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Abstract

Background It has been reported that metformin use may reduce the risk of thyroid cancer, but existing studies
have generated inconsistent results. The purpose of this study was to investigate such association between met-
formin use and the risk of thyroid cancer.

Methods Studies of metformin use for the risk of thyroid cancer were searched in Web of Science, PubMed, Embase,
Cochrane Library, China National Knowledge Infrastructure, China Biomedical Database, Wanfang Data, and Chinese
Scientific Journals Database (VIP) from the establishment date to December 2022. Newcastle-Ottawa scale is adopted
for assessing the methodological quality of included studies, and the inter-study heterogeneity was assessed by using
the [-squared statistic. Combined odds ratios (ORs) with the corresponding 95% confidence intervals (Cls) were
calculated through either fixed-effects or random-effects model according to the heterogeneity. Besides, subgroup
analyses, sensitivity analyses and test for publication bias were conducted.

Results Five studies involving 1,713,528 participants were enrolled in the qualitative and quantitative synthesis.
The result of the meta-analyses showed that metformin use was associated with a statistically significant lower risk
of thyroid cancer (pooled OR=0.68, 95% Cl=0.50-0.91, P=0.011). Moreover, in the subgroup analysis, we found
that the use of metformin may also aid in the prevention of thyroid cancer in Eastern population (pooled OR=0.55,
95% C1=0.35-0.88, P=0.012) rather than Western population (pooled OR=0.89, 95% CI=0.52-1.54, P=0.685). Sensi-
tivity analysis suggested the results of this meta-analyses were relatively stable. No publication bias was detected.

Conclusion Metformin use is beneficial for reducing the risk of thyroid cancer. For further investigation, more well-
designed studies are still needed to elucidate the association between metformin use and the risk of thyroid cancer.
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Introduction

Thyroid cancer is a common malignant tumor of the
endocrine system, and its incidence is increasing world-
wide [1]. According to the GLOBOCAN 2020 estima-
tion, there were 586,000 cases of thyroid cancer globally,
accounting for 3.0% of the total incidence of malignancies
[2]. Thyroid cancer can be classified into papillary thy-
roid cancer (PTC), follicular thyroid cancer (FTC), med-
ullary carcinoma and undifferentiated carcinoma. PTC
and FTC are collectively known as differentiated thyroid
cancer, which is characterized by slow progression, low
mortality rate and good prognosis [3]. Nevertheless, con-
sidering the gradual increase in the number of thyroid
cancer cases, exploration of protective factors that are
associated with the prevention of thyroid cancer is cru-
cial for the management of thyroid cancer. Metformin is
currently one of the most widely used oral hypoglycemic
agents in the world, and is also a core drug in the pre-
vention and control of diabetes worldwide [4]. As the
use of metformin becomes more widespread, numerous
studies showed that metformin might also played essen-
tial roles in protecting the cardiovascular system, slowing
down the aging process, and inhibiting tumor progres-
sion [5-7]. Moreover, many clinical trials have reported
its positive effects on liver, lung, gastric, esophageal, and
thyroid cancer [8—12]. In recent years, many studies have
shown that metformin can exert anti-division and pro-
apoptotic effects in thyroid cancer cell lines and enhance
the anti-proliferative effects of chemotherapeutic drugs
such as doxorubicin and cisplatin. Metformin can inhibit
insulin-induced growth stimulation in differentiated and
undifferentiated thyroid cancer and thyroid cancer stem
cells, and these effects of metformin are closely related to
insulin/IGF signaling and AMPK/mTOR pathways [13].
The conclusion found by Han et al. that metformin may
inhibit the growth, migration and epithelial-mesenchy-
mal transition (EMT) of thyroid cancer cell lines through
mTOR pathway other than insulin pathway is also con-
sistent with the above findings [14]. In vitro studies have
shown that metformin inhibits the growth of primary
thyroid cells and thyroid cancer cells by reducing hyper-
insulinemia and direct cell effects, including inhibiting
cell cycle progression and inducing apoptosis [15]. In
animal models, metformin can inhibit the progression
of obesity-activated thyroid cancer [16, 64]. A recent
study has shown that the tumor size of thyroid cancer
patients treated with metformin is small, indicating that
the drug has an inhibitory effect on tumor growth. Vitro
data showed that p70S6K/pS6 signal transduction may be
a molecular target of metformin in thyroid cancer cells
[17]. Moreover, a large observational study of T2DM
patients in Taiwan found that metformin reduced the
risk of thyroid cancer [18]. In addition, population-based
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observational studies suggested reduced tumor incidence
and cancer-related mortality in patients with long-term
metformin use in esophageal cancer, hepatocellular
cancer, colon cancer, etc. [19-21]. All of this suggests
that research into the role of metformin in thyroid can-
cer continues, with studies of metformin’s role in the
development and prognosis of thyroid cancer becoming
clearer. However, in thyroid cancer, it is not clear whether
metformin can reduce the incidence of cancer. Cho et al.
found that metformin appeared to be associated with a
preventive effect on thyroid cancer development in a
nationwide population-based study [22]. However, the
outcome of Becker’s study concluded that the use of met-
formin was not associated with a decreased risk of thy-
roid cancer [23]. The findings of a previous meta-analysis
by Wang et al. also did not support that metformin use
was associated with decreased risk of thyroid cancer [24].
However, other studies have been published since the
publication of the meta-analysis with contrasting results.
Thus, this updated meta-analyses was performed to
investigate whether metformin had a protective effect on
the prevention of thyroid cancer.

