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Background: Data on the association between coronavirus disease 2019 (COVID-19) and thyroid have been reported, including 
overt thyrotoxicosis and suppression of thyroid function. We aimed to evaluate the thyroid hormone profile and its association with 
the prognosis of COVID-19 in Korean patients. 
Methods: The clinical data of 119 patients with COVID-19, admitted in the Myongji Hospital, Goyang, South Korea, were retro-
spectively evaluated. The thyroid hormone profiles were analyzed and compared based on disease severity (non-severe disease vs. 
severe to critical disease). Clinical outcomes were analyzed according to the tertiles of thyroid hormones. 
Results: Of the 119 patients, 76 (63.9%) were euthyroid, and none presented with overt thyroid dysfunction. Non-thyroidal illness 
syndrome was the most common manifestation (18.5%), followed by subclinical thyrotoxicosis (14.3%) among patients with thyroid 
dysfunction. Thyroid stimulating hormone (TSH) and triiodothyronine (T3) levels were significantly lower in patients with severe to 
critical disease than in those with non-severe disease (P<0.05). Patients in the lowest T3 tertile (<0.77 ng/mL) had higher rates of 
mechanical ventilation, intensive care unit admission, and death than those in the middle and highest (>1.00 ng/mL) T3 tertiles 
(P<0.05). COVID-19 patients in the lowest T3 tertile were independently associated with mortality (hazard ratio, 5.27; 95% confi-
dence interval, 1.09 to 25.32; P=0.038) compared with those in the highest T3 tertile.
Conclusion: Thyroid dysfunction is common in COVID-19 patients. Changes in serum TSH and T3 levels may be important mark-
ers of disease severity in COVID-19. Decreased T3 levels may have a prognostic significance in COVID-19 related outcome.
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INTRODUCTION

Since the outbreak of the coronavirus disease 2019 (COVID-19) 
in December 2019, COVID-19 has spread rapidly worldwide 
and has been declared as a pandemic by the World Health Orga-
nization in March 2020 [1]. The causative agent of COVID-19 
is severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [2], which can invade human cells through the angioten-

sin-converting enzyme 2 (ACE2) receptor. The thyroid gland 
shows high ACE2 expression levels, making the thyroid gland a 
possible target of SARS-CoV-2 [3]. Several studies have report-
ed the development of subacute thyroiditis after COVID-19 [4-
8]. In contrast, other investigators showed that the acute effect of 
COVD-19 on thyroid function was more consistent with a non-
thyroidal illness syndrome (NTIS) pattern, characterized by mild 
reduction in triiodothyronine (T3) and/or thyroxine (T4) levels 
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without increasing the thyroid stimulating hormone (TSH) lev-
els [9-14]. NTIS is considered as an adaptive response to acute 
illness, occurring during the fasting state in healthy individuals, 
as well as to other systemic diseases, including cardiovascular 
and infectious diseases [15-17]. Previous studies have shown 
that low T3 concentrations are usually associated with an ad-
verse prognosis in patients with critical illness [18,19]. However, 
other studies have shown that decreased TSH concentrations 
were independently associated with mortality in patients with 
liver failure [20] or older adults in the community [21]. 

In this retrospective cohort study, we aimed to analyze the 
characteristics of thyroid hormone levels and evaluate their as-
sociation with prognosis of COVID-19. 

METHODS

Study design and population
This retrospective cohort study included COVID-19 patients 
who were admitted in Myongji Hospital in Goyang, Republic of 
Korea, from January 2020 to March 2021. The hospital in this 
study operates nationally designated negative-pressure isolation 
beds and treats COVID-19 patients separately from general pa-
tients [22]. In addition, five intensive care units (ICUs) and one 
special ward were designated for COVID-19 patients. The diag-
nosis of COVID-19 was confirmed when the results of reverse 
transcription polymerase chain reaction assay of upper respira-
tory specimens (nasopharyngeal and oropharyngeal swabs), 
with or without sputum, were positive for SARS-CoV-2. After 
exclusion of patients with a previous history of thyroid dysfunc-
tion, thyroid surgery, use of exogenous steroids, pregnancy, and 
absence of thyroid function tests, 119 patients were included in 
the current study.

