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Inadequate bowel preparation negatively impacts the quality of colonoscopy, potentially resulting 
in missed lesions and the need for repeat procedures. Although gut motility plays a key role in bowel 
cleansing, it is often neglected in risk prediction. This study developed and validated a predictive 
model and simplified scoring system that integrates gut motility parameters to identify individuals 
at risk of inadequate bowel preparation. A total of 1,165 patients from two hospitals were enrolled, 
with 815 forming the training set and 350 forming the external validation cohort. The overall rate of 
inadequate bowel preparation was 9.8%. Multivariate analysis revealed that altered bowel movement 
frequency, stool consistency based on the Bristol Stool Scale, low polyethylene glycol (PEG) volume, 
and delayed last bowel movement were significant predictors of poor preparation. These variables 
were incorporated into a user-friendly scoring system that demonstrated good discriminative ability, 
with area under the curve values of 0.778 and 0.774 in the training and validation cohorts, respectively. 
A cutoff score of 3.0 yielded a sensitivity of 75.0%, specificity of 66.9%, and a negative predictive value 
of 96.3% in external validation. This model provides a practical, motility-informed approach for risk 
stratification and personalized preparation regimens, offering potential to enhance the effectiveness 
and efficiency of colonoscopy in diverse clinical settings.
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Adequate bowel preparation is crucial for the success of colonoscopy, thus preventing colorectal cancer, as it 
ensures clear visualization of the colonic mucosa, facilitating the detection and removal of neoplastic lesions1,2. 
Inadequate bowel preparation can result in missing 1/3 to 1/2 of adenomas during colonoscopy3. It also leads to 
incomplete procedures and increased healthcare costs due to the need for repeat colonoscopies4. Various factors, 
including elder age, history of abdominal surgery, constipation, diabetes, inadequate patient compliance, low 
volume of laxatives, long bowel-preparation-to-defecation interval, and inadequate exercise during preparation, 
contribute to poor preparation quality5. Predictive models integrating these factors aim to identify patients at 
risk of inadequate bowel preparation, enabling individualized strategies to improve outcomes6.

Gut motility plays a critical role in determining bowel preparation quality. Altered bowel movement frequency 
and stool consistency significantly affect the effectiveness of preparation regimens7. Constipation, often caused 
by gastrointestinal motility disorders, comorbidities (such as Parkinson’s disease and stroke), or medications 
such as opioids, antidepressants, calcium channel blockers, and glucagon-like peptide-1 receptor agonists, 
impair bowel motility and hinder effective preparation8–10. Combining gut motility parameters with clinical 
factors, predictive models may provide clinicians with a tailored approach to optimizing bowel preparation. 
Tools such as the Bristol Stool Chart offer a simple yet reliable method for assessing stool consistency and have 
shown promise in clinical practice11. Moreover, the regularity of daily bowel movements and the timing of the 
last bowel movement before colonoscopy significantly influence preparation quality12. However, the existing 
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predictive models did not integrate gut motility assessments such as stool consistency and detailed evaluation of 
daily and the most recent bowel movements into predictive models for bowel preparation12–19.

This study addresses this gap by developing and validating a predictive model that integrates gut motility 
assessment to predict inadequate bowel preparation. Using a multicenter observational cohort, we identified 
significant risk factors, created a diagnostic nomogram, and developed a simplified scoring system. These tools 
provide a practical framework for stratifying patients by risk and personalizing bowel preparation strategies. 
Through rigorous validation and demonstrated clinical utility, this study offers a robust methodology to enhance 
colonoscopy outcomes and improve patient care.

Methods
Patients
This prospective observational study recruited multicenter cohorts, including a derivation cohort from Nanjing 
Drum Tower Hospital and an external validation cohort from Northern Jiangsu People’s Hospital. Consecutive 
patients who underwent colonoscopy were included between October 2024 and December 2024. Eligible 
participants were adults who completed bowel preparation with polyethylene glycol (PEG) in divided doses as 
per standard protocols. Exclusion criteria included a history of gastrointestinal surgery, gastrointestinal bleeding, 
inflammatory bowel disease, neurological conditions (e.g., Parkinson’s disease, stroke, or spinal injury), use of 
tricyclic antidepressants, or incomplete data.

