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A B S T R A C T   

Background: Colorectal cancer (CRC) is the third most common cancer in the world and has a 
high mortality rate. Colorectal adenoma (CRA) is precancerous lesions of CRC. The purpose of the 
present study was to construct a nomogram predictive model for CRA with low-grade intra-
epithelial neoplasia (LGIN) in order to identify high-risk individuals, facilitating early diagnosis 
and treatment, and ultimately reducing the incidence of CRC. 
Methods: We conducted a single-center case-control study. Based on the results of colonoscopy 
and pathology, 320 participants were divided into the CRA group and the control group, the 
demographic and laboratory test data were collected. A development cohort (n = 223) was used 
for identifying the risk factors for CRA with LGIN and to develop a predictive model, followed by 
an internal validation. An independent validation cohort (n = 97) was used for external valida-
tion. Receiver operating characteristic curve, calibration plot and decision curve analysis were 
used to evaluate discrimination ability, accuracy and clinical practicability of the model. 
Results: Four predictors, namely sex, age, albumin and monocyte count, were included in the 
predictive model. In the development cohort, internal validation and external validation cohort, 
the area under the curve (AUC) of this risk predictive model were 0.946 (95%CI: 0.919–0.973), 
0.909 (95 % CI: 0.869–0.940) and 0.928 (95%CI: 0.876–0.980), respectively, which demon-
strated the model had a good discrimination ability. The calibration plots showed a good 
agreement and the decision curve analysis (DCA) suggested the predictive model had a high 
clinical net benefit. 
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Conclusion: The nomogram model exhibited good performance in predicting CRA with LGIN, 
which can aid in the early detection of high-risk patients, improve early treatment, and ultimately 
reduce the incidence of CRC.   

1. Introduction 

Colorectal cancer (CRC) is the third most common malignant tumor and the mortality rate associated with CRC is the second 
highest among cancer-related deaths worldwide [1–3]，resulting in 935,000 deaths and more than 1.9 million new CRC in 2020 across 
the globe [4]. Today, CRC is the second most common cancer in China, after lung cancer [5], which brought a heavy disease burden. In 
recent years, the incidence of early-onset CRC (under the age of 50 years) has been increasing worldwide [1,3]. Therefore, reducing the 
incidence and mortality of CRC has become an urgent public health issue that needs to be addressed. Colorectal adenomatous polyp 
(CAP), also known as colorectal adenoma (CRA), are recognized as a precursor lesion for CRC [6,7]. We are aware that CRA may 
progress to CRC due to genetic and environmental factors [8], which is known as the adenoma-carcinoma sequence, and this process 
usually takes more than 10 years [9–11]. For this reason, timely identification and management of CRA are crucial. Colorectal polyps 
are typically asymptomatic in some cases, which poses a challenge for early detection and treatment without regular health screenings. 
Patients who come for voluntary examination usually have clinical symptoms (such as increased frequency of bowel movements) or 
abnormal test results (such as fecal occult blood), which leads to colonoscopy and the subsequent discovery of polyps. Unfortunately, 
some patients are diagnosed with CRC during their initial examination, which delays early treatment. 

Currently, colonoscopy is the most widely used and effective procedure for detecting colorectal cancer and adenomas [8,12,13]. 
Colonoscopy can also perform therapeutic polypectomy, which prevents the progression of CRA to CRC. Many studies have confirmed 
that early diagnosis of CRA and removal of precancerous lesions by colonoscopy can significantly reduce the incidence and mortality of 
cancer [14–17]. However, colonoscopy is an invasive procedure that requires complex intestinal preparation and can result in un-
pleasant personal experiences and complications, which limits its use for routine screening in large population. This may lead to the 
failure to timely detect high-risk populations with CRA. Therefore, it is crucial to identify an economical, straightforward and feasible 
method for the risk prediction of CRA in a given population. For the past few years, some studies have explored predictive models for 
CRC [18–21], yet few have focused on predicting the risk of CRA, a precancerous lesion of CRC. Several studies have utilized clinical 
features to predict the risk of colorectal polyps or neoplasia with moderate accuracy and low sensitivity and specificity [22,23], and the 
predictors involved in the predictive model require relevant imaging examinations that are not sufficiently convenient nor economical. 
The diagnostic efficacy of the model in existing studies is suboptimal, and some models lack complete model validation. Therefore, 
there remains room for improvement in the accuracy and operability of the predictive model for CRA. 

