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Background: Metformin shows promise in preventing colorectal cancer (CRC)
and its precursors, but evidence on its dose-response effect remains limited.
Aim: To determine the association between metformin therapy and colorectal
neoplasms in adenoma-free individuals and characterize the dose-response
relationship.

Methods: Adjusted effect estimates from each study were aggregated using a
random-effect model. Subgroup analyses, publication bias assessment,
sensitivity analyses and dose-response analyses were conducted.

Results: A total of 37 eligible studies, involving 1,416,085 participants, were
included. Metformin significantly reduced colorectal neoplasms risk (Hazard
ratio (HR) = 0.79, 95% confidence interval (Cl), 0.73-0.85, Odds ratio (OR) =
0.80, 95% confidence interval, 0.74-0.87). Subgroup analyses demonstrated
enhanced efficacy in Asian populations, younger patients (<60 years), and cohorts
with >50% male participants. Dose-response analysis identified 331 mg/day as the
optimal dose for CRC risk reduction (OR = 0.83, 95% Cl, 0.76—0.91). Each additional
year of use reduced CRC risk by 3% (OR = 0.97, 95% Cl, 0.95-0.99).
Conclusion: Metformin demonstrates effective chemoprevention against
colorectal neoplasms, where the inverse association was most prominent at
low-dose, long-term therapy.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, Identifier
CRD42023394042.
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Introduction

Colorectal cancer (CRC) is a prevalent malignant tumor with rising global incidence
and mortality rates. According to the latest global cancer incidence and mortality estimates,
CRC is the third major cause of cancer and the second leading cause of cancer-related
deaths worldwide (Bray et al., 2024). Colorectal adenoma (CRA), commonly denoted as the
precursor lesion of CRC, plays an indispensable role in the progression process in the
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development of CRC. A classic “normal mucosa - CRAs - CRC”
progression pathway is considered the primary process in the
evolution of CRC (Vogelstein et al, 1988). Currently, the
treatment of CRA and CRC relies on endoscopic and surgical
resection, systemic adjuvant chemotherapy, radiation therapy,
targeted therapy, and immunotherapy. With advances in
treatment methods and medical devices, 5-year relative survival
rate for CRC has increased (Siegel et al., 2023). However, the disease
burden such as soreness, adverse effects, poor patient compliance
and high therapy costs continue to persist. In addition, 25%-50% of
early-stage CRC has the potential to progress to metastasis over time
(Fan et al, 2021). Therefore, early prevention of colorectal
neoplasms is of critical importance for public health.
Epidemiological and biological evidence reported that
individuals with diabetes mellitus (DM) have an increased risk of
developing several types of cancers, especially digestive system
cancers represented by CRC (Fernandez et al., 2021; Lawler et al.,
2023; Peeters et al., 2015; Johnson et al., 2012). In a recent cohort
study involving 54,597 adults, the investigators reported a 47%
of CRC

individuals (Lawler et al., 2023). Consequently, individuals with

increased risk risk compared with non-diabetic
diabetes should be considered a priority population for colorectal
cancer prevention efforts. Metformin is considered as the first-line
treatment option for the management of non-insulin dependent
DM, earning its inclusion on the World Health Organization’s list of
essential medicines since 2019 (Davies et al., 2018; World Health,
2019). Metformin is highly appealing as a target for antitumor
research and exerts its anticancer effects through multiple
mechanisms, including metabolism, epigenetics, cell cycle,
migration, metastasis, cell death, cell senescence, cancer stem
cells, immunity, and gut microbes (Hua et al., 2023). The central
mechanism of metformin’s anticancer activity is the regulation of
energy metabolism, with the key pathway being the activation of the
adenosine monophosphate-activated protein kinase (AMPK)/
mammalian target of rapamycin (mTOR) pathway triggered by
inhibition of complex I in the mitochondrial respiratory chain
(Zhou et al., 2001; Spiering, 2019; Lee et al., 2011). Therefore,
metformin holds promise as a potential candidate for
chemoprevention, particularly in reducing colorectal cancer
morbidity among individuals with diabetes.

A number of studies have explored the connection between
metformin use and colorectal cancer but have yielded contradictory
results.  Several

epidemiologic studies have reported strong inverse associations

large-scale, population-based observational
between metformin use and risk of colorectal cancer (Lee et al.,
2011; Rosato et al., 2016; Seo et al., 2022; Tseng, 2017; Libby et al.,
2009). However, a subset of researchers have argued that the
protective effect of metformin may be overestimated (Suissa and
Azoulay, 2012; Tsilidis et al., 2014). Higher-quality clinical trials
have consistently demonstrated comparable findings. Higurashi
et al. demonstrated the anti-tumor effects of metformin, while
studies by Zell and Park et al. showed no significant effect (Zell
et al., 2020; Park et al., 2021; Higurashi et al., 2016). Furthermore,
previous studies have predominantly focused on the outcome of
CRC while neglecting CRA. Adenomas often used in studies as
surrogate marker to reduce the need for long follow-up or larger
sample sizes (Levin, 2003). Given that most cases of CRC develop by
the way of “normal mucosa - CRAs - CRC” progression, whether
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metformin plays a key role in the stage of precancerous lesions is
essential for developing effective chemopreventive strategies. In
addition, there is still no comprehensive and quantitative
evaluation of published research on this topic.

To overcome these limitations, we conducted a comprehensive
systematic review and meta-analysis to consolidate the existing
evidence on the association between metformin use and
colorectal neoplasms, considering both CRC and CRA outcomes,
and to clarify the dose-response relationship underlying its
chemopreventive effects.

Methods

This meta-analysis was conducted according to the guidelines of
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Matthew et al., 2021) and Meta-analysis of
Observational Studies in Epidemiology recommendations (Stroup
et al., 2000) and was registered at the International Prospective
Register of Systematic Reviews with the registration number
CRD42023394042.

Data sources and searches

We conducted an initial search of electronic databases through
PubMed and Embase on 11 November 2022. A subsequent search
update was performed on 20 March 2024, utilizing the identical
databases for consistency. Our search employed targeted keywords
pertinent to “metformin,” “colorectal cancer,” and “colorectal
adenoma,” with the detailed in

Supplementary Table S2. Titles and abstracts were screened to

specific methodologies
eliminate irrelevant studies, followed by a full-text review to
evaluate eligible articles. The reference lists of each primary
eligible study, along with previous systematic reviews, were
scanned to identify additional relevant studies. Each stage of
study selection, data extraction, and study quality assessment was
independently conducted by the same two investigators (Mengdan,
Shen and Shan, Lu). Any discrepancies in the above process finally
reached a consensus through a negotiation conference with a third
reviewer (Li-Ting, Sheng).

Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
observational studies (cohort, case—control or nested case—control)
or randomized controlled trials; (2) studies that exposure to any dose
or duration of metformin with no use of metformin or other anti-
diabetic drugs for comparison; (3) studies that listed occurrence of
incident colorectal adenoma and colorectal cancer as an outcome of
interest; (4) studies that reported the risk point estimate as an
adjusted odds ratio (OR), hazard ratio (HR), or relative risk (RR)
with a 95% confidence interval (CI); (5) articles written or translated
into the English language. Studies were excluded if they (1) enrolled
participants with a prior history of colorectal adenomas; (2) did not
report specific results or contained duplicate or identical data; or (3)
were case reports, systematic reviews, meta-analyses, editorials,
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commentaries, guidelines, conference abstracts, or letters. For the
included studies, prior adenoma status was generally based on the
absence of a documented diagnosis of colorectal adenomas or
colorectal cancer.

