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Emerging trends and hot
spots in subacute thyroiditis
research from 2001 to 2022:

A bibliometric analysis

Cheng Xu ®*, Rui Jiang and Jiang-yu Liu

The First Clinical Medical College of Nanjing University of Chinese Medicine, Nanjing, China

Background: Subacute thyroiditis (SAT) is the most prevalent self-limiting thyroid
disease that causes pain, accounting for about 5% of all clinical thyroid disorders.
Numerous clinically noteworthy results have been published in this area over the
last 20 years. However, no article has comprehensively assessed the relevant
literature yet. We conducted a bibliometric analysis of SAT to provide light on the
dynamic nature of scientific advancement and aid researchers in gaining a global
perspective while examining research core themes and hotspots.

Methods: SAT-related articles and reviews from 2001 to 2022 were retrieved
from the Science Citation Index-Expanded of Web of Science Core Collection
(WoSCC). We analyzed current research trends and hotspots in this area using
CiteSpace and Vosviewer.

Results: A total of 568 studies associated with SAT research were published in
282 academic journals by 2,473 authors in 900 institutions from 61 countries/
regions. The United States was a crucial link in inter-country/region collaboration
and was the most frequently involved country in international cooperation. The
University of Missouri System was the top organization, and Braley-Mullen H. was
the most productive researcher. Thyroid published the most papers, with 36
publications. The most co-cited article was “Clinical features and outcome of
subacute thyroiditis in an incidence cohort: Olmsted County, Minnesota, study”
(by Fatourechi V., 2003). The clustered network and timeline view of keywords
showed that the prevalence, diagnosis, and treatment of SAT were the research
core themes during the past 20 years. Analysis of keyword bursts indicated that
the clinical characteristic and the influence of COVID-19 on SAT appeared to be
the current research hotspots.

Conclusion: This bibliometric analysis conducted a thorough review of the SAT
research. The clinical characteristics and the genetic background of SAT under
the influence of COVID-19 are current research hotspots. However, there is still a
need for further study and global collaboration. Our findings can aid researchers
in understanding the current status of SAT research and immediately pinpoint
new directions for further investigation.
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1 Introduction

Subacute thyroiditis (SAT) is the most prevalent self-limiting
thyroid disease that causes pain, accounting for about 5% of all
clinical thyroid disorders (1). Most patients are middle-aged, and
women are four to seven times more likely than males to have the
condition (2, 3). SAT manifests as anterior neck pain and tenderness
during the physical examination with various systemic symptoms,
including fever, chills, palpitation, weight loss, and malaise (4),
typically characterized by three clinical processes: thyrotoxicosis,
hypothyroidism, and return to normal thyroid function. Since SAT is
a self-limiting disease, nonsteroidal anti-inflammatory medications
(NSAIDs) and corticosteroids are suggested therapies to treat the
signs and symptoms and lessen inflammation (5, 6). However, even
among properly treated patients, the recurrence rate for SAT is
relatively high, varying from 1.6% to more than 20%, which is
associated with the presence of specific types of human leukocyte
antigens (HLA) (7). High recurrence rates and prolonged treatment
time have become severe problems in treating SAT (8).

Although the cause and pathogenesis of SAT have long been
unknown, viral infection or allergic reaction following viral
infection are frequently implicated. The onset of SAT is related to
several viruses, including the Coxsackie virus, Echovirus, influenza
virus, parvovirus B19, mumps, rubella virus, HIV, Epstein-Barr
virus, hepatitis E, measles, and dengue virus (9, 10). Since the winter
of 2019, the novel coronavirus (COVID-19) outbreak has spread
globally. As the pandemic spreads, there is more and more proof
that SAT and SARS-CoV-2 infection are related. Numerous SAT
cases involving COVID-19 infection or vaccination have already
been published (11-13). However, it remains an open question
whether SAT is a complication of COVID-19 or a side effect of
vaccination based on available research data.

Over the past two decades, there have been many published
research findings on SAT. New methods for reviewing and
analyzing trends are required because of the literature’s increasing
growth. Bibliometrics is a method for comprehensively assessing a
research field that measures scientific data distribution, traits, and
regulations from various angles, displaying the field’s macro
knowledge structure and development trend (14). No bibliometric
study has been reported to evaluate the associated literature
comprehensively, summarize the latest trend, and predict research
hotspots of SAT. Our study aims to analyze research core themes,
explore the frontier issues of SAT from 2001-2022 and provide a
comprehensive perspective and guidance for other researchers.

2 Methods
2.1 Data sources and search strategies

We thoroughly searched the Science Citation Index-Expanded
(SCI-E) of Web of Science Core Collection (WoSCC) database for
the period 2001-2022. All searches were finished and independently
verified by two authors on December 31, 2022, in order to remove
the bias introduced by daily database changes. The selection criteria
were as follows: (1) timespan: 2001.01.01-2022.12.31; (2) document
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type: article or review; (3) language: English. The details of the
search strategy are presented in Figure 1.

2.2 Bibliometric analysis

For further analysis and to describe all aspects of the literature
about SAT research, we converted all WoSCC data that complied
with requirements to TXT format and imported it into CiteSpace
(V6.1 R6 Basic) and VOSviewer (V1.6.18). CiteSpace is a freely
available program written in Java for visualizing and examining
trends and patterns in scientific publications (14). The version of
this software is constantly updated, and the latest version V6.1R6
Basic was used in this study. CiteSpace was utilized in this study to
analyze and display data on the annual growth patterns of
publication outputs, countries/regions, institutions, authors, and
co-cited authors, the occurrence of keywords, and reference burst.
VOSviewer, a Java-based bibliometric mapping program created by
Leiden University, excels in handling sizable bibliometric maps
based on network data and displaying scientific knowledge (15).
Vosviewer was used to study and visualize the analysis of co-cited
references, journals, and co-cited journals.

3 Results
3.1 Annual growth trend of publications

Following the criteria for data selection, 568 SAT studies were
found in WoSCC between 2001 and 2022, including 468 original

TS=(Subacute Thyroiditides OR Subacute Thyroiditis OR Thyroiditides, Subacute OR Subacute
Painful Thyroiditis OR Painful Thyroiditides, Subacute OR Painful Thyroiditis, Subacute OR
Subacute Painful Thyroiditides OR Thyroiditides, Subacute Painful OR Thyroiditis, Subacute
Painful OR Granulomatous Thyroiditis OR G Ti OR T

Granulomatous OR Thyroiditis, G OR Subacute Thyroiditis OR
Nonsuppurative Thyroiditides, Subacute OR Nonsuppurative Thyroiditis, Subacute OR Subacute
ive Thyroiditides OR T Subacute OR Thyroiditis,

Subacute Nonsuppurative OR De Quervain Thyroiditis OR Thyroiditis, De Quervain OR Giant Cell
Thyroiditis OR Cell Thyroiditides, Giant OR Cell Thyroiditis, Giant OR Giant Cell Thyroiditides
OR Thyroiditides, Giant Cell OR Thyroiditis, Giant Cell OR Subacute granulomatous thyroiditis OR
Subacute lymphocytic thyroiditis OR Subacute Postpartum thyroiditis OR Palpation thyroiditis)
Timespan: 2001.01.01-2022.12.31

[ 722 publications retrieved from WoSCC ] Publication excluded:

letter (51)
meeting abstract (42)

editorial material (24)
carly access (13)
proceeding paper (8)
correction (2)

biographical-item (1)
book chapters (1)

604 publications identified:
article or review

)
Publication excluded:
non English (36)

~——

[ 568 publications identified ]

FIGURE 1
Flowchart for including and excluding literature studies.
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articles (82.4%) and 100 reviews (17.6%). Figure 2 illustrates that
from 2001 to 2018, the volume of publications relating to SAT
research tended to be steady. However, there has been an increasing
trend in the number of publications since 2019.

