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A B S T R A C T   

Background: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a new concept with 
its own diagnostic criteria. There are few studies on its relationship with colorectal adenoma. 
Objective: This study aimed to explore the relationship between MAFLD and colorectal adenoma 
and to compare the predictive value of MAFLD with other risk factors. 
Methods: A total of 4436 consecutive physical examination subjects were enrolled. They all un
derwent colonoscopy and abdominal ultrasound. MAFLD was diagnosed by both fatty liver dis
ease and metabolic dysfunction. The correlation between colorectal adenoma and MAFLD was 
studied using a logistic regression model. Results: The prevalence of MAFLD was 31.72 % (1407/ 
4436). The adenoma detection rate in MAFLD patients was higher than that in controls (13.50 %, 
190/1407 vs. 10.70 %, 324/3029, p < 0.001). Univariate analysis indicated that MAFLD in
dividuals were 1.303-fold as likely to have colonic adenoma as controls [odds ratio (OR) 1.303 
and 95 % confidence interval (CI), 1.076–1.578, p = 0.007]. Multivariate analysis showed that 
age, male sex, BMI and smoking were positively associated with the risk of colorectal adenoma, 
with OR values of 1.044 (95 % CI, 1.031 to 1.058), 1.720 (95 % CI, 1.221 to 2.424), 1.046 (95 % 
CI, 1.009 to 1.085) and 1.342 (95 % CI, 1.072 to 1.680), respectively. MAFLD in women, but not 
in men, had an independent relationship with increased detection of advanced adenoma (OR 
3.932, 95 % CI, 1.023–15.1117, p = 0.046). 
Conclusion: Individuals with MAFLD are more likely to develop colorectal adenoma than those 
without MAFLD. The influence of MAFLD on advanced colorectal adenoma was especially 
prominent in females.  
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1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases. The global prevalence of NAFLD is 
approximately 25 %. Its prevalence appears to be continually increasing, with an estimated 3.6 million new cases each year [1]. NAFLD 
is a continuum of liver diseases, starting from simple steatosis (NAFL) and gradually progressing to nonalcoholic steatohepatitis 
(NASH), which can progress to liver fibrosis, cirrhosis and even hepatocellular carcinoma [2]. As NAFLD is a disease caused by 
excessive fat accumulation in the liver closely related to metabolic dysfunction, which excludes alcohol and other diseases, a recent 
consensus among international experts has proposed NAFLD as a change of nomenclature for metabolic dysfunction-associated fatty 
liver disease (MAFLD) [3,4], reflecting the significant overlap between NAFLD and MAFLD populations. The epidemiological and 
clinical significance of this important nomenclature change remains to be determined. 

Colorectal cancer (CRC) ranks fifth in global cancer incidence, with an estimated 1.88 million new cases in 2020 [5]. The incidence 
rate varies widely across the world. In recent years, CRC incidence in China has been on the rise due to improved living standards, 
changes in lifestyle and the growing elderly population [6]. Most CRCs develop from benign polyps (adenoma and serrated polyps) 
through a series of genetic and epigenetic changes over a period of approximately 10–15 years. Advanced adenoma is a precancerous 
lesion that includes adenomatous polyps greater than 10 mm in diameter and/or the pathological presence of villous structures and/or 
highly atypical hyperplasia [7]. 

Both MAFLD and colorectal neoplasms share inflammation-promoting factors [8]. They are also associated with other extrahepatic 
diseases, such as obesity, type 2 diabetes mellitus (T2DM) and metabolic syndrome (MS) [8.9]. Therefore, there might be a link be
tween MAFLD and colorectal neoplasms [9]. A network meta-analysis reported that colorectal neoplasms increased with MAFLD 
progression from simple steatosis to severe MAFLD [10]. However, few studies have investigated the risk of colorectal neoplasms in 
MAFLD patients by sex. A recent study suggested that NAFLD increases the risk of colorectal polyps in men but not in women [11]. 
Another study conducted in Korea reported that MAFLD had a strong relationship with colorectal adenoma only in females [12]. The 
underlying mechanism would be a decrease in estrogen, resulting in the transfer of fat deposits to visceral organs and leading to 
metabolic complications. Thus, the results on MAFLD and colorectal adenocarcinoma have been inconsistent. 

