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Background. Coronavirus disease 2019 (COVID-19) manifestations varied completely from its time of emergence. However, the
assessment of adrenal insufficiency (AI) in this pandemic is lacking. In this review, we aimed to evaluate the status of AI among
COVID-19-infected individuals. Methods. A systematic literature screening in PubMed/MEDLINE, Scopus, and Web of Science
was performed until May 23, 2021. We collected relevant published peer-reviewed studies that reported AI occurrence in patients
who suffered from COVID-19. Results. A total of 10 records (cross-sectional studies: 3, N� 256, males: 176 (68.7%), and case
reports: 7,N� 7, males: 4 (57.1%)) were recruited.(e age spectrum ranged from 22 to 96 years. AI was diagnosed with laboratory
assessment or radiologic findings. (e AI prevalence ranged from 3.1% to as high as 64.3% in different studies. Except for one
patient, all other patients were discharged in stable conditions in published case reports. Conclusion. (is review indicates that AI
occurrence in the COVID-19 pandemic seems quite probable; however, the extent and type (primary, secondary, and functional)
need to be clarified yet. Appropriate early diagnostic and therapeutic interventions should be done, especially in critically ill
patients, to prevent lethal outcomes.

1. Introduction

Coronaviridae family is a positively charged enveloped single-
stranded RNA virus [1]. (is family consists of three main
members, including severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome (MERS), and Coronavirus
Disease 2019 (COVID-19) [2–4]. (e latter was first diagnosed
inWuhan, China, and due to its rapid spread all over the globe,
the World Health Organization (WHO) declared COVID-19
as a worldwide pandemic on March 13, 2020 [5].

Till now, as in May 24, 2021, more than 166 million
persons are infected with this highly contagious virus, and
more than 3 million patients were deceased in this regard

[6]. From the beginning of the emergence of COVID-19,
most patients presented with pulmonary complaints in-
cluding cough, fever, dyspnea, and respiratory distress, but
this virus is not solely invading one particular tissue, and all
other vital organs, including the heart, central nervous
system, liver, and kidneys could also get involved [7–12]. In
addition to mentioned common organs, this infection could
be presented with rare manifestations, including rhabdo-
myolysis, hypocalcemia, and diabetic ketoacidosis [13, 14].
One probable explanation for this widespread involvement
might be due to angiotensin-converting enzyme 2 (ACE2)
receptors presented in other organs, in addition to the re-
spiratory tissues [15]. (e endocrine system, especially
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adrenal glands, might also be vulnerable during COVID-19
despite less investigation [16]. (e involvement of these organs
might lead to a catastrophic outcome. Till now, some case
reports have been published in patients who experienced
adrenal insufficiency (AI) in the context of COVID-19, but a
thorough investigation in literature seems required [17, 18].

In this review, we aimed to evaluate the proportion of AI
among COVID-19-infected patients.

2. Materials and Methods

2.1. Study Protocol and Registration. (is review was con-
ducted in the context of Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [19]. We
also registered the current research in the International
Prospective Register of Systematic Reviews (PROSPERO)
with registration ID of CRD42021255298.

2.2. Search Strategy. (e three most common medical da-
tabases, including PubMed/MEDLINE, Scopus, and Web of
Science, were screened to gather relevant records. (e fol-
lowing search strategy was used with no time and language
limitations in all aforementioned electronic databases:
(“adrenal insufficiency” OR “adrenal failure” OR “adrenal
injury” OR “adrenal damage” OR “adrenal∗” OR “Addison’s
disease” OR “Addison∗”) AND (“coronavirus” OR “covid-
19” OR “SARS-CoV-2” OR “2019-nCoV” OR “novel
coronavirus” OR “nCoV” OR “coronavirus covid-19”).

2.3. Inclusion and Exclusion Criteria. All published peer-
reviewed studies (case reports, case series, cross-sectional,
cohort, case-control, and review studies) investigating AI in
patients with documented COVID-19 infection were
assessed. Animal studies or any records with incomplete
desired information or non-peer-reviewed articles were
excluded.

