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Abstract
Background: A missed diagnosis of colorectal polyps during colonoscopy may result in an interval
colorectal cancer. The risk factors for a missed diagnosis or a method to predict the risk of a missed
diagnosis of colorectal polyps during colonoscopy remain unidenti�ed.

Methods: The clinical data of patients who underwent two colonoscopies within 3 months at the
A�liated Hospital of North Sichuan Medical College between February 2017 and August 2019 were
retrospectively reviewed. Independent risk factors for missed diagnoses were identi�ed and a nomogram
was established for predicting the risk of missed diagnoses. Prediction performance of the nomogram
was evaluated using C-index and calibration curves, and its clinical application value was evaluated
using the Youden index and decision curve analysis.

Results: Independent in�uencing factors for missed diagnoses included age, endoscopist experience,
bowel preparation, retro�ected view, withdrawal time, number of polyps in the right colon, and number of
polyps ≥6 mm. The C-index of the nomogram in the training and validation cohorts was 0.763 (95%
con�dence interval [CI]: 0.724-0.807) and 0.726 (95%CI: 0.657-0.794), respectively. The optimal cut-off
value of the nomogram calculated using the Youden index was 152.2 points. Under the cut-off value, the
sensitivity, speci�city, positive predictive value, and negative predictive value were 67.1%, 75.7%, 45.8%,
and 88.2%, respectively, in the training cohort, and 57.1%, 79.9%, 53.3%, and 82.3%, respectively, in the
validation cohort.

Conclusions: The nomogram provides a reference value for clinicians to analyse the risk of a missed
diagnosis of colorectal polyps in individuals, identify high-risk groups, and formulate appropriate follow-
up strategies.

Background
Colorectal polyps are recognized as precancerous lesions in colorectal cancer. Approximately 75−80% of
colorectal cancer develops from colorectal polyps [1]. Colonoscopy is the preferred method for the
detection and removal of colorectal polyps, which, in turn, facilitates the prevention and reduction of
colorectal cancer. Some studies [2] have shown that every 1% increase in the detection rate of adenomas
reduces the risk of interval colorectal cancer by 3% and the risk of fatal interval colorectal cancer by 5%.
However, missed diagnoses of colorectal polyps may occur to a varying degree during colonoscopy. In a
recent retrospective study, [3] the rate of missed diagnoses of colorectal polyps during colonoscopy was
32.8%; it was 25.6% for adenomas and 10.4% for advanced adenomas. Missed diagnoses of polyps or
adenomas may lead to the development of interval colorectal cancer. Some studies [4, 5] have reported
the incidence of interval colorectal cancer within 1−3 years after colonoscopy to be approximately
8.6−36.6%, and it was associated with missed diagnoses of polyps and adenomas. Therefore, identifying
missed diagnoses of polyps following colonoscopy is of great signi�cance in reducing the incidence of
interval colorectal cancer. Tandem colonoscopies or two or more consecutive colonoscopies within a
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short period are undoubtedly the best methods for detecting missed polyps [6]. However, considering the
economic status and medical resources, it is impractical for all screened patients to undergo two or more
colonoscopies. Low patient compliance is another important reason why this measure cannot be
clinically implemented.

Therefore, it is necessary to evaluate the risk of missed diagnoses of colorectal polyps in an individual
patient after a single colonoscopy based on relevant risk factors in�uencing missed diagnoses of
colorectal polyps. Several studies [3, 7–9] have analysed the factors associated with missed diagnoses
of colorectal polyps; however, only a few factors have been incorporated in these studies, and studies on
the evaluation of the risk of missed diagnoses of colorectal polyps are lacking. In this study, we aimed to
analyse the risk factors for missed diagnoses of colorectal polyps and establish a nomogram to predict
the risk of missed diagnoses of colorectal polyps.

The analysis incorporated three aspects: patients’ own factors, factors related to colonoscopy, and
clinical characteristics of colorectal polyps. Based on the analysis results, a nomogram model was
established to predict the risk of a missed diagnosis of colorectal polyps, and the established nomogram
was veri�ed by internal and external validation methods. The nomogram could objectively, intuitively, and
conveniently evaluate the risk of a missed diagnosis of colorectal polyps in an individual patient after a
single colonoscopy. It could effectively screen groups at high risk of missed diagnoses of colorectal
polyps, so that such groups could be subjected to a second colonoscopy, thus improving the
effectiveness of colorectal polyp screening, and effectively reducing the incidence of interval colorectal
cancer.

