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Will metformin use lead to a decreased 
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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 I-squared statistic. Combined odds ratios (ORs) with the corresponding 95% confidence intervals (CIs) 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% CI = 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% CI = 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 

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 (CIs).

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 
I2 statistic were used to quantitatively assess the extent of 
heterogeneity of the studies [27]. Values of P < 0.10 and 
I2 > 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 

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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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 of < 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 

Fig. 1  PRISMA flowchart
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bias was detected in the analysis of the association 
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).

Discussion
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 

Fig. 2  Forrest plot: association between metformin use and the risk of thyroid cancer

Table 2  Summary of pooled ORs with CI in the meta-analysis

OR: odds ratio; CI: confidence Interval; NA: not applicable

Group No. of studies Heterogeneity Significant OR (95%CI) Model

I2 (%) Pheterogeneity Z P

Overall 5 77.7 0.001 2.56 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 83.3 0.002 2.36 0.018 0.61 (0.41–0.92) Random

Geographic locations

 Western 3 65.9 0.053 0.41 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 82.0 0.001 2.65 0.008 0.65 (0.47–0.89) Random
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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]. 

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 

Fig. 3  Funnel plot
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mediators [38, 56]. It has been shown that metformin 
induces anti-inflammatory properties, inhibits DSS-
induced IκB 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-α 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 

Fig. 4  Potential mechanisms of metformin in the prevention and treatment of thyroid cancer
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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 H2O2-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 β (TGFβ), 
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 

the PI3K/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.

Acknowledgements
None.

Author contributions
JL, HT and WY conceived and designed the study. HL, YC, LH and WY per-
formed statistical analysis, interpreted data and wrote the manuscript. ZG, ML 
and WY revised the manuscript and provided critical opinion. All authors have 
read and approved the manuscript.

Funding
None.

Availability of data and materials
The original contributions proposed in the data availability statement study 
are included in the article and can be further queried to the corresponding 
author.

Declarations

Ethics approval and consent to participate
The study does not involve any animal experiments. All data are obtained 
from the relevant database and further processed and analyzed, which con-
forms to the relevant research guidelines of Anhui Medical University and the 
First Affiliated Hospital of Anhui Medical University.

Competing interests
All of the authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence the 
work reported in this paper.

Received: 9 May 2023   Accepted: 12 August 2023

References
	1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 

2016;66(1):7–30.
	2.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. 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.

	3.	 Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, 
Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman 
SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015 American Thyroid 
Association Management Guidelines for adult patients with thyroid 

nodules and differentiated thyroid cancer: the American thyroid associa-
tion guidelines task force on thyroid nodules and differentiated thyroid 
cancer. Thyroid. 2016;26(1):1–133.

	4.	 Ezzamouri B, Rosario D, Bidkhori G, Lee S, Uhlen M, Shoaie S. Metabolic 
modelling of the human gut microbiome in type 2 diabetes patients in 
response to metformin treatment. NPJ Syst Biol Appl. 2023;9(1):2.

	5.	 Lascu A, Ionică LN, Merce AP, Dănilă MD, Petrescu L, Sturza A, Muntean 
DM, Streian CG. Metformin acutely mitigates oxidative stress in human 
atrial tissue: a pilot study in overweight non-diabetic cardiac patients. Life 
(Basel). 2022;12(12):2058.

	6.	 Nojima I, Wada J. Metformin and its immune-mediated effects in various 
diseases. Int J Mol Sci. 2023;24(1):755.

	7.	 Wang NF, Jue TR, Holst J, Gunter JH. Systematic review of antitumour 
efficacy and mechanism of metformin activity in prostate cancer models. 
BJUI Compass. 2022;4(1):44–58.

	8.	 Jin P, Jiang J, Zhou L, Huang Z, Qin S, Chen HN, Peng L, Zhang Z, Li B, Luo 
M, Zhang T, Ming H, Ding N, Li L, Xie N, Gao W, Zhang W, Nice EC, Wei Y, 
Huang C. Disrupting metformin adaptation of liver cancer cells by target-
ing the TOMM34/ATP5B axis. EMBO Mol Med. 2022;14(12): e16082.