Different lifestyles and living environments can affect adenoma and MAFLD. Although some studies have been performed to 
evaluate the association between colon adenoma and MAFLD, few related studies in the Chinese Han population have been reported. In 
the present study, we explored the relationship between MAFLD and colonic adenoma in a Chinese population seen for regular physical 
examinations. We also compared the relationship of adenoma with MAFLD in both men and women. We aimed to provide real-world 
evidence for the association between MAFLD and colonic neoplasms in China. 

Fig. 1. Flow chart of the study population.  
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2. Methods 

2.1. Study population 

This cross-sectional study recruited 7191 individuals (5065 males and 2126 females) aged ≥18 years who underwent health ex
aminations at the Chinese PLA General Hospital, Beijing, China, between January 2017 and December 2020. The questionnaires were 
sent to each participant before the physical examination and covered lifestyle and medical history. At the outset, subjects with 
digestive tract symptoms and unexplained weight loss of more than 4.5 kg in the past 6 months were excluded. Other exclusion criteria 
included a previous history of lower digestive tract surgery; severe organic diseases of the heart, lung, and kidney; and any type of 
cancer or mental disorders. A total of 7050 participants participated in the study. Among the participants, we excluded 492 partici
pants with missing ultrasound and colonoscopy information and 1819 participants with incomplete questionnaires. Moreover, subjects 
showing the following possible causes of chronic liver disease were excluded: 167 with hepatitis B virus, 9 with hepatitis C virus, and 
127 with excessive alcohol intake (>25 g/day for men and >15 g/day for women). A total of 4436 consecutive participants were 
included in the final analysis. The mean age was 49.51 years (SD, 7.68 years). The flow chart of the study design is illustrated in Fig. 1. 
The study protocol was approved by the Ethics Committee of the PLA General Hospital, Beijing, China (No. S2022-720) and was 
conducted in accordance with the principles of the Helsinki Declaration. Written informed consent was obtained from each enrolled 
subject. 

2.2. Clinical and biochemical Evaluation 

The collected data included the results of self-reported health questionnaires, anthropometric measurements and laboratory tests. 
Briefly, a tape measure was used to wrap around the narrowest part of the waist, and the resulting measurement was the waist 
circumference (WC). A body composition analyzer was used to measure body weight and height, and the weight was divided by the 
square of the height to obtain the value of body mass index (BMI). According to the guidelines of the China Obesity Working Groups 
(WGOC) [13], a BMI of 24.0 kg/m2 to 27.9 kg/m2 is considered overweight, and a BMI greater than 28.0 kg/m2 is considered obese. 
Smoking was divided into current smoking (consuming ≥10 cigarettes per day for at least 1 year) and noncurrent smoking (continuous 
cessation of smoking for more than one year). Blood pressure was measured twice with an electronic sphygmomanometer and 
averaged. Hypertension is defined as three consecutive blood pressure measurements on different days, systolic blood pressure ≥140 
mmHg and/or diastolic blood pressure ≥90 mmHg, or taking antihypertensive medications. Diabetes was defined as a fasting blood 
glucose level of ≥126 mg per deciliter, a glycosylated hemoglobin level (HbA1c) of ≥6.5 %, or a history of taking hypoglycemic 
medications. Self-reported health questionnaires included diet (such as cereals, meat, fruits and vegetables), physical activity and 
pressure. Subjects were asked to recall their information for the previous 2 years [14–16]. 

After fasting for at least 12 h, 5 ml of venous blood was collected, and biochemical parameters were quantitatively determined. 
Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol, low-density lipoprotein cholesterol (LDL- 
C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG) and uric acid (UA) were measured using commercially available 
reagents (Roche). 

2.3. Diagnosis of MAFLD and liver fibrosis 

Abdominal ultrasound was performed by experienced radiologists using ultrasound scanners (Siemens, Mountain View, CA, USA). 
The diagnosis of fatty liver disease was based on the manifestation of increased hepatorenal echo, which contrasts between hepatic and 
renal parenchyma, deep ultrasound beam attenuation, vascular blurring, and straightness of the hepatic vein lumen [17]. MAFLD was 
diagnosed on the basis of ultrasonically diagnosed hepatic steatosis and the presence of one of the following three criteria: overweight 
or obesity, T2DM, or metabolic dysregulation, according to previous criteria [4]. The FIB-4 index was calculated to evaluate liver 
fibrosis in MAFLD subjects [18]. A FIB-4 index score <1.3 was excluded from hepatic fibrosis [19]. 