Materials And Methods

Patients
The clinical case and endoscopic data of patients who underwent two colonoscopies within 3 months at
the A�liated Hospital of North Sichuan Medical College between February 2017 and August 2019 were
retrospectively reviewed. The �rst colonoscopy was performed to detect polyps, and the second was
performed to remove them. Inclusion criteria comprised the following: patients with complete clinical
case and endoscopic data; patients whose terminal ileum or ileocecal area was accessible in both
colonoscopies; patients with good bowel preparation in the second colonoscopy, and whose second
colonoscopy was performed by an endoscopist who had performed ≥ 1000 colonoscopies; and patients
with an interval of < 90 days between two colonoscopies. Exclusion criteria comprised the following:
patients in whom the total number of polyps detected in the �rst colonoscopy was ≥ 15; patients with
colorectal cancer; patients with in�ammatory bowel disease; patients who had previously undergone
bowel surgery; patients whose polyps could not be clearly described in terms of shape, location, quantity,
and size; patients who lacked clinical case or endoscopic data; and patients with an interval of > 90 days
between two colonoscopies.

Division of the training cohort and the validation cohort
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After strict screening using the inclusion and exclusion criteria, patients who underwent two
colonoscopies between February 2017 and August 2018 were included in the training cohort to establish
the nomogram, and patients who underwent a second colonoscopy or completed two colonoscopies
between September 2018 and August 2019 were included in the validation cohort to validate the
nomogram.

De�nition of missed polyps and missed patients
Newly found polyps in the second colonoscopy were de�ned as missed polyps, and those found in both
colonoscopies were de�ned as non-missed polyps. Patients with missed polyps were categorized as the
missed diagnosis group and the remaining patients as the non-missed diagnosis group.

Clinical data
Patient-related factors included age, sex, symptoms, diverticulum history, and family history of colorectal
cancer (speci�cally, history of colorectal cancer in �rst-degree relatives). Factors related to endoscopic
operation included the endoscopist’s experience, bowel preparation, sedation colonoscopy, retro�ected
view, and withdrawal time. Clinical characteristics of the polyps included the number of polyps in the �rst
colonoscopy, number of polyps in the right colon, number of polyps in the left colon, number of rectal
polyps, number of �at polyps, number of protruded polyps, number of polyps < 6 mm, and number of
polyps ≥ 6 mm. Symptoms included abdominal pain, blood in the stool, weight loss, changes in bowel
habits, and stool properties. Based on the cumulative number of colonoscopies performed by
endoscopists, the pro�ciency level of endoscopists was divided into three levels: ≥1000 cases, 500−1000
cases, and < 500 cases. The Boston Bowel Preparation Scale [10] was used to evaluate bowel
preparation. A Boston score of ≥ 6 points was de�ned as good bowel preparation, and a Boston score of
< 6 points was de�ned as poor bowel preparation. According to the image recording time, the actual
withdrawal time of the colonoscope was the time for the colonoscope to be withdrawn from the caecum
to the anus minus the time for tissue biopsy. The withdrawal time was divided into < 6 min and ≥ 6 min.
The number of �rst polyps corresponded to the number of polyps found in the whole colon during the �rst
colonoscopy and was divided into < 2 and ≥ 2. Anatomic markers and insertion distances were used to
estimate the polyp location. The right colon included the caecum, ascending colon, hepatic curvature, and
transverse colon, whereas the left colon included the splenic curvature, descending colon, and sigmoid
colon. According to the Paris Classi�cation, polyps are morphologically divided into two categories:
protruded and �at. Polyp size was measured using the opening diameter of the biopsy forceps (6 mm).
The cut-off value for the number of polyps was set as 2 since ≥ 2 polyps are commonly referred to as
multiple polyps [11].

Statistical methods
Statistical analyses were performed using SPSS v.26 and R4.0.1 software. Measurement data
(continuous variables) were tested for normality using the Kolmogorov–Smirnov test. Measurement data

that followed a normal distribution were expressed as(
−
x ± s)and analysed using an independent t-test.

