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Abstract
Objective To analyze the risk factors associated with colorectal adenoma and to investigate the associations of 
metabolism-related fatty liver disease (MAFLD) with obesity, colorectal adenoma and high-risk adenoma.

Methods A total of 1395 subjects were enrolled and divided into a colorectal adenoma group (593 subjects) and a 
control group (802 subjects) according to the inclusion and exclusion criteria. The characteristics of patients in the 
colorectal adenoma group and the control group were compared by the chi-square test. Univariate and multivariate 
logistic analyses were used to analyze independent risk factors and associations with different MAFLD subtypes. 
Colorectal adenoma characteristics and the proportion of patients with high-risk colorectal adenoma were also 
compared.

Results High-density lipoprotein (HDL-C) was significantly lower in patients in the colorectal adenoma group than 
in those in the control group (P < 0.001). Logistic regression analysis revealed that age, obesity status, central obesity 
status, hypertension status, diabetes status, fatty liver status, smoking history, BMI, waist circumference, triglyceride 
level, HDL-C level, fasting blood glucose level and degree of hepatic steatosis were all independent risk factors 
for colorectal adenoma. Notably, MAFLD was associated with a significantly increased risk of colorectal adenoma 
in patients with central obesity (P < 0.001). In addition, obesity, central obesity, diabetes, fatty liver and degree of 
hepatic steatosis were all shown to be independent risk factors for high-risk colorectal adenoma. In addition, a 
greater proportion of MAFLD patients with central obesity than those without central obesity had high-risk colorectal 
adenoma.

Conclusion MAFLD and central obesity are independently associated with the development of colorectal adenoma. 
MAFLD with central obesity is associated with an increased risk of colorectal adenoma and high-risk adenoma.
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Introduction
Colorectal carcinoma (CRC) is a common malignant 
tumor of the digestive system. According to the latest 
statistics in 2021, the number of new CRC cases world-
wide has risen to 1.93 million, while the number of CRC-
related deaths is nearly 940,000, ranking third and second 
in the global cancer ranking, respectively [1]. CRC is dif-
ficult to treat and has a poor prognosis, and both surgical 
treatment and chemoradiotherapy can have a substantial 
negative impact on the physical, psychological, and eco-
nomic aspects of patients [2]. The adenoma-adenocar-
cinoma pathway is the most important route of CRC in 
humans [3]. Approximately 90% of CRC progresses from 
colorectal adenomas [4]. Approximately 5% of colorectal 
adenomas can progress from malignant to CRC, and its 
progression takes approximately 5–10 years [5]. There-
fore, early prevention of colorectal adenoma, a precan-
cerous lesion of CRC, is extremely critical.

As early as 2010, the Korean scholars Hwang et al. 
first demonstrated that nonalcoholic fatty liver disease 
(NAFLD) was associated with adenomatous polyps of the 
colon [6]. In recent years, many studies have shown that 
NAFLD is an independent risk factor for the occurrence 
of colorectal adenoma. A greater degree of hepatic ste-
atosis in NAFLD patients was associated with a greater 
risk of colorectal adenoma [7, 8]. In addition, a large 
number of studies have shown that the incidence of 
colorectal adenoma is closely related to dietary pattern, 
lifestyle, metabolic syndrome, obesity, hypertension, 
lipid disorders and T2DM [9, 10]. NAFLD is considered 
to be a manifestation of metabolic syndrome in the liver 
and has many common risk factors for the occurrence 
and development of adenomatous polyps, such as obe-
sity, diabetes, and metabolic syndrome. It is speculated 
that the risk of colorectal adenoma polyps in NAFLD 
patients may increase due to the increase in the above 
risk factors [11]. The term metabolism-related fatty liver 
disease (MAFLD) was renamed NAFLD. In March 2020, 
the International Panel on Fatty Liver Disease published 
a consensus statement on the new definition of MAFLD 
in the Journal of Hepatology [12]. The new diagnostic cri-
teria for MAFLD are based on histological, imaging, and/
or blood biomarker tests of liver biopsies suggesting the 
presence of fatty liver while meeting one of the follow-
ing three conditions: overweight/obesity, type 2 diabetes 
mellitus (T2DM), or metabolic dysfunction [12, 13].

Previous studies have shown that nonobese MAFLD 
patients have a greater risk of developing colorectal 
adenoma, but the sample size was small, with only 124 
patients [14]. In addition, although a large body of data 
suggests that MAFLD and obesity are risk factors for 
colorectal polyps, some scholars believe that the diag-
nosis of MAFLD is not sufficient to recommend colo-
noscopy [15–17]. There are currently many studies on 

colorectal adenoma, but the results are variable and con-
troversial. Whether MAFLD patients and obese patients 
are at high risk for developing colorectal polyps remains 
unclear. MAFLD and colorectal polyps have common 
risk factors, and it is necessary to conduct studies with 
larger sample sizes and include more influencing factors 
to explore the correlation between the two through fur-
ther in-depth study. In addition, we clinically observed 
that patients with MAFLD accompanied by obesity, par-
ticularly central obesity, had a greater risk of developing 
colorectal adenoma.

The present study is the first to report the character-
istics of colorectal adenoma in Chinese patients with 
MAFLD and obesity. In addition, this study was designed 
to explore the potential relationships between MAFLD 
and obesity and between MAFLD and colorectal adeno-
mas and high-risk adenomas from several perspectives. 
Determining the relationship between MAFLD com-
bined with obesity and colorectal adenoma can provide a 
more robust clinical basis for early screening of colorec-
tal adenoma-susceptible populations.

Patients and methods
Patients
A total of 1519 consecutive patients admitted to the 
Endoscopy Center, Hangzhou Red Cross Hospital 
between September 2022 and March 2023 were included 
in this study according to the following criteria.

The inclusion criteria were as follows: (1) complete 
medical history and clinical examination data; (2) com-
plete colonoscopy, polypectomy and final pathology 
results; and (3) age between 20 and 80 years.

The exclusion criteria were as follows: (1) prior colorec-
tal polypectomy; (2) a history of colorectal carcinoma 
or colorectal surgery; (3) inflammatory bowel disease 
(Crohn’s disease, ulcerative colitis, etc.); (4) intesti-
nal tuberculosis; (5) viral hepatitis; (6) autoimmune 
hepatitis or other liver diseases; and (7) excess alcohol 
consumption.

Finally, a total of 1395 patients, including 593 patients 
with colorectal adenomas and 802 control participants, 
were enrolled after exclusion from the present study.

