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Abstract

Purpose An increasing number of cases of subacute thyroiditis (SAT) related to the coronavirus disease 2019 (COVID-19)
and its vaccines continue to be published. The aim of this study was to investigate any change in the incidence and
characteristics of SAT by comparing the pre-pandemic and pandemic periods.

Methods This retrospective, single-center study included 432 newly-diagnosed SAT patients between January 2018 and
December 2021. The annual frequency of SAT was calculated as the number of newly-diagnosed SAT cases divided by the
total number of outpatients that year.

Results The frequencies of newly-diagnosed SAT were 0.136% in 2018, 0.127% in 2019, 0.157% in 2020, and 0.114% in
2021 (p = 0.19). While SAT patients were clustered in the autumn (35.1%) in 2018 and 2019, it was found that this cluster
shifted to the winter (33.0%) in 2020 and 2021, in parallel with COVID-19 case peaks (p =0.017). The patients were
separated into two groups as pre-COVID-19 pandemic SAT (n =272) and COVID-19 pandemic SAT (n = 160). The mean
ages of the groups were similar. There were more male patients in the COVID-19 pandemic SAT group than in the pre-
pandemic group (30.6% vs. 18.7%, p = 0.005). Frequencies of overt hyperthyroidism and median free-thyroxine levels were
significantly higher in the COVID-19 pandemic SAT group (p =0.029, p = 0.001). Treatment modalities, recurrence rates,
and permanent hypothyroidism were similar in both groups.

Conclusion With the COVID-19 pandemic, although there was a change in seasonal variation of SAT and an increase in the
number of male patients, there was no change in the incidence and clinical course of SAT.

Keywords Subacute thyroiditis * Thyrotoxicosis * Hyperthyroidism * Recurrence * Persistent hypothyroidism * SARS-CoV-2

Introduction

Subacute thyroiditis (SAT) is an inflammatory disease of
the thyroid gland that mostly affects women (female to male
ratio of 4:1), with peak incidence in the 4th and 5th decades
of life [1, 2]. Although it is a self-limiting pathology, neck
pain and thyrotoxicosis symptoms can sometimes last for
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months in untreated patients. In a comprehensive study
conducted in Olmsted, MN, USA, the incidence of SAT
was found to be 3.6 cases per 100,000/year in the 1990s [3].
Another single-center study conducted in an Endocrinology
and Metabolism unit in Italy reported that 0.3% of the
patients admitted to the outpatient clinic were diagnosed
with SAT [4]. Some studies have claimed that there is a
seasonal clustering in the diagnosis of SAT, especially
during the summer and autumn [5, 6]. Although the etiol-
ogy has not been clearly established, it is thought that viral
pathogens (HIN1 influenza, some enteroviruses, Epstein
Barr, and mumps virus) may be responsible [1, 2, 7, 8]. It is
known that SAT can develop during or within 2—-8 weeks
following viral infections, especially those involving the
upper respiratory tract. However, while viral infections
affect a very large population, very few of these patients
develop SAT. Some studies have shown that individuals
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with certain human leukocyte antigen (HLA) alleles are
more likely to develop SAT [9, 10].

The coronavirus disease 2019 (COVID-19) pandemic,
which has caused the biggest health system problem in recent
years, has affected more than half a billion people worldwide.
Turkey was one of the countries severely affected by
COVID-19, ranking 10th among the most affected countries
[11]. In addition to the fatal complications of COVID-19,
autoimmune/inflammatory events that developed during or
after the infection have been carefully followed. During the
pandemic, COVID-19 infection and vaccination-associated
endocrine dysfunctions were reported for several endocrine
organs such as pituitary, thyroid, pancreas, and adrenal gland,
thus the “endocrine phenotype” of COVID-19 has gained
popularity and increased clinical concerns [12].

