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a b s t r a c t

Objective: To study the adrenocortical response to an acute coronavirus disease-2019 (COVID-19)
infection.
Methods: Morning plasma cortisol, adrenocorticotropic hormone (ACTH), and dehydroepiandrosterone
sulfate levels were measured in 28 consecutive patients with COVID-19 (16 men, 12 women, median age
45.5 years, range 25-69 years) on day 1 to 2 of hospital admission. These tests were repeated twice in 20
patients and thrice in 15 patients on different days. The hormone levels were correlated with severity of
the disease.
Results: The median morning cortisol level was 196 (31-587) nmol/L. It was <100 nmol/L in 8 patients
(28.6%), <200 nmol/L in 14 patients (50%), and <300 nmol/L in 18 patients (64.3%). The corresponding
ACTH values had a median of 18.5 ng/L (range 4-38 ng/L), and the ACTH level was <10 ng/L in 7 patients
(26.9%), <20 ng/L in 17 patients (60.7%), and <30 ng/L in 23 patients (82.1%). The repeated testing on
different days showed a similar pattern. Overall, if a cutoff level of <300 nmol/L is considered abnormal
in the setting of acute disease, 9 patients (32%) had cortisol levels below this limit, regardless of whether
the test was done only once (3 patients) or 3 times (6 patients). When the disease was more severe, the
patients had lower cortisol and ACTH levels, suggesting a direct link between the COVID-19 infection and
impaired glucocorticoid response.
Conclusion: Unexpectedly, the adrenocortical response in patients with COVID-19 infection was
impaired, and a significant percentage of the patients had plasma cortisol and ACTH levels consistent
with central adrenal insufficiency.

© 2020 AACE. Published by Elsevier Inc. All rights reserved.
Introduction 2019 and spread throughout the world.1 On January 30, 2020, the
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World Health Organization (WHO) officially declared COVID-19 as a
public health emergency of international concern.2 On March 13,
2020, WHO declared COVID-19 as a global pandemic. Worldwide,
as of October 5, 2020, more than 35.5 million people have been
infected, and more than 1 million have died secondary to COVID-19
infection.3 Amajor impact of COVID-19 is on the respiratory system,
where severity ranges from being asymptomatic (detected with
laboratory testing only) to showing flu-like symptoms, pneumonia,
acute respiratory distress syndrome (ARDS), multiorgan failure, and
death.4e6 A vast majority of patients have mild-to-moderate
symptoms. However, about 10% to 15% have severe symptoms
and require intensive care unit (ICU) andmechanical ventilation.4e6

Although the impact of COVID-19 is mainly on the respiratory
system, many organs are affected, especially in patients with severe
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pneumonia and ARDS.4,5,7 These organs include the gastrointestinal
tract, liver, kidneys, cardiovascular system, central nervous, and
musculoskeletal systems.7e10 Studies on the impact of COVID-19 on
endocrine organs are limited.7,11 Angiotensin-converting enzyme 2
(ACE2) is the primary mechanism of entry of the virus and is richly
expressed in many endocrine glands.12 Therefore, endocrine organs
are likely to be involved, especially in patients with severe disease.7

However, this has not been adequately assessed in COVID-19
infection. Adrenocortical function has been reported to be
affected in acute diseases13,14 but has not been assessed in acute
COVID-19 disease.11 In this study, we report adrenocortical function
in a series of patients with confirmed COVID-19 infection. Our
findings suggest an impaired glucocorticoid response to this acute
disease.

