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Introduction

Colorectal neoplasm (CN) is one of common malignant 
tumors of China, in the past 20 years, its incidence 
and mortality exhibited a clear upward trend (1,2). It is 
currently considered that CN is mainly developed from the 
adenomatous polyps (AP), and 70-75% newly-diagnosed 
CN patients are the asymptomatic average-risk populations 
(AARP) who are over 50 years old (3). The so-called AARP 
refers to the populations without the CN-related symptoms 
or prewarning symptoms, without the medical history and 
family history of CN and AP, and without genetic CN 
and the medical history of inflammatory bowel disease (3). 
The colonoscopy screening towards AARP could detect 
the early-stage CN and precancerous lesions, and make 

timely treatment, so that the incidence and mortality of 
CN in this kind of population would be expected to be 
effectively reduced (4). However, compared with other 
screening methods such as fecal occult blood test, the cost 
of colonoscopy is larger, and it is an invasive procedure, 
so many scholars have questioned its rationality to be 
the preferred screening method towards AARP (5). In 
addition, it is estimated that AARP over 50 years old would 
be over 100 million, so that the current health resources 
and economic conditions could not support the entire 
population colonoscopy screening strategy (6).

Studies have shown that the AARP could be considered 
the same as the low-risk populations (3,7). Therefore, if 
certain information which could be easily accessed, such 
as age and gender, could be used to accurately predict the 
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disease risks (risk stratification) of AARP, and then guide 
the screening colonoscopy towards the populations with 
higher disease risks, it would greatly improve the screening 
efficiency, reduce the screening costs and save the limited 
health resources. In this study, the optimal prediction 
factors towards the advanced CN in Han-nationality AARP 
of the southern Jiangsu Province were investigated, aiming 
to establish the risk scoring system based on the situations 
of advanced CN in this AARP, and evaluate its effectiveness 
as the screening tool of CN.

Materials and methods

Subjects

The AARP, permanently registered in the southern Jiangsu 
Province, were detected with the colonoscopy during the 
routine health examination in the Affiliated Yixing Hospital 
of Jiangsu University from Jul 2011 to Dec 2012. Inclusion 
criteria: scheduled for colonoscopy; aged ≥40 years old; 
Han nationality; asymptomatic, or only possessed the 
non-specific colorectal symptoms (mild abdominal pain, 
intermittent diarrhea or constipation). Exclusion criteria: 
(I) the first and second degree relative had CN history; 
(II) the under-60-year first degree relative had the history 
of AP or familial hereditary syndromes (including familial 
AP, hereditary non-polyposis CN, Turcot syndrome, 
Oldfield syndrome, etc.); (III) had the disease history of 
CN or polypous disease, inflammatory bowel disease, or 
other organ tumors, etc.; (IV) had iron deficiency anemia 
or the fecal occult blood test was positive, hematochezia, 
significant weight loss, tenesmus and other symptoms; 
(V) performed the colonoscopy in the near five years; or 
(VI) had the colorectal surgery history. This study was 
conducted in accordance with the declaration of Helsinki. 
This study was approved by the Ethics Committee of the 
Affiliated Hospital of Jiangsu University. Written informed 
consent was obtained from all participants.

Methods

The cross-sectional study was used for the design. Before 
the colonoscopy, a questionnaire was surveyed, including the 
demographic characteristics, past medical history, surgical 
history, medication history, smoking history, alcohol drinking 
history, tea drinking history, physical activity, diet habits and 
defecation frequency, etc. The colonoscopy was performed 
by 2 experienced by gastrointestinal-endoscopy experts (the 

inspection equipment was produced by Japan OLYMPUS 
Medical Co., Ltd., Host Model: CV-260SL and CLV-260SL, 
the electronic colonoscopy Model: Q260AL), and they were 
also responsible for completing the colonoscopy examination 
results. The advanced CN includes the advanced adenoma 
and invasive carcinoma. The advanced adenomas include 
adenomas with diameter ≥1 cm, villous adenomas (the villous 
component should at least be 25%) and tubular adenomas 
which was associated with severe atypical hyperplasia. 
The invasive carcinoma refers to the tumor of which the 
malignant cells invaded over the muscularis mucosa. The 
severe atypical hyperplasia includes the intramucosal 
carcinoma and carcinoma in situ. Only the subjects with 
good bowel preparation and having completed the whole 
colonoscopy (the colonoscope reached the ileocecal valve) 
were included in the study and statistically analyzed.

