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Metformin may lower the risk of colorectal adenoma  
in diabetic patients: a meta-analysis
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Abstract: Previous studies have reported discordant results regarding the relationship between metformin use and 
the development of colorectal adenoma. Therefore, a meta-analysis of retrospective studies was performed to ex-
amine whether metformin use lowers the risk of colorectal adenoma in diabetic patients. Literature searches of the 
Pubmed, Embase, and Cochrane Library databases were made for all entries up to 16 June 2015. Observational 
studies and clinical trials were included if they met the following inclusion criteria: all of the enrolled patients had 
undergone a colonoscopy; exposure to metformin was evaluated; odds ratio (OR), relative risk (RR), and/or data for 
estimations were provided. A total of 1068 citations were screened and three retrospective cohort studies and two 
case-control studies met the eligibility criteria. Heterogeneity across the studies was not significant (inconsistency 
index (I2) = 39%, P = 0.16), thereby allowing the results from these five studies to be analyzed using a fixed effects 
model. Consequently, 1172 cases of colorectal adenoma in 4538 patients were examined. Metformin use was as-
sociated with a lower risk of colorectal adenoma (pooled OR = 0.77, 95% confidence interval (CI): 0.63 to 0.95), 
especially compared with the non-metformin group that only included diabetic patients (pooled OR = 0.70, 95% 
CI: 0.56 to 0.87). These findings suggest that metformin may lower the risk of colorectal adenoma in patients with 
diabetes mellitus.
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Introduction

Currently, colorectal cancer (CRC) is the third 
most common cause of cancer-related deaths 
worldwide [1]. Colorectal adenomas (CRAs) are 
premalignant lesions of CRC, and it is generally 
accepted that the development of adenomas 
leads to CRC within 10-15 years based on the 
theory that adenomas precede the formation of 
carcinomas [2, 3]. CRAs have a higher detec-
tion rate than CRC, and the detection and 
removal of adenomas has been shown to 
decrease the incidence of CRC, and to prevent 
death due to CRC [4]. Unfortunately, access, 
expense, and patient discomfort limit the utili-
zation of screening colonoscopies. 

In a recent meta-analysis that included 29 arti-
cles, the relative risk of diabetes mellitus (DM) 
patients developing CRA was 1.26 (95% confi-
dence interval (CI): 1.11-1.44), thus identifying 
DM as a high-risk factor for CRA [5]. To date, 

sulfonylureas, insulin, and metformin are first-
line drugs for the treatment of type 2 DM and it 
is hypothesized that these antidiabetic drugs 
may also modify the risk of CRA. For example, in 
a meta-analysis that included 840,787 diabetic 
patients, the use of sulfonylureas and insulin 
were associated with an increased risk for CRA 
[6]. In contrast, metformin has been reported to 
reduce the risk of developing CRA in mice [7], 
and in humans, metformin use has been found 
to inhibit colorectal carcinogenesis by sup-
pressing the proliferation of colonic epithelial 
cells and the formation of rectal aberrant crypt 
foci [8]. 

Metformin is an oral antidiabetic drug that is 
widely used for the treatment of type 2 DM and 
it activates liver kinase B1-dependent AMP-
activated protein kinase (AMPK) in the liver. 
Activated AMPK can subsequently inhibit the 
mammalian target of the rapamycin (mTOR) 
pathway to affect cell proliferation and tumor 

http://www.ijcem.com


Metformin and colorectal adenoma risk

19683 Int J Clin Exp Med 2016;9(10):19682-19690

growth [9]. The relationship between metfor-
min and CRA has been investigated in multiples 
studies. However, while some studies have 
reported that patients exposed to metformin 
exhibited a lower risk of CRA [10, 11], other 
studies showed no significant association [12-
14]. In a previous meta-analysis that included 
five observational studies, metformin appeared 
to significantly reduce the risk of colorectal 
neoplasms in diabetic patients [15]. However, 
four of the studies investigated CRC, and only 
one study investigated CRA. Furthermore, only 
200 subjects were examined. Hence, in the 
present study, a meta-analysis was performed 
with retrospective studies in order to identify a 
possible association between metformin and 
the risk of CRA.

