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Background: Colorectal cancer (CRC) has become the malignant tumor of the digestive tract with the
highest incidence in our country, posing a serious threat to the health of our people. Early colon cancer
is mostly due to the malignant transformation of colon polyps, so that early detection and resection have
been shown to be effective in reducing the incidence and mortality of CRC. This study tried to investigate
the related risk factors of and construct a predictive nomogram for colorectal polyps, providing meaningful
guidance basis for risk stratification and screening.

Methods: A total of 1,799 patients who underwent colonoscopies in the Health Management Centre of the
Affiliated Hospital of Yangzhou University were recruited to this study. Univariate and multivariate logistic
analyses were performed to determine the risk factors for colorectal polyps, and a predictive nomogram was
constructed based on the multivariable model. We determined the predictive value of the nomogram by
receiver operating characteristic (ROC) curve, calibration curve, and decision curve analyses (DCAs).
Results: The logistic regression analysis showed that age (P<0.001), gender (P<0.001), eosinophil count
(P=0.005), hemoglobin level (P=0.039), and LDL-C/HDL-C ratio (LHR; P<0.001) were independent
predictors of the development of colorectal polyps. The above independent risk factors were incorporated,
and an individualized nomogram model was successfully established. The C-index of the nomogram was 0.679
in our model, and with the bootstrap method, the prediction curve fit well with the ideal curve, suggesting
that the prediction curve constructed in this study has good predictive ability.

Conclusions: Age, gender, eosinophil count, hemoglobin level, and LHR are risk factors for the
development of colorectal polyps. Establishing a nomogram prediction model for colorectal polyps is helpful
for the early clinical screening of high-risk patients with colorectal polyps, improving the detection rate of

polyps and reducing the incidence of colorectal cancer (CRC).
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Introduction

Colorectal cancer (CRC) is a prevalent cancer, and its
incidence and mortality rank third and second, respectively,
among cancers worldwide (1). It develops through
3 distinctive pathways, including the adenoma-carcinoma
sequence, serrated pathway, and inflammatory pathway (2).
The adenoma-carcinoma sequence is a classic pathway that
explains the majority of sporadic CRC, and adenomatous
polyps are thought to be the precursor lesions for the
majority of CRC cases. It is estimated that approximately
85-90% of sporadic CRCs evolved from adenomas, but
less than 10% of adenomas progressed to CRC (3). In this
pathway, inactivating mutations in adenomatous polyposis
coli (APC) gene result in overactivation of the Wnt/
B-catenin signalling pathway, triggering dysregulated cell
proliferation and adenoma development (4). Turano ez al.
have shown that chronic inflammation can activate the Wnt/
B-catenin pathways by IL-6 signaling. Serrated polyps are
precursors to approximately 10-15% of sporadic CRC (5). In
the serrated pathway, it is suggested that some hyperplastic
polyps, sessile serrated adenomas and traditional serrated
adenomas may have malignant potential (6). In addition,
some asymptomatic polyps may develop into malignancies
that are more likely to be overlooked (7). Therefore, the early
detection and resection of colorectal polyps is a critical way
to reduce the incidence and mortality of CRC (8).

It takes at least 10 years for colorectal polyps to
progress to CRC, leaving a large window of opportunity
for the secondary prevention of CRC (2). Colonoscopy
is now widely used to detect and remove polyps.
However, colonoscopy is an invasive and relatively high-
cost procedure and carries risks associated with bowel
preparation, sedation, bowel perforation, and bleeding
(9,10). These limitations contribute to low compliance and
a low participation rate with colonoscopy screening in the
general population (11). Therefore, it is more feasible for
high-risk groups to undergo colonoscopy screening.

Previous studies have reported the relationship between
living habits, demographic characteristics, and other factors
and colorectal polyps, but there have been scarce studies
discussing the association of routine laboratory tests and
colorectal polyps (12-14). Routine laboratory tests are basic
procedures in health examinations and have the advantages
of wide popularity, high acceptance, and non-invasiveness.
The aim of this study was to determine the risk factors
for and evaluate the predictive values of colorectal polyps
to improve the detection rate of colorectal precancerous
lesions and provide supporting data for the subsequent
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screening of high-risk groups based on the results of
multiple experimental examinations. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-21-933/rc).

