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Abstract
BACKGROUND 
Colorectal cancer (CRC) is a serious threat worldwide. Although early screening is 
suggested to be the most effective method to prevent and control CRC, the current 
situation of early screening for CRC is still not optimistic. In China, the incidence 
of CRC in the Yangtze River Delta region is increasing dramatically, but few 
studies have been conducted. Therefore, it is necessary to develop a simple and 
efficient early screening model for CRC.

AIM 
To develop and validate an early-screening nomogram model to identify 
individuals at high risk of CRC.

METHODS 
Data of 64448 participants obtained from Ningbo Hospital, China between 2014 
and 2017 were retrospectively analyzed. The cohort comprised 64448 individuals, 
of which, 530 were excluded due to missing or incorrect data. Of 63918, 7607 
(11.9%) individuals were considered to be high risk for CRC, and 56311 (88.1%) 
were not. The participants were randomly allocated to a training set (44743) or 
validation set (19175). The discriminatory ability, predictive accuracy, and clinical 
utility of the model were evaluated by constructing and analyzing receiver 
operating characteristic (ROC) curves and calibration curves and by decision 
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curve analysis. Finally, the model was validated internally using a bootstrap resampling technique.

RESULTS 
Seven variables, including demographic, lifestyle, and family history information, were examined. Multifactorial 
logistic regression analysis revealed that age [odds ratio (OR): 1.03, 95% confidence interval (CI): 1.02-1.03, P < 
0.001], body mass index (BMI) (OR: 1.07, 95%CI: 1.06-1.08, P < 0.001), waist circumference (WC) (OR: 1.03, 95%CI: 
1.02-1.03 P < 0.001), lifestyle (OR: 0.45, 95%CI: 0.42-0.48, P < 0.001), and family history (OR: 4.28, 95%CI: 4.04-4.54, P 
< 0.001) were the most significant predictors of high-risk CRC. Healthy lifestyle was a protective factor, whereas 
family history was the most significant risk factor. The area under the curve was 0.734 (95%CI: 0.723-0.745) for the 
final validation set ROC curve and 0.735 (95%CI: 0.728-0.742) for the training set ROC curve. The calibration curve 
demonstrated a high correlation between the CRC high-risk population predicted by the nomogram model and the 
actual CRC high-risk population.

CONCLUSION 
The early-screening nomogram model for CRC prediction in high-risk populations developed in this study based 
on age, BMI, WC, lifestyle, and family history exhibited high accuracy.

Key Words: Colorectal cancer; Early screening model; High-risk population; Nomogram model; Questionnaire survey; Dietary 
habit; Living habit

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was the first large-scale study to investigate early screening for detection of colorectal cancer (CRC) in 
Ningbo, China, which was part of the national early screening CRC program. The study focused on collecting information 
on the general population who attended annual health checks. Our findings showed that the area under the curve was 0.734 
for the final validation set receiver operating characteristic (ROC) curve and 0.735 for the training set ROC curve. Therefore, 
we developed an early screening model with high accuracy for CRC.

Citation: Xu LL, Lin Y, Han LY, Wang Y, Li JJ, Dai XY. Development and validation of a prediction model for early screening of 
people at high risk for colorectal cancer. World J Gastroenterol 2024; 30(5): 450-461
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/450.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.450

INTRODUCTION
Colorectal cancer (CRC) has become the third most common cancer worldwide[1]. The incidence of CRC in China 
increased from 42.74/100000 in 1990 to 8.95/100000 in 2019 and has been increasing annually in the Yangtze River Delta 
region[2]. A cross-sectional study on CRC knowledge and awareness in the Caribbean in 2020 revealed that only 54.7% of 
people were aware of the risk factors for CRC[3]. In addition, a questionnaire survey of diagnostic delays and their 
predictive factors in 303 CRC patients in southern China in 2020 found that the incidence of prolonged diagnostic delays 
was 57.8%[4]. The study found that the diagnostic delays were attributed to a variety of factors, such as a lack of 
knowledge of the risk factors for CRC and a reluctance to undergo CRC screening. This suggests that awareness of high-
risk factors for CRC in China is insufficient, and colonoscopic screening has yet to become popular. Therefore, it is critical 
to identify individuals with high-risk CRC at an early stage.