The pathology grading of CRA can be divided into low-grade intraepithelial neoplasia (LGIN) and high-grade intraepithelial 
neoplasia (HGIN). HGIN accounted for about 5 % of adenomas [24] and was considered a type of early cancer (intramucosal carci-
noma) [25,26], which was not studied in this research. Our focus in this study was on the population of CRA with LGIN, which 
accounted for the majority of detected CRA and held potential clinical screening significance. The purpose of this study is to explore the 
risk factors for CRA with LGIN by conducting single factor analysis and multivariate logistic regression analysis based on basic de-
mographic information and routine laboratory test results obtained during medical check-ups. Additionally, a nomogram model will 
be developed and validated for predicting the risk of CRA with LGIN. The predictive model is expected to facilitate the identification of 
high-risk individuals, guiding them towards further colonoscopy and pathological examination to determine the presence of colorectal 
neoplasia. Early removal of adenomas can help prevent the future incidence of colorectal cancer. (For brevity, “CRA with LGIN” in this 
study was abbreviated as “CRA” in the following text.) 

2. Materials and methods 

2.1. Study design and population 

This was a single-center case-control study, which was conducted at the Department of Gastroenterology and Digestive Endoscopy 
Center, Beijing Chao-Yang Hospital, Capital Medical University from January 2019 to January 2023. In order to establish a reliable 
predictive model for CRA, our study consisted of four aspects: (1) identification of the statistically significant risk factors associated 
with CRA using the development cohort; (2) developing a predictive model for CRA and conducting internal validation using the 
development cohort; (3) conducting external validation using an independent validation cohort; (4) evaluating the discrimination, 
calibration, and effectiveness of clinical application in both the development cohort and validation cohort. The present study was 
performed according to the Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis (TRIPOD) 
Statement [27]. 

Subjects pathologically diagnosed as colorectal adenoma (CRA) with LGIN were categorized as the CRA group, while those who had 
no abnormalities detected during colonoscopy were classified as the control group. Inclusion criteria: (1) age over 18 years old; (2) 
CRA with LGIN have been confirmed by colonoscopy and biopsy or resected specimen-based pathological diagnosis; (3) accessibility to 
comprehensive clinical and laboratory data. Exclusion criteria: (1) pregnant women and lactating women; (2) history of colorectal 
cancer or surgery; (3) other malignant tumor; (4) early-stage colorectal cancer (including CRA with HGIN) detected by this colo-
noscopy; (5) other types of polyps, such as hyperplastic polyps, inflammatory polyps and so on; (6) inflammatory bowel diseases (IBD), 
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such as ulcerative colitis or Crohn’s disease; (7) severe metabolic abnormalities or organ failure. A total of 376 participants underwent 
relative examination, 320 individuals were ultimately included in the study based on predetermined criteria (Fig. 1). The participants 
in the development cohort (CRA 101, Control 122) were recruited from January 2019 to January 2020; the participants in the vali-
dation cohort (CRA 44, Control 53) were recruited from January 2022 to January 2023. 

2.2. Data collection 

Each participant enrolled underwent a colonoscopy screening and health examination. All the clinical data were retrospectively 
collected from Hospital Information System (HIS), Laboratory Information Management System (LIS), Picture Archiving and 
Communication System (PACS) and Hospital Electronic Medical Record (HEMR). The following data were collected: (1) demographic 
data: sex, age, body mass index (BMI, kg/m2) and history of hypertension; (2) fasting biochemical tests: albumin (ALB, g/L), total 
cholesterol (TC, mmol/L), high-density lipoprotein cholesterol (HDL-C, mmol/L), low-density lipoprotein cholesterol (LDL-C, mmol/ 
L), triglyceride (TG, mmol/L), fasting blood glucose (FBG, mmol/L); (3) blood routine tests: white blood cell count (WBC, 109/L), 
neutrophil count (NEUT, 109/L), lymphocyte count (LYM, 109/L), monocyte count (MONO, 108/L), red blood cell count (RBC, 1012/L) 
and hemoglobin (HGB, g/L), the laboratory tests were conducted within 7 days prior to a colonoscopy; (4) colonoscopy findings and 
pathological examination: the colonoscopy was performed by experienced endoscopists who conducted no fewer than 1000 colo-
noscopies annually; the resected polyps were pathologically examined; and histopathologic results were reported by experienced 
pathologists. The number of polyps and the maximum diameter of the polyps are collected. 

