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The risk of thyroid cancer and sex differences
in Hashimoto’s thyroiditis, a meta-analysis
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Abstract

Background and objective The prevalence of thyroid cancer (TC) has exhibited an upward trajectory in recent
years. An accelerating amount of evidence shows a significant association between Hashimoto's thyroiditis (HT) and
TC. The present study encompasses a meticulously designed systematic review and meta-analysis with the aim of
scrutinizing the risk of TC and clarifying sex disparities in HT.

Methods A comprehensive search was conducted across reputable online databases, including PubMed, Cochrane
Library, EMBASE, and Web of Science. English-language publications on the correlation between HT and TC were
examined without temporal restrictions. Two authors independently screened the articles and extracted pertinent
data. The collected data underwent statistical analysis using the STATA software, enabling the calculation of the
pooled Odds Ratio (OR) and 95% confidence intervals (Cl). Additionally, a supplementary analysis was conducted on
studies incorporating sex-specific data to determine the OR (female vs. male) and the sex-based prevalence of TC in
HT.

Results A total of 2,845 records were obtained, and 26 retrospective studies were included in this meta-analysis. The
results indicated a significant role for HT in TC (OR: 2.22, 95% Cl: 1.85-2.67). Supplementary analysis indicated that the
prevalence of TC in HT patients was lower in women (0.31, 95% Cl: 0.17-0.45) than in men (0.37,95% Cl: 0.21-0.53).
However, the result was not statistically significant.

Conclusion This systematic review and meta-analysis provide evidence that HT is associated with increasing odds of
TC. Regular review of HT patients holds positive clinical significance.
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Introduction

Hashimoto’s thyroiditis, an autoimmune thyroiditis, is
among the most common causes of hypothyroidism in
regions abundant in iodine [1]. Evidence suggests that
women are at a higher risk of HT compared to men [2, 3].
Activation of T helper cells that target thyroid antigens
orchestrates an immune response against the thyroid,

;;O”E‘;pome“e? resulting in follicular destruction within the gland. His-
ing Zhang . . . . .

2p028977@qlyygd.com Fologlcglly, HT is chgracterlzed .by .dlffuse lymphocyt}c
'Health Management Center, Qilu Hospital (Qingdao), Cheeloo College of infiltration, eosmophll metaplasm, interlobular fibrosis,
Medicine, Shandong University, Qingdao 266035, Shandong, PR China and atrophy of the thyroid tissue. Clinically, it can mani-

’Department of Ultrasound, Qilu Hospital (Qingdao), Cheeloo College of
Medicine, Shandong University, Qingdao 266035, Shandong, PR China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

fest as varying degrees of thyroid dysfunction [4-6].
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Diagnosis of HT primarily relies on elevated levels of thy-
roid peroxidase antibodies. Thyroglobulin antibodies, as
well as ultrasound imaging also have some value in diag-
nosis of HT (7, 8].

Thyroid cancer (TC) represents the most preva-
lent malignant neoplasm within the endocrine system,
encompassing papillary thyroid cancer (PTC), follicular
thyroid cancer (FTC), anaplastic thyroid cancer (ATC),
and medullary thyroid cancer (MTC). Among these, the
former three arise from thyroid follicular cells, whereas
MTC originates from thyroid parafollicular C cells. PTC
accounts for approximately 80% of TC cases [9]. In recent
years, the incidence rate of TC has increased worldwide.
This phenomenon can be attributed to increased surveil-
lance of thyroid diseases and advancements in diagnostic
technology [10, 11]. Abundant evidence demonstrates a
significantly higher incidence of TC in females com-
pared to males [12, 13]. The 2020 Global Cancer Statis-
tics report revealed a threefold higher TC incidence in
women worldwide than in men [14]. Gul et al. [15] found
that the prevalence of incidental TC discovered during
surgery for benign thyroid conditions is higher in the
presence of HT. Graceffa et al. [16] supported the notion
that thyroid nodules in the presence of HT substantially
increase the risk of TC. Other studies have indicated a
higher prevalence of HT in women, with women affected
by HT also showing an elevated susceptibility to TC [2,
17]. However, Meinhold et al. [18] reported that while the
prevalence of TC is lower in men compared to women,
men with benign thyroid disorders have a significantly
increased risk of TC.

Does HT increase the odds of TC? Are women with
HT more susceptible to developing TC? These questions
have sparked debates, and this meta-analysis aims to
explore the risk of TC in individuals with HT and assess
the sex-specific risk of TC in HT. While HT and chronic
lymphocytic thyroiditis (CLT) can be distinguished based
on pathological criteria, such as the absence of Askanazy
or Hiirthle cells in CLT [19], most studies fail to make a
strict differentiation between the two conditions. There-
fore, this study collectively refers to both conditions as
HT.