In 2022, a study conducted at Memorial Sloan-Kettering Cancer Center found that altered bowel habits accounted for 
24.7% of the common symptoms of CRC[5]. Some people recognize such symptoms and visit a hospital for treatment; 
however, a unified approach has yet to be developed in China for early screening of people at high risk of CRC. 
Previously, CRC screening was based on colonoscopy, fecal occult blood test, and abdominal computed tomography[6], 
which have some limitations, such as high cost and poor compliance. Therefore, it is important to utilize risk factors that 
are easily obtained in screening settings to develop simple and convenient early screening models capable of identifying 
those at high risk of CRC.

Some CRC risk-prediction models have been constructed. For instance, a risk-prediction model for advanced CRC in 
asymptomatic adults in the United States established by Imperiale et al[7], a risk-prediction model for CRC in Caucasian 
patients in Poland established by Kaminski et al[8], and a risk-prediction model for advanced CRC in Germany 
established by Tao et al[9]. Most of these models based their predictions on demographic information. In contrast, most of 
the CRC risk-prediction models developed in China were based on genomics, lifestyle habits, and dietary habits, such as 
those developed by Wong et al[10] and Sung et al[11]. Cai et al[12] constructed a CRC risk-prediction model in a retro-
spective cohort study of a population with poor dietary habits. This model was based on logistic regression and afforded 
an area under the curve (AUC) of 0.74 [95% confidence interval (CI): 0.70-078], indicating that it has moderate predictive 
ability. In summary, most of the CRC risk-prediction models are beneficial for screening high-risk CRC individuals in the 
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general population but are of little use for early screening of populations with high-risk CRC. Moreover, while some 
models are based on a single method or not well validated, others are complex and thus not feasible or practical for 
clinical application. Most importantly, compared with the factors affecting CRC incidence in western countries, those 
affecting CRC incidence in China are more complex. Thus, there is a need for CRC risk-prediction models based on data 
from the Chinese population, as these will allow the risk of CRC development to be effectively assessed in Chinese people 
and improve the accuracy of early-screening programs.

CRC has many causes; therefore, assessing and screening high-risk groups for CRC can be complicated. It requires 
examination of dietary habits[13], lifestyle habits[14], genetic factors[15], environmental factors[16], and emotional and 
psychological factors[17]. High-calorie, high-fat, and high-protein diets; consumption of pickled foods; and unhealthy 
lifestyle habits, such as staying up late, smoking, and drinking alcohol, can cause CRC[18]. China is a huge country with 
56 ethnic groups, and the large variations in lifestyles, dietary habits, and environmental factors in the country mean that 
constructing a prediction model for early screening of CRC in high-risk groups may be complex.

Here, we collected the demographic information, living habits, dietary habits, and family history of a large CRC early 
screening cohort in the China Urban Cancer Early Diagnosis and Treatment Program, Ningbo, from 2014 to 2017. These 
data were examined via a backward Wald logistic regression analysis to identify the risk factors for CRC. These risk 
factors were used to establish a prediction model for screening groups at high risk for CRC at an early stage. We believe 
that this model will provide a basis for the accurate identification of high-risk groups in future CRC screening efforts.

MATERIALS AND METHODS
Study design and participants
This retrospective study was conducted in Ningbo Hospital, China, from 2014 to 2017. Of the 64448 participants, 530 were 
excluded due to missing or incorrect data. Of the remaining participants, 7607 (11.9%) were considered high risk for CRC, 
and 56311 (88.1%) were not. The inclusion criteria were as follows: (1) Permanent household registration in the city (living 
in the local area for > 3 years); (2) age 40-74 years; and (3) ability to sign the informed consent form unaided. The 
exclusion criteria were as follows: (1) An abnormal identifier number; and (2) a previous CRC diagnosis. All the 
participants provided written informed consent. The study protocol complied with the Declaration of Helsinki and was 
approved by the Ethical Review Board of Ningbo No. 2 Hospital (approval number: YJ-NBEY-KY-2023-060-01).

Selection of variables
Demographic information, dietary habits, living habits, and family history of the participants in the validation and 
training sets were obtained via questionnaires. The questionnaires collected details of dietary habits, including usual food 
intake, food preference, and dietary behavior, using the food frequency questionnaire. The questionnaires were 
administered by uniformly trained and qualified investigators through face-to-face questioning. We selected variables 
based on prior knowledge of the underlying biology and epidemiology of CRC and relevant predictors. This yielded 
seven variables that covered basic information, lifestyle, and family history.