Considering the possible relationship of SAT with viral
pathogens, it can be expected that this pathology may also
occur as a late complication of COVID-19. There are
reports in the literature of SAT cases developing post-
COVID-19 infection and even after COVID-19 vaccines
[12—-17]. These reported cases also raise the question of
whether there has been an increase in the incidence of SAT
and/or a variation in its character during the pandemic.
Therefore, the primary aim of this study was to observe
whether there was any change in the incidence and seasonal
distribution of SAT by comparing the 2-year period of the
pandemic with the previous 2 years. Second, it was aimed to
examine the possible effects of the COVID-19 pandemic on
classical SAT characteristics by comparing the clinical,
laboratory, ultrasonographic, and follow-up features of SAT
patients before and during the pandemic.

Materials and methods
Study design and patients

This retrospective, cross-sectional, single-center study was
conducted in the Department of Endocrinology and Meta-
bolism, University of Health Sciences, Diskapi Yildirim
Beyazit Training and Research Hospital, Ankara, Turkey.
SAT patients were identified by searching our hospital
system for International Classification of Diseases system
(ICD-10) codes indicating SAT (E06.1) between January 1,
2018, and December 31, 2021. Of the identified patients,
only 478 patients aged >18 years who were diagnosed by
our department were examined. The total number of
patients admitted to our outpatient clinic during the study
period was also determined. Out of 478 patients, 12
relapsed cases diagnosed before 2018 and 34 cases with
insufficient diagnostic data were excluded from the study.
Consequently, a total of 432 newly-diagnosed SAT patients
were included in the study and demographic data, the
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season of diagnosis, ultrasonographic, laboratory findings,
treatment modalities, and follow-up data were recorded. In
line with the recommendations of the 2016 American
Thyroid Association guidelines [18], the diagnosis of SAT
was made by supporting the typical clinical findings (such
as neck pain, fever, sweating, weight loss, palpitations) with
laboratory (elevated free thyroid hormone levels, sup-
pressed thyroid-stimulating hormone (TSH) levels, and
elevated acute phase reactant levels) and ultrasonographic
(devascularized hypoechoic areas on Doppler ultra-
sonography (US)) findings. Cytopathological verification
was performed to rule out painful hashitoxicosis and
malignancy in suspected cases.

Follow-up assessments

The reappearance of clinical and laboratory findings of SAT
in a patient with recovered clinical findings and improve
laboratory findings was accepted as recurrence of the dis-
ease. Cases followed up for at least 3 months from the time
of diagnosis were included in the recurrence analysis.
Hypothyroidism that persisted for at least 3 months and
required levothyroxine (LT) replacement was defined as
permanent hypothyroidism in patients with improved SAT
clinical and laboratory findings. Patients who had not
received LT replacement before diagnosis and were fol-
lowed up for at least 6 months from the time of diagnosis
were included in the analysis of permanent hypothyroidism.

Biochemical evaluations

All laboratory tests were performed in the Department of
Biochemistry of our Hospital. TSH, free-thyroxine (fT4),
free-triiodothyronine (fT3), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), anti-thyroid peroxidase
antibody (anti-TPO), and anti-thyroglobulin antibody (anti-
Tg) levels were examined at the time of diagnosis and on
the development of recurrence. When the treatment of the
patients was completed, control examinations were per-
formed and they were followed up afterwards. Patients who
developed hypothyroidism were followed up at 3-month
intervals for determination of replacement need and/or dose
titration. Thyroid functions and thyroid antibodies were
measured using direct chemiluminescence immunoassay
(Beckman Coulter, CA, USA). Normal reference ranges
were defined as follows: TSH: 0.27-4.20 mlIU/l, fT4:
0.93-1.70 ng/dl, fT3: 2.04.4 ng/l, ESR: 0-20 ml/h, CRP:
0-5 mg/1, anti-TG: 0—40 IU/ml, and anti-TPO: 0-35 IU/ml.

