
Vol.:(0123456789)1 3

Journal of Endocrinological Investigation 
https://doi.org/10.1007/s40618-020-01276-8

COMMENT

COVID‑19 and the endocrine system: exploring the unexplored

R. Pal1 · M. Banerjee2

Received: 8 April 2020 / Accepted: 23 April 2020 
© Italian Society of Endocrinology (SIE) 2020

Keywords COVID-19 · Endocrinology · Adrenal · Thyroid diseases · Pituitary diseases · Diabetes mellitus

Introduction

A novel coronavirus disease (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
has affected over 2.3 million people, claiming more than 
160000 lives in over 200 countries worldwide. Although 
COVID-19 can be asymptomatic, the primary presentation 
in symptomatic patients is in the form of viral pneumonia, 
sometimes complicated by acute respiratory distress syn-
drome and/or sepsis. In addition, myocarditis and acute kid-
ney injury have also been described in COVID-19. On the 
contrary, endocrinological manifestations have not yet been 
reported in patients with COVID-19.

The pathogenesis of COVID-19 entails entry of SARS-
CoV-2 via the respiratory system and lodgement in the lung 
parenchyma. Thereafter, it uses angiotensin-converting 
enzyme 2 (ACE2) as a receptor for ingress into host pneu-
mocytes. In addition, the viral ribonucleic acid (RNA) has 
also been detected in the plasma or serum of COVID-19 
patients, suggestive of viremia [1]. This implies that apart 
from pneumocytes, the virus is freely available to interact 
with ACE2 expressed in other tissues. As a matter of fact, 
a number of endocrine organs do express ACE2, namely 
pancreas, thyroid, testis, ovary, adrenal glands and pituitary 
[2]. Even though one could expect endocrine repercussions 
due to interaction of SARS-CoV-2 with ACE2 expressed on 
these organs, there are no clinical/pre-clinical data as of yet. 
However, based on observations drawn partly from studies 

pertaining to the prior SARS outbreak (in 2003) and partly 
from animal models, we aim to explore the possible effects 
of COVID-19 on the endocrine system.

COVID‑19 and endocrine pancreas

ACE2 is expressed in pancreas with mRNA levels being 
higher in pancreas than in the lungs. The expression is seen 
on the exocrine pancreas as well as on the islets. Exocrine 
pancreatic injury is manifested as elevated serum amylase 
and/or lipase in 1–2% and 17% of patients with non-severe 
and severe COVID-19, respectively [2]. Although any 
major illness can be associated with stress-related hyper-
glycemia, Yang et al. had reported that patients with SARS 
(caused by SARS-CoV, the ‘cousin’ of SARS-CoV-2) who 
had never received glucocorticoids had significantly higher 
fasting plasma glucose levels as compared to patients with 
non-SARS pneumonia [3]. In another study, SARS-CoV-
mediated damage of the pancreatic β-cells was proposed as 
the plausible mechanism behind the development of ‘acute 
diabetes’ in patients with SARS [4]. In fact, immunohisto-
chemistry and in situ hybridization have identified SARS-
CoV in the pancreas of patients who died of SARS [5]. Thus, 
although coronavirus does not feature in the list of viruses 
implicated in the etiopathogenesis of type 1 diabetes melli-
tus (T1DM), SARS-CoV (and perhaps SARS-CoV-2) could 
be potential environmental triggers for the development of 
T1DM. Apart from direct β-cell damage, alterations in self-
antigens and subsequent immune-mediated destruction of 
β-cells could be implicated. In addition, infection of the 
surrounding exocrine pancreas by SARS-CoV and SARS-
CoV-2 might cause a bystander β-cell death via release 
of mediators such as tumor-necrosis factor-α (TNFα) and 
interferon-γ [6]. A systemic pro-inflammatory milieu, as evi-
dent by high amounts of interleukin-1β, monocyte chemoat-
tractant protein-1 (MCP-1) and inducible protein-10 even in 
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patients with mild COVID-19 might play an additional role 
to accentuate the process.

COVID-19 could also lead to worsening of insulin resist-
ance in patients with pre-existing type 2 diabetes mellitus 
(T2DM). Apart from inducing a plethora of cytokines, 
SARS-CoV increases serum levels of fetuin A, a glycopro-
tein that has been linked with impaired insulin sensitivity 
[7]. Lopinavir–ritonavir used for the treatment of COVID-
19 could lead to lipodystrophy and subsequent insulin 
resistance. Moreover, COVID-19 is often associated with 
hypokalemia; this has been attributed to downregulation of 
pulmonary ACE2, reduced angiotension-II degradation and 
subsequent increased aldosterone secretion [8]. Hypoka-
lemia, in turn, can worsen glucose control in patients with 
pre-existing T1DM and T2DM.