Basic information comprised age, sex, ethnicity, body mass index (BMI), and waist circumference (WC). Age was 
categorized according to the United Nations New Standard for the Classification of Human Ages: young adults ≤ 65 years 
and middle-aged and older adults > 65 years[19]. Minors < 18 years of age were not included in the study. Sex was 
categorized as male or female. Ethnicity was divided into Han nationality and other ethnic groups, according to the 
results of the questionnaire. BMI was based on the BMI classification standard for Chinese adults[20]: Underweight < 
18.50 kg/m2, normal weight 18.50-23.99 kg/m2, overweight 24.0-27.99 kg/m2, and obese ≥ 28.0 kg/m2. The median WC 
was 80 cm (SD: 50-184 cm).

Lifestyle included dietary habits and living habits. With reference to the standards of Dietary Guidelines for Chinese 
Residents (2007 edition) and the Dietary Reference Intake of Nutrients for Chinese Residents (2013 edition) and based on 
the discussion involving a group of relevant experts and scholars, we used the following definitions to determine the 
intake of substances and their frequencies (dietary habits) and the specific behaviors (living habits) in the questionnaire 
survey.

Dietary habits included taste, oil consumption, frequency of pickled and sun-cured food intake, and weekly 
consumption of fresh vegetables, fresh fruits, meat, and coarse grains. Taste was classified into three levels based on salt 
consumption: double-salt taste (> 5 g/d), moderate-salt taste (5 g/d), and low-salt taste (< 5 g/d). Oil consumption was 
classified into three levels based on the amount of cooking oil ingested per day: High oil consumption (> 30 g/d), 
moderate oil consumption (25-30 g/d), and low oil consumption (< 25 g/d). The frequency of pickled and sun-cured food 
intake was classified into the following three levels: never, < 3 times/wk (i.e., sometimes), and ≥ 3 times/wk (i.e., often). 
Weekly consumption of fresh vegetables, fresh fruits, meat, and coarse grains was classified as follows: fresh vegetables (0 
kg/wk, < 2.5 kg/wk, or ≥ 2.5 kg/wk); fresh fruits (0 kg/wk, < 1.25 kg/wk, or ≥ 1.25 kg/wk); meat (0 kg/wk, < 0.35 kg/
wk, or ≥ 0.35 kg/wk), and coarse grains (0 kg/wk, < 0.5 kg/wk, or ≥ 0.5 kg/wk).

Living habits included smoking, alcohol consumption, and physical activity. Smoking was defined as having smoked > 
1 cigarette/d for > 6 consecutive or cumulative months, and smoking cessation was defined as not having smoked for ≥ 2 
years. Thus, smoking was classified into three levels: never smoker (no), current smoker (yes), and ever smoker but 
currently not a smoker (quit smoking). Drinking alcohol was defined as having consumed an average of at least 1 drink/
wk for > 6 mo, and abstinence was defined as not having had a drink for ≥ 1 year. Thus, alcohol consumption was 
classified into three levels: never drinker (no), current drinker (yes), and ever drinker but currently abstaining (quit 
drinking). Physical activity was defined as effective physical activity of > 30 min/session, with an average of ≥ 3 
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sessions/wk, and was categorized into two levels: ≤ 3 times/wk (no) and > 3 times/wk (yes). Family history was 
categorized as no family history of CRC (no) and a family history of CRC (yes).

Diagnosis of participants with a high risk of CRC
The diagnosis of participants with a high risk of CRC was made by at least two experienced anorectal surgeons who were 
experts in the field, based on the following conditions: (1) A positive test for fecal occult blood[21]; (2) a first-degree 
relative with a history of CRC[22]; (3) a history of intestinal polyps or adenomas[23]; (4) a history of cancer or other 
malignancies[24]; (5) a change in bowel habits[25]; and (6) any two of the following conditions: chronic diarrhea, chronic 
constipation, mucus bloody stools, a history of chronic appendicitis or appendectomy, a history of chronic cholecystitis or 
cholecystectomy, and chronic mental depression[24]. Participants were diagnosed as having a high risk of CRC if they 
had any one of the conditions from 1 to 5 and any two of the conditions listed in 6. After a series of evaluations, those 
without any of the above conditions were not considered high risk for CRC.