Ultrasonographic assessments

In the current study, all US evaluations were performed at
the time of diagnosis and in follow-up visits by the authors
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Table 1 Comparisons of SAT

paions disgnoned before g VA0S Al ptens— PieCOVIDT9 — COVID-19 pandenic vl
during the COVID-19 pandemic ?n —272)
N (%) 432 (100) 272 (63) 160 (37)
Age, mean + SD, years 43.5+9.8 43.4+10 43.5+9.5 0.98
Male gender, n (%) 100 (23.1) 51 (18.7) 49 (30.6) 0.005%
Disease involvement, n (%) 0.32
Unilateral 145 (33.6) 96 (35.3) 49 (30.6)
Bilateral 287 (66.4) 176 (64.7) 111 (69.4)
Thyroid volume, mean+SD,  20.8+9.5 209 +8.8 20.7+10.6 0.83
cm®
Thyroid hormone status, n (%) 0.029*
Overt hyperthyroidism 285 (66.0) 171 (62.8) 114 (71.2)
Subclinical hyperthyroidism 51 (11.8) 40 (14.7) 11 (6.9)
Euthyroidism 84 (19.4) 57 (20.9) 27 (16.8)
TSH, median (IQR), mIU/l 0.02 (0.01-0.16) 0.02 (0.01-0.21) 0.02 (0.01-0.10) 0.44
fT4, median (IQR), ng/dl 2.03 (1.41-2.86) 1.88 (1.22-2.72) 2.20 (1.62-3.03) 0.001*
fT3, median (IQR), ng/l 491 (3.79-6.83) 4.77 (3.79-6.33) 5.32 (3.84-7.37) 0.16
ESR, mean + SD, mm/h 49.2+22.8 51.6 +£23.7 45.0+£20.5 0.005*
CRP, median (IQR), mg/l 47.6 (21.8-83.4) 46.0 (20.0-85.0) 49.7 (25.0-75.8) 0.66
Anti-TPO positivity (n =311), 42/311 (13.5) 33/205 (16.1) 9/106 (8.5) 0.06
n (%)
Anti-Tg positivity (n =237),  36/237 (15.2) 20/154 (13.0) 16/83 (19.3) 0.19
n (%)

Anti-TPO anti-thyroid peroxidase antibody, Anti-Tg anti-thyroglobulin antibody, COVID-19 the coronavirus
disease 2019, CRP C-reactive protein, ESR erythrocyte sedimentation rate, f73 free-triiodothyronine, f74
free-thyroxine, /QR interquartile range, TSH thyroid-stimulating hormone, SAT subacute thyroiditis, SD

standard deviation

“Statistically significant (p < 0.05)

experienced in using the Hitachi® HI VISION Preirus unit
(Hitachi, Tokyo, Japan) with a 13 MHz linear array trans-
ducer. The volume of the thyroid gland was calculated
using the ellipsoid formula of (length (cm) x width (cm) x
thickness (cm) x 77/6).

Statistical analysis

Statistical analysis was performed using SPSS software
(version 23.0, SPSS, IBM Corporation, NY, USA). Data
distribution was assessed with the Kolmogorov—Smirnov
test. Data with normal distribution were presented using
mean + standard deviation values, while those with non-
normal distribution were reported using median with
interquartile range values. Continuous variables with nor-
mal distribution were compared using the independent
samples 7 test, and those with non-normal distribution with
the Mann—Whitney U test. Categorical variables were
expressed as frequencies and percentages (%) and compared
using the y” test. The y” test was also used to compare the
ratios of newly-diagnosed SAT/total patients over the years.
Poisson regression analysis was performed to examine the

seasonal distribution of the SAT cases. A value of p <0.05
was accepted as the level of statistical significance.

Results
Characteristics of study population

From January 2018 to December 2021, a total of 432 newly-
diagnosed SAT patients in our clinic were included in the final
analyses. The mean age of the patients was 43.5+9.8 years
and the female:male ratio was 3:1. Bilateral involvement of the
disease was observed on the thyroid US at the rate of 66.4%.
At the time of diagnosis, 346 (77.8%) patients were hyper-
thyroid. Anti-TPO antibodies were observed in 13.5% of 311
patients with data, and anti-Tg antibodies were observed in
15.2% of 237 patients with data. The detailed laboratory
findings of the study population are presented in Table 1. Of
the 409 patients with available treatment data, 236 (57.7%)
received corticosteroid only, 146 (35.7%) received non-
steroidal anti-inflammatory drugs (NSAIDs) only, and 27
(6.6%) received NSAIDs plus corticosteroid therapy (Table 2).
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Table 2 Treatment modalities and follow-up parameters of the study population

