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Abstract

Objective: This study assessed thyroid function in patients affected by the coronavirus disease-19 (COVID-19), based
on the hypothesis that the cytokine storm associated with COVID-19 may influence thyroid function and/or the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may directly act on thyroid cells, such as previously

demonstrated for SARS-CoV-1 infection.

Design and methods: This single-center study was retrospective and consisted in evaluating thyroid function tests
and serum interleukin-6 (IL-6) values in 287 consecutive patients (193 males, median age: 66 years, range: 27-92)

hospitalized for COVID-19 in non-intensive care units.

Results: Fifty-eight patients (20.2%) were found with thyrotoxicosis (overt in 31 cases), 15 (5.2%) with hypothyroidism
(overt in only 2 cases), and 214 (74.6%) with normal thyroid function. Serum thyrotropin (TSH) values were inversely
correlated with age of patients (rho —0.27; P <0.001) and IL-6 (rho —0.41; P < 0.001). In the multivariate analysis,
thyrotoxicosis resulted to be significantly associated with higher IL-6 (odds ratio: 3.25, 95% confidence interval:
1.97-5.36; P < 0.001), whereas the association with age of patients was lost (P =0.09).

Conclusions: This study provides first evidence that COVID-19 may be associated with high risk of thyrotoxicosis in
relationship with systemic immune activation induced by the SARS-CoV-2 infection.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel enveloped RNA beta-coronavirus
responsible for the coronavirus disease-19 (COVID-19)
ranging from asymptomatic cases to severe respiratory
involvement (1). The first clinical case of COVID-19
in Italy was diagnosed on February 20, 2020; then the
infection has rapidly spread involving at this time more
than 100 000 subjects and configuring our Country as one
of the largest and most serious clusters of COVID-19 in
the world.

A subgroup of patients with severe COVID-19 might
have a cytokine storm characterized by hyperactivity of

Th1/Th17 immune response with increased production of
several proinflammatory cytokines, including interleukin
6 (IL-6) and tumor necrosis factor-alfa (2, 3). The cytokine
pattern observed in patients with COVID-19 is similar to
that occurring in some rheumatological diseases or during
immunotherapies for cancer (4). Moreover, the cytokine
response described in COVID-19 seems to resemble, at
least in part, the immune activation that accompanies
inflammatory thyroid diseases. Specifically, a hyper-
activation of Th1 response in peripheral lymphocytes was
described in patients with autoimmune and drug-induced
thyroiditis (5, 6, 7) and an increase in IL-6 was reported in
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the course of destructive thyroiditis (8, 9, 10). As a matter
of fact, alterations of thyroid function and structure were
reported in patients affected by SARS-CoV-1 (11, 12), but
the mechanisms were not clarified and it is still unknown
whether a similar involvement may occur also during
COVID-19, as a consequence of direct or indirect effects
of SARS-CoV-2 on the thyroid gland.

In this retrospective study, we aimed to investigate the
prevalence and determinants of altered thyroid function
in patients hospitalized for COVID-19.

Subjects and methods

This is a retrospective single-center study performed on
287 consecutive patients hospitalized for COVID-19
at the Humanitas Clinical and Research Center IRCCS,
Rozzano-Milan, Italy, in the period between March 1
and April 1, 2020 (Table 1). The inclusion criteria were
(i) hospitalization for COVID-19 diagnosed by real-
time reverse transcriptase-polymerase chain reaction
assay of nasal and pharyngeal swab specimens and or
broncoalveolar lavage fluid associated with clinical and
radiological signs of pneumonia (1) and (ii) at least one
serum thyrotropin (TSH) measurement after COVID-
19 diagnosis. Exclusion criteria were (i) treatment with
L-thyroxine or anti-thyroid drugs before and at the time
of TSH evaluation; (ii) treatment with amiodarone; (iii)
immunotherapies started before measurement of TSH
values; and (iv) requirement of intubation and mechanical
respiratory support at the time of TSH evaluation.