2.4. Colonoscopy examination 

All colonoscopies were performed by 10 experienced digestive endoscopists who had performed at least 1000 colonoscopies. 
Polyethylene glycol lavage solution was used for bowel preparation according to the instructions for use. During colonoscopy, the 
anesthesiologist may choose to sedate piperidine in combination with midazolam or propofol alone depending on the patient’s 
condition. A complete examination was defined as a colonoscopy that reached the cecum, where a photo of the ileocecal valve was 
taken. For all colorectal lesions found, their location and size (measured with 7 mm open biopsy forceps) were recorded. The with
drawal time should not be less than 6 min to avoid missing lesions. Only complete examinations were included in the analysis. Usually, 
the left colon includes the splenic flexure, descending colon, sigmoid colon, and rectum, while the right colon includes the cecum, 
ascending colon, and transverse colon. All abnormalities found during the colonoscopy were biopsied and confirmed by pathological 
examinations that followed up-to-date clinical guidelines (WHO Classification of Digestive Tumors: Fifth Edition) [20]. Advanced 
colorectal adenoma was an adenoma larger than 1 cm in diameter or had a highly atypical hyperplasia or villous structure. 

The quality of colonoscopy was evaluated using the Boston Bowel Preparation Scale. It was divided into 4 levels (0–3 points) 
according to the grade from worst to clean. The total score is 0–9 points, and ≥6 points indicates that the intestinal preparation is 
qualified [21]. 
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2.5. Statistical analyses 

The basic characteristics are presented as the mean ± standard deviation (SD) for normally distributed variables and as the fre
quency (percentage) for categorical variables. We analyzed continuous variables using Student’s t-test and ANOVA and compared 
categorical variables using the chi-squared test. The association between MAFLD and colorectal adenoma was assessed by univariate 
and multivariate logistic regression analyses. Based on the results of univariate analysis, multivariate regression analysis was 

Table 1 
Comparison of subjects’ baseline characteristics according to MAFLD status.  

Feature MAFLD（N = 1407） No MAFLD（N = 3029） p Value 

Age (years) 49.5 ± 7.6 49.5 ± 7.7 0.909 
Sex（male，n（%）） 1214（86.3） 1870（61.7） <0.001* 
Relative CRC, n (%) 39（2.8） 71（2.3） 0.394 
BMI (SD), kg/m2 27.6 ± 3.0 24.2 ± 2.8 <0.001* 
Male 27.8 ± 2.9 25.0 ± 2.6 <0.001* 
Female 26.7 ± 3.1 22.9 ± 2.7 <0.001* 
Waistline, cm 95.1 ± 10.8 81.9 ± 19.4 <0.001* 
Male 96.1 ± 10.4 85.7 ± 19.7 <0.001* 
Female 88.2 ± 10.6 75.6 ± 17.1 <0.001* 
Fasting glucose (SD), mmol/l 5.9 ± 1.2 5.3 ± 0.9 <0.001* 
CHO(mg/dL) 4.8 ± 0.9 4.7 ± 0.9 <0.001* 
HDL-C（mg/dL） 1.1 ± 0.3 1.3 ± 0.4 <0.001* 
LDL –C（mg/dL） 3.2 ± 0.9 3.2 ± 0.9 0.047* 
TG(mg/dL) 2.5 ± 1.7 1.6 ± 1.3 <0.001* 
ALT (SD),IU/L 32.6 ± 21.6 20.4 ± 17.5 <0.001* 
AST (SD),IU/L 22.5 ± 12.5 18.3 ± 10.0 <0.001* 
Diabetes, n (%) 90（6.4） 79（2.6） <0.001* 
Hypertension, n (%) 429（30.5） 408（13.5） <0.001* 
DBP (mmHg) 85.6 ± 11.5 79.1 ± 12.0 <0.001* 
SBP (mmHg) 127.3 ± 17.6 117.4 ± 18.7 <0.001* 
Cereal intake（g/d）   0.009* 
<50 45（3.2） 114（3.8）  
50–200 646（45.9） 1538（50.8）  
200–500 640（45.5） 1236（40.8）  
>500 76（5.4） 141（4.6）  
Meat intake（g/d）   <0.001* 
0 30（2.1） 154（5.1）  
<50 268（19.1） 904（29.8）  
50–150 874（62.1） 1679（55.5）  
>150 235（16.7） 292（9.6）  
Vegetable and fruit intake（g/d）   0.003* 
0 26 (1.8) 64 (2.1)  
<50 56 (4.0) 148 (4.9)  
50–200 593 (42.1) 1088 (35.9)  
201–500 643 (45.7) 1512 (49.9)  
>500 89 (6.3) 217 (7.2)  
Taste   <0.001* 
very mild 46 (3.3) 194 (6.4)  
slightly mild 350 (24.9) 1036 (34.2)  
medium 373 (26.5) 789 (26.0)  
slightly salty 591 (42.0) 942 (31.1)  
very salty 47 (3.3) 68 (2.2)  
Smoking   <0.001* 
No-smoking 742（52.7） 1948（64.30）  
Current smoking 505 (35.9） 812（26.8）  
Past smoking 160（11.4） 269（8.9）  
Alcohol consumption   <0.001* 
No-drinking 332（23.6） 1141（37.7）  
Past drinking 145（10.3） 359（11.9）  
Drinking 930（37.8） 1529（50.5）  
Pressure   <0.001* 
No pressure 213（15.1） 547（18.1）  
less pressure 280（19.9） 601（19.8）  
average 328（23.3） 855（28.2）  
more pressure 522（37.1） 924（30.5）  
a lot of pressure 64（4.5） 102（3.4）  
Adenoma 190（13.5） 324（10.7） 0.007* 

