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Abstract

The novel coronavirus disease 2019 (COVID-19) produced by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a highly contagious infectious disease. In addition to typical flu-like symptoms, COVID-19 can also cause
extrapulmonary spread and systemic inflammation, potentially causing multiorgan dysfunction, including thyroid
dysfunction. Thyroid function changes in patients with COVID-19 have been widely reported, but the results are
inconsistent. Based on available data, SARS-CoV-2 infection can lead to changes in thyroid function, and the degree of
thyroid function changes was positively correlated with the severity of COVID-19, which involved multiple potential
mechanisms. In contrast, current evidence was insufficient to prove that thyroid function changes could induce the
progression of COVID-19 clinical deterioration.
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Abbreviations

COVID-19 coronavirus disease 2019

SARS-CoV-2 severe acute respiratory syndrome
coronavirus 2

Introduction

The global pandemic of coronavirus disease 2019 (COVID-
19) is the most severe and overwhelming health crisis in one

NTIS nonthyroidal illness syndrome . .
e century. Severe acute respiratory syndrome coronavirus 2
SAT subacute thyroiditis . . . ..
y 1 (SARS-CoV-2) infection often induces systemic inflam-
GD Graves’ disease . . . . . .
. , . mation, which is associated with abnormal immune
HT Hashimoto’s thyroiditis . . . .
R . inflammatory responses to the virus and likely involves the
HPT hypothalamic-pituitary-thyroid . .
. . . coagulation, cytokine and complement systems; therefore,
ACE2 angiotensin-converting enzyme 2
. SARS-CoV-2 can also lead to extrapulmonary spread and
TMPRSS2 transmembrane protease serine 2 . . . . S
. . . multiorgan involvement, including thyroid involvement.
ICUs intensive care units

Based on the available clinical data, patients with COVID-19
may be complicated with thyroid function changes, and
serum thyroid hormone can in turn reflect the severity or
mortality of COVID-19. However, the causal relationship
between thyroid function changes and COVID-19 severity
is still unclear. In this viewpoint, we try to discuss this topic
from the two dimensions of causality.
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COVID-19 results in thyroid function
changes and are associated with disease
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Laboratory of Thyroid and Parathyroid Disease, Frontiers Science Changes in thyroid function are common in patients with

Center for Disease-related Molecular Network, West China COVID-19. In early 2020, a retrospective study [1] reported
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role of COVID-19 in thyroid function alteration. To date,
with the spread of COVID-19 worldwide, an increasing
number of studies [1-10] have reported altered thyroid
function after COVID-19 diagnoses. Based on the accumu-
lated evidence, the most common was a marked decrease in
TSH or FT3 with increasing COVID-19 severity [1-7], and a
lower level of TSH or FT3 has also been observed in non-
survivor patients [8, 9]. In addition, some studies [4, 10] also
reported a lower FT4 level in patients with severe COVID-
19, indicating nonthyroidal illness syndrome (NTIS). None-
theless, it is worth mentioning that thyroid dysfunction
occurred in only a handful of patients; most thyroid function
changes were within biochemically euthyroid, and most
could return to normal without any specific treatment.
Although there were more or less certain thyroid function
parameter alterations, whether rising or falling, that occurred
after COVID-19 and were significantly related to the severity
of COVID-19, these results are inconsistent. Recently, a
meta-analysis evaluated the association between COVID-19
and thyroid-related hormones, including almost the most
comprehensive related research articles in the field [11]. In
total, 3609 hospitalized COVID-19 patients were included,
and thyroid-related hormone abnormalities were common in
patients with severe COVID-19. Patients with severe
COVID-19 had lower levels of TSH and FT3 than patients
with nonsevere COVID-19, while the difference in FT4
levels was not significant between the two groups. Similar
results were also observed when grouping by survivors and

Fig. 1 Potential mechanisms
causing thyroid function
changes with the severity of
COVID-19
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nonsurvivors. However, the high heterogeneity of the inclu-
ded articles in the above analyses made it difficult to provide
reliable information for further analysis [11].

The other thyroid disorders secondary to COVID-19,
including subacute thyroiditis (SAT), Graves’ disease (GD)
and Hashimoto’s thyroiditis (HT), are mainly presented in
the form of case reports or case series [12—15], so that the
quality of published data of were relatively poor [16]. These
diseases are mainly characterized by transient hyperthyr-
oidism, accompanied by changes in thyroid-related antibodies.
Although hyperthyroidism may foster worse clinical pro-
gression, it is difficult to evaluate the impact of these thyroid
disorders on the prognosis of COVID-19 through limited case
reports. Meanwhile, taking SAT as an example, this thyroid
disorder was only sporadic reports in the large infected
population, so the observer bias caused by excessive attention
to pneumonia should be vigilant, and the role of COVID-19 in
inducing SAT might have been overestimated [13].

