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ABSTRACT

Objectives: Thyroid cancer is observed more frequently in women than men, possibly due to the influence of hormonal
factors. This study aims to conduct a meta-analysis encompassing both prospective and retrospective observational
studies to examine the risk of thyroid cancer in women who have undergone hysterectomy surgery.

Material and methods: The literature search identified 356 articles by May 2022, and eight reported hazard ratios for
thyroid cancerin women who underwent hysterectomy surgery. After the eliminations, we performed three different meta-
-analyses with studies that included patients who underwent only total abdominal hysterectomy (TAH), total abdominal
hysterectomy and bilateral salpingo-oophorectomy (TAH and BSO), and underwent hysterectomy with or without BSO.
The reporting of this study has been conducted in accordance with the guidelines of PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing the Methodological Quality of Systematic Reviews).

Results: Our study showcases a comprehensive meta-analysis that includes eight observational studies, both retrospe-
ctive and prospective, exploring the link between hysterectomy and the likelihood of developing thyroid cancer. This
analysis is based on data from more than 12 million individuals, encompassing over 24,000 cases. Women who had
undergone TAH (HR = 1.586, 95% Cl: 1.382-1.819, p < 0.001), women who had undergone TAH and BSO (HR = 1.420,
95% Cl: 1.205-1.675, p < 0.001), and women who had undergone hysterectomy with or without BSO had an increased
risk (HR = 1.623, 95% Cl: 1.387-1.899, p < 0.001) of developing thyroid cancer later in life.

Conclusions: We found that hysterectomy had a statistically significant risk effect on the development of thyroid can-
cer. The limited number of previous studies, the low amount of information, the lack of homogeneous distribution of
the patients in the studies, and the unknown characteristics of thyroid cancer developing after hysterectomy were the
limitations of this study. Nevertheless, our findings can positively affect public health because of the potential to enligh-
ten the etiological mechanisms leading to thyroid cancer. Future researches should first aim to explain the underlying
mechanisms of developing thyroid cancer after hysterectomy.
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INTRODUCTION

Among the malignancies affecting the endocrine
system, thyroid cancer is the most prevalent [1-2]. Over
the decades, there has been a global increase in the inci-
dence of thyroid cancer [3-4]. lonizing radiation, benign
diseases of the thyroid, a genetic inclination, and elevated
body mass index are among the recognized risk factors for
thyroid cancer [3, 5, 6]. Based on epidemiological studies,
it is possible to say that hormonal factors can create or
regulate the risk of thyroid cancer. Indeed, the occurrence
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of thyroid cancer is three times higher in women compared
to men [7-9].This rate against women is at its highest point
in reproductive age, and it gradually decreases as the age
progresses [9]. Therefore, this suggests that reproductive
factors and sex hormones may cause a higher incidence
in women. It has been proposed that estrogen plays a role
in the etiology of thyroid cancer by directly affecting pro-
liferative and neoplastic pathways through receptors [10].
In addition, the fact that women use health services more
in reproductive age than men [11] increases the likelihood
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of incidental and may constitute a gender difference in
incidence. Although several studies have investigated the
relationship between reproductive exposures and thyroid
cancerrisk (e.g., pregnancy, breastfeeding, menarche/meno-
pausal age, and oral contraceptive use), no clear association
has been shown for most [12-14].

Both in vitro and in vivo research have demonstrated the
ability of estrogen to promote the growth and modulate
the metastatic characteristics of human thyroid tumor cells
[15-18]. The estrogen receptor (ER) provides the estrogen
effect primarily [10]. As evidenced by increased prolifera-
tion and ERs expression, estrogen increases cell adhesion,
migration, and invasion, which means that both benign and
malignant thyroid cells respond to estrogen [16]. Moreover,
there is evidence that estrogen acts by inducing the growth
of human thyroid tumor cells through the mitogen-activat-
ed protein kinase pathway [15]. Different epidemiological
research exploring the link between the predominance of
females and reproductive and hormonal factors in thyroid
cancer have not been able to identify robust or consistent
correlations [19-20].