Statistical analysis

EpiData 3.02 software was used, and the double entry 
method was used to build the database. SPSS 19.0 statistical 
software (SPSS Inc., Chicago, IL, USA) was used for the 
data analysis. All the analyses were the two-sided test. The 
significance level of the multivariate analysis was 0.05.

The risk prediction model of advanced CN and the 
establishment and evaluation of its scoring system: the 
colonoscopy examination results (with or without the 
advanced tumors) were set as the dependent variables, 
while the demographic characteristics and other variables 
were set as the independent variables for the single factor 
analysis and multivariate analysis. According to the data 
nature of the independent variables, the intergroups’ data 
t-test, Mann-Whitney U test and χ2 test were used for the 
single factor analysis. Among the single factor analysis 
results, the independent variables of P<0.20 were selected 
as the potential predictors of the advanced tumors (6), then 
the multivariate Logistic regression analysis was performed 
for the multivariate analysis to establish the risk prediction 
model of the advanced CN. In order to facilitate the 
clinical application, the continuous variables of the above 
model were transferred into the categorical variables for  
re-performing the multivariate Logistic regression analysis. 
The scores were then assigned according to the β values 
of each variable in the new Logistic regression model 
(6,8) to establish the risk scoring system of the advanced 
CN. The risk prediction consistency was evaluated by the 
Hosmer-Lemeshow goodness of fit test method (6). The 
distinguishing abilities of the risk prediction model and 
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its scoring system were evaluated with the areas under 
the receiver operating characteristic (ROC) curve (6,8,9). 
The accuracy was evaluated with the sensitivity, specificity, 
accuracy, positive predictive value, negative predictive value, 
positive likelihood ratio and negative likelihood ratio (6).

Internal population verification of the advanced CN risk 
scoring system: the non-parametric Bootstrap method was 
used for the verification (6,10). Specific procedure: among 
the range of original data, the sampling with replacement was 
done with the same sample size, and the obtained samples 
were called the Bootstrap samples, the ROC curve analysis 
of the scoring system was then performed on such samples, 
which would generate the estimate area values under the 
ROC curve; repeatedly sampled such samples for 1,000 
times, which would obtain 1,000 estimate area values under 
the ROC curve; according to the normal distribution theory, 
the point estimation under the scoring system ROC curve 
and the 95% confidence interval (95% CI) were calculated.

Comparison with other similar scoring systems: the 
reported similar scoring systems included the scoring 
systems established by Cai et al. (6), Betés et al. (11) and Lin 
et al. (12). The areas under the ROC curves and the 95% 
CIs of the above three scoring systems were calculated. U 
test method was used to compare the differences of the areas 
under ROC curve among the scoring system established in 
this study and the other three scoring systems.

Results

Subject characteristics

A total of 985 qualified subjects were included, including 
905 cases (91.9%), who completed the entire colon test, 
and were included in subsequent statistical analysis. Among 
the 905 cases studied, 393 cases were males (43.4%), with 
the mean age as 56.6±10.1 years old, and 48 cases were the 
cases with the advanced tumors (5.3%). AP was in 100 cases 
(11.5%), including 2 cases of malignant transformation (2%). 

Establishment and evaluation of risk prediction model and 
its scoring system of advanced CN

The single factor analysis showed that the age, gender, 
educational degree, hypertension, coronary heart disease, 
smoking, alcohol drinking, tea drinking, green vegetable 
intake, egg intake and defecation frequency were the 
potential risk predictors of the advanced CN (P<0.20)  
(Table 1). The multivariate analysis showed that the age, 

gender, coronary heart disease, egg intake and defecation 
frequency were the risk independent predictors of the 
advanced CN (Table 1). The results of the Hosmer-
Lemeshow goodness of fit test showed that the goodness of 
fit of the Logistic regression model was good (P=0.174). The 
area under the ROC curve (95% CI) was 0.76 (0.70-0.82)  
(P<0.001), indicating that the distinguishing ability of the 
Logistic regression model was good.