Data extraction and quality assessment

We designed standardized forms to extract data on the first
author, year of the publication, country of study location, study type,
total number of participants, comparison and demographic features
such as sex, age and body mass index (BMI). Adjusted effect
estimates with 95% CI as well as covariates that were adjusted in
the multivariable analysis were recorded.

The Newcastle-Ottawa Scale (NOS) was utilized to evaluate the
methodological quality of observational studies. It consists of three
dimensions (group selection, groups comparability and exposure),
eight items and a maximum score of 9. Scores of 7-9, 4-6 and
0-3 were categorized as high, moderate and low quality, respectively.

Statistical methods

All  statistical
16.0 software and p < 0.05 was considered as a statistically

analyses were performed using Stata/SE
significant result. The association between metformin therapy
and colorectal neoplasms was assessed by consolidating the point
estimate from each study using the generic inverse variance method
of DerSimonian and Laird. Results stratified by gender were
regarded as two distinct studies. Due to the relatively infrequent
outcome, we assumed that the reported RRs were approximately
ORs to simplify the results and ensure the comprehensiveness of the
analysis and maximization of the statistical power (Greenland,
1987). Q test and I* statistics were employed to evaluate the
extent of heterogeneity among the studies. An I* value of 0%-
25% denotes heterogeneity might not be important, 26%-50%
51%-75%
heterogeneity, and more than 75% denotes high heterogeneity

denotes low heterogeneity, denotes moderate
(Higgins et al., 2003). A random-effects model was employed if
significant heterogeneity (I* statistic >50%or Q test <0.1) was
observed (DerSimonian and Laird, 2015). Subgroup analysis was
conducted by categorizing the studies based on outcome (cancer or
adenoma), region (America, Europe, or Asia), mean age (<60 years,
60-70 years, or >70 years), male percentage (>50%, <50%) and
mean BMI (24-28 kg/m?, >28 kg/m®). Publication bias was assessed
by funnel plots as well as Egger’s test. Sensitivity analyses were
performed through restricting the analytical cohort to studies
meeting the following prespecified criteria: (1) cohort study
design; (2) high methodological quality (NOS score >7); (3)
comparator groups utilizing other antidiabetic medications (4)
study populations exclusively comprising individuals with
diabetes mellitus.

Further assessment of dose-response relationship between
metformin use and CRC risk was conducted under the
generalized least squares trend (GLST) estimation and restricted
cubic spline random-effects model with four knots at the 5%, 35%,
65% and 95% percentile (Orsini et al., 2006; Orsini and Greenland,

2011). To verify the model, a p value for non-linear relationship was
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computed by testing the null hypothesis that the coefficient of the
second spline equaled zero. If model verification indicated
significance (p < 0.05), a non-linear model was adopted;
otherwise, a linear model was used. Reported doses were
consistently converted to the unit milligram/day. Since some
studies did not report the number of cases in each category, we
estimated these data based on the number of total cases and the
reported effect size (Bekkering et al., 2008). When exposures were
reported as a range, we took the midpoint. For open-ended
categories, we set the dose to be 20% higher or lower than the
nearest breakpoint, which proved to produce a better fit (Berlin et al.,
1993; Filippini et al., 2022).

Results
Search results and characteristics

During the initial search, we identified 2021 results from Embase
and PubMed and then removed 311 duplicated records and
1647 records based on titles and abstracts screening. After full-
text reading, 34 articles were further excluded because of
inappropriate outcomes, leaving 29 articles for data extraction.
Four additional articles were retrieved for full text review after
screening previous meta-analyses. As a result, 33 articles
comprising 35 independent studies were initially retrieved, with
two gender-stratified analyses by Lee et al. and Onitilo et al.
identified as distinct datasets (Lee et al., 2011; Onitilo et al,
2014). The update searches were conducted in 20 March
2024 and resulted in the identification of 2 additional articles.
Ultimately, 35 with
1,416,085 participants were integrated into this systematic review

articles  including 37  studies
and meta-analysis comprising a total of 26 cohort studies, 5 case-
control studies, and 6 nested case-control studies (Lee et al., 2011;
Rosato et al., 2016; Seo et al., 2022; Tseng, 2017; Libby et al., 2009;
Tsilidis et al., 2014; Onitilo et al., 2014; Bodmer et al., 2012; Bradley
etal,, 2018; Cardel et al., 2014; Chang et al., 2018; de Jong et al., 2017;
Farmer et al., 2019; Krigel et al., 2022; Lee et al., 2021; Lin et al., 2015;
Lopez et al., 2022; Murff et al., 2018; Rennert et al., 2020; Sehdev
et al., 2015; Shin et al., 2020; Tseng, 2012; You et al.,, 2020; Zhang
et al,, 2022; Wang et al., 2013; Smiechowski et al., 2013; Yang et al.,
2004; Oliveria et al.,, 2008; Ruiter et al., 2012; Oh et al., 2023;
Chalhoub et al,, 2023; Chung et al., 2008; Kanadiya et al., 2013;
Cho et al,, 2014; Kim et al., 2015). The search strategy and process
for study selection are illustrated in Figure 1. Among these
37 studies, three only report effect sizes by doses of metformin
instead of whether or not accepting metformin therapy, so these
three studies were only analyzed in the dose-response meta-analysis
(Bodmer et al., 2012; Chang et al., 2018; Tseng, 2012). The key
characteristics of these studies are summarized in Table 1 and
detailed
Supplementary Table S3.

characteristics for each study are available in

Quality assessment

The average score of the NOS was 7.4 (ranging from 5 to 9).
The methodological quality of eligible observational studies was
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2021 records identified from:
Pubmed (n=308)
Embase (n=1713)

311 records duplicates
removed

1710 records after
duplicates removed

459 updated records identified from:
Pubmed (n=34)
Embase (n=425)

59 records duplicates
removed

400 records after
duplicates removed

1710 records screened fitles and abstracts

- 188 basic sciences

Guidelines, conferences
- 3 articles not in English
- 101 reviews or meta analyses

1647 records excluded after screening
- 1268 unrelated exposure or outcome

- 87 editorials, commentaries, letters,

400 records screened 395 records excluded after screening

titles and abstracts

- 346 unrelated exposure or outcome
- 23 basic sciences

- 16 editori: commentaries, letters,
Guidelines, conferences

- 10 reviews or meta analyses

63 full-text articles assessed
for eligibility

34 full-text articles excluded
- data missing or Inappropriate data

4 articles from previous
meta analyses

33 articles including 35
studies included in analysis

5 full-text articles assessed for
eligibility

3 full-text articles excluded
- data missing or Inappropriate data

2 articles included in
analysis

(n=37)

Total of studies included in
current review

FIGURE 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram of included studies.

moderate to high. Detailed scoring sheets are available in
Supplementary Tables S4, S5.

Overall meta-analysis

34 studies were included in overall meta-analysis. Considering
the inherent time-to-event information encapsulated in HRs, the
of HR and OR with 95% CI
separately conducted.

meta-analysis was

The overall meta-analysis was shown in Figure 2. A lower risk
of colorectal neoplasm in metformin users compared to non-users
was observed with the pooled HR of 0.79 (95% CI, 0.73-0.85)
under the random-effects model (I? = 70.1%, P for heterogeneity
<0.0001, 18 studies) Using the same model, the pooled OR
obtained similar results with the value of 0.80 (95% CI,
0.74-0.87) and showed relatively high heterogeneity (I’ =
55.2%, P for heterogeneity <0.0001, 16 studies). Both analyses
showed statistical significance.