2.4. Selection Process. Two reviewers screened the three
previously mentioned electronic databases with a predefined
search strategy. In terms of any relevant title or abstract, the
full texts were obtained for further assessment. We only
counted a single article in terms of duplication. Figure 1
shows the flow diagram of the current review.

2.5. Data Extraction. Data including the first author’s name,
publication date, study location, and design, sample size, age
(mean± standard deviation or median (interquartile range
or ranges), as reported), sex (male/female), presenting
symptoms, AI assessment (laboratory data or radiographic
findings), AI types (primary/central), and frequency of AI
(%) were extracted based on study designs. Another re-
searcher evaluated the whole process, and the consensus was
made among all authors in terms of any discrepancies.

2.6. Quality and Risk of Bias Assessment. Assessment of
multiple systematic reviews (AMSTAR) and critical ap-
praisal tool (AXIS tool) were used for evaluating the quality

of systematic reviews and cross-sectional studies, respec-
tively [20, 21]. In order to assess case reports/series, the
Joanna Briggs Institute (JBI) critical appraisal checklist was
utilized [22]. We also evaluated the quality of case-control
studies using the National Institutes of Health (NIH) quality
assessment tool [23].

2.7. Data Synthesis and Statistical Analysis. Due to the
small number of heterogeneous observational studies
and some published case reports, we could not conduct
a meta-analysis, and a narrative data synthesis was
performed.

3. Results

We found 809 records in all predefined databases. After
removing duplicates and implementing inclusion and
exclusion criteria, 10 articles (cross-sectional studies: 3,
case reports: 7) were enrolled for the current review
(Figure 1). AI was defined based on laboratory data,
computed tomography (CT) results, or a combination of
both methods [17, 18, 24, 25]. A summary of included
studies based on their designs is provided in Tables 1 and
2. Quality and risk of bias assessment of recruited records
are shown in the supplementary material (Tables S1
and S2).

3.1. Cross-Sectional Studies. (ree studies on 256 patients
were performed to assess the proportion of AI among
COVID-19-infected patients. Alzahrani et al. recruited 28
consecutive patients with amedian age of 45.5 (range: 25, 69)
years and evaluated morning blood cortisol and adreno-
corticotropic hormone (ACTH). (e median cortisol and
ACTH means were 196 (range: 31, 587) nmol/l and 18.5
(range: 4, 38) ng/l, respectively. (ey also measured cortisol
for the second time (3–5 days after hospitalization) on 20
patients. (ey found that 2 (10%), 6 (30%), and 9 (45%)
enrolled participants had cortisol levels of less than 100, 200,
and 300 nmol/l, respectively. ACTH was not measured for
the 2nd time. Fifteen patients were tested for the third time
8–11 days after admission with median cortisol and ACTH
of 238 (range: 57, 594) nmol/l and 16.5 (3.1, 50.2) ng/dl,
respectively. Nine (60%) participants showed cortisol
means of <300 nmol/l. Furthermore, an ACTH level of
less than 30 ng/dl was observed among 10 (66.6%) sub-
jects. (ey finally reported that adrenocortical response
during COVID-19 infection might be interrupted, and
patients might suffer from central AI [25]. Leyendecker
and colleagues recruited 219 patients with moderate to
severe COVID-19 infection from March 9 to April 10,
2020, and retrospectively assessed their adrenal glands
through triage CT scans to evaluate the incidence of acute
adrenal infarction. Enlargement of at least one gland plus
fat stranding in suprarenal location was defined as acute
adrenal infarction. 51 (23%) subjects (males: 36 (71%),
age: 67 ± 11 years) were revealed as having acute adrenal
infarction based on their definitions. AI in this group was
diagnosed based on biological data in 4 (7.8%) subjects.
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(e frequency of AI in patients with no presentation of
acute adrenal infarction on CT findings was 3 (1.7%), with
an overall prevalence of 3.1% (7 out of 219 cases). (ey
also suggested that these adrenal radiographic findings
might be associated with a higher intensive care unit
admission rate and longer hospital stay in COVID-19
patients [26]. Mao et al. recruited 9 COVID-19-infected
patients and 12 non-COVID-19 patients in critical status
and assessed the differences in plasma cortisol levels
between these two groups. (ey found that cortisol was
significantly lower among COVID-19 patients with severe
disease (P< 0.01). Half of the non-COVID-19 subjects had
elevated cortisol levels compared to 66.6% of patients in
the COVID-19 group who showed cortisol means of
<10 µg/dl, which had the required criteria for diagnosis of

functional AI, named critical illness-related corticosteroid
insufficiency (CIRCI) [27].