Materials and methods

Study registration

This systematic review and meta-analysis were con-
ducted following the guidelines outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) Statement [20]. The study was registered
in the International Prospective Register of System-
atic Reviews (PROSPERO) with the registration ID:
CRD42022382557. Ethical approval was not required as
this study is a systematic review.
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Search strategy

A systematic search was conducted in PubMed,
Cochrane Library, EMBASE, and Web of Science data-
bases. Medical subject headings “Thyroid Neoplasms”
and “Hashimoto Disease” were used in the search. The
search included all English-language publications with-
out temporal restrictions and without restrictions on
countries or article types. Additionally, the reference lists
of selected articles were independently screened to iden-
tify any additional relevant studies that may have been
missed in the initial search. The detailed search terms
used in PubMed are provided in Supplementary File 1.

Inclusion and exclusion criteria

Study inclusion criteria

The following inclusion criteria were applied: (1) studies
investigating the risk of TC associated with HT; (2) the
study focused on HT and TC as the subject matter; (3)
only English-language articles were considered eligible
for inclusion; (4) outcome indicators included the total
number of cases, the number of TCs, the number of HTs,
the number of TCs coexisting with HT, and correspond-
ing counts for males and females.

The following exclusion criteria were applied: (1) non-
research articles; (2) studies not related to TC risk; (3)
animal experiments; (4) studies with low quality or insuf-
ficient outcome indicators; (5) research on TC related to
the atomic bombing of Japan and the Chernobyl nuclear
accident.

Quality assessment and data extraction

The Newcastle-Ottawa quality assessment Scale (NOS)
was utilized to assess the quality and potential bias of
case-control and cohort studies. The Joanna Briggs Insti-
tute (JBI) scale was used to evaluate the quality of cross-
sectional studies (refer to Supplementary File 2). Two
authors independently reviewed the titles and abstracts
of the articles based on pre-established inclusion and
exclusion criteria to determine eligibility. Subsequently,
they individually assessed the full texts to determine the
final articles to be included in the study. Any discrepan-
cies were resolved through collaborative consultation
between the two authors. The following information was
independently extracted by the two authors: author, year
of publication, enrollment period, country, study meth-
odology, tumor type, and outcomes.

Statistical analysis

Statistical analysis was performed using “metan”of the
STATA software (version 14.0, StataCorp, College Sta-
tion, TX, USA) to analyze the data and assess heterogene-
ity. Given the expected heterogeneity among the included
studies, a random-effects model (M-H heterogeneity)
was employed for the meta-analysis and calculation of
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the pooled odds ratio (OR) with 95% confidence inter-
vals (Cl). Heterogeneity was evaluated using Cochran’s
Q statistic (p<0.10 indicating heterogeneity), and the I*
statistic was used to quantify the degree of heterogeneity.
In cases where I?>50%, subgroup analysis was conducted
to explore potential sources of heterogeneity. Funnel
plots were employed to detect possible publication bias,
and Egger’s test was performed to quantitatively assess
reporting biases. Sensitivity analysis was conducted to
evaluate the influence of each individual study on the
overall assessment.

Results

Figure 1 illustrates the identification of 2,845 publica-
tions through multiple databases, with 26 studies ulti-
mately included after the screening process [1, 3, 15,
16, 21-42]. Table 1 presents the characteristics of the
studies included in the meta-analysis. All of the studies
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in this meta-study were retrospective in nature. Among
them, there were 16 retrospective case-control stud-
ies, 6 retrospective cohort studies, and 4 retrospective
cross-sectional studies. In 23 of the studies, patients
underwent thyroidectomy for either TC or other benign
diseases. The remaining 3 studies included selective thy-
roidectomy, where the procedure was performed if fine
needle aspiration biopsy indicated malignancy. Among
the 26 studies, 11 focused on the relationship between
PTC and HT, 4 on DTC and HT, and 11 on TC and HT.
The patients included in the study had various causes of
benign thyroid disease, such as hyperthyroidism, goiter,
and benign thyroid nodules. The prevalence of TC across
the 26 studies ranged from 1 to 67%, while the prevalence
of TC in HT patients ranged from 0.7 to 92%.