Frontiers in Pharmacology 04

Subgroup analysis

Figure 3 present the subgroup analysis results. For HR analyses,
metformin use was consistently associated with reduced colorectal
neoplasm risk across most subgroups. Significant protective effects
were observed in Asian populations (HR = 0.69, 95% CI, 0.58-0.81),
younger than 60 (HR = 0.68, 95% CI, 0.54-0.86), male-predominant
cohorts (HR = 0.75, 95% CI, 0.67-0.85) and the >24 to <28 kg/m*
BMI subgroup (HR = 0.74, 95% CI, 0.62-0.87). No significant
associations were found in American cohorts (HR = 0.90, 95%
CI, 0.79-1.03) or female-predominant groups (HR = 0.89, 95%
CIL, 0.78-1.01).

For OR analyses, metformin demonstrated a significant
protective effect against both colorectal cancer (OR = 0.82,
95% CI, 0.75-0.90) and adenoma (OR = 0.69, 95% CI,
0.58-0.83). Protective effects were pronounced in Asian (OR =
0.80, 95% CI, 0.67-0.95) and American populations (OR = 0.77,
95% CI, 0.69-0.86), but non-significant in Europe (OR = 0.85,
95% CI, 0.71-1.02). All age subgroups showed similar risk
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TABLE 1 Summary of key characteristics of included article.

First author Study type Year Total no. Of Risk Adjusted effect size
participants (n) expression (95% Cl)
Bodmer et al. (2012) UK nested case- 2012 6439 OR NA
control
Bradley et al. (2018) USA cohort 2018 47,351 HR 0.90 (0.76-1.07)
Cardel et al. (2014) Denmark nested case- 2014 11,148 OR 0.83 (0.68-1.00)
control
Chang et al. (2018) Taiwan cohort 2018 47,597 HR NA
de Jong et al. (2017) Netherlands cohort 2017 57,114 HR 0.89 (0.71-1.10)
Farmer et al. (2019) UK cohort 2019 55,629 HR 0.71 (0.43-1.18)
Krigel et al. (2022) USA cohort 2022 1869 OR 0.68 (0.51-0.92)
Lee et al. (2021) Korea cohort 2021 175,495 HR 0.66 (0.51-0.85)
147,935 0.59 (0.37-0.92)
Lee et al. (2011) Taiwan cohort 2011 15,717 HR 0.36 (0.13-0.98)
Lin et al. (2015) Taiwan cohort 2015 34,823 HR 0.74 (0.53-1.03)
Lopez et al. (2022) USA cohort 2022 143,035 OR 0.79 (0.75-0.84)
Murff et al. (2018) USA cohort 2018 84,434 HR 0.89 (0.71-1.12)
Onitilo et al. (2014) USA cohort 2014 4956 HR 0.72 (0.37-1.38)
4530 1.24 (0.62-2.47)
Rennert et al. (2020) Israel case-control 2020 8363 OR 0.754 (0.623-0.912)
Rosato et al. (2016) Italy and Spain | case-control 2016 244 OR 0.47 (0.24-0.92)
Sehdev et al. (2015) USA case-control 2015 8046 OR 0.88 (0.77-1.00)
Seo et al. (2022) Korea cohort 2022 16,402 HR 0.58 (0.47-0.71)
Shin et al. (2020) Korea nested case- 2020 8456 OR 0.96 (0.87-1.06)
control
Tseng (2017) Taiwan cohort 2017 32,662 HR 0.62 (0.53-0.74)
Tseng (2012) Taiwan cohort 2012 87,991 RR NA
You et al. (2020) Korea cohort 2020 263,754 HR 0.865 (0.822-0.910)
Zhang et al. (2022) Korea cohort 2022 41,533 HR 0.88 (0.68-1.13)
Wang et al. (2013) Taiwan nested case- 2013 10,767 OR 0.94 (0.73-1.21)
control
Smiechowski et al. UK nested case- 2013 6444 RR 0.93 (0.73-1.18)
(2013) control
Yang et al. (2004) UK nested case- 2004 1320 OR 1.0 (0.6-1.7)
control
Oliveria et al. (2008) USA cohort 2008 191,223 RR 0.67 (0.52-0.85)
Libby et al. (2009) UK cohort 2009 8170 HR 0.60 (0.38-0.94)
Ruiter et al. (2012) Netherlands cohort 2012 85,289 HR 0.91 (0.88-0.94)
Tsilidis et al. (2014) UK cohort 2014 69,748 HR 0.92 (0.76-1.13)
Oh et al. (2023) Korea cohort 2021 35,189 HR 0.481 (0.207-1.118)
Chalhoub et al. (2023) | Lebanon case-control 2023 367 OR 0.363 (0.199-0.662)
Chung et al. (2008) Korea case-control 2008 200 OR 0.7 (0.3-1.4)
Kanadiya et al. (2013) | USA cohort 2013 405 OR 0.55 (0.34-0.87)

(Continued on following page)
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TABLE 1 (Continued) Summary of key characteristics of included article.
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Study type Year Total no. Of Risk Adjusted effect size
A q -
participants (n) expression (95% ClI)
Cho et al. (2014) Korea cohort 2014 3105 OR 0.73 (0.554-0.983)
Kim et al. (2015) Korea cohort 2015 240 RR 0.866 (0.453-1.623)
A B
Study  Inhr. SE Year HR (95% CI) Weight Study Inor selnor  Year OR (95% CI) Weight
} T
Bradey 01064 400065: 2018 : - 090(076,107) 887 Cardel 01863 01017 2014 —— 083(068,101) 854
Roy 01165 01183 2017 - 080(071,112) 666 over P - oo 0m 1567
Ruh 03425 02550 2019 - e 0117 217 i
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FIGURE 2

Forest plot of colorectal neoplasm risk among metformin users versus non metformin users. (A) Hazard ratios; (B) Odds ratios; Cl: confidence

interval; SE: standard error.
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Forest plot of subgroup analysis according to different standards. (A) Hazard ratios; (B) Odds ratios; Cl: confidence interval; BMI: body mass index.

reductions. Male-predominant cohorts exhibited robust effects
(OR =0.79, 95% CI, 0.73-0.85), whereas male <50% subgroups
had inconclusive results (OR = 0.76, 95% CI, 0.45-1.31). No
significant associations emerged in BMI subgroups. Detailed
plots shown

subgroup analyses in Supplementary

Figures S1-S10.

were
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Publication bias and sensitivity analyses

In the analysis of publication bias for studies reporting HR, the
funnel plot showed asymmetry, suggesting potential publication
bias, which was corroborated by Egger’s test (P = 0.009) (Figure 4A).
The trim-and-fill method revealed no evidence of missing studies
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TABLE 2 Sensitivity analyses of pooled effect estimates.

Analysis criteria Number of studies

Effect size (95% Cl)

P-value

Heterogeneity (1%)

Hazard ratio

Main Analysis 18 0.79 (0.73-0.85) 70.1 <0.0001
Other Antidiabetic Comparators® 14 0.74 (0.65-0.83) 68.4 <0.0001
High-Quality Studies (NOS >7)" 16 0.76 (0.68-0.84) 65.2 <0.0001
Diabetes-Specific Population® 17 0.79 (0.73-0.86) 70.9 <0.0001
Odds ratio

Main Analysis 16 0.80 (0.74-0.87) 552 <0.0001
Cohort Studies Only? 6 0.78 (0.74-0.82) 0 <0.0001
High-Quality Studies (NOS >7)" 12 0.82 (0.79-0.86) 47.8 <0.0001
Diabetes-Specific Population® 12 0.88 (0.83-0.94) 36.1 <0.0001

“Excluded studies with sulfonylurea monotherapy or no medication as comparators.
"Excluded studies with Newcastle-Ottawa Scale (NOS) score <7.