Methods
Study population

We examined the medical records of all participants who
had colonoscopies between January 2017 and June 2021 in
the Health Management Centre of the Affiliated Hospital
of Yangzhou University. The following patients were
excluded from our analysis: cases complicated with serious
diseases (such as infection, chronic vital organ failure, and
autoimmune diseases); cases complicated with intestinal
diseases such as inflammatory bowel disease and CRC;
cases with incomplete colonoscopies or incomplete clinical
information; and cases with previous colorectal resection.
Finally, a total of 1,799 participants were enrolled in this
retrospective study. All procedures were carried out in
compliance with the Helsinki Declaration (as revised in
2013). This study was approved by the Ethics Committee
of the Affiliated Hospital of Yangzhou University (No.
2021-YKIL.06-09-004). The need for informed consent was
waived due to the retrospective nature of this study.

Data collection

Clinical characteristics were obtained from the hospital
medical database records with the assistance of the health
management center and information center, without
revealing personal information. Height and weight were
measured on standardized machines. Body mass index (BMI)
was calculated as weight divided by height squared (kg/m’).
Waist circumferences were measured using a measuring tape
at the smallest horizontal circumference between the costal
margin and iliac crests. Smoking history, drinking habits,
and comorbidities, such as hypertension and diabetes, were
also recorded.

Blood samples were analyzed in the same laboratory.
Routine laboratory tests included routine hematology,
biochemistry, and lipid tests. In blood tests, the following
data were collected: white blood cell (WBC) count,
hemoglobin level, platelet level, eosinophil count, albumin
level, serum creatinine (Scr) levels, uric acid (UA) level,
total cholesterol (T'C) level, triglyceride (T'G) level, high-
density lipoprotein cholesterol (HDL-C) level, and low-
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density lipoprotein cholesterol (LDL-C) level. The TG/
HDL-C ratio (THR) was calculated by dividing the TG
level by the HDL-C level, and the LDL-C/HDL-C ratio
(LHR) was calculated by dividing the LDL-C level by the
HDL-C level.

All colonoscopies were carried out by experienced
endoscopists who performed more than 1,000 endoscopies
annually. Biopsies were taken from lesions and 2 pathologists
made pathological diagnosis. If the diagnostic result was
controversial, the higher grade of the disease was named.

Statistical analysis

Continuous variables were defined as the mean =
standard deviation, and categorical variables were given
as percentages. Student’s #-test was used for continuous
variables, and the chi-square test was used for categorical
variables. Univariate and multivariate logistic regression
were used to evaluate the factors associated with the
presence of colorectal polyps.

According to the multivariate logistic regression analysis,
we constructed a predictive nomogram model on the “rms”
package of the R software. The nomogram is based on
proportionally converting each regression coefficient in
multivariate analyses to a 0-point to 100-point scale. The
points are added according to independent variables to derive
total points, which are converted to predicted incidences
of colorectal polyps. We drew the receiver operating
characteristic (ROC) curve and used Harrell’s concordance
index (C-index) to assess the discrimination ability of
the developed nomogram. A C-index of 0.5 indicated
poor discrimination ability, and 1.0 indicated excellent
discrimination ability (15). For calibration, the nomogram-
predicted probabilities were contrasted with the actual
probabilities by bootstrapping with 1,000 resamples, and we
calculated the corrected C-index. Decision curve analyses
(DCAs) were performed to assess the clinical usefulness of
the nomogram. Any P value <0.05 was considered statistically
significant. The statistical analyses were conducted using
SPSS 26.0 (IBM Corp., Chicago, IL, USA) and R software
(version 4.1.0; https://www.r-project.org/).