)
Records identified from
= Databases: (n =2845)
= PubMed: n=1520
2 Cochrane: n=77 »| Records removed before screening:
£ Embase: n=389 Duplicate records removed (n = 587)
) Web of science: n=850
2 Additional records identified
through other sources: n=9 *
— Records excluded:
Not associated with thyroid cancer with
Hashimoto’s thyroiditis or chronic
Records screened > ]ymphOcyth therIdltIS (n = 2035)
(n = 2258) Case reports, commentaries or abstracts
> (n=27)
i< Reviews or Meta-analyses (n=84)
o
e
O
(77}
Reports assessed for eligibility Reports excluded:
(n =112) —®| groups not meeting the requirement (n = 73)
not relevant outcome (n = 13)
—/
)
o
)
e Studies included in review
© (n = 26)
=
——

Fig. 1 Flow diagram of study selection process. (* Checking the references of accepted articles.)
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Table 1 Characteristics of individual studies included in the meta-analysis

Study Year of Period of Country Study design Study method Tumor Total F:M

Publication  enrolment type cases

Osorio (3] 2020 2008-2018 Colombia  retrospective cross-section  Thyroidectomy  PTC 1136 1047:89

Cappellacci [1] 2022 2016-2019 [taly retrospective cohort Thyroidectomy  DTC 839 610:229

Graceffa [16] 2019 2006-2016 ltaly retrospective case-control  Thyroidectomy PTC 268 206:62

Gul [15] 2010 2005-2008 Turkey retrospective case-control  Thyroidectomy TC 613 496:117

BuyuUkasik [21] 2011 1999-2006 Turkey retrospective case-control  Thyroidectomy TC 917 743174

Zhang L [22] 2012 N/A China retrospective cross-section  Thyroidectomy PTC 5115 3821:1294

Mazokopakis [23] 2010 2005-2009 Greece retrospective case-control  Thyroidectomy PTC 140 121:19

Liu [24] 2014 2008-2013 China retrospective cohort Thyroidectomy  TC 6432 5059:1373

ZhangY [25] 2014 2004-2011 China retrospective case-control  Thyroidectomy TC 647 N/A

Ye [26] 2013 2006-2008 China retrospective case-control  Thyroidectomy TC 2052 1645:407

Lun [27] 2013 2004-2012 China retrospective case-control  Thyroidectomy PTC 2478 1954:524

Paparodis [28] 2014 1994-2013 us retrospective case-control  Thyroidectomy DTC 2718 2122:59%

Larson [29] 2007 1987-2002 us retrospective case-control  Thyroidectomy TC 812 N/A

Repplinger [30] 2008 1994-2007 us retrospective case-control  Thyroidectomy TC 1198 922:276

Zeng [31] 2018 2004-2017 China retrospective cross-section  Thyroidectomy  PTC 258 21642

Consorti [32] 2010 1995-2008 ltaly retrospective cohort Thyroidectomy  PTC 404 32678

Kurukahvecioglu [33] 2007 2001-2005 Turkey retrospective case-control  Thyroidectomy PTC 888  721:167

Ohmori [34] 2007 1998-2002 Japan retrospective case-control Selective PTC 2167  1897:270
thyroidectomy

Tamimi [35] 2002 1985-2000 Saudi retrospective case-control  Thyroidectomy DTC 117 N/A

Arabia

Mukasa [36] 2011 2006 Japan retrospective cohort Selective TC 3688 N/A
thyroidectomy

Isik [37] 2010 2005-2009 Turkey retrospective cohort Selective TC 500  400:100
thyroidectomy

Konturek [38] 2012 2002-2010 Poland retrospective cohort Thyroidectomy  PTC 7545 6831714

Alcantara-Jones [39] 2015 20M Brazil retrospective, case-control  Thyroidectomy PTC 49 418

Zayed [40] 2015 2000-2012 Jordan retrospective cross-section  Thyroidectomy TC 863  689:174

Gabalec [41] 2016 1991-2014 Czech retrospective, case-control  Thyroidectomy DTC 1603 N/A

Republic
Uhliarova [42] 2018 2005-2014 Slovakia retrospective, case-control  Thyroidectomy TC 2117 1739378

N/A: not available; F: female; M: male

PTC: papillary thyroid cancer; DTC: differentiated thyroid cancer; TC: thyroid cancer

The odds of TCin HT

Among the 26 eligible studies, a total of 45,564 patients
were included, consisting of 8,300 HT patients, 11,168
TC patients, and 2,553 patients with coexisting TC and
HT. A random effects model was used for meta-analysis.
The results revealed that patients with HT had a sig-
nificantly higher odds of developing TC compared to
those without HT (pooled OR: 2.22, 95% CI: 1.85-2.67,
>=85.3%, p<0.001) (Fig. 2A). The I* value of 85.3% indi-
cated substantial heterogeneity among the included
studies.