“Restricted to population with confirmed diabetes diagnosis.

“Excluded non-cohort designs.

(Supplementary Figure S11), lending support to the robustness of
our findings; however, given the limited number of studies, the
possibility of publication bias cannot be entirely excluded. For
studies reporting OR, the funnel plot appeared approximately
symmetric, with Egger’s test showing no evidence of publication
bias (P = 0.312) (Figure 4B).

In sensitivity analyses, the results consistently demonstrated
statistically significant inverse associations between metformin
use and colorectal neoplasia risk (Table 2; Supplementary Figures
S12-517). Notably, all stratified estimates retained strong statistical
significance, with HR ranging from 0.74 (95% CI, 0.65-0.83) to 0.79
(95% CI, 0.73-0.86) and OR spanning 0.78 (95% CI, 0.74-0.82) to
0.88 (95% CI, 0.83-0.94), indicating methodologically stable
sensitivity ~analyses, all HRs

associations. In prespecified

Frontiers in Pharmacology

originated from cohort designs and ORs uniformly employed
other antidiabetic comparators, prespecified sensitivity analyses
for these parameters were methodologically redundant and
therefore excluded.

Dose-response and
duration—response analysis

Five studies reported OR estimates for intensity of metformin
use and eleven for metformin duration. Detailed dose-response
effect data of these studies were listed in Supplementary Table
S6. The dose-response analysis revealed that there was an overall
nonlinear relationship among metformin intake and the risk of CRC
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(P for non-linearity = 0.0006) (Figure 5). Specifically, the OR
exhibited its steepest decline (OR = 0.83, 95% CI, 0.76-0.91)
across the 0-331 mg/day dose range, defining the dose of
maximum benefit. Beyond this threshold, the OR plateaued at its
nadir (0.8, 95% CI, 0.74-0.87) until 670 mg/day, marking a critical
inflection point beyond which the protective effect gradually
diminished with increasing doses. A sensitivity analysis excluding
studies with extreme doses showed that the non-linear association
and the estimated optimal dose remained largely unchanged
(Supplementary Figure S18). In the duration-response analysis, a
linear relationship was observed between metformin treatment
duration and colorectal cancer risk (P for non-linearity = 0.67),
with study inclusion restricted to treatment durations <60 months.
Specifically, each incremental year of metformin use was associated
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with a 3% reduction in CRC risk (OR = 0.97, 95% CI, 0.95-0.99),

reflecting a modest statistically ~significant protective

effect (Figure 6).

yet

Discussion

This study offers a comprehensive, up-to-date meta-analysis of
the existing literature. The results stand for the potential
chemoprevention of metformin and support the launch of
metformin clinical trials for the chemoprevention of
colorectal cancer.

In this systematic review and meta-analysis of moderate to high

quality matched studies, we determined that metformin therapy was
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associated with a significant decrease in colorectal neoplasm risk.
Dose-response and duration-response analyses demonstrated
sustained protective effects of low-dose, long-term metformin
therapy, which is consistent with the prophylactic dosage results
reported by Higurashi et al. in their randomized phase IIT trial
(Higurashi et al, 2016). Specifically, a nonlinear relation was
observed between metformin intake and colorectal cancer risk,
with the optimal protective effect observed at a low-dose
threshold of 331 mg per day. This dose should not be viewed as
a clinical recommendation, as standard regimens begin at >500 mg/
day. While higher doses also showed risk reduction, the difference
from 331 mg/day was not significant and may increase
gastrointestinal side effects. This threshold therefore suggests that
low doses can provide preventive benefits, whereas higher doses
offer limited additional gain. Linear duration-response association
revealed a 3% reduction in CRC risk per additional year of
metformin use. To the best of our awareness, this is the first
dose-response and duration-response meta-analysis that provide
a comprehensive assessment to the relationship between the
metformin therapy and primary prevention of CRC.

Previous evidence supported the antineoplastic properties of
metformin on colorectal neoplasms. Zakikhani et al. first reported
that metformin suppress the proliferation of HT-29 cells in a
(Zakikhani et al., 2008).
Animal studies manifested that metformin decreased rectal

concentration-dependent manner
aberrant crypt foci (ACF), adenomas and polyp generation in
mouse model (Hosono et al., 2010a; Tomimoto et al, 2008).
Further
demonstrated that metformin reduced the formation of CRC

confirmation of a short-term randomized study
precancerous lesions by 40% (Hosono et al, 2010b). Similar to
previous findings, a randomized phase III trial in post-polypectomy
patients revealed that metformin in low dosage was efficacious in the
prevention of colorectal adenomas (Higurashi et al., 2016). These
findings are encouraging as metformin is frequently prescribed, safe,
and affordable.

Metformin appears to exert a protective effect across multiple
malignancies, though the strength of the association varies.
Rangraze et al. reported that metformin use is associated with a
reduced incidence of multiple cancers, including breast, lung, liver,
and colorectal cancers, as well as overall cancer risk, with the most
pronounced effects observed for breast and colorectal cancers
(Rangraze et al.,, 2025). Laffusa et al. found that metformin use is
associated with a markedly lower risk of cholangiocarcinoma,
reducing incidence by about 62%-66% (Laffusa et al., 2023). In
addition, metformin use was significantly associated with longer
progression-free survival in patients with advanced pancreatic
neuroendocrine tumors (Pusceddu et al., 2018). Compared with
other malignancies, the protective effect of metformin on colorectal
neoplasms appears to be comparable or slightly stronger and may
reflect both systemic effects, such as improved insulin sensitivity and
reduced inflammation, and tissue-specific mechanisms in the
colorectal epithelium.

The current study exists some limitations. Firstly, all included
studies were observational, which inherently carry risks of residual
confounding. This may stem from the predominant focus of existing
RCTs on metformin’s role in secondary prevention (particularly in
preventing adenoma recurrence), which could be attributed to the
practical challenges associated with extended follow-up periods in
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primary prevention studies. However, the exclusion of studies
involving patients with prior adenoma resection was intentional,
as such populations are subject to intensified surveillance and
biases related

potential to post-polypectomy

which may confound the association between

inflammatory
responses,
metformin and de novo tumor development. To mitigate
potential biases, we calculated NOS for all studies and the scores
revealed moderate to high quality. Future RCTs should address the
challenges of long-term follow-up and prioritize investigating
metformin’s role in primary prevention. Second, most included
populations were generally defined by the absence of a prior
than
endoscopically confirmation. Thus, while we excluded recurrence

diagnosis of colorectal cancer or adenomas rather
studies in patients with a known history of adenomas, it remains
possible that a proportion of participants had undetected adenomas
at baseline. Nevertheless, our findings primarily reflect the
preventive effect of metformin in populations without a
documented adenoma history, which is highly relevant for
primary prevention in real-world clinical settings. Third, despite
subgroup and sensitivity analyses, substantial heterogeneity (I* >
50%) remained, likely due to residual confounding from factors such
as diabetes duration, glycemic control, adherence to metformin,
lifestyle factors, concomitant medication use, and colorectal cancer
screening behaviors, which were not consistently reported or
harmonized across studies. These unmeasured factors may have
contributed to the observed heterogeneity and could bias the pooled
estimates. Moreover, our analysis was based on aggregate data
extracted from published studies rather than individual
participant data (IPD). The absence of IPD limited our ability to
perform more refined stratified analyses according to important
covariates such as age, sex, diabetes duration, and treatment
adherence. Future studies should adopt more rigorous designs,
including new-user active-comparator cohorts, individual
participant data meta-analyses, and pragmatic randomized trials,
to minimize bias and better clarify the causal role of metformin.
Fourth, although the trim-and-fill analysis did not impute any
missing studies in publication bias, the possibility of publication
bias cannot be definitively excluded. Both funnel plots and Egger’s
test have limited reliability when the number of included studies is
fewer than 10-20, and their results may be unstable or inconclusive.
Funnel plot asymmetry may also arise from other sources such as
heterogeneity or chance rather than true publication bias. Therefore,
while our trim-and-fill results suggest that the pooled HR estimates
are relatively robust, we acknowledge that the assessment of
publication bias remains methodologically limited. Lastly, the
scarcity of standardized dose-response data precludes definitive
conclusions about metformin’s chemopreventive thresholds. This
knowledge gap hinders the establishment of optimal dosing
strategies for cancer prevention. Extensive research is required to

better understand the dose-response relationship.