Basic information collection
All patients completed a detailed questionnaire on 
comorbidities (hypertension, diabetes, hyperlipidemia, 
coronary heart disease), alcohol intake, smoking sta-
tus, medication use (antihypertensive, hypoglycemic, 
or hypolipidemic drugs) and colorectal cancer in first-
degree relatives. Body weight (kg) and height (m) were 
measured, and body mass index (BMI) was calculated 
as weight/height2 (kg/m2). Obesity was defined as a 
BMI ≥ 25  kg/m2 [18]. Resting blood pressure was mea-
sured using a corrected electronic sphygmomanometer. 
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Waist circumference was measured by a well-trained 
person using a tape measure at the midpoint between the 
lower costal margin and the anterior superior iliac crest. 
Hypertension, T2DM, and dyslipidemia were diagnosed 
according to standard criteria [12, 19, 20].

Biochemical analysis
The subjects fasted overnight prior to blood sampling. 
Triglyceride, high-density lipoprotein (HDL) cholesterol 
and glucose were measured by an automatic biochemical 
analyzer (Beckman Coulter AU 5800).

Colonoscopic examination
Bowel preparation was performed the night before colo-
noscopy. Bowel preparation criteria were as follows: 
4–6 watery stools should be discharged after drinking 
laxatives, and the Boston score should be greater than 7 
points. All the subjects were examined by experienced 
endoscopists who had performed more than 5000 pro-
cedures with video colonoscopy (Olympus PCF-H290). 
A complete colonoscopic examination was defined as 
an endoscope reaching the cecum as documented by 
a picture of the ileocecal valve. The number, size, loca-
tion and shape of the polyps were carefully observed and 
recorded. Adenoma size was assessed using open colono-
scopic biopsy forceps and classified as < 10 or ≥ 10 mm. 
The largest size was recorded for multiple adenomas. 
Colorectal polyps were located in the proximal colon 
(cecum, ascending colon, and transverse colon), distal 
colon (splenic flexure, descending colon, sigmoid colon, 
and rectum), and both sides of the colon. According to 
the size and shape of the polyps, biopsy forceps, cold 
snare polypectomy (CSP), hot snare polypectomy (HSP) 
or endoscopic mucosal resection (EMR) were used.

Pathology
The removed samples were fixed and used for histologi-
cal analysis. The colorectal adenomas included tubular, 
villous, or serrated adenomas. In patients with multiple 
lesions, the most advanced pathology was selected as the 
definitive lesion. According to the updated United States 
Multi-Society Task Force (USMSTF) guidelines, high-
risk adenoma is defined as an advanced adenoma (villous 
adenoma, high-grade dysplasia, or ≥ 10  mm) and/or the 
presence of 3 or more adenomas [21]. Control partici-
pants were characterized by normal colonoscopic find-
ings and nonpolypoid benign lesions such as nonspecific 
colitis or histologically confirmed hyperplastic polyps.

Diagnosis of MAFLD
First, the diagnosis of MAFLD requires abdominal imag-
ing to confirm the presence of fatty liver. In brief, all 
patients underwent abdominal ultrasonography (Philips 
iu22 color ultrasonic diagnostic apparatus) after fasting 

for at least 8 h. Fatty liver was diagnosed based on char-
acteristic ultrasonographic findings of increased hepa-
torenal contrast, brightness of the liver parenchyma, and 
impaired visualization of the diaphragm or intrahepatic 
vessels [22]. Using ultrasonographic findings to diagnose 
hepatic steatosis and a standardized algorithm, we clas-
sified the degree of steatosis into 4 categories (normal, 
mild, moderate, or severe).

The diagnostic criteria for MAFLD are based on 
abdominal imaging examination suggesting the presence 
of fatty liver while meeting one of the following three 
conditions: overweight/obesity, T2DM, or nonobesity 
with metabolic dysregulation. Metabolic dysregulation 
was defined as the presence of at least two metabolic risk 
abnormalities: waist circumference ≥ 90/80  cm for men/
women; blood pressure ≥ 130/85 mmHg or receiving 
antihypertensive therapy; plasma triglycerides ≥ 150  mg/
dL or receiving antihypertriglyceridemic therapy; and 
plasma HDL-cholesterol < 40/50  mg/dL for men/women 
or receiving antihypercholesterolemic therapy [12].

Statistical analysis
Statistical Package for the Social Sciences (SPSS version 
27.0) was used for statistical analysis. Continuous vari-
ables are expressed as the mean ± standard deviation (for 
normally distributed variables) or median values (inter-
quartile ranges) (for nonnormally distributed variables). 
Student’s t test or the Mann‒Whitney U test was applied 
as appropriate to compare continuous variables. Cat-
egorical variables are expressed as percentages and were 
analyzed by the chi-square test. Univariate and multivari-
ate analyses (logistic regression) were used to analyze the 
risk factors for colorectal adenoma. A P value less than 
0.05 was considered to indicate statistical significance.

Results
General clinical data
According to the inclusion and exclusion criteria, a total 
of 1395 patients were enrolled in this study. Among 
these, 593 patients with colorectal adenomas and 802 
control participants were included in the final analy-
sis. The clinical and biochemical characteristics of the 
patients in the colorectal adenoma and control groups 
are shown in Table  1. The sex distribution was not sig-
nificantly different between colorectal adenoma patients 
and control participants (P > 0.05), while the age distri-
bution was significantly different (P < 0.001). In addi-
tion, BMI, waist circumference, serum triglycerides, 
and fasting blood glucose were significantly greater (all 
P < 0.001), while serum HDL-C was significantly lower 
(P < 0.001) in patients with colorectal adenomas than in 
control participants. Hypertension was diagnosed in 200 
(33.7%), diabetes mellitus in 141 (23.8%), obesity in 381 
(64.2%), central obesity in 168 (28.3%), and fatty liver in 
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341 (57.5%) patients with colorectal adenomas. Com-
pared with those in the control group, the proportions 
of patients with hypertension, diabetes, obesity and cen-
tral obesity were significantly greater in the colorectal 
adenoma group (all P < 0.001), suggesting that the occur-
rence of colorectal adenoma was significantly associated 
with the above diseases. Notably, abdominal ultraso-
nography revealed a greater proportion of patients with 
fatty liver in the colorectal adenoma group (341 patients, 
57.5%) than in the control group, which suggested that 
the occurrence of colorectal adenoma is also significantly 
associated with the development of fatty liver tissue.