In order to facilitate the clinical application, the 
continuous variable “age” in the above model was transferred 
into the categorical variable and the re-Logistic regression 
analysis was performed (Table 2). The goodness of fit test of 
the Hosmer-Lemeshow results showed that the goodness of 
fit in the new Logistic regression model was good (P=0.205). 
The area under the ROC curve (95% CI) was 0.76 (0.70-
0.82) (P<0.001), indicating the good distinguishing ability 
of the model. The risk scoring system of the advanced CN 
model based on the new Logistic regression was composed 
of five variables (age, gender, coronary heart disease, egg 
intake, and defecation frequency), and the score range was 
from 0 to 10 points (Table 2). With the increasing scores, the 
ratio of the advanced CN patients in the total study subjects 
tended to increase (Table 3). The ROC curve analysis of the 
scoring system showed that the area under the ROC curve 
(95% CI) was 0.75 (0.69-0.82) (P<0.001), indicating the 
distinguishing ability was good.

Based on the ROC curve of the scoring system, 2.5 points 
was set as the cutoff value, the subjects were divided into low-
risk populations of the advanced CN (411 cases, 45.4%), 
and high-risk populations (494 cases, 54.6%) (Table 3).  
The proportion of the advanced CN patients in the high-
risk populations (>2 points) was 9.1% (45/494), which was 
significantly higher than that in the low-risk populations 
(0-2 points) (0.7%, 3/411) (P<0.001) (Table 3). Within the 
predictive cutoff value, the sensitivity, specificity, accuracy, 
positive predictive value, negative predictive value, positive 
likelihood ratio and negative likelihood ratio of the screening 
tool of the scoring system were 93.8 %, 47.6%, 50.1%, 9.1%, 
99.3%, 1.79 and 0.13, respectively. And 93.8% (43/48) cases 
of the advanced CN were in the high-risk populations. Among 
the whole population, low-risk and high-risk populations, the 
colonoscopy numbers needed to sieve out 1 case of advanced 
CN were 19, 137 and 11 cases, respectively (Table 3).

Internal population verification of risk scoring system of 
advanced CN

The validation results of the non-parametric Bootstrap 
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Table 1 Single factor analysis and multivariate analysis towards the risk factors of advanced colorectal neoplasm (CN)

Variable
Total 

(n=905)

Advanced stage (n=48) Non-advanced stage (n=857)
Pa ORb 95% CIb Pb

Cases % x±s Cases % x±s

Categorical variable

Gender 0.002

Male 393 31 7.9 362 92.1 2.43 1.30-4.56 0.005

Female 512 17 3.3 495 96.7 1

Educational level 0.066

Illiterate or primary school 430 29 6.7 401 93.3

High school or above 475 19 4.0 456 96.0

Hypertension 0.042

Yes 211 17 8.1 194 91.9

No 694 31 4.5 663 95.5

Diabetes 0.814

Yes 44 2 4.5 42 95.5

No 861 46 5.3 815 94.7

Hyperlipemia 0.843

Yes 33 1 3.0 32 97.0

No 872 47 5.4 825 94.6

Coronary heart disease 0.008

Yes 16 4 25.0 12 75.0 5.18 1.51-17.68 0.009

No 889 44 4.9 845 95.1 1

Gastric operation history 1.000

Yes 17 0 0.0 17 100

No 888 48 5.4 840 94.6

Gallbladder operation history 0.455

Yes 50 1 2.0 49 98.0

No 855 47 5.5 808 94.5

Appendix operation history 0.848

Yes 78 5 6.4 73 93.6

No 827 43 5.2 784 94.8

Administration of Aspirin 0.909

Yes 21 1 4.8 20 95.2

No 884 47 5.3 837 94.7

Smoking 0.175

Yes 210 15 7.1 195 92.9

No 695 33 4.7 662 95.3

Alcohol 0.009

Yes 143 14 9.8 129 90.2

No 762 34 4.5 728 95.5

Tea 0.004

Frequently 191 18 9.4 173 90.6

Occasionally 714 30 4.2 684 95.8

Table 1 (continued)
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Table 1 (continued)

Variable
Total 

(n=905)