Sample size calculation
To minimize overfitting, we calculated the minimum sample size required to develop a multivariable clinical 
prediction model using the criteria proposed by Riley et al.20. Based on the prevalence of inadequate bowel 
preparation in previous cohorts of 12% and the expected C-Index of 0.75, the minimum sample size required in 
the derivation cohort is 815, using up to the anticipated seven predictor parameters and with a shrinkage of 0.9 
and an anticipated dropout rate of 15%. With the ratio of set sizes as 7:3, the external validation cohort required 
a minimum size of 350. Furthermore, we confirm that the final model development adhered to the important 
principle of ≥ 10 events-per-parameter (EPP). With an observed event rate of 9.9% in the derivation cohort 
(n = 815), yielding 81 events, and 6 predictor degrees of freedom included in the final model, we achieved an EPP 
of 13.5, which exceeds the recommended threshold of 10. This provides additional confidence in the stability and 
reliability of our model coefficients.

Bowel Preparation protocol
Patients followed a low-residue diet the day before their colonoscopy and fasted entirely on the day of the 
procedure. They were prescribed 2 L, 3 L, or 4 L of split-dose PEG solution based on the routine practices of their 
outpatient doctors, with 3 L PEG being the most common regimen. In the 3 L PEG regimen, patients consumed 
the first liter of PEG the night before the colonoscopy. The remaining two liters were taken in the early morning 
at one-hour intervals for morning procedures (8 a.m. to 12 p.m.) or late morning for afternoon procedures 
(2 p.m. to 5 p.m.). In the 2 L PEG regimen, the night-before dose was omitted, while in the 4 L PEG regimen, 
patients consumed two liters of PEG the night before at one-hour intervals. Patients self-reported the timing of 
their PEG intake via a questionnaire.

Colonoscopy procedure
All colonoscopies were performed by experienced endoscopists under sedation using CO₂ insufflation. During 
withdrawal, all endoscopists performed standard intra-procedural cleaning maneuvers, including water 
flushing, irrigation, and suctioning, to optimize mucosal visualization. Water-assisted techniques such as 
water immersion or water exchange were not used. Each examination was conducted by two endoscopists: one 
performed the procedure, while the other monitored real-time endoscopic images and assessed bowel cleanliness 
using the Boston Bowel Preparation Scale (BBPS) during withdrawal, following standard intra-procedural 
cleaning maneuvers21. Both endoscopists were blinded to the patient-specific factors, such as bowel movement 
frequency and stool consistency, and the dosage of the preparation regimen. The BBPS assessed three colonic 
segments (left colon, transverse colon, right colon) with scores ranging from 0 (poor) to 3 (excellent). The total 
score (0–9) is the sum of the segmental scores. A total BBPS < 6, or BBPS of either colonic segment < 2, defines 
inadequate bowel preparation. The location, diameter, and morphology of the polyps detected were documented 
by electronic reports and images. In cases of inadequate preparation despite maximal intra-procedural cleaning, 
patients were advised to undergo early repeat colonoscopy with modified bowel preparation protocols, in line 
with institutional practice.

Data collection
Baseline patient data were collected through structured questionnaires before the colonoscopy, including bowel 
movement frequency of the last 2 weeks, stool consistency (Bristol Stool Scale), and PEG dosage. Procedural data, 
such as colonoscopy time, BBPS scores, and polyp detection rates, were recorded by electronic reports. BBPS 
scores were used as the primary outcome to evaluate bowel preparation quality. Additional clinical variables, 
such as comorbidities and demographic details, were also documented. Decreased bowel movement was defined 
as < 3 times per week, and increased bowel movement was defined as > 15 times per week.

Missing Data Handling: Missingness for all predictors was shown in Table S1. Given the minimal missing 
data (2.4% in the derivation cohort and 0 in the validation cohort), complete-case analysis was employed.
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Statistical analysis
The normality of the data distribution was assessed with the Shapiro-Wilk test. The normal distribution data 
are presented as mean and standard deviation, and the difference between the two groups was analyzed by 
t-tests. The non-normally distributed data are given as medians and interquartile ranges (IQR), and the Mann-
Whitney U test was carried out to illustrate the difference between the two groups. In categorical variables, the 
number of each group and its proportion is described, and the difference between the two groups was compared 
by chi-square tests. Variables with P < 0.05 entered logistic regression analyses. In the derivation cohort, 
univariate and multivariate logistic regression analyses were performed to identify independent predictors of 
inadequate bowel preparation, with results expressed as odds ratios (ORs) and 95% confidence intervals (CIs). 
A diagnostic nomogram was constructed based on the significant predictors, and its performance was evaluated 
using calibration curves, decision curve analysis (DCA), and receiver operating characteristic (ROC) curves. A 
simplified scoring system was derived from the nomogram and validated in both cohorts. Statistical analyses 
were conducted using R software (version 4.2.0), with a two-sided P value < 0.05 considered significant.