Materials and methods

Literature search

The preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) state-
ment was used as a guideline for this meta-
analysis [16]. All of the entries available in the 
Pubmed, Embase, and Cochrane Library data-
bases up until 16 June 2015 were searched 
using the following terms: “colorectal”, “colon-
ic”, “colon”, “adenoma”, “neoplasia”, “neo-
plasm”, “cancer”, “polyp”, “metformin”, “bigua-
nide”, “hypoglycemic agents”, “dimethylbiguani-
dine”, and “dimethylguanylguanidine”. The ref-
erence lists of the full text and relevant review 
articles that were examined were also manually 
searched.

Selection and exclusion criteria

ZHJ and CY independently assessed all of the 
titles and abstracts of the eligible papers, and 
then reviewed the full text of the remaining arti-
cles. When at least one of the reviewers consid-
ered a full text to be acceptable, it was selected 
for further consideration. Any disagreements 
were resolved by discussion with HXX. 

Both observational studies and clinical trials 
were included if they met the following inclu-
sion criteria: (1) all of the included patients had 
undergone a complete colonoscopy; (2) expo-
sure to metformin was evaluated; (3) reported 
relative risk (RR), odds ratio (OR), and/or esti-
mation data were provided. Inclusion was not 
restricted by language, study size, or design. 
Conversely, editorials, case reports, reviews, 

letters, and animal experimental studies, as 
well as studies which did not meet the inclusion 
criteria, were excluded. When the same popula-
tion was reported more than once, only data 
from the most comprehensive study were 
included. Reported adenomas were classified 
as tubular, villous, or mixed tubular-villous [17]. 
Advanced adenomas were defined as an ade-
noma larger than 10 mm, an adenoma of any 
size with a villous or tubulovillous component, 
or a high-grade dysplasia.

Data extraction and quality assessment

Several variables were recorded from each 
included study: first author, year of publication, 
country, study design, sample size, mean age, 
gender, body mass index (BMI), duration of DM, 
family history of CRC, smoking status, alcohol 
use, insulin use, reporting of relevant out-
comes, outcome measures, controlled con-
founders, and unadjusted and/or adjusted 
effects estimates. If data were not presented, 
the authors were contacted by email. 

The methodological quality of each of the 
selected retrospective studies was assessed 
with a modified Newcastle-Ottawa scale (NOS) 
[18]. The NOS consists of three factors: patient 
selection, assessment of outcomes, and com-
parability of study groups. The patient selection 
section addresses: “representativeness of the 
exposed group”, “representativeness of the 
non-exposed group”, and the “definition of the 
non-exposed group”. The second section in- 
cludes an “assessment of outcome” and “suf-
ficient follow-up to evaluate outcome”. Finally, 
comparability of the study groups was assessed 
based on patient age, patient gender, BMI, DM 
status, family history of CRC, smoking status, 
alcohol use, and insulin use. One point was 
recorded for each category that matched 
between the two study groups evaluated. The 
patient characteristics that did not significantly 
differ between the two groups, or that were 
able to be adjusted by multivariate regression 
analysis, were also considered to represent a 
match. Each study received a score that ranged 
from 0-9. Retrospective studies that received 
scores of 6 or greater were considered high-
quality studies.

Statistical analysis

Analyses were performed with STATA version 
12 (StataCorp LP, TX, USA) and Review Manager 
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Version 5.3 (The Cochrane Collaboration, The 
Nordic Cochrane Centre, Copenhagen, Den- 
mark). Outcomes were assessed as ORs with 
95% confidence intervals (CIs). Subgroup analy-
ses and comparisons stratified according to 
study design, study location, patient character-
istics, and presence of advanced adenoma 
were also performed. Sensitivity analyses were 
conducted for the high-quality studies. The Chi-
square test and inconsistency index (I2) statis-
tics were used to measure statistical heteroge-
neity. A P-value < 0.1 or I2 > 50% indicated  
obvious heterogeneity. If heterogeneity was 
observed, then a random effects model was 
selected; otherwise, a fixed effects model was 
used. A funnel plot, Begg’s test, and Egger’s 
test were used to assess potential publication 
bias.

