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Abstract: Coronavirus disease 2019 (COVID-19) has played a signifi-
cant part in systematic damage, affecting lives and leading to significant
mortality. The endocrine system is one of the systems affected by this
pandemic outbreak. The relationship between them has been identified
in previous and ongoing research. The mechanism through which severe
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) can achieve
this is similar to that for organs that express angiotensin-converting en-
zyme 2 receptors, which is the primary binding site of the virus. Endo-
crine cells widely express angiotensin-converting enzyme 2 receptors
and transmembrane serine protease 2, the primary mediators initiating
the acute phase of the disease. This review aimed to identify and discuss
the endocrine complications of COVID-19. This primary focus is on pre-
senting thyroid disorders or newly diagnosed diabetes mellitus (DM).
Thyroid dysfunction with subacute thyroiditis, Graves’ disease, and hypo-
thyroidism caused by primary autoimmune thyroiditis has been reported.
Pancreatic damage leads to type 1 DM because of the autoimmune nature
of the disease and type 2 DM because of postinflammatory insulin resis-
tance. Because follow-up data on COVID-19 on the endocrine glands are
limited, long-term investigations are needed to assess specific effects.
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he coronavirus disease 2019 (COVID-19) pandemic has had

a massive impact, resulting in 500 million cases and nearly
7 million deaths (as of this writing)." The primary cause of this
pandemic is a positive-sense, single-strand, enveloped RNA virus
called severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2).? Moreover, it is transmitted mainly through the respiratory
system via droplets and aerosol particles, potentially traveling
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up to 28 ft.* The disease process has both pulmonary and extra-
pulmonary signs and symptoms. General symptoms vary from
mild acute symptoms such as fatigue, headache, loss of smell and
taste, and muscle aches to severe long-term effects, from myocardi-
tis (heart muscle inflammation) to irreversible pulmonary damage.*
COVID-19 has been primarily known to target different organs
such as the lungs, heart, and brain.’> With continuous research
and development, we are becoming more familiar with the
extended and obscure multisystemic complications, including
their widespread impact on the endocrine system. Endocrine
organs affected by SARS-CoV-2 mainly include the hypothalamic—
pituitary axis, thyroid gland, adrenal gland, and pancreas. It also
can cause an imbalance in vitamin D and testosterone levels,
resulting in malabsorption-related complications and infertil-
ity.%” Pancreatic damage can lead to acute and chronic pancrea-
titis.* SARS-CoV-2 also plays a role in disrupting exocrine and
endocrine functions. Exocrine insufficiency is one of the causes
of COVID-induced acute diarrhea.’ Some cases of new-onset
type 1 diabetes mellitus (DM) in young children have been re-
ported in a study conducted in London, UK, that have resulted
from the endocrine involvement of the pancreas.'”

Meanwhile, SARS-CoV-2 also has been significantly asso-
ciated with subacute thyroiditis. Euthyroid sick syndrome (ESS)
remains the most prevalent thyroid disorder, leading to a decre-
mental decrease in triiodothyronine (T3) and thyroxine (T4)

Key Points
* Pulmonary, cardiovascular, renal, endocrine, and central neurolog-
ical systems are affected by the coronavirus disease 2019 (COVID-
19) infection. The thyroid, pancreas, and adrenal glands are some of
the most typically afflicted endocrine organs.
Both disorders of the thyroid spectrum, hyperthyroidism and hy-
pothyroidism, are seen to be involved. The most prevalent manifes-
tations are euthyroid sick syndrome and subacute thyroiditis.
 Diabetes mellitus has been found to be more common among
COVID-19 patients in several investigations because of COVID-
19—induced insulin resistance via the suppression of insulin-
signaling pathways.
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levels from the cytokine storm.” As such, this article reviews the
literature on the implications of COVID-19 for DM and thyroid
disorders.

Pathophysiology

COVID-19 and Endocrinopathies

SARS-CoV-2 comprises four structural proteins: spike, enve-
lope, membrane, and nucleocapsid.!' Because of its complex
structure and variability, its mechanism of action is diversified.
Spike protein on its surface plays a vital part in binding to
angiotensin-converting enzyme 2 (ACE2) receptors in host cells
with the help of transmembrane serine protease 2. Spike protein
is then separated into two subunits: S1 and S2. This results in
structural changes to increase the stability of the binding pro-
cess.'? ACE2 expression has been reported in most tissues,
including endocrine functions such as those of the hypothala-
mus, pituitary, thyroid, gonads, and pancreatic islets. It is greatly
involved in regulating blood pressure and prevents inflamma-
tory damage by breaking down angiotensin II (Ang IT); however,
when the virus occupies the ACE2 receptors, it eventually leads
to inflammatory organ damage because of the increased avail-
ability of Ang II.'® The virus-infected cells release inflammatory
mediators, including interleukin-6, tumor necrosis factor-o,
fibrinogen, and D-dimer, leading to an oxidative stress injury
to various proteins and cellular structures, especially in the vas-
cular compartment.