2.3. Statistic analysis 

Measurement data were expressed as mean ± standard deviation (SD) and counting data were expressed as frequencies and 
percentages. In univariate analysis, the independent sample t-test or Mann-Whitney U test was performed for measurement data and 
the Chi-square test was used for counting data to compare the differences between the CRA group and the control group. In single 
factor analysis, the independent variables with P < 0.05 were selected for the multivariate binary logistic regression analysis to 
determine independent risk factors associated with colorectal adenoma. We built a risk predictive model for colorectal adenoma using 
influencing factors selected from the development cohort and visualized it with a nomogram. Internal validation of the model was 
performed by the bootstrap technique (1000 resamples). Temporal validation method was used for external validation in this study, 
which was performed on an independent validation cohort. 

We applied an area under the ROC curve (AUC) to assess the discriminative ability of the predictive model. The cut-off value 
corresponding to the Maximum Youden Index (YDI) was taken as the optimal cut-off value for the predictive model [28]. Under the 
cut-off value, sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were calculated. 
Calibration plot was utilized to evaluate the accuracy of the predictive model by assessing the agreement between actual and 
nomogram-predicted probabilities (employing 1000 resampling bootstrap) [29]. Decision curve analysis (DCA) was conducted to 
evaluate the clinical practicability of the model [30,31]. The evaluation of the model performance was conducted on both the 
development cohort and validation cohort. 

The data was statistically analyzed by SPSS 26 (IBM Corp., Chicago, IL) and R software 4.1.2. Variables with P < 0.05 (two-side 
test) were considered statistically significant. 

The funding sources played no role in the study’s design, data collection, analysis, interpretation, or manuscript writing. 

Fig. 1. Flowchart of the participants selection for the development cohort and validation cohort.  
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3. Results 

3.1. Baseline characteristics of the study 

A total of 320 participants, comprising 146 males (45.63 %) and 174 females (54.37 %), were included in this study. 223 par-
ticipants were enrolled in the development cohort from January 2019 to January 2020, while the validation cohort consisted of 97 
participants recruited between January 2022 and January 2023. Both the development cohort and validation cohort consisted of the 
CRA (101 and 44) and control groups (122 and 53), respectively. No significant differences in baseline demographic characteristics 
were observed between the development cohort and validation cohort (Table 1). 

3.2. Univariate logistic regression analysis for identifying the risk factors associated with CRA 

In the development cohort, 10 clinical indicators were statistically significant after single factor analysis, such as age (P＜0.001), 
history of hypertension (P＜0.01), ALB (P＜0.001), TC (P＜0.001), HDL-C (P＜0.001), LDL-C (P＜0.001), FBG (P＜0.05), MONO (P＜ 
0.001), RBC (P＜0.01) and HGB (P＜0.01) (Table 2). These indicators would be further analyzed by multivariate logistic regression. 
Additionally, the P value for sex comparison between the CRA group and control group in the development cohort was 0.073, which 
was close to 0.05. Because sex is a crucial factor in clinical diseases, it would also be included as a variable in the multivariate logistic 
regression model. 

3.3. Multivariate logistic regression analysis and construction of a nomogram model 

By conducting multivariate logistic regression analysis, four valuable risk factors (sex, age, ALB and MONO) were selected as 
predictors to establish the predictive model (Table 2), which were compared between the CRA group and control group in both the 
development cohort and validation cohort, and these results were illustrated in Fig. 2a and b. Hosmer-Lemeshow test result for the 

Table 1 
Clinical baseline characteristics in the development and validation cohorts.   