Results
Study population characteristics

In total, 1,799 participants were included in the present
study, among whom 853 (47.4%) had colorectal polyps,
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and the remaining 946 (52.6%) were classified as healthy
controls. Among the participants with colorectal polyps,
421 (49.4%) were identified as having neoplastic polyps
(416 adenomatous polyps with or without intraepithelial
neoplasia, 4 sessile serrated polyps, 1 serrated adenomas),
and 432 (50.6%) were identified as having nonneoplastic
polyps (413 simple polyps, 19 hyperplastic polyps). Among
the participants with adenomas, 63 were identified as
having tubular adenomas, and 12 were identified as having
tubulovillous adenomas. There were 647 participants with
polyps in the left colon, 149 participants with polyps more
than 1 cm in size, and 506 participants with more than
1 polyp.

The baseline characteristics of both groups are
summarized in Table 1. Colorectal polyps were more
frequently observed in participants who were older, male,
with a smoking history and drinking habit, a higher BMI,
and a higher waist circumference (P<0.05). Regarding
complications, a higher proportion of hypertension was
found in participants with colorectal polyps (P<0.05), while
there was no difference in diabetes between the 2 groups
(P=0.161). Regarding laboratory indicators, WBC counts,
hemoglobin levels, eosinophil counts, albumin levels, Scr
levels, UA levels, HDL-C levels, LDL-C levels, THR, and
LHR changed significantly (P<0.05) in the participants with
colorectal polyps, whereas platelet, T'C, and TG levels were
not significantly different between the 2 groups (P>0.05).

Independent risk factors for colorectal polyps

Binary logistic regression analysis was applied to evaluate
the factors associated with the presence of colorectal polyps.
Univariate analysis revealed that age, gender, BMI, waist
circumference, smoking, drinking, hypertensive disease,
WBC count, hemoglobin level, eosinophil count, albumin
level, Scr level, UA level, HDL-C level, LDL-C level, and
LHR were related to colorectal polyps (P<0.05) (Table 2).
According to collinearity diagnosis, we found that the
variance inflation factor (VIF) of all the variables except
LDL-C levels were <10. Then, all the variables, except
LDL-C levels, in the univariate analysis were further
processed by multivariate analysis (Table 2). The results
indicated that age (P<0.001), gender (P<0.001), eosinophil
count (P=0.005), hemoglobin level (P=0.039), and LHR
(P<0.001) were independent risk factors for colorectal polyps.

Based on the above results, the predictive equation can
be described as riskindex = -5.879 + 0.554 x (gender) + 0.058
x (age) + 1.178 x (eosinophil count) + 0.011 x (hemoglobin
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Table 1 Clinical and laboratory characteristics of the participants

Variables Participants without colorectal polyps (n=946) Participants with colorectal polyps (n=853) P value
Gender (male/female) 632/314 700/153 <0.001
Age, years 49+9.00 53+8.67 <0.001
BMI, kg/m® 24.62+3.05 25.19+2.66 <0.001
Waist circumference, cm 86.57+6.68 88.13+7.44 <0.001
Smoking (%) 206 (21.8) 259 (30.4) <0.001
Drinking (%) 282 (29.8) 331 (38.8) <0.001
Hypertension (%) 234 (24.7) 249 (29.2) 0.033
Diabetes (%) 98 (10.4) 106 (12.4) 0.167
WBC count, x10%L 6.08+1.42 6.24+1.64 0.026
Platelet level, x10%/L 208.65+47.89 204.51+50.02 0.073
Hemoglobin level, g/L 145.12+13.87 148.53+12.08 <0.001
Eosinophil count, x10%/L 0.15+0.11 0.18+0.14 <0.001
Albumin level, g/L 43.66+2.09 43.46+2.06 0.048
Scr level, umol/L 75.77£14.85 79.03+14.66 <0.001
UA level, pmol/L 342.73+81.03 360.20+73.91 <0.001
TC level, mmol/L 4.89+0.92 4.94+0.87 0.227
TG level, mmol/L 1.96+1.95 2.10+1.65 0.110
HDL-C level, mmol/L 1.30+0.30 1.23+0.29 <0.001
LDL-C level, mmol/L 2.68+0.74 2.76+0.72 0.024
THR 1.73+2.05 1.96+2.75 0.041
LHR 2.15+0.70 2.32+0.70 <0.001

Data are presented as n (%) or mean + standard deviation. BMI, body mass index; Scr, serum creatinine; UA, uric acid; TC, total
cholesterol; TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; THR, TG/HDL-C,

LHR, LDL-C/HDL-C.

level) + 0.297 x (LHR).