The study protocol was approved by the Institutional Review 
Board (IRB) of Myongji Hospital, and the requirement for in-
formed consent was waived by the ethics board (IRB file no. 
2021-05-010) due to the retrospective and observational nature 
of this study.

Data collection
Demographic information, laboratory data, and clinical data 
were retrospectively collected from the electronic medical re-
cords. Blood samples were obtained from the patients on the 
first day of admission and used for complete blood count, bio-
chemical tests, thyroid hormone test, and high-sensitivity C-re-
active protein (hs-CRP) test, regardless of the fasting state.

Thyroid function test
Thyroid hormone profiles, including TSH, T3, and free T4 
(FT4) levels, were measured by quantitative chemiluminescent 
immunoassays using the Atellica IM analyzer (Siemens Health-
ineers, Erlangen, Germany). The assay showed TSH, T3, and 
FT4 levels of 0.008–150 mIU/L, 0.10–8.00 ng/mL, and 0.1–
12.0 ng/dL, respectively. The TSH assay was designed to have 
within-laboratory precision of ≤0.0032 mIU/L standard devia-
tion (SD) for samples <0.020 mIU/L, ≤16% coefficient of 
variation (CV) for samples ranging from 0.020 to 0.299 mIU/L, 
≤8% CV for samples ranging from 0.300 to 90.00 mIU/L, and 
≤10% CV for samples >90.00 mIU/L. The T3 assay was de-
signed to have within-laboratory precision of ≤0.08 ng/mL SD 
for samples <0.60 ng/mL, ≤13% CV for samples ranging from 
0.60 to 0.80 ng/mL, ≥11% CV for samples ranging from 0.80 
to 1.80 ng/mL, and ≤10% CV for samples >1.80 ng/mL. The 
FT4 assay was designed to have within laboratory precision of 
≤0.03 SD for samples <0.5 ng/dL, ≤8.0% CV for samples 
ranging from 0.5 to 1.0 ng/dL, and <6.0% CV for samples >1.0 
ng/dL. The reference ranges of TSH, T3, and FT4 were 0.55–
4.78 mIU/L, 0.6–1.8 ng/mL, and 0.89–1.76 ng/dL, respectively, 
as recommended by the kit provider.

Definition of condition
The diagnostic categories for thyroid function were as follows: 
(1) euthyroid (normal TSH with normal T3 and FT4 levels); (2) 
overt thyrotoxicosis (decreased TSH values and increased FT4 
levels); (3) overt hypothyroidism (increased TSH values and 
decreased serum FT4); (4) subclinical hypothyroidism (in-
creased TSH values with normal FT4 levels); (5) subclinical 
thyrotoxicosis (decreased TSH values but normal FT4 levels); 
and (6) NTIS (decreased T3 level only, or decreased T3, TSH, 
and/or FT4 levels). 

The severity of COVID-19 was divided into non-severe and 
severe to critical [23]. Severe illness was defined as COVID-19 
with respiratory rate of ≥30 per minute, oxygen saturation of ≤
93%, or PaO2/FiO2 of ≤300 mm Hg on admission. Patients 
who developed respiratory failure requiring mechanical ventila-
tion, septic shock, and/or organ failure requiring monitoring and 
treatment in the ICU were classified as having critical illness. 
Patients without the abovementioned conditions were classified 
as having non-severe illnesses. 

Statistical analysis
Statistical analyses were performed using SPSS version 22 (IBM 
Corp., Armonk, NY, USA). Continuous variables with normal 
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distribution were presented as mean±SD and were compared 
using t tests. Variables with skewed distribution were presented 
as medians with interquartile ranges and were compared using 
the Mann-Whitney U tests. Categorical data were expressed as 
numbers with percentages and were compared using chi-square 
tests. The correlations between thyroid hormone and hs-CRP or 
white blood cell (WBC) counts were determined by calculating 
the Pearson correlation coefficient. The Cochran-Armitage test 
for trend was used to analyze the association between thyroid 
hormone tertiles (lowest, middle, and highest tertile of TSH, T3, 
and FT4 levels) and clinical outcomes of patients. The Kaplan-
Meier curves were used to describe the cumulative survival of 
patients according to tertiles of T3 levels. Follow-up was started 
on the admission date and was censored on the date of death or 

the last day of follow-up (April 15, 2021). The Cox proportional 
hazard model was used, and hazard ratios (HRs) with the corre-
sponding 95% confidence intervals (CIs) were computed to ex-
amine the independent association between T3 tertiles and risk 
of mortality.