Measurement data that did not follow a normal distribution were expressed as the median (1/4–3/4
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quantile) and analysed using the Mann−Whitney U test. Count data (categorical variables) were
expressed as frequencies and percentages (n%) and analysed using the chi-square (χ2) test or Fisher's
exact test. The potential in�uencing factors for missed diagnoses of colorectal polyps were screened
using a univariate logistic regression analysis in the training set, and these potential in�uencing factors
were included in the multivariate logistic regression analysis for evaluation. Simultaneously, Lasso
regression was used to screen the in�uencing factors in the training set as double validation of the
logistic regression analysis, and the optimal parameter λ (corresponding to one standard error away from
the minimum mean square error) was determined by 10-fold cross-validation. Finally, the independent risk
factors were introduced into R software (version R4.0.1), and the RMS package was used to construct a
nomogram for predicting the risk of missed diagnoses of colorectal polyps. The bootstrap method was
used to repeat sampling 1,000 times to conduct internal validation of the nomogram model, and the
validation dataset was used to conduct external validation of the nomogram model. The C-index and
area under the receiver operating characteristic curve (AUC) were used to evaluate the discrimination of
the nomogram. A calibration curve was used to evaluate the calibration performance. With the sensitivity,
speci�city, predictive values, and likelihood ratio under the optimal cut-off value (determined by the
Youden index), a clinical decision curve was used to analyse the net income under different threshold
probabilities to evaluate the clinical application value of the nomogram. In all analyses, the test level α = 
0.05 and P < 0.05 were considered statistically signi�cant.

Results
Clinical baseline characteristics of patients

 A total of 992 patients were �nally included in this study; among these, 699 patients were included in the
training cohort and 293 patients were included in the validation cohort according to the time of
completion of the two colonoscopies. The baseline clinical characteristics of the patients in the training
and validation cohorts are shown in Table 1. The baseline clinical characteristics of the two sets were
similar. Only the number of polyps at the �rst colonoscopy, number of polyps ≥6 mm, and number of
protruded polyps were signi�cantly different between the groups (P < 0.05). After the �rst colonoscopy,
the number of patients with missed polyps was 164 (23.5%) in the training cohort and 84 (28.7%) in the
validation cohort.

Table 1. Baseline clinical characteristics of patients in the training and validation cohorts

Univariate analysis of risks of missed diagnoses of colorectal polyps

In the training cohort, 699 patients were divided into the missed diagnosis group (n=535) and non-missed
diagnosis group (n=164) based on whether they had a missed diagnosis. Univariate logistic regression
analysis showed that age, sedation colonoscopy, endoscopist experience, bowel preparation, retro�ected
view, withdrawal time, number of polyps found on the �rst colonoscopy, number of polyps in the right
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colon, number of polyps in the left colon, number of polyps ≥6 mm, and number of protruding polyps
were potential in�uencing factors for missed diagnoses of colorectal polyps (Table 2).

Table 2. Univariate logistic regression analysis based on the training cohort

Multivariate analysis of risks of missed diagnoses of colorectal polyps

In the training cohort, multivariate logistic regression analysis was conducted by considering whether the
patient was subject to a missed diagnosis as a dependent variable and potential in�uencing factors as
independent variables. The results showed that age (odds ratio [OR]: 1.0; 95% con�dence interval [CI]:
1.02–1.05), endoscopist experience (500–1000 cases [OR: 2.00; 95%CI: 1.27-3.13], < 500 cases [OR: 3.22;
95%CI: 1.73–6.01]), bowel preparation (OR: 2.52; 95%CI: 1.60–3.96), retro�ected view (OR: 2.52; 95%CI:
1.11–5.74), withdrawal time (OR: 1.59; 95%CI: 1.07–2.36), number of polyps in the right colon (OR: 2.11;
95%CI: 1.21–3.68), and number of polyps ≥6 mm (OR: 2.96; 95%CI: 1.76–4.98) were independent
in�uencing factors for missed diagnoses of colorectal polyps, as shown in Table 3. The LASSO
regression results showed that the optimal parameter was l=0.03539431, in which case the independent
in�uencing factors screened were consistent with the results of logistic regression analysis, as shown in
Figure 1, thus proving our nomogram model.