Building and validating a predictive nomogram model

The predictive nomogram relying on identified risk factors
from multivariate logistic regression models is shown in
Figure 1. Each variable was assigned a score, and the total
number of points could be associated with the probability of
colorectal polyps by calculating every point of the variables.
Then, the ROC curve of the nomogram was established
(Figure 2A). The C-index of the nomogram was 0.679 [95%
confidence interval (CI): 0.654 to 0.703] in our model and
0.675 by bootstrapping analysis, suggesting that the model
had good discriminative ability. The calibration curve of the
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nomogram showed that the agreement between predicted
and observed probability was great (Figure 2B). In addition,
DCAs showed that the predictive model had significant net
benefits when the threshold probabilities were between 0.2
and 0.7, demonstrating the potential clinical benefit of the
predictive model (Figure 2C).

Discussion

In this study, we found that age, gender, BMI, smoking,
waist circumference, drinking, hypertensive disease, WBC
count, hemoglobin level, eosinophil count, albumin level,

Scr level, UA level, HDL-C level, LDL-C level, and LHR
were related to colorectal polyps (P<0.05), and age, gender,
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Table 2 Univariate and multivariate analysis of factors for predicting colorectal polyps

Univariate analysis

Multivariate analysis

Variables
OR 95% ClI P value OR 95% CI P value
Gender 2.273 1.822-2.836 <0.001 1.741 1.301-2.330 <0.001
Age 1.053 1.041-1.065 <0.001 1.060 1.047-1.072 <0.001
BMI 1.074 1.039-1.111 <0.001
Waist circumference 1.031 1.017-1.046 <0.001
Smoking 1.566 1.267-1.937 <0.001
Drinking 1.493 1.227-1.816 <0.001
Hypertension 1.254 1.018-1.546 0.033
Diabetes 1.228 0.917-1.644 0.168
WBC count 1.072 1.008-1.139 0.027
Platelet level 0.998 0.996-1.000 0.074
Hemoglobin level 1.021 1.013-1.028 <0.001 1.011 1.001-1.021 0.039
Eosinophil count 5.207 2.350-11.535 <0.001 3.250 1.416-7.458 0.005
Albumin level 0.956 0.914-0.999 0.047
Scr level 1.015 1.009-1.022 <0.001
UA level 1.003 1.002-1.004 <0.001
TC level 1.006 0.961-1.182 0.227
TG level 1.045 0.989-1.104 0.119
HDL-C level 0.482 0.350-0.663 <0.001
LDL-C level 1.158 1.020-1.315 0.024
THR 1.048 0.999-1.099 0.052
LHR 1.413 1.235-1.616 <0.001 1.345 1.166-1.552 <0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; WBC, white blood cell; Scr, serum creatinine; UA, uric acid; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; THR, TG/HDL-C;

LHR, LDL-C/HDL-C.

eosinophil counts, hemoglobin levels, and LHR were
independent risk factors for colorectal polyps. Moreover,
we established a diagnostic nomogram based on laboratory
indicators for predicting colorectal polyps, and the C-index
was 0.679.

A positive association between age and the risk of
colorectal polyps has been found in most studies. Population-
based national cancer screening programmes have shown that
the detection rates for advanced neoplasms, non-advanced
adenomas, and any neoplasms increase with age (14). This
study also found that age is an independent risk factor for
colorectal polyps. However, the incidence among younger
patients under the age of 50 is increasing (16). Future studies
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need to increase the sample size and stratify the age to study
the correlation of age with polyps.

Studies have indicated that the incidence of colorectal
polyps in men is almost twice that in women (17,18). One
of the reasons is that men were more likely to be screened
by colonoscopy than women (19). This is consistent with
our research results. Computed tomography colonography
(CTC), fecal immunochemical testing (FIT), and
multitarget stool DNA testing may improve compliance
for screening in women due to their convenience and
non-invasiveness (20-22). Regarding the sensitivity and
specificity of these tests, many trials should be conducted to
support their reliability.
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Eosinophils are key immune effectors and inflammatory
cells and play an important role in diseases such as tumors,
chronic obstructive pulmonary disease (COPD), and
coronary artery disease (CAD). Previous studies have
mostly explored the relationship between eosinophils
and colorectal cancer (CRC) (23). In our study, we found
that eosinophil counts were higher in participants with
colorectal polyps and had predictive value for polyps, which
was in accordance with a previous study (24). A possible
mechanisms is that the inflammatory response initiates
the recruitment of eosinophils (25). However, specific
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mechanisms need to be further explored.

