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Introduction

Colorectal polyp is a common disease of digestive tract, 
which is closely related to colorectal cancer (1-3). Some 
subsets of adenomatous polyps and hyperplastic polyps 
are considered to be precursors of hereditary and sporadic 

colorectal cancer, and approximately 50–70% of colorectal 
cancer originates from adenomatous polyps (4,5). Colorectal 
cancer develops mainly via the colorectal adenoma (CRA)-
carcinoma sequence, and hyperplastic polyps can also 
progress to colorectal cancer through microsatellite 
instability (6-8). In recent decades, the incidence rates 
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of both colorectal polyps and colorectal cancer have 
been increasing. In 2018, there were approximately  
1.4 million new colorectal cancer cases and 700,000 deaths  
worldwide (7). Therefore, understanding the related risk 
factors of colorectal polyps will be helpful to effectively 
avoid risk factors, which is of crucial for the prevention of 
colorectal cancer (9). 

It has been shown that the risk factors of colorectal 
cancer include age, dietary habit, obesity, alcohol abuse, 
smoking, as well as personal or family history of colon 
cancer or adenomatous polyps (9,10). Among these, 
familial multiple adenomatous disease and hereditary non-
polyposis colorectal cancer have the greatest impact on the 
incidence of colorectal cancer (11,12). It is known that the 
precancerous lesions of colorectal cancer mainly include 
CRA, ulcerative colitis and familial genetic diseases, etc. (13).  
Among these, CRA belongs to the most common category, 
accounting for 85–90% or even higher of the precancerous 
lesions of colorectal cancer (14). At present, the “CRA-
carcinoma sequence” is considered one of the internationally 
recognized tumorigenesis patterns of colorectal cancer (6). 
It can be inferred that if the pathogenesis and risk factors 
of CRA can be clarified, and CRA can be treated more 
quickly and effectively (such as by colonoscopic resection), 
the incidence and mortality rates of colorectal cancer can be 
significantly reduced (15,16).

Diabetes mellitus (DM) is a major public health disease 
that seriously threatens human health. Diabetes can be 
mainly divided into two types: type 1 diabetes mellitus 
(T1DM) and type 2 diabetes mellitus (T2DM), with T2DM 
being a more common type (17,18). T2DM is a type of non-
insulin-dependent DM which is mainly insulin resistance 
and insufficient insulin secretion (19). Diabetes is not only 
known to cause various blood vessels and neuropathy, but 
also closely related to the occurrence and development 
of many malignant tumors, especially digestive tract  
tumors (20). At present, studies have shown that T2DM 
is a risk factor for malignant tumors, and patients with 
T2DM are at a higher risk of developing malignancies than 
those without T2DM (21,22). T2DM is an independent 
risk factor for colorectal cancer (21). In terms of the 
pathogenesis of the disease, the precipitating factor of CRA 
is an inducement factor of T2DM, and it can be assumed 
that T2DM is also the precipitating factor of CRA.

In recent years, the relationship between T2DM and 
CRA has attracted increasing attention, and has become 
the focus of research in the field of cancer prevention and 
treatment (23). Although T2DM is an independent risk 

factor for colorectal cancer, research on the relationship 
between T2DM and colorectal adenomatous polyps has 
made some achievements. However, the relationship 
be tween  T2DM and  co lo rec t a l  po l yp s  r ema in s 
controversial. In this study, we collected the data of patients 
who underwent colonoscopy in our hospital in the past  
2 years, and the related risk factors of colorectal polyps and 
their relationship with T2DM were further investigated, 
to provide evidence for the association between T2DM 
and colorectal polyps. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://apm.amegroups.com/article/view/10.21037/apm-
21-3943/rc).

Methods

Patients 

A total of 352 patients (aged 45–72 years, with an average 
age of 57.23±6.85 years) with colorectal polyps diagnosed 
by colonoscopy in our hospital from June 2018 to June 2020 
were enrolled into the observation group. Also, 125 patients 
in this group had ≤2 polyps, and 227 patients had >2 polyps. 
Moreover, there were 256 cases of polyp size ≤10 mm, and 
96 cases >10 mm. There were 183 cases of adenomatous 
polyps and 169 cases of non-adenomatous polyps. 

Furthermore, a total of 201 healthy people (aged  
44–73 years, with an average of 56.85±5.46 years) who 
showed normal colonoscopy results were selected as the 
control group. There was no significant difference in basic 
data between the two groups (P>0.05).

