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Abstract. Colorectal adenomas are benign tumors of the 
colorectal mucosal epithelium that have malignant poten‑
tial and are regarded as precancerous lesions of colorectal 
cancer, for which the specific risk factors are unclear. The 
present study aimed to identify independent risk factors for 
colorectal adenoma to develop a prediction model and test 
its predictive value. A retrospective analysis was performed 
using data from patients who underwent electronic colonos‑
copy at the Department of Proctology (Affiliated Hospital 
of Shandong University of Traditional Chinese Medicine; 
Jinan, China) from January 2013 to December 2023 and had 
polyps removed during colonoscopy. Patients with colorectal 
adenoma were included in the case group, whilst those with no 
visible abnormalities on endoscopy or with non‑adenomatous 
polyps were included as a control group. The patients were 
randomly divided into a training and validation group in a 
7:3 ratio. Variables were screened using single‑component 
analysis and the filtered variables were employed in multi‑
variate logistic regression to create a clinical prediction model. 
Finally, the model was internally and externally validated. A 
total of 730 patients were included in the present study, with 
286 assigned to the case group and 444 to the control group. 
After the initial screening of 39 variables, 12 continued to the 
next round, resulting in four potential predictors including 
age, daily number of bowel movements, thrombin time and 
the number of polyps. A prediction model was created based 
on these variables. Regarding internal validation, the C‑index 

was 0.7054 [95% confidence interval (CI), 0.6596‑0.7512] 
and the prediction probability in the calibration curve was 
close to the diagonal line of the calibration graph, indicating 
that the prediction probability of the model was reasonable. 
Regarding external validation, the C‑index in the validation 
cohort was 0.6306 (95% CI, 0.5560‑0.7053) and the calibration 
curve also demonstrated good identification capabilities. The 
Hosmer‑Lemeshow test revealed that the model had a reason‑
able calibration degree, with χ2=9.7893, degree of freedom=8 
and P=0.28. The receiver operating characteristic curve and 
decision curve analysis for the training and validation cohorts 
demonstrated good efficacy and an ideal application value. In 
conclusion, the model constructed in the present study demon‑
strated moderate predictive accuracy for colorectal adenoma 
risk, laying the groundwork for early detection of colorectal 
adenoma and secondary prevention of colorectal cancer.

Introduction

According to a global cancer study performed by the 
International Agency for Research on Cancer in 2018, colorectal 
cancer (CRC) ranks fourth and fifth in terms of new cases 
and fatalities, respectively, among all malignant tumors (1). 
Furthermore, China has one of the highest annual rates of new 
cases and deaths from CRC and there are ~376,000 new cases 
and ~191,000 deaths each year (2). The adenoma‑adenocar‑
cinoma pathway serves a notable role in the pathophysiology 
of CRC, with adenoma malignancy accounting for 50‑80% of 
CRC cases (3). Although timely resection of early colorectal 
lesions can improve survival rate, most patients are diagnosed 
in the middle or late stages. Even after treatment, the 5‑year 
survival rate remains very low at <50% (4,5). Early detection 
and treatment are critical for colorectal adenoma, the most 
common precancerous lesion in CRC.

The gold standard for diagnosing colorectal adenoma 
is an electronic colonoscopy (e‑colonoscopy) examination. 
However, patients find this procedure less acceptable than 
others as it is invasive and requires intestinal clearance 
beforehand. As a result, e‑colonoscopy is not part of the 
general medical examination routine (6,7). In China, early 
CRC screening primarily involves a fecal occult blood test, 
tumor marker detection and a related symptom questionnaire. 
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Following this, individuals identified as high‑risk are referred 
for a colonoscopy for further examination (8). Several studies 
have been performed in China and other counties to identify 
risk factors for colorectal adenoma, and these studies reported 
that several factors, including genetics, age, metabolic 
syndrome and non‑alcoholic fatty liver disease, influence the 
incidence of CRC (9,10). However, the findings from these 
several studies are incongruent. Therefore, the present study 
aimed to gather relevant clinical data, create a prediction 
model through statistical analyses and test the efficacy of the 
model to provide data support and an evidence‑based medical 
foundation for future studies. The findings of the present could 
increase the diagnosis rate of colorectal adenoma and achieve 
positive secondary prevention of CRC by facilitating earlier 
screening of high‑risk populations for colorectal adenoma.

Materials and methods

Patients and study design. The present study was a retrospec‑
tive case‑control study, approved by the Ethics Committee of 
the Affiliated Hospital of Shandong University of Chinese 
Medicine [Jinan, China; approval no. (2024) Ethics Review 
No. (017)‑YJS]. The study only involved the collection of 
case data using anonymized or de‑identified information that 
cannot be traced back to individuals and poses no risk to 
patients. Therefore, the need for informed patient consent was 
waived by the Ethics Committee. Data recorded from patients 
receiving e‑colonoscopy at the Department of Proctology of 
The Affiliated Hospital of Shandong University of Traditional 
Chinese Medicine from January  2013 to December  2023 
were included. The inclusion criteria were as follows: i) Age 
of >18 years old; ii) presence of polyps identified using colo‑
noscopy and precise pathological report results; iii) detailed 
clinical and laboratory data; and iv) no colorectal resection 
performed. The exclusion criteria were as follows: i) Diagnosis 
of inflammatory bowel disease, intestinal tuberculosis, CRC 
or schistosomiasis; ii) a history of gastrointestinal surgery; 
iii) diagnosis of an autoimmune disease or serious underlying 
disease, such as systemic lupus erythematosus and severe 
heart disease; and iv) insufficient basic information. A total of 
730 patients were included in analysis and randomly divided 
into training and validation cohorts in a 7:3 ratio.

Data collection. The following data was collected: 
i) Background information such sex, age, body mass index, the 
daily number of bowel movements, stool texture, sleep status, 
as well as the medical history of encephalopathy, lung disease, 
hypertension, diabetes, liver disease, smoking and drinking 
and family history of polyps or tumors of the digestive 
system; ii) results from blood routine examinations, such as 
the level of red blood cells, white blood cells and neutrophils, 
platelet count (PLT), hemoglobin levels and thrombin time 
(TT); iii) biochemical indexes, such as alanine aminotrans‑
ferase (ALT), aspartate aminotransferase (AST), γ‑glutamyl 
transpeptidase, AST/ALT ratio, albumin/globulin ratio, total 
bilirubin, total bile acid, creatinine (Cr), uric acid (UA), 
glucose (GLU), total cholesterol, triglycerides, high‑density 
lipoprotein (HDL), low density lipoprotein, amylase, series of 
tumor carcinoembryonic antigen tests, α‑fetoprotein, ferropro‑
tein; and iv) the number and pathological type of polyps.