Results
Patient selection and cohort comparability
Figure 1 illustrates the patient selection process. We included 815 patients at Nanjing Drum Tower Hospital in 
the derivation cohort and 350 patients at Northern Jiangsu People’s Hospital in the external validation cohort. 
Table  1 summarizes the baseline demographic and clinical characteristics of the derivation and validation 
cohorts. There is a statistically different mean age between the validation cohort (50.5 ± 14.6 years) and the 
derivation cohort (48.5 ± 14.9 years, P = 0.036), but it does not felt to be clinically significant. The other variables 
show no significant differences, confirming the comparability of the two cohorts.

Screening predictors and developing a multivariate model in the derivation cohort
In the derivation cohort, the comparison between patients with adequate and inadequate bowel preparation 
revealed distinct differences (Table S2). Decreased bowel movements were notably common among those with 
inadequate preparation (51.9% vs. 14.7%, P < 0.001). Stool form differed significantly, with patients having 
inadequate preparation showing a lower mean Bristol Stool Chart (2.91 ± 1.81 vs. 3.99 ± 1.31, P < 0.001) and a 
higher prevalence of dry stools (48.1% vs. 12.5%, P < 0.001). Preparation volume was also a significant factor. The 
use of 2 L PEG was more common in patients with inadequate bowel preparation (30.9% vs. 14.9%, P < 0.001), 
whereas higher volumes (3 L and 4 L) were associated with better preparation quality. The timing of the last 
bowel movement was another critical determinant, with preparation adequacy sharply declining when the 
interval exceeded three days before colonoscopy (32.1% vs. 4.1%, P < 0.001). BBPS scores were significantly 
lower in the inadequate preparation group across all colonic regions (P < 0.001), accompanied by a reduced 
cecal intubation rate (86.7% vs. 100%, P < 0.001). Multivariate analysis identified several significant predictors of 
inadequate bowel preparation (Table S3). The model’s formula was as follows: logit (P) = -0.67 + 1.07×(decreased 
movement) + 1.07×(increased movement) + 1.78×(Last bowel movement ≥ 3 days before colonoscopy) 
− 0.35×(Bristol stool scale) − 1.31×(PEG volume of 3 L) − 1.99×(PEG volume of 4 L). Both decreased bowel 
movement frequency (OR = 2.91, 95% CI: 1.42–5.91, P = 0.003) and increased bowel movement frequency 
(OR = 2.90, 95% CI: 1.32–6.09, P = 0.006) markedly increased the risk. Notably, an interval of ≥ 3 days since 
the last bowel movement before colonoscopy substantially increased the likelihood of inadequate preparation 
(OR = 5.93, 95% CI: 2.93–12.02, P < 0.001). As measured by the Bristol Stool Scale, stool form was also associated 
with inadequate preparation, with an OR of 0.71 per unit increase (95% CI: 0.57–0.87, P = 0.001). The volume 
of PEG used was a protective factor, with 3 L and 4 L regimens significantly reducing the risk of inadequate 
preparation (OR = 0.27 and 0.14, respectively, both P < 0.001) compared with the 2 L regimen. Figure 2 displays 
a forest plot summarizing the results of multivariate logistic regression.

Construction of a diagnostic nomogram and scoring system in the derivation cohort
Figure 3 illustrates the development and performance of a diagnostic nomogram for predicting inadequate 
bowel preparation. The nomogram (Fig.  3a) integrates key predictive factors, offering a comprehensive risk 
assessment tool. The calibration curve (Fig.  3b) demonstrates excellent agreement between predicted and 

Fig. 1.  Flowchart of the patient selection process.
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observed probabilities in the training cohort. The decision curve analysis (Fig. 3c) highlights the clinical utility 
of the model, demonstrating a significant net benefit across a wide range of threshold probabilities. A simplified 
scoring system was developed based on the diagnostic nomogram derived from the training set (Table 2). The 
scoring system incorporates key predictive factors, assigning points proportional to their contribution to the 
risk of inadequate preparation. Both decreased and increased bowel movement frequency were assigned scores 
of 3, while an interval of ≥ 3 days since the last bowel movement before colonoscopy carried the highest score of 
5. Stool form, assessed by the Bristol Stool Scale, demonstrated a graded association with preparation adequacy, 
with scores ranging from 7 points for type 1 (hard stool) to 1 point for type 7 (watery stool). Higher PEG volumes 
reduced risk and were assigned negative scores (-4 for 3 L and − 6 for 4 L PEG). This scoring system simplifies 
risk stratification by quantifying multiple risk factors into an accessible and clinically applicable framework, 
facilitating decision-making in practice.