3.2 Analysis of country/region
and institutions

Between 2001 and 2022, 568 studies were co-authored by 900
institutions across 61 nations and regions. United States (n = 126,
22.18%) placed first in terms of publications, followed by Japan (n =
75, 13.20%), Turkey (n = 64, 11.44%), China (n = 63, 11.09%), and
Italy (n = 52, 9.16%). Moreover, The United States has the highest
centrality (0.36) (Figure 3A), indicating its importance as a link in
international and regional cooperation (16). As for the institutions,
first place went to the University of Missouri System (n = 19,
3.35%), followed by Kuma Hospital (n = 16, 2.82%), University of
Pisa (n = 15, 2.64%), University of California System (n =14,
2.47%), and Harvard University (n = 11, 1.94%). However,
network density was only 0.0031(Figure 3B), indicating that
institutions did not cooperate well enough (16).

3.3 Analysis of journals and
co-cited journals

The 568 SAT research publications were printed in 281
academic journals. Table 1 lists the top 10 journals by
productivity and co-citations. Thyroid (n = 36, 6.34%), which had
an IF of 6.506 in 2022, published the most studies in this field,
followed by Journal of Endocrinological Investigation (n = 26,
4.58%), Endocrine Journal (n = 18, 3.17%), Journal of Clinical
Endocrinology & Metabolism (n = 14, 2.47%), and Endocrine (n =
12, 2.11%). There were three journals in the QI JCR (Journal
Citation Reports) division, and Thyroid had the highest impact
factor (IF) (IF = 6.506). The top 50 journals with the highest overall
link strength out of all the included journals were chosen to create
the density map, which clearly shows the productive journals
(Figure 4A). As for the most frequently co-cited journals in

Number of publications

0

0
2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 206 2017 2018 2019 2020 2021 2022
Year

FIGURE 2
Trend of publications about the research of SAT.
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FIGURE 3

The network maps (A) Countries; (B) Institutions. The size of node
represents the co-occurrence frequencies while the links reflect the
co-occurrence relationships. The color of node and line indicates
different years.

Table 1, Journal of Clinical Endocrinology & Metabolism (n =
1350) ranked first, followed by Thyroid (n = 980), Journal of
Endocrinological Investigation (n = 578), New England Journal of
Medicine (n = 387), and Clinical Endocrinology (n= 382). Seven
journals were also found in the Q1 JCR division, with Lancet having
the highest IF (IF = 202.731). The density map in Figure 4B shows
the top 50 co-cited journals selected among the publications with
the highest overall link strength.

3.4 Analysis of core author distribution
and co-authorship network

The overall number of authors who contributed to SAT
research output was 2,468. Table 2 lists the authors who are the
most productive. The author Braley-Mullen H had the most
publications (17), followed by authors Miyauchi A (16) and Sharp
GC (16), all of whom had 16 publications. The fourth spot was
shared by Cakal E (11), Lewinski A (11), and Stasiak M (11).
Figure 5A depicts the network visualization map of the authors’
cooperation. Co-cited authors are those who have their work
referenced in multiple studies at the same time. Figure 5B
displays the network visualization map for the co-cited authors.
The most often co-cited authors are represented by the largest
nodes, including Stasiak M (156), Fatourechi V (127), Nishihara E
(124), Brancatella A (96), and Bartalena L (94). The most
commonly co-cited authors included two of the top ten most
productive authors (Stasiak M, Braley-Mullen H).
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TABLE 1 Top 10 productive journals and co-cited journals of SAT research.

10.3389/fendo.2023.1144465

Rank JCR

Productive Journal IF (2022) Co-cited journal Citation
1 Journal of Clinical Endocrinology &

Thyroid 36 6.506 Q1 Metabolism 1350 6.134 Q1
2 Journal Of Endocrinological

Investigation 26 5.467 Q2 Thyroid 980 6.506 Q1
3 Journal of Endocrinological

Endocrine Journal 18 2.86 Q4 Investigation 578 5.467 Q2
4 Journal of Clinical Endocrinology &

Metabolism 14 6.134 Q1 New England Journal of Medicine 387 176.079 Q1
5 Endocrine 12 3.925 Q3 Clinical Endocrinology 382 3.523 Q3
6 Clinical Endocrinology 11 3.523 Q3 Lancet 240 202.731 Q1
7 Diagnostic Cytopathology 11 1.39 Q4 Endocrine Journal 236 2.86 Q4
8 Frontiers In Endocrinology 10 6.055 Q1 European Journal of Endocrinology 227 6.558 Q1
9 Internal Medicine 9 1.282 Q4 Internal Medicine 190 1.282 Q4
10 Archives Of Endocrinology Metabolism 7 2.032 Q4 Endocrine 176 3.925 Q3

3.5 Analysis of document co-citation

Document co-citation is a technique for elucidating co-cited
literature by several authors. Precisely, this technique visualizes the
co-occurrence of citations in two publications to assess their link
(18). Vosviewer examined a total of 568 articles and their 12,163

{;’g VOSviewer

FIGURE 4

The density maps (A) Journals; (B) Co-cited journals. The size of the
word and round, and the opacity of yellow are positively associated
with the cited frequency (A). The size of the word and round, and
the opacity of yellow are positively associated with the co-cited
frequency (B).
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references that were retrieved from WoSCC during the years of
2001 and 2022 to determine typical homogeneity. Figure 6 displays
a map of co-citation references for SAT research. The findings
revealed that the most highly cited reference is a cohort study of
clinical features and outcomes of SAT published by Journal of
Clinical Endocrinology & Metabolism in 2003 (17). This cohort
study found that early transient hypothyroidism is common in SAT,
and corticosteroid therapy might relieve symptoms but could not
prevent early-onset or late-onset thyroid dysfunction. The second-
ranked paper was a retrospective clinical study published by
Internal Medicine in 2008 (19). The study reviewed the medical
records of 852 SAT patients from 1996 to 2004, and evaluated the
characteristics of SAT at onset, recurrent episodes, and abnormal
laboratory findings. The third-ranked paper examined virological
data for each form of thyroiditis at various degrees of proof and
offered concrete evidence of the existence of viruses or their
byproducts in the thyroid gland. However, it was still unknown
whether these viruses were the cause of thyroid illness (9). The top
10 co-cited works, which are presented in Table 3, have made
significant contributions to SAT research and are perhaps the most
well-known works in this area.

3.6 Analysis of keyword co-occurrence,
clusters, and bursts

Keyword co-occurrence and network cluster analysis are both
available through CiteSpace. 502 keywords were retrieved in total.
Table 4 and Figure 7A show the most frequently occurring
keywords, indicating the hotspots of the SAT research. The most
relevant terms in the SAT research were identified by the keyword
co-occurrence clusters using the hierarchical cluster labeling
method, which includes “prevalence” (cluster #0), “papillary
thyroid carcinoma” (cluster #1), “effector cell” (cluster #2),
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TABLE 2 Top 12 productive authors and co-cited authors in SAT research.

10.3389/fendo.2023.1144465

Author Co-cited author Citation

1 Braley-Mullen H 18 1 Stasiak M 156
2 Miyauchi A 16 2 Fatourechi V 127
2 Sharp GC 16 3 Nishihara E 124
4 Cakal E 11 4 Brancatella A 96
5 Lewinski A 11 5 Bartalena L 94
6 Stasiak M 11 6 Volpe R 90
7 Amino N 10 7 Pearce EN 80
7 Chen KM 10 8 Braley-mullen H 74
7 Sencar ME 10 9 Ross DS 70
10 Wei YZ 10 10 Desailloud R 67
10 Fukata S 9 11 Martino E 66
10 Unsal IO 9 12 Bogazzi F 56

“graves disease” (cluster #3), “recurrence” (cluster #4), “children”

RS~ (cluster #5), “ace2” (cluster #6), “autoimmune thyroid disease”
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FIGURE 5

The network maps (A) Authors; (B) Co-cited authors. The size of
node indicates the number of articles published by a certain author,
and the links between two nodes mean a collaboration between
each other (A). The size of node indicates the co-cited frequency of
a certain author, and the links between two circles mean a co-
citation relationship between authors (B).
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05

(cluster #7),
dysfunction”

“subacute thyroiditis” (cluster #8), and “liver
(cluster #9) (Figure 7B). The amount of cluster
labels is inverse to the number of articles each cluster contains.
Therefore, cluster #0 has the greatest number of papers.
Supplementary Table S1 contains a list of clusters in summary
form. In order to depict the development of high-frequency
keywords within each cluster, CiteSpace developed a keywords
timeline viewer that could cluster keywords and take time into
consideration. The viewer might also make it straightforward to
pinpoint the time frame for a specific subject and the development
of this research area. Each stage and evolution path of the SAT
research’s concentration could be intuitively understood, as shown
in Figure 7C. We used CiteSpace to find burst keywords to track the
hotspots and research boundaries over time. Figure 8 displays the
top 10 keyword bursts from SAT research from 2001 to 2022 that
had the most robust strength. The keyword bursts among them that
persisted through the end of 2022 included “clinical characteristics”
(with a burst strength of 4.93), “covid 19” (with a burst strength of
4.38), “guideline” (with a burst strength of 4.12), “case report” (with
a burst strength of 3.42), and covid-19 vaccine (with a burst strength
of 3.19), which represented the hot spots in recent years.