Development cohort Validation cohort  

Variables Total CRA group Control group P 
value* 

Total CRA group Control group P 
value* 

P 
value#  

(n = 223) (n = 101) (n = 122)  (n = 97) (n = 44) (n = 53)   

Sex, n (%)    0.073    0.839 0.759 
Male 120 (53.81) 61 (60.40) 59 (48.36)  54 (55.67) 24 (54.55) 30 (56.60)   
Female 103 (46.19) 40 (39.60) 63 (51.64)  43 (44.33) 20 (45.45) 23 (43.40)   
Age, years 51.24 ±

12.65 
59.23 ±
12.12 

44.63 ± 8.67 ＜0.001 54.10 ±
10.93 

60.39 ±
12.49 

48.89 ± 5.53 ＜0.001 0.099 

BMI, kg/m2 24.87 ± 3.80 24.67 ± 3.93 25.03 ± 3.70 0.421 24.82 ± 4.07 24.81 ± 4.41 24.82 ± 3.80 0.879 0.590 
HBP, n (%)    0.007    0.199 0.149 
Yes 54 (24.22) 33 (32.67) 21 (17.21)  31 (31.96) 17 (38.64) 14 (26.42)   
No 169 (75.78) 68 (67.33) 101 (82.79)  66 (68.04) 27 (61.36) 39 (73.58)   
ALB, g/L 44.28 ± 4.26 41.58 ± 4.45 46.52 ± 2.39 ＜0.001 44.71 ± 4.16 41.50 ± 3.86 47.38 ± 1.91 ＜0.001 0.130 
TC, mmol/L 4.82 ± 0.98 4.51 ± 0.96 5.09 ± 0.92 ＜0.001 4.98 ± 0.92 4.71 ± 0.93 5.20 ± 0.86 0.013 0.185 
HDL-C, mmol/L 1.31 ± 0.38 1.21 ± 0.34 1.40 ± 0.39 ＜0.001 1.24 ± 0.32 1.15 ± 0.30 1.31 ± 0.31 0.008 0.133 
LDL-C, mmol/L 3.07 ± 0.90 2.81 ± 0.82 3.29 ± 0.90 ＜0.001 3.18 ± 0.84 2.96 ± 0.94 3.36 ± 0.72 0.019 0.307 
TG, mmol/L 1.36 ± 0.79 1.31 ± 0.64 1.39 ± 0.90 0.713 1.63 ± 1.20 1.88 ± 1.59 1.43 ± 0.70 0.282 0.065 
FBG, mmol/L 4.80 ± 0.86 4.93 ± 0.92 4.69 ± 0.79 ＜0.001 5.23 ± 1.23 5.25 ± 1.26 5.22 ± 1.22 0.747 0.020 
WBC, 109/L 5.96 ± 1.47 5.99 ± 1.57 5.94 ± 1.38 0.889 5.86 ± 1.47 5.96 ± 1.62 5.78 ± 1.34 0.747 0.367 
NEUT, 109/L 3.48 ± 1.18 3.46 ± 1.33 3.50 ± 1.05 0.405 3.34 ± 0.98 3.27 ± 0.89 3.40 ± 1.05 0.712 0.398 
LYM, 109/L 2.00 ± 0.69 1.93 ± 0.52 2.09 ± 0.85 0.160 1.99 ± 0.65 1.89 ± 0.54 2.10 ± 0.76 0.305 0.736 
MONO, 108/L 3.82 ± 1.10 4.18 ± 1.10 3.53 ± 1.01 ＜0.001 3.48 ± 1.10 3.90 ± 1.13 3.13 ± 0.09 ＜0.001 0.011 
RBC, 1012/L 4.57 ± 0.49 4.45 ± 0.46 4.68 ± 0.49 0.003 4.62 ± 0.59 4.37 ± 0.63 4.83 ± 0.46 ＜0.001 0.506 
HGB, g/L 139.78 ±

