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Abstract

Objective: Alterations in thyroid function tests (TFTs) have been recorded during SARS-CoV-2 infection as associated to 
either a destructive thyroiditis or a non-thyroidal illness. 
Methods: We studied 144 consecutive COVID-19 patients admitted to a single center in intensive or subintensive care 
units. Those with previous thyroid dysfunctions or taking interfering drugs were excluded. Differently from previous 
reports, TSH, FT3, FT4, thyroglobulin (Tg), anti-Tg autoantibodies (TgAb) were measured at baseline and every 3–7 days. 
C-reacting protein (CRP), cortisol and IL-6 were also assayed.
Results: The majority of patients had a normal TSH at admission, usually with normal FT4 and FT3. Low TSH levels were 
found either at admission or during hospitalization in 39% of patients, associated with low FT3 in half of the cases. 
FT4 and Tg levels were normal, and TgAb-negative. TSH and FT3 were invariably restored at the time of discharge in 
survivors, whereas were permanently low in most deceased cases, but only FT3 levels were predictors of mortality. 
Cortisol, CRP and IL-6 levels were higher in patients with low TSH and FT3 levels. 
Conclusions: Almost half of our COVID-19 patients without interfering drugs had normal TFTs both at admission 
and during follow-up. In this series, the transient finding of low TSH with normal FT4 and low FT3 levels, inversely 
correlated with CRP, cortisol and IL-6 and associated with normal Tg levels, is likely due to the cytokine storm 
induced by SARS-Cov-2 with a direct or mediated impact on TSH secretion and deiodinase activity, and likely not to a 
destructive thyroiditis. 

Introduction

Due to the ACE2 expression, thyroid may become a target 
of coronavirus infection (1, 2, 3, 4) and indeed a thyroid 
involvement has been demonstrated by histology during 
the SARS-Cov-1 (5) and SARS-Cov-2 (6) outbreaks, as 
thyroid follicular cells damage or lymphocytic infiltration, 
respectively. An alteration in thyroid function tests (TFT) 
mainly characterized by the reduction of TSH levels has 
been recorded during SARS-CoV-2 infection as associated 

to either a destructive thyroiditis or a non-thyroidal 
illness (NTI). Indeed, cases of destructive thyrotoxicosis 
(7, 8, 9) or subacute thyroiditis (10, 11, 12, 13, 14, 15, 
16) have been reported in patients with COVID-19 
infection. On the other hand, SARS-CoV-2 coronavirus 
can cause immune response hyperactivity leading to the 
release of pro-inflammatory cytokines which may cause 
a cytokine storm (15). In this context, changes in serum 
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thyroid hormone (TH) levels in the context of a NTI are 
commonly observed in sepsis and in patient with acute 
respiratory distress syndrome as a consequence of an 
acute inflammation, which affects deiodinase activity 
and suppresses the hypothalamic–pituitary–thyroid axis 
(HPT). During NTI, there is a decrease in free T3 (FT3), 
correlating with an increase of inflammatory cytokines, 
and a normal or moderately decreased free T4 (FT4) 
concentrations. Serum TSH is usually normal, and tends 
to reduce only in the most severe chronic conditions. 
Nevertheless, since the alterations of olfaction and taste 
typical of COVID-19 are in keeping with a SARS-CoV-2 
neuro-tropism, the possibility of a hypothalamic–
pituitary involvement should not be discarded, as  
it was previously suggested during SARS-CoV-1 outbreak 
(3, 16, 17). 

Here, we report prospective data collected in a large 
cohort of 144 consecutive COVID-19 patients during 
hospitalization, with the aim to get insights into the 
debated pathogenesis of altered thyroid function tests 
(TFTs) related to this infection. Since one of the possible 
explanations of the discrepant results reported in the 
literature is the interference exerted on serum free TH 
and TSH determinations by drugs frequently used for the 
treatment of these patients (3), all the possibly interfered 
cases were excluded from the study or analyzed separately. 
Moreover, as data on atypical COVID-19 associated 
painless thyroiditis were recently published, still lacking 
thyroglobulin (Tg) determination and not consistent 
with our findings (7, 8, 9), Tg levels were retrospectively 
measured on the stored samples corresponding to a 
reduced/suppressed TSH.