Statistical analysis
We used χ2 tests to assess the characteristic differences in baseline data, 2014-2017 separately, between the high-risk and 
non-high-risk groups. Cluster analysis was used to categorize the participants based on their dietary and living habits as 
either having a healthy or an unhealthy lifestyle. A healthy lifestyle was considered an intake of fresh vegetables, fresh 
fruits, and coarse grains and participation in physical activity. An unhealthy lifestyle was considered an intake of meat, 
pickled and sun-cured food, oily food, and double-salted food; smoking; and alcohol consumption. A random sampling 
method was used to allocate the participants to a training set or a validation set in the ratio of 7:3. Each participant was 
considered as a randomized unit with the same probability of being selected. We performed a multifactorial logistic 
regression analysis by introducing variables with P < 0.05 as independent predictor variables into the training set. The 
strength of the association between predictors and participants with a high risk of CRC was assessed by calculating the 
ORs and 95%CIs. Meaningful variables were selected based on a backward Wald logistic regression analysis and were 
used to construct a nomogram model. The discriminative ability, predictive accuracy, and clinical value of the model 
were evaluated by constructing and analyzing the ROC and calibration curves and by performing decision curve analysis 
(DCA). Five hundred bootstrap resamples were used to reduce overfitting bias. All of the statistical analyses were 
conducted using R (version 4.3.0) and SPSS (version 25.0), and P < 0.05 was considered to indicate statistical significance.

RESULTS
Basic characteristics and risk factors of participants at high risk for CRC
Table 1 shows the basic information, dietary habits, living habits, and family histories of both groups in 2014-2017. 
Compared with the CRC non-high-risk group, the basic information revealed that the CRC high-risk group had more 
men and the participants were older, and had higher BMI and WC. The dietary habits data revealed that the CRC high-
risk group had a lower weekly intake of fresh vegetables, fresh fruits, and coarse grains; had a higher weekly intake of 
meat; had more participants with double-salt taste and high oil consumption; and consumed pickled and sun-cured foods 
more frequently. Furthermore, participants in the CRC high-risk group were more likely to smoke, drink alcohol, and not 
perform physical activity. The family history data showed that the CRC high-risk group typically had a family history of 
the disease.

A cluster analysis of the dietary and living habits of all the participants was performed to categorize them as having a 
healthy or unhealthy lifestyle. A healthy lifestyle was considered an intake of fresh vegetables, fresh fruits, and coarse 
grains and participation in physical activities. An unhealthy lifestyle was considered an intake of meat and pickled and 
sun-cured foods, high oil consumption, a double-salt taste, smoking, and alcohol consumption. The analysis revealed that 
39134 (61.2%) participants had a healthy lifestyle and 24783 (38.8%) had an unhealthy lifestyle. All of the participants 
were then randomly divided into a training set (n = 44743) and a validation set (n = 19175) in a 7:3 ratio.

Table 2 shows the results of univariate and multivariate analyses of the training set. The univariate analysis indicated 
that BMI and WC were significantly associated with a high risk of CRC, as was lifestyle and family history. The backward 
Wald logistic regression model, after excluding variables with P > 0.05, demonstrated that there were five predictors 
associated with a high risk of CRC: age, BMI, WC, lifestyle, and family history (Figure 1).

Development and validation of a nomogram model for early screening of individuals with a high risk of CRC
A nomogram for the early screening of individuals at high risk of CRC was constructed based on a logistic regression 
model (Figure 1). To estimate the probability of high-risk CRC individuals being detected during early screening, each 
predictor observation was assigned a certain number of points by drawing a vertical line toward the vertex table. The 
sum of the points for each variable corresponded to the probability of an individual being identified during early 
screening as having a high risk of CRC. Finally, we analyzed the 500 resamples using the bootstrap method and deter-
mined the AUC of the nomogram model as 0.734 for the validation set (Figure 2A) and 0.735 for the training set 
(Figure 2B). The calibration curves demonstrated good agreement between the actual observations in the model 
validation set (Figure 3A) and training set (Figure 3B). The DCA of the validation set (Figure 4A) and training set 
(Figure 4B) indicated that the model has potential clinical value.
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Table 1 Basic information, dietary habits, living habits, and family history of colorectal cancer high-risk and non-high-risk groups in 2014-2017

Variable 2014 2015 2016 2017

Basic information Non-high risk 
group, n (%)

High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value

Sex Male 8514 (43.24) 888 (43.94) 0.545 14277 (53.80) 1486 (57.46) 0.0002 2359 (54.82) 711 (54.61) 0.892 3276 (56.68) 899 (50.70) 0.004

Female 11177 (56.76) 1133 (56.06) 12260 (46.20) 1092 (42.36) 1944 (45.18) 591 (45.39) 2504 (43.32) 807 (47.30)

Age (yr) ≤ 65 16311 (82.83) 1573 (77.83) < 0.001 22960 (86.52) 2139 (82.97) < 0.001 3186 (74.04) 979 (75.19) 0.405 4499 (77.84) 1287 (75.44) 0.038