Variables

Available data analyses

Pre-COVID-19 pandemic SAT COVID-19 pandemic SAT p value

Treatment modality, n (%)
NSAIDs

Corticosteroids

409/432 (94.7)
146/409 (35.7)
236/409 (57.7)
27/409 (6.6)

315/432 (72.9)
10.0 (6.0-24.0)

NSAIDs plus corticosteroids
Patients with >3 months follow-up, n (%)

Follow-up time of these patients (n = 315),
median (IQR), months
Recurrent disease, n (%) 32/315 (10.1)
52.5 (30.0-104.0)
253/432 (58.6)

14.0 (7.0-26.0)

Time of recurrence, median (IQR), days
Patients with 26 months follow-up, n (%)

Follow-up time of these patients (n = 253),

median (IQR), months
Permanent hypothyroidism, n (%) 43/253 (17.0)

LT replacement dose, median (IQR), mcg/week 350.0 (175.0-525.0)

252/272 (92.6)
88/252 (34.9)
148/252 (58.7)
16/252 (6.4)

157/160 (98.1) 0.86
58/157 (36.9)

88/157 (56.1)

11/157 (7.0)

204/272 (75.0) 111/160 (69.4) 0.20
19.0 (6.0-29.0) 6.0 (4.0-10.0) 0.001°
20/204 (9.8) 12/111 (10.8) 0.77
60.0 (31.0-100.7) 37.5 (28.5-134.2) 0.83
173/272 (63.6) 80/160 (50.0) 0.006°
23.0 (10.0-31.0) 8.0 (6.0-11.7) 0.001°
31/173 (17.9) 12/80 (15.0) 0.56
350.0 (200.0-525.0) 350.0 (175.0-506.2) 0.42

COVID-19 the coronavirus disease 2019, IQR interquartile range, LT levothyroxine, NSAID non-steroidal anti-inflammatory drugs, SAT subacute

thyroiditis, SD standard deviation
Statistically significant (p <0.05)

Incidence of SAT

The rates of newly-diagnosed SAT/total number of patients
in our outpatient clinic were 129/94,776 (0.136%) in 2018,
133/104,764 (0.127%) in 2019, 84/53,282 (0.157%) in
2020, and 86/75,364 (0.114%) in 2021, respectively
(Fig. 1). There was observed to be no statistically significant
difference in the incidence of SAT in our clinic between
these years (p =0.19). When adjustments were made for
March 2020, when the COVID-19 pandemic was declared
official in Turkey, the incidence of SAT in our clinic was
234/179.642 (0.130%) in the 22-month period before the
pandemic, and 160/108,587 (0.147%) in the 22-month
period during the pandemic (p = 0.23).

Seasonal variation of SAT

While 244 (56.5%) of the study population were diagnosed
with SAT in the autumn-winter seasons, 188 (43.5%) were
diagnosed in the spring-summer seasons. In 2018 and 2019
(n =262), a significant seasonal clustering was detected in
newly-diagnosed SAT cases in the autumn (35.1%)
(p<0.001), and a significant clustering was detected in
winter (33.0%) in 2020 and 2021 (n=170) (p <0.001).
There was a significant shift in the diagnosis of SAT from
autumn to winter in the last 2 years (p =0.017) (Table 3).
The factor causing this divergence was determined to be the
SAT frequency that increased in December during the
pandemic period compared to the previous period (15.3%
vs. 6.1%, p <0.001) (Fig. 2). The number of monthly SAT
patients in the pandemic period and the number of con-
firmed COVID-19 cases in Turkey in the same period were
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Fig. 1 The graph depicts the admissions to our outpatient clinic (gray
columns) and newly diagnosed SAT cases (black line) in 2018 and
2021. The decrease in SAT cases followed the reduction in the number
of patient admissions with the pandemic. SAT subacute thyroiditis

compared. It was observed that the peaks in SAT cases
overlapped with the COVID-19 case peaks in Turkey
(Fig. 3). The SAT cases were observed to continue to follow
the confirmed COVID-19 case peaks after February 2021,
when mass vaccination started in Turkey (Fig. 3).