Patients and methods

Patients

We enrolled 144 consecutive patients (97 males and 47 
women, mean age 68.1 ± 14.67 range 26–96 years) affected 
with COVID-19 pneumonia admitted to the intensive 
care unit (ICU) or sub-intensive care unit (SICU) at the 
San Luca Hospital, Istituto Auxologico Italiano in Milan, 
Italy, between March and May 2020 due to respiratory 
insufficiency of variable severity (Fig. 1). The overall 
mortality rate was 25% (36/144). The mean length of the 
hospital stay was 21 ± 19 days (range 2–108 days).

In 130/144 patients, high flow oxygen (n = 54), or 
continuous positive airway pressure (CPAP) treatment 
(n = 40), non-invasive ventilation (n = 19), endo-tracheal 

intubation (n =11), tracheostomy (n =6) were required due 
to severe blood oxygenation impairment.

Twenty-two patients were excluded because of a 
previous diagnosis of thyroid dysfunction (17 and 5 
patients with primary hypothyroidism or multinodular 
toxic goiter, respectively). We also excluded seven patients 
submitted to coronarography (n = 3) in the 3 weeks prior 
to admission or taking amiodarone for atrial fibrillation 
(n = 4) (Fig. 1). At baseline, none of the patients was taking 
steroids, while 41 out of the 115 patients included in the 
study received corticosteroids (CS) during hospitalization 
as a treatment for pneumonia.

During follow-up, TSH was measured at baseline and 
at every 3 days while FT4 and FT3 were assessed weekly 
(mean 8 ± 2 days). Thyroglobulin (Tg) and anti-Tg 
autoantibodies (TgAb) were retrospectively measured on 
the serum sample corresponding to a reduced/suppressed 
TSH, in order to diagnose or exclude destructive 
thyroiditis. Cortisol levels were also retrospectively 
measured at baseline, at the time of TSH suppression 
and discharge in patients not consuming interfering 
drugs. C-reacting protein (CRP) and IL-6 were measured 
according to clinical practice guidelines; samples obtained 
from patients treated with tocilizumab were not included.

At the time of discharge, a blood measurement for 
reflex TSH measurement was obtained in all patients. 

The study was approved by the ethics committee of 
Istituto Auxologico Italiano (COV-endo study, n 05C021). 
The participants or their parents gave informed consent 
to include their clinical data in the present study.

Methods

SARS-Cov-2 infection was confirmed in all patients by 
RT-PCR from naso–pharyngeal swab. The indication 
for invasive or non-invasive mechanical ventilation 
was based on the Brescia-COVID Respiratory Severity 
Scale (BCRSS)/Algorithm (18). TSH, FT4 and FT3 
were assessed by an electrochemiluminescence assay 
(Roche). In order to limit in vitro displacement leading 
to spurious hyperthyroxinaemia, we took serum 
samples more than 10 h after the last injection of 
high-molecular weight heparin. For assessing serum 
Tg levels, we used Elecsys® Tg II-Roche Diagnostics 
(Basilea–Switzerland, analytical sensitivity 0.04 mcg/L) 
and for TgAb Elecsys® anti-Tg Roche Diagnostics (upper 
limit normal 115 kU/L). The possible interference by 
positive IgM, reported to be produced 1 month after 
the onset of destructive thyroiditis (19), was excluded 
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because in our series Tg was measured at the time of 
TSH suppression. Serum total cortisol and IL-6 were 
assayed with the electrochemiluminescent Elecsys® 
cortisol immunoassays (Roche Diagnostics). CRP was 
measured by Tina-quant® C-Reactive Protein assay IV 
immunoturbidimetric assay (Roche Diagnostics)

Serum samples obtained after dopamine 
administration at the time of ICU admission were 
excluded. In the present series, none of the patients used 
neuroepileptics. Quetiapine, sertraline or haloperidol were 
taken by six, three and one patients, respectively, all of 
them not showing significant TSH changes. Data related 
to the possible presence of common comorbidities (i.e. 
hypertension, type 2 diabetes, obesity) were derived from 
medical reports, collected and managed using REDCap 
electronic data capture tools hosted at Istituto Auxologico 
Italiano (20). Thyroid volume was estimated in some 
patients with a portable US scanner or by evaluation of 
the chest CT scan. 

The temporal length of TSH reduction was calculated 
as the number of days between the first low TSH and the 
first normal TSH values.