Methods

The study was approved by the institutional review board and
ethics committee of the King Faisal Specialist Hospital & Research
Centre, Riyadh, Saudi Arabia. After obtaining informed consents,
blood was drawn for the measurement of hormone levels. We
enrolled 42 consecutive patients who were admitted for COVID-19
infection during the period from May 7, 2020, to May 20, 2020. We
measured plasma cortisol, adrenocorticotropic hormone (ACTH),
and dehydroepiandrosterone sulfate (DHEAS) levels between 5:00
AM and 8:00 AM on the first or second day of admission. Repeated
measurements of these hormone levels were done from 1 to 3
times on different days for majority of the patients. There is no
consensus on the cutoff plasma cortisol value in acute disease
below which adrenal insufficiency should be considered.15 Values
ranging from 10 to 36 mg/dL have been proposed as cutoff values for
“relative adrenal insufficiency” in critically ill patients.15 Some re-
searchers have proposed 15 mg/dL,16 and others have proposed 18
mg/dL.17 We arbitrarily chose 300 nmol/L (10.8 mg/dL), which lies
within this range, as a cutoff value under which the adrenocortical
glucocorticoid response was considered abnormal and adrenal
insufficiency possibly present. We enrolled 42 consecutive patients.
We then excluded patients who had used glucocorticoids in the
past (6 patients), including patients with bronchial asthma (2 pa-
tients) and connective tissue diseases (4 patients). Patients with
renal impairment (3 patients) or liver diseases (2 patients) were
also excluded. Finally, we excluded patients known to have adrenal
insufficiency (2 patients) or Cushing syndrome (1 patient). After the
exclusion of the 14 patients with any of the abovementioned con-
ditions, 28 patients remained, and their data were analyzed.

All the patients tested positive for COVID-19. The severity of the
disease was based on guidelines from WHO and the Center for
Disease Control of North America, which are as follows:

1. Asymptomatic (stage A): Patients with positive COVID-19 test
result but no signs or symptoms of the infection.

2. Mild infection (stage B): Patients with upper respiratory tract
infection symptoms and other mild symptoms (including fever
and gastrointestinal symptoms) without evidence of
pneumonia.

3. Moderate infection (stage C): Patients with hypoxiawith oxygen
saturation less than 93% at rest or presence of pneumonia not
requiring ICU admission.

4. Severe infection (stage D): Patients with pneumonia requiring
ICU admission or any of the following:
a) respiratory rate of 30 breaths/min or more
b) arterial oxygen partial pressure to fractional inspiratory ox-

ygen ratio (PaO2/FiO2) less than 300
c) more than 50% lung involvement on imaging within 24 to 48

hours
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d) critical respiratory failure requiring mechanical ventilation,
septic shock, or multiorgan dysfunction.

Laboratory Testing

COVID-19 Testing
For RNA extraction, we used Qiagen EZ1 Virus mini kit extrac-

tion (Qiagen). For real-time polymerase chain reaction amplifica-
tion, we used Roche cobas severe acute respiratory syndrome
coronavirus 2 qualitative assay on the 6800 system (Roche Di-
agnostics GmbH).

Measurement of Cortisol, ACTH, and DHEAS Levels
The cortisol, ACTH, and DHEAS levels were measured using

electrochemiluminescence assays on the cobas e 801 immunoassay
analyzer (Roche Diagnostics GmbH).

Statistical Analysis

Numerical values were expressed as medians and ranges, and
categorical values as rates and percentages. One-way analysis of
variance was used to compare the cortisol levels between different
COVID-19 disease severity groups. SPSS version 21 (IBM) was used
for the analysis.

Results

Patient Characteristics

A total of 28 patients were included in this study. Sixteen (57%)
of these patients were completely healthy without any known
medical illnesses before having contracted the COVID-19 infection.
In contrast, the other 12 patients had medical conditions that are
not known to interfere with adrenal function (Table 1). The median
age was 45.5 years (range 25-69 years), and the male:female ratio
was 16:12. Eleven patients (39.3%) were in stage A, 15 (53.6%) in
stage B, and 2 (7.1%) in stage C. No patient was in stage D as we
intentionally excluded patients admitted to the ICU to avoid the
many confounding factors that may affect the adrenal function in
the ICU setting. All the patients had positive COVID-19 real-time
polymerase chain reaction test results. Computed tomography (CT)
scans were done in 6 patients and chest X-rays in all the patients. A
total of 7 patients had abnormal CT scan or chest X-ray results; 5
patients were found to have lung infiltrates on the chest CT scans,
and 2 of 22 patients, who did not undergo CT scan of the lungs,
were found to have lung infiltrates on the chest X-rays. The others
had no evidence of lung infiltrates. All the patients received 500mg
of azithromycin daily for 3 days and 400 mg of hydroxychloroquine
loading dose followed by 200 mg twice a day for 6 days. Two pa-
tients received tocilizumab, and 4 patients received ceftriaxone. All
the patients received oral acetaminophen and some received
intravenous acetaminophen for fever and pain, but only 2 patients
received opioids, and this was on an as-needed basis and admin-
istered only after the testing for this study was completed. Only 1
patient needed to be transferred to the ICU after many days of
admission, and she died later. All the patients were discharged to
their homes, except the 1 patientwho died secondary to the COVID-
19 infection.