3.2. Case Report Studies. Seven records reported AI occur-
rence during COVID-19 infection in 7 patients. (e ages
ranged from 44 to 70 years (males: 4). Evaluation of AI was
done through CT findings, laboratory profiles, or both in 2
[24, 28], 3 [17, 18, 31], and 2 [29, 30] patients, respectively.
Only one patient died [28], and all 6 others were discharged
in stable condition with appropriate medical treatment
[17, 18, 24, 29–31]. 2 patients were followed up after hospital
discharge with normal status [24, 29]. However, two other
subjects failed to attend follow-up visits [17, 31]. (e follow-
up data of two patients were not available [18, 30].
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International Journal of Endocrinology 3



Ta
bl

e
1:

Su
m
m
ar
y
of

pe
er
-r
ev
ie
w
ed

cr
os
s-
se
ct
io
na
ls
tu
di
es

re
po

rt
in
g
ad
re
na
li
ns
uffi

ci
en
cy

in
pa
tie
nt
s
in
fe
ct
ed

w
ith

C
O
V
ID

-1
9.

A
ut
ho

rs
D
at
e

D
es
ig
n

Sa
m
pl
e
siz

e
N

(%
)

M
al
e

(%
)

A
ge

(y
ea
rs
)

A
dr
en
al

in
su
ffi
ci
en
cy

as
se
ss
m
en
tfi

nd
in
gs

A
dr
en
al

in
su
ffi
ci
en
cy

ty
pe

A
dr
en
al

in
su
ffi
ci
en
cy

fr
eq
ue
nc
y
(%

)
La
bo

ra
to
ry

da
ta

Ra
di
og
ra
ph

ic
fin

di
ng

s

A
lz
ah
ra
ni

et
al
.

[2
5]

7
M
ay

–2
0

M
ay

20
20

C
ro
ss
-

se
ct
io
na
l

To
ta
l

28 (1
00
)

16
(5
7.
1)

M
ed
ia
n:

45
.5

(r
an
ge
:

25
–6

9)

M
ed
ia
n
co
rt
iso

l:
19
6
(r
an
ge
:

31
–5

87
)
nm

ol
/l

N
A

C
en
tr
al

D
ay
s
1–

2:
18

ou
t

of
28

(6
4.
3)

M
ed
ia
n
A
C
TH

:1
8.
5
(r
an
ge
:

4–
38
)
ng

/l
D
ay
s
3–

5:
9
ou

t
of

20
(4
5)

C
or
tis
ol
<
10
0
nm

ol
/l:

8
(2
8.
6%

)
C
or
tis
ol
<
20
0
nm

ol
/l:

14
(5
0%

)

D
ay
s
8–
11
:9

ou
t

of
15

(6
0)

C
or
tis
ol
<
30
0
nm

ol
/l:

18
(6
4.
3%

)
A
C
TH
<1

0
ng

/l:
7
(2
6.
9)

A
C
TH
<2

0
ng

/l:
17

(6
0.
7%

)
A
C
TH
<3

0
ng

/l:
23

(8
2.
1%

)

Le
ye
nd

ec
ke
r

et
al
.[
26
]

9
M
ar
ch

–1
0
A
pr
il

20
20

C
ro
ss
-

se
ct
io
na
l

To
ta
l

21
9

(1
00
)

N
A

C
om

bi
na
tio

n
of

hy
pe
rk
al
em

ia
(>
5
m
m
ol
/L
),
hy
po

na
tr
em

ia
(<
13
0
m
m
ol
/L
),
an
d

hy
po

gl
yc
em

ia
(<
3.
9
m
m
ol
/L
)

En
la
rg
em

en
t
of

ad
re
na
l

gl
an
ds

w
ith

pe
ri
ph

er
al

fa
t

st
ra
nd

in
g
in

su
pr
ar
en
al

re
gi
on

N
A

7
(3
.1
)