Hysterectomy, whether performed with or without bi-
lateral salpingo-oophorectomy (BSO), is one of the most
common gynecological surgeries among women [21]. The
BSO procedure leads to surgical menopause in women who
have not yet experienced natural menopause [22]. This sur-
gical menopause results in a sudden decrease in estrogen
levels [22]. Moreover, hysterectomy without BSO can also
impair ovarian function by disrupting the blood flow to
the ovaries or causing damage to ovarian tissue [23-24].
Therefore, premenopausal women experience menopause
earlier after hysterectomy than those who do not have hys-
terectomy [25]. In this regard, various epidemiological stud-
ies have been conducted, assuming the development of
thyroid cancer after hysterectomy, after hysterectomy and
BSO, and after hysterectomy with or without BSO. Various
cohort-type studies have examined the relationship be-
tween hysterectomy and the subsequent risk of developing
thyroid cancer. However, studies on this subject are limited
in number. In some of the studies conducted, an association
was found between hysterectomy and the risk of thyroid
cancer. However, this association has not been shown in
some of them. The relationship between external estrogen
exposure as a potential risk factor for thyroid cancer, and
the early depletion of natural estrogen as a possible pro-
tective factor against it, remains intricate and yet to be
fully understood. All this suggests that higher evidentiary
scientific data are needed to clarify its success in predicting
the risk of thyroid cancer after hysterectomy. Consequently,
the primary goal of this meta-analysis was to elucidate the
correlation between undergoing a hysterectomy and the
associated risk of developing thyroid cancer.

MATERIAL AND METHODS
Search strategy

Using a systematic electronic search approach as of May
2022, we conducted a search for published literature in vari-
ous databases including PubMed, Medline, Google Scholar,
Scopus, Web of Science, and Science Direct. The data of our
study were deciphered from all the studies conducted. The
following keywords and combinations were used: thyroid
cancer, hysterectomy, oophorectomy, artificial menopause,
surgical menopause, and meta-analysis. The search was lim-
ited to being published in English and conducted on people.
The search strategy schematically presents the decode flow
diagram (Fig. 1). Our research adheres to the standards set
by the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) and AMSTAR (Assessing the
Methodological Quality of Systematic Reviews) guidelines,
as outlined in reference [26-27].

Inclusion criteria

The inclusion criteria were as follows:
1. Estimating the association between types of hysterec-

tomy and thyroid cancer risk in women.

Cohort or case-control design.

Showing hazard ratios (HRs) with 95 % confidence in-

tervals [95 % confidence intervals (Cls)].

Case-only studies and studies not about the relationship
of types of hysterectomy with the risk of thyroid cancer
were all excluded.

Study selection

We acquired the full texts of all articles that were po-
tentially suitable for this meta-analysis, based on their ab-
stracts. Additionally, we conducted a search for extra articles
in the reference lists of the retrieved articles as well as in
previously published reviews and meta-analyses. In addition
to all observational studies investigating the relationship
between hysterectomy and the development of thyroid
cancer, retrospective or prospective studies were selected.
Studies that developed thyroid cancer after hysterectomy,
after hysterectomy and BSO, and after hysterectomy with or
without BSO were included in this meta-analysis. No specific
year interval was determined for the development of thyroid
cancer, and the specified intervals were not considered.
Studies in which subgroup thyroid cancers were investi-
gated, except for thyroid cancer in general and patients who
underwent BSO alone without hysterectomy, were excluded.
Case reports were excluded from this analysis. Additionally,
trials that presented results in a manner that obstructed
data collection, such as not reporting statistical information,
were also excluded. Finally, after the eliminations, we con-
ducted three different meta-analyses with studies that only
included patients who underwent TAH, TAH and BSO, and
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Figure 1. Flow chart

underwent hysterectomy with or without BSO. The articles
included in the meta-analysis were those that provided or
allowed the estimation of the hazard ratio for the associa-
tion between hysterectomy and the risk of thyroid cancer
among women.These articles also included 95% confidence
intervals, standard errors, or variance. No language, time, or
geographical restrictions were applied. There was no direct
funding for this research.