Conclusion

This meta-analysis provides evidence that metformin may serve
as a potential primary chemopreventive agent for colorectal

neoplasms. Additionally, our findings contribute to the

understanding of the dose-response relationship between
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metformin use and the risk of colorectal cancer. To establish
causality, future research should prioritize randomized controlled
trials targeting primary prevention cohorts, with standardized
treatment duration, and

protocols  for

outcome assessment.

metformin dosage,

Data availability statement

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

Author contributions

MS: Writing - original draft, Methodology, Writing — review
and editing, Data curation, Conceptualization, Investigation. SL:
Writing - original draft, Writing — review and editing, Validation,
Formal Analysis, Data curation. ZX: Writing — review and editing,
Software, Investigation. FZ: Writing - review and editing,
Validation, Investigation, Formal Analysis. L-TS: Validation,
Conceptualization, Writing - review and editing, Methodology,
QY:
editing,

Funding acquisition. Project administration,

Methodology,

Writing review and Resources,

Conceptualization, Funding acquisition.

Funding

The authors declare that financial support was received for the
research and/or publication of this article. This work was supported
by grants from project supported by the Young Scientists Fund of
the National Natural Science Foundation of China (82404258), the
Key Health Talents in Gusu (GSWS2021040), Key Laboratory of
Modern Toxicology, Ministry of Education (0630), Nanjing Medical
University and Wuzhong District Science and Technology Program
Project (WZYW2023019).

References

Bekkering, G. E., Harris, R. J., Thomas, S., Mayer, A. M., Beynon, R, Ness, A. R,, et al.
(2008). How much of the data published in observational studies of the association
between diet and prostate or bladder cancer is usable for meta-analysis? Am.
J. Epidemiol. 167 (9), 1017-1026. doi:10.1093/aje/kwn005

Berlin, J. A., Longnecker, M. P., and Greenland, S. (1993). Meta-analysis of
epidemiologic dose-response data. Epidemiol. Camb. Mass 4 (3), 218-228. doi:10.
1097/00001648-199305000-00005

Bodmer, M., Becker, C., Meier, C., Jick, S. S., and Meier, C. R. (2012). Use of
metformin is not associated with a decreased risk of colorectal cancer: a case-control
analysis. Cancer Epidemiol. Biomarkers and Prev. a Publ. Am. Assoc. Cancer Res.
Cosponsored by Am. Soc. Prev. Oncol. 21 (2), 280-286. doi:10.1158/1055-9965.EPI-11-
0992-T

Bradley, M. C,, Ferrara, A., Achacoso, N., Ehrlich, S. F., Quesenberry, C. P., Jr., and
Habel, L. A. (2018). A cohort study of metformin and colorectal cancer risk among
patients with diabetes mellitus. Cancer Epidemiol. Biomarkers and Prev. a Publ. Am.
Assoc. Cancer Res. Cosponsored by Am. Soc. Prev. Oncol. 27 (5), 525-530. doi:10.1158/
1055-9965.EPI-17-0424

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I, et al.
(2024). Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA a Cancer J. Clin. 74 (3), 229-263. doi:10.
3322/caac.21834

Frontiers in Pharmacology

10

10.3389/fphar.2025.1645387

Acknowledgements

Thanks to all authors who helped write this article.

Conflict of interest

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

Generative Al statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

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

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1645387/
full#supplementary-material

Cardel, M,, Jensen, S. M., Pottegard, A., Jorgensen, T. L., and Hallas, J. (2014). Long-
term use of metformin and colorectal cancer risk in type II diabetics: a population-based
case-control study. Cancer Med. 3 (5), 1458-1466. doi:10.1002/cam4.306

Chalhoub, I. G., Boulos, R. T., Dagher, Y. G., El Helou, S., Haifa, K. G., Atallah, B.,
et al. (2023). Statins, commonly coprescribed drugs, and concomitant risk factors: a
protective, neutral, or harmful association with common cancer types development: a
10-year multicentric retrospective lebanese study. Medicine 102 (39), e34562. doi:10.
1097/MD.0000000000034562

Chang, Y. T,, Tsai, H. L., Kung, Y. T,, Yeh, Y. S., Huang, C. W., Ma, C. ], et al. (2018).
Dose-dependent relationship between metformin and colorectal cancer occurrence
among patients with type 2 Diabetes-A nationwide cohort study. Transl. Oncol. 11 (2),
535-541. doi:10.1016/j.tranon.2018.02.012

Cho, Y. H.,, Ko, B. M,, Kim, S. H,, Myung, Y. S., Choi, J. H., Han, J. P., et al. (2014).
Does metformin affect the incidence of colonic polyps and adenomas in patients with
type 2 diabetes mellitus? Intestinal Res. 12 (2), 139-145. doi:10.5217/ir.2014.12.2.139

Chung, Y. W., Han, D. S, Park, K. H,, Eun, C. S,, Yoo, K. S., and Park, C. K. (2008). Insulin
therapy and colorectal adenoma risk among patients with type 2 diabetes mellitus: a case-
control study in Korea. Dis. Colon Rectum 51 (5), 593-597. doi:10.1007/s10350-007-9184-1

Davies, M. J., D’Alessio, D. A., Fradkin, J., Kernan, W. N., Mathieu, C., Mingrone, G.,
etal. (2018). Management of hyperglycemia in type 2 diabetes, 2018. A consensus report

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2025.1645387/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1645387/full#supplementary-material
https://doi.org/10.1093/aje/kwn005
https://doi.org/10.1097/00001648-199305000-00005
https://doi.org/10.1097/00001648-199305000-00005
https://doi.org/10.1158/1055-9965.EPI-11-0992-T
https://doi.org/10.1158/1055-9965.EPI-11-0992-T
https://doi.org/10.1158/1055-9965.EPI-17-0424
https://doi.org/10.1158/1055-9965.EPI-17-0424
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1002/cam4.306
https://doi.org/10.1097/MD.0000000000034562
https://doi.org/10.1097/MD.0000000000034562
https://doi.org/10.1016/j.tranon.2018.02.012
https://doi.org/10.5217/ir.2014.12.2.139
https://doi.org/10.1007/s10350-007-9184-1
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1645387

Shen et al.

by the american diabetes Association (ADA) and the european association for the study
of diabetes (EASD). Diabetes Care 41 (12), 2669-2701. doi:10.2337/dci18-0033

de Jong, R. G., Burden, A. M., de Kort, S., van Herk-Sukel, M. P., Vissers, P. A.,
Janssen, P. K., et al. (2017). No decreased risk of gastrointestinal cancers in users
of metformin in the Netherlands; A time-varying analysis of metformin exposure.
Cancer Prev. Res. Phila. Pa 10 (5), 290-297. doi:10.1158/1940-6207.CAPR-16-
0277