The first end-point of the study was the prevalence
of low serum TSH values (i.e. values below the reference
range in our laboratory) in hospitalized patients with
COVID-19. As secondary end-points we explored: (i) the

Table 1 Demographical and clinical data of COVID-19
patients at the study entry.

n 287
Age (years) 66 (27-92)
Sex (F/M) 94/193

Duration of COVID-19 (days) before
hospitalization
Arterial hypertension on treatment

5(1-15)

142 (49.5%)

Diabetes mellitus on treatment 70 (24.4%)
Dyslipidemia on treatment 63 (22.0%)
Active cancer 9(3.1%)
Chronic obstructive pulmonary disease 35(12.2%)
Prior coronary artery disease 41 (14.3%)
Prior stroke 20 (7.0%)
Prior venous thromboembolism 11 (3.8%)

Continuous data were presented as median and range.
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prevalence of overt and subclinical thyroiddysfunction;
(ii) the association between TSH and IL-6 values; (iii) the
association between TSH values and sex and age of patients;
(iv) the association between TSH values and duration of
hospitalization and patients’ survival; and (v) the clinical
presentation and outcome of overt thyrotoxicosis. These
end-points were addressed by a retrospective review of
laboratory findings and clinical charts of the patients. The
patients’ survival and duration of hospitalization were
calculated excluding from the analysis those patients
who were still hospitalized at the time of retrospective
evaluation of clinical charts.

In our hospital, measurement of TSH was included
in the routine biochemical evaluation of hospitalized
patients with COVID-19. In patients with serum TSH
values either below or above the reference range, free-
thyroxine (FT4) and free-triiodothyronine (FT3) were
measured for a comprehensive evaluation of thyroid
function. In some patients with overt thyrotoxicosis,
thyroid ultrasound and measurements of TSH receptor
antibodies (TRAD), thyroglobulin antibodies (TgAb) and
thyroperoxidase antibodies (TPOADb) were performed.
Thyroid function was evaluated on the first day of
hospitalization with blood samples drawn in the fasting
condition. Over the hours before the hospitalization, all
patients had performed thoracic computed tomograpghy
(CT) for diagnosis of pneumonia, but iodine contrast
was used in only seven cases in whom thromboembolic
events were clinically suspected. Before thyroid function
evaluation, 127 patients had received thromboprophylaxis
with low-molecular-weight heparin. The measurement
of thyroid function was performed 9-14 h after the
last administration of heparin and the specimens were
analyzed within 8 h from the blood samples.

The retrospective study was approved by the Ethical
Committee of Humanitas Clinical and Research Center,
IRCCS and the patients gave their consent to use the
clinical and biochemical data for research purposes.

Biochemical assays

Serum TSH, FT4, FT3 and IL-6 were measured at 08:00 h
using chemiluminescent methods on the Beckman Coulter
DxI 800 Access® immunoassay system. In our laboratory,
the reference ranges of TSH, FT4, FT3 and IL-6 were 0.34-
4.80 mU/L, 7.82-17.29 pmol/L, 3.38-6.45 pmol/L and
<6.4 pg/mL, respectively. TRAb were determined using the
TRACE (Time-Resolved Amplified Cryptate Emission) on
the Kryptor analyzer and reference range in our laboratory
was <1.8 IU/L. Overt thyrotoxicosis was defined by low
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TSH values and serum FT3 and/or FT4 above the reference
ranges. Overt hypothyroidism was defined by high TSH
values and serum FT4 and/or FT3 below the reference
ranges. Subclinical thyroid dysfunction was defined when
TSH was either low or high accompanied by FT4 and FT3
in the reference ranges.

Statistical analysis

Data were presented as median and range, unless otherwise
stated. Based on TSH values, patients were stratified in four
groups (<0.10, 0.10-0.33, 0.34-4.80, and >4.80 mU/L).
The comparisons were performed by Mann-Whitney’s and
Kruskal-Wallis’ tests. Frequencies were compared by the
Chi-square’s test, with Fisher correction when appropriate.
Correlations between continuous variables were sought
by calculating Spearman’s coefficient. A logistic regression
analysis was performed and the odds ratio (OR) with
95% confidence interval (CI) were calculated to evaluate
the association between thyrotoxicosis, age of patients
and IL-6 values stratified in tertiles. A P value <0.05 was
considered significant.