Statistical analysis

Clinical data were expressed as median (range) and 
mean ± standard deviation for continuous variables 
and as frequencies and percentage for categorical or 
nominal data. A normally distributed paired variable 
was compared with paired t-test. The linear association 
between two continuous variables was assessed by the 
Pearson correlation coefficient.

Two-tailed Fisher’s exact test was used to compare 
categorical data as appropriate. A multivariate logistic 
regression model was then employed to determine 
variables associated independently with mortality. The 
predictive model was determined by stepwise selection 
using P = 0.05 as the entry value for the model. 

Figure 1
Selection criteria at admission and follow-up data of patients included in the study. Patients were then divided according to the 
TSH levels: suppressed at admission, suppressed during hospitalization, normal. Free thyroid hormone levels are also reported 
and patients treated with corticosteroids were (CS) highlighted.
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Results

Twelve out of the 115 patients (10.4%) without an history 
of thyroid dysfunctions had low TSH levels (median: 
0.209 mU/L; range: 0.07–0.39, normal values: 0.4–5 
mU/L) at admission. The majority of them had low levels 
of FT3, too (median: 2.2 pmol/L; range: 1.9–4.4; normal 
value:s 2.9–7.1), none of them was treated with CS during 
hospitalization (Fig. 1, Table 1, Supplementary Table 1, see 
section on supplementary materials given at the end of 
this article).

On the other hand, 27/115 cases (23.5%) developed 
TSH levels < 0.4 mU/L during hospitalization (median 
0.289 mU/L; range 0.11–0.393). In 13 cases (10 of whom 
on CS), FT3 levels below the normal range were also 
found (median 2.1 mU/L; range 1.6–2.8), and 2 patients 
treated with CS had low FT3 and FT4 levels. FT4 levels 
were normal in the remaining 25 cases (Fig. 1, Table 2, 
Supplementary Table 2). It is worth to note that TSH levels 
were < 0.2 mU/L, at admission or during the follow-up, 
in 17/39 patients, whereas a slighter reduction (≥ 
0.2 < 0.4 mU/L) was found in the remaining. Longitudinal 
evaluations done during the hospital stay showed that the 
TSH suppression was transient in all the survivors with 
a median time to normalization of 5 days (range 2–9 
days; mean ± s.d. 4.26 ± 1.98). At the time of discharge, 
all the survivors, except two cases (2.3 and 2.7 pmol/L), 
had normal FT3 levels (range 3–5.2 pmol/L) (Tables 1 and 
2, Supplementary Tables 1 and 2), whereas TSH and FT3 
were permanently low in 6/11 and in 7/11 deceased cases, 
respectively. Tg levels were invariably found to be normal 
in the absence of a possible TgAb interference in all the 
39 patients with low TSH, either at admission or during 
follow-up (median 7.6 mcg/L, range: 3–70.3 mcg/L). 
Only three patients had higher Tg levels (70.3, 61.4 and 
41.3 mcg/L) but were found to have a nodular goiter. 
TgAb levels (normal limit <115 kU/L) were <10 in nine 
patients, 11–17 in 27, and 20–50 in the remaining three. 
None of them complained any manifestation suggestive 
of subacute thyroiditis (SAT) or thyrotoxicosis. 

The remaining 76 patients (66.1%) had a normal TSH 
at admission (0.41–5.0 mU/L), and the vast majority of 
them (55/76, 72%) had normal FT3 and FT4, whereas FT3 
alone or both FT3/FT4 were low in 21 cases (Fig. 1). 

Interestingly, considering the total of 115 cases, TSH 
levels at discharge were significantly higher than those at 
admission in survivors, in contrast with deceased cases. 
This finding appears not due to an effect of exogenous 
steroids on TSH secretion, being observed both in patients 
without (Fig. 2, panel A and B) or with CS treatment 