Pathological diagnosis. A total of two experienced patholo‑
gists diagnosed the patients according to the World Health 
Organization classification of gastrointestinal neoplasms 
(diagnostic criteria of the 2019 edition) (11,12). If agreement 
on the diagnosis could not be achieved, a third pathologist 
assisted in making a final decision.

Basis of grouping. The present study divided the patients into 
two groups: i) The adenoma group, which included patients 
with histological examinations identified as adenomatous 
polyps; and ii) the control group, which included patients with 
non‑adenomatous polyps, such as inflammatory or hyper‑
plastic polyps, or those with no apparent abnormalities on 
endoscopic examination.

Statistical analyses
Establishment of the prediction model. A collinearity 
test was applied to the data. If multicollinearity was 
confirmed, the Least Absolute Shrinkage and Selection 
Operator cross‑validation method was applied to filter the 
variables (13). In the absence of multicollinearity, data were 
screened using a single‑factor analysis. Before performing 
the single‑factor analysis, the Kolmogorov‑Smirnov test was 
applied to continuous variables to determine the normality 
of the data distribution. Continuous variables with normal 
distributions are represented as mean ± standard deviation 
and were analyzed using the unpaired Student's t‑test or a 
nonparametric Mann‑Whitney U test. The χ2 test was used to 
analyze categorical variables. Finally, the selected variables 
were incorporated in the multivariate logistic regression 
analysis and the prediction model was built based on the 
results by plotting a nomogram.

Validation of the model. The C‑index, equivalent to the 
area under the receiver operating characteristic (ROC) curve, 
estimated the probability of uniformity between the predicted 
and actual results (14). The model was considered to have no 
discrimination ability when the C‑index was 0.5, whereas 
it possessed full discrimination ability when the C‑index 
was 1. The calibration diagram visually depicts the relation‑
ship between the predicted and actual probabilities. The closer 
the prediction probability is to the 45˚ diagonal, the higher 
the calibration degree. The sensitivity, specificity and efficacy 
of the predictive models were comprehensively evaluated by 
plotting calibration curves, ROC curves and decision curve 
analysis (DCA) graphs. The present analysis consisted of two 
parts: Internal and external validations. For the internal vali‑
dation, the Bootstrap method was used to validate the model 
and draw calibration curves. For the external validation, the 
logistic regression formula obtained in the training cohort 
was applied to patients in the validation cohort for logistic 
regression analysis. The C‑index of the validation set was then 
calculated and the calibration curve was plotted. The calibra‑
tion degree was then confirmed using the Hosmer‑Lemeshow 
test. ROC and DCA curves were employed for both internal and 
external validation to assess the accuracy and clinical utility 
of the model. R studio (version 4.1.2; https://www.r‑project.
org/) and IBM SPSS Statistics (version 26.0: IBM Corp.) were 
used for statistical analysis. The statistical significance levels 
reported are two‑sided and P<0.05 was considered to indicate 
a statistically significant difference.
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Reporting standard. The present study was reported in 
strict accordance with the requirements in the STROBE 
Guidelines checklist (15).

Results

Essential characteristics of the training and validation 
cohorts. A total of 730 cases were included based on the inclu‑
sion and exclusion criteria, with 286 assigned to the case group 
and 444 assigned to the control group. In a 7:3 ratio, patients 
were randomly divided into the training set (n=511) and the 
validation cohort (n=219). Table I presents the 40 basic char‑
acteristics (39 independent variables and 1 dependent variable) 
of the two sets.

Selection of variables and the establishment of prediction 
model
Single‑factor analysis. The Variance Inflation Factor (VIF) 
is a measure of the severity of multicollinearity in a multiple 
linear regression model. The absence of covariance is indi‑
cated when the VIF value is <10. As presented in Table Ⅱ, 
the VIF values of all the variables included in the analysis 
were <10, indicating that there was no multicollinearity in the 
data. Therefore, a single‑factor analysis was used to screen the 
variables. Continuous variables did not conform to a normal 
distribution, so the Mann‑Whitney U test was applied, and 
categorical variables were analyzed using the χ2 test. The 
analysis revealed a significant difference (P<0.05) between 
the adenoma and control groups for 12/39 variables, including 
for sex, age, the daily number of bowel movements, history of 
hypertension, history of diabetes, PLT, TT, Cr, UA, GLU, HDL 
and the number of polyps (Table III).

Single‑ and multi‑factor logistic regression analyses. The 
univariate logistic regression analysis demonstrated that sex, 
age, the daily number of bowel movements, history of hyper‑
tension, history of diabetes, PLT, TT, Cr, UA, HDL and the 
number of polyps were significantly associated with the likeli‑
hood of colorectal adenomas (P<0.05). Colorectal adenomas 
were more common in men than in women and in those who 
had an abnormal daily number of bowel movements, a history 
of hypertension and diabetes and in those with ≥3 polyps. 
Furthermore, Cr, UA, TT and age were positively associated 
with the likelihood of colorectal adenomas, whereas PLT and 
HDL were negatively associated (Table IV).

The results of the multifactorial logistic regression analysis 
demonstrated a significant association between age, the daily 
number of bowel movements, TT and the number of polyps, 
with the likelihood of colorectal adenomas (P<0.05; Table Ⅳ). 
This suggests that the four aforementioned factors are inde‑
pendent risk factors for colorectal adenoma when >1 factor is 
evaluated at the same time.

After several rounds of cascading statistical methods, 
the range of variables initially included was progressively 
narrowed. Eventually only age, the daily number of bowel 
movements, TT and the number of polyps were included in 
the nomogram to build the prediction model (Fig. 1). Different 
positions on each line segment represent specific ranges of 
values, whilst the length reflects the extent of their influence 
on the results. The nomogram consists of the variable name, 
score and probability. Depending on the location of a variable, 

the score for that criterion is determined by the value at the 
top of the chart. The scores of all metrics are summed to give 
the total score, and finally, the probability of occurrence of 
each outcome event is further derived through the function 
transformation relationship (16).

