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Purpose of review

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection is associated with excess
morbidity and mortality in patients with hypertension and diabetes but little is known about thyroid
diseases. Thus, our goal was to review the literature with respect to: (i) Are patients with underlying hypo-
or hyperthyroidism at increased risk of contracting SARS-CoV-2 infection? (i) do underlying hypo- and
hyperthyroidism impact the prognosis of SARS-CoV-2 infection? (iii) does SARS-CoV-2 infection cause de
novo thyroid dysfunction?

Recent findings

Patients with hypo- or hyperthyroidism do not have an increased risk of contracting SARS-CoV-2, and a
diagnosis of hypo- or hyperthyroidism is not associated with a worsened prognosis of SARS-CoV-2
infection. SARS-CoV-2 infection has been associated with subsequent thyrotoxicosis, euthyroid sick
syndrome, subacute thyroiditis, and autoimmune thyroid disease.

Summary

These findings suggest that receiving treatment for thyroid dysfunction does not per se impact the patients’
risk of acquiring SARS-CoV-2 infection, or the management of those who already contracted it. Additional
studies with larger numbers of patients and long-term follow-up are required in order to clarify whether
patients with SARS-CoV-2 infection are more or less prone to develop thyroid dysfunction and/or thyroid

autoimmunity than patients recovering from other virus infections.
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Coronavirus disease 2019 (COVID-19), which is
caused by severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) infection [1] has spread dramat-
ically worldwide and is associated with excess
morbidity and mortality. By end of April 2021, the
virus had affected more than 140 million people and
claimed more than 3 million lives. Identification of
factors contributing to the risk of contracting SARS-
CoV-2, and the subsequent prognosis in those
affected, is important in order to optimize the reallo-
cation of hospital resources, and guide public health
recommendations and interventions. Hospital-based
case series [2-4] as well as population-based cohort
studies [5,6] have found old age, male gender, and
presence of a wide range of comorbidities, especially
hypertension and diabetes, the main risk factors for
severe disease and death. Whether underlying hypo-
or hyperthyroidism influence the risk and/or course
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of SARS-CoV-2 infection is less clear. Both the Ameri-
can Thyroid Association [https://www.thyroid.org/
covid-19/statement-covid-19] and the European
Thyroid Association [https://www.eurothyroid.
com/files/download/ETA-PHB.pdf] have issued con-
sensus statements to patients receiving treatment for
thyroid dysfunction. Although these recommenda-
tions were not anchored in strong clinical evidence-
based data, they advise patients to continue their
prescribed medications of Levothyroxine (L-T4)
and antithyroid drugs (ATD) for hypo- and
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KEY POINTS

e A worsened outcome of SARS-CoV-2 infection is
demonstrated in individuals with morbidities such as
hypertension and diabetes, but less is known about
thyroid disorders.

e Evidence from recent studies suggests that receiving
treatment for thyroid dysfunction does not per se impact
the patients’ risk of acquiring SARS-CoV-2 infection.

e These studies also show that a diagnosis of preexisting
thyroid dysfunction, affer adjustment for relevant
confounding, does not influence the prognosis of SARS-
CoV-2 infection.

o Additional studies are required to clarify whether
patients with SARS-CoV-2 infection have a different
propensity for developing thyroid dysfunction and/or
thyroid autoimmunity than patients recovering from
other virus infections.

hyperthyroidism, respectively. As these conditions
are common [7], any increased risk of contracting
SARS-CoV-2 and/or a worse prognosis of SARS-CoV-2
infection will have major public health impact.

This review interprets results from relevant stud-
ies in order to answer three clinical questions: (i) Are
patients with underlying hypo- or hyperthyroidism
at increased risk of contracting SARS-CoV-2 infec-
tion? (ii) do underlying hypo- and hyperthyroidism
impact the prognosis of SARS-CoV-2 infection? (iii)
does SARS-CoV-2 infection cause de novo thyroid
dysfunction?

