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Abstract
Purpose “Non thyroidal illness syndrome” (NTIS) or “euthyroid sick syndrome” (ESS) is a possible biochemical finding in 
euthyroid patients with severe diseases. It is characterized by a reduction of serum  T3 (fT3), sometimes followed by reduc-
tion of serum  T4 (fT4). The relationship between thyroid hormones levels and mortality is well known and different studies 
showed a direct association between NTIS and mortality. The sudden spread of the 2019 novel coronavirus (SARS-CoV 2) 
infection (COVID-19) and its high mortality become a world healthcare problem. Our aim in this paper was to investigate if 
patients affected by COVID-19 presented NTIS and the relationship between thyroid function and severity of this infection.
Methods We evaluated the thyroid function in two different groups of consecutive patients affected by COVID-19 with 
respect to a control group of euthyroid patients. Group A included patients hospitalized for COVID-19 pneumonia while 
patients requiring intensive care unit (ICU) for acute respiratory syndrome formed the group B. Group C identified the 
control group of euthyroid patients.
Results Patients from group A and group B showed a statistically significant reduction in fT3 and TSH compared to group 
C. In group B, compared to group A, a further statistically significant reduction of fT3 and TSH was found.
Conclusions COVID-19 in-patients can present NTIS. FT3 and TSH serum levels are lower in patients with more severe 
symptoms.
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Introduction

Alterations in thyroid hormones levels during critical ill-
ness describe the “non-thyroidal illness syndrome” (NTIS) 
or “euthyroid sick syndrome” (ESS). The typical hormonal 
pictures are characterized by the reduction of serum  T3 (fT3) 
levels, but throughout deterioration of general condition,  T4 
(fT4) values may decrease as well, producing a combined 
low  fT3-low  fT4 state [1, 2]. This condition does not lead 
to a compensatory increase of TSH levels; on the contrary, 
the TSH levels decrease [3–5]. Considering the relationship 
between thyroid hormones levels and mortality, different 
studies showed an association between NTIS and mortality 
[1, 2]. Indeed, in the intensive care unit (ICU) more than 
70% of the patients show low T3 levels [6].

During 2019–2020, the whole world went through 
the 2019 novel coronavirus (SARS-CoV 2) pandemic. 
The sudden spread of SARS-CoV 2, originated from a 
zoonotic transmission, has become a huge healthcare 
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problem worldwide, especially for its contagiousness. 
Patients affected by SARS-CoV 2 infection (COVID-19) 
can show different clinical presentations: from mild symp-
toms to a severe hypoxic respiratory failure caused by an 
important alteration of ventilation/perfusion ratio [7]. Lung 
involvement at CT scan is characterized by typical features 
such as the presence of dense lesions in multiple lung lobes, 
ground-glass opacity with consolidation shadows or cord-
like shadows. If a rapid deterioration of hypoxemia occurs, 
intubation with invasive mechanical ventilation is manda-
tory and patients are moved to ICU department. In the pre-
sent study we evaluated the thyroid function in two groups 
of COVID-19 patients, with respect to a control group of 
euthyroid patients. The two groups of COVID-19 patients 
differed in the severity of the clinical picture, thus a com-
parison between the two groups of COVID-19 patients was 
evaluated as well.

Patients and methods

We retrospectively evaluated 46 consecutive COVID-19 
patients’ records, after the exclusion of patients with a posi-
tive medical history for hypo- or hyperthyroidism, thyroiditis 
or in treatment with lithium and/or amiodarone.

The patients were 14 females and 32 males, all of them 
were hospitalized between February 1 and February 29, 2020 
at the “Lazzaro Spallanzani” National Institute for Infectious 
Diseases, Rome, Italy. The diagnosis of COVID-19 pneu-
monia was based on the presence of suggestive symptoms 
and consistent radiological imaging at chest CT scan and 
SARS-CoV 2 detection by real time PCR (RT-PCR) at naso-
pharyngeal swab [8]. Two groups of patients were evaluated 
for thyroid function: in-patients for COVID-19 pneumonia 
(group A, n = 23) aged 60.8 ± 17.0, 35–85 years (mean ± SD, 
range) and ICU patients (group B, n = 23) aged 58.4 ± 12.1, 
31–80 years. A third group (group C) with normal thyroid 
function (n = 20) has been included as a control group (5 
females and 15 males), aged 59.1 ± 10.7, 37–80  years 
(mean ± SD, range). In selecting the control group, patients 
with a history of hypo or hyperthyroidism, thyroiditis or 
treated with lithium and/or amiodarone were excluded. All 
three groups were balanced for age and sex.