Adrenocortical Function

Initial Testing (1-2 Days After Admission)
The median early morning cortisol level was 196 nmol/L (range

31-587 nmol/L). The AM cortisol level was <100 nmol/L in 8 pa-
tients (28.6%), <200 nmol/L in 14 patients (50%), and <300 nmol/L



Table 1
Clinical Characteristics and Hormone Levels in 28 Patients Admitted with Acute COVID-19 Infection

Age (y) Sex Medical
background

Severity
of disease

Days 1-2 Days 3-5 Days 8-11

Cortisol
nmol/L

ACTH
ng/L

DHEAS
nmol/L

Cortisol
nmol/L

ACTH
ng/L

DHEAS
nmol/L

Cortisol
nmol/L

ACTH
nmol/L

37 F Healthy A 181 19.1 6.45 445 30.5 6.75 329 16.9
31 M Healthy B 386 26.1 4.26 242 58.9 4.6 199 50.2
25 M Osteomyelitis

of the jaw
B 106 24.7 11.3 124 12.9 11.2 89.8 16.4

69 F HTN, osteoarthritis B 97 24 0.273 168 15.8 0.235 180 25.4
52 M DM 2, HTN,

hypothyroidism
B 149 9.4 1.96 313 … 1.78 229 5.6

35 M Healthy A 98.4 20.7 6.18 334 41.6 6.45 309 35.2
28 F Endometriosis B 30.6 24.2 2.36 26.7 27 2.22 57.4 7.3
34 M DM A 202 7.8 3.44 113 3.9 3.26 327 3.1
48 M Healthy A 96.9 17 … … … … … …

46 F Healthy A 299 7.6 3.52 644 8.9 3.27 238 5.8
30 F Healthy B 162 19.1 2.73 499 32.6 … … …

56 F DM, dyslipidemia B 324 12.7 1.78 … 4.9 … … …

58 M Dyslipidemia B 190 18.9 5.52 518 39.1 … … …

31 M Healthy A 416 30 … … … … 447 …

48 M HTN B 232 11.7 3.94 122 9.2 3.72 197 …

35 F HTN B 76.3 13.6 3.28 252 10.8 3.08 266 19.4
27 M Healthy B 133 19.9 8.65 361 48.6 10.1 77.1 …

49 M Healthy A 432 38.3 3.88 421 40.3 4.01 … …

42 F Healthy C 482 4.0 … … 1.8 … … …

26 F Healthy A 36.2 11.7 … … … … … …

25 F Healthy C 37 8.4 3.1 52 8.6 3.8 … …

54 M DM 2,
HTN, IHD

A 82 11 1.4 316 27 1.3 … …

45 F Healthy B 330 6.7 6.6 … … … … …

54 M DM, HTN,
dyslipidemia

A 429 357 3.1 … … 2.7 … …

55 M Healthy B 366 17.9 2.35 380 22.6 1.8 328 28.7
61 F Healthy B 432 5.2 1.52 469 28 1.28 594 8.5
57 M Healthy B 291 31.9 … … … 1.84 … …