Theoretically, patients with hypo- or hyperthyroid-
ism may have an increased risk of contracting and/
or developing a severe course of COVID-19. First,
as SARS-CoV-2 wuses the angiotensin-converting

enzyme 2 (ACE2) as a receptor for host cell entry
[8], thyroid dysfunction may influence the risk and
course of COVID-19 because the activity of ACE2 is
influenced by serum levels of thyroid hormones
[9,10]. Second, patients with hypo- or hyperthyroid-
ism have an increased burden of somatic [11,12],
especially cardiovascular [13,14], and psychiatric
[15,16] co-morbidity, which is also reported in
patients with severe and fatal COVID-19 [2,3,5,6].
Third, in most patients the etiology of hypo- and
hyperthyroidism is of autoimmune origin (95% and
50% for hypo- and hyperthyroidism, respectively)
[17,18]. Although patients with autoimmune disor-
ders do not appear to be more likely to contract
COVID-19 [19,20™], they may have severe compli-
cations if their immune system is suppressed by
their medication [19,21], e.g., risk of agranulocytosis
in patients treated with ATD [22]. It remains debated
whether the aforementioned conditions translate
into increased risk of acquiring or a more severe
prognosis of SARS-CoV-2 infection in patients with
hypo- or hyperthyroidism.

During the first 6 months of the COVID-19 pan-
demic, there was virtually no data on the risk of
COVID-19 in patients with underlying thyroid dys-
function. By the second half of 2020, large-scale
population-based epidemiological data have quan-
tified the risk of contracting SARS-CoV-2 infection
among patients diagnosed with Graves’ disease (GD)
[20™] and in patients treated for hypo- or hyperthy-
roidism [23%]. Table 1 outlines the results of these
studies. In order to investigate the prevalence of
SARS-CoV-2 infection in patients with various auto-
immune diseases, Attauabi et al. [20™] analyzed,
all individuals tested for SARS-CoV-2 between
January 28 and June 2, 2020 in two Danish regions
(Capital and Zealand). During the study period, 14

Table 1. Number and prevalence of patients and type of thyroid dysfunction in SARS-CoV-2 positive and negative

populations
SARS-CoV-2 positive population SARS-CoV-2 negative population
Thyroid No thyroid Prevalence of Thyroid No thyroid Prevalence of
Study Phenotype disease disease thyroid di di di thyroid disease P value
Attauabi Graves' disease 14 8,476 0.2% 419 223,125 0.2% 0.58
et al. [20™"]
Brix et al. [23"]  Users of ATD® 91 28,078 0.3% 936 280,007 0.3% 0.78
Users of thyroxine 809 28,078 2.9% 7.994 280,007 2.9% 0.81

°ATD, antithyroid drugs (methimazole, carbimazole, and propylthiouracil).
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(0.2%) of 8.476 SARS-CoV-2 positive patients and
419 (0.2%) of 223.125 SARS-CoV-2 negative persons
were classified as having GD. Prevalence of those
testing positive for SARS-CoV-2 did not differ
between those with GD and the background popu-
lation (3.2% vs 3.7%, P=0.65). Using data from the
Danish COVID-19 cohort [24], Brix et al. [23"] per-
formed a nationwide population-based study to
explore the risk of contracting SARS-CoV-2 in
patients receiving medical treatment for hypo- or
hyperthyroidism. The study included all individuals
testing positive for SARS-CoV-2 (n=28,078) in
Denmark between February 27 and September 30,
2020. Each of the 28,078 positive individuals were
matched with up to 10 SARS-CoV-2 negative indi-
viduals on age, sex, and week of testing. 809 (2.9%)
of the 28,078 positive patients and 7,994 (2.9%) of
the 280,007 matched SARS-CoV-2 negative controls
were treated for hypothyroidism (P=0.81), whereas
91 (0.3%) and 936 (0.3%) of SARS-CoV-2 positive
and negative persons, respectively, were treated for
hyperthyroidism (P=0.78). Patients treated for
hypo- or hyperthyroidism did not have an increased
risk of contracting SARS-CoV-2 infection
[ORpypo=1.03  (95% CI  0.95-1.11) and
ORpyper=1.03 (0.82-1.28)]. These findings accord
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with those observed in other autoimmune diseases,
such as inflammatory bowel disease, psoriasis, mul-
tiple sclerosis, rheumatoid arthritis, and coeliac dis-
ease [20"%,25,26].