Establishment of the nomogram predicting the risk of missed diagnoses of colorectal polyps

According to the multivariate logistic regression analysis, seven independent risk factors were screened to
construct a nomogram predicting the risk of missed diagnoses of colorectal polyps (Figure 2). The score
of each independent in�uencing factor was the point of the corresponding scoring scale, and the total
points for each subject were the sum of the scores of each independent in�uencing factor. The value
corresponding to the total points on the colorectal polyp missed diagnosis risk axis corresponded to the
risk of a missed diagnosis of colorectal polyps. The higher the total number of points, the higher the risk
of missed diagnoses of colorectal polyps. 

Validation of the nomogram predicting the risk of missed diagnoses of colorectal polyps

In the training cohort, the nomogram showed good discrimination and calibration in predicting the risk of
missed diagnoses of colorectal polyps, with both the C-index and AUC of 0.765 (95%CI: 0.724–0.807).
This suggests that the nomogram had good discrimination ability (Figure 3A). The calibration curve
showed good consistency between the risk of missed diagnoses of colorectal polyps predicted by the
nomogram and the actual risk of missed diagnoses obtained by two colonoscopies (Figure 3B). In the
validation cohort, the nomogram also showed good discrimination and calibration in predicting the risk
of missed diagnoses of colorectal polyps, with both the C-index and AUC of 0.726 (95%CI: 0.657–0.794)
(Figure 4A). There was also a good calibration curve between the predicted and actual risk of missed
diagnoses (Figure 4B).

Analysis of the clinical e�cacy of the nomogram in predicting the risk of missed diagnoses of colorectal
polyps 
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The optimal cut-off value for the total points of the nomogram calculated using the Youden index was
152.2 points, and patients with a total score ≥152.2 points were classi�ed as high-risk, while patients
with a total score <152.2 points were classi�ed as low-risk. Under the cut-off value, the sensitivity,
speci�city, positive predictive value, negative predictive value, positive likelihood ratio, and negative
likelihood ratio were 67.1%, 75.7%, 45.8%, 88.2%, 2.8, and 0.43, respectively, in the training cohort, and
57.1%, 79.9%, 53.3%, 82.3%, 2.8, and 0.54, respectively, in the validation cohort (Table 4). 

Clinical decision curve analysis of the nomogram predicting the risk of missed diagnoses of colorectal
polyps

The clinical decision curve analysis was used to analyse the net income of the nomogram under different
threshold probabilities to evaluate the clinical application value of the nomogram. As shown in Figure 5,
the training cohort was within the threshold probability range of 0.15–0.65, while the validation cohort
was within the threshold probability range of 0.17–0.80. Using this model to identify patients with missed
diagnoses had an edge over the scheme of ‘no second colonoscopy for all patients’ or ‘second
colonoscopy for all patients’. In other words, using this model to predict missed diagnoses of polyps
could bene�t some patients.

Discussion
Based on the factors in�uencing missed diagnoses of colorectal polyps, we established and validated a
nomogram to predict the risk of missed diagnoses of colorectal polyps after a single colonoscopy.
Previous studies [12] have shown that most polyps newly detected during re-examination via endoscopy
within 1 year were missed in the last colonoscopy, and only 11% were newly developed or recurrent cases.
Therefore, we selected patients who had undergone two colonoscopies within 3 months as participants in
this study, wherein it was feasible to de�ne new polyps found during the second colonoscopy as missed
polyps.

We observed that age, endoscopist experience, bowel preparation, retro�ected view, withdrawal time,
number of polyps in the right colon, and number of polyps ≥ 6 mm were independent in�uencing factors
for missed diagnoses of colorectal polyps. Shin et al. [9] reported that the risk of missed diagnoses of
adenomas in patients aged ≥ 60 years was twice that in patients aged < 60 years. As people grow older,
the bends and folds in their colon gradually increase, and the incidence of colonic diverticula also
increases [13]. These conditions are associated with inadequate bowel preparation and result in blind
areas in the endoscopic �eld of vision, thus increasing the risk of missed diagnoses of polyps. In this
study, the risk of missed diagnoses of polyps in patients with poor bowel preparation was 2.29 times that
in those with good bowel preparation. Hassan et al. [14] proposed that high-quality bowel cleansing
helped the detection of adenomas in each segment of the intestinal tract, thus improving the detection
rate of single adenomas and reducing missed diagnoses of adenomas. Kluge et al. [15] showed that
compared with well-prepared bowel segments, underprepared bowel segments had a higher polyp
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detection rate during re-examination via endoscopy after a short time, suggesting that inadequate bowel
preparation could increase the risk of missed diagnosis of polyps.