Validation of predictive models
Internal validation. The C‑index in the training cohort was 
0.7054 [95% confidence interval (CI), 0.6596‑0.7512]. The 
calibration curve was plotted using the Bootstrap method 
with n=1,000 (Fig. 2). The prediction probability curve was 
very close to the 45˚ diagonal, indicating that the model had 
a high level of predictability. The ROC curve is a tool used 
to evaluate the performance of a binary classification model 
by plotting the relationship between True Positive Rate and 
False Positive Rate, to reflect the performance of the classi‑
fier. The closer the ROC curve is to the point (1,0), the more 
effective the generalization performance of the model is. Fig. 3 
displays the ROC curve for the training set, indicating that 
the model demonstrated a strong performance. By contrast, 
DCA is more focused on the practical application of clinical 
decision‑making, integrating patient or decision‑maker pref‑
erences into the analysis and considering the clinical utility 
of a particular model. It quantifies the balance between the 
benefits of using the model and the potential drawbacks. As 
such, the core significance of the DCA curve is to translate the 
statistical performance of a predictive model into the actual 
value of clinical decision‑making, and it is an important tool 
for assessing the diagnostic accuracy and clinical utility of 
predictive models. Traditional metrics (such as area under 
the curve, sensitivity and specificity) do not directly reflect 
the clinical value of the model, and DCA fills this gap by 
providing a more intuitive decision support tool (17‑19). In 
DCA, the horizontal coordinate is the threshold probability 
and the vertical coordinate is the net benefit (NB). The greater 
the NB value of the DCA curve is above the extreme curve in 
the range of the horizontal coordinates, the more improved the 
clinical application. The DCA curve of the training cohort in 
the present study is presented in Fig. 4, which reveals that the 
model had a good clinical application value.

External validation. The logistic regression formula 
derived from the training cohort was applied to the validation 
cohort, yielding a C‑index of 0.6306 (95% CI, 0.5560‑0.7053). 
Furthermore, the calibration curves also demonstrated good 
predictive power (Fig. 5). The Hosmer‑Lemeshow test demon‑
strated that P=0.28 and χ2=9.7893 with P<0.05, indicating 
that the model fit was good. The ROC and DCA curves of the 
validation cohort are presented in Figs. 6 and 7, demonstrating 
that this model also showed a good performance and clinical 
application value in the validation cohort.

Discussion

The present study applied appropriate statistical methods to 
analyze relevant clinical data and develop a predictive model 
of risk factors for colorectal adenoma. The line graph, also 
called nomogram, is widely used in clinical practice to assess 
the risk of disease occurrence and prognosis  (20,21). The 
core principle is to integrate multiple predictors based on 
the results of regression analysis, use the regression model 

https://www.spandidos-publications.com/10.3892/ol.2025.15068
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Table I. Characteristics of patients in the training and validation cohorts.

Characteristic	 Training cohort (n=511)	 Validation cohort (n=219)	 Normal reference range

Sex			   N/A
  Male	 327 (63.99)	 146 (66.67)	 N/A
  Female	 184 (36.01)	 73 (33.33)	 N/A
Daily number of bowel movements			   N/A
  Normal	 387 (75.73)	 167 (76.26)	 N/A
  Abnormal	 124 (24.27)	 52 (23.74)	 N/A
Stool texture			   N/A
  Normal	 278 (54.40)	 107 (48.86)	 N/A
  Abnormal	 233 (45.60)	 112 (51.14)	 N/A
Sleep status			   N/A
  Normal	 393 (76.91)	 191 (87.21)	 N/A
  Abnormal	 118 (23.09)	 28 (12.79)	 N/A
History of encephalopathy			   N/A
  No	 480 (93.93)	 205 (94.98)	 N/A
  Yes	 31 (6.07)	 14 (6.39)	 N/A
History of lung disease			   N/A
  No	 499 (97.65)	 211 (96.35)	 N/A
  Yes	 12 (2.35)	 8 (3.65)	 N/A
History of hypertension			   N/A
  No	 358 (70.06)	 158 (72.15)	 N/A
  Yes	 153 (29.94)	 61 (27.85)	 N/A
History of diabetes			   N/A
  No	 459 (89.82)	 194 (88.58)	 N/A
  Yes	 52 (10.18)	 25 (11.42)	 N/A
History of liver disease			   N/A
  No	 494 (96.67)	 210 (95.89)	 N/A
  Yes	 17 (3.33)	 9 (4.11)	 N/A
Smoking history			   N/A
  No	 389 (76.13)	 179 (81.74)	 N/A
  Yes	 122 (23.87)	 40 (18.26)	 N/A
Drinking history			   N/A
  No	 382 (74.76)	 180 (82.19)	 N/A
  Yes	 129 (25.24)	 39 (17.81)	 N/A
Family history of polyps or			   N/A
tumors of digestive system			 
  No	 473 (92.56)	 210 (95.89)	 N/A
  Yes	 38 (7.44)	 9 (4.11)	 N/A
Classification			   N/A
  Adenoma group	 203 (39.73)	 83 (37.90)	 N/A
  Control group	 308 (60.27)	 136 (62.10)	 N/A
Number of polyps			   N/A
  1	 165 (32.29)	 78 (35.62)	 N/A
  2	 132 (25.83)	 53 (24.20)	 N/A
  ≥3	 214 (41.88)	 88 (40.18)	 N/A
Age, years	 57.00 (48.00, 65.00)	 60.00 (51.00, 66.00)	 N/A
BMI, kg/m²	 25.00 (22.88, 27.39)	 24.91 (23.52, 26.97)	 N/A
RBC, x1012/l	 4.67 (4.30, 5.00)	 4.63 (4.30, 4.93)	 Male, 4.3‑5.8; female, 
			   3.8‑5.2 
WBC, x109/l	 5.77 (4.87,6.98)	 5.94 (4.94, 7.03)	 4.0‑10.0
NEU, x109/l	 58.10 (51.65, 64.75)	 56.80 (51.50, 63.50)	 2.0‑7.0
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to measure the degree of influence of different variables 
on the outcome events and transform this information into 
intuitive and easy‑to‑understand lines with scale markings. 
Nomograms transform complex regression equations into 
visual graphs, making regression analysis results and predic‑
tive model profiles more readable to facilitate fast and efficient 
assessment of clinical data. It is due to this intuitive and 
efficient advantage that it has gradually gained more attention 
and application in medical research and clinical practice as 
well (21). To date, several clinical researchers have used the 
method of predictive modeling with nomograms to present 
their data analysis results, including certain high‑level studies 
published in high‑impact factor journals, including studies 
by Gafita et al (22), Liu et al (23) and Pietrantonio et al (24). 
These high‑level nomogram studies similarly construct a 
model through multifactorial logistic regression analysis and 