Methods

This study was conducted with the requirements of Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guideline [25].

Search strategy

A comprehensive search of original studies investigat-
ing the association between metformin use and thyroid
cancer was carried out in three English databases (Web
of Science, PubMed, and Cochrane Library) and four
Chinese databases (China National Knowledge Infra-
structure, China Biomedical Database, Wanfang Data,
and VIP database) to obtain eligible articles from the
inceptions of databases to January 2023. We used the
following searching terms: (metformin OR dimethylgua-
nylguanidine) AND (thyroid) AND (adenocarcinoma OR
carcinoma OR malignancy OR tumor OR neoplasm OR
squamous carcinoma OR cancer). In addition, the refer-
ence lists of the included articles and conference records
were also reviewed to identify other potentially inclusive
studies.

Inclusion and exclusion criteria

Studies for inclusion must meet the following criteria: (1)
the study design should be cohort studies or case—control
studies. (2) Metformin use was the intervention or expo-
sure for the exposure group and any feasible interven-
tion without metformin use can be implemented on the
control group. (3) The ending indicator was the incidence
of thyroid cancer. (4) The study reported relative risks
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(RRs), hazard ratios (HRs) or odd ratios (ORs) with the
corresponding 95% confidence intervals (CIs) or provid-
ing sufficient data for calculating the effect size between
metformin use and thyroid cancer.

Studies with the following characteristics were
excluded: (1) the type of articles were not reported or
could not be determined. (2) The type of literature was
review, in vivo studies, in vitro studies or case reports. (3)
The effect size could not be extracted or recalculated. (3)
Duplicate studies were also excluded.

Data collection and quality assessment

To ensure the accuracy and objectivity of the data, two
evaluators (Hailong Li and Yue Chen) independently
screened the literature, extracted information, and evalu-
ated the quality of the studies. These processes need to
be cross-checked, and if there was disagreement between
the two authors, a third person (Lei Hu) was consulted to
assist in the judgment.

The articles were screened by first reading the title,
and after eliminating obviously irrelevant literature, the
abstract and full text were further read to determine the
final inclusion. A pre-defined data collection form was
used to collected the information. Data extracted from
studies included: the first author’s name, publication year,
study design, data source, location, sample size, the age of
the participants, study period, assessment method of thy-
roid cancer, variables adjusted in the statistical analyses,
quality assessment score, and effect estimates with the
corresponding 95% confidence intervals (Cls).