Subgroup analysis

Considering the variations in study design and patient
inclusion criteria among the 26 studies, we conducted a
subgroup analysis based on tumor type. The effect size
was expressed as the OR, and the pooled OR was 2.34 in
the PTC group (95% CI: 1.66-3.29, ’=86.9%, p<0.001),
2.1 in the DTC group (95% CI: 1.54—2.87, 1*=65.9%,

p=0.03), and 2.1 in the TC group (95% CI: 1.55-2.83,
2=86.6%, p<0.001). Heterogeneity analysis between sub-
groups showed no significant difference in the pooled
results (p=0.88) (Fig. 2B).

Sensitivity analysis and publication bias

Sensitivity analysis indicated that none of the individual
studies had a significant impact on the overall assess-
ment (Supplementary File 3). Publication bias was
assessed using funnel plots, which demonstrated a sym-
metrical distribution. Additionally, quantitative analysis
using Egger’s test showed no evidence of publication bias
(p=0.99) (Fig. 3).

The prevalence of TC in HT by sex

Among the 26 studies, 10 studies provided data on the
prevalence of TC in HT patients stratified by sex, total-
ing 2,541 patients (2,309 females and 232 males). Using
a random effects model, we calculated the prevalence of
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Odds Ratio % 0dds Ratio %
Study (Year) (95% CI) Weight Tumor type and Study (Year) (95% Cly Weight
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Fig. 3 Publication bias (A) Funnel plot (B) Egger’s test
TC by sex in HT patients. The prevalence of TC in female  Discussion

HT patients was approximately 0.31 (95% CI: 0.17-0.45,
>=98.6%, p<0.001), while the prevalence of TC in male
HT patients was approximately 0.37 (95% CI: 0.21-0.53,
>=88.4%, p<0.001) (Supplementary File 3). The female-
to-male prevalence ratio was 0.84:1, with an OR of 0.9
(95% CI: 0.66—1.24, =0, p=0.51). The Z-test indicated
that the results were not statistically significant (p=0.52)
(Fig. 4).

This meta-analysis provides compelling evidence that
the prevalence of TC is significantly higher in patients
with HT compared to those without HT, indicating that
HT may serve as a risk factor for TC. Subgroup analysis
based on tumor type demonstrates a strong association
between HT and PTC, DTC, and overall TC. Importantly,
there were no significant differences observed between
the subgroups, suggesting consistent associations across
different tumor types.

This conclusion aligns with previous research indicat-
ing that HT is associated with an increased odds of TC.
Evidence suggests that chronic inflammation resulting
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Fig. 4 Forest plot of odds of TC between women and men in HT

from HT is linked to the development of thyroid malig-
nancies, with HT considered a precancerous condition
for TC [43, 44]. A study conducted by Nicolson et al. [45]
demonstrated a robust correlation between the infiltra-
tion of immune cells and dysregulation of DNA repair
genes in thyroid cells. Autoimmune thyroiditis may act
as a risk factor for TC, with the inflammatory processes
of HT playing a significant role in TC development [46].
Furthermore, studies have revealed that the hypoxic con-
ditions induced by inflammation can cause DNA damage
and trigger tumorigenic factors, while the infiltration of
immune cells can facilitate tumor progression through
various mechanisms, including the secretion of cyto-
kines, chemokines, cytotoxic mediators, and reactive
oxygen species [47, 48].

A multitude of studies have demonstrated that chronic
inflammation is implicated in the development of various
types of tumors [49], such as gastric cancer [50], colon
cancer [51], skin cancer [52], liver cancer [53], breast can-
cer [54], lung cancer [48] and head and neck cancer [55].

It is commonly understood that the prevalence of TC
is higher in women compared to men [14], and the same

32

trend is observed for HT [56]. Davies et al. [12] claims
that the prevalence of TC is greater in women than in
men, attributing the recent increase in TC incidence
to changes in diagnostic criteria and enhanced screen-
ing practices. LeClair et al. [13] suggested that women
exhibit higher compliance, leading to more frequent
follow-up among female patients with thyroid disease,
thereby resulting in a higher detection rate of TC in
women. However, a study conducted by Kim et al. [57]
indicated that both men and individuals with HT have
an increased risk of PTC. This study aimed to examine
whether there are differences in the prevalence of TC
between women and men among HT patients. An analy-
sis of individual group rates revealed that the prevalence
of TC in HT patients was approximately 0.31 in women
and 0.37 in men. Pooled risk estimates for TC odds in HT
patients were calculated based on sex, with an odds ratio
(female versus male) of 0.9. However, these results did
not achieve statistical significance.