then assess model performance through ROC curves, calibra‑
tion curves, as well as clinical applicability through DCA 
curves. However, they tend to use large samples or multi‑center 
clinical data to enhance the accuracy of the results. By contrast 
to the aforementioned studies, a broader range of variables was 
included in the present study. In addition to the conventional 
variables reported in previous research, additional factors that 
may be related to colorectal adenomas were comprehensively 
considered. For the first time to the best our knowledge, three 
new variables, sleep status, history of encephalopathy and lung 
disease, were introduced.

The link between sleep status and colorectal adenomas has 
been previously investigated. In a clinical case‑control study, 
a marked association was reported between patients with 
colorectal adenomas and their corresponding sleep duration, 
with an average sleep duration of <6 h per night increasing the 

Table I. Continued.

Characteristic	 Training cohort (n=511)	 Validation cohort (n=219)	 Normal reference range

PLT, x109/l	 232.00 (199.00, 273.00)	 220.00 (185.00, 256.00)	 125‑350
HGB, g/l	 144.00 (132.00, 155.00)	 143.00 (132.50, 154.00)	 Male, 130‑175; female, 
			   120‑150
TT, sec	 16.60 (16.00, 17.40)	 16.30 (15.70, 17.10)	 14‑21
ALT, U/l	 18.00 (14.00, 26.00)	 18.00 (13.00, 25.50)	 Male, 9‑50; female, 
			   7‑40 
AST, U/l	 20.00 (16.10, 24.00)	 20.00 (17.05, 24.95)	 Male, 15‑40; female, 
			   13‑35
GGT, U/l	 21.00 (15.00, 32.00)	 22.00 (16.00, 31.35)	 Male, 10‑60; female, 
			   7‑45
AST/ALT	 1.10 (0.80, 1.30)	 1.10 (0.80, 1.40)	 0.8‑1.4
A/G	 1.50 (1.40, 1.70)	 1.50 (1.40, 1.70)	 1.2‑2.4
TBIL, µmol/l	 14.4 (11.30, 18.80)	 13.60 (11.00, 17.85)	 3.4‑20.5
TBA, µmol/l	 2.00 (1.10, 3.45)	 2.20 (1.30, 3.40)	 0.1‑10.0
Cr, µmol/l	 68.00 (59.00, 77.00)	 69.80 (60.50, 82.00)	 Male, 53‑106; female, 
			   44‑97
UA, µmol/l	 321.00 (267.00, 381, 00)	 319.00 (258.50, 374.00)	 Male, 208‑428; female, 
			   155‑357
GLU, mmol/l	 5.27 (4.89, 5.81)	 5.26 (4.85, 5.86)	 3.9‑6.1
CHOL, mmol/l	 5.10 (4.35, 5.84)	 5.06 (4.35, 5.80)	 <5.2
TG, mmol/l	 1.23 (0.89, 1.77)	 1.26 (0.90, 1.86)	 ≤1.7
HDL, mmol/l	 1.20 (1.00, 1.42)	 1.17 (0.98, 1.42)	 Male, ≥1.0; female, 
			   ≥1.3
LDL, mmol/l	 3.07 (2.48, 3.75)	 3.15 (2.66, 3.67)	 <3.0
AMY, U/l	 60.00 (48.00, 75.00)	 58.00 (45.00, 69.05)	 30‑110
CEA, ng/ml	 2.10 (1.45, 3.01)	 2.19 (1.44, 3.03)	 <3.0
AFP, ng/ml	 3.03 (2.28, 4.25)	 3.10 (2.12, 3.86)	 <7 
Fer, ng/ml	 150.00 (87.00, 237.00)	 141.00 (85.80, 218.20)	 Male, 30‑400; female, 
			   15‑150

Categorical variables are presented as frequency, n (%) whereas continuous variables are presented as the median (25th percentile, 75th 
percentile. BMI, body mass index; RBC, red blood cells; WBC, white blood cells; NEU, neutrophil; PLT, platelet count; HGB, hemoglobin; 
TT, thrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ‑glutamyl transpeptidase; TBIL, total bilirubin; 
TBA, total bile acid; Cr, creatinine; UA, uric acid; GLU, glucose; CHOL, total cholesterol; TG, triglycerides; HDL, high‑density lipoprotein; 
LDL, low‑density lipoprotein; AMY, amylase; CEA, carcinoembryonic antigen; AFP, α‑fetoprotein; Fer, ferroprotein; N/A, not applicable.
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risk of adenomas by ~50% (25). Sleep deprivation increases 
the expression of TNF‑α, triggering a localized inflamma‑
tory response. Melatonin, which is closely related to sleep, it 
increases the expression of oncogene P53 and promotes the 

repair of DNA. At the same time, melatonin can inhibit the 
cell cycle and reduce cell proliferation, contributing to tumor 
suppression. Poor sleep conditions will lead to a large reduc‑
tion in the secretion of melatonin, which may increase the risk 

Table II. Results of the multicollinearity test.