	9.	 Han P, Zhou J, Xiang J, Liu Q, Sun K. Research progress on the therapeutic 
effect and mechanism of metformin for lung cancer (Review). Oncol Rep. 
2023;49(1):3.

	10.	 Lan WH, Lin TY, Yeh JA, Feng CL, Hsu JT, Lin HJ, Kuo CJ, Lai CH. Mechanism 
underlying metformin action and its potential to reduce gastric cancer 
risk. Int J Mol Sci. 2022;23(22):14163.

	11.	 Sekino N, Kano M, Kobayashi S, Murakami K, Sakata H, Toyozumi T, Endo 
S, Matsumoto Y, Suito H, Takahashi M, Otsuka R, Yokoyama M, Shiraishi 
T, Okada K, Kamata T, Ryuzaki T, Hirasawa S, Kinoshita K, Sasaki T, Iida K, 
Komatsu A, Matsubara H. Metformin-induced heat shock protein family 
a member 6 is a promising biomarker of esophageal squamous cell 
carcinoma. Oncology. 2022;100(5):267–77.

	12.	 Morale MG, Tamura RE, Rubio IGS. Metformin and cancer hallmarks: 
molecular mechanisms in thyroid, prostate and head and neck cancer 
models. Biomolecules. 2022;12(3):357.

	13.	 Chen G, Xu S, Renko K, Derwahl M. Metformin inhibits growth of thyroid 
carcinoma cells, suppresses self-renewal of derived cancer stem cells, 
and potentiates the effect of chemotherapeutic agents. J Clin Endocrinol 
Metab. 2012;97(4):E510–20.

	14.	 Han B, Cui H, Kang L, Zhang X, Jin Z, Lu L, Fan Z. Metformin inhibits thy-
roid cancer cell growth, migration, and EMT through the mTOR pathway. 
Tumour Biol. 2015;36(8):6295–304.

	15.	 Meng X, Xu S, Chen G, et al. Metformin and thyroid disease. J Endocrinol. 
2017;233(1):R43–51.

	16.	 Park S, Willingham MC, Qi J, Cheng SY. Metformin and JQ1 synergisti-
cally inhibit obesity-activated thyroid cancer. Endocr Relat Cancer. 
2018;25(10):865–77.

	17.	 Klubo-Gwiezdzinska J, Costello J Jr, Patel A, Bauer A, Jensen K, Mete M, 
Burman KD, Wartofsky L, Vasko V. Treatment with metformin is associated 
with higher remission rate in diabetic patients with thyroid cancer. J Clin 
Endocrinol Metab. 2013;98(8):3269–79.

	18.	 Tseng CH. Metformin reduces thyroid cancer risk in Taiwanese patients 
with type 2 diabetes. PLoS ONE. 2014;9(10): e109852.

	19.	 Loomans-Kropp HA, Chaloux M, Richmond E, Umar A. Association 
of common use pharmaceuticals in reducing risk of esophageal 
adenocarcinoma: a SEER-medicare analysis. Cancer Prev Res (Phila). 
2021;14(2):195–204.

	20.	 Noto H, Goto A, Tsujimoto T, Noda M. Cancer risk in diabetic patients 
treated with metformin: a systematic review and meta-analysis. PLoS 
ONE. 2012;7(3): e33411.

	21.	 Jung YS, Park CH, Eun CS, Park DI, Han DS. Metformin use and the risk of 
colorectal adenoma: a systematic review and meta-analysis. J Gastroen-
terol Hepatol. 2017;32(5):957–65.

	22.	 Cho YY, Kang MJ, Kim SK, Jung JH, Hahm JR, Kim TH, Nam JY, Lee BW, Lee 
YH, Chung JH, Song SO, Kim SW. Protective effect of metformin against 
thyroid cancer development: a population-based study in Korea. Thyroid. 
2018;28(7):864–70.

	23.	 Becker C, Jick SS, Meier CR, Bodmer M. No evidence for a decreased risk of 
thyroid cancer in association with use of metformin or other antidiabetic 
drugs: a case–control study. BMC Cancer. 2015;15:719.