(Fig. 2, panels C and D). To evaluate the effects on TFTs 
of endogenous cortisol, whose secretion is associated to 
stressful events, we retrospectively measured cortisol levels 
on stored sample of 40 patients not treated with steroids 
or other interfering drugs. We found a significant inverse 
correlation between the cortisol levels and TSH and FT3 
(r = −0.3, P = 0.04 and r = −0.5, P = 0.002, respectively) and 
a direct correlation with CRP levels, as expected (r = 0.6; 
P  < 0.0001) (Fig. 3, upper panels). The pro-inflammatory 
milieu was also found to correlate with TFTs, because 
IL-6 levels were significantly and inversely correlated 
with TSH and FT3 levels (r−0.2; P = 0.04 and r = −0.5; 
P = 0.02) and directly correlated with CRP (Fig. 3 lower 
panels). Accordingly, in the whole series including 667 
samples, we found a significant and inverse correlation 
between CRP and TSH, after exclusion of all TSH values 
obtained during CS treatment (Fig. 4). To test the possible 
impact of TFTs on mortality in our series, we evaluated 
by uni-and multi-variate analyses for several predictors 
(Supplementary Table 3). At univariate analysis, predictors 
of mortality were: age > 65 (P = 0.0004), coronary 
artery disease (P = 0.03), diabetes (P = 0.05), chronic 
obstructive pulmonary disease (P = 0.04), atrial fibrillation 
(P = 0.04), severity of respiratory dysfunction at admission 
(P = 0.01), coinfections during hospitalization (P = 0.0002), 
disseminated intravascular coagulation (P = 0.04), liver 
(P = 0.005) and kidney acute dysfunctions (P < 0.0001), 
low FT3 (P < 0.0001), low FT4 (P = 0.01) but not low TSH 
levels. At multivariate analysis, only age > 65, coronary 
artery disease, co-infections, acute kidney injury and low 
FT3 were retained in the model. 

In Fig. 5, we report that TFTs change in some 
representative cases. Two female patients (aged 74 and 89 
years) admitted to a low intensity ward are reported in 
panels A and B. They had undergone total thyroidectomy 
and radioiodine ablation for differentiated thyroid cancer 
several years before and were on clinical/biochemical 
remission, thus giving us the unique opportunity to 
evaluate TSH fluctuations in the absence of thyroid 
tissue. They were on L-T4 replacement treatment and 
TSH levels were repeatedly normal before COVID-19 
diagnosis. They were treated with antivirals, chloroquine, 
antibiotics, heparin and oxygen support (CPAP in one 
case and goggles for oxygen/nasal feeding in the other) 
for a bilateral interstitial pneumonia, while they did not 
receive CS. At admission, they both had a reduced TSH, 
which normalized along with improvement in CRP. L-T4 
dose was not modified during the hospital stay and the 
patients’ compliance with treatment was not affected as 
they remained fully conscious. Baseline FT4 levels were 
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normal (19.2 and 18.7 pmol/L, respectively), and no 
significant variations were noted in following samplings. 
In panel C, we report an 88-year-old euthyroid female 
patient with a normal thyroid gland and negative Tg-Ab 
and TPO-Ab followed in a low intensity ward for bilateral 
COVID-19 pneumonia and treated only by antivirals 
and antibiotics. Thyroid function test assessed during 
the hospital stay showed a minor reduction in TSH level 
(from 1.7 to 1.3 mU/L), rising levels of FT4 (from 15 to 
19.2 pmol/L, range: 11.5–24.5) and decreasing levels of 
FT3 (from 2.4 to 2.0 pmol/L, range: 2.9–7.1) during the 
acute phase, while this pattern reverted upon disease 
improvement (TSH: 2.31 mU/L, FT4: 13.6 pmol/L and 
FT3: 2.7 pmol/L).

A similar pattern was observed in a 40-year-old male 
patient for whom we had the availability of biochemical 
data not only during hospitalization but also some months 
before admission and at 1 month after discharge (panel 
D). In this patient, we observed TSH reduction along with 
disease progression associated with an increase in FT4 and 
a parallel decrease in FT3. Interestingly, 1 month after 
discharge, thyroid function tests fully recovered to their 
original setup point. Of note, no symptoms of SAT were 
documented in these latter patients, and Tg levels were 
normal at the time of TSH reduction (6.6 and 19.6 mcg/L, 
respectively).

Discussion

A number of serious effects on various organs and systems 
have been reported in humans during the COVID-19 
pandemic, including a potential association between the 
infection and thyroid dysfunctions.