RESULTS

Baseline characteristics
The baseline characteristics of all COVID-19 patients are 
shown in Table 1. These characteristics were compared between 
survivors and non-survivors. The patients’ mean age was 64.3±

16.8 years, and 52.1% of patients were men. Hypertension was 
the most prevalent comorbidity (52.1%), followed by diabetes 

Table 1. Clinical Characteristics of 119 Patients with COVID-19 

Characteristic Total (n=119) Survivors (n=85) Non-survivors (n=34) P value

Age, yr 64.3±16.8 59.7±17.0 75.7±9.6 <0.001

Sex, male 62 (52.1) 43 (50.6) 19 (55.9) 0.601

Comorbidities

   Diabetes 36 (30.3) 21 (24.7) 15 (44.1 ) 0.037

   HTN 62 (52.1) 37 (43.5) 25 (73.5) 0.003

   Ischemic heart disease 11 (9.2) 7 (8.2) 4 (11.8) 0.548

   COPD/asthma 10 (8.4) 6 (7.1) 4 (11.8) 0.403

   Malignancy 23 (19.3) 18 (21.2) 5 (14.7) 0.419

   Stoke/cerebral hemorrhage 11 (9.2) 2 (5.9) 9 (10.6) 0.423

Symptoms

   Symptomatic 107 (89.9) 75 (88.2) 32 (94.1) 0.336

   Fever 65 (54.6) 48 (56.5) 17 (50) 0.522

   Cough/sputum 61 (51.3) 46 (54.1) 15 (44.1) 0.324

   Rhinorrhea 4 (3.4) 3 (3.5) 1 (2.9) 0.999

   Shortness of breath 48 (40.3) 22 (25.9) 26 (76.5) <0.001

   Neck pain 9 (7.6) 8 (9.4) 1 (2.9) 0.443

   Headache 10 (8.4) 8 (9.4) 2 (5.9) 0.722

   Nausea/vomiting 10 (8.4) 7 (8.2) 3 (8.8) 0.999

   Diarrhea 16 (13.4) 13 (15.3) 3 (8.8) 0.553

   Anosmia/ageusia 5 (4.2) 5 (5.9) 0 0.320

Initial laboratory finding

   WBC count, ×109/L 7.73±5.96 6.80±3.50 10.1±9.36 0.055

   C-reactive protein, mg/dL 7.3±7.2 5.8±5.9 11.1±8.6 0.002

   Mean GFR, mL/min/1.73 m2 90.0±25.2 95.2±25.0 76.7±20.1 <0.001

   GFR <60 mL/min/1.73 m2 14 (11.8) 8 (9.4) 6 (17.6) <0.001

Values are expressed as mean±standard deviation or number (%).
COVID-19, coronavirus disease 2019; HTN, hypertension; COPD, chronic obstructive lung disease; WBC, white blood cell; GFR, glomerular filtration 
rate.
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(n=36, 30.3%) and malignancy (n=23, 19.3%). Most patients 
(89.9%) were symptomatic at COVID-19 presentation. During 
the follow-up period, 34 patients died, and the mortality rate in 
this study was 28.6%.

Patients who died were older (75.7±9.6 years vs. 59.7±17.0 
years) and had higher hs-CRP levels (11.1±8.6 mg/dL vs. 5.8±5.9 
mg/dL, P=0.002), and lower GFR (76.7±20.1 mL/min/1.73 m2 
vs. 95.2±25.0 mL/min/1.73 m2, P<0.001) than those who sur-
vived. As regards the comorbidities, diabetes (44.1% vs. 24.7%, 
P=0.037) and hypertension (73.5% vs. 43.5%, P=0.003) were 
more prevalent in patients who died than in those who survived.