4 Discussion
4.1 General information
It is comparatively challenging to fully grasp the focus of a

certain topic, access cutting-edge information, and identify research
trends and hot spots in the age of the information boom (20).
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Nishihara E, 2008, Intern

6% VOSviewer

FIGURE 6

The density map of co-cited documents. The size of the word and round, and the opacity of yellow are positively associated with the co-cited frequency.

Bibliometric analysis is often used as a method to solve these  relevant studies, demonstrating that the global scientific community

problems. As SAT is a self-limiting disease that may resolve is interested in learning more about the connection between SAT

spontaneously, there is little research before 2019. However, the  and the COVID-19 infection or vaccination. Since COVID-19

COVID-19 outbreak has resulted in a sharp rise in the number of  patients” clinical characteristics of SAT may differ from those of

TABLE 3 The top 10 high co-cited documents in SAT research.
Journal Co-cita-
tion
counts
1 Clinical features and outcome of subacute thyroiditis in an Journal of Clinical 2003 Fatourechi 112 10.1210/jc.2002-021799
incidence cohort: Olmsted County, Minnesota, study Endocrinology & \%
Metabolism
2 Clinical characteristics of 852 patients with subacute Internal Medicine 2008  Nishihara 73 10.2169/
thyroiditis before treatment E internalmedicine.47.0740
3 Viruses and thyroiditis: an update Virology Journal 2009  Desailloud 66 10.1186/1743-422x-6-5
R
4 Thyroiditis New England Journal of 2003 | Pearce EN 66 10.1056/nejmra021194
Medicine
5 Subacute Thyroiditis After Sars-COV-2 Infection Journal 2020  Brancatella 50 10.1210/clinem/dgaa276
of Clinical Endocrinology & A
Metabolism
6 2016 American Thyroid Association Guidelines for Thyroid 2016  Ross DS 44 10.1089/thy.2016.0229
Diagnosis and Management of Hyperthyroidism and Other
Causes of Thyrotoxicosis
7 Subacute thyroiditis in a patient infected with SARS-COV- | Hormones-International 2021 Ruggeri 40 10.1007/s42000-020-
2: an endocrine complication linked to the COVID-19 Journal of Endocrinology RM 00230-w
pandemic and Metabolism
8 SARS-CoV-2-related atypical thyroiditis The Lancet Diabetes & 2020  Muller I 39 10.1016/52213-8587(20)
Endocrinology 30266-7
9 Subacute thyroiditis: clinical characteristics and treatment Journal of Endocrinological 2007  Benbassat 37 10.1007/bf03347442
outcome in fifty-six consecutive patients diagnosed Investigation CA
between 1999 and 2005
10 SARS-CoV-2: a potential trigger for subacute thyroiditis? Journal of Endocrinological 2020  Ippolito S 37 10.1007/s40618-020-
Insights from a case report Investigation 01312-7

Frontiers in Endocrinology

06 frontiersin.org


https://doi.org/10.3389/fendo.2023.1144465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

TABLE 4 The top 20 keywords associated with SAT research.

10.3389/fendo.2023.1144465

Rank Keyword Count Rank Keyword Count
1 Subacute Thyroiditi 226 11 Antibody 26
2 Graves Disease 83 12 Thyrotoxicosis 23
3 Disease 66 13 Feature 22
4 Diagnosis 56 14 Nodule 19
5 Management 44 15 Fine Needle Aspiration 17
6 Hyperthyroidism 42 16 Carcinoma 16
7 Hashimotos Thyroiditi 41 17 Autoantibody 16
8 Clinical Characteristics 39 18 Hypothyroidism 16
9 Association 33 19 Prevalence 16
10 Autoimmune Thyroiditi 33 20 Benign 14

normal SAT patients, and numerous new clinical trends have
emerged (21), it is still a promising subject for research and
merits financial and human resources investment, which is
congruent with the actual clinical situation.

Teamwork and global collaboration in a specific field are made
easier with the aid of distribution analysis of countries/regions and
institutions. Figure 3A demonstrates that the United States and
Japan were the two major nations that contributed considerably to
SAT research. The United States had the highest centrality (0.36),
showing that it was crucial in bridging international cooperation
(16), but it is a pity that there was not much cooperation among
other countries/regions. Additionally, the fact that three of the top
five universities are from the United States shows that American
academics have dominated SAT research for the past 20 years and
have the greatest influence. This distribution has to do with
academic funding and economic growth. At the same time, most
institutional cooperation is domestic scientific cooperation, and
inter-national institutional cooperation is insufficient (Figure 3B).
Given the above, it is essential to strengthen international relations
and institutional collaboration to encourage the ongoing growth of
this field and help more SAT sufferers.

An analysis of journals and co-citations of journals can
demonstrate their contribution to the field, and researchers may
use these results to choose appropriate journals for manuscripts
relating to SAT. The journal Thyroid (n = 36) published the most
papers on this topic. Thyroid, an official journal of the American
Thyroid Association, is the top journal in the field, whose
publications cover thyroid diseases from cellular molecular
biology to clinical management. Among the top 10 most co-cited
journals, Journal of Clinical Endocrinology & Metabolism (n = 1350)
possessed the most co-citations. It is a journal associated with
research on the clinical practice of endocrinology and metabolism.
Five of the top 10 co-cited journals, including Lancet (IF = 202.731)
and New England Journal of Medicine (IF = 176.079), are in the Q1
JCR division, proving that some high-caliber and high-impact
journals values SAT research.

Among the authors who contributed to the research of SAT
from 2001-2022, Braley-Mullen H. from the University of Missouri

Frontiers in Endocrinology

System published 18 articles in this field. Prof. Braley-Mullen H.
was an expert in the field of thyroid diseases and was committed to
the molecular mechanism research of various types of thyroiditis.
Stasiak M. from Polish Mother’s Memorial Hospital Research
Institution was the most co-cited author in this field. Prof. Stasiak
M. was engaged in clinical research on thyroid diseases and
conducted in-depth research on genetic susceptibility for SAT.

Among the top 10 high co-cited documents in SAT research, 5
were published before 2010 (4, 9, 17, 19, 22), which mainly focused on
the clinical characteristics and pathogenesis of SAT, while 4 articles
published after 2019 were studies on SAT in relation to the COVID-19
pandemic (23-26). The number of co-citations reached the top 10
within 2 years, reflecting that the research of SAT under the COVID-19
pandemic is a current research hotspot. However, the absence of basic
research among the top 10 high co-cited articles suggests that basic
research on the SAT is not a trend for the next few years.

The clustered network and timeline view of keywords display
the evolution of high-frequency keywords and show the research
progression path evolution in the research of SAT (Figure 7). Three
research core themes can be distilled into the following
characteristics using these analyses: 1. Prevalence (cluster #0,
cluster #5 and cluster #6); 2. Diagnosis (cluster #1, cluster #3, and
cluster #7); 3. Treatment (cluster #2, cluster #4, and cluster #9). The
keyword bursts are thought to be signs of modern subjects or
developing trends (Figure 8). The keyword bursts among them that
lasted until the end of 2022 included “covid 19”, “covid-19 vaccine”,
“clinical characteristics”, “case report”, and “guideline”, which
represented the hot spots in recent years. The clinical
characteristics of SAT have been changing significantly in recent
years, and findings are usually initially presented in the form of case
reports. COVID-19 and COVID-19 vaccination can be potent SAT-
triggering factors, and the clinical course of SAT in patients affected
by them is different from a typical one. It is imperative to explore
new guidelines for the diagnosis and treatment of SAT. Stasiak M.
et al. have proposed new diagnostic criteria for SAT that
complement new aspects related to the COVID-19 pandemic and
may help improve the effectiveness of diagnosis and treatment of
the disease (21).
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(A)The network map of keywords. (B) Clustered network of keywords. (C) The timeline view of keywords.