Clinical features of colonic adenomatous polyps
Of the 1395 enrolled patients, 593 (42.5%) had colorec-
tal adenomas. The characteristics of the 593 patients with 
colorectal adenomas are shown in Table 2. The majority 
of patients with adenomas (n = 557; 93.9%) had < 3 adeno-
mas. Adenomas were more frequently distributed on the 
proximal end (341 patients, 57.5%) than on the distal end 
(129 patients, 21.8%) or both ends (123 patients, 20.7%) 
of the colon. Most adenomas (552 patients, 93.1%) were 
less than 10 mm in size. Pathologically, 50 (8.4%) of the 
patients had advanced adenomatous lesions. Accord-
ing to the diagnostic criteria for high-risk adenoma, 66 
patients (11.1%) were identified as having high-risk ade-
noma among the 593 patients with colorectal adenoma.

Univariate and multivariate analyses of the predictive 
factors associated with colorectal adenoma
We investigated the associations between colorectal 
adenomas and different risk factors (Table  3). Multiple 
regression analyses were performed using stepwise pro-
cedures, which included all confounding factors as inde-
pendent variables. Univariate logistic analysis revealed 
that age, obesity status, central obesity status, hyperten-
sion status, diabetes status, fatty liver status and smoking 
history were significantly associated with the occurrence 
of colorectal adenoma (all P < 0.01). The calculated ORs 
all showed a significantly increased risk of colorectal 
adenoma in the following individuals: those aged ≥ 60 
years (1.25-fold), those with obesity (2.01-fold), those 
with central obesity (5.35-fold), those with hyperten-
sion (1.47-fold), those with diabetes (4.79-fold), those 
with fatty liver (1.36-fold), and those who smoked (0.97-
fold). Among the continuous variables, changes in BMI, 
waist circumference, triglyceride levels, HDL-C levels, 
and fasting glucose levels were all significantly associ-
ated with the development of colorectal adenomas (all 
P < 0.001). The ORs showed a significant 1.14-, 0.05-, 
0.05-, and 0.11-fold increased risk of colorectal adenoma 
with increasing BMI, waist circumference, triglycer-
ide level, or fasting glucose, respectively. In addition, 
there was a significant 0.24-fold reduction in the risk of 
colorectal adenoma with increasing HDL-C levels. Nota-
bly, the risk associated with central obesity, diabetes and 
fatty liver significantly increased by 2.27-, 1.17- and 0.94-
fold, respectively, after adjustment for these factors.

Given that diabetes and obesity are major risk factors 
contributing to the development of colorectal adeno-
mas, we further explored the associations of MAFLD 
with central obesity or diabetes and the risk of colorectal 
adenoma development. As shown in Table  4, there was 
a high proportion of colorectal adenomas in patients 
with MAFLD accompanied by central obesity or dia-
betes (81.5% [97/119] and 82.1% [78/95], respectively). 
In addition, compared with patients without fatty liver, 

Table 1 Patient clinical data
Characteristic Colorectal 

adenoma 
(n = 593)

Control 
(n = 802)

P

Sex (Male/Female) 376/217 489/313 0.355
Age 57 (46, 66) 52 (44, 60) < 0.001
BMI 25.7 (24.6, 26.8) 24.5 (23.5, 

25.5)
< 0.001

Waist circumference (cm) 85.6 (80.9, 90.5) 80.8 (77.0, 
86.1)

< 0.001

Triglyceride (mg/dL) 126.0 (105.2, 
143.1)

98.7 (75.8, 
119.6)

< 0.001

HDL-cholesterol (mg/dL) 46.6 (40.6, 51.7) 56.3 (52.1, 
60.4)

< 0.001

Fasting glucose (mg/dL) 100.0 (94.4, 
105.0)

95.8 (90.0, 
101.0)

< 0.001

Hypertension (%) 200 (33.7%) 137 (17.1%) < 0.001
Diabetes 141 (23.8%) 41 (5.1%) < 0.001
Obesity 381 (64.2%) 300 (37.4%) < 0.001
Central obesity 168 (28.3%) 47 (5.9%) < 0.001
Smoking 124 (20.9%) 95 (11.8%) < 0.001
Fatty liver 341 (57.5%) 286 (35.6%) 0.005
The Z test was used to compare proportions of two independent samples. 
The Mann‒Whitney U test was used to compare nonnormally distributed 
continuous variables

Table 2 Clinical characteristics of colorectal adenomas in 
patients
Characteristic Number of subjects (N/%)
Number of colorectal 
adenoma

< 3 532 (89.7%)

≥ 3 61 (10.3%)
Location Proximal 341 (57.5%)

Distal 129 (21.8%)
Both 123 (20.7%)

Size (mm) < 10 552 (93.1%)
≥ 10 41 (6.9%)

Advanced adenoma Yes 50 (8.4%)
No 543 (91.6%)

High-risk adenoma Yes 66 (11.1%)
No 527 (88.9%)
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lean MAFLD patients and MAFLD patients with obesity, 
central obesity, or diabetes had a significantly increased 
risk of developing colorectal adenomas (all P < 0.001). 
Interestingly, compared with a 1.28-fold increase in the 
MAFLD with obesity group, patients in the MAFLD 
with central obesity group had a 6.00-fold increased risk 
of colorectal adenoma, suggesting that central obesity is 
more likely to lead to colorectal adenoma development. 
Notably, patients with non-MAFLD fatty liver had a sig-
nificantly decreased risk of colorectal adenoma develop-
ment (P < 0.001).

Correlation analysis of different degrees of steatosis with 
colorectal adenoma and high-risk colorectal adenoma
Given that fatty liver is an independent risk factor for 
colorectal adenoma, we further analyzed the associa-
tion between different degrees of steatosis and colorectal 
adenoma. As shown in Table 5, the proportion of patients 
who developed colorectal adenomas gradually increased 
as the degree of steatosis increased. The risk of colorec-
tal adenoma was significantly increased by 0.95-fold and 
6.74-fold in patients with severe and moderate steatosis, 
respectively, suggesting that severe steatosis and moder-
ate steatosis are independent risk factors for the devel-
opment of colorectal adenoma. Interestingly, the risk of 
high-risk colorectal adenomas was significantly increased 
by 1.76-, 4.68-, and 9.42-fold in patients with mild, mod-
erate, and severe steatosis, respectively (Table  6), sug-
gesting that varying degrees of steatosis are independent 

Table 3 Logistic regression analysis of the risk of colorectal adenoma
Characteristic Colorectal adenoma (n = 593) Control (n = 802) Univariate analysis Multivariate analysis