Results

Search results and study characteristics

A literature search was performed (see Me- 
thods) and 1068 relevant citations were identi-
fied. After a review of the titles and abstracts 
for these citations, 36 articles were selected. 
After reviewing the full text for each article, 30 
articles were excluded. The full text of eight 
additional articles that were identified from the 
reference lists of the 36 articles were also 
assessed, although none of them met the inclu-
sion criteria. Of the remaining six articles, one 
article required clarification regarding the defi-
nition of a cancerous polyp as an adenoma. 
When the author was contacted to request the 
raw data by email, no response was received. 

patients who had previously been diagnosed 
with CRC. Table 1 summarizes the study char-
acteristics that were recorded.

Study quality

Table 2 outlines the quality assessment that 
was performed for the studies included in our 
meta-analysis. In four of the studies selected, 
only diabetic patients were included in the met-
formin group and in the non-metformin group, 
while in the fifth study [13], patients without 
DM were accepted in the non-metformin group. 
We subsequently investigated whether the con-
ditions of the latter led to selection bias (see 
below). In another study [12], the definition of 
the non-metformin group was not clarified to 
indicate whether the patients had not received 
metformin or had used metformin for less than 
one year. Outcomes were measured based on 
colonoscopy and histologic findings. Patients in 
the metformin group were administered met-
formin for more than one month prior to their 
colonoscopy, and this was considered a suffi-
cient time period to evaluate follow-up outcome 
[8]. However, in two studies [10, 13] the dura-
tion of metformin use prior to the colonosco-
pies performed was not indicated. Finally, four 
of the five selected studies received a score of 
6 or higher on a modified NOS, and thus, were 
considered to be of high quality.

Outcome results

A total of 1172 cases of colorectal adenoma 
were examined, and this included 4538 
patients. An analysis with a fixed effects model 

Figure 1. Selection process for the studies examined.

Therefore, the present meta-
analysis included five studies 
composed of three retrospec-
tive cohort studies and two 
case-control studies [10-14]. 
Figure 1 shows the selection 
process for the literature sea- 
rch that was performed.

Of the five selected studies, 
four were conducted in Asia 
[10-12, 14] and one was con-
ducted in the United States 
[13]. In one study [10], diabet-
ic patients who underwent 
colonoscopic surveillance af- 
ter curative resection of CRC 
were included, while the other 
four studies did not include 
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Table 1. Characteristics of the studies examined
First author, 
(year) Country Study design Sample 

size Metformin group Non-Metformin 
group Controlled confounders Unadjusted and/or ad-

justed effects estimate
Chung, 2008 Korea Case-control 200 Diabetic patients without CRC Diabetic patients 

without CRC
Age, gender, BMI, duration of diabetes, serum 
levels of hemoglobin A1c and lipids, insulin therapy, 
metformin 

0.63 (0.36-1.11); adjusted 
0.7 (0.3-1.4)

Lee, 2012 Korea Retro-spective cohort 238 Diabetic patients with previous CRC Diabetic patients with 
previous CRC

Age at diagnosis, gender, stage of cancer, BMI, 
family history of CRC, follow-up duration, number of 
total colonoscopies, interval to first follow-up colo-
noscopy, number of baseline colorectal adenomas, 
treatment modality, use of aspirin, use of insulin, 
use of thiazolidinediones

0.49 (0.29-0.85)

Eddi, 2012 USA Case-control 783 Diabetic patients without CRC Diabetic and non-
diabetic patients 
without CRC

Age, gender, levels of TGs, LDLs, and HDLs, smoking 
status, family history of CRC, use of aspirin, NSAIDs, 
and statins

1.21 (0.76-1.93)

Cho, 2014 Korea Retro-spective cohort 3077 Diabetic patients without CRC Diabetic patients 
without CRC

Age, gender, BMI, TGs, glycated hemoglobin, aspirin 
use, statin use, smoking status, DM duration

0.70 (0.57-0.86); adjusted 
0.738 (0.554-0.983)

Kim, 2015 Korea Retro-spective cohort 240 Diabetic patients without CRC Diabetic patients 
without CRC

Age, gender, BMI, aspirin use, smoking status, 
alcohol use

0.77 (0.450-1.301); adjusted 
0.866 (0.453-1.623)

Abbreviations: CRC, colorectal cancer; BMI, body mass index; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; NSAID, nonsteroidal anti-inflammatory drug.