Findings from a meta-analysis of eight retrospective
hospital-based observational studies have suggested
that patients with thyroid disease are at increased
risk of worsened outcomes of SARS-CoV-2 infection
[27]. However, six studies included < 10 patients
with a thyroid condition [28-33], three studies
did not differentiate between hypo- and hyperthy-
roid individuals [32-34], and one study did not
include patients with SARS-CoV-2 infection [29],
hampering any guidance of patients and physicians.

Subsequently, two controlled studies have eval-
uated the course of SARS-CoV-2 infection in patients
with various thyroid conditions, such as hypothy-
roidism [35"], and patients treated for either hypo-
or hyperthyroidism [23%]. Table 2 summarizes the
findings of these studies. Using data from the New

Table 2. Characteristics of and results from controlled studies evaluating course of SARS-CoV-2 infection in patients with

preexisting thyroid disease

Studies

Van Gerwen et al. [35"]

Brix et al. [23"]

Country USA
Setting

Time frame March 1 to April 1, 2020
Confounder control

Thyroid conditions (n) Hypothyroidism (251)

Outcomes Odds ratio® (95% Cl)
Hospitalization 0.76 (0.58-1.00)
Death 1.04 (0.71-1.52)
Admission to intensive care unit

Mechanical ventilation 0.85 (0.58-1.25)

Dialysis

New York City healthcare system

Age, sex, race, BMI, smoking, and comorbidity

Denmark

Nationwide

February 27 to August 31, 2020

Age, sex, time of testing, and comorbidity

Use of levothyroxine (572)
Use of antithyroid drugs (75)

Risk ratio® (95% Cl)

1.19 (1.02-1.40)P¢
1.15(0.77-1.71)¢

0.87 (0.65-1.17)°
1.04 (0.62-1.73)¢

1.34 (0.86-2.08)°
0.90 (0.23-3.60)°
1.32 (0.79-2.22)°
1.35 (0.34-5.39)¢
2.23 (1.06-4.69)°<
3.62 (0.86-15.14)¢

“Propensity score weighted.
bUsers of levothyroxine.

“When using a 60 day follow-up these associations attenuated; RR=1.31 (0.92-1.85) and 3.91 (0.93-16.37) for hospitalization and dialysis, respectively.

dUsers of antithyroid drugs.
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York Healthcare system and including both hospi-
talized and ambulatory patients, van Gerwen et al.
[357] examined whether the course of 3703 patients
with SARS-CoV-2 was influenced by preexisting
hypothyroidism. They identified 251 patients with
a diagnosis of hypothyroidism. After adjusting for
age, sex, race, BMI, smoking status and a number of
comorbidities, using a propensity score method, the
risk of hospitalization [0.76 (0.58-1.00)], use of
mechanical ventilation [0.85 (0.58-1.25)], and
death [1.04 (0.71-1.52)] did not differ between
patients with and without a diagnosis of hypothy-
roidism [35"]. In a nationwide cohort of 16.502
SARS-CoV-2 positive patients diagnosed between
February 27 and August 31, 2020, Brix et al. [23"]
ascertained 572 (3.5%) and 75 (0.5%) SARS-CoV-2
positive patients who were current users of L-T4 and
ATD, respectively. In order to evaluate the progno-
sis, patients with and without use of L-T4/ATD were
followed prospectively until 30 days after their posi-
tive SARS-CoV-2 test. To minimize bias and con-
founding the analyses were adjusted for age, sex and
various comorbidities wusing propensity score
weighting. Compared with nonusers, current users
of L-T4 had an increased risk of being hospitalized
[1.19 (1.02-1.40)] and undergoing dialysis [2.23
(1.06-4.69)]. However, when extending the fol-
low-up to 60 days and taking different test strategies
into account these associations attenuated, and the
authors concluded that current use of L-T4 did not
impact the prognosis of the SARS-CoV-2 infected.
Likewise, current use of ATD was not associated
with adverse outcomes of SARS-CoV-2 infection
(Table 2).