Data are shown as the mean ± SD. MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; CHO, cholesterol; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; DBP, diastolic blood pressure; SBP, systolic blood pressure. The level of significance in each factor was set at p value < 0.05 (*). 
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conducted on variables with a p value less than 0.05 with clinical importance. All statistical analyses were performed using SPSS 22.0 
software (SPSS Inc., Chicago, Illinois, USA). 

3. Results 

3.1. Baseline characteristics of the study population 

A total of 4436 subjects, including 1407 subjects with MAFLD and 3029 control subjects, were enrolled in the final analysis (mean 
age 49.51 ± 7.68 years). The proportion of males was 69.52 % (n = 3084). The prevalence of MAFLD was 31.72 % (1407/4436). 
Baseline characteristics in the MAFLD and non-MALFD groups are given in Table 1. MAFLD was more common in males and smokers 
than in non-MAFLD subjects, and MAFLD subjects had a significantly increased risk of diabetes and hypertension. WC, BMI, and levels 
of AST, ALT, TG, and UA were significantly elevated in MAFLD subjects compared with non-MAFLD subjects (p < 0.001). The 
prevalence of MAFLD was significantly higher in subjects with high meat consumption, salt consumption, and stress. Colorectal ad
enoma was more common in subjects with MAFLD than in subjects without MAFLD (13.5 %, 190/1407 vs. 10.7 %, 324/3029, p <
0.001). 

3.2. Detection rates of colorectal neoplasms in MAFLD subjects 

Overall, the detection rates of colorectal polyps, adenoma and advanced adenoma were 17.40 % (772/4436), 11.59 % (514/4436) 
and 1.19 % (49/4436), respectively. MAFLD patients had a higher detection rate of colorectal polyps (21 %, 295/1407 vs. 15.7 %, 477/ 
3029, p < 0.001), hyperplastic polyps (6.3 %, 89/1407 vs. 4.5 %, 136/3029, p = 0.01) and adenoma (13.5 %, 190/1407 vs. 10.7 %, 
324/3029, p = 0.007) than non-MAFLD subjects, as illustrated in Table 2. The detection rates of colorectal adenoma in male MAFLD 
and female MAFLD patients were 14 % (170/1214) and 10.36 % (20/193), respectively. Female MAFLD subjects had a higher 
detection rate of advanced neoplasms than male subjects (3.63 %, 7/193 vs. 0.58 %, 7/1214, p < 0.05). After stratification by age and 
sex, the detection rate of colorectal adenoma in female MAFLD subjects aged ≥50 years was higher than that in non-MAFLD females 
aged ≥50, but the differences were too small to be statistically significant. The advanced adenoma detection rate was significantly 
increased in female MAFLD individuals ≥50 years of age compared with the control group (p < 0.05) (Fig. 2). 