As per instructions of the Ethics Committee of the 
Geriatric Hospital of Nanjing Medical University (Jiangsu 
Province Geriatric Hospital), informed consent was 
provided by the patients before commencement of the 
study. The study was approved by the Ethics Committee 
of the Geriatric hospital of Nanjing Medical University 
(Jiangsu Province Geriatric Hospital) (No. 2020-014), 
and was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Inclusion criteria and exclusion criteria

Inclusion criteria: (I) colorectal polyps were diagnosed 
by colonoscopy in our hospital, including hyperplastic 
polyps and colorectal adenomatous polyps, etc.; (II) the 
pathological results were benign; and (III) patients with 
complete medical records.

https://apm.amegroups.com/article/view/10.21037/apm-21-3943/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3943/rc


Annals of Palliative Medicine, Vol 11, No 2 February 2022 649

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(2):647-654 | https://dx.doi.org/10.21037/apm-21-3943

Exclusion criteria: (I) other intestinal diseases (such as 
colorectal cancer, intestinal tuberculosis, inflammatory 
bowel disease, acute and chronic enteritis, familial 
adenomatous polyposis, etc.); (II) patients with other serious 
basic diseases (such as viral or drug-induced hepatitis, 
chronic kidney disease, etc.); (III) patients who underwent 
colorectal surgery; and (IV) pregnant and lactating patients. 

General data

The general data of the enrolled patients were analyzed 
retrospectively, including gender, age, smoking, alcohol 
intake, T2DM, non-alcoholic fatty liver disease (NAFLD), 
hyperlipidemia, coronary heart disease, hypertension, and 
hyperuricemia, etc. The glycosylated hemoglobin (HbA1c), 
2-hour post-meal blood glucose (2hPG), fasting blood-
glucose (FPG), fasting C-peptide (FCP), fasting insulin 
(FINS), serum total cholesterol (TC), triglyceride fatty 
acid (TG), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), aspartic 
transaminase (AST), alanine aminotransferase (ALT), and 
serum uric acid (UA) of all enrolled patients were recorded.

Statistical analysis 

The data were statistically analyzed by SPSS26.0 (IBM, 
Chicago, IL, USA). The measurement data were expressed 
as mean ± standard deviation (SD), and comparison between 
the groups was performed by one-way analysis of variance 
(ANOVA). Counting data were expressed by the rate, and 

the chi square test was used for comparison between the 
groups. The risk factors of colorectal polyps were analyzed 
by multivariate logistic regression. P<0.05 was considered 
statistically significant.

Results

Comparisons of HBA1c, FPG, 2hPG, FCP and FINS 
between the two groups

The levels of HbA1c, FPG, and 2hPG in the observation 
group were significantly higher than those in the control 
group (P<0.05). There were no significant differences in 
FCP and FINS between the observation group and the 
control group (P>0.05). The details are shown in Table 1.

Comparisons of blood lipids, liver function, and UA 
between the two groups

The levels of TC and UA in the observation group were 
significantly higher than those in the control group (P<0.05). 
The levels of TG, HDL-C, LDL-C, AST, and ALT in 
the observation group were not significantly different 
from those in the control group (P>0.05). The details are 
displayed in Table 2.

Univariate analysis of risk factors related to colorectal 
polyps

The results of univariate analysis showed that there were 

Table 1 Comparisons of HBA1c, FPG, 2hPG, FCP, and FINS between the two groups

Groups HBA1c (%) FPG (mmol/L) FCP (ng/mL) FINS (mU/L) 2hPG (mmol/L)

Observation 5.86±0.78** 5.82±0.82* 2.88±0.23 16.45±0.49 6.92±0.30*

Control 5.72±0.69 5.48±0.76 2.73±0.48 15.37±0.14 6.78±0.59

The data were presented as mean ± standard deviation (SD). *, P<0.05; **, P<0.01. HbA1c, glycosylated hemoglobin; FPG, fasting plasma 
glucose; FCP, fasting C-peptide; FINS, fasting insulin; 2hPG, 2-hour post-meal blood glucose.

Table 2 Comparisons of blood lipids, liver function, and uric acid between the two groups

Groups TC (mmol/L) TG (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) UA (µmol/L) AST (mmol/L) ALT (mmol/L)

Observation 4.98±1.20* 1.67±1.13 1.27±0.55 5.60±35.39 342.66±89.17** 21.70±12.80 24.13±24.45

Control 4.77±0.98 1.64±1.59 1.27±0.31 4.95±26.84 326.766±82.26 22.07±15.71 23.58±29.88

The data were presented with mean ± standard deviation (SD). *, P<0.05; **, P<0.01. TC, total cholesterol; TG, triglyceride fatty acid; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, serum uric acid; AST, aspartic transaminase; 
ALT, alanine aminotransferase.
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Table 3 Univariate analysis of risk factors related to colorectal polyps 