DerSimonian, R., and Laird, N. (2015). Meta-analysis in clinical trials revisited.
Contemp. Clin. Trials 45 (Pt A), 139-145. doi:10.1016/j.cct.2015.09.002

Fan, A., Wang, B., Wang, X,, Nie, Y., Fan, D., Zhao, X,, et al. (2021). Immunotherapy
in colorectal cancer: current achievements and future perspective. Int. J. Biol. Sci. 17
(14), 3837-3849. doi:10.7150/ijbs.64077

Farmer, R. E., Ford, D., Mathur, R., Chaturvedi, N., Kaplan, R., Smeeth, L., et al.
(2019). Metformin use and risk of cancer in patients with type 2 diabetes: a cohort study
of primary care records using inverse probability weighting of marginal structural
models. Int. J. Epidemiol. 48 (2), 527-537. doi:10.1093/ije/dyz005

Fernandez, C. J., George, A. S., Subrahmanyan, N. A., and Pappachan, J. M. (2021).
Epidemiological link between obesity, type 2 diabetes mellitus and cancer. World
J. Methodol. 11 (3), 23-45. doi:10.5662/wjm.v11.i3.23

Filippini, T., Wise, L. A., and Vinceti, M. (2022). Cadmium exposure and risk of
diabetes and prediabetes: a systematic review and dose-response meta-analysis. Environ.
Int. 158, 106920. doi:10.1016/j.envint.2021.106920

Greenland, S. (1987). Quantitative methods in the review of epidemiologic literature.
Epidemiol. Rev. 9, 1-30. doi:10.1093/oxfordjournals.epirev.a036298

Higgins, J. P., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring
inconsistency in meta-analyses. BMJ Clin. Res. ed 327 (7414), 557-560. doi:10.1136/
bmj.327.7414.557

Higurashi, T., Hosono, K., Takahashi, H., Komiya, Y., Umezawa, S., Sakai, E., et al.
(2016). Metformin for chemoprevention of metachronous colorectal adenoma or
polyps in post-polypectomy patients without diabetes: a multicentre double-blind,
placebo-controlled, randomised phase 3 trial. Lancet Oncol. 17 (4), 475-483. doi:10.
1016/S1470-2045(15)00565-3

Hosono, K., Endo, H., Takahashi, H., Sugiyama, M., Uchiyama, T., Suzuki, K., et al.
(2010a). Metformin suppresses azoxymethane-induced colorectal aberrant crypt foci by
activating AMP-Activated protein kinase. Mol. Carcinog. 49 (7), 662-671. doi:10.1002/
mc.20637

Hosono, K., Endo, H., Takahashi, H., Sugiyama, M., Sakai, E., Uchiyama, T., et al.
(2010b). Metformin suppresses colorectal aberrant crypt foci in a short-term clinical
trial. Cancer Prev. Res. Phila. Pa 3 (9), 1077-1083. doi:10.1158/1940-6207.CAPR-10-
0186

Hua, Y., Zheng, Y., Yao, Y, Jia, R,, Ge, S., and Zhuang, A. (2023). Metformin and
cancer hallmarks: shedding new lights on therapeutic repurposing. J. Transl. Med. 21
(1), 403. doi:10.1186/s12967-023-04263-8

Johnson, J. A., Carstensen, B., Witte, D., Bowker, S. L., Lipscombe, L., Renehan, A. G.,
etal. (2012). Diabetes and cancer (1): evaluating the temporal relationship between type
2 diabetes and cancer incidence. Diabetologia 55 (6), 1607-1618. doi:10.1007/s00125-
012-2525-1

Kanadiya, M. K., Gohel, T. D., Sanaka, M. R., Thota, P. N., and Shubrook, J. H., Jr
(2013). Relationship between type-2 diabetes and use of metformin with risk of
colorectal adenoma in an American population receiving colonoscopy. J. Diabetes
its Complicat. 27 (5), 463-466. d0i:10.1016/j.jdiacomp.2013.04.010

Kim, Y. H., Noh, R, Cho, S. Y., Park, S. J., Jeon, S. M., Shin, H. D., et al. (2015).
Inhibitory effect of metformin therapy on the incidence of colorectal advanced
adenomas in patients with diabetes. Intestinal Res. 13 (2), 145-152. doi:10.5217/ir.
2015.13.2.145

Krigel, A., Nguyen, S. T. T., Talukder, N., Huang, C. H., Buitrago, C., Karkenny, G.,
et al. (2022). Metformin use is inversely associated with prevalent, but not incident
colorectal adenomas. Dig. Dis. Sci. 67 (10), 4886-4894. do0i:10.1007/s10620-021-
07336-0

Laffusa, A., Ciaccio, A., Elvevi, A., Gallo, C., Ratti, L., Invernizzi, P., et al. (2023).
Impact of metformin on the incidence of human cholangiocarcinoma in diabetic
patients: a systematic review and meta-analysis. Eur. J. Gastroenterol. Hepatol. 35
(3), 241-247. doi:10.1097/MEG.0000000000002503

Lawler, T., Walts, Z. L., Steinwandel, M., Lipworth, L., Murff, H. J., Zheng, W., et al.
(2023). Type 2 diabetes and colorectal cancer risk. JAMA Netw. Open 6 (11), e2343333.
doi:10.1001/jamanetworkopen.2023.43333

Lee, M. S., Hsu, C. C., Wahlgvist, M. L., Tsai, H. N., Chang, Y. H., and Huang, Y. C.
(2011). Type 2 diabetes increases and metformin reduces total, colorectal, liver and
pancreatic cancer incidences in Taiwanese: a representative population prospective
cohort study of 800,000 individuals. BMC Cancer 11, 20. doi:10.1186/1471-2407-11-20

Lee, J. W., Choi, E. A, Kim, Y. S., Kim, Y., You, H. S., Han, Y. E,, et al. (2021).
Metformin usage and the risk of colorectal cancer: a national cohort study. Int.
J. Colorectal Dis. 36 (2), 303-310. doi:10.1007/500384-020-03765-x

Levin, B. (2003). Potential pitfalls in the use of surrogate endpoints in colorectal
adenoma chemoprevention. JNCI J. Natl. Cancer Inst. 95 (10), 697-699. doi:10.1093/
jnci/95.10.697

Frontiers in Pharmacology

11

10.3389/fphar.2025.1645387

Libby, G., Donnelly, L. A., Donnan, P. T., Alessi, D. R., Morris, A. D., and Evans, J. M.
(2009). New users of metformin are at low risk of incident cancer: a cohort study among
people with type 2 diabetes. Diabetes Care 32 (9), 1620-1625. doi:10.2337/dc08-2175

Lin, C. M., Huang, H. L,, Chu, F. Y., Fan, H. C,, Chen, H. A,, Chu, D. M,, et al. (2015).
Association between gastroenterological malignancy and diabetes mellitus and anti-
diabetic therapy: a nationwide, population-based cohort study. PloS One 10 (5),
€0125421. doi:10.1371/journal.pone.0125421

Lopez, D. S., Malagaris, 1., Polychronopoulou, E., Tsilidis, K. K., Milani, S. A., Kristen,
P. M, et al. (2022). Metformin and testosterone replacement therapy inversely
associated with hormone-associated cancers (prostate, colorectal and male breast
cancers) among older white and black men. Clin. Endocrinol. 97 (6), 792-803.
doi:10.1111/cen.14803

Matthew, J. P., Joanne, E. M., Patrick, M. B., Isabelle, B., Tammy, C. H., Cynthia, D.
M., et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ Clin. Res. ed 372, n71. doi:10.1136/bmj.n71

Murff, H. J., Roumie, C. L., Greevy, R. A, Hackstadt, A. J., McGowan, L. E. D., Hung,
A. M, et al. (2018). Metformin use and incidence cancer risk: evidence for a selective
protective effect against liver cancer. Cancer Causes and Control CCC 29 (9), 823-832.
doi:10.1007/s10552-018-1058-4

Oh, E. H,, Kim, Y. J., Kim, M., Park, S. H., Kim, T. O., and Park, S. H. (2023). Risk of
malignancies and chemopreventive effect of statin, metformin, and aspirin in Korean
patients with ulcerative colitis: a nationwide population-based study. Intestinal
Research.