Hemoglobin is a special protein that transports oxygen
in red blood cells. Previous studies have revealed that an
elevated hemoglobin level increases the risk of nonalcoholic
fatty liver disease and metabolic syndrome, which are
associated with colorectal polyps (26,27). Shen er al.
conducted a cross-sectional study to explore the relationship
between hemoglobin levels and colorectal polyps, and they
found that elevated hemoglobin levels were significantly
and independently associated with the prevalence and risk
of colorectal polyps in asymptomatic adults (28). Similar
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to the study mentioned above, elevated hemoglobin levels
independently increased the risk of colorectal polyps in
our study. There are several probable explanations. First,
hemoglobin might upregulate miR-144 expression, leading
to an inflammatory response in microglia (29). In addition,
hemoglobin, which is an iron-containing metalloprotein,
might cause iron-induced oxidative stress (30). These
processes could increase the possibility that colon adenomas
transform into tumors via the adenoma-carcinoma
sequence.

Recently, LHR has been shown to be a surrogate
marker of insulin resistance and mixed dyslipidemia
(31,32). Multiple studies have reported dyslipidemia is an
independent risk factor for colorectal adenoma. Carot ez al.
reported that dyslipidemia increased the risk of new
advanced lesions 3 years after polypectomy, and surveillance
guideline strategies should be optimized (33). Xie et al.
found that increased LDL-C and TG levels were correlated
with the occurrence of polyps. The combination of the
2 serum indicators was useful to assess the risk of colorectal
lesions (34). Although there was no significant difference
in TC (P=0.227) and TG (P=0.11) levels in our study, we
found that LHR was an independent predictor of colorectal
polyps, which indirectly reflected the relationship between
dyslipidemia and colorectal polyps. A possible explanation
is that dyslipidemia strengthens the inflammatory response
and accelerates injury to the mucosal epithelium, which has
a great influence on the occurrence of tumors (35).

According to current studies, smoking is a modifiable
risk factor for colorectal polyps (7,36,37). A study by
Pan er al. showed that regular cigarette smoking is an
independent risk factor for colorectal polyps in a Chinese
population (7). According to a study by Lee er 4l., the
colorectal polyp prevalence increases 3.40 times in current
smokers compared to “never” smokers (37). For drinking,
the current conclusions are different (36,37). In our
study, we failed to show the effect of smoking and alcohol
consumption on the development of colorectal polyps. It
may be that the lifestyle and genes of our participants are
different from those of other regions. Multicenter research
should be further carried out to explore the association
between smoking, drinking and colorectal polyps.

Our study had several limitations. First, this was a
retrospective single-center study, and we only enrolled
participants in the health management center, which
might have led to selection and recall bias. Therefore, a
larger, multicenter prospective study is needed to validate
the effectiveness of this model. Second, we failed to
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evaluate the risk factors for different pathological types of
colorectal polyps. Third, we lacked some data, including
the dietary habits and the family history of the examined
population. These factors might also be associated with the
development of colorectal polyps. Fourth, we only described
the association of predictors with colorectal polyps, and
the mechanisms of these factors in the development of
colorectal polyps are expected to be studied in the future.
Fifth, the model verification method only incorporated
internal random verification. External validation is required
through future studies.

In conclusion, our study indicated that age, gender,
eosinophil count, hemoglobin level, and LHR were
independent risk factors for colorectal polyps. We
established an early predictive model based on laboratory
indicators that could be quickly obtained on hospital
admission. This model can be conveniently used to facilitate
the prediction of the individual risk of colorectal polyps.
These data provide support for the subsequent screening
of high-risk groups with colorectal polyps to better prevent
and manage this disease.
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