Page 11 of 12Li et al. European Journal of Medical Research          (2023) 28:392 	

	24.	 Wang Z, Luo J, Zhang Y, Xun P, Chen Z. Metformin and thyroid carcinoma 
incidence and prognosis: a systematic review and meta-analysis. PLoS 
ONE. 2022;17(7): e0271038.

	25.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. BMJ. 2009;339:2535.

	26.	 Stang A. Critical evaluation of the Newcastle–Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol. 2010;25(9):603–5.

	27.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. 
Stat Med. 2002;21(11):1539–58.

	28.	 DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp 
Clin Trials. 2015;45(Pt A):139–45.

	29.	 Higgins JPT, Green S. Formulating the problem. In: Cochrane Handbook 
for systematic reviews of interventions Section-10-14, 2021.

	30.	 Borenstein M, Hedges LV, Higgins JP, Rothstein HR. A basic introduction 
to fixed-effect and random-effects models for meta-analysis. Res Synth 
Methods. 2010;1(2):97–111.

	31.	 Hernandez AV, Marti KM, Roman YM. Meta-analysis. Chest. 
2020;158(1S):S97–102.

	32.	 Begg CB, Mazumdar M. Operating characteristics of a rank correlation test 
for publication bias. Biometrics. 1994;50(4):1088–101.

	33.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis 
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

	34.	 Luo J, Phillips L, Liu S, Wactawski-Wende J, Margolis KL. Diabetes, 
diabetes treatment, and risk of thyroid cancer. J Clin Endocrinol Metab. 
2016;101(3):1243–8.

	35.	 Sulu C, Bektas AB, Guzel SS, Tay K, Sahin S, Durcan E, Ozkaya HM, Kadioglu 
P. Effect of metformin on thyroid cancer risk in patients with acromegaly: 
a preliminary observational study. Growth Horm IGF Res. 2022;66: 101484.

	36.	 Haidich AB. Meta-analysis in medical research. Hippokratia. 
2010;14:29–37.

	37.	 Shorten A, Shorten B. What is meta-analysis? Evid Based Nurs. 
2013;16:3–4.

	38.	 Kamarudin MNA, Sarker MMR, Zhou JR, Parhar I. Metformin in colorectal 
cancer: molecular mechanism, preclinical and clinical aspects. J Exp Clin 
Cancer Res. 2019;38(1):491.

	39.	 Zhang ZJ, Bi Y, Li S, Zhang Q, Zhao G, Guo Y, Song Q. Reduced risk of lung 
cancer with metformin therapy in diabetic patients: a systematic review 
and meta-analysis. Am J Epidemiol. 2014;180(1):11–4.

	40.	 Romei C, Ciampi R, Elisei R. A comprehensive overview of the role of 
the RET proto-oncogene in thyroid carcinoma. Nat Rev Endocrinol. 
2016;12(4):192–202.

	41.	 Groussin L, Clerc J, Huillard O. Larotrectinib-enhanced radioactive iodine 
uptake in advanced thyroid cancer. N Engl J Med. 2020;383(17):1686–7.

	42.	 Hong SH, Myung SK, Kim HS, et al. Alcohol intake and risk of thyroid 
cancer: a meta-analysis of observational studies. Cancer Res Treat. 
2017;49(2):534–47.

	43.	 Kim J, Gosnell JE, Roman SA. Geographic influences in the global rise of 
thyroid cancer. Nat Rev Endocrinol. 2020;16(1):17–29.

	44.	 Mackenzie EJ, Mortimer RH. 6: Thyroid nodules and thyroid cancer. Med J 
Aust. 2004;180(5):242–7.

	45.	 Yao Y, et al. Thyroid nodules in centenarians: prevalence and relation-
ship to lifestyle characteristics and dietary habits. Clin Interv Aging. 
2018;13:515–22.

	46.	 Yeo Y, Ma SH, Hwang Y, et al. Diabetes mellitus and risk of thyroid cancer: 
a meta-analysis. PLoS ONE. 2014;9(6): e98135.