15.83 
136.51 ±
15.21 

142.48 ±
15.88 

0.005 139.24 ±
16.94 

134.48 ±
15.55 

143.19 ±
17.17 

0.005 0.738 

Number of 
polyps  

3.59 ± 2.48    2.77 ± 2.46   0.068 

Diameter max, 
cm  

1.23 ± 0.67    1.48 ± 0.87   0.098 

CRA, colorectal adenoma; BMI, body mass index; HBP, history of high blood pressure; ALB, albumin; TC, total cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglyceride; FBG, fasting blood-glucose; WBC, white blood cell count; NEUT, 
neutrophil count; LYM, lymphocyte count; MONO, monocyte count; RBC, red blood cell count; HGB, hemoglobin. “Diameter max” refers to the 
maximum diameter of the polyps. 
Data were expressed as n (%) or mean ± standard deviation. 
P value* for difference between the CRA and Control groups in the development and validation cohorts, respectively. 
P value# for difference between the development cohort and validation cohort. 
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predictive model was good (p = 0.940). A nomogram was constructed based on the multivariate logistic regression model (Fig. 3). In 
order to provide more options for clinical use, we listed the formula for the predictive model here, logit(P) = 1.084*sex + 0.100*age－ 
0.644*ALB + 0.644*MONO + 20.103; P = 1/[1+e− (1.084*sex+0.100*age− 0.644*ALB+0.644*MONO +20.103)]. 

3.4. Evaluating the performance of the predictive model built by the development cohort 

ROC curve analysis revealed the AUC of this predictive model in the development cohort was 0.946 (95%CI: 0.919–0.973), 
demonstrating a good discrimination of the predictive model (Fig. 4a). According to the maximum YDI (0.771), the corresponding cut- 
off value was 0.501, of which SEN, SPE, PLR and NLR of the predictive model were 0.861, 0.910, 9.567 and 0.153, respectively. 
Calibration plot demonstrated excellent concordance between the actual and nomogram-predicted probabilities in the development 
cohort (Fig. 4b). DCA showed the nomogram model was effective in clinical practice (Fig. 4c). 

Table 2 
Univariate and multivariate logistic regression analysis of risk factors for CRA based on the development cohort.   

Variables 
Univariate analysis Multivariate analysis 

OR 95 % CI P OR 95 % CI P 

Sex, n (%) 
Male 0.614 0.360–1.047 0.073 2.957 1.142–7.658 0.026* 
Female 1.000      
Age, years 1.149 1.106–1.194 ＜0.001 1.105 1.052–1.161 ＜0.001*** 
BMI, kg/m2 0.975 0.909–1.046 0.483    
HBP, n (%) 
Yes 0.428 0.229–0.803 0.008    
No 1.000      
ALB, g/L 0.482 0.399–0.582 ＜0.001 0.525 0.425–0.648 ＜0.001*** 
TC, mmol/L 0.512 0.370–0.709 ＜0.001    
HDL-C, mmol/L 0.231 0.104–0.515 ＜0.001    
LDL-C, mmol/L 0.522 0.373–0.729 ＜0.001    
TG, mmol/L 0.873 0.613–1.245 0.454    
FBG, mmol/L 1.425 1.016–2.000 0.04    
WBC, 109/L 1.023 0.854–1.225 0.805    
NEUT, 109/L 0.975 0.779–1.219 0.823    
LYM, 109/L 1.450 0.953–2.206 0.083    
MONO, 108/L 1.797 1.364–2.369 ＜0.001 1.903 1.213–2.988 0.005** 
RBC, 1012/L 0.374 0.210–0.666 0.001    
HGB, g/L 0.976 0.959–0.993 0.006    

*, P < 0.05; **, P < 0.01; ***, P < 0.001. 