Results

Fifty-eight patients (20.2%) were found with TSH below
the reference range (<0.10 mU/L in 16 cases, between
0.10 and 0.33 mU/L in 42 cases), whereas TSH was normal
and high in the remaining 214 (74.6%) and 15 (5.2%)
patients, respectively. In 214 patients with TSH values in
the reference range, 99 (46.3%) had values between 0.34
and 1.0 mU/L.

Thyroid hormones were measured in 73 patients
with abnormal TSH values. Overt thyroid dysfunction
was diagnosed in 33 patients (31 with thyrotoxicosis
and 2 with hypothyroidism), whereas a subclinical
thyroid dysfunction was present in 40 patients (27
with thyrotoxicosis and 13 with hypothyroidism).
Before assessment of thyroid function, 30 patients with
thyrotoxicosis (51.7%) received thromboprophylaxis
with low-molecular-weight heparin (P=0.39 vs patients
without thyrotoxicosis) and 3 patients (5.2%) had
performed thoracic CT with iodine contrast (P=0.17 vs
patients without thyrotoxicosis).

Patients with overt thyrotoxicosis showed higher
serum FT4 values as compared to those with subclinical
thyrotoxicosis (22.31 pmol/L, range: 17.38-36.33 vs 15.10
pmol/L, range: 9.68-16.90; P<0.001), without significant
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difference in serum FT3 values (4.42 pmol/L, range:
3.49-5.28 vs 4.11 pmol/L, range: 3.00-5.20; P=0.1959).
Serum TRAb, TgAb and TPOAb were measured in nine
patients and in all of them, they resulted negative.
Among the eight patients with overt thyrotoxicosis in
whom thyroid ultrasound was performed, signs of thyroid
inflammation were reported in two cases, small thyroid
nodules in other three patients, whereas the remaining
three patients did not show any significant alteration of
thyroid structure. Overt thyrotoxicosis was accompanied
by atrial fibrillation with high heart rate in ten patients
(32.3%). Moreover, five patients with overt thyrotoxicosis
developed thromboembolic events (ischemic stroke in
two cases, venous thromboembolism in three cases). No
local signs or symptoms of subacute thyroiditis were
recorded by the physicians.

Of the patients with overt thyrotoxicosis, 4 were
treated with thiamazole (5 mg per day in all cases),
whereas the remaining 27 patients did not receive
thyroid-targeting drugs. One patient was withdrawn from
thiamazole after 3 days due to increase in liver enzyme.
A short-term follow-up was available in seven patients
(two treated with thiamazole and five without treatment)
showing a reduction in serum FT4 values regardless of the
treatment of thyrotoxicosis (Fig. 1).

No significant difference in serum TSH values was
found between males and females (0.83 IU/L, range: 0.01—
17.54 vs 1.15 IU/L, range: 0.01-75.40; P=0.08).

Serum TSH values were inversely correlated with age
of patients (rho: -0.27; P<0.001). Patients with TSH below
0.34 mU/L were significantly older as compared to patients
with higher TSH, without significant difference between
<0.10 and 0.10-0.33 mU/L (Fig. 2). Serum IL-6 was
measured in 210 patients and resulted to be significantly
correlated with TSH values (rho: —0.41; P<0.001) and age
of patients (rtho 0.39; P<0.001). Serum IL-6 values were
significantly higher in patients with TSH <0.34 mU/L
as compared to those with higher TSH values, without
significant difference between <0.10 and 0.1-0.33 mU/L
(Fig. 3). No significant differences in age (P=0.22) and
IL-6 (P=0.45) were found between subclinical and overt
thyrotoxicosis.

In the multivariate logistic regression analysis,
thyrotoxicosis resulted to be significantly associated with
higher IL-6 (OR: 3.25, 95% CI: 1.97-5.36; P<0.001) but
not with the age of patients (OR: 1.03, 95% CI: 0.99-1.06;
P=0.09).