		  Standardized	 Collinearity
	 Unstandardized factor	 factor	 statistics
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 B	 Standard error	 Beta	 t	 P‑value	 Tolerance	 VIF

Sex	 ‑0.094	 0.075	 ‑0.092	 ‑1.255	 0.210	 0.311	 3.218
Age	 0.008	 0.002	 0.207	 3.911	 <0.001	 0.598	 1.671
BMI	 ‑0.010	 0.008	 ‑0.130	 ‑1.269	 0.205	 0.159	 6.281
Daily number of bowel movements	 0.116	 0.055	 0.102	 2.132	 0.034	 0.734	 1.362
Stool texture	 ‑0.035	 0.047	 ‑0.035	 ‑0.735	 0.463	 0.720	 1.389
Sleep status	 0.025	 0.053	 0.021	 0.465	 0.642	 0.813	 1.230
History of encephalopathy	 0.086	 0.090	 0.042	 0.954	 0.340	 0.862	 1.160
History of lung disease	 0.004	 0.140	 0.001	 0.027	 0.978	 0.897	 1.114
History of hypertension	 ‑0.049	 0.050	 ‑0.046	 ‑0.971	 0.332	 0.766	 1.305
History of diabetes	 0.075	 0.072	 0.046	 1.048	 0.295	 0.853	 1.172
History of liver disease	 0.060	 0.116	 0.022	 0.520	 0.603	 0.930	 1.075
Smoking history	 ‑0.031	 0.063	 ‑0.027	 ‑0.499	 0.618	 0.562	 1.780
Drinking history	 0.081	 0.061	 0.072	 1.326	 0.185	 0.575	 1.738
Family history of polyps	 ‑0.105	 0.080	 ‑0.056	 ‑1.323	 0.186	 0.922	 1.085
RBC	 ‑0.038	 0.042	 ‑0.046	 ‑0.902	 0.367	 0.650	 1.537
WBC	 0.013	 0.013	 0.046	 0.958	 0.339	 0.729	 1.371
NEU	 0.001	 0.001	 0.076	 1.810	 0.071	 0.947	 1.056
PLT	 ‑0.001	 0.000	 ‑0.090	 ‑1.812	 0.071	 0.688	 1.453
HGB	 0.000	 0.000	 0.052	 1.166	 0.244	 0.858	 1.166
TT	 0.027	 0.014	 0.080	 1.844	 0.066	 0.887	 1.128
ALT	 ‑0.001	 0.002	 ‑0.069	 ‑0.827	 0.409	 0.244	 4.098
AST	 0.002	 0.003	 0.075	 0.669	 0.504	 0.132	 7.579
GGT	 0.000	 0.000	 0.026	 0.360	 0.719	 0.317	 3.151
AST/ALT	 0.042	 0.024	 0.087	 1.773	 0.077	 0.705	 1.419
A/G	 ‑0.011	 0.010	 ‑0.050	 ‑1.052	 0.293	 0.756	 1.323
TBIL	 ‑0.002	 0.003	 ‑0.029	 ‑0.637	 0.525	 0.788	 1.269
TBA	 0.005	 0.008	 0.027	 0.588	 0.557	 0.813	 1.230
Cr	 ‑0.000	 0.002	 ‑0.001	 ‑0.025	 0.98	 0.591	 1.691
UA	 0.000	 0.000	 0.075	 1.399	 0.162	 0.588	 1.701
GLU	 ‑0.001	 0.001	 ‑0.034	 ‑0.813	 0.416	 0.943	 1.061
CHOL	 ‑0.001	 0.001	 ‑0.045	 ‑1.067	 0.287	 0.962	 1.040
TG	 ‑0.024	 0.018	 ‑0.063	 ‑1.338	 0.182	 0.768	 1.301
HDL	 ‑0.064	 0.059	 ‑0.050	 ‑1.083	 0.279	 0.785	 1.273
LDL	 ‑0.009	 0.025	 ‑0.017	 ‑0.363	 0.717	 0.807	 1.239
AMY	 0.001	 0.001	 0.0490	 1.111	 0.267	 0.858	 1.166
CEA	 ‑0.018	 0.008	 ‑0.099	 ‑2.217	 0.027	 0.839	 1.192
AFP	 ‑0.002	 0.011	 ‑0.008	 ‑0.194	 0.847	 0.889	 1.125
Fer	 ‑0.000	 0.000	 ‑0.028	 ‑0.596	 0.551	 0.754	 1.326
Number of polyps	 0.109	 0.025	 0.190	 4.322	 <0.001	 0.867	 1.153

VIF, Variance Inflation Factor; BMI, body mass index; RBC, red blood cells; WBC, white blood cells; NEU, neutrophil; PLT, platelet count; 
HGB, hemoglobin; TT, thrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ‑glutamyl transpeptidase; 
TBIL, total bilirubin; TBA, Total bile acid; Cr, creatinine; UA, uric acid; GLU, glucose; CHOL, total cholesterol; TG, triglycerides; HDL, 
high‑density lipoprotein; LDL, low density lipoprotein; AMY, amylase; CEA, carcinoembryonic antigen; AFP, α‑fetoprotein; Fer, ferroprotein.
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Table III. P‑values for comparisons between the adenoma and the control groups.

Independent variable	 Adenoma group (n=203)	 Control group (n=308)	 P‑value

Sex			   0.002
  Male	 147 (72.4)	 180 (58.4)	
  Female	 56 ( 27.6)	 128 (41.6)	
Daily number of bowel movements			   0.018
  Normal	 142 (70)	 245 (79.5)	
  Abnormal	 61 ( 30.0)	 63 (20.5) 	
Stool texture			   0.281
  Normal	 104 (51.2)	 174 (56.5)	
  Abnormal	 99 (48.8)	 134 (43.5)	
Sleep status			   0.321
  Normal	 151 (74.4)	 242 (78.6)	
  Abnormal	 52 (25.6) 	 66 (21.4) 	
History of encephalopathy			   0.113
  No	 186 (91.6)	 294 (95.5)	
  Yes	 17 (8.4)	 14 (4.5)	
History of lung disease			   0.662
  No	 197 (97.0)	 302 (98.1)	
  Yes	 6 (3.0)	 6 (1.9) 	
History of hypertension			   0.034
  No	 131 (64.5)	 227 (73.7)	
  Yes	 72 (35.5) 	 81 (26.3) 	
History of diabetes			 
  No	 173 (85.2)	 286 (92.9)	 0.008
  Yes	 30 (14.8) 	 22 (7.1)	
History of liver disease			 
  No	 194 (95.6)	 300 (97.4)	 0.379
  Yes	 9 (4.4)	 8 (2.6)	
Smoking history			 
  No	 154 (75.9)	 235 (76.3)	 0.994
  Yes	 49 (24.1) 	 73 (23.7)	
Drinking history			 
  No	 147 (72.4)	 235 (76.3)	 0.376
  Yes	 56 (27.6)	 73 (23.7)	
Family history of polyps or tumors			   0.371
of the digestive system
  No	 191 (94.1)	 282 (91.6)	
  Yes	 12 (5.9) 	 26 (8.4) 	
Number of polyps			   <0.001 
  1	 44 (21.7)	 121 (39.3)	
  2	 47 (23.2)	 85 (27.6)	
  ≥3	 112 (55.2) 	 102 (33.1) 	
Age, years	 61.00 (52.50, 67.00)	 55.00 (45.00, 62.25)	 <0.001
BMI, kg/m²	 25.51 (23.23, 27.42)	 24.80 (22.80, 27.35)	 0.150 
RBC, x1012/l	 4.64 (4.24, 4.98)	 4.68 (4.32, 5.02)	 0.268
WBC, x109/l	 5.92 (5.00, 7.04)	 5.72 (4.79, 6.85)	 0.190 
NEU, x109/l	 59.10 (51.95, 65.95)	 57.70 (51.55, 63.90)	 0.060 
PLT, x109/l	 220.00 (191.50, 254.50)	 237.00 (202.75, 280.25)	 0.001 
HGB, g/l	 144.00 (134.50, 155.00)	 143.50 (130.00, 155.00)	 0.538 
TT, sec	 16.90 (16.10, 17.50)	 16.50 (16.00, 17.30)	 0.014 
ALT, U/l	 19.00 (14.00, 25.00)	 18.00 (13.00, 27.00)	 0.442 