The Newcastle-Ottawa Quality Assessment Scale
(NOS), a tool for quality assessment of non-randomized
studies was employed to evaluate the quality of each
study [26]. It consisted of eight items classified into three
dimensions, including group selection, groups compara-
bility, and exposure/outcome. The maximum scores of
this checklist were nine, and scores between seven and
nine were rated as high study quality [26].

Statistical analysis

The STATA statistical software (version 14.0; StataCorp,
College Station, TX, USA) was employed to perform the
data analyses. Considering the relative low incidence of
thyroid cancer, HRs were viewed as ORs, and the results
were analyzed through pooling the adjusted ORs with
95% CIs by inverse variance method. Q statistic and
P statistic were used to quantitatively assess the extent of
heterogeneity of the studies [27]. Values of P<0.10 and
I*>50% were considered to be representative of having
statistically significant heterogeneity and the random-
effects model was then applied for pooling the results.
Otherwise, a fixed-effects model was used to create for-
est plots [28]. Subgroup analyses were performed by
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classification by study design (case—control studies or
cohort studies), geographic locations (Western coun-
tries or Eastern countries), the sample size (<10,000
or >10,000), and study quality (moderate or high). Sensi-
tivity analyses were conducted by changing the random/
fixed-effects model [29-31]. In addition, publication bias
was assessable on a funnel plot qualitatively and Begg’s
test and Egger’s test quantitatively. P values less than 0.05
was considered statistically significant [32, 33].

Results

Study selection and study characteristics

A total of 480 relevant articles were identified based on
the searching terms presented in the method section by
initial search across all databases searched. No additional
studies were identified through other sources. A total
of 154 duplicate articles were removed, and 269 articles
were excluded by screening the titles or abstract. Dur-
ing the second stage of full-text screening, we further
excluded 52 studies, resulting in five full-text articles [18,
22, 23, 34, 35] for the subsequent data extraction and syn-
thesis. The outline of the inclusion process is presented in
Fig. 1.

In this meta-analyses, we identified five studies [18,
22, 23, 34, 35] with 1,713,528 participants, published
between 2014 and 2022, which included three cohort
studies and two case—control studies. Three studies were
conducted in Western countries, two in Eastern coun-
tries. The population sizes of the included studies ranged
from 291 to 1,414,723. The included studies were all of
high or moderate quality. Detailed characteristics of
included studies are summarized in Table 1.

Overall meta-analyses

Five articles [18, 22, 23, 34, 35] regarding the associa-
tion between metformin use and thyroid cancer were
included for meta-analyses. The forest plot displayed the
pooled OR under the random-effects model. The pooled
result indicated that metformin use was associated
with reduced risk of dementia (pooled OR=0.68, 95%
CI=0.50-0.91, P=0.011; Fig. 2).

Subgroup analyses

In the subgroup analysis by study design, statistically
significant associations were observed in cohort studies
(pooled OR=0.61, 95% CI=0.41-0.92, P=0.018) while
no such relationship was detected in case—control studies
(pooled OR=0.89, 95% CI=0.40-1.99, P=0.774). When
stratified by geographic locations, the results were differ-
ent when confined to different subgroups (Eastern coun-
tries: pooled OR=0.55, 95% CI=0.35-0.88, P=0.012;
Western countries: OR=0.89, 95% CI=0.52-1.54,
P=0.685). For sample size, two studies that followed the
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Fig. 1 PRISMA flowchart

study with the sample size > 10,000 indicated a significant
impact of metformin use on reducing the risk of devel-
oping thyroid cancer (pooled OR=0.61, 95% CI=0.41—
0.92, P=0.018). However, in the two studies with sample
size 0f<10,000, the association between the metformin
use and incidence of thyroid cancer was not statisti-
cally significant (pooled OR=0.89, 95% CI=0.40-1.99,
P=0.774). Further analysis of four high-quality studies
regarding its effect on thyroid cancer also find a statisti-
cally significant protective effect (pooled RR=0.65, 95%

CI=0.47-0.89, P = 0.008). There was only one study of
moderate quality, which reported no significant reduc-
tion in thyroid cancer (OR=0.99, 95% CI=0.46-1.12,
P=0.979). All these results of the subgroup analyses are
represented in Table 2.