A study [16] on 104,618 colonoscopies conducted by 201 endoscopists showed that the detection rate of
adenomas varied greatly between endoscopists, ranging from 6.3–58.7%. This indicates that different
endoscopists have different degrees of missed diagnoses of adenomas during colonoscopy. Yao et al.
[17] also showed that there was a signi�cant correlation between the experience of endoscopists and
missed diagnoses of adenomas. The rate of missed diagnoses is higher among inexperienced
endoscopists, possibly because they are not skilled enough in endoscopic procedures, have poor
exposure to the endoscopic �eld, or have a poor ability to identify lesions. The withdrawal time of the
colonoscope is an important indicator of the quality of colonoscopy. Su�cient withdrawal time
guarantees careful observation of the colonic mucosa. Previous studies [18, 19] have reported a
correlation between the withdrawal time of the colonoscope and the detection rate of colorectal
adenomas. The longer the withdrawal time, the higher the detection rate of adenomas. Kumar et al. [20],
after controlling for factors such as the patient’s sex, age, bowel preparation, adenoma-related
characteristics, and experience of the physician, compared the rate of missed diagnoses of adenomas
between a withdrawal time of 6 min and a withdrawal time of 3 min. They observed that the rate of
missed diagnoses of adenomas was signi�cantly lower when the withdrawal time was 6 min than when
it was 3 min. In our study, the risk of missed diagnoses of polyps in patients with a withdrawal time < 6
min was 1.54 times that in patients with a withdrawal time ≥ 6 min.

Several studies [21–23] have reported that multiple adenomas, �at adenomas, and sessile serrated
adenomas/polyps are mainly located in the right colon, are small in size, covered with mucus, and not
easily detected during colonoscopy. Anatomically, the folds of the right colon are deep and di�cult to
expand, which leads to a poor �eld of vision in endoscopic examination and is also a reason why
adenomas of the right colon are easily missed. Additionally, the right colon is connected to the small
intestine, and it is easily covered by mucus and chyme released from the small intestine, which reduces
the cleanliness of the right colon and visibility of the mucosa, resulting in a missed diagnosis of
adenomas. Wang et al. [24] showed that compared with the left colon, the rate of missed diagnoses of
adenomas in the right colon was signi�cantly higher, and the rate of missed diagnoses of adenomas in
the caecum and ascending colon was 35.6%. The retro�ected view was originally used to examine and
treat rectal lesions. Later, to improve the detection rate of adenomas in the right colon, endoscopists used
this technique for the examination of the right colon. According to the literature [25], using a retro�ected
view in colonoscopy could signi�cantly increase the detection rate of adenomas, especially in the right
colon. Miyamoto et al. [26] studied the impact of retro�ected view on the detection rate of adenomas in
the right colon and found that after two standard forward views, newly missed adenomas could still be
found using the retro�ected view. This literature suggests that there might be unavoidable blind spots in
the visual �eld during the standard forward view. As reported by Pickhardt et al. [27] in a study on the
location of missed adenomas, 14 of 15 non-rectal missed adenomas (93.3%) were located on the folds,
and 10 (71.4%) were located near the plica opening. In conventional colonoscopy, it is di�cult to detect
adenomas in these areas by front-view observation, while a retro�ected view can help effectively observe
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these blind areas in the �eld of vision [28], improve the detection rate of adenomas, and reduce the rate of
missed diagnoses.