Risk factors Subcategories Observation (n=352), n (%) Control (n=201), n (%) P χ
2

Gender Male 106 (54.6) 88 (45.4) 0.001 10.494

Female 246 (68.5) 113 (31.5)

Smoking None 240 (60.6) 156 (39.4) 0.018 5.596

Always 112 (71.3) 45 (28.7)

Age <60 years 104 (55.0) 85 (45.0) 0.002 9.235

≥60 years 248 (68.1) 116 (31.9)

BMI <25 kg/m
2

37 (64.9) 20 (35.1) 0.835 0.044

≥25 kg/m
2

315 (63.5) 181 (36.5)

T2DM Negative 267 (59.6) 181 (40.4) <0.001 16.766

Positive 85 (81.0) 20 (19.0)

NAFLD Negative 163 (58.2) 117 (41.8) 0.007 7.251

Positive 189 (69.2) 84 (30.8)

Hypertension Negative 208 (62.1) 127 (37.9) 0.343 0.898

Positive 144 (66.1) 74 (33.9)

Coronary heart 
disease

Negative 332 (64.2) 185 (35.8) 0.296 1.091

Positive 20 (55.6) 16 (44.4)

Hyperlipidemia Negative 234 (62.7) 139 (37.3) 0.518 0.418

Positive 118 (65.6) 62 (34.4)

BMI, body mass index; T2DM, type 2 diabetes mellitus; NAFLD, non-alcoholic fatty liver disease.

significant differences in gender, smoking, age, T2DM, 
and NAFLD between the observation and control groups 
(P<0.05); however, no significant differences in body mass 
index (BMI), hypertension, coronary heart disease, and 
hyperlipidemia were observed (P>0.05). The details are 
shown in Table 3.

Multiple logistic regression analysis of risk factors related 
to colorectal polyps

Factors that showed statistical differences in the univariate 
analysis were included in the binary logistic regression 
analysis. The results showed that gender (male) [odds ratio 
(OR) =1.703, 95% confidence interval (CI): 1.129, 2.570, 
P=0.011], age (≥60 years) (OR =0.574, 95% CI: 0.386, 0.852, 
P=0.006), and T2DM (OR =0.400, 95% CI: 0.231, 0.693, 
P=0.001) were independent risk factor for colorectal polyps. 
The results are displayed in Table 4.

Discussion

In recent years, the incidence rate of colorectal cancer in 
China has been increasing annually. Presently, colorectal 
cancer has the second highest incidence rate among 
digestive system diseases, and the highest incidence rate 
among malignant tumors in China (24,25). Clinical data has 
demonstrated that colorectal cancer can not only be found 
early, but can also be prevented by endoscopic resection of 
colorectal polyps (3,26). Most colorectal cancers develop 
from colorectal polyps, which are recognized as precursor 
lesions based on epidemiological, histological, and genetic 
studies (7,27). Therefore, investigating the relevant 
risk factors of colorectal polyps is an important strategy 
to reduce the risk of colorectal cancer, as well as early 
evaluation of asymptomatic individuals, regular screening 
of high-risk groups with colonoscopy, and improving the 
detection rate of precancerous lesions and early colorectal 
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cancer.
Numerous studies have confirmed that the incidence 

of colorectal polyps increases with age (5). The risk of 
colorectal polyps increases by 1.03 times with a 1-year 
increase in age (28). Lieberman et al. reported that the 
colonoscopy results of 327,785 patients in the United States 
showed that the incidence rate of colorectal polyps increased 
with age, and the incidence rate in males was higher than 
that in females (29). In this study, age was significantly 
higher, with more male and smokers in the observation 
group compared to the control group. Univariate and 
multivariate logistic regression analyses further confirmed 
that age and gender were independent risk factors for 
colorectal polyps. Clendenen et al. showed that estrogen 
can delay the development of colorectal cancer by reducing 
the level of secondary bile acids and down regulating 
insulin-like growth factor-1 (IGF-1) (30). Tobacco contains 
carcinogens and is thought to cause irreversible genetic 
damage to colonic mucosa, thereby triggering the formation 
of colorectal polyps (31). Therefore, smokers may have a 
high incidence rate of colorectal polyps. 