4.2 Research core themes

4.2.1 Prevalence

Middle-aged women had the highest SAT incidence rate,
accounting for 75% to 80% of all SAT patients (3). It is worth
noting that there have been recent reports of SAT in kids, despite
the fact that SAT in children is thought to be incredibly rare (27,
28). Clinicians should be aware that SAT may exist in children.

As a result of the COVID-19 outbreak, up to 10% to 20% of
COVID-19 patients who are hospitalized also have symptoms of
SAT (25, 29). However, the impact of COVID-19 on the prevalence
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of SAT is still up for discussion. The results of a retrospective single-
center study conducted in Turkey from 2018 to 2020 found
increases in seasonal variation and an increase in the number of
men who had SAT but no changes in the prevalence or clinical
course of the illness (30). On the contrary, a large cross-sectional
study conducted in South Korea revealed that the incidence of SAT
was much greater in 2020 than it was from 2017 to 2019, and
corticosteroids were prescribed more frequently, but the peak age
and sex ratio of onset were no different from previous years (31).
The generalization of incidence rate statistics is constrained by the
current study’s single-center, retrospective design and potential
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Keywords Year Strength Begin End 2001 - 2022
nodule 2008 556 2014 2018 —
clinical characteristics 2009  4.93 2020 2022 —

thyrotoxicosis 2002 457 2011 2014

covid 19 2021 4.38 2021 2022 -
guideline 2020 412 2020 2022 —
effector cell 2001 3.52 2001 2010
case report 2017 342 2021 2022 N

hypothyroidism 2001 3.31 2001 2004

tsh receptor 2004 3.24 2004 2010

covid-19 vaccine 2021 319 2021 2022 -

FIGURE 8

Keywords with the strongest burst strength. The blue line represents
the period from 2001 to 2022 and the red line represents the burst's
maintenance period

cross-national and regional variances. It is essential to perform a
multicenter study based on the general population to evaluate the
existing results.

4.2.2 Diagnosis

The symptoms and signs of SAT are not typical. Despite
advancements in diagnostic methods, new changes in the clinical
presentation make the diagnosis much more challenging and more
likely to result in a false negative. Patients frequently see multiple
doctors before receiving the diagnosis of SAT, and the time it takes
can vary from two weeks to six months (32). In a retrospective
study, an upper respiratory tract infection was the initial diagnosis
for one-third of SAT patients (33). Misdiagnosis of infection leads
to overuse of antibiotics, with fever, elevated C-reactive protein
(CRP) levels, and white blood cell (WBC) being the most common
features in patients treated with antibiotics.

False negative SAT diagnoses cause therapy delays and poor
quality of patient’s life, but they do not pose a life-threatening risk.
However, the false positive diagnosis of thyroid primary and
metastatic malignancies as SAT will delay treatment and
endanger patients’ life (34). It was thought to be extremely rare
for SAT and thyroid carcinoma to coexist, and such cases were
typically reported as case reports (35, 36). Following up with 710
SAT patients for a long time demonstrated that initial ultrasound
screening for thyroid nodules had a sensitivity of 72.4%, specificity
of 89.0%, positive predictive value of 80.4%, and negative predictive
value of 83.8% in SAT patients (37). In 3.1% of individuals with
SAT, thyroid papillary carcinoma (PTC) was found, and up to 30%
of PTC instances go unreported at the initial scan and are only
found at a subsequent ultrasound (37). Therefore, ultrasound
retesting should always be performed after SAT-related thyroid
lesions have subsided. Fine needle aspiration biopsy (FNAB) tests
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should be carried out to rule out malignancy if the ultrasonography
results are questionable (34).

4.2.3 Treatment

Pain relief and inflammation management are the primary goals
of SAT therapy. NSAIDs and steroids have long been recommended
for the treatment of SAT. Observational findings suggested that
NSAIDs were less effective in SAT treatment than steroids, which
were considered protective factors in reducing recurrence (6, 38,
39). Recurrence of SAT and steroid dependence remain essential
issues in the treatment of SAT. The danger of recurrence from
reducing glucocorticoid doses and the risk of consequences from
glucocorticoid dependence must be balanced carefully. Evidence
shows that a higher prevalence of hypothyroidism is linked to large
cumulative dosages of prednisolone (40).

The optimal steroid treatment for SAT is still controversial. A
high risk of recurrence is known to be linked to a too fast tapering of
steroid dose. A randomized controlled trial, however, has revealed
that short-term prednisone therapy is comparable to long-term
efficacy and has a better safety profile (39). Additionally, a cohort
study discovered that SAT recovery might be possible with low-dose
steroid therapy (41). The results of these related studies should
warrant further in-depth clinical trials involving more patients to
assess how to avoid long-term steroid therapy.

In addition, it has been reported that ultrasound-guided
intrathyroid administration of corticosteroids can significantly
reduce the duration of SAT therapy compared to oral
administration (42, 43), but further evidence-based medical
evidence is needed. For SAT patients who have relapsed and are
resistant to prednisolone, colchicine has been reported to have a
potential therapeutic benefit (44). Nevertheless, solid proof will
require a large, double-blind, controlled, prospective multicenter
trial, and therefore it needs to be used with caution.

4.3 Research hotpots

4.3.1 Clinical characteristic

The clinical characteristics of the disease have seen various
alterations in recent years. The frequency of painless SAT has
increased, reaching 6.25% (3), as more and more cases have been
documented (45, 46). Fever was also observed to occur less
frequently than previously believed and was commonly associated
with microhematuria (3). It was once believed that the absence of
thyroid antibodies constituted a distinctive feature of the SAT.
However, elevated levels of anti-thyroid antibodies, such as thyroid
peroxidase antibodies (aTPO), thyroglobulin antibodies (aTG), and
even thyrotropin receptor antibodies (TRAb) are more often
present (3, 47).

A typical late SAT symptom is persistent hypothyroidism.
According to earlier research, the extent of inflammation and
thyroid hormone levels in SAT patients may be reflected by
ultrasound, but it is challenging to forecast permanent
hypothyroidism (48). However, a recent study indicated that the
probability of chronic hypothyroidism is connected to the decrease
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in thyroid volume shown by ultrasound within one month of
beginning (49). Thyroid-stimulating hormone (TSH) and CRP
levels were revealed to be risk factors for hypothyroidism in SAT
patients, particularly in those with TSH levels less than 0.10 mIU/L
and CRP levels greater than 97.80 mg/L (50).

The relationship between SAT susceptibility and specific HLA
categories has been discovered (21). In 70% of SAT patients, HLA-
B*35 was detected (51), but other genotypes were also discovered to
be connected to the genetics of SAT. Along with the connection to
HLA-B*35 that has already been discussed, SAT is also linked to the
presence of HLA-B*18:01, HLA-DRB1*01, and HLA-C*04:01 (52).
Recent research has demonstrated that the risk of SAT recurrence is
HLA-dependent, with the presence of both HLA-B*18:01 and HLA-
B*35 serving as the decisive factor (7), revealing that SAT
recurrence may be genetically related. Additionally, it was
discovered that the sonographic pattern of the SAT was related to
HLA (53). Multiple hypoechoic hazy lesions, which are common,
were infrequently detected in HLA-B*18:01 positive patients. Most
of the patients with HLA-B*18:01 alone had a unilateral,
homogenously hypoechoic single SAT region that filled the entire
affected lobe and resembled a large thyroid nodule (53). The form of
the SAT lesions, which were spotty or spherical, imitating true
thyroid nodules, was the main departure from the expected pattern
in patients with co-presence of HLA-B*18:01 and HLA-B*35 (53).