https://www.spandidos-publications.com/10.3892/ol.2025.15068
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of developing intestinal tumors. In addition, circadian rhythm 
disorders can also trigger mutations in circadian rhythm 
protein 2, which can lead to a series of diseases  (26,27). 

Moreover, the concept of the brain‑gut axis was proposed as 
early as the 1960s. Further research on microorganisms has 
gradually recognized that the gut microbiota serves a key 

Table III. Continued.

Independent variable	 Adenoma group (n=203)	 Control group (n=308)	 P‑value

AST, U/l	 21.00 (17.00, 24.00)	 20.00 (16.00, 25.00)	 0.127 
GGT, U/l	 21.00 (15.00, 32.00)	 21.00 (15.00, 31.00)	 0.634 
AST/ALT	 1.10 (0.90, 1.30)	 1.10 (0.80, 1.30)	 0.573 
A/G	 1.50 (1.40, 1.70)	 1.50 (1.40, 1.70)	 0.532 
TBIL, µmol/l	 14.90 (11.70, 19.20)	 14.00 (11.20, 18.20)	 0.122 
TBA, µmol/l	 2.10 (1.20, 3.50)	 1.80 (1.10, 3.23)	 0.058 
Cr, µmol/l	 71.00 (62.00, 78.00)	 66.50 (56.00, 77.00)	 0.014 
UA, µmol/l	 331.00 (287.00, 388.00)	 305.50 (259.00, 378.00)	 0.009 
GLU, mmol/l	 5.38 (4.97, 6.04)	 5.22 (4.84, 5.67)	 0.009 
CHOL, mmol/l	 5.07 (4.20, 5.81)	 5.11 (4.44, 5.85)	 0.187 
TG, mmol/l	 1.16 (0.91, 1.78)	 1.27 (0.88, 1.72)	 0.612 
HDL, mmol/l	 1.19 (0.98, 1.37)	 1.24 (1.01, 1.44)	 0.020 
LDL, mmol/l	 3.08 (2.42, 3.72)	 3.07 (2.53, 3.81)	 0.578 
AMY, U/l	 61.00 (48.00, 79.50)	 60.00 (47.75, 71.00)	 0.200 
CEA, ng/ml	 2.13 (1.47, 3.09)	 2.06 (1.42, 2.96)	 0.365 
AFP, ng/ml	 3.12 (2.21, 4.32)	 2.91 (2.31, 4.21)	 0.549 
Fer, ng/ml	 155.20 (89.30, 248.00)	 144.00 (85.98, 226.50)	 0.304

Categorical variables are presented as frequency, n (%) whereas continuous variables are presented as the median (25th percentile, 75th 
percentile. BMI, body mass index; RBC, red blood cells; WBC, white blood cells; NEU, neutrophil; PLT, platelet count; HGB, hemoglobin; TT, 
thrombin time; ALT, alanine aminotransferase;  AST, aspartate aminotransferase; GGT, γ‑glutamyl transpeptidase; A/G, Albumin/Globulin; 
TBIL, total bilirubin; TBA, Total bile acid; Cr, creatinine; UA, uric acid; GLU, glucose; CHOL, total cholesterol; TG, triglycerides; HDL, 
high‑density lipoprotein; LDL, low density lipoprotein; AMY, amylase; CEA, carcinoembryonic antigen; AFP, α‑fetoprotein; Fer, ferroprotein.

Table IV. Results of the univariate and multifactor logistic regression models for the probability of colorectal adenoma.

	 Single‑factor	 Multi‑factor
	 logistic regression analysis	 logistic regression analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 OR	 95% CI	 P‑value	 OR	 95% CI	 P‑value

Sex (female vs. male)	 0.536	 0.364‑0.782	 0.001	 0.630	 0.378‑1.045	 0.073
Age (adenoma vs. control)	 1.048	 1.031‑1.065	 <0.001	 1.044	 1.025‑1.065	 <0.001
Daily number of bowel movements	 1.671	 1.110‑2.515	 0.014	 1.616	 1.026‑2.547	 0.038
(abnormal vs. normal)
History of hypertension (yes vs. no)	 1.540	 1.049‑2.261	 0.027	 0.897	 0.569‑1.404	 0.635
History of diabetes (yes vs. no)	 2.254	 1.265‑4.074	 0.006	 1.505	 0.789‑2.897	 0.216
PLT (adenoma vs. control)	 0.994	 0.991‑0.997	 <0.001	 0.997	 0.993‑1.000	 0.066
TT (adenoma vs. control)	 1.185	 1.037‑1.378	 0.020	 1.181	 1.021‑1.390	 0.036
Cr (adenoma vs. control)	 1.013	 1.001‑1.026	 0.033	 1.002	 0.987‑1.018	 0.785
UA (adenoma vs. control)	 1.002	 1.000‑1.004	 0.030	 1.002	 0.999‑1.004	 0.142
GLU (adenoma vs. control)	 0.996	 0.555‑1.008	 0.624	 0.995	 0.888‑1.007	 0.615
HDL (adenoma vs. control)	 0.498	 0.284‑0.836	 0.012	 0.705	 0.364‑1.288	 0.280
Number of polyps (≥3 vs. 1 or 2)	 3.020	 1.961‑4.706	 <0.001	 2.442	 1.526‑3.944	 <0.001