At  pre sent ,  mul t ip le  s tud ie s  have  found  tha t 
hyperlipidemia, NAFLD, and metabolic syndrome are 
high-risk factors for colorectal polyps (5,10). Some studies 
have found that high levels of TC and TG are closely 
related to the pathogenesis of colorectal polyps (32). The 
present study found that the levels of TC and UA in the 
observation group were significantly higher than those in 
the control group, suggesting that hypercholesterolemia and 
hyperuricemia play an important role in the pathogenesis 
of colorectal polyps. The effect of high cholesterol level 

on colorectal polyps may be related to the production 
of bile acids, and primary bile acids may be related to 
the risk of CRA by stimulating the proliferation of crypt 
cells (33). Elevated serum UA is a marker of chronic 
inflammation and has been considered to be associated with 
an increased cancer risk (34). The possible mechanism is 
that monosodium urate crystal stimulates the inflammatory 
response by activating toll-like receptor 4 (TLR4), which 
strongly promotes the production of pro-inflammatory 
factors by leukocytes and plays a key role in regulating 
tumor formation and cancer progression (35). NAFLD is 
considered to be the manifestation of metabolic syndrome 
in the liver. Chen et al. revealed that NAFLD was associated 
with an increased risk of CRA and hyperplastic polyps in 
men (36), which was consistent with the results of this study. 
The reason for this may be that insulin resistance leads to 
NAFLD. During insulin resistance, the body’s circulating 
insulin level increases compensation and activates IGF-1. 
Both can inhibit cell apoptosis, promote cell proliferation 
and differentiation, and exert carcinogenic effects.

With the improvement of living conditions, the 
incidence rate of T2DM and colorectal polyps increased 
significantly (21). The results of this study suggested that 
the levels of FPG, 2hPG, and HbA1c in the observation 
group were significantly higher than those in the control 
group, and T2DM was an independent risk factor for 
colorectal polyps. Studies have shown that insulin resistance 
and hyperinsulinemia in T2DM patients may promote 
carcinogenesis by directly stimulating the proliferation of 
colorectal cells. In addition, insulin is considered to bind 
to and activate the IGF-1 receptor, which is expressed 

Table 4 Multiple logistic regression analysis of risk factors related to colorectal polyps

Risk factors β Standard error OR 95% CI P

Gender (male) 0.533 0.210 1.703 1.129, 2.570 0.011

Age (≥60 years) −0.556 0.202 0.574 0.386, 0.852 0.006

T2DM −0.916 0.280 0.400 0.231, 0.693 0.001

BMI (≥25 kg/m
2
) 0.264 0.313 0.768 0.416, 1.420 0.400

Smoking −0.293 0.238 0.746 0.468, 1.191 0.22

Hyperlipidemia 0.068 0.212 1.071 0.706, 1.624 0.748

Hypertension 0.044 0.205 1.045 0.699, 1.564 0.829

NAFLD −0.311 0.196 0.733 0.499, 1.077 0.113

Coronary disease 0.564 0.370 1.757 0.850, 3.631 0.128

OR, odds ratio; CI, confidence interval; BMI, body mass index; T2DM, type 2 diabetes mellitus; NAFLD, non-alcoholic fatty liver disease.
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in normal colorectal epithelial cells and tumor cells (37). 
Following activation by IGF-1, the receptor-ligand complex 
can inhibit apoptosis and allow cell cycle progression. In 
a retrospective study of 3,505 patients in Korea, it was 
reported that T2DM patients had a higher proportion of 
adenomatous polyps (38). Additionally, in a case-control 
study in the United States (261 versus 522 matched 
controls), it was found that patients with T2DM had an 
increased risk of colorectal adenomatous polyps (39). But 
it was noteworthy that chronic insulin therapy is associated 
with increased risk of CRAs in patients with T2DM. It 
was reported that aspirin and metformin combination 
therapy had the chemopreventive effect on aberrant crypt 
foci (ACF) in T2DM patients. It was supposed that aspirin 
and metformin combination therapy may be applied for 
colorectal polyps in T2DM patients.

There were still some limitations in our research that 
should be noted. Firstly, due to the retrospective design 
of this study, it is impossible to confirm the accuracy of 
the information provided by patients, such as height, 
weight, smoking, and drinking habits, which may have led 
to misleading results. Secondly, due to the small number 
of cases, the study population only included patients who 
had undergone colonoscopy, which may not represent the 
general population.

In summary, the results of this study showed that 
the incidence of colorectal polyps was related to gender 
(male), age (≥60 years), smoking, NAFLD, FPG, 2hPG, 
TC, HbA1c, and UA levels. T2DM was an independent 
risk factor for colorectal polyps. T2DM and colorectal 
polyps may have a common pathogenesis and related high-
risk factors. These findings are potentially significant for 
targeted screening of T2DM patients. Early diagnosis 
with colonoscopy, regular follow-up, and intervention for 
patients with colorectal polyps are important factors for 
reducing the incidence and mortality rates of colorectal 
cancer. 
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