Oliveria, S. A., Koro, C. E., Ulcickas Yood, M., and Sowell, M. (2008). Cancer
incidence among patients treated with antidiabetic pharmacotherapy. Diabetes and
Metabolic Syndrome Clin. Res. and Rev. 2 (1), 47-57. doi:10.1016/j.dsx.2007.11.002

Onitilo, A. A., Stankowski, R. V., Berg, R. L., Engel, J. M., Glurich, I, Williams, G. M.,
et al. (2014). Type 2 diabetes mellitus, glycemic control, and cancer risk. Eur. J. Cancer
Prev. Official ]. Eur. Cancer Prev. Organ. (ECP) 23 (2), 134-140. doi:10.1097/CEJ.
0b013e3283656394

Orsini, N., and Greenland, S. (2011). A procedure to tabulate and plot results after
flexible modeling of a quantitative covariate. STATA J. 11 (1), 1-29. doi:10.1177/
1536867x1101100101

Orsini, N, Bellocco, R., and Greenland, S. (2006). Generalized least squares for trend
estimation of summarized dose-response data. Stata J. 6 (1), 40-57. doi:10.1177/
1536867x0600600103

Park, J.]., Kim, B. C., Hong, S. P., Seo, Y., Lee, H. S, Park, Y. S,, et al. (2021). The effect
of metformin in treatment of adenomas in patients with familial adenomatous
polyposis. Cancer Prev. Res. Phila. Pa 14 (5), 563-572. doi:10.1158/1940-6207.
CAPR-20-0580

Peeters, P. ]., Bazelier, M. T., Leufkens, H. G., de Vries, F., and De Bruin, M. L. (2015).
The risk of colorectal cancer in patients with type 2 diabetes: associations with treatment
stage and obesity. Diabetes Care 38 (3), 495-502. doi:10.2337/dc14-1175

Pusceddu, S., Vernieri, C., Di Maio, M., Marconcini, R., Spada, F., Massironi, S., et al.
(2018). Metformin use is associated with longer progression-free survival of patients
with diabetes and pancreatic neuroendocrine tumors receiving everolimus and/or
somatostatin analogues. Gastroenterology 155 (2), 479-489. do0i:10.1053/j.gastro.
2018.04.010

Rangraze, I, Wali, A. F., El-Tanani, M., Patni, M. A., Rabbani, S. A., Babiker, R,, et al.
(2025). Metformin: a dual-role player in cancer treatment and prevention: a
comprehensive systematic review and meta-analysis. Med. Kaunas. 61 (6), 1021.
doi:10.3390/medicina61061021

Rennert, G., Rennert, H. S., Gronich, N., Pinchev, M., and Gruber, S. B. (2020). Use of
metformin and risk of breast and colorectal cancer. Diabetes Res. Clin. Pract. 165,
108232. doi:10.1016/j.diabres.2020.108232

Rosato, V., Tavani, A., Gracia-Lavedan, E., Guin6, E. Castano-Vinyals, G.,
Villanueva, C. M., et al. (2016). Type 2 diabetes, antidiabetic medications, and
colorectal cancer risk: two case-control studies from Italy and Spain. Front. Oncol.
6, 210. doi:10.3389/fonc.2016.00210

Ruiter, R., Visser, L. E., van Herk-Sukel, M. P., Coebergh, J. W., Haak, H. R,
Geelhoed-Duijvestijn, P. H., et al. (2012). Lower risk of cancer in patients on
metformin in comparison with those on sulfonylurea derivatives: results from a
large population-based follow-up study. Diabetes Care 35 (1), 119-124. doi:10.2337/
dc11-0857

Sehdev, A., Shih, Y. C,, Vekhter, B., Bissonnette, M. B., Olopade, O. I, and Polite, B. N.
(2015). Metformin for primary colorectal cancer prevention in patients with diabetes: a
case-control study in a US population. Cancer 121 (7), 1071-1078. doi:10.1002/cncr.29165

Seo, S. I, Kim, T. J., Park, C. H,, Bang, C. S., Lee, K. J., Kim, J., et al. (2022). Incidence
and survival outcomes of colorectal cancer in long-term metformin users with diabetes:
a population-based cohort study using a common data model. J. Personalized Med. 12
(4), 584. doi:10.3390/jpm12040584

Shin, C. M., Kim, N., Han, K,, Kim, B, Jung, J. H., Oh, T. ], et al. (2020). Anti-diabetic
medications and the risk for colorectal cancer: a population-based nested case-control
study. Cancer Epidemiol. 64, 101658. doi:10.1016/j.canep.2019.101658

Siegel, R. L., Wagle, N. S., Cercek, A., Smith, R. A, and Jemal, A. (2023). Colorectal
cancer statistics, 2023. CA a Cancer J. Clin. 73 (3), 233-254. doi:10.3322/caac.21772

frontiersin.org


https://doi.org/10.2337/dci18-0033
https://doi.org/10.1158/1940-6207.CAPR-16-0277
https://doi.org/10.1158/1940-6207.CAPR-16-0277
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.7150/ijbs.64077
https://doi.org/10.1093/ije/dyz005
https://doi.org/10.5662/wjm.v11.i3.23
https://doi.org/10.1016/j.envint.2021.106920
https://doi.org/10.1093/oxfordjournals.epirev.a036298
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/S1470-2045(15)00565-3
https://doi.org/10.1016/S1470-2045(15)00565-3
https://doi.org/10.1002/mc.20637
https://doi.org/10.1002/mc.20637
https://doi.org/10.1158/1940-6207.CAPR-10-0186
https://doi.org/10.1158/1940-6207.CAPR-10-0186
https://doi.org/10.1186/s12967-023-04263-8
https://doi.org/10.1007/s00125-012-2525-1
https://doi.org/10.1007/s00125-012-2525-1
https://doi.org/10.1016/j.jdiacomp.2013.04.010
https://doi.org/10.5217/ir.2015.13.2.145
https://doi.org/10.5217/ir.2015.13.2.145
https://doi.org/10.1007/s10620-021-07336-0
https://doi.org/10.1007/s10620-021-07336-0
https://doi.org/10.1097/MEG.0000000000002503
https://doi.org/10.1001/jamanetworkopen.2023.43333
https://doi.org/10.1186/1471-2407-11-20
https://doi.org/10.1007/s00384-020-03765-x
https://doi.org/10.1093/jnci/95.10.697
https://doi.org/10.1093/jnci/95.10.697
https://doi.org/10.2337/dc08-2175
https://doi.org/10.1371/journal.pone.0125421
https://doi.org/10.1111/cen.14803
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s10552-018-1058-4
https://doi.org/10.1016/j.dsx.2007.11.002
https://doi.org/10.1097/CEJ.0b013e3283656394
https://doi.org/10.1097/CEJ.0b013e3283656394
https://doi.org/10.1177/1536867x1101100101
https://doi.org/10.1177/1536867x1101100101
https://doi.org/10.1177/1536867x0600600103
https://doi.org/10.1177/1536867x0600600103
https://doi.org/10.1158/1940-6207.CAPR-20-0580
https://doi.org/10.1158/1940-6207.CAPR-20-0580
https://doi.org/10.2337/dc14-1175
https://doi.org/10.1053/j.gastro.2018.04.010
https://doi.org/10.1053/j.gastro.2018.04.010
https://doi.org/10.3390/medicina61061021
https://doi.org/10.1016/j.diabres.2020.108232
https://doi.org/10.3389/fonc.2016.00210
https://doi.org/10.2337/dc11-0857
https://doi.org/10.2337/dc11-0857
https://doi.org/10.1002/cncr.29165
https://doi.org/10.3390/jpm12040584
https://doi.org/10.1016/j.canep.2019.101658
https://doi.org/10.3322/caac.21772
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1645387

Shen et al.