Informed consent was obtained for each patient. The thy-
roid hormones levels were measured on the next morning 
after admission using commercial radioimmunoassay kits 
(Atellica IM) in the laboratory of AO San Camillo-Forlanini 
(Rome, Italy). According to the manufacturer’s instructions, 
the normal reference ranges used were: 2.3–4.2 pg/ml for fT3 
(cv < 9%), 0.8–1.6 ng/dl for fT4 (cv < 10%), 0.4–3.5 μIU/ml 
for TSH (cv < 4%), > 100 U/ml for AbTG positivity (cv < 7%) 
and > 100 U/ml for AbTPO positivity (cv < 7%). In accord-
ance with the manufacturer’s standard value, low T3 syndrome 

was defined by a low serum fT3 level (< 2.3 pg/ml) with 
low or normal serum fT4 and TSH levels. Considering our 
patients, TSH values reported as percentiles were: 0.100 µIU/
ml 25°percentile, 1.035 µIU/ml 50°percentile, 1.948 µIU/ml 
75°percentile.

Descriptive statistics were used to describe the patients’ 
characteristics. Proportions are presented as numbers and 
percentages. Continuous data are reported as mean ± SD. 
The association between variables was tested by the Pear-
son chi-square test or Fisher’s Exact test, when appropri-
ate. Mean comparison of more than two groups was made 
by ANOVA with Bonferroni correction for multiple com-
parisons. p value ≤ 0.05 was considered statistically signifi-
cant. The SPSS (21.0) statistical program was used for all 
analysis.

Results

Considering normal values, 43% of patients (n = 10) from 
group A and 73.9% of patients (n = 18) from group B showed 
low fT3 serum levels  (Chi2 p = 0.03); TSH serum levels were 
low both in group A (21.7%, n = 5) and in group B (78.2%, 
n = 18)  (Chi2 p = 0.02). No alterations in fT4 levels were 
observed in both groups.

According to TSH quartiles, in group A one patient pre-
sented TSH < 0,1 µIU/ml, eight patients TSH between 0.1 
and 1.035 µIU/ml, 10 patients TSH between 1.036 and 1.948 
µIU/ml and four patients TSH > 1.948 µIU/ml. Concerning 
group B 14 patients presented TSH < 0,1 µIU/ml, seven 
patients TSH between 0.1 and 1.035 µIU/ml, one patient 
TSH between 1.036 and 1.948 µIU/ml and one patient 
TSH > 1.948 µIU/ml.

The fT3 levels were significantly lower in group A 
(2.40 ± 0.75  pg/ml) (mean ± SD) (p < 0.002) and group 
B (1.77 ± 0.68 pg/ml, p < 0.0001) compared to group C 
(3.14 ± 0.46 pg/ml) (Fig. 1); whereas no differences were 
found in fT4 levels in group A and B compared to group 
C (Fig. 2). Plasma TSH levels were significantly lower 
in group A (1.23 ± 0.89 µIU/mL, p < 0.04) and group B 
(0.25 ± 0.65  µIU/ml, p < 0.0001) compared to group C 
(1.98 ± 0.87 µIU/ml) (Fig. 3).

Between group A and B, serum fT3 levels were signifi-
cantly lower in group B with respect to group A (p < 0.004) 
(Fig. 1) whereas no differences were found in fT4 values 
(Fig. 2). TSH values were significantly lower in group B 
with respect to group A (p < 0.02) (Fig. 3).

Discussion

In severe diseases, both acute and chronic, NTIS can occur 
in euthyroid patients. This condition is characterized by spe-
cific alterations in the thyroid hormonal pattern [1, 2].
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The systemic homeostatic response of the organism to 
different noxae is complex and dynamic. In the early stages, 
the evident change is the reduction of fT3; with the persis-
tence and worsening of the disease, a reduction of fT4 and 
TSH can progressively appear [3–5]. The etiopathogenesis 
is multifactorial and different factors, that may facilitate 
or provoke these alterations, have been identified, such as 
hypercortisolemia, increased cytokines, oxidative stress and 
drugs [9, 10].