Considerable heterogeneity was observed among
the studies included in this meta-analysis (I*=85.3%,
p<0.001). The variations in research methods likely
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contributed to this heterogeneity. For instance, there
were discrepancies in the diagnostic criteria for HT, with
some studies relying on histological changes as the basis
for diagnosis [1, 3, 15, 21, 22, 26], while others utilized
positive thyroid autoantibodies [16]. Furthermore, the
inclusion criteria for the control group differed, with
some studies not explicitly mentioning the exclusion of
Graves’ disease, family history of TC, or history of radia-
tion exposure [58]. It was also unclear whether patients
with hyperthyroidism were excluded from the control
group in certain studies. The study population varied
in terms of region, ethnicity, and lifestyle. Among the
26 studies included in the meta-analysis, some focused
on the relationship between PTC and HT, some exam-
ined the association between DTC and HT, and others
explored the connection between malignant tumors in
the thyroid gland and HT. These factors may contribute
to the observed heterogeneity.

The strength of this study lies in its examination of the
odds of HT in TC, as well as the association between sex
and TC in HT patients. It emphasizes the importance of
regular follow-up and examinations for HT patients to
promptly detect potential malignant lesions. However,
due to limited detailed sex data in some of the included
studies, not all 26 studies could be included in the sex-
related analysis. Furthermore, our research predomi-
nantly relied on retrospective studies involving patients
who underwent thyroidectomy. Anil et al. [59] have
argued that retrospective studies often include patients
who undergo thyroidectomy, a procedure typically
reserved for individuals with a heightened risk of malig-
nancy. The suspicion of malignancy is one of the primary
reasons why HT patients opt for surgical resection, which
introduces a potential selection bias in these studies
[60, 61]. The intricate relationship between TC and HT
encompasses aspects of inflammation and immunity.
Moreover, retrospective studies are prone to selective
biases in their data. Therefore, a prospective study with a
large sample size is crucial to uncover the underlying and
intrinsic connection between HT and TC [62].

Conclusions

In conclusion, our meta-analysis findings demonstrate a
substantial elevation in the prevalence of TC among HT
patients compared to non-HT patients, indicating an
increased odds of TC associated with HT. Additionally,
our analysis reveals no significant disparity in TC preva-
lence between female and male HT patients. Nonethe-
less, it is essential to conduct large-scale, high-quality
prospective studies for further investigation. In summary,
we consider that there is an association between HT and
TC. HT increases the odds of TC. Regular reviews play
a vital role in facilitating early detection of potential TC
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lesions in HT patients, thus holding significant clinical
relevance.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-024-01670-w.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Author contributions

PZ.andY.L. designed the meta. Y.L. and X.G. developed and conducted the
search strategy. Y.L. and C.G. screened studies and extract data. PZ. and Y.L.
conducted data analyses and wrote the main manuscript text.

Funding

This work was supported by the Qilu Hospital (Qingdao) Research Foundation
[QDKY2017QN09] and the Qilu Hospital (Qingdao) Excellence Program
[QDKY2019YCO1].

Data availability

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

Declarations

Ethics approval and consent to participate
Since this is a meta-analysis, ethics approval and informed consent is not
applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 February 2024 / Accepted: 24 July 2024
Published online: 13 August 2024

References

1. Cappellacci F, Canu GL, Lai ML, Lori E, Biancu M, Boi F, et al. Association
between hashimoto thyroiditis and differentiated thyroid cancer: a single-
center experience. Front Oncol. 2022;12:959595.

2. Mcleod DS, Cooper DS. The incidence and prevalence of thyroid autoimmu-
nity. Endocrine. 2012,42(2):252-65.

3. Osorio G Ibarra S, Arrieta J, Sarmiento M, Barrios D, Sierra L, et al. Association
between chronic lymphocytic thyroiditis and papillary thyroid carcinoma: a
retrospective study in surgical specimens. Rev Esp Patol. 2020;53(3):149-57.

4. Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti C, et al. Hashimotos'
thyroiditis: epidemiology, pathogenesis, clinic and therapy. Best Pract Res Clin
Endocrinol Metab. 2019;33(6):101367.

5. Balasubramaniam S, Ron E, Gridley G, Schneider AB, Brenner AV. Association
between benign thyroid and endocrine disorders and subsequent risk of
thyroid cancer among 4.5 million U.S. male veterans. J Clin Endocrinol Metab.
2012,97(8):2661-9.

6. Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl J Med.
2003;348(26):2646-55.

7. Cipolla C, Sandonato L, Graceffa G, Fricano S, Torcivia A, Vieni S, et al.
Hashimoto thyroiditis coexistent with papillary thyroid carcinoma. Am Surg.
2005;71:874-8.