Large-scale controlled studies show that patients
with underlying thyroid dysfunction are no more
prone to SARS-CoV-2 infection than the background
population. These studies also suggest that preexist-
ing thyroid dysfunction, when controlling for rele-
vant confounding, does not influence the prognosis
of SARS-CoV-2 infection. Although the data quality
in these studies [20™,23"% 35" is high, the results
robust and pointing in the same direction, some
limitations deserve attention. First, as patients with
hypo- and hyperthyroidism, irrespective of cause,
have an increased burden of SARS-CoV-2 related
co-morbidities [11,12], many will be classified as
vulnerable or high-risk patients and be advised to
exhibit cautious behavior to limit risk of becoming
infected. Thus, it cannot be ruled out that patients
with underlying thyroid dysfunction may have been
more observant than persons without thyroid
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disease, and as a consequence have limited their
risk of contracting SARS-CoV-2 infection. Second,
in the study by Attauabi et al. [20"] GD patients were
identified based on a record in The Danish National
Patient Registry. This registry only covers patients
diagnosed in the secondary healthcare system, ques-
tioning the generalizability of these findings to
other ascertainment situations and populations.
Moreover, the authors offer no information on
the timeframe between the diagnosis of GD and
the SARS-CoV-2 test, rendering it impossible to
evaluate whether the patients had active disease
or were in remission on the date of the SARS-CoV-
2 test. Third, all patients in the study by Brix et al.
[23"], and most likely the majority of patients in the
other controlled studies [20*%,35%], received medical
treatment for their underlying thyroid disease.
Therefore, it is conceivable that the majority of
patients were euthyroid, or that the severity of
dystunction at the time of the SARS-CoV-2 test
was minor and without influence on the risk of
contracting and/or worsening the course of SARS-
CoV-2 infection. Fifth, in three studies [23%,34,35"]
no information on the cause of hypo- or hyperthy-
roidism is provided, making it impossible to assess
whether the risk and prognosis of SARS-CoV-2 infec-
tion differ between autoimmune and nonautoim-
mune thyroid dysfunction. Sixth, valid data on risk
and course of SARS-CoV-2 in patients with thyroid
dysfunction originate from relatively affluent coun-
tries such as Denmark [20"%,23"] and the USA [357],
both characterized by a well-financed healthcare
system. It remains to be shown whether these find-
ings hold when expanding investigations to include
other settings.

Theoretically, SARS-CoV-2 infection could lead to
subsequent thyroid dysfunction. First, viral infec-
tions, including influenza [36], human immunode-
ficiency virus [37], and other coronaviruses such as
SARS-CoV [38], have been cited as environmental
factors involved in subacute thyroiditis and autoim-
mune thyroid diseases [39-41]. Second, alterations
in thyroid function tests, especially low triiodothy-
ronine (T3) also known as Nonthyroidal illness syn-
drome (NTI), occur in many with a significant acute
disease [42]. Third, ACE2 is present in the thyroid
gland [43,44], making the thyroid susceptible to
tissue injury as observed in other organs such as
the lungs, gastrointestinal duct, and myocardium,
which also harbor high levels of ACE2 [43].
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Table 3. Level of thyroid function tests and prevalence of thyroid dysfunction in hospitalized patients with and without SARS-

CoV-2 infection

Levels of various thyroid vari-
ables in SARS-CoV-2 positive vs
SARS-CoV-2 negative

Prevalence of thyroid dysfunction® in

Study Country Control population TSH T3 T4 SARS-CoV-2 patients vs controls
Chen etal.  China 1) Healthy controls Lower Lower No difference Low TSH, 56% vs 2%, P<0.01P
[45% 2) Non-SARS-CoV-2 pneumonia  Lower Lower No difference
Muller et al.  ltaly Non-COVID-19 patients Lower No difference No difference Thyrotoxicosis, 15% vs 1%, P<0.01
[47%] treated at an ICU® Low TSH, 25% vs 8%, P<0.01
Suppressed TSH, 9% vs 1%, P<0.01
Hypothyroidism, 4% vs 9%, P=0.51
Khoo etal.  England Patients with clinical features of  Lower No data Lower Hyperthyroidism, 0% vs 0%
[487] COVID-19 but with a negative Hypothyroidism, 1% vs 0%¢

SARS-CoV-2 test

Subclinical hyperthyroidism, 5%vs 7%
Subclinical hypothyroidism, 5% vs 6%

“Thyroid dysfunction defined as per the original publications.