We recorded a total of 60 in-hospital deaths,
corresponding to an in-hospital mortality rate of 21.4%
among closed cases (n = 280). The in-hospital mortality
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Figure 1

Individual outcomes of serum-free thyroxine (FT4) values in
seven patients with overt thyrotoxicosis in the course of
COVID-19 who were sequentially evaluated for thyroid
function. Two patients (dashed line) were treated with
thiamazole, whereas the other five patients (solid line) were
not treated with thyroid-targeting drugs.
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Figure 2

Scatter plot of age in COVID-19 patients stratified for serum
thyrotropin (TSH) values. The solid lines identified the median
values in each group. Comparisons were performed by
Kruskal-Wallis" and Mann-Whitney's tests.
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Scatter plot of serum interleukin-6 (IL-6) values expressed in
log-scale in COVID-19 patients stratified for serum thyrotropin
(TSH) values. The solid lines identified the median values in
each group. Comparisons were performed by Kruskal-Wallis’
and Mann-Whitney's tests.

rate was significantly lower in patients with TSH values
in the reference range as compared to those with either
thyrotoxicosis or hypothyroidism (Fig. 4). In discharged
patients, the duration of hospitalization resulted to
be significantly longer in cases with thyrotoxicosis
as compared to those with either normal TSH or
hypothyroidism (Fig. 5).

Discussion

This retrospective study reported, for the first time, high
prevalence of overt and subclinical thyrotoxicosis in
patients with COVID-19, in close relationship with high
circulating levels of IL-6. Noteworthy, the prevalence of
hypothyroidism was low in this clinical setting with most
of the cases being mild.

The cost-effectiveness and diagnostic value of serum
TSHmeasurementin hospitalized patients are controversial
(13, 14, 15). As a matter of fact, an important derangement
of hypothalamic—pituitary-thyroid axis takes place during
critical illness, configuring the so-called non-thyroidal
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Figure 4
In-hospital mortality rate in COVID-19 patients stratified for
serum thyrotropin (TSH) values. *P < 0.05 vs the other groups.

illness’ (NTI) which is consistently characterized by low
FT3 values consequent to increased deiodination of T4
in reverse-T3 (16). With increasing severity of illness, low
total and FT4, and sometimes low TSH, can be observed.
A remarkable number of our hospitalized patients had
suppressed TSH values and this finding was very likely
expression of thyrotoxicosis rather than NTI. In fact, none
of these patients had low FI3 values and in more than
one-half of them, FT4 values were above the reference
range. Nevertheless, we cannot exclude that a possible
coexistent NTI may have influenced the biochemical
presentation of thyrotoxicosis, since serum FT3 increased
less than FT4, no significant difference in FT3 values was
found between overt and subclinical thyroid dysfunction
and the recovery of thyrotoxicosis (i.e. in the few patients
in whom longitudinal measurements of thyroid hormones
were performed) was apparently faster than that observed
in non-hospitalized patients. In this context, the role of
IL-6 may be hypothesized. In cell cultures, IL-6 was shown
to decrease T3 secretion possibly contributing to the
normal levels of FT3 in our thyrotoxicotic patients (10).
Thyrotoxicosis was found in about 20% of our patients
and several others showed serum TSH in the lower part of
the reference range. These findings suggest that COVID-19
may favor the development of thyrotoxicosis at a higher
incidence than that expected in the general population
(17). Although our study was not designed to clarify
the mechanisms responsible for thyroid dysfunction in
patients with COVID-19, it is reasonable to hypothesize
that thyrotoxicosis was caused by destructive thyroiditis.
This hypothesis was supported by the findings that
thyrotoxicosis was often mild and improved spontaneously
during follow-up . A further finding supporting the
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Figure 5

Scatter plot of hospitalization length in COVID-19 patients
stratified for serum thyrotropin (TSH) values. The solid lines
identified the median values in each group. Comparisons were
performed by Kruskal-Wallis’ and Mann-Whitney's tests.

diagnosis of destructive thyroiditis was the negativity
for TRAD in the few patients in whom these antibodies
were evaluated, although the absence of circulating TRAb
cannot exclude Graves-like mild hyperthyroidism in all
cases (18). The close relationship between thyrotoxicosis
and higher serum IL-6 in our patients suggests that thyroid
gland inflammation might be triggered and sustained by
the cytokine storm associated with COVID-19, mimicking
thyroid disorders developing during the course of
immunotherapies (19, 20). An alternative hypothesis is
the possible direct action of SARS-CoV-2 on thyroid gland
(12), based on the evidence that several tissues and organs
may be directly damaged by the virus during COVID-19
(21). Indeed, there is evidence that thyroid tissue highly
expresses the angiotensin-converting enzyme 2 (22),
which is the protein used by SARS-CoV-2 for invading
human cells (23).