Smiechowski, B., Azoulay, L., Yin, H., Pollak, M. N., and Suissa, S. (2013). The use of
metformin and colorectal cancer incidence in patients with type II diabetes mellitus.
Cancer Epidemiol. Biomarkers and Prev. a Publ. Am. Assoc. Cancer Res. Cosponsored by
Am. Soc. Prev. Oncol. 22 (10), 1877-1883. doi:10.1158/1055-9965.EPI-13-0196

Spiering, M. J. (2019). The mystery of metformin. J. Biol. Chem. 294 (17), 6689-6691.
doi:10.1074/jbc.CL119.008628

Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, L., Williamson, G. D., Rennie, D.,
et al. (2000). Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis of observational studies in epidemiology (MOOSE) group.
JAMA-JOURNAL Am. Med. Assoc. 283 (15), 2008-2012. doi:10.1001/jama.283.15.
2008

Suissa, S., and Azoulay, L. (2012). Metformin and the risk of cancer: time-related biases
in observational studies. Diabetes Care 35 (12), 2665-2673. doi:10.2337/dc12-0788

Tomimoto, A., Endo, H., Sugiyama, M., Fujisawa, T., Hosono, K., Takahashi, H., et al.
(2008). Metformin suppresses intestinal polyp growth in ApcMin/+ mice. Cancer Sci. 99
(11), 2136-2141. doi:10.1111/j.1349-7006.2008.00933 .x

Tseng, C. H. (2012). Diabetes, metformin use, and colon cancer: a population-based
cohort study in Taiwan. Eur. J. Endocrinol. 167 (3), 409-416. doi:10.1530/EJE-12-0369

Tseng, C. H. (2017). Metformin is associated with a lower risk of colorectal cancer in
Taiwanese patients with type 2 diabetes: a retrospective cohort analysis. Diabetes and
Metabolism 43 (5), 438-445. doi:10.1016/j.diabet.2017.03.004

Tsilidis, K. K., Capothanassi, D., Allen, N. E,, Rizos, E. C., Lopez, D. S., van Veldhoven,
K., etal. (2014). Metformin does not affect cancer risk: a cohort study in the U.K. clinical
practice research datalink analyzed like an intention-to-treat trial. Diabetes Care 37 (9),
2522-2532. doi:10.2337/dc14-0584

Vogelstein, B., Fearon, E. R,, Hamilton, S. R, Kern, S. E., Preisinger, A. C., Leppert, M.,
et al. (1988). Genetic alterations during colorectal-tumor development. N. Engl. J. Med.
319 (9), 525-532. doi:10.1056/NEJM198809013190901

Frontiers in Pharmacology

12

10.3389/fphar.2025.1645387

Wang, S. Y., Chuang, C. S., Muo, C. H,, Tu, S. T., Lin, M. C,, Sung, F. C, et al. (2013).
Metformin and the incidence of cancer in patients with diabetes: a nested case-control
study. Diabetes Care 36 (9), e155-e156. doi:10.2337/dc13-0708

World Health, O. (2019). World health Organization model list of essential medicines:
21Ist list 2019. Geneva: World Health Organization.

Yang, Y. X, Hennessy, S., and Lewis, J. D. (2004). Insulin therapy and colorectal
cancer risk among type 2 diabetes mellitus patients. Gastroenterology 127 (4),
1044-1050. doi:10.1053/j.gastro.2004.07.011

You, J. H,, Song, S. O., Kang, M. ], Cho, Y. Y., Kim, S. W,, Suh, S. H,, et al. (2020).
Metformin and gastrointestinal cancer development in newly diagnosed type 2 diabetes:
a population-based study in Korea. Clin. Transl. Gastroenterology 11 (11), e00254.
doi:10.14309/ctg.0000000000000254

Zakikhani, M., Dowling, R. J., Sonenberg, N., and Pollak, M. N. (2008). The effects of
adiponectin and metformin on prostate and colon neoplasia involve activation of AMP-
activated protein kinase. Cancer Prev. Res. Phila. Pa 1 (5), 369-375. doi:10.1158/1940-
6207.CAPR-08-0081

Zell, J. A., McLaren, C. E., Morgan, T. R., Lawson, M. J., Rezk, S., Albers, C. G,
et al. (2020). A phase IIa trial of metformin for colorectal cancer risk reduction
among individuals with history of colorectal adenomas and elevated body mass
index. Cancer Prev. Res. Phila. Pa 13 (2), 203-212. d0i:10.1158/1940-6207.CAPR-
18-0262

Zhang, H. S,, Yang, Y., Lee, S., Park, S, Nam, C. M., and Jee, S. H. (2022). Metformin
use is not associated with colorectal cancer incidence in type-2 diabetes patients:
evidence from methods that avoid immortal time bias. Int. J. Colorectal Dis. 37 (8),
1827-1834. doi:10.1007/s00384-022-04212-9

Zhou, G., Myers, R,, Li, Y., Chen, Y., Shen, X., Fenyk-Melody, J., et al. (2001). Role of
AMP-activated protein kinase in mechanism of metformin action. J. Clin. Investigation
108 (8), 1167-1174. doi:10.1172/JCI13505

frontiersin.org


https://doi.org/10.1158/1055-9965.EPI-13-0196
https://doi.org/10.1074/jbc.CL119.008628
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.2337/dc12-0788
https://doi.org/10.1111/j.1349-7006.2008.00933.x
https://doi.org/10.1530/EJE-12-0369
https://doi.org/10.1016/j.diabet.2017.03.004
https://doi.org/10.2337/dc14-0584
https://doi.org/10.1056/NEJM198809013190901
https://doi.org/10.2337/dc13-0708
https://doi.org/10.1053/j.gastro.2004.07.011
https://doi.org/10.14309/ctg.0000000000000254
https://doi.org/10.1158/1940-6207.CAPR-08-0081
https://doi.org/10.1158/1940-6207.CAPR-08-0081
https://doi.org/10.1158/1940-6207.CAPR-18-0262
https://doi.org/10.1158/1940-6207.CAPR-18-0262
https://doi.org/10.1007/s00384-022-04212-9
https://doi.org/10.1172/JCI13505
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1645387

	Metformin for primary prevention of colorectal neoplasms in adenoma-free populations: a systematic review and dose-response ...
	Introduction
	Methods
	Data sources and searches
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical methods

	Results
	Search results and characteristics
	Quality assessment
	Overall meta-analysis
	Subgroup analysis
	Publication bias and sensitivity analyses
	Dose-response and duration–response analysis

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Author contributionsMS: Writing – original draft, Methodology, Writing – review and editing, Data curation, Conceptualizati ...
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