A
cu
te

ad
re
na
l

in
fa
rc
tio

n

51 (2
3)

36
(7
0.
5)

67
±
11

(r
an
ge
:

42
–8

8)
4
(7
.8
)

N
o
ac
ut
e

ad
re
na
l

in
fa
rc
tio

n

16
8

(7
7)

12
3

(7
3.
2)

67
±
15

(r
an
ge
:

22
–9

6)
3
(1
.7
)

M
ao

et
al
.[
27
]

1
M
ar
ch

–1
M
ay

20
20

C
ro
ss
-

se
ct
io
na
l

To
ta
l

21 (1
00
)

5
(2
3.
8)

N
A

C
or
tis
ol
<1

0
µg
/d
l

N
A

N
A

N
A

C
O
V
ID

-1
9

gr
ou

p
9

(4
2.
9)

1
(1
1.
1)

71
.7
±
8.
1

6
(6
6.
6)
∗

N
on

C
O
V
ID

-1
9

12
(5
7.
1)

4
(3
3.
3)

68
.9
±
20
.2

N
A

A
C
TH

:a
dr
en
oc
or
tic
ot
ro
pi
c
ho

rm
on

e;
N
A
:n

ot
av
ai
la
bl
e.
∗
A
dr
en
al

in
su
ffi
ci
en
cy

w
as

su
gg
es
te
d
to

be
in

co
nt
ex
to

fc
ri
tic
al

ill
ne
ss
-r
el
at
ed

co
rt
ic
os
te
ro
id

in
su
ffi
ci
en
cy
.

4 International Journal of Endocrinology



4. Discussion

(is review was conducted to assess reported COVID-19-in-
ducedAI in the literature. In addition to several case reports, we
found that some observational studies also reported this pre-
sentation, and either primary or central AI in the context of
COVID-19 is not just a rare manifestation of this pandemic. It
seems that the occurrence of this entity is probable in clinical
settings, and the implementation of future large-scale studies to
assess the exact incidence of AI is mandatory. Since the official
declaration of this highly infectious agent, variable

presentations in different organs have been reported
[7, 8, 10–12]. One of the main mechanisms of multiple tissue
involvement might be related to cell entry receptors. ACE2
receptors have been suggested to be expressed by the hypo-
thalamus, pituitary, and adrenal glands. Because of the pres-
ence of this receptor as one of the main entry cites, COVID-19
could directly invade mentioned organs resulted in primary or
secondary AI incidence [32]. Direct invasion of COVID-19 to
adrenal glands has been assessed in postmortem studies. Four
autopsy studies evaluated adrenal pathologic findings among
deceased subjects fromCOVID-19. Autopsy analysis in 3 out of

Table 2: Summary of peer-reviewed case report studies reporting adrenal insufficiency in patients infected with COVID-19.

Authors Sample
size (N) Sex Age

(years)
Presenting
symptoms

Adrenal insufficiency assessment
findings Adrenal

insufficiency
type

Patient
status

Follow-up
assessmentLaboratory

data
Radiographic

findings

Alvarez-
Troncoso
et al. [24]

1 Male 70

Fever, chills,
asthenia,

constipation,
malaise,
weakness,
anorexia,
nausea,
vomiting

NA
Increase in size and
blurring of both

adrenals
NA Discharged

Cortisol
Basal:

2.1 µg/dl
30

minutes:
2.89 µg/dl

60
minutes:
3.11 µg/dl

Elkhouly
et al. [28] 1 Male 50

Fever, malaise,
shortness of
breath, cough

NA

Bilateral
hyperdense ovoid
suprarenal lesions
with loss of normal

adrenal gland
contour

NA Death —

Frankel et al.
[29] 1 Female 66

Fever, dyspnea,
nausea,
vomiting,

abdominal pain

Baseline
cortisol<
1 µg/dl

ACTH: 207
pmol/l

Enlarged and thick
adrenal glands plus

haziness of
surrounding peri-

adrenal fat

Primary Discharged Stable

Hashim et al.
[17] 1 Male 51 Vomiting

Cortisol
Baseline:
56 nmol/l
30 minutes:
197 nmol/l
60 minutes:
297 nmol/l

NA NA Discharged Lost

Heidarpour
et al. [18] 1 Male 69 Fever, dyspnea,

cough

Total
cortisol<
12 µg/dl

NA Primary Discharged NA

Kumar et al.
[30] 1 Female 70

Fever, left-sided
chest pain,

cough, dyspnea,
fatigue,

abdominal pain,
vomiting,
diarrhea

Random
cortisol>
300 nmol/l

Enlarged diffusely
hypoattenuated

adrenal glands with
poor enhancement
and ill-defined
adrenal contours

NA Discharged NA

Sheikh et al.
[31] 1 Female 44

Fever, chills,
malaise,

shortness of
breath, myalgia,
loss of taste

Random
cortisol:
1.1 µg/dl,
ACTH: 56
pg/ml

NA Central Discharged Lost

ACTH: adrenocorticotropic hormone; NA: not available.
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9 dead individuals showed adrenal microinfarction [33]. Iuga
et al. assessed adrenal glands pathological slides of 5 post-
mortem subjects (males: 4) aged 59 to 90. Microscopic
findings favored acute fibrinoid necrosis of arterioles in ad-
ipose tissue adjacent to adrenals and parenchyma as well as
the capsule of adrenal glands [34]. Another autopsy finding
performed by Santana and colleagues on 28 deceased adrenal
glands showed 12 (46%) cases had some extents of ischemic
and hemorrhagic necrosis, cortical lipid degeneration, and
focal adrenalitis [35]. Zinserling and colleagues evaluated 10
autopsy adrenal glands and found that these organs were
infiltrated by T-lymphocytes (CD3+ and CD8+ cells) [36].

Regarding other possible AI mechanisms in COVID-19,
this virus expresses amino acids similar to human ACTH,
and the antibody production by the immune system might
impair endogenous ACTH function [32, 37]. Another
possibility might be related to cytokines. It has been reported
that tumor necrosis factor-α (TNF-α) reduces ACTH release
and decreases its effect on adrenal tissue. Moreover, the
pituitary gland is not protected by the blood-brain barrier,
and extensive cytokine production (interleukin (IL) 1, IL 6,
TNF-α, monocyte chemoattractant protein 1 (MCP1), and
granulocyte-colony stimulating factor (G-CSF)) during
COVID-19 infection might lead to hypothalamic-pituitary-
adrenal axis dysfunction [38–41].

(e anatomical location of the adrenal gland’s vascu-
latures might be another culprit. (ese two tiny organs have

a network of arterioles that arises from different main ar-
teries, but blood drainage is limited due to a solitary su-
prarenal vein [42].(e high stress fromCOVID-19 infection
might be a limiting factor for venous drainage due to ACTH-
induced arteriolar dilation, leading to vascular stasis and
subsequent adrenal damage [43].

Also, the severe status of the disease might be categorized
as another explanation in AI incidence. Cholesterol, in the
main form of high-density lipoprotein (HDL), is one of the
main substrates for cortisol synthesis, and decreased HDL
levels in severe disorders might lead to AI [44]. Furthermore,
functional AI, named CIRCI, might also result from severe
diseases. (is functional AI is mainly due to inadequate
cortisol secretion for the modulation of inflammatory re-
sponses. Multiple mechanisms, including reduced albumin
or cortisol binding globulins (CBGs), decreased affinity, and
reduced number of adrenal glands cortisol receptors or
increased activity of 11-β hydroxysteroid dehydrogenase
type 2 results in cortisol inactivation are proposed in this
regard [45]. Mao et al. reported CIRCI diagnosis in 6 out of 9
critically infected patients with COVID-19 [27]. Long-term
studies are required to evaluate whether AI is temporary and
related to CIRCI or it would be permanent.

Figure 2 provides a summary of all possible pathways of
AI occurrence in the context of COVID-19 infection.