DM

SARS-CoV-2-induced inflammatory load affects the proper
functionality of organs involved in insulin-mediated glucose up-
takes, such as skeletal muscle and the liver.'* In addition, viral
infections can induce an integrated stress response, an intracellu-
lar signaling pathway, one of the host cell’s protective mecha-
nisms against cellular damage. To maintain cell homeostasis,
kinases such as protein kinase RNA activated and protein kinase
RNA-like endoplasmic reticulum kinase are activated, which
can suppress the insulin-signaling pathway through the process
of serine phosphorylation of insulin receptors.' These are some
of the mechanisms through which this virus plays a part in wors-
ening DM and causing insulin resistance.

Thyroid Disease

A mutation in the cellular structure of the spike protein on
the surface of SARS-CoV-2 makes it possible for it to bind to
and internalize via receptors other than the ACE2 receptors. One
of the significant endothelial receptors it can use is the oV[33
integrin receptor. These receptors interact with various proteins in
the extracellular matrix and take an active part in the entry, rep-
lication, and proliferation of the SARS-CoV-2.'® Thyroid hor-
mones, especially T4, can regulate and promote the actions of
these integrin receptors. This hormone—integrin interaction also
can result in the transcription of cytokines and chemokines,
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eventually causing a cytokine storm.'” T3 also has been found
to suppress macrophage response to cytokines such as interleu-
kin-6. In low T3 levels, such as in ESS, an exaggerated response
by the macrophages can occur, eventually promoting the inflam-
matory mechanisms.'®

Discussion

DM and COVID-19

Patients with DM already are at an increased risk of increased
mortality and poor outcomes postviral infection, requiring
advanced interventions. This increased risk is attributed to a
higher level of ACE2 protein and immunodeficiency secondary
to low complement levels in diabetic patients.'® In one of the case
series conducted in the initial stages of the pandemic, DM was the
third most common comorbidity, with almost one-third of the
patients having the disease.”” The endocrine pancreas also can
be damaged, resulting in metabolic dysfunction and increased
hyperglycemia episodes in patients with type 2 DM. Moreover,
the earlier use of glucocorticoids to treat COVID-19 may have
affected the glucose levels of these patients.'® One study showed
that DM and hyperglycemia were seen in more than 50% of the
cases. Meanwhile, almost one-third of the cases experienced
diabetic ketoacidosis.>! A recent analysis of a study indicated that
COVID-19 patients were approximately 40% more likely to
develop DM up to 1 year later when compared with the control
group.? Similarly, a study involving the US Department of Vet-
erans Affairs database showed an increased incidence of DM
(burden per 1000 people at 12 months: 3.46, 95% confidence in-
terval 12.11-14.84) and an increased risk of antihyperglycemic
use (risk 1.85, 95% confidence interval 1.78-1.92).%3

Because of the autoimmune nature of type 1 DM, diagnosis
is confirmed by the positive results of several antibodies, including
glutamic acid decarboxylase, insulin antibody, zinc transporter
8, and antityrosine phosphatase 2.2* Worldwide criteria indicate
that type 2 DM is diagnosed using fasting glucose, a 2-hour
postoral glucose tolerance test, or hemoglobin Alc.?

Several drugs have been reported to be safe in diabetic patients
with concurrent COVID-19 disease. These drugs include insulin,
dipeptidyl peptidase-4 inhibitors, metformin, glucagon-like peptide
1 analogs, a-glucosidase inhibitors, and thiazolidinedione.'* In
a study by Breton et al, insulin was combined with continuous
glucose monitoring, which effectively reduced glucose levels
reasonably and safely.?® In a cohort study carried out by
Massachusetts General Hospital, approximately 31% of patients
were found to have a fluctuating course of hyperglycemia, ini-
tially mild and eventually self-resolving, sometimes going into
remission, suggesting acute sequelae of postinflammatory stress
response causing insulin resistance. Only one patient (11%)
remained with persistent hyperglycemia.?” A positive association
can be determined between COVID-19 and new-onset DM inci-
dence. It is unclear, however whether the damage to 3 cells is per-
manent, and further research is needed.
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Thyroid and COVID-19