Quality and risk of bias assessment
Prior to the meta-analysis, the publication bias of the
studies was assessed using Begg’s and Egger’s tests.

Data extraction

The studies were selected through a three-stage pro-
cess. Initially, the titles and abstracts of all electronic articles
were evaluated for eligibility. Subsequently, the decision to
include certain studies in this meta-analysis was made after
obtaining and reviewing the full texts of articles deemed
potentially suitable. Any potential discrepancies in this final
stage were resolved through the consensus of all authors.

Summary measures
The primary outcome measure selected for this me-
ta-analysis was to determine whether the risk of thyroid
cancer following hysterectomy was significant.

Quantitative data synthesis

In our study, we conducted a meta-analysis using haz-
ard ratios. In some studies included in the meta-analysis, es-
timates of the hazard ratios were provided, but the variance
information was neglected. If there is a (1 —x,) X 100 per-
cent confidence interval specified, this provides a method
for calculating the variance of the logarithmic hazard ratio.
In this context, UPPCl, and LOWCI, are the values represent-
ing the lower and upper limits of the confidence interval
forIn(HR) that is, for the logarithmic hazard ratio. Typically,
confidence intervals specified for hazard ratios are more
common. In this case, UPPCI, and LOWCI, are expressed
as the logarithms of the upper and lower limits of the
hazard ratio [28].

Standard errors were estimated with the formula:

UPP Cl;-LOW CI| ] z

var(ln (HR)) ) = [ 201 (1 =ay/2)

UPF CIj — the value for the upper ends of the confidence
interval [28]

LEOW C1; — the value for the lower ends of the confidence
interval [28]

24p=1 [1 —yf2 ) —We note thatin practice the 95 percent
intervals are usually given, and thus the denominator inside
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the square brackets in expression will usually take the value
of 2 x 1.96 [28]

Suppose that there are k trials, and for each trial, i=1.2,
k [28]

When determining the statistical methods, the hete-
rogeneity of the studies was assessed using the Cochran Q
test. For the homogeneity and publication bias tests of the
studies, the value of a was set at 0.10.

The 12 index is a more recent approach to quantify he-
terogeneity in meta-analyses. 12 provides an estimate of
the percentage of variability in results across studies that
is due to real differences and not due to chance. The I2 in-
dex measures the extent of heterogeneity by dividing the
result of Cochran’s Q test and its degrees of freedom by
the Q-value itself [29].

When heterogeneity was identified in the studies throu-
gh Cochran’s Q test, the DerSimonian-Laird methodology,
based on the random-effects model, was chosen for the
analyses. For the statistical evaluations, version 19 of
the MedCalc software was employed.

RESULTS

Literature search and study characteristics

Search of the literature yielded 356 articles (refer to
Fig. 1). Out of these, 322 were deemed unrelated based
on their titles. Among the remaining, three were case re-
ports, with one lacking statistical data [30], another being
a commentary, and one more a poster presentation. The
full texts of the remaining 28 articles were thoroughly
evaluated.

Table 1. Characteristics of all studies included in our meta-analysis

Upon evaluating the full texts of 28 articles, four were
omitted from the study. This exclusion included three artic-
les because they were meta-analyses and one due to it being
a pooled analysis. Specifically, one of the meta-analyses in-
vestigated the relationship between the use of external sex
hormones in women and the risk of developing thyroid can-
cer[31]. The others are about hormonal and reproductive fac-
tors in women and thyroid cancer risk [32-33]. So lastly, one
pooled analysis of case-control of thyroid cancer [34]. When
the full texts were examined, it was seen that nine articles
did not meet the inclusion criteria in terms of hysterectomy
types. However, when the remaining 15 articles were divided
into groups, eight articles [19, 35-41] indicated the hazard
ratio for thyroid cancer, four articles the odds ratio, two
articles the relative risk, and 1 article the standardized inci-
dence ratio. Thus, eight articles remained to be included
in the meta-analysis [19, 35-41]. Table 1 presents the perti-
nent attributes of the trials that were included.