The 48% (55/115) of our COVID-19 patients 
hospitalized in ICU and SICU did not experience any 
alteration in TFTs either at admission or during the 
whole follow-up. A lower number of cases (21/115, 18%) 
had free thyroid hormone variations in the presence of 
normal TSH levels, as the consequence of either a low 
T3 syndrome or due to the corticosteroid impact on 
peripheral T4 deiodination. On the other hand, TSH 
levels below the normal range were found in 10.4% of 
cases (12/115) at admission and in 23.5% (27/115) during 
the follow-up, and TSH levels were <0.2 mU/L in 17/39 
patients. The majority of patients with low TSH levels had 
normal FT4 and low FT3 levels, and we hypothesized that 
this situation could be due to the combination of a classic 
NTI associated with a suppressive effect on TSH exerted 
by exogenous or endogenous CS, as observed for acute Ta
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and chronic inflammatory conditions (21, 22) and here 
due to the typical proinflammatory milieu induced by 
SARS- Cov 2 infection. The combination of central and 
peripheral dysfunctions in the pathogenesis of NTI due 
to severe infections has been demonstrated in an animal 
model of lipopolysaccharide-induced acute illness. In 

particular, pro-inflammatory cytokines such as IL-18 
appear responsible for the central component of the NTI 
(23). Interestingly, serum IL-18 concentrations were found 
to be remarkably increased in patients with COVID-19 
and correlated with markers of renal, hepatic and cardiac 
injury, suggesting that IL-18 contributes to multiorgan 
injury (24). Similarly, the injection of IL-6 to mimic acute 
inflammatory stress in healthy humans was found to 
induce a significant reduction in TSH levels, and an effect 
of this inflammatory cytokine either direct or mediated 
via an increase in cortisol was suggested (25). Several 
analyses were done to test this hypothesis in our series. 
First, a possible inhibitory effect of CS on TSH secretion is 
unlikely because TSH concentrations of patients with and 
without steroids treatment were similarly low at baseline, 
and both increased at discharge, although a possible effect 
on either TSH or peripheral T4 to T3 conversion cannot 
be excluded in some of our patients (Supplementary Table 
2). On the other hand, we found an inverse significant 
correlation between endogenous cortisol and IL-6 levels 
and TSH and FT3 levels, further supporting the impact at 
the central (TSH inhibition) and peripheral (deiodinase 
inhibition) levels of the proinflammatory milieu induced 
by SARS-Cov-2. The changes in TSH and FT3/FT4 ratio 
found in the patients not treated with CS and described 
in detail (Fig. 5, panels C and D) are in support of a direct 
combined effect at the central and peripheral levels. In 
both patients, we found an initial lowering of TSH levels, 
which is likely due to a direct inflammatory effect at the 
hypothalamic−-pituitary level and not to destructive 

Figure 2
Mean ± s.d. TSH levels at the time of hospital admission and of 
discharge or death in patients who survived (panels A and C) 
and in those with a fatal outcome (panels B and D). Patients 
requiring steroids during the hospital stay were analyzed 
separately. The number of patients analyzed is reported.

Figure 3
Significant inverse correlation between 
TSH, FT3 and C-reactive protein (CRP) 
levels with total cortisol (top panels) and 
IL-6 (bottom panels). Top panels: patients 
taking steroids or aldosterone antagonists 
were excluded from the analysis. Mean 
cortisol levels were not significantly 
different between patients treated with 
antiretroviral therapy (n = 25) or not (n = 
15), data not shown. Bottom panels: 
values obtained after administration of 
tocilizumab were excluded from the 
analysis.
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thyroiditis in light of the normal FT4 and Tg levels. Upon 
disease progression, the FT3/FT4 ratio decreased due to a 
combined reduction of FT3 and an increase of FT4, which 
is suggestive of an impaired peripheral conversion of 
FT4 to FT3 (22, 26). Moreover, the availability of serial 
TSH measurements allowed us to confirm previous data 
indicating that the decline of the TSH is transient (27) and 
to demonstrate that the patient-specific set point of the 
HPT axis was perfectly re-established at remission. 

To further highlight that destructive thyroiditis is 
an unlikely cause of the TSH decrease observed during 
hospitalization, at least in our series, we had the unique 
opportunity to study two thyroidectomized women on 
complete remission from thyroid cancer. In these patients, 
the TSH decrease could not be due to a thyrotoxic event 
but rather represents a central effect of the inflammatory 
cytokines, as supported by the inverse correlation between 
TSH and CRP. Consistently, TSH levels remained low in 
patients who died due to complications of SARS-Cov2 
pneumonia.