Table 2. Evaluation of the selected studies using an adjusted Newcastle-Ottawa Scale

First author, Year Represent-ativeness  
of exposed group

Represent-ativeness  
of non-exposed group

Non-exposed 
group defined

Assessment 
of outcome

Sufficient follow-up  
to evaluate outcome Matching# Score

Chung, 2008 ★ ★ ★ ★ 1, 2, 3, 4, 7 6
Lee, 2012 ★ ★ ★ 1, 2, 3, 4, 5, 6, 7, 8 7
Eddi, 2012 ★ ★ ★ ★ 1, 2, 5 5
Cho, 2014 ★ ★ ★ ★ ★ 1, 2, 3, 4, 5, 6, 7, 8 9
Kim, 2015 ★ ★ ★ ★ ★ 1, 2, 3, 4, 5, 6, 7, 8 9
★: The column criteria was fulfilled. #1 = age; 2 = gender; 3 = body mass index; 4 = duration of diabetes; 5 = family history of colorectal cancer; 6 = smoking status; 7 = alcohol 
use; 8 = insulin use.
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was used since obvious heterogeneity was not 
observed among the selected studies 
(Pheterogeneity = 0.16, I2 = 39%). Overall, metformin 
use was associated with a decreased risk of 
CRA (pooled OR = 0.77, 95% CI: 0.63-0.95) 
according to the fixed effects model (Figure 2), 
yet not according to the random effects model 
(pooled OR = 0.78, 95% CI: 0.58-1.03). 

Table 3 lists the results from the subgroups 
analyses and comparisons that were per-
formed. When a subgroups analysis of study 
design was performed, the retrospective cohort 
studies [10, 11, 14] showed a positive influ-
ence of metformin use against CRA (pooled OR 
= 0.70, 95% CI: 0.55-0.88, n = 3) in contrast 
with the case-control studies [12, 13] (pooled 
OR = 1.04, 95% CI: 0.70-1.56, n = 2). When a 
subgroup analysis of study location was per-
formed, the results showed that the relation-
ship between metformin therapy and CRA was 

tients were included (OR = 1.21, 95% CI: 0.76-
1.93). In four studies [10-12, 14], the relation-
ship between metformin use and diabetic 
patients with or without previous CRC was 
examined. Metformin was associated with a 
lower risk of CRA not only in the patients who 
had been diagnosed without CRC (pooled OR = 
0.70, 95% CI: 0.59-0.96, n = 3), but also in 
those who had undergone curative resection of 
CRC (OR = 0.49, 95% CI: 0.29-0.84). Finally, 
there were only two studies [10, 14] that were 
pooled to analyze whether metformin use was 
linked to a low risk of CRA, and no significant 
association between metformin use and the 
risk of advanced adenoma was observed 
(pooled OR = 0.33, 95% CI: 0.04-2.63).

Sources of heterogeneity

To examine possible sources of heterogeneity, 
the five selected studies were divided into a 

Figure 2. Forest plot of the relationship between metformin use and risk of CRA (SE: standard error; CI: confidence 
interval).

Table 3. Subgroup analyses and comparisons

Subgroup/Comparisons No. of 
studies

Pooled OR  
(95% CI)

Heterogeneity 
(P; I²)

All studies 5 0.77 (0.63-0.95) 0.16; 39%
Study design
    Retrospective cohort 3 0.70 (0.55-0.88) 0.33; 11%
    Case-control 2 1.04 (0.70-1.56) 0.23; 30%
Study location
    Asia 4 0.70 (0.56-0.87) 0.52; 0%
    North America 1 1.21 (0.76-1.93) -
Patients in non-metformin group
    Diabetic 4 0.70 (0.56-0.87) 0.52; 0%
    Diabetic and non-diabetic 1 1.21 (0.76-1.93) -
Diabetic patients CRC status
    With previous CRC 1 0.49 (0.29-0.84) -
    Without previous CRC 3 0.75 (0.59-0.96) 0.89; 0%
Advanced adenoma 2 0.33 (0.04-2.63) 0.07; 70%
Abbreviations: OR, odds ratio; CI, confidence interval; I2, inconsistency index.