8. De Morais NS, Stuart J, Guan H, Wang Z, Cibas ES, Frates MC, et al. The impact
of hashimoto thyroiditis on thyroid nodule cytology and risk of thyroid
cancer. J Endocr Soc. 2019;3(4):791-800.


https://doi.org/10.1186/s12902-024-01670-w
https://doi.org/10.1186/s12902-024-01670-w

Le et al. BMC Endocrine Disorders

20.

21

22.

23.

24,

25,

26.

27.

28.

29.

30.

(2024) 24:151

Staniforth JUL, Erdirimanne S, Eslick GD. Thyroid carcinoma in Graves' disease:
a meta-analysis. Int J Surg. 2016;27:118-25.

Cabanillas ME, McFadden DG, Durante C. Thyroid cancer. Lancet.
2016,388(10061):2783-95.

Chmielik E, Rusinek D, Oczko-Wojciechowska M, Jarzab M, Krajew-

ska J, Czarniecka A, et al. Heterogeneity thyroid cancer. Pathobiology.
2018,85(1-2):117-29.

Davies L, Welch HG. Increasing incidence of thyroid cancer in the United
States, 1973-2002. JAMA. 2006;295(18):2164-7.

LeClair K, Bell KJL, Furuya-Kanamori L, Doi SA, Francis DO, Davies L. Evaluation
of gender inequity in thyroid cancer diagnosis: differences by sex in US thy-
roid cancer incidence compared with a meta-analysis of subclinical thyroid
cancer rates at autopsy. JAMA Intern Med. 2021;181(10):1351-8.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et

al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

Gul K, Dirikoc A, Kiyak G, Ersoy PE, Ugras NS, Ersoy R, et al. The association
between thyroid carcinoma and Hashimoto's thyroiditis: the ultrasono-
graphic and histopathologic characteristics of malignant nodules. Thyroid.
2010;,20(8):873-8.

Graceffa G, Patrone R, Vieni S, Campanella S, Calamia S, Laise |, et al. Associa-
tion between Hashimoto's thyroiditis and papillary thyroid carcinoma: a
retrospective analysis of 305 patients. BMC Endocr Disord. 2019;19(Suppl
1):26.

Divani SN, Kalodimos GP, Lioupis MA, Syrmos NC. Hashimoto's thyroiditis

and papillary thyroid carcinoma. Are cytokeratin 19 and P63 proteins of any
diagnostic value. Hell J Nucl Med. 2016;19(3):250-3.

Meinhold CL, Ron E, Schonfeld SJ, Alexander BH, Freedman DM, Linet MS, et
al. Nonradiation risk factors for thyroid cancer in the US radiologic technolo-
gists study. Am J Epidemiol. 2010;171(2):242-52.

McLeod MK, East ME, Burne RE y, Harness JK, Thompson NW. Hashimoto's
thyroiditis revisited the association with thyroid cancer remains obscure.
World J Surg. 1988;12(4):509-16.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021,372:n71.

Buyukastk; O, Hasdemir AO, Tung; G, KuigUkpinar; T, Alkoy S, Yalcin; E, et al. The
association between thyroid malignancy and chronic lymphocytic thyroiditis
should it alter the surgical approach. Endokrynologia Pol. 2011,62:303-8.
Zhang L, Li H, Ji QH, Zhu YX, Wang ZY, Wang Y, et al. The clinical features of
papillary thyroid cancer in Hashimoto's thyroiditis patients from an area with
a high prevalence of Hashimoto's disease. BMC Cancer. 2012;12:610.
Mazokopakis EE, Tzortzinis AA, Dalieraki-Ott El, Tsartsalis AN, Syros PK, Karef-
ilakis CM et al. Coexistence of Hashimoto's thyroiditis with papillary thyroid
carcinoma. A retrospective study. Horm (Athens). 2010;312-7.

Liu X, Zhu L, Cui D, Wang Z, Chen H, Duan Y, et al. Coexistence of histologi-
cally confirmed Hashimoto's thyroiditis with different stages of papillary
thyroid carcinoma in a consecutive Chinese cohort. Int J Endocrinol.
2014;2014:769294.

Zhang Y, Ma XP, Deng FS, Liu ZR, Wei HQ, Wang XH, et al. The effect of chronic
lymphocytic thyroiditis on patients with thyroid cancer. World J Surg Oncol.
2014,12:277.

Ye ZQ, Gu DN, Hu HY, Zhou YL, Zhang XQH. Hashimoto's thyroiditis, microcal-
cification and raised thyrotropin levels within normal range are associated
with thyroid cancer. World J Surg Oncol. 2013;11:56.