The presence of diabetes mellitus in patients with 
COVID-19 is associated with severe disease, acute respira-
tory distress syndrome (ARDS) and increased mortality. 
Possible explanations include compromised innate immu-
nity and downregulated ACE2 levels in people with diabe-
tes mellitus [8]. In addition, serum levels of inflammation-
related biomarkers (interleukin-6, serum ferritin, C-reactive 
protein) and coagulation parameter (D-dimer) are higher 
in COVID-19 patients with underlying diabetes mellitus 
compared with those without, suggesting that people with 
diabetes are more susceptible to cytokine storm ultimately 
leading to ARDS and rapid deterioration [9]. Hitherto avail-
able studies do not make any distinction between T1DM 
and T2DM and it is likely that the COVID-19-related risks 
holds true for both the disease entities [10]. Nevertheless, it 
is imperative that people with diabetes mellitus (T1DM and 
T2DM) take extra precautions and stringently implement 
social distancing and hand hygiene amid this pandemic. In 
addition, good glycemic control should be ensured. Cer-
tain anti-diabetic drugs like pioglitazone (via peroxisome 
proliferator-activated receptor γ activation) and liraglutide 
(via glucagon-like peptide 1 receptor activation) have been 
shown to upregulate ACE2 in animal models [11, 12]; how-
ever, the current evidence does not support any change in the 
ongoing medications [13]. Similarly, international organiza-
tions recommend patients on ACEi/ARBs to carry on with 
their medications.

Obesity has also been found to be associated with severe 
disease in COVID-19. Adipose tissue express ACE2; with 
higher adipose tissue, more would be the overall ACE2 
expression that would act as receptors for SARS-CoV-2 [14]. 
As in diabetes mellitus, even in basal state, obese patients 
have a higher concentration of several pro-inflammatory 
cytokines such as TNFα, IL-6 and MCP-1, produced by vis-
ceral and subcutaneous adipose tissue [15]. This could again 
predispose an obese individual to an exaggerated cytokine 
response in the presence of SARS-CoV-2, manifesting as 
severe disease and ARDS. In addition, obesity is associated 

with subclinical hypothyroidism and functional hypog-
onadism that, at least in part, is mediated by cytokines [16, 
17]. These could be aggravated amid a pro-inflammatory 
milieu induced by COVID-19.

COVID‑19 and gonads

A high level of ACE2 expression is seen in the testes; in fact, 
the mRNA and protein expression of ACE2 in the testis is 
almost the highest in the human body. Moreover, the Leydig 
cells, Sertoli cells and the spermatogonia all express ACE2. 
Nevertheless, serum testosterone levels in COVID-19 needs 
to be interpreted cautiously, as any acute critical illness can 
lead to suppression of the hypothalamic–pituitary–testicular 
axis, biochemically manifesting as low luteinizing hormone 
(LH), follicle-stimulating hormone (FSH) and testosterone. 
However, a recent study in 81 men with COVID-19 showed 
that serum total testosterone (T) was lower (although not 
statistically significant), while serum LH was significantly 
higher as compared to 100 age-matched healthy men. Serum 
T:LH ratio was also significantly lower in COVID-19 
patients and was negatively associated with disease severity 
[18]. Elevated serum LH in men with COVID-19 negates the 
possibility of suppression of the hypothalamic–pituitary–tes-
ticular axis and hints toward primary Leydig cell damage. 
In accordance with this observation, it is to be noted that 
orchitis was indeed a known complication of SARS [19]. In 
addition, SARS-CoV infection was shown to significantly 
reduce serum testosterone in male mice [20]. Nevertheless, 
data on female gonadal function in women with COVID-19 
(or SARS) is not available.

COVID‑19 and adrenal gland

One of the primary immunoinvasive strategy utilized by the 
SARS-CoV, like the influenza virus, is to knock down the 
host’s cortisol stress response. A very interesting hypothesis 
that had been proposed is the expression of certain amino 
acid sequences by the SARS-CoV that are molecular mimics 
of the host adrenocorticotropic hormone (ACTH). This form 
of molecular mimicry can indeed blunt the stress-induced 
cortisol rise, as antibodies produced against the viral parti-
cles will inadvertently destroy the circulating ACTH [21]. 
The fact that most of the SARS-CoV-2 proteins are highly 
homologous (95–100%) to the proteins of the original 
SARS-CoV makes us wonder whether SARS-CoV-2 might 
be employing the same strategy of molecular mimicry as 
well [22]. Therefore, patients with severe COVID-19 may be 
more prone to develop critical illness-related corticosteroid 
insufficiency (CIRCI). Data on cortisol dynamics in patients 
with COVID-19 are however not yet available. Nevertheless, 
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clinicians must be vigilant about the possibility of an under-
lying relative cortisol deficiency in patients with COVID-
19. Notably, indiscriminate use of short-duration, high-dose 
glucocorticoids during the SARS outbreak was questioned 
and not found to be universally useful. One recent study in 
31 patients with COVID-19 showed that corticosteroid treat-
ment was not associated with virus clearance time, length of 
hospital stay or duration of symptoms [23]. Another clinical 
trial on the efficacy and safety of corticosteroids in COVID-
19 is currently underway (NCT04273321). Nevertheless, 
patients with underlying primary adrenal insufficiency 
(PAI) are at a high risk of lower-respiratory tract infections 
and hence should take extra precautions amid the ongoing 
pandemic. They should be aware of sick-day guidelines and 
increase the dose of corticosteroids by themselves whenever 
suspected of having COVID-19 to avoid an impending adre-
nal crisis. PAI patients developing COVID-19 may require 
parenteral glucocorticoid support; serum potassium should 
be strictly monitored in such patients, as hypokalemia has 
been reported in patients with COVID-19 [8].