significant in the Asian popula-
tions examined (pooled OR = 
0.70, 95% CI: 0.56-0.87, n = 
4), and was not significant in 
the United States study (OR = 
1.21, 95% CI: 0.76-1.93). 
When a subgroups analysis 
was performed of the patients 
with or without DM that were 
in the non-metformin group, 
metformin use was found to 
have a stronger relationship 
with a lower risk of CRA in the 
studies that only included dia-
betic patients in the non-met-
formin group (pooled OR = 
0.70, 95% CI: 0.56-0.87, n = 
4), compared with the non-
metformin group of the study 
by Eddi et al. [13] where both 
diabetic and non-diabetic pa- 
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“non-metformin group including only diabetic 
patients” and a “non-metformin group includ-
ing both diabetic and non-diabetic patients”. 
The heterogeneity values significantly decre- 
ased among the four studies that had a non-
metformin group that only included diabetic 
patients (Pheterogeneity = 0.52, I2 = 0%). Thus, the 
sources of heterogeneity observed may derive 
from the study [13] which had obvious selec-
tion bias involving the non-metformin group.

Sensitivity analysis

Four retrospective studies [10-12, 14] achieved 
scores of 6 or higher on a modified NOS and 
were included in a sensitivity analysis. However, 
no change in the significance of the results was 
observed (pooled OR = 0.70, 95% CI: 0.56-
0.87, Pheterogeneity = 0.52, I2 = 0%), thereby con-
firming a positive association between metfor-
min use and CRA risk.

Publication bias

No significant asymmetry was observed in the 
funnel plot generated. In addition, both Begg’s 
test (P = 1.0, continuity corrected) and Egger’s 
test (P = 0.983) showed no evidence of obvious 
publication bias.

Discussion

In a recent meta-analysis, a few antidiabetic 
medications were evaluated for their effects on 
CRC risk [6]. In particular, thiazolidinedione and 
metformin showed preventive effects [19]. In 
the present meta-analysis, five retrospective 
studies provided direct support for the hypoth-
esis that metformin mediates a protective 
effect against CRA in diabetic patients, with a 
30% reduction in risk observed. To the best of 
our knowledge, this is the first meta-analysis to 
investigate this relationship, and it provides 
preliminary support for further investigations of 
the potential for metformin to serve as a che-
mopreventive drug against CRA.

Previously, metformin use has been significant-
ly associated with a lower risk of CRA when the 
non-metformin groups examined have only 
included diabetic patients, compared with 
studies where the non-metformin group includ-
ed both diabetic and non-diabetic patients. 
Moreover, it is well-known that patients with 
DM have a higher CRA risk than those without 
DM [5], and this can potentially lead to incom-

parability between metformin and non-metfor-
min groups. When the present subgroups were 
stratified according to study location, it was 
revealed that metformin use was associated 
with an inconsistent effect against CRA in dia-
betic patients from different continents. This 
may be due to differences in the susceptibility 
profile and molecular epidemiology of CRA in 
different populations. Moreover, since the eth-
nic proportion for each of the five selected 
studies was not indicated, a subgroup analysis 
according to ethnicity could not be performed. 
However, of particular interest was the sub-
group analysis to evaluate CRA risk for diabetic 
patients independent of their CRC history. 
Based on the significantly lower risk of CRA that 
was observed for diabetic patients with and 
without a history of CRC, it appears that metfor-
min use had a preventive effect for both sets of 
patients. Furthermore, although there was no 
statistically significant difference, the metfor-
min group exhibited a lower risk of advanced 
adenoma. These results remain to be con-
firmed since the sample size analyzed was rela-
tively small.

Possible mechanisms

Many theories have been proposed to explain 
the relationship between DM and an increased 
risk of CRA or CRC. One theory proposes that 
hyperinsulinemia, or increased levels of insulin-
like growth factors (IGFs), contribute to the pro-
liferation of colon epithelial cells and this leads 
to a survival benefit for transformed cells [20]. 
Insulin resistance may also contribute in part to 
the association between obesity and the inci-
dence of CRA [21]. Metformin has been found 
to lower insulin levels and to reduce levels of 
the insulin sensitizer, IGF [22]. Furthermore, 
mechanisms regarding the antitumor effects of 
metformin have been reported. For example, 
metformin inhibits the mTOR pathway which 
has a downstream effect on the control of cell 
proliferation and tumor growth [9]. Metformin 
has also been shown to inhibit the growth of 
p53-deficient tumor cell growth [23], to induce 
apoptosis in tumor cells [24], to inhibit angio-
genesis [25], and to suppress HER2 (erbB-2) 
oncoprotein overexpression [26]. Moreover, 
these studies and hypotheses are consistent 
with the effects of metformin that were 
observed in the present meta-analysis.
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Comparisons with other studies