Advanced stage (n=48) Non-advanced stage (n=857)
Pa ORb 95% CIb Pb

Cases % x±s Cases % x±s

Physical activity 0.248

Mild 169 12 7.1 157 92.9

Moderate or heavy 736 36 4.9 700 95.1

Green vegetable intake 0.046

Frequently 880 44 5.0 836 95.0

Occasionally 25 4 16.0 21 84.0

Fruit intake 0.559

Frequently 472 27 5.7 445 94.3

Occasionally 433 21 4.8 412 95.2

Milk intake 0.359

Frequently 88 7 8.0 81 92.0

Occasionally 817 41 5.0 776 95.0

Egg intake 0.044

Frequently 419 29 6.9 390 93.1 1.73 0.94-3.20 0.079

Occasionally 486 19 3.9 467 96.1 1

Pickled food intake 0.208

Frequently 132 10 7.6 122 92.4

Occasionally 773 38 4.9 735 95.1

Fried or smoked food intake 0.813

Frequently 32 2 6.3 30 93.7

Occasionally 873 46 5.3 827 94.7

Bamboo root intake 0.338

Frequently 195 13 6.7 182 93.3

Occasionally 710 35 4.9 675 95.1

Red meat intakec 0.894

Frequently 630 33 5.2 597 94.8

Occasionally 275 15 5.5 260 94.5

White meat intaked 0.757

Frequently 642 35 5.5 607 94.5

Occasionally 263 13 4.9 250 95.1

Defecation frequency 0.062

Once every 2 or more days 219 17 7.8 202 92.2 2.12 1.12-4.01 0.021

Once or more everyday 686 31 4.5 655 95.5 1

Continuous variable

Age (year) 62.7±9.7 56.2±10.0 <0.001 1.06 1.03-1.09 <0.001

BMI (kg/m2) 23.3±2.5 23.3±3.0 0.892
a, single factor analysis results; b, multivariate analysis results; c, red meat included pork, cattle and lamb; d, white meat included 

chick, duck and fish.
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method showed that the average area under ROC curve 
(95% CI) of the scoring system was 0.75 (0.70-0.82), similar 
to the ROC curve results of the modeling crowd.

Comparison with other similar scoring systems

Among the 4 scoring systems, the distinguishing degree of 
the scoring system established in this study was the best, 
significantly better than the scoring system established by Cai 
et al. (6) (P=0.036), while exhibited no significant difference 
with the scoring systems established by Betés et al. (11) and 
Lin et al. (12) (P>0.05) (Table 4).

Discussion

Through this study, we expect to get the optimal prediction 
factors towards the advanced CN in Han-nationality 
AARP of the southern Jiangsu Province to establish the 
risk scoring system based on the situations of advanced 
CN in this AARP, and to evaluate its effectiveness as the 
screening tool of CN. The risk scoring system of the 

advanced CN in this study were composed of five variables, 
namely the age, gender, coronary heart disease, egg intake 
and defecation frequency, with good predictive consistency 
and distinguishing degree, higher sensitivity and negative 
predictive value, and could be used in the initial screening 
of the advanced CN in AARP. The low-risk populations 
judged by the screening tool of the scoring system could 
only perform the regular follow-up or fecal occult blood 
test; while as for the high-risk populations, they would be 
recommended for full colon examination to identify the 
potential colorectal lesions. This study could help to build 
the screening strategies of the characteristic CN within 
the southern Jiangsu Province, therefore significantly 
improving the screening efficacy of CN in the southern 
Jiangsu Province, reducing the screening costs and saving 
the health resources.

Considerable evidence exhibited that the risk scoring 
system of the advanced CN established in this study was 
effective, accurate and reliable, and could be used as the 
CN screening tool in the screening application of AARP in 
the southern Jiangsu Province. Especially, the discovery of 
early CN and precancerous lesions has certain advantage. 
Firstly, our results showed that no matter the modeling 
or the internal population verification, the scoring system 

Table 2 New Logistic regression model and its scoring system

Variable β OR 95% CI P Score

Age (year)

40-49 1 0

50-59 0.689 1.99 0.68-5.83 0.208 1

60-69 1.162 3.20 1.16-8.82 0.025 2

>69 1.919 6.81 2.32-20.05 <0.001 3

Gender

Female 1 0

Male 0.899 2.46 1.31-4.62 0.005 2

Coronary heart disease

Yes 1 0

No 1.634 5.13 1.50-17.51 0.009 3

Egg intake

Frequently 1 0

Occasionally 0.549 1.73 0.94-3.20 0.080 1

Defecation frequency

Once or more 

everyday

1 0

Once every 2 or 

more days

0.744 2.11 1.11-3.99 0.022 1

95% CI, 95% confidence interval.