Previous studies have reported [7, 8] that smaller polyps (< 10 mm, especially ≤ 5 mm) are more likely to
be missed than larger polyps (≥ 10 mm). In a study on 2,158 colorectal polyps, Lee et al. [7] showed that
polyps with a diameter of < 10 mm accounted for 98.4% of all missed polyps, which is inconsistent with
our study results. One possible reason for this is that their study used polyps as the unit of observation.
The larger the diameter of a single polyp, the easier it is to locate. However, our study used patients as the
unit of observation. Patients may have multiple adenomas. When an endoscopist performs a
colonoscopy and �nds polyps ≥ 6 mm, their eyes may focus on these polyps (≥ 6 mm) and miss other
types of polyps (such as polyps < 5 mm, �at polyps, etc.). A higher number of polyps sized ≥ 6 mm is
associated with a higher risk of a missed diagnosis of polyps. It has been reported [11] that patients with
small adenomas (6−9 mm) are more likely to develop multiple adenomas than those with small
adenomas (< 5 mm). Kim et al.[8] reported that patients with multiple adenomas had a higher risk of
missed diagnoses of adenomas. A possible reason was that after the endoscopist detected a certain
number of adenomas, they were not as focused as they had been before. They might not have accurately
recorded the information on the detected adenomas because they knew that these patients would receive
follow-up treatment within a short period.

The advantages of this study are as follows. First, most previous prediction models of colorectal polyps
have been related to the occurrence or detection of polyps [29–31]. Most of these were scoring systems,
and some models lacked validation. Compared with traditional scoring systems, the nomogram
established in this study could integrate more predictive factors, graph and visualize the results of the
logistic regression analysis, and intuitively evaluate the risk of missed polyp diagnosis in each patient
after colonoscopy. Second, in some previous literature on the study of factors for missed diagnoses of
adenomas [7, 9, 24], when analysing the in�uence of clinical characteristics of polyps (such as location,
shape, size, etc.) on missed diagnoses of adenomas, it was a common practice to record the clinical
characteristics of only one polyp in one patient. However, clinically, a patient may have multiple polyps;
therefore, some polyps were not included in the statistical analysis, which might have adversely affected
the results of their study. In our study, we independently analysed the in�uence of the number of polyps
of various types, such as the number of polyps at various locations, polyps of various shapes, and polyps
of different diameters, on missed diagnoses of polyps in patients. This method can simultaneously
include multiple polyps in a patient for statistical analysis; thus, our results may be more reliable. Third,
after completion of colonoscopy, the nomogram established in this study could quickly assess the risk of
missed diagnoses of colorectal polyps in the patient and provide possible risk factors, namely, the main
factors leading to the risk of missed diagnoses. Endoscopists could formulate appropriate and timely
follow-up strategies for patients based on the prediction results. In the subsequent endoscopic re-
examination of the patient, the endoscopist needs to pay attention to these possible risk factors and try
to reduce the risk of missed polyps during colonoscopy. Fourth, the bootstrap method was used for
internal validation of the established nomogram and the validation dataset was used for external
validation of the nomogram. The nomogram showed good discrimination in both the training and
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validation sets, with C-indices of 0.765 and 0.726, respectively. A good calibration curve also proved the
consistency between the predicted and actual observed values. Through calculation of the Youden index,
152.2 points were taken as the optimal cut-off value of the nomogram. Under the cut-off value, the
sensitivity, speci�city, positive predictive value, and negative predictive value performed well.

The limitations of this study are as follows. As this was a retrospective study, we were unable to include
the risk factors affecting the occurrence and development of polyps, such as smoking, alcohol
consumption, body mass index, dietary factors, and metabolic factors. Our study could not con�rm
whether these factors were also risk factors associated with missed diagnoses of polyps. The prediction
performance of the nomogram established in this study was affected by the quality of the second
colonoscopy, since the presence of new polyps detected during the second colonoscopy determined
whether the patient was included in the missed diagnosis group, thus affecting the results of our study.
Some new types of endoscopes that can improve the detection rate of adenomas, such as high-de�nition
colonoscopes, wide-angle colonoscopes, panoramic endoscopes, and virtual staining endoscopes, were
not used in this study, which might have affected the results of this study. Moreover, this study had a
small sample size and used a single source of cases. Although there was external validation, the
validation data were from the same hospital in different time periods. The transferability and
generalizability of the test model were poorer than those of the external space validation. Therefore, a
multi-centre and forward-looking research with a larger sample size is required for external space
validation to con�rm the reliability of the nomogram.