	47.	 Ogurtsova K, Guariguata L, Barengo NC, et al. IDF diabetes Atlas: Global 
estimates of undiagnosed diabetes in adults for 2021. Diabetes Res Clin 
Pract. 2021;183: 109118.

	48.	 Kato K, Gong J, Iwama H, Kitanaka A, Tani J, Miyoshi H, et al. The antidia-
betic drug metformin inhibits gastric cancer cell proliferation in vitro and 
in vivo. Mol Cancer Ther. 2012;11:549–60.

	49.	 Lea MA, Pourat J, Patel R, des Bordes C. Growth inhibition of colon cancer 
cells by compounds affecting AMPK activity. World J Gastrointest Oncol. 
2014;6:244–52.

	50.	 Rattan R, Giri S, Hartmann LC, Shridhar V. Metformin attenuates ovarian 
cancer cell growth in an AMP-kinase dispensable manner. J Cell Mol Med. 
2011;15:166–78.

	51.	 Pappa T, Alevizaki M. Metformin and thyroid: an update. Eur Thyroid J. 
2013;2(1):22–8.

	52.	 Choi YK, Park KG. Metabolic roles of AMPK and metformin in cancer 
cells. Mol Cells. 2013;36(4):279–87.

	53.	 Chen K, Lin ZW, He SM, et al. Metformin inhibits the proliferation of 
rheumatoid arthritis fibroblast-like synoviocytes through IGF-IR/PI3K/
AKT/m-TOR pathway. Biomed Pharmacother. 2019;115: 108875.

	54.	 Fan Y, Ren X, Wang Y, et al. Metformin inhibits the proliferation of 
canine mammary gland tumor cells through the AMPK/AKT/mTOR 
signaling pathway in vitro. Oncol Lett. 2021;22(6):852.

	55.	 Yamashita T, Kato K, Fujihara S, et al. Anti-diabetic drug metformin 
inhibits cell proliferation and tumor growth in gallbladder cancer via 
G0/G1 cell cycle arrest. Anticancer Drugs. 2020;31(3):231–40.

	56.	 Koh SJ, Kim JM, Kim IK, Ko SH, Kim JS. Anti-inflammatory mechanism of 
metformin and its effects in intestinal inflammation and colitis-associ-
ated colon cancer. J Gastroenterol Hepatol. 2014;29(3):502–10.

	57.	 Huan J, Grivas P, Birch J, et al. Emerging roles for mammalian target 
of rapamycin (mTOR) complexes in bladder cancer progression and 
therapy. Cancers (Basel). 2022;14(6):1555.

	58.	 Li Z, Li C, Wu Q, et al. MEDAG enhances breast cancer progression and 
reduces epirubicin sensitivity through the AKT/AMPK/mTOR pathway. 
Cell Death Dis. 2021;12(1):97.

	59.	 Kim TS, Lee M, Park M, et al. Metformin and dichloroacetate suppress 
proliferation of liver cancer cells by inhibiting mTOR complex 1. Int J 
Mol Sci. 2021;22(18):10027.

	60.	 Mendoza MC, Er EE, Blenis J. The Ras-ERK and PI3K-mTOR pathways: 
cross-talk and compensation. Trends Biochem Sci. 2011;36(6):320–8.

	61.	 Guertin DA, Sabatini DM. Defining the role of mTOR in cancer. Cancer 
Cell. 2007;12(1):9–22.

	62.	 Kheder S, Sisley K, Hadad S, Balasubramanian SP. Effects of prolonged 
exposure to low dose metformin in thyroid cancer cell lines. J Cancer. 
2017;8(6):1053–61.

	63.	 Rotondi M, Coperchini F, Pignatti P, Magri F, Chiovato L. Metformin 
reverts the secretion of CXCL8 induced by TNF-α in primary cultures 
of human thyroid cells: an additional indirect anti-tumor effect of the 
drug. J Clin Endocrinol Metab. 2015;100(3):E427–32.