Based on these data, we believe that in our series 
the alterations of the HPT axis are the result of the 
cytokine storm which may complicate COVID-19 
infection, as observed in serious illness, and induces an 
NTI with a combined effect on pituitary, which leads 
to a decrease in TSH levels, and at the peripheral level, 
with a reduced FT4 to FT3 conversion. This is in line with 
recent studies suggesting that NTI is the most common 
thyroid dysfunction seen in COVID patients (27, 28). In 
particular, consistent with our findings, Khoo et al. found 

in 13% of 383 patients hospitalized for COVID-19 a mild 
reduction of TSH levels and hypothesized a possible role 
of IL-6 based on the negative correlation with TSH (27). 
Moreover, Gao  et al. reported a decrease in TSH, FT3 levels 
and FT3/FT4 ratio paralleling the severity of the COVID-
19 infection, and reaching the lowest levels in deceased 
patients (28). Finally, in a series of 50 patients hospitalized 
for COVID-19 and retrospectively analyzed, the decrease 
in TSH was found to be highly prevalent (56%) and to 
positively correlate, together with total T3 levels, to the 
severity of the infection (29). 

On the other hand, a thyrotoxicosis due to a typical 
subacute De Quervain’s thyroiditis (SAT) and likely linked 
to the COVID-19 infection has also been reported in a total 
of ten cases at the time of the writing of this manuscript 
(10, 11, 12, 13, 14, 30, 31). In all cases, a typical picture 
of SAT is described, with neck pain radiating to the 
jaw, palpitations, fever and asthenia, suppressed TSH, 
high FT4 and Tg, ultrasound signs and absent uptake at 
scintigraphy. Interestingly, the onset is reported in most 
cases to be between 2 and 5 weeks after the resolution 
of the viral disease with a strong response to steroids 
administration. 

Still, the occurrence of an atypical painless thyroiditis 
in affected hospitalized patients has been reported, with 
variable prevalence (6–20%) likely related to the different 
time points of TSH sampling among series (7, 8, 9). In 
particular, in the first series, patients hospitalized in a 
high-intensity of care unit (HICU) and testing positive 
for COVID-19 were compared with a group of HICU 
patients collected prior to the COVID-19 pandemic. The 
authors found that in the COVID-19 cases, the TSH levels 
were lower and FT4 levels were higher than in the non 
COVID-19 patients, with FT3 levels equally low in the 
two groups. They attributed these findings to a subacute 
thyroiditis without neck pain, despite alterations of 
TSH/FT4 levels much less evident than expected during 
a destructive thyroiditis. After a mean of 55 days after 
discharge, they found three cases with focal hypoechoic 
areas corresponding to reduced Technetium-99m uptake. 
Tg determinations were not available to strengthen these 
findings, and the authors interpreted these data as being 
due to an atypical thyroiditis with a combination of 
thyrotoxicosis and NTI syndrome (7). In the second study, 
free thyroid hormones were measured in only 25% of 
patients, but low TSH levels were found, accompanied in 
half of the cases by increased FT4 levels, and normal FT3. 
The authors concluded in favor of a destructive thyroiditis, 
rather than of an NTI (8), but Tg data or radioiodine uptake, 
crucial to confirm a destructive thyroiditis in the absence 

Figure 4
Significant inverse correlation between TSH and C-reactive 
protein (CRP) levels in 667 samples. Patients treated with 
steroid were excluded from the analysis. 
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of neck pain, were not available. In the third study, TSH 
reduction was found in 11/191 (6%) patients, without 
FT3 and or FT4 alterations in ten of them. The authors 
concluded the occurrence of a destructive thyroiditis, 
although three out of the 11 cases had Graves disease with 
positive TRAbs and neither Tg determinations nor any 
thyroid imaging were performed (9).

The occurrence of a SAT or of a silent thyroiditis as the 
underlying cause for TSH decrease is unlikely in our series. 
Thyroid uptake was not performed, and ultrasound was 
limited to the bed-side estimation of the thyroid volume, 
possibly loosing minor alterations of the echogenicity. 
Nevertheless, neck pain was always absent, and none of 
our patients at the time of TSH suppression had increased 
levels of Tg, which is a reliable marker of destructive 
thyroiditis, independent of its pathogenesis (immuno-
mediated, drug-induced or viral) (32). Another argument 
against the occurrence of destructive thyroiditis comes 
from the longitudinal observation of the TSH levels which, 
in patients cured of the Sars-Cov-2 infection, normalize in 
few days, not consistent with the typical triphasic course 
(thyrotoxicosis, hypothyroidism, and euthyroidism) of 
destructive thyroiditis, which usually lasts several weeks. 