Sensitivity analyses and bias diagnostics

We conducted a sensitivity analysis by changing the
random/fixed-effects model, which suggested the sta-
tistical stability of this meta-analyses. No publication
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Fig. 2 Forrest plot: association between metformin use and the risk of thyroid cancer
Table 2 Summary of pooled ORs with Cl in the meta-analysis
Group No. of studies Heterogeneity Significant OR (95%Cl) Model
I2 (%) Pheterogeneity z p
Overall 5 777 0.001 256 0.011 0.68 (0.50-0.91) Random
Study design
Case—control studies 2 80.8 0.023 0.29 0.774 0.89 (0.40-1.99) Random
Cohort studies 3 833 0.002 236 0.018 0.61(041-0.92) Random
Geographic locations
Western 3 65.9 0.053 041 0.685 0.89 (0.52-1.54) Random
Eastern 2 90.6 0.001 2.52 0.012 0.55 (0.35-0.88) Random
Sample size
<10,000 2 80.8 0.023 0.29 0.774 0.89 (0.40-1.99) Random
>10,000 3 83.3 0.002 2.36 0.018 0.61(0.41-0.92) Random
Quality
Moderate 1 NA NA 0.03 0.979 0.99 (0.46-2.12) NA
High 4 820 0.001 265 0.008 0.65 (0.47-0.89) Random
OR: odds ratio; Cl: confidence Interval; NA: not applicable
bias was detected in the analysis of the association Discussion

between metformin use and dementia/Alzheimer’s dis-
ease (Begg’s test: Z=0.24, P=0.806; Egger’s test: =0.48,
P=0.664. Symmetrical funnel plot is shown in Fig. 3).

Meta-analyses are considered to be an important tool for
more accurately assessing the risk of disease development
and the effectiveness of treatment [36, 37]. Based on the
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Fig. 3 Funnel plot

fact that metformin has significant clinical therapeutic
and preventive effects on many cancers, including colo-
rectal [38] and lung cancers [39], and that several studies
have reported on the potential use of metformin in the
treatment of thyroid cancer [15], but no definitive study
has yet shown that metformin reduces the risk of thy-
roid cancer, we conducted this updated meta-analyses.
The results found that patients taking metformin had a
0.68-fold reduced risk of developing thyroid cancer. This
differs from the results of a previously relevant meta-
analyses, which found no statistically significant associa-
tion between metformin use and the risk of developing
thyroid cancer, most likely due to the inclusion of a larger
number of studies in this meta-analyses. The funnel plot
analysis showed no significant publication bias, which
also supports the stability of the study’s results.