The meta-analysis incorporated eight articles, publi-
shed from 2012 through 2021, with study populations
varying from 70,047 to 5,491,438 individuals. These studies
provided hazard ratios assessing the likelihood of develop-
ing thyroid cancer following different types of hysterectomy.
Analytical subgroups were categorized into three main sec-
tions: Firstly, assessing the risk in women who had TAH only;
secondly, those who had both TAH and BSO; and lastly,
women who had a hysterectomy, either with or without
BSO, evaluating all cases through their respective hazard
ratios. Four articles [19, 35-37] for thyroid cancer after TAH,
seven articles [19, 35-37, 39-41] for thyroid cancer after

Total No. Hysterectomy + Total no.

Authors Study type/country of people included TAH (n) TAH and BSO (n) +USO/BSO of patients with

in the study (n) (n) thyroid Ca (n)
Wilson Retrospective-Cohort 838,237
2021 [35] Australia Y Lo
Kim Retrospective-Cohort 671,291
2021 [36] Korea 36.113 12.959
Guenego Prospective-Cohort
2018 37] France 89.340 8918 16,064 412
Falconer Retrospective-Cohort
2017 [38] Sweden 5/470,078 90,235 2.935
Altman Retrospective-Cohort
2016 [39] Sweden 5,491,438 21.360 111,595 6.869
Luo Prospective-Cohort
2016 [19] USA, China 127,566 13.880 46,852 344
Braganza Prospective-Cohort
2015 [41] France 70.047 A
Kabat Prospective-Cohort
2012 [40] USA 145,007 2%
Total 12,903,004 24958

BSO — bilateral salpingo-oophorectomy; TAH — total abdominal hysterectomy; USO — unilateral salpingo-oophorectomy
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Table 2. Relevant statistics for meta-analysis in determining the association between total abdominal hysterectomy (TAH) and malign thyroid

neoplasm in trials

95% Cl

1.190 to 1.600
1.578t0 1.788
1.455 to 2.641
1.082 to 1.943
1.382t0 1.819

Weight [%]
z p value
Fixed Random
14.02 29.57
78.93 41.22
3.46 14.43
3.58 14.78
6.580 <0.001 100.00 100.00

Study Ln Ry R dard HR
error
Wilson et al., 2021 0.322 0.0755 1.380
Kim et al., 2021 0.519 0.0318 1.680
Guenego et al.,, 2018 0.673 0.152 1.960
Luoetal., 2016 0.372 0.149 1.450
Total (random effects) 0.461 0.0701 1.586
HR — hazard ratio; Cl — confidence interval
Wilson et al., 2021 ]
Kim et al., 2021 [ ]
Guenego et al., 2018 -
Luo et al., 2016 -
Total (random effects) | |
1 10
Hazard ratio

Figure 2. Forest graph in evaluating the association between total
abdominal hysterectomy (TAH) and thyroid malignant neoplasm

TAH and BSO, and six articles [19, 37-41] for thyroid cancer
after hysterectomy with or without BSO were included in
the meta-analysis.

Qualitative analysis
Except for three, all studies reported a relation between
hysterectomy and the risk of developing thyroid cancer
afterward.

Quantitative analysis

In the initial meta-analysis, publication bias was assessed
using Egger’s test (p = 0.694) and Begg’s test (p = 1.000), both
indicating its absence. Cochran’s Q-test indicated significant
heterogeneity (p = 0.049, 12 = 61.71%). A notable disparity
was observed between the patient group and the control
group.The risk of developing thyroid cancer later in life was
higher in women who TAH, as shown by the hazard ratio
(HR=1.586,95% Cl: 1.382-1.819, p < 0.001) (refer to Tab. 2).
Figure 2 illustrates these meta-analysis findings.