Fig. 2. Comparison of four risk factors for CRA in the development and validation cohort. (a) for the development cohort; (b) for the validation 
cohort. 
CRA, colorectal adenoma; ALB, albumin; MONO, monocyte count. 
Error bar stands for standard deviation. ***P＜0.001; ****P＜0.0001. 
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3.5. Internal validation and external validation 

The bias-corrected AUC derived from internal validation using the bootstrap method was 0.909 (95 % CI: 0.869–0.940), similar to 
the AUC (0.946; 95%CI: 0.919–0.973) calculated in the development cohort. In order to further validate the generalizability of the 
predictive model, we conducted an external validation using an independent validation cohort. ROC analysis showed that the 
nomogram model had an AUC of 0.928 (95%CI: 0.876–0.980), which indicated this model also has an excellent discrimination ability 
in the validation cohort (Fig. 4d). According to the maximum YDI (0.784), the corresponding cut-off value was 0.288, of which SEN, 
SPE, PLR and NLR of the predictive model were 0.841, 0.943, 14.754 and 0.169, respectively. Calibration curve demonstrated good 
consistency between actual observations and nomogram predictions in the external validation cohort (Fig. 4e). The decision curve of 
this predictive model outperformed both extreme lines across a wide range of threshold probabilities, which also demonstrated the 
excellent performance of the nomogram model in clinical practice in external validation. (Fig. 4f). 

Calibration plots show the apparent (actual), bias-corrected (adjusted), and ideal (100 % agreement) curves with 1000 resampling 
bootstrap. The x-axis represents predicted probability of the colorectal adenoma model; y-axis represents actual probability of colo-
rectal adenoma. 

Fig. 3. Nomogram model for the risk prediction of colorectal adenoma. ALB, albumin; MONO, monocyte count.Each variable was scored on a scale 
of 0–100, and the total score for predicting CRA was obtained by summing up the scores corresponding to each variable. Different total score 
corresponded to different probability of CRA. 

Fig. 4. ROC curves, calibration plots and clinical decision curve of the prediction model in the development cohort and validation cohort. ROC 
curve, receiver operating characteristic curve (a) and (d), (b) and (e), (c) and (f) represent the ROC curve, calibration curve, and clinical decision 
curve in the development and validation cohort, respectively. 
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Clinical decision curve: The x-axis means threshold probability of colorectal adenoma, while the y-axis means net benefit. The black 
line stands for net benefit for the predict-none-patients as colorectal adenoma, the gray line stands for net benefit for the predict-all- 
patients as colorectal adenoma, and the red line represents net benefit for the model. 

4. Discussion 

CRC mainly originates from CRA, which may enlarge gradually or progress from atypical hyperplasia to carcinoma in situ, and 
eventually to invasive carcinoma [8]. Developing a simple and convenient predictive model for CRA, instead of relying on the complex 
and invasive colonoscopy procedure, can facilitate early intervention in disease management and effectively reduce the incidence of 
CRC. In this study, we have developed and validated a nomogram model to accurately predict the risk of CRA. The four predictors 
included in the model were sex, age, ALB and MONO. 