50 M DM, HTN,
dyslipidemia

A 587 32.4 5.31 298 42.9 … … …

Abbreviations: ACTH ¼ adrenocorticotropic hormone; COVID-19 ¼ coronavirus disease-2019; DHEAS ¼ dehydroepiandrosterone sulfate; DM 2 ¼ diabetes mellitus type 2;
F ¼ female; HTN ¼ hypertension; IHD ¼ ischemic heart disease; M ¼ male.
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in 18 patients (64.3%) (Tables 1 and 2 and Fig. 1). The corresponding
ACTH values had a median value of 18.5 ng/L (range 4-38 ng/L),
with the ACTH levels <10 ng/L in 7 patients (26.9%), <20 ng/L in 17
patients (60.7%), and <30 ng/L in 23 patients (82.1%) (Table 2). All
these values werewithin or below the normal range of the assay (5-
60 ng/dL). Only 1 patient with a cortisol level of 429 nmol/L had a
corresponding ACTH level above the normal range (357 ng/L).

We measured the DHEAS levels in 24 cases. The median DHEAS
level was 3.0 mmol/L (range 0.27-11 mmol/L), with the normal range
for the assay being 1.81 to 8.3 mmol/L. Four patients (16.7%) had
DHEAS levels below the normal range for the assay, and 2 patients
(8.3%) had above the normal range for the assay; the other 18 pa-
tients (75%) had levels within the normal range.
Repeated Testing
Twenty patients (71.4%) underwent repeated tests on another

day after the initial testing, and 15 (53.6%) underwent repeated
testing on 3 different days. The median morning plasma cortisol
level in the second testing was 314.5 nmol/L (range 27-644 nmol/L),
and the cortisol levels were <100 nmol/L in 2 patients (10%), <200
nmol/L in 6 patients (30%), and <300 nmol/L in 9 patients (45%)
(Table 2, Fig. 2). Of the 20 patients who underwent repeated testing,
6 (30%) had a further drop while 14 (70%) had an increase in their
cortisol levels compared to the initial testing (Fig. 2). Based on a
cutoff limit of 300 nmol/L for the diagnosis of possible adrenal
insufficiency in this setting, 7 patients qualified for such a diagnosis
as their AM plasma cortisol levels remained below 300 nmol/L in
the first and second testing (Fig. 2). Two of these patients had
85
cortisol levels <100 nmol/L, 5 had <200 nmol/L, and 7 had <300
nmol/L.

The corresponding median ACTH level was 27 ng/L (range 2-59
ng/L). The ACTH level was below the normal range in only 2 pa-
tients (7.2%) and in the normal range in the rest of 19 retested
patients. None had an ACTH value above the upper limit of the
normal range of 60 ng/L.

Fifteen patients underwent repeated testing for the third time
(Fig. 3). The median morning cortisol level was 238 nmol/L (range
57-594 nmol/L). The cortisol level was <100 nmol/L in 3 patients
(20%), <200 nmol/L in 6 patients (40%), and <300 nmol/L in 9 pa-
tients (60%) (Table 2). The corresponding ACTH values had amedian
of 16.5 ng/L and was <10 ng/L in 5 patients, <20 ng/L in 8 patients,
and <30 ng/L in 10 patients. Overall, if the morning plasma cortisol
level below a cutoff level of 300 nmol/L is considered abnormal, 9
patients had cortisol levels below this limit, regardless of whether
the test was done only once (3 patients) or 3 times (6 patients)
(Fig. 2).
Correlation Between Cortisol Response and Disease Severity
Eleven cases (39.3%) had COVID-19 A severity, 15 (53.6%) had B

severity, and 2 (7.1%) had C severity scores. The mean ± standard
deviation of the morning plasma cortisol levels in these 3 groups
was 259.9 ± 183, 220.3 ± 120, and 259.9 ± 314.7 nmol/L, respec-
tively (P ¼ .82). Of the 9 patients who were considered to have an
inadequate cortisol response (<300 nmol/L), 2 of 11 (18%) had
severity score A, 6 of 15 (40%) had severity score B, and 1 of 2 (50%)
had severity score C (Fig. 3). Although hypotension and