OR (95%CI) P OR (95%CI) P
Age < 60 326 588 2.3 (1.8, 2.8) < 0.001 2.2 (1.4, 3.4) < 0.001

≥ 60 267 214
Sex Male 376 489 0.9 (0.7, 1.1) 0.355 0.9 (0.6, 1.5) 0.778

Female 217 313
Obesity Yes 381 300 3.0 (2.4, 3.8) < 0.001 0.1 (0.1, 0.3) < 0.001

No 212 502
Central obesity Yes 168 47 6.4 (4.5, 9.0) < 0.001 3.3 (1.7, 6.2) < 0.001

No 425 755
Hypertension Yes 200 137 2.5 (1.9, 3.2) < 0.001 2.7 (1.8, 4.2) < 0.001

No 393 665
Diabetes Yes 141 41 5.8 (4.0, 8.4) < 0.001 2.2 (1.1, 4.1) 0.018

No 452 761
Fatty liver Yes 341 286 2.4 (1.1, 3.7) 0.005 1.9 (0.6, 3.4) 0.007

No 252 536
Smoking Yes 124 95 2.0 (1.5, 2.6) < 0.001 2.6 (1.5, 4.4) < 0.001

No 469 707
BMI 25.7 (24.6, 26.8) 24.5 (23.5, 25.5) 2.1 (1.9, 2.4) < 0.001 4.3 (3.1, 5.9) < 0.001
Waist circumference (cm) 85.6 (80.9, 90.5) 80.8 (77.0, 86.1) 1.1 (1.0, 1.1) < 0.001 1.0 (1.0, 1.0) 0.846
Triglyceride (mg/dL) 126.0 (105.2, 143.1) 98.7 (75.8, 119.6) 1.1 (1.0, 1.1) < 0.001 1.1 (1.0, 1.1) < 0.001
HDL-cholesterol (mg/dL) 46.6 (40.6, 51.7) 56.3 (52.1, 60.4) 0.8

(0.7, 0.8)
< 0.001 0.8 (0.7, 0.8) < 0.001

Fasting glucose (mg/dL) 100.0 (94.4, 105.0) 95.8 (90.0, 101.0) 1.1
(1.1, 1.1)

< 0.001 1.1 (1.1, 1.1) < 0.001

Table 4 Logistic regression analysis of colorectal adenoma risk 
and different MAFLD types
Different types Colorectal 

adenoma
Control OR (95%CI) P

No fatty liver 252 536 1
Non-MAFLD fatty 
liver

47 190 0.4 (0.3, 0.6) < 0.001

MAFLD (Lean) 17 23 2.3 (1.5, 3.6) < 0.001
MAFLD (Obesity) 215 150 2.3 (1.8, 3.0) < 0.001
MAFLD (Central 
obesity)

97 22 7.0 (4.3, 11.4) < 0.001

MAFLD (Diabetes) 78 17 7.3 (4.2, 12.6) < 0.001

Table 5 Logistic regression analysis of colorectal adenoma risk 
and different degrees of steatosis
Different types Colorectal 

adenoma 
(n = 593)

Control 
(n = 802)

OR (95%CI) P

Normal 262 416 1
Mild steatosis 222 321 1.1 (0.9, 1.4) 0.426
Moderate steatosis 70 57 2.0 (1.3, 2.9) < 0.001
Severe steatosis 39 8 7.7 (3.6, 16.8) < 0.001
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risk factors for the development of high-risk colorectal 
adenomas.

Univariate and multivariate analysis of the predictive 
factors associated with high-risk adenomas
Subsequently, we analyzed the associations between 
high-risk adenomas and different risk factors in patients 
with colorectal adenomas (Table  7). Multiple regres-
sion analyses were performed using stepwise proce-
dures, including all confounding factors as independent 
variables. Univariate logistic analysis revealed that the 
presence of obesity, central obesity, diabetes, and fatty 
liver was significantly associated with the occurrence of 
high-risk colorectal adenomas (all P < 0.001). The calcu-
lated ORs showed a significant 20.20-, 10.92-, 1.00-, and 
3.06-fold increased risk of high-risk colorectal adenomas 
in individuals with obesity, central obesity, diabetes, or 
fatty liver, respectively. Among the continuous variables, 

increases in BMI and waist circumference were sig-
nificantly associated with the development of high-risk 
colorectal adenomas (P < 0.001 and 0.05, respectively). 
The calculated ORs further showed a significant 0.84-
fold and 0.07-fold increased risk of high-risk colorectal 
adenomas with increasing BMI and waist circumference, 
respectively. Notably, central obesity and fatty liver status 
remained significantly associated with the development 
of high-risk colorectal adenomas after adjusting for other 
factors (all P < 0.01).

Characteristics of colorectal adenomas in MAFLD patients 
with concomitant obesity
Finally, we compared the characteristics of colorectal 
adenomas between MAFLD patients with or without 
central obesity. As shown in Table  8, more patients in 
the MAFLD with central obesity group had colorectal 
adenomas (P < 0.001). Among patients with colorectal 
adenomas, the proportions of patients with adenomas 
distributed distally (25.8%) or at both ends (34.0%) were 
significantly greater in the MAFLD with central obesity 
group than in the noncentral obesity MAFLD group 
(distal: 21.0%; both: 18.1%) (both P < 0.001). In addi-
tion, the proportion of adenomas ≥ 10  mm in size and 
the frequency of advanced adenomas was significantly 
greater in MAFLD patients with central obesity than in 
MAFLD patients without central obesity (all P < 0.001). 
In addition, the proportion of high-risk adenomas was 

Table 6 Logistic regression analysis of high-risk colorectal 
adenoma risk and different degrees of steatosis
Different types High-risk 

adenoma 
(n = 66)

Low-risk 
adenoma 
(n = 527)

OR (95%CI) P

Normal 12 250 1
Mild steatosis 26 196 2.8 (1.4, 5.6) 0.005
Moderate 
steatosis

15 55 5.7 (2.5, 12.8) < 0.001

Severe steatosis 13 26 10.4 (4.3, 25.2) < 0.001

Table 7 Logistic regression analysis of the risk of high-risk colorectal adenoma
Characteristic High-risk adenoma 

(n = 66)
Low-risk adenoma 
(n = 527)

Univariate 
analysis

Multivariate 
analysis

OR (95%CI) P OR (95%CI) P
Age < 60 26 300 2.0 (1.2, 3.4) 0.008 1.1 (0.6, 2.0) 0.878

≥ 60 40 227
Sex Male 27 349 2.8 (1.7, 4.8) < 0.001 1.1 (0.5, 2.5) 0.738

Female 39 178
Obesity Yes 64 317 21.2 (5.1, 87.5) < 0.001 5.5 (1.0, 31.2) 0.054

No 2 210
Central obesity Yes 51 117 11.9 (6.5, 22.0) < 0.001 12.7 (4.2, 38.8) < 0.001