The prevalence of thyroid dysfunction has been variable in several
studies, ranging between 13% and 64% in COVID-19 patients.?®
In the thyrotoxicosis in patients with COVID-19 study, most of
the patients had normal thyroid function (74.6%). In patients
with an abnormal thyroid function test, hyperthyroidism (low
thyroid-stimulating hormone [TSH]) was most commonly seen
(20.2%) in comparison to hypothyroidism (5.2%).% The studies re-
ported that the follicular epithelial cells and parafollicular cells of the
thyroid gland are primarily affected.*® Autopsies have shown dam-
aged thyroid tissue in COVID-19—positive patients, and reports have
suggested an increased mortality rate in patients with preexisting
thyroid dysfunction.'” SARS-CoV-2 has been known to affect
both spectrums of thyroid disorders: thyrotoxicosis caused by
Graves’ disease or subacute thyroiditis and hypothyroidism caused
by primary autoimmune thyroiditis or secondary hypothyroid-
ism caused by pituitary dysfunction. Most of the cases reported
were associated with subacute thyroiditis and ESS.*! In one of
the studies, pre-COVID thyroid function tests were compared
with post-COVID tests in patients with and without COVID-19.
Baseline TSH and free thyroxine (FT4) measurements were recorded.

Patients who tested positive for COVID had a preadmission (in
2019) baseline median TSH of 1.59 mU/L (1.03-2.24 mU/L)
versus 1.02 mU/L (0.6-1.65 mU/L) at admission (P < 0.001,
until September 2020). Similarly, preadmission baseline mean
FT4 measurements were recorded, and the mean (standard deviation)
was 12.94 pmol/L (2.77 pmol/L) compared with 12.23 pmol/L
(2.14 pmol/L) at admission (P = 0.015). TSH and FT4 levels
for patients without COVID-19 showed no significant difference
between baseline and admission (n = 62, P = 0.72 and n = 33,
P=0.74, respectively).>* Case reports and case series show an as-
sociation between COVID-19 and subacute thyroiditis.

Fever and neck pain were the most common symptoms in
patients presenting with subacute thyroiditis. Approximately
65% of patients were diagnosed with thyroid function tests after
COVID-19—inflicted symptoms were resolved. FT4 and free triio-
dothyronine (FT3) levels were twice the normal range. This was
further supported by positive findings for subacute thyroiditis
on imaging (eg, ultrasound, scintigraphy).**> A study conducted
in Milan, Italy enrolled 53 patients with thyroid test abnormali-
ties post-COVID infection, with several of them presenting
atypical features such as the absence of neck pain, mild thyroid

Table. Studies comparing changes in endocrine parameters in COVID-19 Patients

Prevalence of changes in
endocrine parameters in

Author Year Parameters COVID-19 patients (n) Conclusion
Chen et al** 2021 Thyroid function changes n=50 The more severe the COVID-19, the lower the TSH
(TSH, FT4, FT3) Abnormal TFT: 32/50 (64%) and T3 levels, with statistical significance
TSH lower than the normal range was (P <0.001). The degree of the decreases in TSH
present in 56% (28/50) and T3 levels was positively correlated with the
FT3/FT4: not reported severity of the disease.
Khoo et al* 2021 Thyroid function changes n=2334 TSH and FT4 levels were somewhat decreased,
(TSH, FT4, T3) Abnormal TFT: 45/334 (13.5%) which is consistent with a state of nonthyroidal
Low TSH: 18/343 (5.4%) disease. Most COVID-19 patients were
Normal TSH: 297/3343 (88.9%) euthyroid (86.5%); none were overtly
High TSH: 19/343 (5.7%) hyperthyroid (as defined by a low TSH and high
Low FT4: 10/289 (3.4%) FT4) and only a small number had overt
FT3: not reported hypothyroidism (0.6%).
Lania et al*’ 2020 Thyroid function changes n =287 58 patients (20.2%) were found with thyrotoxicosis,

(TSH, FT4, FT3)

Abnormal TFT: 73/287 (25.4%)
Low TSH: 58/287 (20.2%)

15 (5.2%) with hypothyroidism, and 214 (74.6%)
with normal thyroid function.

Normal TSH: 214/287 (74.6%)
High TSH: 15/287 (5.2%)
High FT3-FT4: 31/73 (42%)
Low FT3-FT4: 2/73 (2.8%)

Cromer et al*’ 2022 Newly diagnosed DM criteria: n=1902
no DM history and HbAlc

26.5% or RBG 211.1 mmol/L

Of 1902 individuals admitted with COVID-19, 594 (31.2%) had DM; 77 (13.0%) of these had
NIDDM. Of 64 survivors with NIDDM, 36 (56.3%) continued to have DM, 26 (40.6%) regressed to

normoglycemia or pre-DM, and 2 were unable to be classified at a median follow-up of 323 d.