LunY, Wu X, Xia Q, HanY, Zhang X, Liu Z, et al. Hashimoto's thyroiditis as a risk
factor of papillary thyroid cancer may improve cancer prognosis. Otolaryngol
Head Neck Surg. 2013;148(3):396-402.

Paparodis R, Imam S, Todorova-Koteva K; Staii A, Jaume JC. Hashimoto's
thyroiditis pathology and risk for thyroid cancer. Thyroid. 2014,24(7):1107-14.
Larson SD, Jackson LN, Riall TS, Uchida T, Thomas RP, Qiu S, et al. Increased
incidence of well-differentiated thyroid cancer associated with Hashi-

moto thyroiditis and the role of the PI3k/Akt pathway. J Am Coll Surg.
2007;204(5):764-73. discussion 773-5.

Repplinger D, Bargren A, Zhang YW, Adler JT, Haymart M, Chen H. Is
Hashimoto's thyroiditis a risk factor for papillary thyroid cancer? J Surg Res.
2008;150(1):49-52.

Zeng R, Zhao M, Niu H, Yang KX, Shou T, Zhang GQ, et al. Relationship
between Hashimoto's thyroiditis and papillary thyroid carcinoma in children
and adolescents. Eur Rev Med Pharmacol Sci. 2018;22(22):7778-87.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

Page 8 of 9

Consorti F, Loponte M, Milazzo F, Potasso L, Antonaci A. Risk of malignancy
from thyroid nodular disease as an element of clinical management of
patients with Hashimoto's thyroiditis. Eur Surg Res. 2010,45(3-4):333-7.
Kurukahvecioglu O, Taneri F, Yiksel O, Aydin A, Tezel E, Onuk E. Total thyroid-
ectomy for the treatment of Hashimoto's thyroiditis coexisting with papillary
thyroid carcinoma. Adv Ther. 2007;510-6.

Ohmori N, Miyakawa M, Ohmori K, Takano K. Ultrasonographic findings

of papillary thyroid carcinoma with Hashimoto's thyroiditis. Intern Med.
2007;46(9):547-50.

Tamimi DM. The association between chronic lymphocytic thyroiditis and
thyroid tumors. Int J Surg Pathol. 2002;10(2):141-6.

Mukasa K, Noh JY, Kunii Y, Matsumoto M, Sato S, Yasuda S, et al. Prevalence
of malignant tumors and adenomatous lesions detected by ultrasono-
graphic screening in patients with autoimmune thyroid diseases. Thyroid.
2011;21(1):37-41.

Isik S, Gokay F, Ozuguz U, Topaloglu O, Tutuncu Y, Berker D et al. Comparison
of the prevalence and sonographic features of thyroid nodules accompany-
ing autoimmune thyroid diseases. Endokrynol Pol. 2011;658-64.

Konturek A, Barczynski M, Wierzchowski W, Stopa M, Nowak W. Coexistence
of papillary thyroid cancer with Hashimoto thyroiditis. Langenbecks Arch
Surg. 2012;398(3):389-94.

de Alcantara-Jones DM, de Alcantara-Nunes TF, Rocha Bde O, de Oliveira RD,
Santana AC, de Alcantara FT, et al. Is there any association between Hashi-
moto’s thyroiditis and thyroid cancer? A retrospective data analysis. Radiol
Bras. 2015;48(3):148-53.

Zayed AA, Ali MK, Jaber Ol, Suleiman MJ, Ashhab AA, Al Shweiat WM, et al.

Is Hashimoto's thyroiditis a risk factor for medullary thyroid carcinoma? Our
experience and a literature review. Endocrine. 2015;48(2):629-36.

Gabalec F, Srbova L, Nova M, Hovorkova E, Hornychova H, Jakubikova |, et
al. Impact of Hashimoto's thyroiditis, TSH levels, and anti-thyroid antibody
positivity on differentiated thyroid carcinoma incidence. Endokrynol Pol.
2016,67(1):48-53.

Uhliarova B, Hajtman A. Hashimoto's thyroiditis - an independent risk factor
for papillary carcinoma. Braz J Otorhinolaryngol. 2018;84(6):729-35.

Xu J, Ding K, Mu L, Huang J, Ye F, Peng Y, et al. Hashimoto's Thyroiditis: a
double-edged sword in thyroid carcinoma. Front Endocrinol (Lausanne).
2022;13:801925.

Cho YY, Chung YJ, Kim HS. Malignancy rate of Bethesda class IIl thyroid
nodules based on the presence of chronic lymphocytic thyroiditis in surgical
patients. Front Endocrinol (Lausanne). 2021;12:745395.