The subsequent meta-analysis revealed no publication
bias, as demonstrated by Egger’s test (p =0.912) and Begg’s
test (p = 0.880). Cochran’s Q-test showed heterogeneity in
the data (p=0.012, I> = 63.23%). A significant variation was

found between the patient and control groups. The analysis
indicated that women who underwent TAH along with BSO
were at a heightened risk (HR = 1.420, 95% Cl: 1.205-1.675,
p < 0.001) of developing thyroid cancer later (detailed in
Tab. 3). Figure 3 displays these results.

In the third meta-analysis, the Egger’s test (p = 0.195)
and the Begg'’s test (p = 0.107) ruled out the presence of
publication bias. Heterogeneity was confirmed by Cochran’s
Q-test (p=0.025,1>=61.05%).There was a marked difference
between the control group and patients. Increased risk of
thyroid cancer in later life was noted in women who had
undergone a hysterectomy, with or without BSO (HR = 1.623,
95% Cl: 1.387-1.899, p < 0.001), as detailed in Table 4. The
outcomes are depicted in Figure 4.

DISCUSSION

Our meta-analysis, which examined both retrospective
and prospective observational studies, investigated the link
between hysterectomy and the risk of thyroid cancer. This
analysis encompassed over 24,000 cases within a population
exceeding 12 million. The findings indicated a statistically
significant association between hysterectomy and an inc-
reased risk of developing thyroid cancer.

Many studies in the literature investigate the relation-
ship between hormonal and reproductive factors and
the risk of thyroid cancer and find conflicting evidence.
Hormonal and reproductive factors have been implicated
in the development of thyroid cancer, but the molecular
mechanisms explaining the exact association have not yet
been fully comprehended. Although men have a constant
increase in the risk of thyroid cancer throughout their lives,
the risk increases in women during puberty and decreases
after menopause [42], supporting the idea that hormonal
factors are influential in thyroid cancer. It is estimated that
estrogen increases the level of TSH and, as a result, causes
the growth of thyroid cells [42]. Also, estrogen receptors
are highly expressed in thyroid tumor cells [42]. Thyroid
carcinogenesis can be influenced by sex steroid hormones,
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Table 3. Relevant statistics for meta-analysis in determining the association between Total abdominal Hysterectomy and bilateral salpingo-

oophorectomy (TAH and BSO) and thyroid malignant neoplasm in trials

Study Ln(HR)  Standard HR 95%Cl z pvalue Weight [%]
error Fixed Random
Wilson et al., 2021 0.166 0.137 1.180 0.902 to 1.544 5.95 15.54
Kim et al., 2021 0.322 0.0388 1.380 1.279 to 1.489 74.40 25.09
Guenego et al,, 2018 0.854 0.144 2.350 1.773t03.115 5.40 14.92
Altman et al., 2016 0.104 0.267 1.110 0.658 to 1.873 1.57 7.20
Luo et al, 2016 0.392 0.137 1.480 1.132t0 1.934 5.99 15.59
Braganza et al., 2015 0.191 0.272 1.210 0.710 to 2.061 1.51 7.02
Kabat et al., 2012 0.239 0.147 1.270 0.952 to 1.694 517 14.63
Total (random effects) 0.351 0.0840 1420 1.205to0 1.675 4.179 <0.001 100.00 100.00
HR — hazard ratio; Cl — confidence interval
factors such as a greater number of reproductive years, more
Wilson et al,, 2021 » frequent ovulation cycles, and the presence of uterine fibro-
Kim et al,, 2021 ™ ids — all indicative of prolonged exposure to endogenous
Guenego et al, 2018 - hormones — were associated with a heightened risk of thy-
Atman, 2016 - roid cancer [41]. Luo et al.[19], in their study, observed that
Luo et al, 2016 ™1 hysterectomy with or without oophorectomy was linked
Braganza, 2015 = to an increased risk of thyroid cancer in postmenopausal
Kabat et al., 2012 ] women. Nevertheless, their findings did not corroborate
Total (random effects) the theories suggesting that external sources of estrogen
increase thyroid cancer risk or that the lack of estrogen acts
01 1 10 as a protective agent against this cancer [19]. In addition,
Hazard ratio Kim etal. [36] similarly did not support this hypothesis in the