Before and during the COVID-19 pandemic

The patients were separated into two groups as pre-COVID-19
pandemic SAT (pre-pandemic SAT) (n =272) and COVID-
19 pandemic SAT (pandemic SAT) (n = 160) based on March
2020 (Table 1). The mean ages of the two groups were similar,
and there was an increase in the frequency of male patients in
the pandemic SAT group (p = 0.005). The two groups were
similar in terms of disease involvement and thyroid volumes.
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Table 3 Seasonal distribution of

the stud ati 2 Variables All patients Patients diagnosed in Patients diagnosed in p value
¢ study population over =-year (n=432) 2018-2019 years (n=262)  2020-2021 years (n = 170)
periods
Season, n (%) 0.017%
Spring 104 (24.1) 65 (24.8) 39 (22.9)
Summer 84 (19.4) 53 (20.2) 31 (18.2)
Autumn 136 (31.5) 92 (35.1) 44 (25.9)
Winter 108 (25.0) 52 (19.9) 56 (33.0)
“Statistically significant (p < 0.05)
18 «
m .
i Recurrent disease
T 12
210 When 315 patients (72.9%) with at least 3 months of
'§ follow-up data were evaluated, 32 patients (10.1%) had
3 recurrent disease. Relapses occurred at a median of 52.5

8
6
4
2
0
Dec Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov

B Patients diagnosed in 2018-2019 years

Patients diagnosed in 2020-2021 years

Fig. 2 Monthly distribution of SAT frequency between the pre-
pandemic 2-year period (2018-2019) (black columns) and the sub-
sequent period (2020-2021) (gray columns). Particularly in the
COVID-19 pandemic, the serious divergence experienced due to the
increased SAT cases in December draws attention. COVID-19 the
coronavirus disease 2019, SAT subacute thyroiditis. *Statistically
significant (p <0.05)
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Fig. 3 Monthly distribution graph of SAT cases (gray columns) and
confirmed COVID-19 cases (black curve) in the pandemic. SAT case
increases in December 2020, May 2021, and December 2021 appear to
overlap with COVID-19 case peaks. COVID-19 the coronavirus dis-
ease 2019, SAT subacute thyroiditis

At the time of diagnosis, overt hyperthyroidism was sig-
nificantly more common in the pandemic SAT group than in
the pre-pandemic SAT group (71.2% vs. 62.8%, p =0.029).
The median fT4 values were significantly higher in the pan-
demic SAT group (2.20 (1.62-3.03) vs. 1.88 (1.22-2.72),
p=10.001). While the CRP values of the two groups were
comparable, the ESR at the time of diagnosis was higher in the
pre-pandemic SAT group (p =0.005). There was no differ-
ence between the groups in terms of thyroid autoantibody
positivity at the time of diagnosis (Table 1). Both groups were
similar in terms of treatment modalities (p = 0.86) (Table 2).

(30.0-104.0) days after the patients’ last healthy visit. The
number of patients with a follow-up of 3 months or longer
in the pre-pandemic and pandemic SAT groups was similar.
There was no difference between the groups in terms of
recurrence rates and recurrence times (p >0.05) (Table 2).

Permanent hypothyroidism

When 253 patients (58.6%) with at least 6 months of
follow-up data were evaluated, permanent hypothyroidism
was detected in 43 patients (17.0%). In the pre-pandemic
SAT group, the number of patients with follow up of
6 months or longer was higher and the follow-up period of
the patients was longer than that of the other group
(p <0.001) (Table 2). There was no difference between the
groups in terms of the frequency of permanent hypothyr-
oidism and LT replacement dose (p >0.05).