Lietal® 2020 No DM history and FPG n=453
27.0 mmol/L
diagnosed DM.
Lampasona et al** 2020 Newly diagnosed DM criteria: no  n = 509

DM history and mean FPG
27.0 mmol/L during

hospitalization diagnosed).

Of 453 individuals admitted with COVID-19, 98 (21.6%) had DM; 94 (20.8%) of these had newly

DM affected 139 (27.3%) of the individuals with confirmed COVID-19: comorbid DM was detected
in 90 patients (17.7%), whereas admission-stage DM was discovered in 49 patients (9.6%) (newly

COVID-19, coronavirus disease 2019; DM, diabetes mellitus; FPG, fasting plasma glucose; FT3, fiee triiodothyronine; FT4, free thyroxine; HbAlc, hemoglobin Alc;
NIDDM, noninsulin-dependent diabetes mellitus; RBG, random blood glucose; TFT, thyroid function test; TSH, thyroid-stimulating hormone; T3, triiodothyronine.
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dysfunction, and higher prevalence of thyrotoxicosis in men (64%)
as compared with women (36%).>* Nonsteroidal anti-inflammatory
agents are recommended in an acute episode of subacute thy-
roiditis followed by low-dose prednisone, up to 20 to 25 mg/day,
if needed.*® As indicated by the SANASA polyclinic database,
there has been an increase in the number of patients with hypo-
thyroidism and subclinical hypothyroidism post-COVID infec-
tion since the pandemic started. This may have been caused by
incidental findings following regular visits to the clinics postpandemic
or because of the inflammatory damage.®® Hypothyroidism is
either overt or subclinical.

Measurement of serum TSH is the primary screening test
for thyroid dysfunction. It usually shows an elevated serum TSH
level and a low serum-free T4 level in hypothyroidism.?” The
American Association of Clinical Endocrinology has recom-
mended continuing regular treatment with levothyroxine as re-
quired for patients with recently diagnosed hypothyroidism after
COVID-19 infection.*® As reported by multiple studies, ESS
also is associated with SARS-CoV-2. The most common abnor-
mality in ESS is the low level of serum T3. It is usually observed
in 70% of the patients who are hospitalized. A low serum level
of total T4 is associated with a bad prognosis. Both the low
levels of serum T3 and T4 are seen in seriously ill patients.>’
One of the studies conducted to determine the changes in thy-
roid function tests during hospitalization in COVID-19 patients
revealed a decrease in TSH, FT3 levels, and FT3:FT4 ratio, with
the levels improving with disease progression.*® A retrospective
cohort study conducted in China showed that COVID-19 patients
with ESS had a more severe clinical presentation with fever,
hypertension, and shortness of breath than non-ESS patients.
As such, it was concluded that ESS was associated significantly
with disease severity in COVID-19 patients.*' Management of
ESS includes treating the underlying illness, in this case treating
COVID-19. There is no need for thyroid hormone replacement
in patients with ESS.** A summary of studies that have investi-
gated the relation between COVID-19, new-onset DM, and thy-
roid dysfunction is described in the Table.

Conclusions

The COVID-19 infection affects multiple organ systems such as
the pulmonary, cardiovascular, renal, endocrine, and central ner-
vous systems. Endocrine organs, including the thyroid gland,
pancreas, and adrenal gland are commonly affected. The interac-
tion among the viral surface component, spike protein, and ACE2
receptor found abundantly in endocrine organs is one of the pro-
posed mechanisms that causes endocrine dysfunction. Moreover,
the release of inflammatory mediators caused by the COVID-19
virus is another way by which it causes damage to the organs. Both
hyperthyroidism and hypothyroidism are seen in COVID-19
patients, with the ESS and subacute thyroiditis being the most
common presentations. Damage to the endocrine pancreas and
activation of different cellular protein kinases have been shown
to suppress insulin signaling pathways and may lead to insulin
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resistance. Several studies have reported an increased incidence
of DM in COVID-19 patients. The management for all of these
conditions remains the same as in COVID-19—-negative patients.
More extensive research is needed to determine the exact cause
and extent of endocrine dysfunction in COVID-19 patients and
correctly differentiate the new-onset endocrine pathologies sec-
ondary to COVID-19 from the already existing but undiagnosed
endocrine pathologies.
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