The main strength of our study are: (a) the availability 
of Tg levels which excluded that the high prevalence 
of low TSH levels in COVID-19 patients could be 
due to thyrotoxicosis; (b) the possibility to test two 
thyroidectomized patients, thus excluding the thyroid 
contribution from the analysis of SARS-Cov-2 effects on 
TSH levels; (c) the separate analysis of patients treated 
without or with steroids, to evaluate the confounding 
effect on thyroid function tests of this drug frequently 
used in the care of COVID-19 patients; (d) an inverse 
significant correlation between endogenous cortisol and 
IL-6 levels and TSH and FT3 levels, supporting the central 
and peripheral effects of the inflammatory milieu induced 
by SARS-Cov-2 virus.

The main weakness of our study is the absence of 
a control group. In previous studies, control groups 
including heterogeneous patients admitted to ICU for 
any reasons, including cardiovascular or neurological 
diseases were used, though that choice is questionable, 
especially when patients treated with angioplasty or 
exposed to iodinated contrast media or interfering drugs 
(e.g. dopamine, steroids, e.v furosemide, antiepileptic 
etc.) are not excluded. The ideal control group, but 
extremely difficult to get, would be represented by 
patients admitted to ICU for an infective disease leading 
to respiratory insufficiency. Nevertheless, we believe that 
the longitudinal determinations at admission but also 
during the follow-up, and even after discharge gives a 
strong support to the interpretation of our data. 

In conclusion, taken together, our data suggest that, 
in our series, the cytokine release due to the COVID-19 
infection causes a combined effect at the hypothalamic–
pituitary level and in peripheral tissues. Indeed, the 
slight reduction in TSH with normal FT4 levels along 

Figure 5
Changes in thyroid function tests in four representative 
patients with COVID-19 pneumonia. Panels A and B: two 
female patients previously submitted to total thyroidectomy 
and radioiodine ablation for a differentiated thyroid cancer 
and in complete remission. They were on L-T4 replacement 
treatment and TSH levels were repeatedly normal before 
COVID-19 diagnosis. At admission, they both had a reduced 
TSH, which normalized along with the improvement of CRP. 
The patient in panel A is an ICU doctor with a bilateral 
pneumonia who asked to be discharged to home after 9 days 
of hospitalization with domiciliary oxygen supply. The patient 
in panel 2 had a milder disease, and oxygen supply was 
prescribed during the hospital stay. Panel C: thyroid function 
test assessed during the hospital stay in a female patient with 
mild COVID-19 pneumonia. During the acute phase, a slight 
reduction of TSH levels was observed, with rising levels of FT4 
and decreasing levels of FT3, but still in the normal range. This 
pattern reverted upon disease improvement. Panel D: in a 
male patient, for whom pre-COVID 19 infection parameters 
were available, TSH decrease, paralleling CRP increase, FT4 
increase and Ft3 decrease were observed at admission and 
during hospitalization in a low intensity care unit. Interestingly, 
1 month after discharge, thyroid function tests fully recovered 
their original setup point. No neck pain was reported in the 
patients depicted in panels C and D and thyroglobulin levels 
were normal at the time of TSH reduction (6.6 and 19.6 mcg/L, 
respectively). CRP, C-reactive protein.
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with low-normal FT3 levels should be interpreted as a 
change in thyroid hormone metabolism and/or pituitary 
responsiveness rather than to thyrotoxicosis. Moreover, 
TFT alterations have been shown to be transient. Thus, 
unless more insight into the effects of SARS-Cov-2 on the 
HPT axis is needed, we do not recommend the assessment 
of thyroid function during hospitalization for acute 
COVID-19 infection, as the results might be a source of 
misdiagnosis and a waste of resources. Conversely, clinical 
and biochemical monitoring after discharge/clinical 
improvement are appropriate, as SAT may complicate the 
recovery phase of these patients. 

Future independent studies are certainly needed to 
provide a more detailed picture of how Covid-19 affects 
the hypothalamus/pituitary/thyroid axis.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
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