Thyroid hormone profiles in COVID-19 patients according 
to disease severity
The median levels of TSH, T3, and FT4 were 1.18 mIU/L, 0.92 
ng/mL, and 1.24 ng/dL, respectively (Table 2). Of the 119 pa-
tients, 76 (63.9%) were euthyroid and non-presented with overt 
thyroid dysfunction. NTIS was the most common manifestation 
(18.5%) among patients with abnormal thyroid function param-
eters, followed by subclinical thyrotoxicosis (14.3%). Of the 17 
patients classified as having subclinical thyrotoxicosis, most of 
them (16 of 17, 94%) had mildly suppressed TSH levels (0.1 to 
0.4 mIU/L) and two patients (two of 17, 11.8%) reported neck 
pain (Supplemental Table S1). 

Of the 119 patients with confirmed COVID-19, 32 had non-
severe disease and 87 had severe to critical disease. Patients 
with more severe COVID-19 infection had lower TSH and T3 
levels. Patients with severe to critical COVID-19 disease had 

lower TSH (median: 0.90 mIU/L vs. 1.67 mIU/L, P=0.006) and 
T3 (median: 0.82 ng/mL vs. 1.11 ng/mL, P<0.001) levels com-
pared with those with non-severe disease. Similarly, TSH and 
T3 levels were significantly lower in non-survivors than in sur-
vivors (P<0.05). When classified into diagnostic categories ac-
cording to thyroid hormone profiles, 81.3% of the patients with 
non-severe COVID-19 were euthyroid, whereas 57.5% of the 
patients with severe to critical disease and 35.3% of deceased 
patients were euthyroid at COVID-19 presentation. NTIS was 
more commonly observed in patients with severe to critical dis-
ease (23% vs. 6.3%, P=0.037) or deceased patients (38.2% vs. 
11.8%, P=0.012) than in those with non-severe disease or in 
survivors. 

Correlation between thyroid hormones and biochemical 
markers of inflammation
A significant negative correlation was found between the bio-
chemical markers of inflammation and T3 or TSH levels (Fig. 1). 
T3 was negatively correlated with hs-CRP (r=−0.373, P<0.001) 
and WBC count (r=−0.463, P<0.001). TSH was negatively cor-
related with hs-CRP (r=−0.224, P=0.014); however, it was not 
correlated with WBC count (r=−0.126, P=0.172).

Correlation between thyroid hormones and the clinical 
outcome of COVID-19 patients 
The associations between tertiles of thyroid hormones and out-
comes of COVID-19 patients are presented in Table 3. COV-
ID-19 patients in the lowest tertile of T3 levels had significantly 

Table 2. Comparison of Thyroid Function Test According to the Severity of Disease and Mortality 

Variable Total 
(n=119)

Non-severe 
disease (n=32)

Severe to critical 
disease (n=87) P value Survivors 

(n=85)
Non-survivors 

(n=34) P value

Thyroid hormone levels

   TSH, mIU/L 1.18 (0.43–2.26) 1.67 (0.80–2.59) 0.90 (0.33–1.96) 0.006 1.31 (0.49–2.35) 0.75 (0.28–1.79) 0.023

   T3, ng/mL 0.92 (0.70–1.06) 1.11 (0.92–1.24) 0.82 (0.64–0.99) <0.001 0.97 (0.80–1.13) 0.75 (0.58–0.91) <0.001

   FT4, ng/dL 1.24 (1.08–1.36) 1.24 (1.07–1.36) 1.24 (1.08–1.36) 0.827 1.24 (1.08–1.36) 1.24 (1.08–1.36) 0.789

Diagnostic categories of thyroid function 0.921

   Euthyroid 76 (63.9) 26 (81.3) 50 (57.5) 0.372 63 (74.1) 12 (35.3) 0.440

   Non-thyroidal illness syndrome 22 (18.5) 2 (6.3) 20 (23) 0.037 10 (11.8) 13 (38.2) 0.012

   Subclinical thyrotoxicosis 17 (14.3) 2 (6.3) 15 (17.2) 0.129 9 (10.6) 8 (23.5) 0.272

      TSH 0.1–0.4 mIU/L 16 (94.1) 2 (100) 14 (93.3) 8 (88.9) 8 (100)