Conclusions
The study showed that age, experience of endoscopist, bowel preparation, retro�ected view, withdrawal
time, number of polyps in the right colon, and number of polyps ≥ 6 mm were independent in�uencing
factors for missed diagnoses of colorectal polyps. The nomogram established based on these
independent in�uencing factors showed good discrimination, calibration, and clinical e�cacy. It provides
a reference value for endoscopists and physicians to intuitively and conveniently analyse the risk of
missed diagnoses of colorectal polyps in patients, identify high-risk groups, and formulate appropriate
and timely follow-up strategies.

Clinical Practice Points
This study was based on clinical data from 992 patients to analyse the risk of missed diagnosis in
individuals during colonoscopy and independent risk factors for missed diagnoses included age,
endoscopist’s experience, bowel preparation, retro�ected view, withdrawal time, number of polyps in the
right colon, and number of polyps ≥ 6 mm, were identi�ed. These seven independent risk factors were
used for the �rst time to construct a nomogram for predicting the risk of missed diagnoses and the C-
index of the nomogram in the training and validation cohorts was 0.763 (95%CI: 0.724–0.807) and 0.726
(95%CI: 0.657–0.794). The nomogram provides a reference value for clinicians to analyse the risk of a
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missed diagnosis of colorectal polyps in individuals, identify high-risk groups, and formulate appropriate
follow-up strategies.
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OR: odds ratio
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Tables
Table 1. Baseline clinical characteristics of patients in the training and validation cohorts
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Variable Training cohort

n=699

Validation cohort

n=293

P

Age 53.7±12.4 52.3±12.3 0.113

Sex, n (%)     0.254

Male 441(63.1) 196(66.9)  

Female 258(36.9) 97(33.1)  

Symptom n (%)     0.126

No 202(28.9) 99(33.8)  

Yes 497(71.1) 194(66.2)  

Family history of CRC, n (%)     0.823

No 647(92.6) 270(92.2)  

Yes 52(7.4) 23(7.8)  

Diverticulum history, n (%)     0.885

No 646(92.4) 270(92.2)  

Yes 53(7.6) 23(7.8)  

Sedative colonoscopy, n (%)     0.317

No 427(61.1) 169(57.7)  

Yes 272(38.9) 124(42.3)  

Bowel preparation, n (%)     0.786

Adequate 565(80.8) 239(81.6)  

Poor 134(19.2) 54(18.4)  

Endoscopist’s experience, n (%)     0.417

≥1000  457(65.4) 181(61.8)  

500-1000  170(24.3) 83(28.3)  

<500  72(10.3) 29(9.9)  

Retro�ected view, n (%)     0.139

No 628(89.8) 272(92.8)  

Yes 71(10.2) 21(7.2)  

Withdrawal time, n (%)     0.449
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≥6 421(60.2) 184(62.8)  

<6 278(39.8) 109(37.2)  

No. of polyps at �rst colonoscopy, n (%)     0.031

<2 327(46.8) 159(54.3)  

≥2 372(53.2) 134(45.7)  

No. of right colon polyps, n (%)     0.684

<2 594(85.0) 246(84.0)  

≥2 105(15.0) 47(16.0)  

No. of left colon polyps, n (%)     0.126

<2 576(82.4) 253(86.3)  

≥2 123(17.6) 40(13.7)  

No. of rectal polyps, n (%)     0.781

<2 650(93.0) 271(92.5)  

≥2 49(7.0) 22(7.5)  

No. of polyps < 6 mm, n (%)     0.162

<2 613(87.7) 266(90.8)  

≥2 86(12.3) 27(9.2)  

No. of polyps ≥6 mm, n (%)     0.017

<2 508(72.7) 234(79.9)  

≥2 191(27.3) 59(20.1)  

No. of �at polyps, n (%)     0.409

<2 619(88.6) 254(86.7)  

≥2 80(11.4) 39(13.3)  

No. of protruding polyps, n (%)     0.001

<2 439(62.8) 217(74.1)  

≥2 260(37.2) 76(25.9)  

Interval,  21.6±24.3 20.4±23.5 0.466

Missed polyp 0.4±0.9 0.5±0.9 0.206

Patients with missed polyps, n (%)     0.084
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No 535(76.5) 209(71.3)  

Yes 164(23.5) 84(28.7)  

Table 2. Univariate logistic regression analysis based on the training cohort
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                  Variable Patients
without

Patients
with

OR (95%CI) P

missed polyps missed
polyps

               
 (n=535)