Discussion

The possible relationship between COVID-19 and SAT
became one of the hot topics in the Endocrinology com-
munity during the pandemic. Some cases of SAT have been
reported following COVID-19 infection and its vaccination,
including in our clinic [12—17]. The high expression of the
angiotensin-converting enzyme-2 (ACE2) receptor used by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) to enter the cell in thyroid follicular cells
suggests that COVID-19 may directly cause inflammation
in thyroid cells [19-21]. The finding of SARS-CoV-2
antigens in the thyroid gland showing the histopathological
features of SAT in a post-mortem examination also
strengthens this hypothesis [22]. However, considering that
SAT often develops following viral infections, the mole-
cular mimicry hypothesis also comes to the fore. The high
similarity of the spike proteins of SARS-CoV-2 to
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mammalian peptides (e.g., thyroid peroxidase peptides)
may explain the cases of SAT following COVID-19
infection and its vaccination [23, 24]. Although the rela-
tionship between COVID-19 and SAT, which mainly relies
on case reports along with a few mechanistic studies, is still
debatable, mounting case reports have necessitated evalu-
ating a possible change in the incidence of SAT. Therefore,
in the present study, it was investigated whether there was a
change in the incidence and characteristics of SAT by
comparing the pre-pandemic and pandemic periods.

Two recent studies with a very limited SAT population were
conducted to address the incidence and characteristics of SAT
during the pandemic [25, 26]. Pirola et al. compared 10 SAT
patients in a 7-month period of the pandemic with the previous
periods and found no difference in the incidence of SAT [25].
Brancatella et al. compared 46 newly-diagnosed SAT patients
in 2020 with previous periods and found that newly-diagnosed
SAT cases were comparable between years [26]. In the current
study, 160 SAT cases during the 2-year pandemic period were
examined and there was observed to be no increase in the
number of newly-diagnosed SAT cases compared to previous
years. In the previous study of our clinic, a temporal relation-
ship with the vaccination was observed in 29.1% of SAT cases
in the 10-month period following the COVID-19 vaccination in
2021 [16]. The present study showed that there was also no
change in the incidence of SAT in the months corresponding to
this period (February to October) compared to previous years
(Fig. 3). Recently, SAT cases developing after COVID-19
vaccination or infection have been associated with predisposed
individuals homozygous for HLA-B*35 and HLA-C*04 alleles
[27, 28]. From this perspective, it is understandable that the
number of new cases remains stable, considering that SARS-
CoV-2 only triggers the development of SAT in genetically
susceptible individuals. Moreover, the decrease in other virus
infections due to social isolation and the use of face masks
during the pandemic may have prevented a possible increase in
SAT cases [29].

The seasonal clustering of SAT is a controversial issue.
There is a limited number of studies based on regional
observations in Italy and Japan showing that SAT cases
peak in the summer and early autumn (June to November)
[5, 6, 30]. Conversely, two studies conducted in Finland and
Israel found no seasonal variation in SAT frequency
[31, 32]. In the current study, clustering of SAT cases was
observed in the autumn during the 2-year pre-pandemic
period. This cluster can be associated with viral respiratory
tract infection epidemics in Turkey that started in autumn
and increased toward winter [29, 33]. During the pandemic,
the autumn clustering was determined to shift significantly
toward winter with the contribution of SAT cases that
increased particularly in December (Fig. 2). In addition, it
was observed that the confirmed COVID-19 case peaks in
Turkey overlapped with the SAT case peaks in both
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December 2020-2021 and May 2021 (Fig. 3). Likewise,
Brancatella et al. revealed that while the cases in the pre-
pandemic period clustered in the 3rd quarter of the year, the
cluster shifted to the 2nd and 4th quarters of the year with
the pandemic, and the SAT case peaks during the pandemic
coincided with the COVID-19 case peaks [26]. These data
suggest that SARS-CoV-2 infection may have an impact on
SAT distribution during the pandemic. In addition, the
reduction in the epidemic of other upper respiratory viral
agents due to measures during the pandemic could also be
another potential factor of the seasonal shift. Overall, this
result once again highlights the close relationship between
SAT and viral infections.