Table 2
Summary of Cortisol and ACTH Levels on Repeated Testing of 28 Patients Admitted to the Hospital with COVID-19 Infection

Test 1 (n ¼ 28)
Days 1-2

Test 2 (n ¼ 20)
Days 3-5

Test 3 (n ¼ 15)
Days 8-11

Cortisol (median, range), nmol/L 196 (31-587) 314 (27-644) 238 (57-594)
Level < 100 8 (28.6%) 2 (10%) 3 (20%)
Level < 200 14 (50 %) 6 (30%) 6 (40%)
Level < 300 18 (64.3%) 9 (45%) 9 (60%)
ACTH (median, range) ng/dL 18.5 (4-38) 27 (2-59) 16.5 (3.1-50.2)
Level < 10 7 (26.9%) … 5 (33.3%)
Level < 20 17 (60.7%) … 8 (53.3%)
Level < 30 23 (82.1 %) … 10 (66.6 %)
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Fig. 1. Morning plasma cortisol and ACTH levels on days 1 to 2 after admission of 28 patients admitted with COVID-19 infection. ACTH ¼ adrenocorticotropic hormone; COVID-19 ¼
coronavirus disease-2019.
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correlation between the severity of the disease and probability of having adrenal insufficiency (defined as AM cortisol level <300 nmol/L).
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hypoglycemia are features of severe adrenal insufficiency, only 1
patient had 1 episode of hypoglycemia, with a glucose level of 2.6
mmol/L, and 2 patients had hypotension, with a blood pressure of
<90/50 mm Hg; 1 of them died. This may reflect the relatively mild
disease that most patients in this series had.

Discussion

COVID-19 is a new viral infection that has spread across the
world in a relatively short time. Despite extensive research and
several large studies describing the clinical, biochemical, and
radiological features; management; and outcomes,2,4e6,9,10 the full
spectrum of this new infectious disease has not been fully realized.
Although the main effect of the disease involves the respiratory
system, it has become clear that COVID-19 is a systemic disease that
affects many organs in the body.4,7,18,19 However, limited data are
available on these extrapulmonary manifestations and their path-
ophysiology.7,20 Data describing the effects of COVID-19 infection
on the endocrine system are exceptionally scarce.7,11,20 Driven by
the well-known changes in the acute disease and its critical role in
hemodynamic adaptation and hemostasis, we sought to study the
response of the hypothalamic-pituitary-adrenal (HPA) axis in
COVID-19 infection. We expected a robust response of the HPA axis
with a significant rise in the cortisol level during the acute phase of
COVID-19 infection. To our surprise, we did not observe a robust
response in the cortisol levels in any of the 28 patients included in
this study. By contrast, the cortisol level was mostly in the lower
end of the normal range or clearly low, frequently at levels that are
diagnostic of adrenal insufficiency (Table 1 and Fig. 1). The corre-
sponding ACTH levels measured in the same samples were also in
the lower end of the normal range, suggesting that this was a form
of secondary adrenal insufficiency.Whether this was due to a direct
effect of the virus on the hypothalamus or pituitary glands or sec-
ondary to a humoral response and release of inhibitory cytokines is
not clear. The DHEAS levels did not correlate well with the cortisol
levels. However, a low DHEAS level reflects chronic ACTH defi-
ciency,21 which is unlikely to be the case in our patients who pre-
sented with a few days’ history of COVID-19 infection. Although we
did not perform the short cosyntropin test in any patient, partially
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due to infection control measures, the overall picture in a vast
majority of the patients, with low plasma cortisol and consistently
low cortisol levels in many patients who had the plasma cortisol
levels measured on more than 1 occasion, strongly suggests that
there is an inadequate glucocorticoid response to acute COVID-19
infection. However, only 1 patient developed acute systemic dete-
rioration and needed ICU admission. She developed hypotension
and multiorgan failure and died. Whether she developed acute
adrenal crisis or not was unclear as she was systemically sick. An
adrenal crisis is defined as “an acute deterioration in health status
associated with absolute hypotension (systolic blood pressure <
100 mm Hg) or relative hypotension (systolic blood pressure � 20
mm Hg lower than usual), with features that resolve within 1 to 2
hours after parenteral glucocorticoid administration (ie, a marked
resolution of hypotension within 1 hour and improvement in
clinical symptoms over a period of 2 hours).”22 With the exception
of the above mentioned 1 patient, none of our patients had a full-
blown adrenal crisis. Patients with adrenal crisis usually present
with nonspecific symptoms and signs, including severe fatigue,
weakness, myalgia, postural dizziness, nausea, vomiting, abdom-
inal pain, and fever.22 These symptoms are also common in an acute
COVID-19 infection, and it might be difficult to differentiate be-
tween the features of acute adrenal crisis and acute COVID-19
infection.