> 65 3380 (17.17) 448 (22.17) 3577 (13.48) 439 (17.03) 1117 (25.96) 323 (24.81) 1281 (22.16) 419 (24.56)

Ethnicity The Han 
nationality

19641 (99.75) 2015 (99.70) 0.717 26474 (99.76) 2572 (99.77) 0.963 4298 (99.88) 1302 (100) 0.219 5766 (99.76) 1701 (99.71) 0.714

Other 50 (0.25) 6 (0.30) 63 (0.24) 6 (0.23) 5 (0.12) 0 (0.00) 14 (0.24) 5 (0.29)

BMI (kg/m2) < 18.50 541 (2.75) 46 (2.28) < 0.001 644 (2.43) 59 (2.29) < 0.001 104 (2.42) 26 (2.00) < 0.001 132 (2.28) 33 (1.93) < 0.001

18.50-23.99 10988 (55.80) 869 (43.00) 16050 (60.48) 1211 (46.97) 2497 (28.03) 694 (53.30) 3376 (58.41) 852 (49.94)

24-27.99 6899 (35.04) 773 (38.25) 8586 (32.35) 1011 (39.22) 1502 (34.91) 444 (34.10) 1971 (34.10) 650 (38.10)

≥ 28.00 1263 (6.41) 333 (16.48) 1257 (4.74) 297 (11.52) 200 (4.65) 138 (10.60) 301 (5.21) 171 (10.02)

WC (cm) ≤ 80 10038 (50.98) 762 (37.70) < 0.001 14239 (53.66) 1139 (44.18) < 0.001 2225 (51.71) 650 (49.92) 0.259 2951 (51.06) 830 (48.65) 0.081

> 80 9653 (49.02) 1259 (62.30) 12298 (46.34) 1439 (55.82) 2078 (48.29) 652 (50.08) 2829 (48.94) 876 (51.35)

Dietary habit

Fresh vegetables 
(kg/wk)

0 79 (0.40) 20 (0.99) < 0.001 151 (0.57) 18 (0.70) < 0.001 22 (0.51) 10 (0.77) < 0.001 16 (0.28) 14 (0.82) < 0.001

< 2.5 8839 (44.89) 1265 (62.59) 14860 (56.00) 1727 (66.99) 2386 (55.45) 952 (73.12) 3329 (57.60) 1188 (69.64)

≥ 2.5 10773 (54.71) 736 (36.42) 11526 (43.43) 833 (32.31) 1895 (44.04) 340 (26.11) 2435 (42.13) 504 (29.54)

Fresh fruits 
(kg/wk)

0 472 (2.40) 71 (3.51) < 0.001 457 (1.72) 228 (8.84) < 0.001 61 (1.42) 39 (3.00) < 0.001 62 (1.07) 51 (2.99) < 0.001

< 1.25 12209 (62.00) 1496 (74.02) 17073 (64.34) 1793 (69.55) 2722 (63.26) 998 (76.65) 4080 (70.59) 1312 (76.91)

≥ 1.25 7010 (35.60) 454 (22.46) 9007 (33.94) 557 (21.61) 1520 (35.32) 265 (20.35) 1638 (28.34) 343 (20.11)

Meat (kg/wk) 0 641 (3.26) 103 (5.10) < 0.001 427 (1.61) 49 (1.90) < 0.001 54 (1.25) 17 (1.31) 0.843 64 (1.11) 22 (1.29) < 0.001

< 0.35 12542 (63.69) 1047 (51.81) 17393 (65.54) 1179 (45.73) 2781 (64.63) 830 (63.75) 4123 (71.33) 1075 (63.01)

≥ 0.35 6508 (33.05) 871 (43.10) 8717 (32.85) 1350 (52.37) 1468 (34.12) 455 (34.95) 1593 (27.56) 609 (35.70)
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Coarse grains 
(kg/wk)

0 1090 (5.54) 203 (10.04) < 0.001 1309 (4.93) 437 (16.95) < 0.001 296 (6.88) 227 (17.43) < 0.001 164 (2.84) 133 (7.80) < 0.001

< 0.5 13140 (66.73) 1535 (75.95) 18394 (69.31) 1714 (66.49) 2937 (68.25) 947 (72.73) 4277 (74.00) 1314 (77.02)

≥ 0.5 5461 (27.73) 283 (14.00) 6834 (25.75) 427 (16.56) 1070 (24.87) 128 (9.83) 1339 (23.17) 259 (15.18)