To the best of our knowledge, this review is the first in the
literature to assess the status of AI occurrence in the

Binding through
ACE2 receptors in
hypothalamus and

pituitary
Limited venous

drainage in context
of stress and ACTH
induced arteriolar

dilation

Direct invasion to
adrenal glands

COVID-19
HPA dysfunction
due to cytokine

storm (IL-1, IL-6,
TNF-α, MCPl, G-CSF)

Severe status of
infection

TNF-α induced
reduction in ACTH

release

Similar amino acid
structure to ACTH

Figure 2: Summary of possible pathways of adrenal insufficiency in COVID-19 infection. ACE2: angiotensin-converting enzyme 2, ACTH:
adrenocorticotropic hormone, TNF-α: tumor necrosis factor-α, IL: interleukin, MCP1: monocyte chemoattractant protein 1, and G-CSF:
granulocyte-colony-stimulating factor.
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COVID-19 era. By the way, several limitations are present.
Due to daily reported information in this pandemic, we
recruited all relevant records until May 23, 2021. Due to
limited numbers of available records with high heterogeneity
and a small sample size, we could not conduct a meta-
analysis. (erefore, the generalization of our outcomes
should be made with caution. Finally, we were unable to
assess the frequency of AI based on disease severity.

In conclusion, we found that AI is a probable disease
unrecognized in clinical settings in this COVID-19 pan-
demic. (erefore, assessing adrenal glands with laboratory
or radiographic findings could be performed, especially
among critically ill patients.
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report: adrenal pathology findings in severe COVID-19: an
autopsy study,” 8e American Journal of Tropical Medicine
and Hygiene, vol. 103, no. 4, pp. 1604–1607, 2020.

[36] V. A. Zinserling, N. Y. Semenova, A. G. Markov et al., “In-
flammatory cell infiltration of adrenals in COVID-19,”
Hormone and Metabolic Research, vol. 52, no. 9, pp. 639–641,
2020.

[37] R. Wheatland, “Molecular mimicry of ACTH in SARS -
implications for corticosteroid treatment and prophylaxis,”
Medical Hypotheses, vol. 63, no. 5, pp. 855–862, 2004.

[38] A. Bateman, A. Singh, T. Kral, and S. Solomon, “(e immune-
hypothalamic-pituitary-adrenal Axis∗,” Endocrine Reviews,
vol. 10, no. 1, pp. 92–112, 1989.

[39] A. Soni, G. M. Pepper, P. M. Wyrwinski et al., “Adrenal
insufficiency occurring during septic shock: incidence, out-
come, and relationship to peripheral cytokine levels,” 8e
American Journal of Medicine, vol. 98, no. 3, pp. 266–271,
1995.

[40] R. Natarajan, S. Ploszaj, R. Horton, and J. Nadler, “Tumor
necrosis factor and interleukin-1 are potent inhibitors of
angiotensin-II-induced aldosterone synthesis∗,” Endocrinol-
ogy, vol. 125, no. 6, pp. 3084–3089, 1989.

[41] J. Guarner, C. D. Paddock, J. Bartlett, and S. R. Zaki, “Adrenal
gland hemorrhage in patients with fatal bacterial infections,”
Modern Pathology, vol. 21, no. 9, pp. 1113–1120, 2008.

[42] B. Fox, “Venous infarction of the adrenal glands,”8e Journal
of Pathology, vol. 119, no. 2, pp. 65–89, 1976.

[43] A. Piccioli, G. Chini, M. Mannelli, and M. Serio, “Bilateral
massive adrenal hemorrhage due to sepsis: report of two
cases,” Journal of Endocrinological Investigation, vol. 17,
no. 10, pp. 821–824, 1994.

[44] J.-Y. Chien, J.-S. Jerng, C.-J. Yu, and P.-C. Yang, “Low serum
level of high-density lipoprotein cholesterol is a poor prog-
nostic factor for severe sepsis∗,” Critical Care Medicine,
vol. 33, no. 8, pp. 1688–1693, 2005.

[45] D. Annane, S. M. Pastores, B. Rochwerg 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 Eu-
ropean Society of Intensive Care Medicine (ESICM) 2017,”
Intensive Care Medicine, vol. 43, no. 12, pp. 1751–1763, 2017.

8 International Journal of Endocrinology

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