There are very limited data on the impact of COVID-19 viral
infection on the HPA axis. To our knowledge, only 1 short report has
been recently published as a correspondence.23 In that communi-
cation and in contrast to our findings, serum cortisol levels
measured within 48 hours of admission were extremely high, and
the cortisol level correlated with the outcome in patients with
COVID-19 infection.23 Patients with a random cortisol level of >744
nmol/L had a worse outcome than patients with levels that were
less than this value, suggesting a positive correlation between the
cortisol level and severity of the disease.23 We did not observe this
in our patients. However, in contrast to this study, all our patients
had different grades of disease severity, but none needed ICU
admission at presentation and during the days of the testing. One
patient was transferred to the ICU after several days of being on the
general floor and died secondary to the COVID-19 infection. She
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was a 42-year-old womanwith no othermorbidities. She presented
with severe respiratory symptoms (grade C), and her morning
serum cortisol level was 482 nmol/L on day 1 of admission. Un-
fortunately, she did not undergo additional cortisol measurements.
Although there were no significant differences in the median
cortisol levels between the 3 groups with different severities, there
were more patients with “adrenal insufficiency” in the more severe
disease group than in the milder disease group.

SARS viruses enter the body through ACE2.24e26 This enzyme is
widely expressed on vascular epithelial cells, including those of the
adrenal and pituitary glands and hypothalamus.12,26e30 In the
previous outbreak of SARS in 2003, autopsy studies identified the
virus in the adrenal cortical cells and showed that the cells undergo
degeneration and necrosis, suggesting a direct cytopathic effect of
the virus.29,30 Similar changes in the adrenal cortex in autopsy
studies have recently been shown during the current epidemic of
COVID-19.31 In a recent autopsy study, microscopic changes were
observed in an examination of the adrenal glands in 12 of 28 pa-
tients studied (46%).31 Seven cases showed cortical necrosis, 4
showed cortical lipid degeneration, 2 showed hemorrhage, and 1
showed nonspecific focal adrenalitis. Vascular thrombosis was seen
in 1 patient and focal inflammation in 3 patients. Interestingly,
none of these patients had adrenal insufficiency.31 Another autopsy
study of 10 patients with COVID-19 showed adrenal micro-
infarcations in 3 patients (33.3%).32 A recent report has been pub-
lished on bilateral adrenal hemorrhage leading to acute adrenal
insufficiency in a 66-year-old woman who presented with COVID-
19 infection and was known to have antiphospholipid syn-
drome.33 SARS viruses may also affect the hypothalamus or pitui-
tary gland. In a study by Leow et al,34 in 63 patients who recovered
from the previous SARS infection, 40% had evidence of central ad-
renal insufficiency 3 months after recovery from their disease.
Some of those patients also had low DHEAS levels, supporting
chronic ACTH deficiency. Majority recovered, and the authors
suggested that the virus induced hypophysitis or thalamic damage,
which recovered over time.34 Edema and neuronal degeneration
and evidence of the viral genome have been found in the hypo-
thalamus in autopsies of patients who died of SARS viral infection.11

It is possible that the effect of the SARS viruses on the hypothala-
mus and pituitary gland is either directed by invading and
damaging cells in these organs or mediated by their systemic in-
flammatory effects with the release of cytokines and other in-
flammatory mediators. It would be interesting to measure some
cytokine levels and assess whether there is a correlation between
their levels and cortisol plasma levels.