Patients with MAFLD are more likely to develop left colonic adenomas. Among 190 MAFLD patients with adenomatous polyps 
detected, 113 (57.36 %) had left colonic lesions, 84 (42.64 %) had right colonic lesions, and 7 (3.55 %) had whole colonic lesions. In 
contrast, among the 339 non-MAFLD patients with adenomatous polyps, there were 175 (51.62 %) left colonic lesions, 164 (48.38 %) 
right colonic lesions, and 15 (4.42 %) whole colonic lesions. Among 14 MAFLD patients with advanced colorectal adenomas, left and 
right colonic lesions were found in 8 (5.1 %) and 6 (4.1 %) cases, respectively. In contrast, in the group of 35 non-MAFLD patients with 
advanced adenomas, there were 17 left-sided colonic lesions and 19 right-sided colonic lesions. (Table 2). 

3.3. Risk analysis between colon adenoma and MAFLD 

We first analyzed the relationship between colorectal adenomas and MAFLD. Univariate analysis showed that individuals with 
MAFLD were 1.303 times more likely to develop colorectal adenomas than non-MAFLD individuals (odds ratio [OR] 1.303, 95 % 
confidence interval [CI], 1.076–1.578, p = 0.007). However, after adjusting for age, sex, BMI, WC, TC, HDL-C, DM, hypertension, and 
smoking, the strong association between colorectal adenomas and MAFLD disappeared, with an OR of 1.275 (95 % CI, 0.743–2.190, p 
= 0.378). Age, male sex, BMI and smoking were positively associated with the risk of colorectal adenoma, with OR values of 1.044 (95 
% CI, 1.031 to 1.058), 1.720 (95 % CI, 1.221 to 2.424), 1.046 (95 % CI, 1.009 to 1.085) and 1.342 (95 % CI, 1.072 to 1.680), 
respectively (Table 3). When we performed the analysis stratified by sex, no significant association was found between MAFLD and 
colorectal adenomas in men or women, while smoking increased the risk of colorectal adenomas in men by 33.6 % (OR 1.336, 95 % CI 

Table 2 
Types and detection rates of colorectal lesions in MAFLD and control subjects.  

Colorectal lesions, n（%） MAFLD 
（N = 1407） 

No MAFLD 
（N = 3029） 

p Value 

Endoscopic polyps 295（21.0） 477（15.7） <0.001* 
Hyperplastic polyps 89（6.3） 136（4.5） 0.01* 
Adenomatous polyps 190（13.5） 324（10.7） 0.007* 
Left sided colon 113（72.4） 175（72.6）  
Right sided colon 84（56.8） 164（64.1）  
Advanced adenomas 14（1.0） 35（1.2） 0.643 
Left sided colon 8（5.1） 17（7.1）  
Right sided colon 6（4.1） 19（7.4）  
Serrated adenomas 9（0.6） 9（0.3） 0.095 
Colorectal cancers 1（0.1） 3（0.1） 1.000 

Advanced adenoma was defined as the presence of adenomatous polyps larger than 10 mm in diameter and/or the pathological presence of 
villous structures and/or highly atypical hyperplasia. The level of significance of patients with MAFLD versus controls was set at p value < 0.05 
(*). MAFLD, metabolic dysfunction-associated fatty liver disease. 
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1.065 to 1.676) (Table 4). 

3.4. Risk analysis between advanced colon adenoma and MAFLD 

Next, we analyzed the association between advanced colorectal adenomas and MAFLD. Multivariate analysis showed a strong 
association between MAFLD and advanced adenomas with an OR value of 6.021 (95 % CI, 1.772–20.454, p = 0.004). In addition, age 

Fig. 2. Detection rates of colorectal adenoma and advanced adenoma by age and sex in metabolic dysfunction-associated fatty liver disease 
(MAFLD) and control subjects: (A) colorectal adenoma, (B) advanced adenoma vs. the controls (*p < 0.05). 

Table 3 
Factors associated with colorectal adenomas in 4436 subjects.  