Subgroup analysis showed that metformin use was
associated with a 45% reduction in thyroid cancer inci-
dence in Eastern countries, compared with only an 11%
reduction in Western countries, and this result was not
statistically significant in Western countries. Firstly, there
is a statistically significant association between met-
formin and a significant reduction in the incidence of
thyroid cancer in Eastern countries compared to West-
ern countries. Thyroid cancer is influenced by a number
of factors, including overexpression, mutation or deletion
of proto-oncogene sequences [40], iodine intake (iodine
deficiency or high iodine) [41], gender and age, and alco-
hol consumption [42] and stress are all predisposing fac-
tors. Among the Eastern countries, China and Korea are
the two major countries with a high prevalence of thy-
roid cancer, and thyroid nodules are quite common in
the general population in these regions, with their inci-
dence increasing with the age of the patient [43]. Thyroid
nodules are closely associated with thyroid cancer, with
some thyroid cancer coming from thyroid nodules [44].
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Independent factors associated with an increased risk of
thyroid nodules include being female, having diabetes,
high blood pressure, high betel nut and red meat con-
sumption, while underweight appears to be protective
[45]. It has been shown that women with previous dia-
betes have an increased risk of developing thyroid can-
cer compared to non-diabetic patients [46]. According to
the latest data from the International Diabetes Federation
(IDF), the high prevalence of diabetes in Eastern coun-
tries, as represented by China [47], may be one of the rea-
sons why metformin significantly reduces the incidence
of thyroid cancer in Eastern countries. However, in West-
ern countries, overdiagnosis, radiation exposure, iodine
deficiency and volcanic activity are all important factors
contributing to the increased incidence of thyroid can-
cer in the population [43], changes in these factors were
not significantly associated with metformin, which may
explain the small reduction in thyroid cancer incidence
in Western countries and the lack of significance of met-
formin in the analysis. However, we did not perform fur-
ther subgroup analyses in this regard due to lack of raw
data. Essential differences in study design may explain
the differences in the results of the cohort and case—
control studies. Recall and selection bias are inherent in
case—control studies, and the order of exposure and dis-
ease is equally difficult to determine.

There is a growing body of literature on the beneficial
effects of metformin in the prevention and management
of cancer (Fig. 4). In addition to its antidiabetic effects,
metformin can also inhibit tumor growth in various
cancers [48—-50]. Metformin can act on various cellular
mechanisms in the development of cancers associated
with diabetes and obesity through its anti-inflammatory
and anti-oxidative stress functions [38]. Metformin has
two major potential anticancer mechanisms mediated
through interference with insulin/IGF signaling and the
AMPK/mTOR pathway, respectively [13]. Metformin
can improve insulin sensitivity, thereby inhibiting the
insulin-induced mitogenic pathway [51]; it can also can
reduce IGF secretion, thereby affecting the body’s energy
uptake [52]. In addition, metformin can inhibit cell pro-
liferation by reducing IGF levels [53]. AMPK has a con-
siderable role in homeostatic energy biological responses
at both the cellular and whole organism level, and met-
formin can inhibit anabolism and promote catabolism
through AMPK activation, thereby altering the body’s
energy metabolism, while AMPK activation can inhibit
DNA production in tumor cells, thereby keeping them
in the G1 phase and thus acting as an inhibitor of tumor
cell proliferation [51, 54, 55]. In addition, metformin
promotes apoptosis in cancer cells by regulating the
production of anti-inflammatory and pro-inflammatory
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Fig. 4 Potential mechanisms of metformin in the prevention and treatment of thyroid cancer

mediators [38, 56]. It has been shown that metformin
induces anti-inflammatory properties, inhibits DSS-
induced IkB kinase activation and reduces colon carcino-
genesis in IL-10—/— mice by increasing AMPK activation
in intestinal epithelial cells [38]. The target protein of
rapamycin (mTOR) is a conserved protein kinase that is
commonly found in mammals. mTOR is an important
link in the cellular signaling process, and mTOR signaling
plays a key role in human cancers [57]. Metformin can
inhibit the mTOR pathway by activating AMPK, which
may lead to reprogramming of cancer metabolism, which
in turn exerts inhibitory effects on cancers such as liver,
colorectal and breast cancers [38, 58, 59]. mTOR can be
inhibited by proteins involving protein kinase B/AKT
and abnormal activation of upstream signaling involving
extracellular signal-regulated kinase (ERK) [60]. In addi-
tion to these kinases, AMPK can regulate mTOR signal-
ing by promoting activation of the TSC1/2 complex [61].
AMPK can also induce catabolism and downregulate cell
proliferation by mimicking a state of caloric deprivation,
mechanisms that have been associated with metformin-
mediated inhibition of cancer cell growth [51].