No 15 410
Hypertension Yes 21 179 0.9 (0.5, 1.6) 0.728 1.2 (0.6, 2.3) 0.559

No 45 348
Diabetes Yes 24 117 2.0 (1.2, 3.4) 0.012 2.0 (0.9, 4.1) 0.079

No 42 410
Fatty liver Yes 54 277 4.1 (2.1, 7.8) < 0.001 5.7 (2.7, 11.8) < 0.001

No 12 250
Smoking Yes 14 110 1.0 (0.6, 1.9) 0.949 1.1 (0.5, 2.3) 0.783

No 52 417
BMI 26.5 (25.9, 27.1) 25.5 (24.4, 26.7) 1.8 (1.5, 2.3) < 0.001 1.0 (0.7, 1.5) 0.997
Waist circumference (cm) 88.8 (82.6, 91.6) 85.3 (80.6, 90.1) 1.1 (1.0, 1.1) 0.013 0.9 (0.9, 1.0) 0.132
Triglyceride (mg/dL) 125.1 (102.2, 143.68) 126.2 (105.3, 142.7) 1.0 (1.0, 1.0) 0.611 1.0 (1.0, 1.0) 0.101
HDL-cholesterol (mg/dL) 46.8 (40.1, 51.7) 46.5 (40.7, 51.8) 1.0 (1.0, 1.1) 0.902 1.0 (1.0, 1.0) 0.789
Fasting glucose (mg/dL) 102.2 (95.8, 106.3) 99.6 (94.2, 104.9) 1.0 (1.0, 1.1) 0.070 1.0 (1.0, 1.1) 0.547
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significantly greater in the centrally obese MAFLD group 
than in the noncentrally obese MAFLD group (42.3% vs. 
5.0%, P < 0.001).

Discussion
MAFLD is a multisystem disease associated with meta-
bolic disorders and is closely related to the high inci-
dence of metabolic syndrome, T2DM, cardiovascular 
disease, cirrhosis, hepatocellular carcinoma, colorectal 
adenomatous polyps and other diseases [18]. The diag-
nostic criteria following the renaming of MAFLD high-
light the important role of metabolic dysfunctions in 
the development of fatty liver disease and may be more 
appropriate for identifying patients with fatty liver dis-
ease at high risk of disease progression [13]. CRC is a 
malignant tumor with a high mortality rate, and CRC 
incidence is increasing annually; therefore, early pre-
vention of CRC is particularly important [23]. A large 
number of studies and clinical practices have shown that 
colorectal cancer screening and early diagnosis and treat-
ment can effectively reduce the incidence and mortality 
of colorectal cancer [24, 25]. Colorectal adenoma is a 
protuberant lesion protruding into the intestinal lumen 
originating from the colorectal epithelial layer that lacks 
specific symptoms, although a few patients may experi-
ence abdominal pain, diarrhea, constipation, hematoche-
zia, and intestinal obstruction [25]. Colorectal adenoma, 
a precancerous lesion of CRC, has been gradually studied.

Studies have shown that obesity, T2DM and metabolic 
syndrome are closely related to colorectal adenoma and 
flat adenomas [16]. In addition, overweight or obesity is 
causally associated with an increased incidence of T2DM, 
cardiovascular disease, and several forms of malignancy 
[26]. MAFLD is a manifestation of metabolic syndrome 
in the liver, and studies have shown an increased risk of 
colorectal adenomas in patients with MAFLD [14]. Given 
the close association between MAFLD and colorec-
tal adenomas, obesity can in turn be used as an indica-
tor for the diagnosis of MAFLD. Therefore, whether 
there is a correlation between MAFLD combined with 

central obesity and colorectal adenoma deserves in-depth 
investigation.

Epidemiological studies have shown that the risk of 
colorectal polyps increases by 3% for every year increase 
in age [27]. A Korean study showed that metabolic syn-
drome, obesity, advanced age, and male sex were inde-
pendent risk factors for colorectal adenoma [28]. In 
our study, patients in the colorectal adenoma group 
were significantly older than those in the control group 
(P < 0.001). In addition, univariate and multivariate logis-
tic regression analyses revealed that having an age ≥ 60 
years was a high risk factor for colorectal adenoma devel-
opment. Several studies have suggested that obesity is a 
significant risk factor for the development of colorectal 
adenoma. Ashktorab et al. showed that overweight sta-
tus was significantly associated with an increased risk of 
colorectal adenoma in African Americans [15]. In Europe, 
epidemiological data have shown that 11% of colorec-
tal adenomas are attributable to overweight and obesity 
[29]. Chinese scholars screened and followed-up a total 
of 20,811 community residents as part of the colorectal 
cancer community screening program in Minhang Dis-
trict, Shanghai [30]. Their results showed that the risk of 
colorectal high-risk adenoma was significantly increased 
in people with obesity, and the risk was greater in peo-
ple > 60 years old. In this study, we found that both BMI 
and the proportion of patients suffering from obesity and 
central obesity were significantly greater in the colorec-
tal adenoma group than in the control group (P < 0.001). 
A comparison of the waist circumference between the 
two groups revealed that the waist circumference of the 
colorectal adenoma group was also greater than that of 
the control group, and the difference was statistically 
significant (P < 0.001). Univariate logistic regression 
analysis revealed that BMI, waist circumference, obesity 
and central obesity were all independent risk factors for 
colorectal adenoma. Interestingly, the risk of colorectal 
adenoma development was significantly increased 3.01-
fold or 6.35-fold when obesity or central obesity was 
present, suggesting that central obesity is associated with 

Table 8 Colorectal Adenoma Characteristics in Patients with MAFLD with and without Central Obesity
Characteristic MAFLD with central obesity (n = 97) MAFLD without central obesity (n = 496) OR (95%CI) P
Numbers < 3 60 472 12.1 (6.8, 21.7) < 0.001

≥ 3 37 24
Location Proximal 39 302 / < 0.001

Distal 25 104
Both 33 90

Size (mm) < 10 73 479 9.3 (4.7, 18.1) < 0.001
≥ 10 24 17

Advanced adenoma Yes 29 21 9.6 (5.2, 17.9) < 0.001
No 68 475

High-risk adenoma Yes 41 25 13.8 (7.8, 24.4) < 0.001
No 56 471
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a greater risk of colorectal adenoma development. How-
ever, in multivariate regression analysis, the difference 
in waist circumference was no longer statistically sig-
nificant, which may have been due to enrollment bias. In 
patients with high-risk and low-risk colorectal adenomas, 
univariate logistic regression analysis revealed that BMI, 
waist circumference, obesity, and central obesity were all 
independent risk factors for the development of high-risk 
colorectal adenomas. Moreover, after adjusting for other 
factors, central obesity remained an independent risk 
factor for the development of high-risk colorectal adeno-
mas, suggesting that central obesity is significantly asso-
ciated with high-risk colorectal adenomas.