Taste Double salt 2492 (12.66) 522 (25.83) < 0.001 3073 (11.58) 985 (38.21) < 0.001 965 (22.43) 754 (57.91) < 0.001 803 (13.89) 620 (36.34) < 0.001

Moderate 13520 (68.66) 1183 (58.54) 19823 (74.70) 1239 (48.06) 2905 (67.51) 482 (37.02) 4351 (75.28) 882 (51.70)

Light 3679 (18.68) 316 (15.64) 3641 (13.72) 354 (13.73) 433 (10.06) 66 (5.07) 626 (10.83) 204 (11.96)

Oil consumption High oil 
consumption

1597 (8.11) 536 (26.52) < 0.001 2311 (8.71) 981 (38.05) < 0.001 604 (14.04) 585 (44.93) < 0.001 620 (10.73) 639 (37.46) < 0.001

Moderate oil 
consumption

15323 (77.82) 1271 (62.89) 21196 (79.87) 1364 (52.91) 3318 (77.11) 657 (50.46) 4699(81.30) 921 (53.99)

Low oil 
consumption

2771 (14.07) 214 (10.59) 3030 (11.42) 233 (9.04) 381 (8.85) 60 (4.61) 461 (7.98) 146 (8.56)

Pickled and sun-
cured food

Never 1805 (9.17) 161 (7.97) < 0.001 1964 (7.40) 138 (5.35) < 0.001 290 (6.74) 48 (3.69) < 0.001 550 (9.52) 63 (3.69) < 0.001

Sometimes 15686 (79.66) 1385 (68.53) 20894 (78.74) 1430 (55.47) 3114 (72.37) 561 (43.09) 4480 (77.51) 1098 (64.36)

Often 2200 (11.17) 475 (23.50) 3679 (13.86) 1010 (39.18) 899 (20.89) 693 (53.23) 750 (12.98) 545 (31.95)

Living habit

Smoking No 14265 (72.44) 1358 (67.19) < 0.001 21116 (79.57) 1682 (65.24) < 0.001 3180 (73.90) 810 (62.21) < 0.001 4338 (75.05) 1047 (61.37) <0.001

Yes 4401 (22.35) 521 (25.78) 4445 (16.75) 724 (28.08) 839 (19.50) 364 (27.96) 1127 (19.50) 482 (28.25)

Quit smoking 1025 (5.21) 142 (7.03) 976 (3.68) 172 (6.67) 284 (6.60) 128 (9.83) 315 (5.45) 177 (10.38)

Alcohol drinking No 14190 (72.06) 1287 (63.68) < 0.001 20691 (77.97) 1523 (59.08) < 0.001 3148 (73.16) 789 (60.60) < 0.001 4352 (75.29) 986 (57.80) < 0.001

Yes 4885 (24.81) 647 (32.01) 5177 (19.51) 903 (35.03) 997 (23.17) 445 (34.18) 1247 (21.57) 619 (36.28)

Quit drinking 616 (3.13) 87 (4.30) 668 (2.52) 152 (5.90) 158 (3.67) 68 (5.22) 181 (3.13) 101 (5.92)

Physical activities No 9188 (46.66) 1094 (54.13) < 0.001 11132 (41.95) 1477 (57.29) < 0.001 1917 (44.55) 845 (64.90) < 0.001 2865 (49.57) 917 (53.75) 0.002

Yes 10503 (53.34) 927 (45.87) 15405 (58.05) 1101 (42.71) 2386 (55.45) 457 (35.10) 2915 (50.43) 789 (46.25)

Family history No 14438 (73.32) 1032 (51.06) < 0.001 21524 (81.11) 1174 (45.54) < 0.001 2960 (68.79) 527 (40.48) < 0.001 3660 (63.32) 486 (28.49) < 0.001

Yes 5253 (26.68) 9989 (48.94) 5013 (18.89) 1404 (54.46) 1343 (31.21) 775 (59.52) 2120 (36.68) 1220 (71.51)

BMI: Body mass index; WC: Waist circumference.
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Table 2 Univariate and multivariate analyses of the training set

Univariate analysis Multivariate analysis
Variables

OR 95%CI P value OR 95%CI P value

Age (≤ 65 yr vs >65 yr) 1.03 1.02-1.03 < 0.001 1.03 1.02-1.03 < 0.001

Sex (male vs female) 0.98 0.93-1.04 0.540

Ethnicity (Han nationality vs other) 0.90 0.48-1.67 0.731

BMI (< 18.50 kg/m2, 18.50-23.99 kg/m2, 24-27.99 kg/m2 vs ≥ 28.00 kg/m2) 1.07 1.06-1.08 < 0.001 1.05 1.04-1.06 < 0.001