Besides the pathophysiological aspects, this study
highlights some specific clinical concerning the clinical
relevance and management of thyrotoxicosis in patients
of COVID-19. Sixteen percent of patients with overt
thyrotoxicosis developed thromboembolic events, a rate
being more than two times higher than that recently
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reported in COVID-19 patients hospitalized in non-
intensive care units (24). This finding along with the high
prevalence of atrial fibrillation and the close relationship
between suppressed TSH and high mortality rate and
longer hospitalization suggest that thyrotoxicosis may be
clinically relevant in COVID-19 patients.

As patients were isolated, thyroid scintigraphy was not
allowed and ultrasound evaluation of thyroid gland was
performed only in few cases. Therefore, the therapeutic
approach in our COVID-19 patients was empiric and
rather limited. Thiamazole was used in very few patients
based on the hypothesis that thyrotoxicosis was caused
by destructive thyroiditis in which no specific therapy is
required beyond symptomatic treatment when indicated.
There was likely a rationale for using glucocorticoids in
order to accelerate the resolution of thyroid dysfunction
(20). However, these drugs were not used due to concerns
about potential impairment of underlying SARS-CoV-2
infection during corticosteroid therapy (25). Therefore,
most of our patients were followed-up without specific
treatment of thyrotoxicosis and thyroid function improved
spontaneously. One could argue that this approach may
be not completely safe in the setting of COVID-19, since
thyrotoxicosis might increase the cardiovascular risk
even after short exposure to thyroid hormone excess
(26) favoring the cardiovascular complications and
arrhythmias described in patients with SARS-CoV-2
infection (1, 27, 28). Noteworthy, thyrotoxicosis may favor
the development of fatal arrhythmias in the presence of
prolonged QT interval (29), a common event in COVID-
19, as an effect of therapies and/or electrolyte disorders (1,
28). On the other hand, the prevention and treatment of
thyrotoxicosis-related heart disorders may be challenging
in the setting of COVID-19, since some drugs used to
counteract the negative effects of thyroid hormones on
heart (e.g. beta-blockers) should be administered with
caution in patients with pre-existing alterations of heart
rhythm (28).

This study has limitations. The lack of an independent
cohort of patients with pneumonia did not allow to
define the true impact of COVID-19 on thyroid function
and the risk of thyrotoxicosis in this clinical setting. In
several patients, thyroid function was assessed in the
course of treatment with low-molecular-weight heparin
for prevention of venous and arterial thromboembolic
complications of COVID-19 (24). One could argue that
the use of heparin may have favored the elevation of FT4
in our patients as an effect of displacement of the thyroid
hormone from the binding proteins (30). However, the
suppressed TSH values associated with high FT4 were
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highly suggestive for true thyrotoxicosis rather than a drug
interference. Moreover, it is reasonable to hypothesize
that the assay interference induced by low-molecular-
weight heparin was likely marginal, since several hours
elapsed between the biochemical evaluation of thyroid
function and the last administration of heparin and
the hormone assays were performed in few hours after
blood samples (30). The retrospective design along with
the relatively small size of the study group, precluded
to investigate the independent impact of thyrotoxicosis
on the outcome of COVID-19. Moreover, it was not
allowed to investigate whether thyroid function might
be influenced by immunotherapies used in COVID-19
(20, 31). Furthermore, this study did not clarify whether
chronic thyroiditis may develop after the resolution of
COVID-19 (32).

In conclusion, this retrospective study provides first
evidence of high risk of thyrotoxicosis after SARS-CoV-2
infection. Future prospective studies will clarify the
clinical and prognostic relevance of thyrotoxicosis in
patients with COVID-19.
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