levels (15 μg/dL and 18 μg/dL by two 
authorities).13,14 As no definite cut-off is decided, we 
considered 276 nmol/L (~10 μg/dL) as the cut-off for this 

Table 1. Comparison of serum cortisol, plasma ACTH levels, and Cortisol/ACTH ratio with disease severity of noncritical 
COVID-19 patients (n = 91)
Hormones Reference values Mild (n = 54) Moderate (n = 26) Severe (n = 11) p
Serum cortisol, nmol/L 138-690 417.50 (271.55-576.30) 521.50 (376.25-769.75) 514.0 (210.50-677.0) 0.057
Plasma ACTH, pg/mL Not detectable to 46 22.60 (15.35-32.77) 24.1 (14.25-34.50) 19.90 (13.80-37.80) 0.910
Cortisol: ACTH ratio >15 4.45 (2.92, 6.50) 4.95 (3.92, 11.10) 3.70 (2.13, 8.40) 0.206
Kruskal Wallis one-way ANOVA test was done
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the study population. On the other hand, the serum cortisol/
ACTH ratio had a significant negative correlation with age 
(r = -0.208, p = 0.048), serum creatinine (r = -0.357, p = 0.009), 
serum CRP (r = -0.302, p = 0.035) and serum ferritin (r = 
-0.528, p = 0.009) (Table 3).

DISCUSSION

The SARS-CoV-2 virus is a novel pathogen that has 
rapidly spread over the world since March 2020.15 It is still 
unclear which factors contributed to COVID-19's severity 
and fatality. Unidentified primary and secondary AI may 
be a causative factor in the elevated fatality rates linked 
to COVID-19.16 The blood cortisol cut-off in the present 

Among all of the clinical manifestations, the prevalence of 
diabetes mellitus was significantly lower in patients with 
AI than in those with adequate cortisol reserve (11.1% vs. 
47.9%, p = 0.006). The age of the participants with AI was 
significantly lower (40.28 ± 15.02 vs. 49.11 ± 14.52, years, 
p = 0.024) than those with adequate reserve. Among the 
different laboratory investigations, only plasma ACTH 
(16.59 ± 11.12 vs. 31.51 ± 23.82, pg/mL, p = 0.012) was 
significantly lower in patients with AI than those having 
adequate cortisol reserve (Table 2). 

Serum cortisol had significant positive correlations with 
serum creatinine (r = 0.324, p = 0.018), serum ferritin (r = 
0.398, p = 0.015), and plasma ACTH (r = 0.306, p = 0.003) in 

*Cortisol reserve (cut off of 10 μg/dL = 276 nmol/L). Pearson’s chi-square test was done

Figure 2. Cortisol reserve status of the study population with the severity of noncritical 
COVID-19 patients (n = 91).
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Figure 1. Stratification of the study population according to cortisol levels (n = 91).
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mildly and severely affected persons with COVID-19 had 
nearly worse adrenal reserves than the moderately affected 
ones. Conventional ACTH stimulation test would have 
provided additional assistance in clearly recognizing AI. 
Kumar et al. found AI even after post-ACTH stimulation 
and most of their participants were mildly affected.17

According to one hypothesis, SARS-CoV produces an amino 
acid sequence that has molecular similarities with ACTH, 
and as a result, antibodies which developed against ACTH 
can inhibit the stress-induced host's cortisol response.19 
Most of our patients had plasma ACTH levels within the 
normal range, albeit the AI group had significantly lower 
levels than the normal reserve group, and showed a positive 
correlation with blood cortisol. This result is similar to 
the findings of two prior cross-sectional studies in which 
secondary AI was suspected.11,18 In contrast, Gu et al., in 
another study, found that patients with COVID-19 had 
greater ACTH levels than healthy controls.20

study was chosen at 276 nmol/L, whereby 18 individuals 
(19.78%) were diagnosed with AI. Around 25.9%, 3.8%, and 
27.3% of them had mild, moderate, and severe COVID-19, 
respectively. There is no consensus on the diagnosis of AI 
in acutely ill patients and various studies used different 
cut-offs. An Indian cross-sectional study that used the cut-
off value for blood cortisol at 138 nmol/L found that 23% 
of their COVID-19-affected individuals had AI and 88% 
had mild COVID infection.17 If we used serum cortisol cut-
off at 413.85 nmol/L, 39 (42.86%) patients in the current 
study showed insufficient cortisol reserve. In a comparable 
trial conducted in Cameroon, more than 80% of the 
patients exhibited an insufficient adrenal response to acute 
COVID-19 stress.18 Whereas, according to Alzahrani et 
al., 60% of their patients had average cortisol levels below 
300 nmol/L.11

In our study, AI was not related to the degree of severity of 
noncritical COVID-19 infection. Most of the studies found 
AI in mild cases than severely affected ones. In this study, 