4.3.2 Influence of COVID-19

In May 2020, the first SARS-CoV-2 infection-related SAT case
was reported (23). The original report’s two-week window between
PCR positive and SAT incidence rate was typically accepted.
However, SAT caused by SARS-CoV-2 may diverge dramatically
from the classic one. The majority of the stages are painless, but
tachyarrhythmias and worsening of a general condition are
frequently regarded as the main symptoms, especially in patients
hospitalized with COVID-19 (21, 25). In certain patients, SAT usually
occurs a few weeks after COVID-19 (21, 24), although in other cases
it may take a few days for SAT to occur following the commencement
of COVID-19 (26), and the two conditions may even manifest at the
same time (21, 25, 29). This phenomenon can be HLA-dependent,
and the presence of homozygosity at HLA-B*35 may be a potential
major contributor to the early onset of SAT symptoms (54).
Clinicians need to be aware that COVID-19 infection may result in
thyroid dysfunction. Early detection and prompt anti-inflammatory
therapy contribute to successful treatment.

Previous viral infection is thought to be the trigger for the SAT.
Significant histotropism is seen by SARS-CoV-2, including a strong
affinity for thyroid tissue. Angiotensin-converting enzyme 2
(ACE2), a possible receptor that allows the virus to enter cells, is
a significant component of new coronavirus infection, and thyroid
cells are abundant in ACE2 (55, 56). A study has demonstrated that
thyroid follicular cells exhibit significant levels of the mRNA
encoding ACE2 receptor, making them a possible entry point for
COVID-19 (57). Many SAT cases directly associated with SARS-
CoV-2 infection have been described (23, 58-61). Although the
scale and quality of the published COVID-19 related SAT data are
insufficient, in view of the development of the epidemic, we should
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still consider that SARS-COV-2 is the most important trigger factor
for SAT at present, and its relevant mechanism needs further study.

Finding a therapeutic vaccination that is both effective and safe
has become a top priority as COVID-19 spreads to become a
pandemic. The vaccine contains adjuvants, which cannot avoid
adverse reactions and can cause autoimmune/inflammatory
syndrome induced by adjuvants (ASIA) (62). SARS-CoV-2
vaccination can lead to subacute thyroiditis as a phenomenon of
ASIA syndrome. The first report of SAT as a phenomenon of ASIA
syndrome after inactivated COVID-19 vaccination was reported in
August 2021 (63). These cases shared diagnostic characteristics and
clinical courses with the classic form of SAT. The mechanism of
thyroid dysfunction caused by COVID-19 vaccines has yet to be
clearly elucidated at present. Possible mechanisms are considered to
include molecular mimicry caused by exposure to abnormal
reactivity of adjuvants and/or viral proteins. Adjuvants are
substances that promote the immunogenicity of vaccines, and
SAT is assumed to be brought on by adjuvant-dependent
autoimmune inflammatory alterations. However, it is becoming
evident that the cause of SAT may be more complex than just the
adjuvant as more cases of SAT associated with unadjuvanted
COVID-19 vaccinations are reported (64, 65). The immune
response to mRNA and whole viral vaccinations frequently uses
spike protein as a stimulant. By binding to HLA-B*35 molecules in
macrophages and activating cytotoxic T cells, spike proteins can
cause SAT in susceptible individuals (66). Since spike protein-
binding ACE2 receptors are abundant in thyroid follicular cells,
their activation may be why thyroid follicular cells are
being destroyed.

SAT occurrence after COVID-19 vaccination was also HLA-
dependent and associated with a specific HLA profile covering the
simultaneous presence of HLA-B*35:03 and HLA-C*04:01 (67, 68).
Thyrotoxicosis and a more intense inflammatory response were
related to homozygosity for HLA-B*35 and HLA-C*04 (67).
According to a recent study, which is the first to suggest that the
frequency of the HLA-A*11 allele is associated with SAT, it was
found that SAT caused by the SARS-CoV-2 vaccine had a higher
frequency of the HLA-A*11 allele and the A*11-B*35-C*04
haplotype than in the group unrelated to the SARS-CoV-2
vaccine (69). These findings suggest that HLA-related
susceptibility may play a significant role in the development of
SAT after COVID-19 vaccination, and the results need to be
confirmed in a larger patient population with complete HLA
genotyping results available.

Most SAT patients caused by vaccination have a mild clinical
course that improves with the use of NSAIDs or steroids (70). It was
recommended that patients be treated with NSAIDs in order to
obtain adequate vaccine antibody response (66). A systematic
review has shown that thyroid diseases may occur within 2
months after COVID-19 vaccination, and SAT is the most
common of all thyroid diseases (71). Revaccination in COVID-19
vaccine-induced SAT cases currently appears to be safe (72), but the
quantity and quality of published data on thyroid discomfort
following COVID-19 vaccination are limited, and further
evidence is needed on COVID-19 vaccine-induced SAT.
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4.4 Strengths and limitations

According to our knowledge, this study is the first bibliometric
analysis of SAT research to offer researchers guidance. Compared to
a typical review, an analysis based on bibliometric tools, such
CiteSpace and VOSviewer, offers a better depiction of changing
research trends and hotspots and a relatively thorough and objective
data analysis. However, this study has some limitations. First, despite
recent increases in the number of publications published in SAT
research, the aggregate total is still rather low. Second, owing to
CiteSpace’s format constraints, we only counted publications in the
WoSCC database, which may have disregarded papers only in other
databases such as PubMed, Medline, and Scopus. Due to the
extensive cross-replication of records in other databases and the
specialized authority of the WoSCC database, this study may still be
utilized to illustrate the general situation and overall trend in this
field. Third, non-English publications were not included in the study
since English was the most often used language, which might have
influenced the results due to source bias.

5 Conclusion

We conducted the first bibliometric analysis utilizing tools like
CiteSpace and VOSviewer to examine the trends and hotspots in
SAT research. Due to the COVID-19 pandemic, there has been a
sharp rise in the number of publications in the SAT field in recent
years, indicating a growing interest among researchers in the field.
The clinical characteristics and the genetic background of SAT
under the influence of COVID-19 are currently research hotspots.
Our study clarified the fundamental scientific understanding of SAT
and offered crucial hints for emerging research trends and hotspots.
We hope that this study will aid researchers in better grasping the
general trend in this field and offer guidance for future research.

References

1. Bahn Chair RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, Klein 1, et al.
Hyperthyroidism and other causes of thyrotoxicosis: Management guidelines of the
American thyroid association and American association of clinical endocrinologists.
Thyroid. (2011) 21(6):593-646. doi: 10.1089/thy.2010.0417

2. Samuels MH. Subacute, silent, and postpartum thyroiditis. Med Clin North Am
(2012) 96(2):223-33. doi: 10.1016/j.mcna.2012.01.003

3. Stasiak M, Michalak R, Stasiak B, Lewinski A. Clinical characteristics of subacute
thyroiditis is different than it used to be - current state based on 15 years own material.
Neuro Endocrinol Lett (2019) 39(7):489-95.

4. Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl ] Med (2003) 348
(26):2646-55. doi: 10.1056/NEJMra021194

5. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia AL, et al. 2016
American Thyroid association guidelines for diagnosis and management of hyperthyroidism
and other causes of thyrotoxicosis. Thyroid (2016) 26(10):1343-421. doi: 10.1089/
thy.2016.0229

6. Sencar ME, Calapkulu M, Sakiz D, Hepsen S, Kus A, Akhanli P, et al. An
evaluation of the results of the steroid and non-steroidal anti-inflammatory drug
treatments in subacute thyroiditis in relation to persistent hypothyroidism and
recurrence. Sci Rep (2019) 9(1):16899. doi: 10.1038/s41598-019-53475-w

7. Stasiak M, Tymoniuk B, Stasiak B, Lewinski A. The risk of recurrence of subacute
thyroiditis is HLA-dependent. Int ] Mol Sci (2019) 20(5):1089. doi: 10.3390/ijms20051089

Frontiers in Endocrinology

11

10.3389/fendo.2023.1144465

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

CX conceived and designed the study. RJ and J-yL contributed
to data collection. CX, RJ, and J-yL conducted the data analysis and
interpretation. CX drafted the initial manuscript. CX revised the
manuscript. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2023.1144465/
full#supplementary-material