It has been well documented that SAT frequently affects
females more than males. Interestingly, while the female:
male ratio was classically 4:1 in the pre-pandemic SAT
cohort, it decreased to 2:1 in the pandemic SAT group. The
present study is the first to demonstrate such an observation.
Although gender has been reported to not significantly con-
tribute to the risk of COVID-19 infection, male gender has
been shown to be a risk factor for more severe COVID-19
[34]. In a study examining SAT in intensive care patients
during the pandemic, Muller et al. found that 9 of 14 patients
with thyrotoxicosis were male [35]. Li et al. detected high
ACE2 expression in the thyroid and lungs and found that
ACE2 expression in the thyroid and lungs was positively
correlated in males and negatively in females after CD8+ T
cell, interferon, and B cell enrichment methods [19]. In the
light of these studies, the fact that ACE2 expression is higher
in males than in females during active infection may explain
the increase in the number of male SAT cases during the
pandemic. However, it should be taken into account that the
SAT during the pandemic is not only caused by COVID-19
or its vaccination. In addition, the lack of data on the COVID-
19 history of the cases in the current study also limits the
ability to make definite conclusions based on the increasing
number of male cases. Therefore, this result needs to be
supported by further larger, multicentric, observational and
advanced molecular studies.

Brancatella et al. found that SAT cases in 2020 had higher
fT4, ESR, CRP, and thyroglobulin levels and a higher inci-
dence of hypothyroidism during the follow-up compared to
previous years [26]. Therefore, the authors speculated that
SAT may be more severe during the pandemic. Similarly, in
the current study, overt hyperthyroidism was more common
in the pandemic SAT group compared to the other group, and
in parallel with this, fT4 levels at the time of diagnosis were
higher. However, unlike the previous study, CRP levels at
diagnosis were similar in the two groups, while ESR levels
were interestingly higher in the pre-pandemic SAT group. In
addition, in the current study, recurrence and persistent
hypothyroidism frequencies were found to be 10.1% and
17.0%, respectively, in line with the literature [3, 31, 36, 37].
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These two important follow-up parameters showing the
course of the disease had a similar distribution in the pre-
pandemic and pandemic SAT groups. So, the current study
results demonstrate that the SAT during the pandemic was no
more severe than normal. This discrepancy between the two
studies may be explained both by the fact that the current
study was conducted in a much larger SAT population and
had relatively longer follow-up data. Moreover, clinical and
ultrasonographic findings at the time of diagnosis and
laboratory findings can sometimes differ in SAT [38]. Thus,
the time between the onset of the symptoms and the pre-
sentation of the patients may affect the laboratory findings at
the time of diagnosis. However, the time of onset of symp-
toms is highly subjective data, and the lack of data in the
current study prevented comparisons in this regard. Never-
theless, during the COVID-19 pandemic, increased patient
awareness and the easy confusion of SAT with upper
respiratory tract infections may have resulted in earlier patient
admissions. Therefore, the fT4 elevation in the pandemic
SAT group can be attributed to the fact that the presentation
rate was higher in the initial thyrotoxic phase rather than the
severity of the disease. This claim is supported by the absence
of difference between the groups in terms of both treatment
modalities and follow-up parameters in the current study.

The single-center and retrospective nature of the study, as
well as possible cross-country and regional variations, limit
the generalizability of the incidence data, so it is crucial to
check the current results with general population-based mul-
ticenter studies. In addition, due to the higher number of
patients in the pandemic SAT group who have not yet com-
pleted the required follow-up time, it may be wrong to make
definite conclusions in terms of permanent hypothyroidism.
Nevertheless, the case population in this study can be con-
sidered substantial for a rare disease such as SAT. The fact
that the region where our clinic is located is endemic in terms
of SAT (>100 cases per year) and that it is the second pro-
vince in Turkey with the highest incidence of COVID-19
cases increases the reliability of the results of the study.

In conclusion, although SAT cases have been reported
during or after COVID-19 infection and after COVID-19
vaccination, there was no increase in SAT cases in the pan-
demic compared to previous years. Moreover, no significant
change in the clinical course of SAT was experienced during
the pandemic. However, it was observed that SAT cases,
which had previously clustered in autumn in our region,
shifted to winter in parallel with the local COVID-19 case
peaks with the pandemic. In addition, unlike in previous
years, there was an increase in SAT cases in males, where
COVID-19 was more severe than in females during the
pandemic. These results highlight the possible relationship
between SARS-CoV-2 and SAT. More importantly, even if
there was a change in the etiology of SAT with the pandemic,

it can be understood that this did not have a negative effect on
the incidence and clinical course of the disease.
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