WC (≤ 80 cm vs > 80 cm) 1.03 1.02-1.03 < 0.001 1.02 1.01-1.02 < 0.001

Family history (no vs yes) 4.28 4.04-4.54 < 0.001 4.30 4.04-4.56 < 0.001

Lifestyle (unhealthy lifestyle vs healthy lifestyle) 0.45 0.42-0.48 < 0.001 0.44 0.41-0.47 < 0.001

BMI: Body mass index; WC: Waist circumference.

Figure 1 Nomogram for predicting early screening of individuals at high risk of colorectal cancer. The value of each variable was scored on a 
point scale from 0 to 100, after which the scores for each variable were added together. The total sum was located on the total points axis, which enabled us to 
predict the probability of early screening of individuals at high risk of colorectal cancer. Age, body mass index, and waist circumference were used as continuous 
variables. The family history group 0 = no and 1 = yes, and lifestyle group 1 = unhealthy lifestyle and 2 = healthy lifestyle. BMI: Body mass index; WC: Waist 
circumference.

DISCUSSION
Our findings indicated that age, BMI, WC, family history, and lifestyle significantly contributed to the prediction of 
individuals at high risk for CRC. Therefore, these variables were used to validate an early screening model for 
individuals at high risk for CRC, and the model demonstrated potential clinical utility.

Compared with the current study, a multicenter study combining genetic and environmental risk scores for risk strati-
fication of early-onset CRC[16] placed more emphasis on scores for polygene variants, environmental factors, and 
lifestyle. The results showed that an increase in the lifestyle score was associated with an increase in the relative risk of 
early-onset CRC, in line with our findings, which demonstrated a significant association between lifestyle and high risk 
for CRC. However, unlike this multicenter study, our study incorporated dietary habits in addition to living habits and 
family history to assess lifestyle. We found five factors to be significantly associated with high risk for CRC, two of which 
were non-modifiable variables (age and family history), in line with previous findings[22,26]. A healthy lifestyle had an 
OR of 0.44 (95%CI: 0.41-0.47) in individuals at high risk of CRC, indicating that a healthy lifestyle is a protective factor.

A similar study found that in addition to a high intake of red and processed meat, sex, ethnicity, sedentary lifestyle, 
and inflammatory bowel disease were associated with a low, intermediate, and high risk of early-onset CRC[27]. The 
study was a meta-analysis of the literature retrieved from PubMed and Web of Science. Eighteen articles were screened 
for inclusion, and 10 were ultimately reviewed to afford baseline data on the case group (n = 32843) and control group (n 
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Figure 2 Receiver operating characteristic curves curve for predicting early screening of individuals at high risk of colorectal cancer. A: 
Validation set: Receiver operating characteristic curves (ROC) curve for the nomogram generated using bootstrap resampling (500 times); B: Training set: ROC curve 
for the nomogram generated using bootstrap resampling (500 times). AUC: Area under the curve.

Figure 3 Calibration pot for predicting early screening of individuals at high risk of colorectal cancer. A: Validation set nomogram calibration 
plot; B: Training set nomogram calibration plot. When the solid line (performance nomogram) is closer to the dotted line (ideal model), the prediction accuracy of the 
nomogram is better.

= 25806408), which were used to construct a risk assessment model. Risk factors associated with early-onset CRC in the 
baseline data were screened by meta-analysis, and those with P < 0.05 were included in the final model. The model 
differed from ours in that it categorized the population into low-, intermediate-, and high-risk groups based on risk trend 
scores. Moreover, their participants were < 50 years of age, thus predominantly comprising young adults. In contrast, the 
current study consisted of a wider range of age groups, although primarily focusing on those aged 40-74 years. It aimed 
to develop a prediction model that would enable accurate primary screening of groups at high risk for CRC.