Although some studies have identified an association 
between colorectal adenoma and fatty liver, the present 
study incorporated a more in-depth method for demon-
strating the association between colorectal adenoma and 
the degree of hepatic steatosis. There is strong evidence 
that visceral adiposity increases the risk of colorectal ade-
nomas [31, 32]. In addition, the degree of hepatic steato-
sis represents the severity of fatty liver. The results of this 
study showed that moderate and severe hepatic steatosis 
were independent risk factors for colorectal adenoma 
development. Moreover, varying degrees of hepatic ste-
atosis are independent risk factors for the development 
of high-risk colorectal adenomas. In other words, hepatic 
fat accumulation may play a role in adenoma formation. 
Lipolysis of visceral fat occurs later than that of subcu-
taneous fat and may be important in the progression 
from adenoma to carcinoma [33]. This further supports 
the greater association of hepatic steatosis with high-risk 
adenoma development.

Several studies have shown that blood pressure and 
blood lipids are closely related to the occurrence of 
colorectal adenomas [34, 35]. Kim BC et al. reported that 
elevated blood pressure and dyslipidemia were associated 
with an increased risk of colorectal adenoma [34]. Jung 
YS et al. showed that serum triglycerides and total bile 
solids were positively correlated with the occurrence of 
colorectal adenoma and were risk factors for colorectal 
adenoma [35]. In addition, Kort et al. reported a relative 
increase in the incidence of adenomas in diabetic patients 
compared to nondiabetic patients [36]. However, their 
study failed to find an association between hypertension 
and fasting glucose in patients with colorectal adeno-
mas. In this study, we compared biochemical parameters 
between the colorectal adenoma group and the control 
group and found that the triglyceride level, fasting blood 
glucose level, and number of patients suffering from 
hypertension and diabetes in the colorectal adenoma 
group were greater than those in the control group, while 
the HDL-C level was significantly lower in the colorectal 
adenoma group than in the control group (all P < 0.001). 
Similarly, univariate and multivariate logistic regression 

analyses revealed that triglyceride levels, HDL-C levels, 
fasting blood glucose levels, hypertension, and diabetes 
were all risk factors for colorectal adenoma. However, 
no significant associations were found for triglycerides, 
HDL-C, fasting plasma glucose, or hypertension in high-
risk colorectal adenoma patients. Interestingly, univariate 
logistic regression analysis revealed that diabetes was an 
independent risk factor for the development of high-risk 
colorectal adenomas.

A large number of studies have confirmed a close cor-
relation between colorectal adenoma and MAFLD [37, 
38]. Bhatt et al., in a retrospective analysis of liver trans-
plant patients, reported that patients with MAFLD had 
a 2-fold increased risk of colorectal adenoma relative to 
patients with other end-stage liver diseases [37]. A meta-
analysis of 6263 subjects revealed a significant asso-
ciation between MAFLD and colorectal adenomas, and 
this association was more pronounced in Asian popula-
tions [38]. In this study, we investigated the association 
between MAFLD and the risk of colorectal adenoma 
development. The results showed that MAFLD was sig-
nificantly associated with the development of colorec-
tal adenomas. Given that diabetes, obesity, and central 
obesity are major risk factors contributing to colorectal 
adenoma development, we explored the associations of 
MAFLD combined with diabetes, obesity, or central obe-
sity with the risk of colorectal adenoma development. 
Current data collectively demonstrated that patients with 
MAFLD who had concomitant obesity or central obesity 
had a 1.28- or 6.00-fold significantly increased risk of 
colorectal adenoma, respectively. Similarly, Zhang S et al. 
reported that obesity, especially central obesity, increases 
the incidence of colorectal polyps and that central obe-
sity is independently associated with the development of 
adenomatous polyps [39]. Moreover, increased BMI has 
been found to increase the risk of CRC [40].

In this study, we investigated the characteristics of 
colorectal adenomas in patients with MAFLD combined 
with central obesity. As shown in Table 6, compared with 
those in the other groups, subjects in the MAFLD with 
central obesity group had adenomas with larger diam-
eters, a greater number of colorectal adenomas, and a 
greater proportion of advanced adenomas. Moreover, 
compared with those in the non-central obesity group, 
subjects in the MAFLD with central obesity group had 
a significantly higher proportion of high-risk adenomas 
(P < 0.001). According to our review of the literature, 
this is the first study to show that MAFLD is positively 
associated with obesity and high-risk adenomas. Com-
pared to previous studies, our study involved a relatively 
large cohort, so the results are representative. In addi-
tion, we focused on high-risk adenomas with higher 
levels of malignancy, including multiple or large adeno-
mas and advanced colorectal tumors. Overall, we found 
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that obesity is an independent risk factor for colorectal 
adenoma as well as high-risk colorectal adenoma devel-
opment. Moreover, MAFLD was also significantly associ-
ated with the development of colorectal adenomas. The 
risk of high-risk colorectal adenomas is greater when 
MAFLD coexists with obesity. Therefore, the screening of 
colorectal adenomas characterized by high-risk colorec-
tal adenomas in MAFLD patients with obesity has guid-
ing significance and clinical value.

This study is very novel. Colorectal adenoma is a pre-
cancerous lesion of CRC, and early prevention is essen-
tial. This study was the first to analyze and identify risk 
factors for colorectal adenoma in nearly 1400 Chinese 
patients and to investigate the associations of MAFLD 
with obesity, colorectal adenoma, and high-risk ade-
noma. These findings can provide a more robust clinical 
basis for early screening of colorectal adenoma-suscep-
tible populations. This study also has several limitations. 
First, the subjects included in this study were all Asian, 
and the analysis results may be biased; however, they pro-
vide a clearer clinical basis for early screening of colorec-
tal adenoma-susceptible populations in the Asian region. 
Second, the exposure and outcome measures of this 
study are cross-sectional, and the direction of causality is 
uncertain. Third, there were limited risk factors included 
in the analysis, such as dietary habits and physical activ-
ity, and it is not clear whether the effects of these factors 
on colorectal adenomas and high-risk adenomas can be 
completely ignored.