      TSH <0.1 mIU/L 1 (5.9) 0 1 (6.7) 1 (11.1) 0

   Subclinical hypothyroidism 4 (3.4) 2 (6.3) 2 (2.3) 0.289 3 (3.5) 1 (2.9) 0.872

Values are expressed as median (interquartile range) or number (%).
TSH, thyroid stimulating hormone; T3, triiodothyronine; FT4, free thyroxine.
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Fig. 1. Scatterplots of thyroid hormones and C-reactive protein (CRP) or white blood cell (WBC). The Pearson correlation coefficient is 
shown at the top with its associated P value. The regression line (solid line) and 95% confidence interval (dotted line) are plotted. (A) Corre-
lation between triiodothyronine (T3) and CRP. (B) Correlation between thyroid stimulating hormone (TSH) and CRP. (C) Correlation be-
tween T3 and WBC count. (D) Correlation between TSH and WBC count.
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Table 3. Outcome of COVID-19 Patients According to Thyroid Hormone Levels 

Clinical outcome Lowest tertile Middle tertile Highest tertile P trend
T3 levels, ng/mL  ≤0.77, n=39  ≥0.78 and <0.99, n=40  ≥1.00, n=40
   ICU admission   24 (61.5) 13 (32.5) 12 (30) 0.005
   Mechanical ventilation 18 (46.2) 11 (27.5) 5 (12.5) 0.001
   Mortality 19 (48.7) 13 (32.5) 2 (5) <0.001
TSH levels, mIU/L  ≤0.56, n=39  ≥0.57 and <1.72, n=40  ≥1.73, n=40
   ICU admission 20 (51.3) 15 (37.5) 14 (35) 0.144
   Mechanical ventilation 20 (51.3) 8 (20) 6 (15) <0.001
   Mortality 15 (38.5) 11 (27.5) 8 (20) 0.071
FT4 levels, ng/dL  ≤1.14, n=39  ≥1.15 and <1.31, n=40  ≥1.31, n=40
   ICU admission 14 (35.9) 21 (52.5) 14 (35) 0.850
   Mechanical ventilation 9 (23.7) 15 (37.5) 10 (25) 0.915
   Mortality 11 (28.2) 12 (30) 11 (27.5) 0.887

Values are expressed as number (%).
COVID-19, coronavirus disease 2019; T3, triiodothyronine; ICU, intensive care unit; TSH, thyroid stimulating hormone; FT4, free thyroxine. 
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higher rates of critical events, including ICU admission (61.5% 
vs. 32.5% vs. 30%, P for trend=0.005), mechanical ventilation 
(46.2% vs. 27.5% vs. 12.5%, P for trend=0.001), and death 
(48.7% vs. 32.5% vs. 5%, P for trend <0.001) than those in the 
middle or higher tertile of T3 levels. The Kaplan-Meier curves 
for survival (Fig. 2) showed that increased mortality of the low-
est T3 tertile (log-rank P=0.014).

Patients in the lowest tertile of TSH also tended to have a 
higher rate of requiring mechanical ventilation than those in the 
middle or highest tertiles of TSH levels (P for trend <0.001). 
No significant association was observed between tertiles of FT4 
levels and the clinical outcomes.

We performed a multivariable analysis to determine whether 
lower T3 levels independently predicted the all-cause mortality 
of COVID-19 (Table 4). Lowest T3 level (<0.77 ng/mL) was 
independently associated with COVID-19-related mortality (ad-
justed HR, 5.27; 95% CI, 1.09 to 25.32; P=0.038), compared 
with the highest T3 level (>1.00 ng/mL). 

DISCUSSION

In the present study, we investigated the thyroid hormone levels 
and their prognostic impact in patients with COVID-19. NTIS 
is the most common type of thyroid dysfunction, followed by 
subclinical thyrotoxicosis in COVID-19 patients. Changes in 
TSH and T3 levels were significantly correlated with the severi-
ty of COVID-19. Lower T3 levels were associated with COV-
ID-19-related adverse outcomes. 