8. ZhangJ, Ding G, LiJ, Li X, Ding L, Li X, et al. Risk factors for subacute thyroiditis
recurrence: A systematic review and meta-analysis of cohort studies. Front Endocrinol
(Lausanne). (2021) 12:783439. doi: 10.3389/fendo.2021.783439

9. Desailloud R, Hober D. Viruses and thyroiditis: An update. Virol J (2009) 6:5. doi:
10.1186/1743-422X-6-5

10. Mangaraj S. Subacute thyroiditis complicating dengue fever - case report and brief
review of literature. Trop Doct. (2021) 51(2):254-6. doi: 10.1177/0049475520977821

11. Sozen M, Topaloglu OChecktae, Cetinarslan B, Selek A, Cantiirk Z, Gezer E,
et al. COVID-19 mRNA vaccine may trigger subacute thyroiditis. Hum Vaccin
Immunother (2021) 17(12):5120-5. doi: 10.1080/21645515.2021.2013083

12. Ando Y, Ono Y, Sano A, Fujita N, Ono S. Subacute thyroiditis after COVID-19: A
literature review. Am ] Trop Med Hyg (2022) 107(5):1074-82. doi: 10.4269/ajtmh.21-1223

13. Dworakowska D, Morley S, Mulholland N, Grossman AB. COVID-19-related
thyroiditis: A novel disease entity? Clin Endocrinol (Oxf) (2021) 95(3):369-77. doi:
10.1111/cen.14453

14. Chen C, Dubin R, Kim MC. Emerging trends and new developments in
regenerative medicine: A scientometric update (2000 - 2014). Expert Opin Biol Ther
(2014) 14(9):1295-317. doi: 10.1517/14712598.2014.920813

15. van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics. (2010) 84(2):523-38. doi: 10.1007/s11192-009-
0146-3

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1144465/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1144465/full#supplementary-material
https://doi.org/10.1089/thy.2010.0417
https://doi.org/10.1016/j.mcna.2012.01.003
https://doi.org/10.1056/NEJMra021194
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1038/s41598-019-53475-w
https://doi.org/10.3390/ijms20051089
https://doi.org/10.3389/fendo.2021.783439
https://doi.org/10.1186/1743-422X-6-5
https://doi.org/10.1177/0049475520977821
https://doi.org/10.1080/21645515.2021.2013083
https://doi.org/10.4269/ajtmh.21-1223
https://doi.org/10.1111/cen.14453
https://doi.org/10.1517/14712598.2014.920813
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.3389/fendo.2023.1144465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

16. Song L, Zhang J, Ma D, Fan Y, Lai R, Tian W, et al. A bibliometric and
knowledge-map analysis of macrophage polarization in atherosclerosis from 2001 to
2021. Front Immunol (2022) 13:910444. doi: 10.3389/fimmu.2022.910444

17. Fatourechi V, Aniszewski JP, Fatourechi GZ, Atkinson EJ, Jacobsen SJ. Clinical
features and outcome of subacute thyroiditis in an incidence cohort: Olmsted county,
Minnesota, study. J Clin Endocrinol Metab (2003) 88(5):2100-5. doi: 10.1210/jc.2002-
021799

18. Luo J, Shi Y, Wang X, Zhang R, Chen S, Yu W, et al. A 20-year research trend
analysis of the influence of anesthesia on tumor prognosis using bibliometric methods.
Front Oncol (2021) 11:683232. doi: 10.3389/fonc.2021.683232

19. Nishihara E, Ohye H, Amino N, Takata K, Arishima T, Kudo T, et al. Clinical
characteristics of 852 patients with subacute thyroiditis before treatment. Intern Med
(2008) 47(8):725-9. doi: 10.2169/internalmedicine.47.0740

20. Brandt JS, Hadaya O, Schuster M, Rosen T, Sauer MV, Ananth CV. A
bibliometric analysis of top-cited journal articles in obstetrics and gynecology.
JAMA Netw Open (2019) 2(12):e1918007. doi: 10.1001/jamanetworkopen.
2019.18007

21. Stasiak M, Lewinski A. New aspects in the pathogenesis and management of
subacute thyroiditis. Rev Endocr Metab Disord (2021) 22(4):1027-39. doi: 10.1007/
s11154-021-09648-y

22. Benbassat CA, Olchovsky D, Tsvetov G, Shimon I. Subacute thyroiditis: Clinical
characteristics and treatment outcome in fifty-six consecutive patients diagnosed
between 1999 and 2005. ] Endocrinol Invest. (2007) 30(8):631-5. doi: 10.1007/
BF03347442

23. Brancatella A, Ricci D, Viola N, Sgro D, Santini F, Latrofa F. Subacute thyroiditis
after sars-COV-2 infection. J Clin Endocrinol Metab (2020) 105(7):dgl1276. doi:
10.1210/clinem/dgaa276

24. Ruggeri RM, Campenni A, Siracusa M, Frazzetto G, Gullo D. Subacute
thyroiditis in a patient infected with SARS-COV-2: an endocrine complication
linked to the COVID-19 pandemic. Hormones (Athens). (2021) 20(1):219-21. doi:
10.1007/s42000-020-00230-w

25. Muller I, Cannavaro D, Dazzi D, Covelli D, Mantovani G, Muscatello A, et al.
SARS-CoV-2-related atypical thyroiditis. Lancet Diabetes Endocrinol (2020) 8(9):739-
41. doi: 10.1016/S2213-8587(20)30266-7

26. Ippolito S, Dentali F, Tanda ML. SARS-CoV-2: a potential trigger for subacute
thyroiditis? insights from a case report. ] Endocrinol Invest. (2020) 43(8):1171-2. doi:
10.1007/s40618-020-01312-7

27. Ramineni P, Kamath SP, Joshi J, Rao S. Subacute thyroiditis with airway
compromise in a 5-year-old boy. BMJ Case Rep (2020) 13(11):e236909. doi: 10.1136/
ber-2020-236909

28. Bilbao NA, Kaulfers AD, Bhowmick SK. SUBACUTE THYROIDITIS IN a
CHILD. AACE Clin Case Rep (2019) 5(3):e184—e6. doi: 10.4158/ ACCR-2018-0211

29. Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi E, Mazziotti G.
Thyrotoxicosis in patients with COVID-19: the THYRCOV study. Eur ] Endocrinol
(2020) 183(4):381-7. doi: 10.1530/EJE-20-0335

30. Bostan H, Sencar ME, Calapkulu M, Kayihan S, Hepsen S, Cimsir A, et al.
Impact of the COVID-19 pandemic on the incidence, seasonal distribution, and
characteristics of subacute thyroiditis. Endocrine (2022) 79(2):323-30. doi: 10.1007/
$12020-022-03197-3

31. Ahn HY, Choi HS, Ha S, Cho SW. Incidence of subacute thyroiditis during the
COVID-19 pandemic in south Korea using the national health insurance service
database. Thyroid. (2022) 32(11):1299-306. doi: 10.1089/thy.2022.0363

32. Stasiak M, Michalak R, Stasiak B, Lewinski A. Time-lag between symptom onset
and diagnosis of subacute thyroiditis - how to avoid the delay of diagnosis and
unnecessary overuse of antibiotics. Horm Metab Res (2020) 52(1):32-8. doi: 10.1055/a-
1033-7524

33. Zornitzki T, Mildiner S, Schiller T, Kirzhner A, Ostrovsky V, Knobler H.
Subacute thyroiditis-still a diagnostic challenge: Data from an observational study.
Int ] Environ Res Public Health (2022) 19(15):9388. doi: 10.3390/ijerph19159388

34. Stasiak M, Michalak R, Lewinski A. Thyroid primary and metastatic malignant
tumours of poor prognosis may mimic subacute thyroiditis - time to change the
diagnostic criteria: Case reports and a review of the literature. BMC Endocr Disord
(2019) 19(1):86. doi: 10.1186/s12902-019-0415-y

35. Senel F, Karaman H, Ertan T. Co-Occurrence of subacute granulomatous
thyroiditis and papillary microcarcinoma. Kulak Burun Bogaz Ihtis Derg. (2016) 26
(4):248-50. doi: 10.5606/kbbihtisas.2016.36776