(n=164)

Age 52.6±12.1 57.0±12.8 1.03(1.01–
1.05) 0.001

Sex, Male/Female 339/196 102/62 0.95(0.66–
1.37)

0.786

Symptom, Yes/No 375/160 122/42 1.24(0.83–
1.84)

0.289

Family history of CRC, Yes/No 37/498 15/149 1.36(0.72–
2.54)

0.342

Diverticulum history, Yes/No 37/498 16/148 1.46(0.79–
2.69)

0.232

Sedation colonoscopy, Yes/No 219/316 53/111 0.69(0.48–
0.99)

0.048

Endoscopist’s experience        

500-1000/≥1000  120/370 50/87 1.77(1.18–
2.66)

0.006

<500/≥1000  45/370 27/87 2.55(1.50–
4.34)

0.001

Bowel preparation, Poor/Adequate 85/450 49/115 2.26(1.50–
3.39) 0.001

Retro�ected view, No/Yes 472/63 156/8 2.60(1.22–
5.55)

0.013

Withdrawal time, <6/≥6 195/340 83/81 1.79(1.26–
2.54)

0.001

No. of Polyps detected at �rst
colonoscopy, ≥2/<2

260/275 112/52 2.28(1.57–
3.30) 0.001

No. of Right colon polyps, ≥2/<2 63/472 42/122 2.58(1.66–
4.00) 0.001

No. of Left colon polyps, ≥2/<2 85/450 38/126 1.60(1.04–
2.46)

0.033

No. of Rectal polyp, ≥2/<2 32/503 17/147 1.82(0.98–
3.37)

0.057

 No. of Polyps <6 mm, ≥2/<2 67/468 19/145 0.92(0.53–
1.57)

0.749
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No. of Polyps ≥6 mm, ≥2/<2 113/422 78/86 3.39(2.34–
4.90) 0.001

 No. of Flat polyps, ≥2/<2 60/475 20/144 1.10(0.64–
1.89)

0.730

No. of Protruding polyps, ≥2/<2 177/358 83/81 2.07(1.45–
2.96) 0.001

Interval 20.8±23.6 24.5±26.5 1.01(0.99–
1.01)

0.089

Table 3. Multivariate Logistic regression analysis based on the training cohort

Table 4. Analysis of clinical e�cacy of the nomogram

Variable Training Cohort 95%CI Validation Cohort 95%CI

C-index 0.765 0.724–0.807 0.726 0.657–0.794

Cut-off score 152.2 152.2

Sensitivity, % 67.1 59.3–74.2 57.1 45.9–67.7

Speci�city, % 75.7 71.8–79.3 79.9 73.7–85.0

Positive predictive value, % 45.8 40.9–54.4 53.3 42.6–63.8

Negative predictive value, % 88.2 84.3–90.2 82.3 76.2–87.1

Positive likelihood ratio 2.8 2.3–3.3 2.8 2.0–3.9

Negative likelihood ratio 0.43 0.35–0.54 0.54 0.42–0.69

Figures
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Figure 1

Selection of predictors using Lasso regression.

A. Lasso coe�cient pro�les of all clinical features.

B. Optimal penalization coe�cient λ identi�cation in Lasso model (10-fold cross validation and 1 se
criterion.
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Figure 2

Nomogram predicting the risk of missed diagnoses of colorectal polyps.

Figure 3

Analysis of discrimination and calibration of the nomogram in the training cohort.
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A. Receiver operating characteristic curve of the nomogram in the training cohort.

B. Calibration curve of the nomogram in the training cohort

Figure 4

Analysis of discrimination and calibration of the nomogram in the validation cohort.

A. Receiver operating characteristic curve of the nomogram in the validation cohort.

B. Calibration curve of the nomogram in the training cohort.



Page 23/23

Figure 5

Clinical decision curve analysis of the nomogram

Legends: Y-axis represents net income; X-axis represents the threshold probability; the red line represents
the net income of the nomogram model in the training cohort; the green line represents the net income of
the nomogram model in the validation cohort; the black line indicates no second colonoscopy for all
patients, and the grey line assumes a second colonoscopy for all patients.

A. Clinical decision curve analysis of the nomogram in the training cohort.

B. Clinical decision curve analysis of the nomogram in the validation cohort.