Factors Univariate analysis Multivariate analysis  
OR（95%CI） P OR（95%CI） P 

MAFLD 1.303（1.076–1.578） 0.007* 1.275(0.743–2.190) 0.378 
Age (years) 1.040(1.026–1.578) <0.001* 1.044(1.031–1.058) <0.001* 
Male sex 2.080(1.649–2.625) <0.001* 1.720(1.221–2.424) 0.002* 
BMI 1.067(1.038–1.096) <0.001 1.046(1.009–1.085) 0.015* 
Waistline 1.003(0.998–1.009) 0.241 0.994(0.989–0.999) 0.019* 
CHO 1.086(0.981–1.201) 0.112 1.098(0.978–1.232) 0.115 
HDL-C 0.598(0.450–0.794) <0.001* 0.859(0.591–1.251) 0.429 
TG 1.075(1.022–1.131) 0.005* 1.010(0.943–1.081) 0.781 
Diabetes 1.025(0.637–1.650) 0.918 0.803(0.495–1.303) 0.374 
Hypertension 1.311(1.050–1.636) 0.017* 1.105(0.876–1.394) 0.399 
Drinking  <0.001*  0.287 
No-drinking 1  1  
Past drinking 1.134(0.807–1.594) 0.468 0.900(0.627–1.290) 0.565 
Drinking 1.562(1.263–1.932) <0.001* 1.140(0.879–1.480) 0.323 
Smoking  <0.001*  0.036* 
No-smoking 1  1  
Current smoking 1.651(1.354–2.013) <0.001* 1.342(1.072–1.680) 0.010* 
Past smoking 1.467(1.082–1.991) 0.014* 1.103(0.799–1.523) 0.551 
MAFLD&gender 1.362(1.119–1.659) 0.002* 0.765(0.435–1.347) 0.353 

MAFLD, metabolic dysfunction-associated fatty liver disease, BMI, body mass index; CHO, cholesterol; HDL-C, high-density lipoprotein cholesterol; 
TG, triglyceride, OR, odds ratio; CI, confidence interval; MAFLD: adjusted for age, sex, BMI, waist circumference, CHO, HDL-C, TGs, diabetes, hy
pertension, drinking and smoking. *p < 0.05. 
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(OR 1.054, 95 % CI, 1.011–1.099, p = 0.013) was an independent risk factor for advanced adenomas (Table 5). When further stratified 
by sex, the results indicated that female MAFLD subjects were 3.932-fold more likely to develop advanced adenomas than controls (OR 
3.932, 95 % CI, 1.023–15.117, p = 0.046). There was a significant association between CHO and advanced adenomas in women (OR 
2.141, 95 % CI, 1.257–3.647, p = 0.005) (Table 6). 

3.5. Subgroup analysis of subjects with MAFLD 

Finally, we investigated whether there was a correlation between fibrosis of the liver and adenomas in MAFLD subjects. MAFLD 
individuals were divided into groups with and without fibrosis according to the FIB-4 index score. The results showed that although 
patients with a high FIB-4 index score had a higher incidence of colorectal adenomas than those with a low FIB-4 index score, the 
difference was not statistically significant due to the small number of patients in this subgroup (Supplemental Table 1). 

4. Discussion 

In this retrospective cohort study, we found significantly higher detection rates of adenoma on colonoscopy in patients with MAFLD 
than in controls. MAFLD in female patients was independently associated with increased detection rates in subjects with advanced 

Table 4 
Multivariate analyses of the risk for colorectal adenomas according to sex.   

Men Women 

Factors Multivariate analysis Multivariate analysis  

OR（95 % CI） p Value OR（95 % CI） p Value 
MAFLD 1.022 (0.805–1.299) 0.856 1.182 (0.643–2.174) 0.590 
Age 1.049 (1.034–1.065) <0.001* 1.021 (0.991–1.052) 0.180 
BMI 1.048 (1.007–1.091) 0.022 * 1.060 (0.982–1.144) 0.135 
Waistline 0.993 (0.988–0.999) 0.019* 0.997 (0.985–1.008) 0.586 
Hypertension 1.024 (0.793–1.322) 0.857 1.675 (0.974–2.880) 0.062 
Alcohol consumption  0.105  0.426 
No-drinking 1 – 1 – 
Past drinking 0.943 (0.616–1.445) 0.789 0.862 (0.414–1.792) 0.690 
Drinking 1.271 (0.939–1.720) 0.121 0.648 (0.336–1.252) 0.197 
Smoking  0.032 *  0.068 
No-smoking 1 – 1 – 
Current smoking 1.336 (1.065–1.676) 0.012* 1.572 (0.452–5.467) 0.477 
Past smoking 1.028 (0.741–1.427) 0.869 7.374 (1.288–42.204) 0.025* 

MAFLD, metabolic dysfunction-associated fatty liver disease. OR, odds ratio; CI, confidence interval; MAFLD: adjusted for age, BMI, waistline, hy
pertension, drinking and smoking. *p < 0.05. 