36. Choi YS, Han YJ, Yeo GE, Kwon SK, Kim BK, Park YH, et al. Subacute
lymphocytic thyroiditis after lobectomy in a patient with papillary thyroid carcinoma:
A case report. ] Med Case Rep (2013) 7:3. doi: 10.1186/1752-1947-7-3

37. Nishihara E, Kudo T, Ito M, Fukata S, Nishikawa M, Nakamura H, et al.
Papillary thyroid carcinomas are highly obscured by inflammatory hypoechoic regions
caused by subacute thyroiditis: A longitudinal evaluation of 710 patients using
ultrasonography. Endocr ] (2020) 67(5):569-74. doi: 10.1507/endocrj.EJ19-0597

38. Sato J, Uchida T, Komiya K, Goto H, Takeno K, Suzuki R, et al. Comparison of
the therapeutic effects of prednisolone and nonsteroidal anti-inflammatory drugs in
patients with subacute thyroiditis. Endocrine. (2017) 55(1):209-14. doi: 10.1007/
512020-016-1122-3

Frontiers in Endocrinology

12

10.3389/fendo.2023.1144465

39. Saydam BO, Adiyaman SC, Demir T, Comlekei A, Yener S. The use of low dose
prednisolone in patients with subacute thyroiditis and its effect on impaired life and
sleep quality. Acta Endocrinol (Buchar). (2022) 18(1):64-73. doi: 10.4183/aeb.2022.64

40. Gorges J, Ulrich J, Keck C, Miiller-Wieland D, Diederich S, Janssen OE. Long-
term outcome of subacute thyroiditis. Exp Clin Endocrinol Diabetes. (2020) 128
(11):703-8. doi: 10.1055/a-0998-8035

41. Hepsen S, Akhanli P, Sencar ME, Duger H, Sakiz D, Kizilgul M, et al. The
evaluation of low- and high-dose steroid treatments in subacute thyroiditis: A
retrospective observational study. Endocr Pract (2021) 27(6):594-600. doi: 10.1016/
j.eprac.2020.11.009

42. LiJ, ZhangJ, Jiang L, Li Z, Li F, Chen H, et al. Efficacy and safety of ultrasound-
guided intrathyroidal injection of glucocorticoids versus routine oral administration of
glucocorticoids for subacute thyroiditis: Protocol of systematic review and meta-
analysis. Med (Baltimore). (2019) 98(52):e18564. doi: 10.1097/MD.0000000000018564

43. Huo J, Chen C, Gao D, Yang L, Qu R, Jiang H, et al. Ultrasound-guided capsular
thyroid injection therapy with dexamethasone and lidocaine mixture for subacute
thyroiditis: A single-center study. J Ultrasound Med (2022) 42(3):613-21. doi: 10.1002/
jum.16054

44. Tian Z, Su'Y, Zhang M, Zhang X, Guan Q. Successful management of recurrent
subacute thyroiditis by adding colchicine to glucocorticoid treatment: A case series
study. Horm Metab Res (2020) 52(10):712-7. doi: 10.1055/a-1148-2260

45. Al-Tikrity MA, Magdi M, Abou Samra AB, Elzouki AY. Subacute thyroiditis: An
unusual presentation of fever of unknown origin following upper respiratory tract
infection. Am J Case Rep (2020) 21:¢920515. doi: 10.12659/AJCR.920515

46. Anyfantakis D, Katsanikaki F, Kastanakis S. An elderly woman with pyrexia of
unknown origin. Maedica (Bucur). (2020) 15(2):266-8. doi: 10.26574/maedica.2020.
15.2.266

47. Stasiak M, Lewinski A. Strong correlation between HLA and clinical course of
subacute thyroiditis-a report of the three siblings. Genes (Basel). (2020) 11(11):1282.
doi: 10.3390/genes11111282

48. Omori N, Omori K, Takano K. Association of the ultrasonographic findings of
subacute thyroiditis with thyroid pain and laboratory findings. Endocr ] (2008) 55
(3):583-8. doi: 10.1507/endocrj.K07E-163

49. ParkJY, Choi W, Hong AR, Yoon JH, Kim HK, Kang HC. Early thyroid volume
reduction in subacute thyroiditis can be a potential indicator for hypothyroidism. Front
Endocrinol (Lausanne). (2022) 13:888018. doi: 10.3389/fendo.2022.888018

50. Tang C, Dong Y, Lu L, Zhang N. C-reactive protein and thyroid-stimulating
hormone levels as risk factors for hypothyroidism in patients with subacute thyroiditis.
Endocr Connect. (2021) 10(8):965-72. doi: 10.1530/EC-21-0212

51. Ohsako N, Tamai H, Sudo T, Mukuta T, Tanaka H, Kuma K, et al. Clinical
characteristics of subacute thyroiditis classified according to human leukocyte antigen
typing. J Clin Endocrinol Metab (1995) 80(12):3653-6. doi: 10.1210/
jcem.80.12.8530615

52. Stasiak M, Tymoniuk B, Michalak R, Stasiak B, Kowalski ML, Lewinski A.
Subacute thyroiditis is associated with HLA-B*18:01, -DRB1*01 and -C*04:01-The
significance of the new molecular background. J Clin Med (2020) 9(2):534. doi:
10.3390/jcm9020534

53. Stasiak M, Tymoniuk B, Adamczewski Z, Stasiak B, Lewinski A. Sonographic
pattern of subacute thyroiditis is HLA-dependent. Front Endocrinol (Lausanne). (2019)
10:3. doi: 10.3389/fend0.2019.00003

54. Stasiak M, Zawadzka-Starczewska K, Lewinski A. Clinical manifestation of
subacute thyroiditis triggered by SARS-CoV-2 infection can be HLA-dependent.
Viruses. (2021) 13(12):2447. doi: 10.3390/v13122447

55. Li MY, Li L, Zhang Y, Wang XS. Expression of the SARS-CoV-2 cell receptor
gene ACE2 in a wide variety of human tissues. Infect Dis Poverty. (2020) 9(1):45. doi:
10.1186/s40249-020-00662-x

56. Scappaticcio L, Pitoia F, Esposito K, Piccardo A, Trimboli P. Impact of COVID-
19 on the thyroid gland: An update. Rev Endocr Metab Disord (2021) 22(4):803-15. doi:
10.1007/s11154-020-09615-z

57. Rotondi M, Coperchini F, Ricci G, Denegri M, Croce L, Ngnitejeu ST, et al.
Detection of SARS-COV-2 receptor ACE-2 mRNA in thyroid cells: A clue for COVID-
19-related subacute thyroiditis. J Endocrinol Invest. (2021) 44(5):1085-90. doi: 10.1007/
540618-020-01436-w

58. Sohrabpour S, Heidari F, Karimi E, Ansari R, Tajdini A, Heidari F. Subacute
thyroiditis in COVID-19 patients. Eur Thyroid ] (2021) 9(6):321-3. doi: 10.1159/
000511707

59. Trimboli P, Camponovo C, Franscella S, Bernasconi E, Buetti N. Subacute
thyroiditis during the COVID-19 pandemic: Searching for a clinical association with
SARS-CoV-2. Int ] Endocrinol (2021) 2021:5588592. doi: 10.1155/2021/5588592

60. de Souza CV, Motta PCC, Nestor AB, Coifman R, Demarzo MMP. Subacute
thyroiditis and thyroid inflammatory nodule secondary to COVID-19: a primary care
case report. Fam Pract (2022) 28:cmac136. [Epub ahead of print]. doi: 10.1093/fampra/
cmacl36