No data for the frequency of low TSH in the two control populations are reported. The p-value represents comparison between cases and the healthy controls.
Results for comparison of cases and patients with non-SARS-CoV-2 pneumonia are not reported.

CIntensive care unit.

The proportions of patients within each phenotype did not differ significantly between SARS-CoV-2 positive and negative.

Therefore, the observation of thyroid dysfunction in
patients hospitalized due to SARS-CoV-2 infection
[45%,46,47",48%,49-52], is of no surprise. The rele-
vant clinical questions are, do variations in thyro-
tropin (TSH) and thyroid hormones occur more
often in patients with SARS-CoV-2 infection com-
pared with other acute conditions, i.e., sepsis and
are the variations observed in levels of TSH and
thyroid hormones specific for SARS-CoV-2 infec-
tion?

Thyrotoxicosis, hypothyroidism, and low serum
TSH have been reported in up to 20%, 5%, and
39%, respectively, in patients hospitalized with
SARS-CoV-2 infection [46,49,52]. However, these
studies did not include a control population, ham-
pering interpreting the SARS-CoV-2-specific pattern
and potential clinical relevance of these findings.
Three studies (summarized in Table 3) have com-
pared the prevalence and severity of thyroid dys-
function in patients hospitalized with SARS-CoV-2
with a relevant control population [45%,47%,48"].
In the retrospective study by Chen et al. [457],
thyroid function parameters in 50 hospitalized
patients with SARS-CoV-2 were compared with
those of a healthy control group matched for age
and sex, and a group of non-COVID-19 pneumonia
patients. At admission (defined as within 3 days),

1752-296X Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

56% (28/50) of hospitalized SARS-CoV-2 positive
patients without previous thyroid diseases, showed
lower-than-normal values for TSH (<0.3mIU/L).
Although, actual numbers for the two control
groups are not given, this finding was reported
significant when compared with the healthy control
group. Unfortunately, the authors do not report
comparison of the frequency of low TSH between
SARS-CoV-2 cases and the non-COVID-19 pneumo-
nia patients. The SARS-CoV-2 infected had signifi-
cantly lower levels of TSH and total T3 as compared
both with the healthy subjects and those with non-
COVID-19 pneumonia. Total T4 levels did not ditfer
between the three groups (Table 3). The authors
interpreted these findings as best explained by NTI.

A different thyroid pattern was described by
Muller et al. in Italy [47"] and Khoo ef al. in England
[48"]. Muller et al. [477] investigated thyroid func-
tion variables in 85 consecutive SARS-CoV-2
patients admitted to an intensive care unit (ICU)
from 3 March to 28 April 2020. Patients treated in
the same unit during the equivalent timeframe in
2019 served as controls. Thyroid function was
assessed within 2 days of hospital admittance and
a significantly higher prevalence of thyrotoxicosis
(15%), low (25%), or suppressed TSH (9%), com-
pared to 1%, 8%, and 1%, respectively, in the con-
trol group was reported. There was no difference in
the prevalence of hypothyroidism between the two
groups (Table 3). Levels of TSH were significantly
lower in SARS-CoV-2 patients than in controls,
whereas free T3 and free T4 were similar, and inter-
preted as a combination of thyrotoxicosis, due to
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atypical thyroiditis, and NTI. Yet another picture is
reported by Khoo et al. [48"], comparing thyroid
function variables (within 2 days after hospital
admission) between 334 patients with SARS-CoV-2
infection and 122 patients with a clinical suspicion
of COVID-19 but with a negative test. The preva-
lence of thyroid dysfunction was similar between
patients with and without SARS-CoV-2 infection
(Table 3). Levels of TSH and free T4 were signifi-
cantly lower among patients with SARS-CoV-2 as
compared to patients testing negative, despite hav-
ing clinical symptoms. The authors concluded that
there was no evidence for a SARS-CoV-2 related
thyroiditis/thyrotoxicosis, and their findings most
likely explained by NTI.