Table 3 Scores of all risks and the incidence risk of different risk 
categorizations

Risk  

categorization

Risk 

score
Total %

Advanced stage
NNS

Cases %

Low-risk (0-2) 411 45.4 3 0.7 137

0 54 0 0.0

1 154 2 1.3

2 203 1 0.5

High-risk (>2) 494 54.6 45 9.1 11

3 188 13 6.9

4 152 13 8.6

5 93 6 6.5

6 49 9 18.4

7 10 4 40.0

8 1 0 0.0

9 1 0 0.0

Whole population 905 100 48 5.3 19

NNS, numbers needed to screen, referring to the colonoscopy 

numbers needed to sieve out 1 case of advanced colorectal 

neoplasm (CN).
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Table 4 Comparison with the existent scoring systems for advanced colorectal neoplasm (CN)

Scoring system Variables included Score range Area under the ROC curve 95% CI Pa

Chen et al. (this study) 5 0-10 0.75 0.69-0.82

Cai et al. (6) 8 0-14 0.65 0.58-0.72 0.036

Betés et al. (11) 3 0-8 0.71 0.64-0.78 0.342

Lin et al. (12) 3 0-6 0.71 0.64-0.77 0.312

95% CI, 95% confidence interval; a, the other scoring systems were compared with the system established in this study.

showed a good distinguishing ability, which could accurately 
distinguish the high-risk and low-risk populations. 
Secondly, the sensitivity of the scoring system was up to 
93.8%, the majority of the CN cases and pre-malignant 
lesions were included in the high-risk populations, the 
misdiagnosis rate was low, and the negative predictive value 
was high (99.3%), so it would be especially suitable as the 
early CN screening tool in population screening. Thirdly, 
compared with the reported similar scoring systems, the 
scoring system had a higher distinguishing degree in the 
populations of the southern Jiangsu Province, and would be 
more suitable for the CN screening in this region. Fourthly, 
our findings showed that among the whole population, low-
risk and high-risk populations, the colonoscopy numbers 
needed to sieve out 1 case of advanced CN were 19, 137 
and 11 cases, respectively (Table 3). The risk stratification 
screening strategy, based on this study, could screen 
out 93.8% cases (45/48) in the case of reducing 45.4% 
colonoscopy (411/905), therefore, this strategy significantly 
improved the population screening efficiency. Fifthly, our 
study found that older, male, with coronary heart disease 
history, frequent egg intake and less defecation frequency 
(once for 2 or more days) were the independent risk factors 
of the CN, which was consistent with the results reported 
in the literature (13-21). Numerous studies have confirmed 
that with the increasing age, the risk of CN would 
significantly increase (13,14), so the foreign screening 
guidelines recommended that the CN screening should 
be performed towards the AARP from 50 years old (15). A 
number of researches towards the different ethnic groups 
confirmed that the risk of the advanced CN in males was 
significantly higher than females (16-18). The CN patients 
would often be accompanied by coronary heart disease, so 
it’s presumed that the both diseases shared the common risk 
factors (19). A few studies have shown that the frequent egg 
intake could increase the risks of a variety of malignancies, 
including CN (20). The observational studies showed that 
constipation might increase the risk of CN (21).

The following shortcomings existed in this study mainly: 
(I) the sample size was relatively small (among the qualified 
905 subjects, 48 cases were in the advanced CN), therefore, 
all the research subjects could only be used for the 
modeling. The results of this study stilled needed to further 
be verified with the larger external populations; (II) A lot 
of potential risk factors in this cross-sectional study were 
originated from the patients’ memories, which might have 
some recall bias. Despite the above limitations, our findings 
showed that the scoring system established in this study was 
still accurate, effective and credible.

In summary, the risk scoring system of advanced CN 
established in this study had good prediction consistency 
and distinguishing ability, higher sensitivity and negative 
predictive value. It can also detect CN or pre-malignant 
lesions earlier. The results could help to establish the 
characteristic screening strategies towards CN in the 
southern Jiangsu Province. The application of this scoring 
system in the initial screening of CN towards the AARP 
in the southern Jiangsu Province could be expected to 
significantly improve the CN screening effectiveness, 
reduce the screening costs and save the health resources.
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