61. Brancatella A, Ricci D, Cappellani D, Viola N, Sgro D, Santini F, et al. Is
subacute thyroiditis an underestimated manifestation of SARS-CoV-2 infection?
insights from a case series. J Clin Endocrinol Metab (2020) 105(10):dgaa537. doi:
10.1210/clinem/dgaa537

frontiersin.org


https://doi.org/10.3389/fimmu.2022.910444
https://doi.org/10.1210/jc.2002-021799
https://doi.org/10.1210/jc.2002-021799
https://doi.org/10.3389/fonc.2021.683232
https://doi.org/10.2169/internalmedicine.47.0740
https://doi.org/10.1001/jamanetworkopen.2019.18007
https://doi.org/10.1001/jamanetworkopen.2019.18007
https://doi.org/10.1007/s11154-021-09648-y
https://doi.org/10.1007/s11154-021-09648-y
https://doi.org/10.1007/BF03347442
https://doi.org/10.1007/BF03347442
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1007/s42000-020-00230-w
https://doi.org/10.1016/S2213-8587(20)30266-7
https://doi.org/10.1007/s40618-020-01312-7
https://doi.org/10.1136/bcr-2020-236909
https://doi.org/10.1136/bcr-2020-236909
https://doi.org/10.4158/ACCR-2018-0211
https://doi.org/10.1530/EJE-20-0335
https://doi.org/10.1007/s12020-022-03197-3
https://doi.org/10.1007/s12020-022-03197-3
https://doi.org/10.1089/thy.2022.0363
https://doi.org/10.1055/a-1033-7524
https://doi.org/10.1055/a-1033-7524
https://doi.org/10.3390/ijerph19159388
https://doi.org/10.1186/s12902-019-0415-y
https://doi.org/10.5606/kbbihtisas.2016.36776
https://doi.org/10.1186/1752-1947-7-3
https://doi.org/10.1507/endocrj.EJ19-0597
https://doi.org/10.1007/s12020-016-1122-3
https://doi.org/10.1007/s12020-016-1122-3
https://doi.org/10.4183/aeb.2022.64
https://doi.org/10.1055/a-0998-8035
https://doi.org/10.1016/j.eprac.2020.11.009
https://doi.org/10.1016/j.eprac.2020.11.009
https://doi.org/10.1097/MD.0000000000018564
https://doi.org/10.1002/jum.16054
https://doi.org/10.1002/jum.16054
https://doi.org/10.1055/a-1148-2260
https://doi.org/10.12659/AJCR.920515
https://doi.org/10.26574/maedica.2020.15.2.266
https://doi.org/10.26574/maedica.2020.15.2.266
https://doi.org/10.3390/genes11111282
https://doi.org/10.1507/endocrj.K07E-163
https://doi.org/10.3389/fendo.2022.888018
https://doi.org/10.1530/EC-21-0212
https://doi.org/10.1210/jcem.80.12.8530615
https://doi.org/10.1210/jcem.80.12.8530615
https://doi.org/10.3390/jcm9020534
https://doi.org/10.3389/fendo.2019.00003
https://doi.org/10.3390/v13122447
https://doi.org/10.1186/s40249-020-00662-x
https://doi.org/10.1007/s11154-020-09615-z
https://doi.org/10.1007/s40618-020-01436-w
https://doi.org/10.1007/s40618-020-01436-w
https://doi.org/10.1159/000511707
https://doi.org/10.1159/000511707
https://doi.org/10.1155/2021/5588592
https://doi.org/10.1093/fampra/cmac136
https://doi.org/10.1093/fampra/cmac136
https://doi.org/10.1210/clinem/dgaa537
https://doi.org/10.3389/fendo.2023.1144465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

62. Pujol A, Gomez LA, Gallegos C, Nicolau J, Sanchis P, Gonzalez-Freire M, et al.
Thyroid as a target of adjuvant autoimmunity/inflammatory syndrome due to mRNA-
based SARS-CoV2 vaccination: From graves' disease to silent thyroiditis. ] Endocrinol
Invest. (2022) 45(4):875-82. doi: 10.1007/s40618-021-01707-0

63. Iremli BG, Sendur SN, Unliitiirk U. Three cases of subacute thyroiditis following
SARS-CoV-2 vaccine: Postvaccination ASIA syndrome. ] Clin Endocrinol Metab (2021)
106(9):2600-5. doi: 10.1210/clinem/dgab373

64. Bornemann C, Woyk K, Bouter C. Case report: Two cases of subacute thyroiditis
following SARS-CoV-2 vaccination. Front Med (Lausanne). (2021) 8:737142. doi:
10.3389/fmed.2021.737142

65. Pormohammad A, Zarei M, Ghorbani S, Mohammadi M, Razizadeh MH,
Turner DL, et al. Efficacy and safety of COVID-19 vaccines: A systematic review and
meta-analysis of randomized clinical trials. Vaccines (Basel) (2021) 9(5):467. doi:
10.3390/vaccines9050467

66. Yorulmaz G, Sahin Tekin M. SARS-CoV-2 vaccine-associated subacute
thyroiditis. ] Endocrinol Invest. (2022) 45(7):1341-7. doi: 10.1007/s40618-022-01767-w

67. Sendur SN, Ozmen F, Oguz SH, Iremli BG, Malkan UY, Giirlek A, et al.
Association of human leukocyte antigen genotypes with severe acute respiratory

Frontiers in Endocrinology

13

10.3389/fendo.2023.1144465

syndrome coronavirus 2 vaccine-induced subacute thyroiditis. Thyroid. (2022) 32
(6):640-7. doi: 10.1089/thy.2022.0010

68. Stasiak M, Zawadzka-Starczewska K, Lewinski A. Significance of HLA
haplotypes in two patients with subacute thyroiditis triggered by mRNA-based
COVID-19 vaccine. Vaccines (Basel). (2022) 10(2):280. doi: 10.3390/vaccines10020280

69. Sahin Tekin M, Yorulmaz G, Yantir E, Gunduz E, Colak E. A novel finding of an
HLA allele's and a haplotype's relationship with SARS-CoV-2 vaccine-associated
subacute thyroiditis. Vaccines (Basel) (2022) 10(12):1986. doi: 10.3390/vaccines10121986

70. Bostan H, Kayihan S, Calapkulu M, Hepsen S, Gul U, Ozturk Unsal I, et al.
Evaluation of the diagnostic features and clinical course of COVID-19 vaccine-
associated subacute thyroiditis. Hormones (Athens) (2022) 21(3):447-55. doi:
10.1007/s42000-022-00380-z

71. Caironi V, Pitoia F, Trimboli P. Thyroid inconveniences with vaccination
against SARS-CoV-2: The size of the matter. A Systematic Review. Front Endocrinol
(Lausanne). (2022) 13:900964. doi: 10.3389/fendo.2022.900964

72. Oguz SH, Sendur SN, remli BG, Giirlek A, Erbas T, Unliitiirk U. SARS-CoV-2
vaccine-induced thyroiditis: Safety of revaccinations and clinical follow-up. J Clin
Endocrinol Metab (2022) 107(5):e1823-e34. doi: 10.1210/clinem/dgac049

frontiersin.org


https://doi.org/10.1007/s40618-021-01707-0
https://doi.org/10.1210/clinem/dgab373
https://doi.org/10.3389/fmed.2021.737142
https://doi.org/10.3390/vaccines9050467
https://doi.org/10.1007/s40618-022-01767-w
https://doi.org/10.1089/thy.2022.0010
https://doi.org/10.3390/vaccines10020280
https://doi.org/10.3390/vaccines10121986
https://doi.org/10.1007/s42000-022-00380-z
https://doi.org/10.3389/fendo.2022.900964
https://doi.org/10.1210/clinem/dgac049
https://doi.org/10.3389/fendo.2023.1144465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Emerging trends and hot spots in subacute thyroiditis research from 2001 to 2022: A bibliometric analysis
	1 Introduction
	2 Methods
	2.1 Data sources and search strategies
	2.2 Bibliometric analysis

	3 Results
	3.1 Annual growth trend of publications
	3.2 Analysis of country/region and institutions
	3.3 Analysis of journals and co-cited journals
	3.4 Analysis of core author distribution and co-authorship network
	3.5 Analysis of document co-citation
	3.6 Analysis of keyword co-occurrence, clusters, and bursts

	4 Discussion
	4.1 General information
	4.2 Research core themes
	4.2.1 Prevalence
	4.2.2 Diagnosis
	4.2.3 Treatment

	4.3 Research hotpots
	4.3.1 Clinical characteristic
	4.3.2 Influence of COVID-19

	4.4 Strengths and limitations

	5 Conclusion
	Data availability statement
	Author contributions
	Supplementary material
	References