MAFLD is independently associated with the devel-
opment of colorectal adenomas. Patients with MAFLD 
combined with central obesity have a greater risk of 
developing high-risk colorectal adenomas. MAFLD com-
bined with central obesity can be used to initially screen 
high-risk patients with colorectal adenomas or high-
risk adenomas and recommend targeted colonoscopy 
for high-risk patients, which can improve the screening 
efficiency of colonoscopy and optimize the allocation of 
medical resources. Early screening for colorectal adeno-
mas and high-risk adenomas in high-risk populations, 
followed by early prediction, detection, and treatment of 
colorectal adenomatous polyps, is important to reduce 
the incidence and mortality of CRC.

Acknowledgements
Not applicable.

Author contributions
JX: Writing– original draft, Data curation, Formal analysis, Funding acquisition. 
YW: Data curation, Formal analysis. DC and ZZ: Colonoscopy. YL and JL: Data 
curation, Formal analysis. HX: Conceptualization, Writing– review & editing, 
Colonoscopy, Project administration, Supervision, Funding acquisition.

Funding
This work was supported by Hangzhou medical health technology project 
(major project, ZD20230032), Hangzhou Science and Technology Bureau 

(20201203B175) and the Chinese Medicine Science and Technology Project of 
Zhejiang Province (2023ZL558).

Data availability
All the data generated or analyzed during this study are included in this 
published article.

Declarations

Ethical guidelines
All clinical sample collections were conducted according to the Declaration of 
Helsinki principles.

Consent to participate
All recruited patients provided informed consent and agreed to participate in 
the study, and this study was approved by the ethical committee of Hangzhou 
Red Cross Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 May 2023 / Accepted: 1 April 2024

References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J 

Clin. 2021;71(1):7–33.
2. Mahmoud NN. Colorectal Cancer: preoperative evaluation and staging. Surg 

Oncol Clin N Am. 2022;31(2):127–41.
3. Løberg M, Holme Ø, Bretthauer M, Kalager M. Colorectal adenomas, surveil-

lance, and cancer. Lancet Oncol. 2017;18(8):e427.
4. Baran B, Mert Ozupek N, Yerli Tetik N, Acar E, Bekcioglu O, Baskin Y. Difference 

between left-sided and right-sided colorectal Cancer: a focused review of 
literature. Gastroenterol Res. 2018;11(4):264–73.

5. Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet. 
2014;383(9927):1490–502.

6. Hwang ST, Cho YK, Park JH, Kim HJ, Park DI, Sohn CI, Jeon WK, Kim BI, Won KH, 
Jin W. Relationship of non-alcoholic fatty liver disease to colorectal adenoma-
tous polyps. J Gastroenterol Hepatol. 2010;25(3):562–7.

7. Lesmana CRA, Pakasi LS, Sudoyo AW, Krisnuhoni E, Lesmana LA. The Clinical 
Significance of Colon Polyp Pathology in Nonalcoholic Fatty Liver Disease 
(NAFLD) and Its Impact on Screening Colonoscopy in Daily Practice. Can J 
Gastroenterol Hepatol 2020, 2020:6676294.

8. Chen QF, Zhou XD, Sun YJ, Fang DH, Zhao Q, Huang JH, Jin Y, Wu JS. Sex-influ-
enced association of non-alcoholic fatty liver disease with colorectal adeno-
matous and hyperplastic polyps. World J Gastroenterol. 2017;23(28):5206–15.

9. Godos J, Bella F, Torrisi A, Sciacca S, Galvano F, Grosso G. Dietary patterns and 
risk of colorectal adenoma: a systematic review and meta-analysis of observa-
tional studies. J Hum Nutr Diet. 2016;29(6):757–67.

10. He X, Wu K, Ogino S, Giovannucci EL, Chan AT, Song M. Association between 
Risk factors for Colorectal Cancer and Risk of Serrated polyps and conven-
tional adenomas. Gastroenterology. 2018;155(2):355–e373318.

11. Li Y, Liu S, Gao Y, Ma H, Zhan S, Yang Y, Xin Y, Xuan S. Association between 
NAFLD and Risk of Colorectal Adenoma in Chinese Han Population. J Clin 
Translational Hepatol. 2019;7(2):99–105.

12. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez 
M, Zelber-Sagi S, Wai-Sun Wong V, Dufour JF, Schattenberg JM, et al. A new 
definition for metabolic dysfunction-associated fatty liver disease: an interna-
tional expert consensus statement. J Hepatol. 2020;73(1):202–9.

13. Eslam M, Alkhouri N, Vajro P, Baumann U, Weiss R, Socha P, Marcus C, Lee WS, 
Kelly D, Porta G, et al. Defining paediatric metabolic (dysfunction)-associated 
fatty liver disease: an international expert consensus statement. Lancet 
Gastroenterol Hepatol. 2021;6(10):864–73.

14. Fukunaga S, Nakano D, Kawaguchi T, Eslam M, Ouchi A, Nagata T, Kuroki 
H, Kawata H, Abe H, Nouno R, et al. Non-obese MAFLD is Associated with 



Page 10 of 10Xiong et al. BMC Gastroenterology          (2024) 24:138 

Colorectal Adenoma in Health check examinees: a Multicenter Retrospective 
Study. Int J Mol Sci. 2021;22(11):5462.

15. Ashktorab H, Paydar M, Yazdi S, Namin HH, Sanderson A, Begum R, Semati M, 
Etaati F, Lee E, Brim H, et al. BMI and the risk of colorectal adenoma in African-
americans. Obes (Silver Spring Md). 2014;22(5):1387–91.

16. Soltani G, Poursheikhani A, Yassi M, Hayatbakhsh A, Kerachian M, Kerachian 
MA. Obesity, diabetes and the risk of colorectal adenoma and cancer. BMC 
Endocr Disord. 2019;19(1):113.

17. Kim TJ, Kim JE, Choi YH, Hong SN, Kim YH, Chang DK, Rhee PL, Kim MJ, Jung 
SH, Son HJ. Obesity-related parameters and colorectal adenoma develop-
ment. J Gastroenterol. 2017;52(12):1221–9.

18. Seo JY, Bae JH, Kwak MS, Yang JI, Chung SJ, Yim JY, Lim SH, Chung GE. The risk 
of colorectal adenoma in nonalcoholic or metabolic-Associated fatty liver 
disease. Biomedicines 2021, 9(10).

19. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman 
MJ, De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS guidelines for 
the management of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk. Eur Heart J. 2020;41(1):111–88.