In a previous meta-analysis that included 37 
studies and 1,535,636 participants, use of 
metformin was associated with a lower inci-
dence of pancreatic, breast, and liver cancers 
[27]. Based on the results of the present meta-
analysis, metformin exhibited the potential  
to mediate an anti-tumor effect in vivo, specifi-
cally regarding colorectal cancer. Similarly, in  
a recent study of 11,148 diabetic patients with 
long-term exposure to metformin, it was 
observed that metformin use was associated 
with a decreased risk of CRC [28]. However, 
Bodmer et al. reported the opposite effect [29]. 
Despite these discordant results, previous 
meta-analyses have shown that metformin has 
the potential to lower the risk of CRC and 
colorectal neoplasms [15, 30, 31]; although, in 
these meta-analyses, there was no strong evi-
dence to confirm the relationship between met-
formin and CRA risk due to the lack of studies 
that investigated CRA. In a study by Mei et al., 
diabetic patients with CRC that were treated 
with metformin exhibited an improved survival 
outcome and a reduced risk of all causes of 
death [32]. Taken together, these results sup-
port the hypothesis that metformin use leads 
to a decreased risk of CRC, and diabetic 
patients may obtain the same benefit towards 
CRA, which is currently regarded as a precursor 
lesion of CRC.

There have been other studies that have shown 
an association between metformin use by dia-
betic patients and a significantly lower risk of 
CRA [33, 34]. These studies were not included 
in our meta-analysis because cancerous polyps 
and invasive CRC were defined as adenomas in 
these studies, and this definition was inconsis-
tent with the definition of adenoma used in the 
present meta-analysis. Wong et al. [35] report-
ed that metformin use was relative to an 
increased risk of CRA, although a statistically 
significant difference was not observed. It is 
possible this result was affected by the small 
sample size and the definition of carcinomas as 
adenomas. In other studies of CRC risk, antidia-
betic drugs such as thiazolidinediones, sulfo-
nylureas, and insulin did not significantly reduce 
CRC risk, and a trend towards a higher CRC risk 
was observed [6]. Hence, it appears that met-
formin is potentially the most effective antidia-
betic drug against colorectal tumors that is cur-
rently available.

Strengths and limitations

The present study represents the limitations of 
existing research, while it maintained several 
strengths. First, comparability between a met-
formin group and a non-metformin group was 
emphasized by adjusting the NOS. Accordingly, 
this may have greatly influenced our assess-
ment of the effects of metformin since age, 
gender, BMI, DM, family history of CRC, smok-
ing status, alcohol use, and insulin use were 
found to be associated with the risk of CRA [5, 
34, 36-42]. Fortunately, most of these items 
were considered to be comparable between 
the two groups, or were adjusted by multivari-
ate regression analysis if needed. In addition, a 
comparison was performed by dividing the five 
selected studies into a “non-metformin group 
including only diabetic patients” and a “non-
metformin group including both diabetic and 
non-diabetic patients”, and this may partly 
explain the heterogeneity associated with the 
present study.

There were also limitations associated with the 
present study. First, only two studies were 
included that involved diabetic patients who 
had undergone excision of all of the adenomas 
that were detected by screening colonoscopies 
in order to allow an assessment of CRA occur-
rence to be evaluated according to metformin 
use. Secondly, the least and mean duration of 
metformin use widely varied among the select-
ed studies, and this may have influenced the 
risk of CRA. Thirdly, other confounders, such as 
metformin dose, skill-level of the endoscopists 
involved, colonoscopy withdrawal time, use of 
other diabetic drugs, as well as other factors 
were not considered in the present analysis. 
Lastly, there were only five studies included in 
our meta-analysis. Hence, the assessment of 
potential publication bias that was performed 
may not be sufficiently accurate. Given these 
limitations, it is important that the present 
results are interpreted with caution due to the 
potential for overestimations or underestima-
tions of the data.

In conclusion, the present meta-analysis dem-
onstrates that metformin use may lower the 
risk of CRA in patients with DM. Thus, metfor-
min may represent a chemopreventive drug to 
reduce the burden of CRA and CRC in diabetic 
patients. However, due to the limitations of this 
meta-analysis, randomized, prospective stud-
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ies with a larger sample are needed to validate 
the observed association.
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