The effect of metformin on thyroid cancer has been a
hot topic of research in recent years. Metformin inhibits

all thyroid cancer cell lines and its effects broadly affect
cell proliferation, apoptosis and cell cycle arrest, as well
as colony formation and migration [62]. Clinical trials
have shown that metformin treatment is associated with
higher remission and survival rates in diabetic patients
with thyroid cancer [17]. Another large observational
study in Taiwanese patients with type 2 diabetes mellitus
(T2DM) found that metformin reduced the risk of thy-
roid cancer [18]. Metformin has been shown to inhibit
TNF-a induced CXCL8 secretion in primary cultures
of human thyroid cells and thus be indirectly anticancer
[63]. Metformin also exerts growth inhibitory effects on
primary thyroid cells and thyroid cancer cells by reduc-
ing hyperinsulinemia and direct cellular effects, includ-
ing inhibition of cell cycle progression and induction
of apoptosis [13]. In addition, metformin significantly
reduces the effect of insulin on differentiated human thy-
roid cells, mesenchymal thyroid cancer cells, adriamycin-
resistant thyroid cancer cell lines and thyroid cancer stem
cells by growth stimulation [15]. In a mouse model, met-
formin blocks the progression of obesity-activated thy-
roid cancer [64].

mTOR pathway targets are activated in thyroid cancer,
and metformin may also inhibit the growth, migration



Li et al. European Journal of Medical Research (2023) 28:392

and mesenchymal transition of thyroid cancer cell lines
through the mTOR pathway other than the insulin path-
way [14]. Mutations in the BRAF-V600E gene occur in
approximately 45% of papillary thyroid cancers [65],
while mutations in the RAS and ALK genes are fre-
quently found [66-68] These mutations drive mTOR
pathway activation and lead to thyroid tumourigenesis
[69]. The AMPK pathway is closely connected to the
mTOR pathway and metformin can significantly acti-
vate the AMPK pathway in a dose-dependent manner,
thereby inhibiting the expression of cell cycle protein D1
and c-Myc by downregulating p-mTOR (mTOR phos-
phorylation). As proto-oncogenes, cyclin D1 and c-Myc
play key roles in tumor cell growth, migration and inva-
sion [50, 70-73]. In papillary thyroid carcinoma (PTC)
and follicular thyroid carcinoma (FTC)-derived cell lines,
metformin inhibited cancer cell growth and down-regu-
lated cyclin D1 expression. In an oxidative stress model,
metformin enhanced H202-induced activation of AMPK
activity and inhibited pERK and p70S6K activity in PTC
and FTC-derived cells. In addition, metformin antago-
nized the growth-stimulating effects of insulin, inhib-
ited clonal cell growth, reduced thyroid cancer spheroid
formation and enhanced the antimitotic effects of
chemotherapeutic agents (doxorubicin and cisplatin) on
anaplastic thyroid cancer (ATC) cells [13, 74]. In medul-
lary thyroid carcinoma (MTC)-derived cells, metformin
reduced the expression of cyclin D1 and inhibited cell
growth. Metformin treatment was associated with inhibi-
tion of mTOR/p6S6K/pS1 signaling and downregulation
of pERK in MTC-derived TT and MZ-CRC-70 cell lines
[75]. EMT underlies cancer cell invasion and metastasis
and is a key event in the progression of many cancers
[76]. The malignant progression of many types of cancer
depends on EMT activation in tumor cells [77-79]. Early
studies have shown that multiple molecules can induce
EMT, including transforming growth factor p (TGEp),
epidermal growth factor (EGF), protein kinase B (AKT)
and ERK [80, 81]. A study reported that elevated thyroid
hormone (TH) levels promote the EMT and malignant
evolution of squamous cell carcinoma (SCC) cells. TH
induces EMT by transcriptionally up-regulating ZEB-1,
mesenchymal genes and metalloproteinases, and inhibits
the expression of E-cadherin, which further illustrates the
important potential role of EMT in the development of
thyroid cancer [82]. And studies have shown that EMT is
very common in thyroid cancer invasion [83]. Metformin
can inhibit thyroid cancer cell proliferation, migration,
invasion and EMT by activating AMPK and subsequently
inhibiting mTOR [14].