	64.	 Park J, Kim WG, Zhao L, Enomoto K, Willingham M, Cheng SY. Met-
formin blocks progression of obesity-activated thyroid cancer in a 
mouse model. Oncotarget. 2016;7(23):34832–44.

	65.	 Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer. 
2005;12(2):245–62.

	66.	 Liu Z, Hou P, Ji M, Guan H, Studeman K, Jensen K, Vasko V, El-Naggar 
AK, Xing M. Highly prevalent genetic alterations in receptor tyrosine 
kinases and phosphatidylinositol 3-kinase/akt and mitogen-activated 
protein kinase pathways in anaplastic and follicular thyroid cancers. J 
Clin Endocrinol Metab. 2008;93(8):3106–16.

	67.	 Abubaker J, Jehan Z, Bavi P, Sultana M, Al-Harbi S, Ibrahim M, Al-Nuaim 
A, Ahmed M, Amin T, Al-Fehaily M, Al-Sanea O, Al-Dayel F, Uddin S, Al-
Kuraya KS. Clinicopathological analysis of papillary thyroid cancer with 
PIK3CA alterations in a Middle Eastern population. J Clin Endocrinol 
Metab. 2008;93(2):611–8.

	68.	 Murugan AK, Xing M. Anaplastic thyroid cancers harbor novel onco-
genic mutations of the ALK gene. Cancer Res. 2011;71(13):4403–11.

	69.	 Xing M. Molecular pathogenesis and mechanisms of thyroid cancer. 
Nat Rev Cancer. 2013;13(3):184–99.

	70.	 Cai X, Hu X, Cai B, Wang Q, Li Y, Tan X, Hu H, Chen X, Huang J, Cheng 
J, Jing X. Metformin suppresses hepatocellular carcinoma cell growth 
through induction of cell cycle G1/G0 phase arrest and p21CIP and 
p27KIP expression and downregulation of cyclin D1 in vitro and in vivo. 
Oncol Rep. 2013;30(5):2449–57.

	71.	 Dai M, Al-Odaini AA, Fils-Aimé N, Villatoro MA, Guo J, Arakelian A, 
Rabbani SA, Ali S, Lebrun JJ. Cyclin D1 cooperates with p21 to regulate 
TGFβ-mediated breast cancer cell migration and tumor local invasion. 
Breast Cancer Res. 2013;15(3):R49.

	72.	 Marfil V, Blazquez M, Serrano F, Castell JV, Bort R. Growth-promoting 
and tumourigenic activity of c-Myc is suppressed by Hhex. Oncogene. 
2015;34(23):3011–22.

	73.	 Zhou W, Feng X, Ren C, Jiang X, Liu W, Huang W, Liu Z, Li Z, Zeng L, 
Wang L, Zhu B, Shi J, Liu J, Zhang C, Liu Y, Yao K. Over-expression of 
BCAT1, a c-Myc target gene, induces cell proliferation, migration and 
invasion in nasopharyngeal carcinoma. Mol Cancer. 2013;12:53.



Page 12 of 12Li et al. European Journal of Medical Research          (2023) 28:392 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	74.	 Kushchayeva Y, Jensen K, Burman KD, Vasko V. Repositioning therapy for 
thyroid cancer: new insights on established medications. Endocr Relat 
Cancer. 2014;21(3):R183–94.

	75.	 Klubo-Gwiezdzinska J, Jensen K, Costello J, Patel A, Hoperia V, Bauer 
A, Burman KD, Wartofsky L, Vasko V. Metformin inhibits growth and 
decreases resistance to anoikis in medullary thyroid cancer cells. Endocr 
Relat Cancer. 2012;19(3):447–56.

	76.	 Dongre A, Weinberg RA. New insights into the mechanisms of epithelial-
mesenchymal transition and implications for cancer. Nat Rev Mol Cell 
Biol. 2019;20(2):69–84.

	77.	 Ye X, Tam WL, Shibue T, Kaygusuz Y, Reinhardt F, Ng Eaton E, Weinberg RA. 
Distinct EMT programs control normal mammary stem cells and tumour-
initiating cells. Nature. 2015;525(7568):256–60.