Table 2. Comparison of clinical and laboratory profiles of the study population with different 
cortisol reserve statuses (cut-off of 10 µg/dL)

Variables Adrenal insufficiency
n = 18 (19.8%)

Adequate reserve
n = 73 (80.2%) p

Age, years 40.28 ± 15.02 49.11 ± 14.52 0.024
Sex: female 11 (61.1) 43 (58.9) 0.864
Diabetes mellitus 2 (11.1) 35 (47.9) 0.006
BMI, kg/m2 22.97 ± 3.95 24.67 ± 6.31 [70] 0.282
Systolic BP, mm-Hg 124.06 ± 17.76 125.06 ± 23.58 0.874
Diastolic BP, mm-Hg 82.31 ± 10.73 79.15 ± 14.04 0.402
Neutrophil/lymphocyte ratio 3.21 (2.37-7.61) [15] 3.42 (2.17-7.91) [63] 0.712
Platelet/lymphocyte ratio 130.49 (70.34-196.01) [15] 127.83 (90.48-200.49) [63] 0.958
Na+, mmol/L 134.0 ± 4.11 [8] 133.93 ± 6.46 [51] 0.977
S. K+, mmol/L 4.31 ± 1.01 [8] 4.04 ± 0.81 [51] 0.401
S. ALT, U/L 51.29 ± 36.69 [7] 51.08 ± 38.14 [24] 0.990
S. Creatinine, mg/dL 0.78 ± 0.27 [8] 1.06 ± 0.47 [45] 0.107
S. CRP, mg/L 36.25 (5.53-110.55) [8] 25.0 (10.0-77.05) [41] 0.700
S. D-dimer, mg/L 0.68 (0.12-3.60) [9] 0.63 (0.21-2.81) [48] 0.895
S. Ferritin, ng/mL 274.90 (117.30-612.70) [6] 473.20 (140.0-624.40) [31] 0.615
ACTH, pg/mL 16.59 ± 11.12 31.51 ± 23.82 0.012
BMI (body mass index), BP (blood pressure), CRP (C-reactive protein), ACTH (adrenocorticotropic hormone)
Data were expressed in mean±SD or median (IQR) or frequency (%); [available no. in case of missing data]
Independent samples t-test or Mann-Whitney U test or Pearson’s chi-square/ Fisher’s exact test was done as appropriate

Table 3. Correlations of serum cortisol and cortisol/ACTH ratio with clinical and biochemical 
variables in the study population

Determinants of ‘r’ Available 
no.

Cortisol Cortisol/ACTH ratio
rs p rs p

Age, years 91 0.161 0.128 -0.208 0.048
BMI, kg/m2 88 -0.063 0.561 0.104 0.333
Systolic BP, mm-Hg

83
0.051 0.648 0.002 0.989

Diastolic BP, mm-Hg -0.063 0.570 0.137 0.218
Neutrophil/lymphocyte ratio

78
0.204 0.076 0.031 0.788

Platelet/lymphocyte ratio 0.231 0.043 -0.012 0.916
S. Na+, mmol/L

59
-0.083 0.531 0.176 0.181

S. K+, mmol/L 0.028 0.831 0.082 0.539
S. ALT, U/L 31 0.228 0.218 -0.336 0.065
S. Creatinine, mg/dL 53 0.324 0.018 -0.357 0.009
S. C-reactive protein, mg/L 49 0.175 0.229 -0.302 0.035
S. D-dimer, mg/L 57 0.136 0.314 -0.009 0.948
S. Ferritin, ng/mL 37 0.398 0.015 -0.528 <0.001
P. ACTH, pg/mL 91 0.306 0.003 – –
Spearman’s correlation test was done
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The cortisol/ACTH ratio is a promising diagnostic test for 
primary hypoadrenalism. Lee et al. found this ratio to be 
safer and more convenient than the Synacthen test. They 
classified HPA axis status by cut-offs of 3 and 15 to define 
primary hypoadrenalism, secondary hypoadrenalism, 
and normal adrenal function respectively.21 In the current 
study, more than 60% of the participants showed a cortisol/
ACTH ratio between 3 and 15 indicative of secondary AI 
and only six persons had a ratio of more than 15. About 
20% of our study participants showed baseline low serum 
cortisol and low normal ACTH indicating secondary AI, 
which is consistent with the cortisol/ACTH ratio results. 

To diagnose AI, several biochemical factors are evaluated 
singly or in combination. Some researchers use baseline 
blood levels of hormones released by the adrenal cortex, 
whereas others use the dynamic assessment of adrenal 
response to typical stimuli. Among the dynamic tests, the 
ACTH stimulation test is commonly used. Whether the 1-μg 
or 250-μg ACTH stimulation test is more effective in the 
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noncritically ill patients with COVID-19.
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