Table 5 
Factors associated with advanced adenomas in 4436 subjects.  

Factors Univariate analysis Multivariate analysis  

OR（95%CI） P OR（95%CI） P 
MAFLD 0.860(0.461–1.603) 0.634 6.021(1.772–20.454) 0.004* 
Age (years) 1.052(1.012–1.094) 0.011* 1.054(1.011–1.099) 0.013* 
Male sex 1.356(0.705–2.609) 0.362 1.838(0.568–5.943) 0.310 
BMI 1.049(0.966–1.140) 0.254 1.054(0.943–1.178) 0.351 
Waistline 0.995(0.981–1.008) 0.424 0.991(0.979–1.004) 0.169 
CHO 1.218(0.902–1.645) 0.199 1.334(0.944–1.883) 0.102 
HDL-C 0.470(0.189–1.165) 0.103 0.313(0.090–1.092) 0.068 
TG 1.054(0.912–1.218) 0.474 0.950(0.764–1.182) 0.644 
Diabetes 1.075(0.259–4.464) 0.920 0.808(0.189–3.454) 0.774 
Hypertension 0.837(0.391–1.793) 0.648 0.731(0.332–1.607) 0.435 
Drinking  0.314  0.241 
No-drinking 1  1  
Past drinking 0.624(0.179–2.180) 0.460 0.576(0.156–2.124) 0.407 
Drinking 1.374(0.731–2.584) 0.324 1.498(0.672–3.340) 0.323 
Smoking  0.062  0.149 
No-smoking 1  1  
Current smoking 1.516(0.807–2.848) 0.196 1.421(0.671–3.009) 0.358 
Past smoking 2.485(1.142–5.407) 0.022* 2.388(0.996–5.723) 0.051 
MAFLD&gender 0.439(0.197–0.980) 0.045* 0.052(0.013–0.219) <0.001* 

MAFLD, metabolic dysfunction-associated fatty liver disease, BMI, body mass index; CHO, cholesterol; HDL-C, high-density lipoprotein cholesterol; 
TG, triglyceride, OR, odds ratio; CI, confidence interval; MAFLD: adjusted for age, sex, BMI, waist circumference, CHO, HDL-C, TGs, diabetes, hy
pertension, drinking and smoking. *p < 0.05. 
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adenoma but not in males. Smoking was a factor strongly linking MAFLD and colorectal adenoma in males. Additionally, age, male sex 
and BMI had strong associations with the risk of colorectal adenoma. 

In our study, the adenoma detection rate (ADR) was 11.59 %, which is inferior to the adenoma detection rate in Western pop
ulations but close to the results reported in Chinese studies. For instance, in a study from Germany in 2003–2012, the ADRs of 
4,407,971 opportunistic screening colonoscopies were 31.3 % and 20.1 % for men and women in 2012, respectively. The overall ADR 
was only 11.49 % in a screening cohort with 25,593 Chinese individuals [22]. In another study, the adenoma detection rate in 41,010 
screened patients from Southwest China was 17.6 % [23]. Therefore, the low ADR in our study might be explained by the relatively low 
prevalence of colorectal neoplasms in China compared with other European and North American countries. Another reason for this 
difference may be that the cohort was a healthy screening population and thus had a low prevalence of colorectal neoplasms. 

A study from Korea was the first to demonstrate that NAFLD subjects diagnosed by ultrasound had an increased risk of colorectal 
adenomas by 28 % over non-NAFLD subjects [24]. In 2020, a study from the United States showed that the adenoma detection rate in 
the histologically confirmed NAFLD group was significantly higher than that in the control group, and NAFLD remained an inde
pendent risk factor for adenoma in multivariate analyses, including hyperlipidemia, diabetes, and obesity [25]. Researchers from 
Taipei have found that NAFLD was an independent risk factor for adenoma formation after colonoscopy was negative, and patients 
with NAFLD with other diseases, such as metabolic syndrome, hypertension, or smoking, had an elevated colorectal adenoma risk [26]. 
In our study, MAFLD individuals had a higher occurrence rate of colorectal polyps (21 % vs. 15.7 %) and adenoma (13.5 % vs. 10.7 %) 
than the control group. The univariate model showed that MAFLD increased the risk of colorectal adenoma (OR 1.303), which was 
consistent with the report linking NAFLD and the ultrasound diagnosis of colorectal adenomatous polyps described above. However, 
MAFLD is not an independent risk factor for colorectal adenomatous polyps. 