The etiology and pathogenesis of thyroid function
change after COVID-19 involves complex cellular and
molecular signaling mechanisms. In general, it mainly
includes the following three points: direct infiltration,
indirect influence through multiple inflammatory factors,
and induction of hypothalamic-pituitary-thyroid (HPT) axis
changes (Fig. 1). Both SARS-CoV-1 and SARS-CoV-2 use
angiotensin-converting enzyme 2 (ACE2) combined with
transmembrane protease serine 2 (TMPRSS2) as the key
molecular complex to enter and infect host cells [17]. ACE2
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and TMPRSS2 expression levels were found to be high in
the thyroid [18], and the ACE-2 mRNA was also identified
in thyroid follicular cells [19], suggesting that the thyroid
may be a potential target for SARS-CoV-2 entry. However,
there seems to be no evidence of SARS-CoV-2 expression in
thyroid tissue. Although chronic lymphocytic infiltration in
the interstitium or follicular epithelial cell disruption have
been noted in some COVID-19 patients [20, 21], more
histopathological findings are needed for further confirma-
tion. Thyroid dysfunction after COVID-19 may also be
mediated by a cytokine storm triggered by SARS-CoV-2
infection. Direct evidence is that the thyroid dysfunction
level is negatively correlated with multiple inflammatory
factors, such as CRP, IL-6 ESR, and TNF-a [3, 5, 9].
Immune activation accompanied by triggering of proin-
flammatory responses is a classic process after SARS
infection, and there is a significant correlation between
inflammatory cytokines and thyroid function [22]. Lym-
phocyte infiltration was found in the interstitium of thyroid
follicular epithelial cells [20, 21], suggesting a potential
inflammatory response activity. One interesting finding is
that ACE-2 mRNA levels in thyroid cells could be facilitated
by pro-inflammatory cytokines in vitro; suggesting the ele-
vated level of inflammatory cytokines may promote the
entering of the virus in cells and thus influence the degree of
severity of COVID-19 [23]. Another hypothesis is that
dysfunction of the HPT axis causes a diminished level of
serum TSH in patients with SARS-CoV-2, thus leading to
thyroid dysfunction. Edema and neuronal degeneration
along with the SARS-CoV-1 genome have been noted in the
hypothalamus, suggesting that these regions may be poten-
tial targets of the virus [24]. Although there is no direct
evidence of direct damage to the pituitary or hypothalamus
after SARS-CoV-2 infection, central endocrine system dis-
orders are still widely reported [12]. Central hypothyroidism
was reported in some patients and was found to be asso-
ciated with the severity of prognosis in COVID-19 [1, 25].
Together, current evidence shows that COVID-19 can
lead to changes in thyroid function, and the degree of
change increases with the severity of COVID-19. However,
given that most studies are retrospective and do not well
control for confounding factors at baseline, the reliability of
the results is greatly limited. To date, there have been few
studies on the relationship between thyroid function and
COVID-19. More high-quality prospective studies with
large sample sizes may help better answer this question.

Can thyroid function change worsen the
prognosis of COVID-19?

Because most previous studies excluded patients with pre-
existing thyroid dysfunction or thyroid disease, available

@ Springer

evidence could only indicate that COVID-19 can lead to
thyroid function change and correlate with the severity of
COVID-19, while whether serum thyroid hormone impacts
the severity or mortality of COVID-19 in turn is hard to
explain. As mentioned above, patients with critical COVID-
19 had lower levels of FT3 or TSH than patients with
noncritical COVID-19 [6, 9]. These results seem to suggest
that thyroid function at admission could predict the pro-
gression of COVID-19, but there are still several key points
that need to be further explained. First, patients included in
the study already had different severities of COVID-19 at
the time of admission. For example, in the prospective study
from Beltrao FEL et al. [9], the severity of COVID-19 was
stratified within 48 h after admission, which was consistent
with the measurement time of thyroid function. Hence, it is
difficult to judge whether the patient’s thyroid function level
at admission is original or has been affected by COVID-19
before admission. Second, most studies only included and
analyzed the baseline thyroid function level at admission
and lacked the changes in thyroid function with the pro-
gression of COVID-19 during follow-up. This lack of
information was important to dynamically evaluate the
relationship between thyroid function changes and COVID-
19 severity.

Since measuring thyroid function after the diagnosis of
COVID-19 makes it difficult to determine the causal rela-
tionship between the two, the analysis of pre-existing
thyroid dysfunction before COVID-19 seems to better
explain whether the change in thyroid function can impact
the prognosis of COVID-19, but such studies are extremely
rare. Limited evidence indicates that hypothyroidism is not
associated with an increased risk of COVID-19-related
hospitalization or a worse outcome [26], and treatment for
thyroid dysfunction, whether pre-existing hypo- or hyper-
thyroidism, does not influence the prognosis of SARS-CoV-
2 infection [27]. A systematic review from Trimboli P and
colleagues also indicated that having a thyroid disease does
not increase the risk for SARS-CoV-2 infection [28].
Meanwhile, NTIS may be able to explain this confusion in
another way. NTIS typically occurs in patients admitted to
intensive care units (ICUs) and is closely associated with
the disease condition and prognosis. NTIS has also been
reported with different incidences in COVID-19 patients
and was confirmed to be associated with multiple COVID-
19-related adverse events, including prolonged hospital
stay, clinical deterioration, and even death [2, 5]. Since
patients with NTIS are often characterized by normal or low
serum TSH concentrations and low T3 concentrations [29],
could thyroid hormone therapy reverse the negative clinical
effects related to NITS? The available evidence is regret-
table: NTIS is more often considered an adaptive response
to reduced tissue metabolism during systemic illnesses, and
the use of thyroxine for patients with NTIS did not produce
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additional benefits [29, 30]. These results seem to suggest
that thyroid function changes are not the cause of COVID-
19 clinical deterioration.

Conclusion

Patients with COVID-19 are often complicated with thyroid
function changes, especially a decrease in TSH and FT3.
Based on available evidence, thyroid function changes are
directly or indirectly affected by COVID-19, while whether
serum thyroid hormone impacts the severity or mortality of
COVID-19 in turn is hard to conclude. Further studies are
necessary to confirm this causal relationship.
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