Figure 3. Forest graph in evaluating the association between total
abdominal hysterectomy (TAH) + bilateral salpingo-oophorectomy (BSO)
and thyroid malignant neoplasm

which promote thyroid cell proliferation and interact with
immune functions. In vitro studies have shown that estradiol
enhances metastatic properties such as adhesion, migration,
and invasiveness in thyroid cells, thereby facilitating the
growth of thyroid tumor cells [16]. Research indicates
the presence of progesterone receptors on both normaland
cancerous thyroid cells [43], as well as on certain immune
system cells [44]. Given the known effect of progesterone
in stimulating the growth of uterine fibroids [45], it might
also play a crucial role in the initiation and development of
thyroid cancers. If BSO has also been performed on women
who have had a hysterectomy, hormone replacement ther-
apy will be prescribed. In this regard, we can believe that
estrogen and progesterone or only estrogen will stimulate
the development of thyroid cancer.

Conversely, the study by Braganza and colleagues found
no correlation between menopausal hormone therapy in
women, regardless of their hysterectomy history, and thyro-
id cancerrisk [41]. This prospective research highlighted that

national cohort of the Korean general population. On the
other hand, should elevated estrogen levels be a contribu-
ting factor to thyroid cancer, one might anticipate a reduced
risk of this cancer in cases of hysterectomy, particularly
when accompanied by BSO, due to the abrupt decrease
in estrogen levels following BSO. One study showed that
women who underwent hysterectomy and did not have
an oophorectomy had no increased risk of thyroid cancer,
but women with BSO had an increased risk of the disease
[20]. It is evident that the hypothesis suggesting external
estrogen as a risk factor for thyroid cancers or the absence
of estrogen as a protective agent is weak and insufficient.
Several studies have reported that hysterectomy in-
creases the risk of thyroid cancer [20, 46-48], but not all
studies have observed this [40, 49-50]. Another study that
has confused the literature on the subject is the retrospec-
tive cohort of Sweden [39]. Altmann et al. [39] found that
the risk of thyroid cancer increases only in women who
underwent a hysterectomy. However, the addition of BSO
to the operation did not lead to an additional increase in
the risk of thyroid cancer. Studies often categorize artificial
menopause as resulting from surgical procedures like hys-
terectomy and/or bilateral oophorectomy, which have been
previously linked to a heightened risk of thyroid cancer [13,
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Table 4. Relevant statistics for meta-analysis in determining the association between hysterectomy with or without bilateral salpingo-

oophorectomy (BSO) and thyroid malignant neoplasm in trials

Study Ln(HR)  Standard HR 95% Cl z p value Weight [%]
ey Fixed Random

Guenego et al., 2018 0.765 0.114 2.150 1.719 to 2.689 17.95 17.98
Falconer et al,, 2017 0.565 0.0993 1.760 1.449t02.138 23.70 19.73
Altman et al., 2016 0.565 0.0993 1.760 1.449t0 2.138 23.70 19.73
Luoetal, 2016 0.378 0.119 1.460 1.156 to 1.844 16.48 17.41
Braganza et al., 2015 0.199 0.215 1.220 0.800 to 1.860 5.04 9.30
Kabat et al., 2012 0.247 0.133 1.280 0.986 to 1.662 13.13 15.86
Total (random effects) 0.484 0.0801 1.623 1.387 to 1.899 6.046 <0.001 100.00 100.00

HR — hazard ratio; Cl — confidence interval

Guenego et al.,, 2018 [ ]
Falconer et al., 2017 | [}
Atman, 2016 [ ]
Luo et al.,, 2016 [ ]

Hazard ratio

Figure 4. Forest graph in evaluating the association between
hysterectomy with or without bilateral salpingo-oophorectomy (BSO)
and thyroid malignant neoplasm in trials

34, 50].In contrast, research by Guonego and colleagues [37]
indicated that a history of oophorectomy, especially when
combined with hysterectomy, did not correlate with an inc-
reased risk of thyroid cancer, nor did it significantly alter the
relationship between hysterectomy and thyroid cancer risk.
These findings align with those from the WHI cohort, where
Kabat and team reported no significant link between the risk
of thyroid cancer and bilateral oophorectomy.