CRA is more common in men than in women [6,22,32,33], and our findings are in line with this observation. One study reported the 
risk of adenomas was 1.77 times in men compared with women [34], however, in our study, the risk of CRA was about three times 
higher in men than in women, higher than that of the previous study. Another respective study showed that male was a predictor for 
colorectal polyps (OR = 3.810), which is consistent with our findings [35]. Many studies have confirmed that smoking and alcohol 
consumption were the risk factors for CRA [36,37], and these habits were significantly more common in men than women [38], which 
may be one of the reasons why CRA is more common in men. A study on the prediction for CRC also showed that male was a risk factor 
(OR = 2.04). Therefore, sex is a common risk factor for CRA and CRC [18]. Age is also a common risk factor closely related to the 
development of CRA and CRC [32,39]. Numerous studies have shown that the prevalence of adenomas increases with age, escalating 
by 10 %–15 % from individuals aged 50–55 years [6,40]. In the present study, the age of the CRA group was observed to be higher than 
that of the control group in both the development cohort and validation cohort. Of the 145 CRA patients, 77.24 % were over 50 years 
old, similar to the findings of the previous study. Therefore, more attention should be given to patients over 50 years old in CRC 
screening. Our study indicated that for each additional year of age, there is a 0.105-fold increase in the risk of CRA, which was similar 
to a study on CRC [18]. Serum albumin is recognized as a nutritional status indicator and a negative inflammatory marker, which is 
associated with acute and chronic inflammation [41,42]. The plasmatic concentration of albumin can be reduced by inflammatory 
conditions through the alteration of hepatic protein metabolism and induction of capillary leakage [43,44]. Numerous studies have 
proved that chronic inflammation is highly correlated with the pathogenesis of colon polyps and colorectal cancer [45–47]. Some 
studies demonstrated that Glasgow prognostic score (GPS), which includes albumin, can serve as a prognostic factor for advanced 
gastrointestinal cancers, including CRC [48], and hypoalbuminemia is associated with poor prognosis of CRC [49,50]. So far, few 
researches have explored the correlation between albumin and CRA. In this study, we observed that higher level of albumin was related 
to a decreased risk of CRA, with the odds ratio decreasing by 50 % for every 1 g/L increase in concentration. Thus, albumin serves as a 
protective predictor for CRA, which is a new finding of this study. There is ample evidence indicating that monocytes are closely 
associated with both inflammatory status and immunosuppression. Increased peripheral monocyte count (MC) could be an indicator 
for inflammatory diseases, and exhibit tumor-promoting functions, such as angiogenesis and invasion [51–55]. Many studies have 
demonstrated elevated MC is an independent prognostic factor for decreased cancer-specific survival (CSS) in CRC patients [56,57]. 
Monocyte chemoattractant protein 1 (MCP-1) has been demonstrated to be a potent chemotactic factor for monocytes, with higher 
expression levels in colonic adenoma epithelial cells compared to normal ones. It can recruit circulating monocyte to the tumor 
microenvironment, thereby facilitating tumor progression [58,59]. Another basic study conducted in mice also confirmed that 
monocytes were significantly increased in colon adenoma [60]. These studies supported our findings: MC was an independent risk 
factor for CRA, which could be associated with the fact that CRA is associated with inflammation and is precursor lesion for CRC. 
Combing with previous findings, we speculate that MC may be involved in the initiation and progression of colorectal adenoma to 
carcinoma, which deserves further study. A study showed that monocyte products played an important role in reducing albumin 
production during inflammation [54]. This study further supported this finding, as the CRA group exhibited higher levels of MC and 
lower concentrations of albumin. 

Studies have shown that dyslipidemia, such as high triglyceride (TG) levels, increased low-density lipoprotein cholesterol (LDL-C) 
and decreased high-density lipoprotein cholesterol (HDL-C) levels are independent risk factors for adenomatous polyp [61,62]. 
However, our study did not yield similar results, possibly because of the small sample size. Additionally, although HGB and HDL-C 
were not found to be protective predictor in this study, their levels were lower in the CRA group compared with the control group. 
A study demonstrated that HGB and HDL-C were protective factors for CRC [18], which was similar to our findings in CRA. Further 
researches are required to investigate the roles of HGB and dyslipidemia in CRA and CRC. 

In this study, we conducted both internal and external validation to evaluate the performance of our model in terms of discrim-
ination, calibration, and clinical practicability. The results demonstrated the model exhibited excellent performance. Additionally, 
there were only four predictors in the model, which are easy to obtain in clinical practice with good operability. By utilizing this 
predictive model, we aim to identify individuals at risk for CRA, and guide them to undergo colonoscopy as early as possible in order to 
detect and intervene early. 

Our study has the following limitations. Firstly, because of a single-center study, the data were collected from only one medical 
institution, which might lead to selection bias. Secondly, as this is a retrospective study, the information extraction was mainly based 
on electronic medical records. Some relative information such as family history and lifestyle may not be recorded completely, so these 
contents were not analyzed in this study, which may weaken the discriminating ability of the model. Thirdly, the external validation in 
this study was temporal validation, meaning that the data was collected from the same hospital at different time with a small sample 
size. Therefore, the clinical applicability of this model may be lower than that derived from multi-center external validation. Fourthly, 
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the characteristics of polyps, such as anatomical location, stratification of pathological type, etc., were not involved in this study, 
which will be studied in our next series of studies. 

5. Conclusion 

In conclusion, we have developed a reliable and accurate nomogram predictive model for CRA with LGIN in this study, which can 
aid in the early detection and treatment of high-risk patients, so as to reduce the incidence and mortality of CRC. In the future, this 
model will need to be validated in a large number of populations across multiple centers for improvement. 
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