One of the major strengths of our study was that it integrated multiple factors including age, sex, ethnicity, BMI, WC, 
healthy and unhealthy lifestyle, and family history. Second, our sample size, which was obtained from the population in 
Ningbo, Zhejiang, China, was large. Third, compared with other models, our model enabled better and earlier screening 
of CRC in high-risk populations in Ningbo. In addition, previous studies have demonstrated that CRC development can 
be prevented by altering the modifiable risk factors[28]. In our model, all of the risk factors, except age and family history, 
could be modified by improving lifestyle habits, changing dietary habits, and increasing physical activities. Age and 
family history are non-modifiable variables and must be carefully examined in early screening of CRC, especially because 
they are inextricably linked to CRC development[22,26]. Therefore, the combination of modifiable and non-modifiable 
risk factors in our model can help facilitate early screening of individuals at high risk for CRC. Furthermore, our model 
makes it easier to screen patients for CRC risk than colonoscopy, which can be painful and complex. The Colorectal 
Cancer Early Screening Model can also be convenient for clinicians and may help them improve the rate of clinical 
diagnosis and reduce the rate of underdiagnosis of CRC in high-risk populations.

However, this study had some limitations. First, given that the study population was from a single region in China 
(Ningbo, Zhejiang), the model lacked generalizability. China is a large country with differences in living environments, 
lifestyles and habits, diets, and cultures. Second, although we examined four risk factors, there are many other factors 
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Figure 4 Decision curve analysis for predicting early screening of individuals at high risk of colorectal cancer. A: Decision curve analysis 
(DCA) of the validation set prediction model; B: DCA of the training set prediction model. Red solid lines indicate the prediction models, gray solid lines indicate all 
populations at high risk for colorectal cancer (CRC), and solid horizontal lines indicate non-high-risk populations for CRC. The graph depicts the expected net gain for 
each individual relative to the high-risk CRC Nuo plot forecast. Net gain increases with the model curve.

associated with dietary habits, living habits, and family history, and our study design could not incorporate them all. 
Therefore, future studies should include more variables to further validate our model. Third, our model did not include 
emotional and psychological factors. It is worth noting that a relationship between mental trauma and CRC has been 
reported in previous studies[29]. Although the exact mechanism underlying this relationship remains unclear, it may be 
because great mental trauma leads to neurological dysfunction, resulting in bowel disorders and stress ulcers, ultimately 
leading to the development of malignant intestinal lesions. Alternatively, excessive mental stress weakens the immune 
system, thereby increasing the susceptibility to disorders of the intestinal flora and the risk of developing CRC[30]. 
Therefore, future studies must examine the effect of emotional and psychological factors on CRC risk.

CONCLUSION
This study showed that older age, a high BMI, a large WC, an unhealthy lifestyle, and a family history of CRC are 
significantly associated with a high risk of CRC. A CRC risk-prediction model was also developed for accurate primary 
screening of groups with a high risk of CRC. This model could enable clinicians to develop early CRC screening strategies 
and may support public health campaigns for reducing CRC deaths and disease burden.

ARTICLE HIGHLIGHTS
Research background
The establishment of early screening model for high risk of colorectal cancer (CRC) may become a potential new method 
for early screening. It is different from traditional invasive screening and is a noninvasive, simple and rapid screening 
methods. Although there are many studies on early screening model for high risk of CRC, there is still a lack of large 
sample size studies and clinical validation. Our study focused on collecting information in the general population who 
attended annual health checks. At the same time, this is also the first study with a large sample size for early screening for 
CRC in Ningbo, China, which was part of national early screening for CRC.

Research motivation
Constructing an early screening model for CRC high-risk groups by means of basic information such as lifestyle has 
gradually become a major topic in CRC early screening research, which is mainly aimed at solving the problem of the 
more complicated means of early screening for colorectal cancer high-risk groups.

Research objectives
This study aimed to establish an efficient early screening model to identify individuals at high risk of CRC, and reduce 
CRC prevalence and mortality.

Research methods
This retrospective study included data from the health screening population in Ningbo Hospital, China from 2014 to 2017 
to analyze the basic information, living habits and dietary habits, so that the early screening model of CRC was 
constructed and conducted for internal verification.
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Research results
Retrospective analysis of 63918 individuals eligible for health screening, comprising studies with seven variables. The 
area under the curve was 0.734 [95% confidence interval (CI): 0.723-0.745] for the final validation set receiver operating 
characteristic curve (ROC) and 0.735 (95%CI: 0.728-0.742) for the training set ROC curve. The calibration curve 
demonstrated a high correlation between the CRC high-risk population predicted by the nomogram model and the actual 
CRC high-risk population.

Research conclusions
This study has an early screening model for high risk of CRC based on basic population information, lifestyle and family 
history.

Research perspectives
This study has the potential to revolutionize primary detection by accurately identifying groups at high risk of 
developing CRC.
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