Although thyroid cancer occurs more frequently in
women compared to men, the specific endocrine reasons
behind this disparity are yet to be completely understood.
Hormone replacement therapy is not given to premeno-
pausal patients unless bilateral oophorectomy is performed
in addition to hysterectomy. Therefore, hormone replace-
ment therapy after hysterectomy cannot clearly explain
the increased risk of thyroid cancer in women with only
a hysterectomy. Dysfunctional menstrual bleeding, one of
the most common indications for hysterectomy worldwide,
is often associated with thyroid dysfunction [51]. All types
of benign thyroid lesions increase the risk of thyroid cancer,

and hypothyroidism can also be found in both menopause
and metrorrhagia. In this case, hysterectomy may be an in-
termediary for thyroid cancer that develops due to men-
strual disorders, not the cause of thyroid cancer. Research
in humans and animals has revealed that uterine factors
influence the formation and release of various non-steroidal

Braganza, 2015 ™ substances, including neurokinin, substance P, and vasoac-

Kabat et al., 2012 = tive peptides. These factors also play a significant role in the
Total (random effects) - growth of endocrine organs such as the adrenal and thyroid
glands [52-53]. In this context, it is considered that hyste-

o1 T rectomy may directly affect the thyroid gland, contributing

to the carcinogenic transformation of thyroid epithelial or
parafollicular cells. However, as previously discussed, there
might be a connection between menstrual-related disorders
and benign thyroid conditions through the hypothalami-
c-pituitary-thyroid axis (HPT axis), suggesting that in these
cases, hysterectomy might act more as an intermediary
factor rather than a direct cause. By this logic, hysterectomy
itself has no biological relationship with thyroid cancer risk.
Instead, it is a consequence of thyroid dysfunction that
manifests in bleeding disorders and eventually results in
hysterectomy. The association between a history of hystere-
ctomy and an increased risk of thyroid cancer may be partly
due to the common co-occurrence of uterine leiomyomas
(a primary reason for hysterectomy) with thyroid nodules
[54]. The relationship between hysterectomy and thyroid
cancer may also be due to more case detection, as women
with dysfunctional uterine bleeding may be greater likely
to have thyroid dysfunction leading to ongoing monitoring
and further investigative procedures [37].

This meta-analysis has been conducted under several
limitations. One of the limitations is that the meta-analysis
has not been separated by hormone replacement therapy
usage because of the scarce number of previous studies and
avery limited amount of information shared in the studies. In
addition to this first limitation, it is believed that the distri-
bution of patients in the studies is not homogeneous. We
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think heterogeneity may be caused by many reasons, such
as differences in surgical procedures or postoperative hor-
mone replacement therapies in the studies, different quality
levels, and other methods used to measure the results. Het-
erogeneity may be due to a known reason, such as that
some of the women included in the studies were premeno-
pausal and some were postmenopausal, or it may be due to
an unexplained reason. There is a high probability that the
hysterectomy performed in premenopausal women and
the hysterectomy performed in postmenopausal women are
likely to have different risk levels of thyroid cancer. In addi-
tion, the studies do not clarify gravida and parity numbers
and lactation history, in which estrogen and progesterone
balance changes. The presence of familial syndromes with
increased risk of thyroid cancer, whether the patients were
exposed to radiation in any period of their lives, whether
the patients had thyroid nodules in their preoperative lives,
and the history of anti-thyroid drug use similarly disrupt the
homogeneity of the studies. Thirdly, tumor sizes, invasion of
non-thyroid tissues, and metastases to lymph nodes are not
known in thyroid cancers developing after hysterectomy.
Nevertheless, it is believed that our results deserve care-
ful attention regarding the fact that the findings can have
positive effects on public health because of the potential
to enlighten the etiological mechanisms leading to thyroid
cancer. Within this context, future researches should first
aim to explain the underlying mechanisms of developing
thyroid cancer after hysterectomy.
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