OR, odds ratio; CI, confidence interval; PLT, platelet count; TT, thrombin time; ALT, alanine aminotransferase; Cr, creatinine; UA, uric acid; 
GLU, glucose; HDL, high‑density lipoprotein.
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regulatory role in the interaction between the brain and the 
gastrointestinal tract; therefore, the term ‘microbial‑brain‑gut 
axis’ was coined (28). The microbial‑brain‑gut axis is involved 
in the development of several intestinal diseases. It also influ‑
ences tumor cell proliferation, apoptosis, invasion and other 
processes in intestinal tumors. Meanwhile the brain can regu‑
late gastrointestinal tumors through anatomical neural and 
neuroendocrine pathways (29). Several studies have reported 
that CRC and precancerous lesions are associated with cogni‑
tive function and mental health. The microbiota‑gut‑brain 
axis may serve a notable role in this relationship  (30‑32). 
Additionally, dysregulation of the microbiota composition and 
abnormalities in intestinal barrier function may be key factors 
in the underlying pathological mechanisms (33). Dysregulation 
of the intestinal flora has been reported in a number of patients 
with colorectal adenomas, inflammatory bowel disease and 
cancer. Intestinal flora can form a cancer‑promoting intes‑
tinal microenvironment through chronic inflammation thus 
affecting the development of the disease (34). Therefore, in 
the prevention and treatment of colorectal tumors and precan‑
cerous lesions, the concept of ‘brain and intestines together’ 
could represent a breakthrough.

Furthermore, the present study incorporated lung disease 
history into the model as Chinese medical theory posits that the 

lung and large intestine are interconnected and influence each 
other (35). In previous years, several researchers have assessed 
this theory by performing experimental studies, reporting that 
there is a molecular biology basis for the link between the 
lung and the large intestine (36‑38). First, histoembryological 
studies have reported that the differentiation and develop‑
ment of the lungs, trachea and intestines originate from the 
endoderm and share a common embryonic origin  (39‑42). 
The mucosal immunity has a crucial role in connecting the 
lungs and the large intestine through both anatomical and 
physiological activities. The mucous membranes found in the 
gastrointestinal and respiratory tracts are integral parts of the 
overall mucosal immune system, which allows for interactions 
and communication between these two systems. The molecular 
basis of this mucosal immunity is the secretory IgA (SIgA), 
which can be secreted in large amounts by both the respira‑
tory and gastrointestinal tract, the latter being the primary 
site of the SIgA immune response. Through the ‘homing’ 
and the common immune system, the mucosal immunity of 
the intestinal tract activates the lymphocytes and reaches the 
respiratory tract and other mucosal lymphoid tissues, where it 
exerts the immune response against the same antigen, forming 
the common mucosal immune system (43). Intestinal trefoil 
factor 3 (TFF3) is secreted by the cup cells of the intestinal 
mucosa, where it exerts an important protective effect on the 

Figure 1. Nomogram of the multi‑factor logistic regression model. *P<0.05, 
***P<0.001. 

Figure 2. Calibration curves of internal validation.

Figure 3. Receiver operator characteristic curves of internal validation. 
TP, true positive; FP, false positive.

Figure 4. Decision curve analysis curves of internal validation.

https://www.spandidos-publications.com/10.3892/ol.2025.15068
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mucosa of the digestive tract. Notably, TFF3 was reported to 
have a higher level of expression in the respiratory tract than in 
the colonic tissues and is closely associated with lung function, 
which further suggests that an inextricable link exists between 
the lungs and the intestines (44,45). In addition, it was reported 
that the increase in inflammatory cells (neutrophils, eosino‑
phils and B‑lymphocytes) in the lungs, stimulated by lung 
pathologies such as pneumonia, was accompanied by marked 
changes in the microbial community in the gut (38,46). These 
suggest that there is a notable interaction between the func‑
tions of the lungs and the intestines, and this inspired the 
present study.

According to the prediction model in the present study, 
abnormal bowel frequency is an independent risk factor 
for developing colorectal adenoma. Changes in bowel 
frequency, habits and stool characteristics are strongly asso‑
ciated with the emergence of colorectal adenoma (47). These 
were also early symptoms of CRC, which may be caused 
by long‑term diarrhea and constipation, resulting in intes‑
tinal dysfunction and intestinal microecological changes, 
resulting in chronic inf lammation  (48). Inf lammation 
is inextricably linked to tumorigenesis. Inf lammation 
can cause DNA changes in intestinal cells and abnormal 
microbial metabolism, resulting in a series of lesions and, 
eventually, tumorigenesis (49). This is in line with findings 
that indicate that constipation could cause the accumulation 
of harmful substances in the intestinal lumen and damage 
the intestinal mucosa. This results in repeated repair and 
healing, leading to DNA changes in the epithelial cells of 
the mucosal surface, which could lead to adenomas (50,51). 
The aforementioned findings are consistent with the results 
of the present study, indicating that an abnormal number of 
bowel movements was a significant risk factor for colorectal 
adenomas.

The prediction model revealed that the TT was positively 
associated with a risk of colorectal adenoma. The TT is the 
time it takes for blood to clot after standardized thrombin 
is added to the plasma. TT is considered prolonged only 
when it is >3  sec from the standard control, suggesting 
hyperfibrinolysis, increased heparin and heparin‑like 
substances (52). Only 3/730 patients in the present study had 
abnormal TT values, with the rest within the normal range, 
implying no association between abnormal TT values and 
the risk of colorectal adenoma. However, this could indi‑
cate that even within the normal range, the greater the TT 
value, the more likely a colorectal adenoma is to occur. TT 
is one of the indicators commonly used in clinical practice 
to reflect the coagulation function and its relationship with 
malignant tumors has received increasing attention in recent 
years (53,54). Several researchers have assessed the concept 
of malignancy‑associated coagulation abnormality. Most 
studies reported that alterations in coagulation and fibrinolytic 
processes are associated with the occurrence and progression 
of malignant tumors and 95% of patients are accompanied 
by abnormalities in coagulation function, such as pancreatic, 
nasopharyngeal, lung and gastric cancers (55‑62). In addition, 
it is generally considered that activation of the coagulation 
system is closely associated with the angiogenesis process 
occurring in human malignant tumors (63). Moreover, the 
relationship between CRC and coagulation function has been 
previously assessed, and certain studies have reported that 
the risk of coagulation abnormality in CRC is higher than 
that in other tumors (64). Certain studies have also reported 
that there is an association between the development of 
CRC and the hypercoagulable state of the blood in several 
malignant tumors (65,66). Abnormal coagulation can affect 
the proliferation and migration of tumor cells and even 
promote tumor angiogenesis, but its specific mechanism 
needs to be further elucidated (67). The significance of one 
of the coagulation function indicators, TT, has also been 
increasingly recognized. Several researchers have included 
TT in similar diagnostic or prognostic modeling studies. For 

Figure 5. Calibration curves of external validation.