COVID-19 clinical features derive from both a direct 
damage by SARS-Cov 2 on cells and from the immune 
response. The main actor involved in the acute response is 
interleukine-6 (IL-6). In fact, binding its membrane and sol-
uble receptors (mIL-6R and sIL-6R), it induces chemotac-
tic molecules secretion, such as vascular endothelial growth 
(VEGF), monocyte chemoattractant protein–1 (MCP-1) and 
CXCL8, enhancing, also, more IL-6 production [11]. The 
so-called “cytokine storm” describes an excessive immune 
response with an important secretion of inflammatory 
cytokines and chemokines whose plasmatic levels seem to 
be associated with COVID-19 severity [12]. It was observed 
that some mediators (IL-1β, TNF α, IL-6 and IFN-γ) can 
cause alterations at all levels of the pituitary-thyroid axis: 
central regulation, hormones production, blood transport, 
receptor activity, and peripheral metabolism [6, 11, 13].

NTIS appears to initially have a para-physiological, com-
pensatory, and protective role, which reduces metabolic 
expenditure. Nevertheless, like other homeostatic responses 
of the body, it can become harmful, slowing down the heal-
ing process [5, 14].

NTIS treatment with thyroid hormones is still a topic of 
discussion since there is no conclusive evidence of its effi-
cacy [2, 6, 14]. As concerns our patients, neither group A 
nor group B received treatment with thyroid hormones.

We found that hospitalized—COVID-19 patients pre-
sented a statistically significant reduction in fT3 and 
TSH values compared to euthyroid controls; furthermore, 
ICU patients showed lower fT3 and TSH levels.

Other studies report the finding of an NTIS picture in 
COVID-19 patients [15–17]; in particular, Gao and his 
group confirm that patients with severe COVID-19 show 
lower fT3 blood concentration [18].

It is not clear if the finding of a low fT3 and, sometimes, 
a reduction of TSH levels in COVID-19 patients, effectively 
describes a NTIS or if thyroid could be a direct target of 
SARS-CoV 2; the Italian group of Rotondi et al. recently 
demonstrated that follicular thyroid cells can express mRNA 
encoding for the ACE-2 receptor which is known to be 
SARS-Cov 2 cellular entry receptor [19]. Furthermore, Chen 
and his group hypothesize a specific and direct damage on 
the pituitary TSH-secreting cells by SARS-Cov 2 [17].

In our series, no patients with thyrotoxicosis were found, 
as also showed by Khoo et  al. [15]; but other authors 

Fig. 1  fT3 values in group A (in-patients), group B (ICU-patients) 
and group C (controls); *p < 0.002 and **p < 0.0001 vs group C; 
°p < 0.004 vs group A)

Fig. 2  fT4 values in group A (in-patients), group B (ICU-patients) 
and group C (controls); p = NS among group A, B and C

Fig. 3  TSH values in group A (in-patients), group B (ICU-patients) 
and group C (controls); *p < 0.04 and **p < 0.0001 vs group C; 
°p < 0.02 vs group A
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reported a prevalence of thyrotoxicosis in COVID-19 
patients instead. Muller et al. focused on the hypothesis of a 
COVID-19 induced subacute thyroiditis. They define their 
observations as a combination of thyrotoxicosis and non-
thyroidal illness syndrome. This study has the limitation that 
serum fT3 and fT4 concentrations were measured only in 
presence of TSH levels outside normal range [20]. Similarly, 
Lania and his group showed that COVID-19 patients can 
present thyrotoxicosis [21]. As fT3 levels and fT4 levels 
were only measured in patients with TSH below the normal 
range, it is not possible to exclude that a condition of low 
fT3 syndrome could be present in patients with TSH levels 
in the normal range.

Regarding our series, Group A data were collected imme-
diately after patients’ hospitalization, and thus, no therapies 
were administrated yet. As concerns group B, during the 
ICU recovery, high dose of glucocorticoids were admin-
istered supporting the lowering TSH and fT3 blood levels 
[11]. With respect to other studies, a strength of our work 
is that the complete thyroid function was available for all 
patients.

Conclusions

During the last year few papers concerning NTIS during 
COVID-19 infection have been published. Our study can 
provide additional patients who could expand the previous 
series.

Patients affected by COVID-19 can present alterations of 
the thyroid function at different levels: on one hand NTIS 
and on the other hand a biochemical picture deriving from a 
direct damage on the thyroid (and maybe pituitary?) gland.

As expected, COVID-19 patients can present NTIS labo-
ratory features. The progressive derangement of the clinical 
condition seems to be characterized by a further decrease of 
TSH and fT3 levels. Lower TSH values should be consid-
ered as a negative prognostic factor for these patients.
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