Nicolson NG, Brown TC, Korah R, Carling T. Immune cell infiltrate-associated
dysregulation of DNA repair machinery may predispose to papillary thyroid
carcinogenesis. Surgery. 2020;167(1):66-72.

Feldt-Rasmussen U. Hashimoto's thyroiditis as a risk factor for thyroid cancer.
Curr Opin Endocrinol Diabetes Obes. 2020,27(5):364-71.

Bonomi M, Patsias A, Posner M, Sikora A. The role of inflammation in head
and neck cancer. Adv Exp Med Biol. 2014;816:107-27.
Nakano-Narusawa Y, Yokohira M, Yamakawa K, Ye J, Tanimoto M, Wu L, et

al. Relationship between lung carcinogenesis and chronic inflammation in
rodents. Cancers (Basel). 2021;13(12):2910.

Munn LL. Cancer and inflammation. Wiley Interdiscip Rev Syst Biol Med.
2017,9(2):1370.

Kumar S, Patel GK, Ghoshal UC. Helicobacter pylori-induced inflamma-

tion: possible factors modulating the risk of gastric cancer. Pathogens.
2021;10(9):1099.

Meana C, Garcia-Rostan G, Pena L, Lorden G, Cubero A, Orduna A, et al. The
phosphatidic acid phosphatase lipin-1 facilitates inflammation-driven colon
carcinogenesis. JCI Insight. 2018;3(18):e97506.

Zaalberg A, Moradi Tuchayi S, Ameri AH, Ngo KH, Cunningham TJ, Eliane JP,
et al. Chronic inflammation promotes skin carcinogenesis in cancer-prone
discoid lupus erythematosus. J Invest Dermatol. 2019;139(1):62-70.

Li XF, Chen C, Xiang DM, Qu L, Sun W, Lu XY, et al. Chronic inflammation-
elicited liver progenitor cell conversion to liver cancer stem cell with clinical
significance. Hepatology. 2017,66(6):1934-51.

Danforth DN. The role of chronic inflammation in the development of breast
cancer. Cancers. 2021;13(15):3918.

McKeon MG, Gallant JN, Kim YJ, Das SR. It takes two to tango: a review of
oncogenic virus and host microbiome associated inflammation in head and
neck cancer. Cancers (Basel). 2022;14(13):3120.

Hu X, Chen, ShenY, Tian R, Sheng Y, Que H. Global prevalence and epide-
miological trends of Hashimoto's thyroiditis in adults: a systematic review and
meta-analysis. Front Public Health. 2022;10:1020709.



Le et al. BMC Endocrine Disorders (2024) 24:151

57.

58.

59.

60.

Kim KW, Park YJ, Kim EH, Park SY, Park DJ, Ahn SH, et al. Elevated risk of papil-
lary thyroid cancer in Korean patients with Hashimoto's thyroiditis. Head
Neck. 2011;33(5):691-5.

Kitahara CM, Kérmendiné Farkas D, Jergensen JOL, Cronin-Fenton D,
Serensen HT. Benign thyroid diseases and risk of thyroid cancer: a nationwide
cohort study. J Clin Endocrinol Metab. 2018;103(6):2216-24.

Anil C, Goksel S, Gursoy A. Hashimoto's thyroiditis is not associated with
increased risk of thyroid cancer in patients with thyroid nodules: a single-
center prospective study. Thyroid. 2010;20(6):601-6.

Jankovic B, Le KT, Hershman JM. Clinical review: Hashimoto's thyroiditis and
papillary thyroid carcinoma: is there a correlation? J Clin Endocrinol Metab.
2013,98(2):474-82.

Page 9 of 9

61.  Shih ML, Lee JA, Hsieh CB, Yu JC, Liu HD, Kebebew E, et al. Thyroidectomy
for Hashimoto's thyroiditis: complications and associated cancers. Thyroid.
2008;18(7):729-34.

62. BoiF, Pani F, Mariotti S. Thyroid autoimmunity and thyroid cancer: review
focused on cytological studies. Eur Thyroid J. 2017;6(4):178-86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The risk of thyroid cancer and sex differences in Hashimoto’s thyroiditis, a meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study registration
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Study inclusion criteria


	﻿Quality assessment and data extraction
	﻿Statistical analysis
	﻿Results
	﻿The odds of TC in HT
	﻿Subgroup analysis
	﻿Sensitivity analysis and publication bias
	﻿The prevalence of TC in HT by sex

	﻿Discussion
	﻿Conclusions
	﻿References