	78.	 Rhim AD, Mirek ET, Aiello NM, Maitra A, Bailey JM, McAllister F, Reichert 
M, Beatty GL, Rustgi AK, Vonderheide RH, Leach SD, Stanger BZ. 
EMT and dissemination precede pancreatic tumor formation. Cell. 
2012;148(1–2):349–61.

	79.	 Krebs AM, Mitschke J, Lasierra Losada M, Schmalhofer O, Boerries M, 
Busch H, Boettcher M, Mougiakakos D, Reichardt W, Bronsert P, Brunton 
VG, Pilarsky C, Winkler TH, Brabletz S, Stemmler MP, Brabletz T. The EMT-
activator Zeb1 is a key factor for cell plasticity and promotes metastasis in 
pancreatic cancer. Nat Cell Biol. 2017;19(5):518–29.

	80.	 Mimeault M, Batra SK. Interplay of distinct growth factors during epi-
thelial mesenchymal transition of cancer progenitor cells and molecular 
targeting as novel cancer therapies. Ann Oncol. 2007;18(10):1605–19.

	81.	 Xu X, Fan Z, Kang L, Han J, Jiang C, Zheng X, Zhu Z, Jiao H, Lin J, Jiang K, 
Ding L, Zhang H, Cheng L, Fu H, Song Y, Jiang Y, Liu J, Wang R, Du N, Ye Q. 
Hepatitis B virus X protein represses miRNA-148a to enhance tumorigen-
esis. J Clin Invest. 2013;123(2):630–45.

	82.	 Miro C, Di Cicco E, Ambrosio R, Mancino G, Di Girolamo D, Cicatiello AG, 
Sagliocchi S, Nappi A, De Stefano MA, Luongo C, Antonini D, Visconte 
F, Varricchio S, Ilardi G, Del Vecchio L, Staibano S, Boelen A, Blanpain C, 
Missero C, Salvatore D, Dentice M. Thyroid hormone induces progression 
and invasiveness of squamous cell carcinomas by promoting a ZEB-1/E-
cadherin switch. Nat Commun. 2019;10(1):5410.

	83.	 Vasko V, Espinosa AV, Scouten W, He H, Auer H, Liyanarachchi S, Larin 
A, Savchenko V, Francis GL, de la Chapelle A, Saji M, Ringel MD. Gene 
expression and functional evidence of epithelial-to-mesenchymal 
transition in papillary thyroid carcinoma invasion. Proc Natl Acad Sci USA. 
2007;104(8):2803–8.

	84.	 Nozhat Z, Mohammadi-Yeganeh S, Azizi F, Zarkesh M, Hedayati M. Effects 
of metformin on the PI3K/AKT/FOXO1 pathway in anaplastic thyroid 
Cancer cell lines. Daru. 2018;26(2):93–103.

	85.	 Zheng Y, Qu H, Xiong X, et al. Deficiency of mitochondrial glycerol 
3-phosphate dehydrogenase contributes to hepatic steatosis. Hepatol-
ogy. 2019;70(1):84–97.

	86.	 Thakur S, Daley B, Gaskins K, Vasko VV, Boufraqech M, Patel D, Sourbier 
C, Reece J, Cheng SY, Kebebew E, Agarwal S, Klubo-Gwiezdzinska J. 
Metformin targets mitochondrial glycerophosphate dehydrogenase to 
control rate of oxidative phosphorylation and growth of thyroid cancer 
in vitro and in vivo. Clin Cancer Res. 2018;24(16):4030–43.

	87.	 Li W, Chaudhari K, Shetty R, et al. Metformin alters locomotor and cogni-
tive function and brain metabolism in normoglycemic mice. Aging Dis. 
2019;10(5):949–63.

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


	Will metformin use lead to a decreased risk of thyroid cancer? A systematic review and meta-analyses
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data collection and quality assessment
	Statistical analysis

	Results
	Study selection and study characteristics
	Overall meta-analyses
	Subgroup analyses
	Sensitivity analyses and bias diagnostics

	Discussion
	Conclusion
	Acknowledgements
	References