SARS viruses also have unique mechanisms to evade cortisol
stress response by expressing some amino acids that mimic parts of
ACTH. Certain amino acids in the 39-amino acid structure of ACTH
are immunogenic. These include amino acids 26, 29, 31, 33, 37, and
39.11,35 SARS expresses amino acids homologous to these ACTH
residues.11,35 The immune response to the virus may cross react
with ACTH, sequestering it and inducing relative ACTH deficiency
and secondary adrenal insufficiency.11

Glucocorticoids are widely used in the management of acute
diseases, especially in an ICU setting.36 The concept of “relative
adrenal insufficiency” or “critical illness-related corticosteroid
insufficiency” in patients with acute stress and cortisol levels that
are in the normal range but notmatching the severity of the disease
continues to be a controversial issue.14,36 Although this term is
widely used in intensive care medicine, it is not as widely accepted
in the field of endocrinology as it has little scientific evidence.37

Studies have suggested that cortisol levels increase secondary to
stress rather than to combat the stress and are not necessary to
survive the stress.15,37e39 This does not negate the fact that some
critically ill patients may benefit from glucocorticoids for their
88
general supportive actions but not necessarily for adrenal insuffi-
ciency.15,37 It also does not contradict the fact that some patients
may develop real adrenal insufficiency for other reasons and need
glucocorticoids. In the treatment of COVID-19 infection, the use of
glucocorticoids was initially proposed as a general immunosup-
pressive measure to counteract the cytokine storm syndrome that
was observed in a severe COVID-19 infection.40,41 This was not
based on evidence but rather on personal experiences and
common-sense recommendations derived from the known
immunosuppressive effects of glucocorticoids.40,41 However, the
recently announced RECOVERY trial has documented a favorable
outcome of patients treated with 6 mg of dexamethasone daily for
up to 10 days in addition to the usual care compared with patients
treated with usual care alone.42 In this trial, 2104 patients who
randomly received dexamethasone in addition to the usual care
were compared with 4321 patients assigned to usual care alone.
Overall, 454 patients (21.6%) assigned to the dexamethasone arm
and 1065 patients (24.6%) assigned to the usual care arm died
within 28 days, showing a clear survival benefit from dexametha-
sone (P < .001).42 Although the mechanisms by which dexameth-
asone improved the outcome were not studied, it is assumed that
these are related to the generalized supportive benefits of gluco-
corticoids for critically ill patients and possible mitigation of the
cytokine release syndrome and ARDS.40 However, our study sug-
gests that a significant percentage of patients with COVID-19 has an
inadequate glucocorticoid response, and it is possible that a part of
this improvement of the outcome in the RECOVERY trial might be
related to the treatment of undiagnosed adrenal insufficiency in
those patients.

Apart from the short report that was mentioned earlier,23 our
study is the first to report an adrenocortical response in patients
with COVID-19 and show an unexpectedly low cortisol response
during the acute infection phase, drawing attention to this impor-
tant aspect of COVID-19 systemic effects and its potential thera-
peutic impact. However, our study has some shortcomings,
including the relatively small sample size and non-utilization of the
short cosyntropin test to assess the adequacy of the response to the
stimulation. Nonetheless, the serum cortisol and ACTH level mea-
surements were repeated at least once in most patients and
showed consistent results. Most patients had moderate-severity
disease (grade B), and only 2 had severe disease. However, most
patients with COVID-19 tend to have mild-to-moderate disease,
and thus, the sample represents the usual spectrum of patients
seen with COVID-19 infection. We excluded patients in the ICU
since they had several other confounding factors that may affect
their adrenal function, including other superimposed infections,
inotropic drugs, antibiotics, and others.

In summary, we have shown for the first time that the adre-
nocortical response to COVID-19 infection might be impaired in a
significant number of patients, and if confirmed in larger studies,
this may have significant therapeutic implications.
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