Both insulin and IGF-1 can induce cell growth by
stimulating the PI3K/AKT signaling pathway [84].
Metformin can affect cell proliferation by regulating
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the PIBK/AKT signaling pathway, and metformin may
significantly inhibit the proliferation of ATC cell lines
by downregulating the mRNA expression of PI3K and
AKT in the PI3K/AKT signaling pathway without
affecting PI3K or AKT phosphorylation [84]. Mito-
chondrial glycerol phosphate dehydrogenase (mGPDH)
is an essential component of the mitochondrial respira-
tory chain and plays a key role in the phosphoglycerol
shuttle as a rate-limiting step [85]. mGPDH has been
shown to be overexpressed in thyroid cancer which
also leads to increased thyroid cancer cell growth and
stimulates mitochondrial respiration to meet the meta-
bolic demands of increased proliferation [86]. mGPDH
is a metformin cancer targets for cancer and metformin
treatment is associated with reduced mGPDH expres-
sion, growth inhibition and inhibition of mitochon-
drial respiration and a shift in cancer cell metabolism
towards glycolysis [86, 87]. mGPDH silencing reduces
the sensitivity of metformin to inhibit mitochondrial
oxidative phosphorylation (OXPHOS) and growth,
whereas mGPDH overexpression sensitizes thyroid
cancer cells to the growth inhibitory effects of mito-
chondrial respiration and metformin. mGPDH is a
novel thyroid cancer growth and metabolism regulator
that can be effectively targeted by metformin [86].

However, the meta-analyses we conducted also had
certain limitations. Firstly, there were insufficient pri-
mary study data included to allow for a more in-depth
subgroup analysis of thyroid cancer by gender, age, other
health status and specific environmental factors in the
populations investigated in both Eastern and Western
countries. Therefore, the specific reasons for the analyti-
cal finding that metformin use had no significant effect
on reducing the prevalence of thyroid cancer in Western
countries remain to be investigated, as well as the specific
mechanisms by which metformin reduces the occur-
rence of thyroid cancer in Eastern countries and its exact
causes still need to be explored in more depth. Secondly,
as all included studies were observational, we were una-
ble to analyze with certainty the specific reasons for the
results. Finally, we found a large heterogeneity. However,
we performed meta-regression and subgroup analyses to
investigate the impact.

Despite these limitations, our meta-analyses has some
significant advantages. Firstly, the assessment of publi-
cation bias showed relatively stable results with insig-
nificant publication bias. Secondly, more studies were
included this time than in the previous meta-analyses,
which resulted in relatively enhanced statistical power,
and we performed a more comprehensive subgroup
analysis in this study. In addition, we have provided a
detailed account of the mechanisms of metformin action
in thyroid cancer, illustrating the possibility of metformin
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inhibition of thyroid carcinogenesis from a mechanistic
review, which also provides a better theoretical basis for
the meta-analyses.

Conclusion

In conclusion, metformin use may have some effect on
reducing thyroid cancer risk. Metformin is a first-line
drug for the treatment of T2DM diabetes and also has
a therapeutic effect on obesity and ageing-related dis-
eases. Given the high prevalence of diabetes, the yearly
increase in the obese population and the increased risk of
having thyroid cancer in patients with diabetes as well as
obesity, the effect of metformin on thyroid cancer in our
study is promising. However, more well-designed basic
and clinical studies are needed to further elaborate these
associations.
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