All controlled studies [45%,47",48%] investigating
SARS-CoV-2 infection and subsequent thyroid func-
tion show that those infected have significantly
lower TSH values than the controls. This consistency
may suggest a specific role of SARS-CoV-2 infection
on the thyroid or the pituitary. However, interpre-
tation of serological data need be cautious as these
cannot appoint SARS-CoV-2 as responsible. Addi-
tionally, although including relevant control pop-
ulations, it is very likely that the SARS-CoV-2
patients had more grave disease and were treated
differently (i.e. use of glucocorticoids) than the
controls. When it comes to levels of T3 and T4,
the picture is less clear. Importantly, the age and
sex distribution, iodine status of the background
population, the threshold for hospitalization,
admission to ICU, and treatment (i.e. use of gluco-
corticoids, heparin, and dopamine), hampering
head to head comparison of the studies. Finally,
these studies [45%,47",48"] only cover hospitalized
patients and do not allow speculation on whether
nonhospitalized patients with SARS-CoV-2 infec-
tion have alterations in their thyroid function.

Data on thyroid function following hospitalization
for SARS-CoV-2 infection are limited [45%,47%,48"].
In the Chinese study [45%] all thyroid variables
normalized following recovery. Likewise, Khoo
et al. [48"] showed that all 55 patients with data
on thyroid function before admission, during hos-
pitalization, and after a median follow-up of
79 days normalized their thyroid function param-
eters during recovery. Muller et al. [47"] reevaluated

530 www.co-endocrinology.com

thyroid function in eight SARS-CoV-2 patients who
had thyroid dysfunction at hospital admission.
After a mean follow-up of 55days, two patients
(25%) had hypothyroidism, whereas the remaining
six patients (75%) had normal thyroid function
and negative thyroid autoantibodies. When this
is said, a growing number of case stories report
the development of thyroid dystunction classified
as subacute thyroiditis [53-55], postpartum thy-
roiditis [56], and GD [57-59] following SARS-CoV-
2 infection. Accepting the dogma that subacute
thyroiditis and autoimmune thyroid diseases are
related to prior viral infection [39,41], this is not
surprising. However, lacking large-scale studies
investigating the thyroid consequences following
SARS-CoV-2 infection makes it impossible to eval-
uate whether these patients are more or less prone
to develop thyroid dysfunction and/or thyroid
autoimmunity than patients recovering from other
virus infections.

Patients with hypo- or hyperthyroidism do not have
an increased risk of contracting SARS-CoV-2, and
when adjusted for comorbidity, a diagnosis of hypo-
or hyperthyroidism is not associated with a wors-
ened prognosis of SARS-CoV-2 infection. The clini-
cal implications of and recommendations following
these findings are that receiving treatment for thy-
roid dysfunction should not per se impact the
patients’ risk of acquiring SARS-CoV-2 infection,
or the management of those who already contracted
it. Although this information is based on robust
data, a number of issues remain to be clarified. Thus,
whether etiology of the thyroid dysfunction [60],
magnitude of thyroid dysfunction before/during
infection, and cumulative period of thyroid dys-
function before infection, which clearly influence
mortality [61,62] also influence the risk and prog-
nosis of SARS-CoV-2 infection are unknown. In
patients hospitalized due to SARS-CoV-2 infection,
alterations in thyroid function parameters reflecting
thyrotoxicosis and NTI have been observed. Devel-
opment of subacute thyroiditis and autoimmune
thyroid disease following SARS-CoV-2 infection
have also been reported, but additional studies with
larger numbers of patients and long-term follow-up
are needed to substantiate these observations.
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