Previous studies have suggested that MAFLD patients of different sexes have different clinical epidemiology and clinic pathological 
features, including extrahepatic diseases associated with fatty liver disease [27]. We therefore evaluated the association between 
MAFLD and colorectal adenoma by sex, and the data suggest that female MAFLD individuals, but not male MAFLD individuals, are at 
significantly increased risk of advanced adenomas. This is consistent with a report from South Korea [12]. However, a study from 
China reported that NAFLD was an important risk factor for colorectal adenoma in men but not in women [28], and a meta-analysis 
similarly found that NAFLD was significantly associated with a higher risk of colorectal polyps only in men [11]. The reasons for these 
inconsistent results are uncertain, but one possible explanation is that MAFLD is not just the new name for NAFLD, and there are 
differences between them. Another possibility is that MAFLD comorbidities, including diabetes mellitus and hypertension, differ 
between the sexes and are involved in colorectal adenomas. 

Our study shows that colorectal adenoma is associated with sex specificity in MAFLD, which should be because MAFLD itself is 
sexually dimorphic. Compared with women, men are more likely to develop visceral fat deposits and leptin resistance due to smoking, 
drinking and other poor lifestyle habits and tend to synthesize fatty acids for fat storage in the absence of estrogen receptors. It seems 
that liver fibrosis is more severe in male patients and that their incidence of liver cancer is higher. Although men have a higher risk of 
developing NAFLD than women, once NAFLD occurs, liver fibrosis progresses faster in women, and the level of hepatocyte injury and 
inflammation is higher, especially after the age of 50 [29]. In this study, compared with men of the same age, women aged 50 years or 
older with MAFLD had a higher occurrence rate of advanced neoplasms than male patients (3.63 %, 7/193 vs. 0.58 %, 7/1214, p <
0.05), which supports this explanation. 

In our study, smoking was closely associated with adenoma, with an OR of 1.336 for males. The mechanism by which smoking 
increases the risk of colorectal adenoma remains unclear, but smoking may accelerate abnormal promoter hypermethylation of DNA, 
resulting in high microsatellite instability and the CpG island methylator phenotype in tumors. Furthermore, cigarette smoke contains 
several carcinogens, such as polycyclic aromatic hydrocarbons, that can be directly absorbed into the colon mucosa, which also in
creases the risk of colorectal adenoma[31，32]. 

The study has several limitations. First, it was a single-center study, the included subjects were not representative of the general 
population in China, and selection bias cannot be ruled out. Second, MAFLD was only evaluated by ultrasound in this study. Due to the 
limitations of ultrasound and individual differences in the population, there is a possibility of inaccurate diagnosis in patients with low 
liver fat content. It is true that in clinical practice, asymptomatic individual screening is usually performed using imaging techniques 
such as ultrasound or magnetic resonance imaging to diagnose MAFLD. Third, as this study group comes from the physical examination 
population, they usually care more about their own health status, so they are not representative of the general population in this 
regard. 

Table 6 
Multivariate analyses of the risk for advanced adenomas according to sex.  

Factors Men Women 

Multivariate analysis Multivariate analysis  

OR（95 % CI） p Value OR（95 % CI） p Value 
MAFLD 0.350 (0.144–0.850) 0.020 * 3.932 (1.023–15.117) 0.046 * 
Age 1.051 (1.005–1.100) 0.029* 1.008 (0.920–1.104) 0.864 
BMI 1.018 (0.901–1.149) 0.775 1.162 (0.971–1.391) 0.101 
CHO 0.963 (0.665–1.394) 0.841 2.141 (1.257–3.647) 0.005* 

MAFLD, metabolic dysfunction-associated fatty liver disease; OR, odds ratio; CI, confidence interval; MAFLD: adjusted for age, BMI, and CHO. *p <
0.05. 
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5. Conclusion 

The association between MAFLD and the risk of colon adenoma in a Chinese Han population was explored in this study. Our results 
suggest that the detection rate of colorectal neoplasms is higher in MAFLD individuals than in controls. MAFLD subjects may have an 
elevated risk of advanced colonic adenoma in women. Older age and past smoking were independent risk factors for advanced 
colorectal adenoma. The underlying mechanisms for this increased risk should be further explored. Future studies should confirm 
whether this population will benefit from earlier screening for the detection and prevention of colorectal cancer in MAFLD subjects. 
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