Figure 6. Receiver operator characteristic curves of external validation. 
TP, true positive; FP, false positive.

Figure 7. Decision curve analysis curves of external validation.
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instance, a predictive modeling study by Junsheng et al (68) 
reported that TT is an independent risk factor for the progres‑
sion of colorectal adenoma to CRC and this finding was 
integrated into the predictive modeling. The clinical study 
by Fu et al  (69) also reported that the prothrombin time, 
prothrombin time activity, activated partial thromboplastin 
time, TT and fasting blood glucose levels were higher in 
patients with CRC than in control patients, suggesting that 
patients with CRC have notable coagulation abnormalities. 
Zihong et al (70) reported that there was a marked differ‑
ence in TT between patients with early‑stage CRC and the 
controls. These findings suggest that coagulation indicators 
such as TT should be considered in the early diagnosis, treat‑
ment and prevention of colorectal adenoma and CRC.

The number of polyps was associated with the risk of 
colorectal adenoma in the present study. Individuals with ≥3 
polyps were more likely to develop colorectal adenoma than 
those with one to two polyps. According to one study, >50% of 
colorectal adenomas were multiple polyps (71). Another study 
reported that most patients with adenomas had ≥3 polyps (72). 
These findings are consistent with the results of the present 
study.

The relationship between age and the risk of colorectal 
adenoma has been assessed by several studies, resulting in 
generally consistent conclusions. Both colorectal adenoma 
and CRC have been reported to be were strongly associ‑
ated with age, and the prevalence increases with advanced 
age (73‑77). Karsenti et al (78) analyzed 6,027 colonoscopy 
results and reported that the detection rate of adenomas and 
the rate of advanced tumor formation in individuals aged 
≥45 years increased 2‑fold compared with those <45 years 
old. Lin et al (79), in a CRC screening of 2 million elderly 
individuals, reported that the positive predictive value of 
CRC and advanced adenomas increased with age. The 
results of an epidemiologic survey of adenomas based on the 
Chinese population reported that the prevalence of adenomas 
increased from 4.6% at age 39 years to a peak of 27.3% at 
age ≥65 years (80). The detection rate of adenomas and the 
risk of cancerous transformation in individuals >60 years of 
age increased dramatically (81,82). The reason for this may 
be that with age, the function of all organs of the human body 
gradually declines and the ability of the intestinal mucosa 
to repair damage is greatly weakened, making it prone to 
lesions. The older the age, the greater the chance of developing 
metabolic syndromes such as abnormalities in blood glucose, 
lipids and blood, pressure which are closely related to the risk 
of early‑onset CRC (83). Certain studies have also suggested 
that the main reason for this phenomenon is the decreasing 
stability of colonic pluripotent stem cells with age. This leads 
to the overproliferation of cells when exposed to adverse 
factors, ultimately resulting in the formation of adenomas (84). 
Multiple reasons make age one of the non‑negligible risk 
factors associated with colorectal precancerous lesions.

Numerous previous studies have reported that smoking 
and drinking history, hypertension, diabetes, uric acid, lipids 
and triglycerides levels, non‑alcoholic fatty liver disease and a 
family history of polyps are associated with an increased risk 
of colorectal adenoma (85‑90). However, the aforementioned 
variables were not among the independent risk factors iden‑
tified in the present study. This discrepancy may be caused 

by variations in the patient population of different studies, 
including differences in regions, ethnic groups and sample 
sizes.

By contrast to conventional epidemiologic studies, the 
present study introduces the method of nomogram and 
provides a comprehensive assessment of their performance 
and clinical utility. The statistical methods used in the present 
study are more complex and rigorous, and the research process 
is completely different. In addition to incorporating potential 
association variables identified in previous studies, the current 
study included further variables, such as history of encepha‑
lopathy and lung disease for the first time, to the best of our 
knowledge. The results also identified new potential risk factors, 
such as TT, daily number of bowel movements, increased age 
and the number of polyps. Using this new research method, 
further possible influences on diseases could be identified with 
greater confidence. The clinical prediction model enables the 
identification of high‑risk individuals for colorectal adenomas, 
thereby facilitating timely e‑colonoscopic surveillance, thus 
increasing the detection rate of adenoma whilst reducing 
medical costs, preventing the occurrence of colorectal precan‑
cerous lesions and interrupting the progression of colorectal 
adenoma to CRC. This could effectively lower the incidence 
and mortality rates from CRC.

However, there are several limitations to the present 
research. First, the C‑index suggested that the constructed 
model had only a moderate predictive performance and 
there may be a certain degree of selection bias as the study 
was retrospective. Second, the data for both the training and 
validation cohorts came from the same source, which may 
lead to model overfitting. Third, most of the patients included 
in the study were from Shandong Province in China and the 
surrounding areas; therefore, it is unclear whether the model 
applies to individuals from other regions. Subsequently, 
multicenter studies employing larger samples are needed to 
validate the reliability and applicability of the present model. 
Moreover, the aim of the study was to derive the overall risk 
factors for developing adenomas by comparing the data of 
adenomatous and non‑adenomatous populations, so the study 
did not take adenoma grading into consideration. However, the 
grade of colorectal adenoma is an important indicator; there‑
fore, assessing the association between risk factors and certain 
grades of colorectal cancer is a future research direction.

In conclusion, the present study analyzed a large amount of 
clinical data and constructed a predictive model of colorectal 
adenoma risk factors with good efficacy and stability, which 
provide new ideas for timely screening of high‑risk groups and 
improve the early detection rate of colorectal adenoma. It is 
expected that the model in the present study will contribute to 
the development of clinical medicine.
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