In our study, 63% of the patients were euthyroid at COV-
ID-19 presentation, and NTIS (18.5%) was the most common 
manifestation among patients with abnormal thyroid function. 
With the spread of COVID-19 worldwide, studies have shown 
that the clinical manifestations of thyroid involvement in COV-
ID-19 patients are inconsistent [4-12]. Several case reports have 
described patients with typical subacute thyroiditis after COV-
ID-19 infection [4,6,8]. Most of them suffered with mild or 
moderate COVID-19 disease, none of them experienced ICU 
admission. Further studies in hospitalized patients found that 
occurrence of an atypical painless thyroiditis in COVID-19 pa-
tients [5,7]. Lania et al. [5] reported overt thyrotoxicosis in 31 
(10.8%) of the 287 patients with COVID-19 who were treated 
in non-ICU but measured the T3 and T4 levels in only 25% of 
patients. Eight patients underwent thyroid ultrasound and none 
of them had classic ultrasound findings of subacute thyroiditis. 
Muller et al. [7] reported overt thyrotoxicosis in 15% of Italian 
patients with COVID-19 admitted in a high-dependency ICU, 
compared with 2% of those treated in low-intensity settings; 
they defined overt thyrotoxicosis as TSH less than 0.28 mU/L 
and/or FT4 greater than 21.9 pmol/L. However, FT4 was mea-
sured in only 24% of the patients. Thyroid ultrasound was per-
formed in five patients with thyrotoxicosis, focal hypoechoic 
area typical of subacute thyroiditis were observed in three pa-
tients. Unlike these two studies, other investigators suggested 
that the changes in thyroid function in hospitalized COVID-19 
patients were more consistent with the NTIS pattern, initially 
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Table 4. Risk Factors Associated with Mortality in Patients with 
COVID-19 

Variable Hazard 
ratio 95% CI P value

Age 1.09 1.04–1.14 0.001

Male sex 2.31 1.08–4.93 0.030

Diabetes 1.78 0.77–4.16 0.180

HTN 0.96 0.77–4.16 0.928

CRP 1.09 1.04–1.15 <0.001

GFR 0.99 0.98–1.02 0.956

T3 tertiles, ng/mL

   Highest tertile (>1.00) 1

   Middle tertile (≥0.78 and <0.99) 2.05 0.43–9.76 0.367

   Lowest tertile (<0.77) 5.27 1.09–25.32 0.038

COVID-19, coronavirus disease 2019; CI, confidence interval; HTN, 
hypertension; CRP, C-reactive protein; GFR, glomerular filtration rate; 
T3, triiodothyronine.
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characterized by a reduction in total T3 and FT3 levels and nor-
mal or slightly decreased TSH levels [9-12,14]. In a study con-
ducted in 50 Chinese patients with COVID-19, Chen et al. [9] 
reported a generalized reduction in TSH, T3, and T4 levels. 
They also found that the TSH levels were lower than the refer-
ence range in 56% of the patients. In a multicenter study in the 
United States, Khoo et al. [10] serially assessed the thyroid 
function of COVID-19 patients at admission and follow-up. 
They reported that COVID-19 patients had slightly lower levels 
of TSH and FT4 than those without COVID-19. Furthermore, 
they found that the thyroid function of COVID-19 survivors re-
turned to baseline at follow-up. In our study, NTIS was more 
commonly observed in patients with severe to critical disease 
(23%) than in those with non-severe disease (6.3%). The fre-
quency of NTIS in our cohort is comparable to those reported in 
the recent studies, which were 20% to 30% among patients with 
severe COVID-19 [11,12] and higher than that among patients 
with mild to moderate baseline severity [24]. These findings 
suggested that alterations in thyroid function at COVID-19 pre-
sentation were more similar to an NTIS pattern than to a classic 
subacute thyroiditis, especially in the patients with more severe 
COVID-19 disease. 