COVID‑19 and the hypothalamus–pituitary

Neurological manifestations do occur in patients with 
COVID-19 and include, among others, hyposmia. Expres-
sion of ACE2 by the olfactory epithelial supporting cells 
could explain much of these olfactory symptoms [24]. The 
portal of entry of the virus into the central nervous system 
(CNS) remains uncertain and could be via hematogenous 
route or directly thorough the cribriform plate. Hypotha-
lamic and pituitary tissues do express ACE2 and can the-
oretically be the viral targets. In fact, on autopsy studies, 
edema and neuronal degeneration along with identification 
of SARS genome have been shown in the hypothalamus. 
Biochemical evidence of hypothalamo-pituitary involvement 
in SARS was first reported by Leow et al. in 2005. Sixty-one 
survivors of SARS were evaluated at 3 months post-recovery 
and thereafter periodically. Forty percent of patients had 
evidence of central hypocortisolism, the majority of which 
(62.5%) resolved within a year. Of note, 87.5% of those with 
central hypocortisolism had experienced fatigue and/or pos-
tural dizziness at the time of initial recruitment. A small 
percentage of patients (5%) also had central hypothyroid-
ism. The authors had proposed the possibility of a reversible 
hypophysitis or a direct hypothalamic damage that could 
have led to a state of hypothalamo-pituitary dysfunction 
[25]. Currently, we do not have any such data with regard 
to patients with COVID-19; however, considering the high 
frequency of neurological symptoms, one can assume that 
SARS-CoV-2 may affect the hypothalamus–pituitary as well, 
directly or via immune-mediated hypophysitis. Accordingly, 
clinicians should have a low threshold to suspect central 

hypocortisolism in COVID-19 survivors, especially those 
complaining of unexplained fatigue, lassitude, malaise, 
orthostatic dizziness, anorexia and apathy. Patients with 
pituitary–hypothalamic disorders often have underlying 
diabetes insipidus (DI); COVID-19 in patients with DI can 
lead to insensible water loss due to fever and tachypnea ulti-
mately resulting in hypernatremia [26]. Hence, the patient 
and the treating physician need to be cautious in this regard.

COVID‑19 and thyroid

Data on thyroid involvement by coronavirus is most scarce. 
A study conducted during the SARS outbreak in 2003 had 
reported that serum T3 and T4 levels were lower in patients 
with SARS as compared to controls both during the acute 
and convalescent phases. This could simply imply an under-
lying sick-euthyroid syndrome. Intensive care patients with 
sick-euthyroid syndrome tend to have lower mean thyroid 
weight as a result of reduction in thyroid follicular size asso-
ciated with depletion of colloid [27]. However, an autopsy 
study in five patients with SARS has shown marked destruc-
tion of the follicular and parafollicular cells of thyroid [28]. 
Destruction of follicular cells would manifest as low T3 
and T4; parafollicular cell damage would theoretically lead 
to low levels of serum calcitonin. This has been proposed 
as a plausible mechanism of osteonecrosis of femoral head 
seen in recovered patients with SARS; calcitonin deficiency 
leads to disinhibition of osteoclasts leading to osteonecro-
sis [28]. Data on thyroid function or thyroid pathology are 
yet not available in COVID-19. The British Thyroid Asso-
ciation and the Society for Endocrinology (BTA/SfE) have 
issued a consensus statement regarding issues specific to 
thyroid dysfunction during COVID-19 pandemic. Patients 
with underlying hypothyroidism or hyperthyroidism are 
advised to continue their prescribed medications as usual. 
However, patients on anti-thyroid drugs (ATDs) are at a risk 
of agranulocytosis, albeit rarely. Symptoms of agranulocy-
tosis often overlap with those of COVID-19, hence, often 
making it difficult to differentiate one from the other clini-
cally. Hence, it is recommended that patients on ATDs who 
develop symptoms suggestive of agranulocytosis should 
immediately discontinue the drug and get a full blood count 
done at the earliest.

Conclusions

Amid the ongoing pandemic, endocrine involvement with 
COVID-19 remains largely unexplored. The aforementioned 
data pertaining to COVID-19 and the endocrine system are 
mostly conjectural and factual at this point of time. Validated 
conclusions must not be drawn based on the presented data, 
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as much of the observations are based on prior experience 
with SARS and on recent literature derived from small-scale 
studies. However, the data do provide ample scope for future 
research. As premature as it may sound, endocrinologists 
need to be aware of these possibilities in clinical practice, 
especially while dealing with COVID-19 survivors.
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