20. 2018 Practice Guidelines for the management of arterial hypertension of the 
European. Society of Hypertension and the European Society of Cardiology: 
ESH/ESC Task Force for the management of arterial hypertension: Erratum. J 
Hypertens. 2019;37(2):456.

21. Gupta S, Lieberman D, Anderson JC, Burke CA, Dominitz JA, Kaltenbach 
T, Robertson DJ, Shaukat A, Syngal S, Rex DK. Recommendations for 
Follow-Up after Colonoscopy and Polypectomy: a Consensus Update by 
the US Multi-society Task Force on Colorectal Cancer. Am J Gastroenterol. 
2020;115(3):415–34.

22. Yamamura S, Kawaguchi T, Nakano D, Tomiyasu Y, Yoshinaga S, Doi Y, 
Takahashi H, Anzai K, Eguchi Y, Torimura T, et al. Profiles of advanced hepatic 
fibrosis evaluated by FIB-4 index and shear wave elastography in health 
checkup examinees. Hepatol Res. 2020;50(2):199–213.

23. Bell PD, Pai RK. Immune response in colorectal carcinoma: a review of its 
significance as a predictive and prognostic biomarker. Histopathology. 
2022;81(6):696–714.

24. Chan SCH, Liang JQ. Advances in tests for colorectal cancer screening and 
diagnosis. Expert Rev Mol Diagn. 2022;22(4):449–60.

25. Wu Z, Li Y, Zhang Y, Hu H, Wu T, Liu S, Chen W, Xie S, Lu Z. Colorectal Cancer 
screening methods and molecular markers for early detection. Technol 
Cancer Res Treat. 2020;19:1533033820980426.

26. Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer 
risk: emerging biological mechanisms and perspectives. Metabolism. 
2019;92:121–35.

27. Sato Y, Nozaki R, Yamada K, Takano M, Haruma K. Relation between obesity 
and adenomatous polyps of the large bowel. Dig Endosc. 2009;21(3):154–7.

28. Kim NH, Park JH, Park DI, Sohn CI, Choi K, Jung YS. Metabolic syndrome is a 
risk factor for adenoma occurrence at surveillance colonoscopy: a single-
center experience in Korea. Med (Baltim). 2016;95(32):e4454.

29. Renehan AG, Soerjomataram I, Tyson M, Egger M, Zwahlen M, Coebergh JW, 
Buchan I. Incident cancer burden attributable to excess body mass index in 
30 European countries. Int J Cancer. 2010;126(3):692–702.

30. Shen J, Mo M, Dai WX, Zhou CM, Wang ZZ, Cai GX, Zhai LF, Xu Y, Zheng Y. 
Association between obesity and risk for colorectal advanced adenoma. 
Zhonghua Liu Xing Bing Xue Za Zhi = Zhonghua Liuxingbingxue Zazhi. 
2020;41(10):1643–8.

31. Nagata N, Sakamoto K, Arai T, Niikura R, Shimbo T, Shinozaki M, Aoki T, Kishida 
Y, Sekine K, Tanaka S, et al. Visceral abdominal fat measured by computed 
tomography is associated with an increased risk of colorectal adenoma. Int J 
Cancer. 2014;135(10):2273–81.

32. Kang HW, Kim D, Kim HJ, Kim CH, Kim YS, Park MJ, Kim JS, Cho SH, Sung 
MW, Jung HC, et al. Visceral obesity and insulin resistance as risk factors for 
colorectal adenoma: a cross-sectional, case-control study. Am J Gastroen-
terol. 2010;105(1):178–87.

33. Jung IS, Shin CM, Park SJ, Park YS, Yoon H, Jo HJ, Kim N, Lee DH. Association 
of visceral adiposity and insulin resistance with colorectal adenoma and 
colorectal cancer. Intestinal Res. 2019;17(3):404–12.

34. Kim BC, Shin A, Hong CW, Sohn DK, Han KS, Ryu KH, Park BJ, Nam JH, Park 
JW, Chang HJ, et al. Association of colorectal adenoma with components of 
metabolic syndrome. Cancer Causes Control. 2012;23(5):727–35.

35. Jung YS, Ryu S, Chang Y, Yun KE, Park JH, Kim HJ, Cho YK, Sohn CI, Jeon WK, 
Kim BI, et al. Associations between parameters of glucose and lipid metabo-
lism and risk of colorectal neoplasm. Dig Dis Sci. 2015;60(10):2996–3004.

36. de Kort S, Bouwens MW, Weijenberg MP, Janssen-Heijnen ML, de Bruïne 
AP, Riedl R, Masclee AA, Sanduleanu S. Significantly higher rates of multiple 
and proximally located adenomas among patients with diabetes mellitus: 
a cross-sectional population-based study. United Eur Gastroenterol J. 
2017;5(3):415–23.

37. Bhatt BD, Lukose T, Siegel AB, Brown RS Jr., Verna EC. Increased risk of colorec-
tal polyps in patients with non-alcoholic fatty liver disease undergoing liver 
transplant evaluation. J Gastrointest Oncol. 2015;6(5):459–68.

38. Shen H, Lipka S, Kumar A, Mustacchia P. Association between nonalcoholic 
fatty liver disease and colorectal adenoma: a systemic review and meta-
analysis. J Gastrointest Oncol. 2014;5(6):440–6.

39. Zhang S, Zhang J, Kim Y, Zhang W. Prevalence of colorectal polyps based on 
Cardiorespiratory Fitness, muscle strength, Health Behavior, and abdominal 
obesity in asymptomatic Elderly. Healthc (Basel Switzerland). 2021;9(10):1400.

40. Liu CS, Hsu HS, Li CI, Jan CI, Li TC, Lin WY, Lin T, Chen YC, Lee CC, Lin CC. 
Central obesity and atherogenic dyslipidemia in metabolic syndrome are 
associated with increased risk for colorectal adenoma in a Chinese popula-
tion. BMC Gastroenterol. 2010;10:51.

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


	MAFLD with central obesity is associated with increased risk of colorectal adenoma and high-risk adenoma
	Abstract
	Introduction
	Patients and methods
	Patients
	Basic information collection
	Biochemical analysis
	Colonoscopic examination
	Pathology
	Diagnosis of MAFLD
	Statistical analysis

	Results
	General clinical data
	Clinical features of colonic adenomatous polyps
	Univariate and multivariate analyses of the predictive factors associated with colorectal adenoma
	Correlation analysis of different degrees of steatosis with colorectal adenoma and high-risk colorectal adenoma
	Univariate and multivariate analysis of the predictive factors associated with high-risk adenomas
	Characteristics of colorectal adenomas in MAFLD patients with concomitant obesity

	Discussion
	References