The pathophysiology and expression of NTIS differ depend-
ing on the type of illness, disease severity, and the stages of ill-
ness [15]. In the acute phase of illness, the plasma concentra-
tions of T3 decreased very rapidly and those of reverse T3 in-
creased. These alterations may partly be explained by the re-
duced levels of thyroid hormone-binding protein and albumin 
and reduced binding activity [25]. In addition, an acute altera-
tion in the peripheral conversion of T4 due to the decrease in 
type 1 deiodinase (D1) activity and increase in type 3 deiodin-
ase (D3) activity may explain these changes [26]. Circulating 
cytokines are known to decrease the D1 activity and increase 
the D3 activity, leading to acute fall in T3 levels in critically ill 
patients [27,28]. In COVID-19, the course and severity of dis-
ease are closely related to the actions of several cytokines, in-
cluding interleukin-6 and tumor necrosis factor alpha [29]. Be-
cause cytokine storms commonly occur in patients with COV-
ID-19 [30], the expression of cytokines induced by SARS-
CoV-2 infection may play an important role in the development 
of NTIS in COVID-19 patients. In our study, a significant cor-
relation was found between inflammatory markers and TSH/T3 
levels. Considering that CRP is well established as a marker of 
systemic inflammation and severe infection, the degree of 
changes in thyroid function might be closely associated with a 
more severe inflammatory response in COVID-19. 

In our study, subclinical thyrotoxicosis was observed in 
14.5% of the patients, most of whom had mildly suppressed 
TSH levels (0.1 to 0.4 mIU/L). None of the patients presented 
with overt thyrotoxicosis suggesting classic subacute thyroid-
itis, even in patients who died. The suppression of TSH levels 
might be related to the elevated levels of various proinflamma-
tory cytokines and endogenous cortisol secretion caused by vi-
ral infection [31,32]. It may also be due to the direct cytopathic 
effect of SARS-CoV-2 infection on thyrotrophs in the pituitary 
gland. Coronaviruses have been found in the pituitary gland of a 
deceased patient, and reduced staining for TSH has been ob-
served in the anterior pituitary gland of patients infected with 
SARS-CoV [33]. Suppressed TSH levels may be a manifesta-
tion of atypical viral subacute thyroiditis. However, this was not 
confirmed because of the absence of radiologic evaluations, al-
though two of 17 patients with suppressed TSH levels com-
plained of neck pain, in our study.

Identification of the risk factors for COVID-19-related ad-
verse outcomes is important in the setting of a pandemic bur-
den. Previous studies have consistently reported that older age, 
higher levels of inflammatory parameters including CRP, higher 
levels of tissue markers, higher levels of fasting glucose, and 
worse symptoms were associated with poor clinical outcomes 
in COVID-19 patients [34-37]. In addition, changes in thyroid 
hormones, especially low T3 levels, have also been suggested 
as potential prognostic markers in COVID-19 patients [11,13, 
14]. In our study, the degree of change in the NTIS seemed to 
be associated with disease severity and prognosis. Patients with 
severe to critical disease had significantly lower levels of TSH 
and T3 than those with non-severe disease. Furthermore, pa-
tients with the lowest T3 tertile had COVID-19-related adverse 
outcomes and were independently associated with a higher risk 
of mortality, which was similar to the findings of recent studies 
[11,13,14]. Zou et al. [11] reported that NTIS was significantly 
associated with inflammatory parameters and the severity of 
COVID-19 disease; however, the mortality rate was not differ-
ent between patients with NTIS and those without NTIS. Other 
studies have shown that lower FT3 levels are independently as-
sociated with COVID-19-related mortality [13,14]. Therefore, 
NTIS appears to be useful as a potential marker for predicting 
prognosis in COVID-19. 

This study has several limitations. First, thyroid hormone pro-
files were assessed only at admission because of the retrospec-
tive collection of data. Second, additional examinations, includ-
ing measurement of thyroid autoantibodies and neck ultrasound, 
were not performed in most patients, because they were not 
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usually referred to an endocrinologist and were isolated. There-
fore, the etiology of subclinical thyrotoxicosis remains un-
known. Third, the FT3 and rT3 levels were not evaluated in this 
study. However, our findings suggest that T3 levels can serve as 
a useful prognostic marker in COVID-19. 

In conclusion, NTIS was commonly observed in patients with 
predominantly baseline severe manifestations. The degree of 
decline in TSH and T3 levels was significantly correlated with 
the severity of COVID-19. Low T3 levels had prognostic sig-
nificance and were associated with more adverse COVID-
19-related outcomes. 
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