Diagnostic performance of the scoring system in the derivation and the validation cohort
The ROC curves evaluating the scoring system’s performance in differentiating adequate from inadequate bowel 
preparation, with an AUC of 0.778 (95% CI: 0.719–0.37) for the training cohort and 0.774 (95% CI: 0.685–0.863) 
for the validation cohort (Fig. 4a and b). To efficiently and conveniently distinguish high-risk patients by the 
scoring system, the cut-off value was set at > 3.0 based on the Youden Index. In the derivation cohort, the scoring 
system achieved a sensitivity of 75.3%, a specificity of 67.2%, a positive likelihood ratio (PLR) of 2.29, and 
a negative likelihood ratio (NLR) of 0.37, with a negative predictive value (NPV) of 96.1%. In the validation 
cohort, the sensitivity, specificity, PLR, and NLR were 75.0%, 66.9%, 2.26, and 0.37, respectively, with an NPV of 

Derivation cohort (n = 815) Validation cohort (n = 350) P value

Female 443 (54.4%) 175 (50.0%) 0.193

Age (years, mean (SD)) 48.5 (14.9) 50.5 (14.6) 0.036

Diabetes 58 (7.1%) 21 (6.0%) 0.487

Number of bowel movements per week (median [IQR]) 7.0 [4.7, 10.5] 7.0 [7.0, 10.5] 0.184

Bowel movement stratification

 Normal 544 (66.7%) 243 (69.4%) 0.404

 Decreased movement 150 (18.4%) 53 (15.1%)

 Increased movement 121 (14.8%) 54 (15.4%)

Bristol Stool Chart (mean (SD)) 3.88 (1.41) 3.92 (1.45) 0.659

Stool stratification

 Normal 549 (67.4%) 228 (65.1%) 0.731

 Dry 131 (16.1%) 62 (17.7%)

 Loose 135 (16.6%) 60 (17.1%)

PEG volume

 2 L 134 (16.4%) 73 (20.9%) 0.132

 3 L 609 (74.7%) 253 (72.3%)

 4 L 72 (8.8%) 24 (6.9%)

Time of colonoscopy

 Morning 431 (52.9%) 180 (51.4%) 0.695

 Afternoon 384 (47.1%) 170 (48.6%)

Period from the last PEG to colonoscopy (hours, mean (SD)) 6.21 (1.72) 6.11 (1.80) 0.358

Last bowel movement before colonoscopy

 1 day 647 (79.4%) 286 (81.7%) 0.239

 2 days 112 (13.7%) 49 (14.0%)

 ≥ 3 days 56 (6.9%) 15 (4.3%)

Inadequate bowel preparation 81 (9.9%) 33 (9.4%) 0.872

Total BBPS (mean (SD)) 6.78 (1.28) 6.68 (1.32) 0.236

BBPS of left hemicolon (mean (SD)) 2.32 (0.60) 2.32 (0.62) 0.978

BBPS of transverse colon (mean (SD)) 2.40 (0.59) 2.35 (0.62) 0.194

BBPS of right hemicolon (mean (SD)) 2.07 (0.55) 2.03 (0.52) 0.342

Reach the cecum 804 (98.7%) 346 (98.9%) 0.997

Polyp detection 244 (29.9%) 111 (31.7%) 0.593

Left hemicolon polyps 144 (17.7%) 76 (21.7%) 0.125

Transverse colon polyps 90 (11.0%) 36 (10.3%) 0.781

Right hemicolon polyps 92 (11.3%) 42 (12.0%) 0.803

Table 1.  Baseline characteristics of the training set and validation set (n = 1165). BBPS Boston Bowel 
Preparation Scale, IQR interquartile range, PEG polyethylene glycol, SD standard deviation
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Fig. 3.  Calibration and clinical utility of the diagnostic nomogram. (a) The nomogram for predicting the 
probability of inadequate bowel preparation. (b) Calibration curve assessing the nomogram’s agreement 
between predicted and observed outcomes. (c) Decision curve analysis evaluating the clinical net benefit of the 
nomogram.

 

Fig. 2.  Forest plot of the significant parameters in the multivariate logistic regression analysis.
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Fig. 4.  Receiver operating characteristic curves and of the scoring system in the (a) training set and (b) 
validation set. Calibration curves of the scoring system in the (c) training set and (d) validation cohort.

 

Parameters Scores generated from nomogram (points) Scores modified from nomogram (points)

Decreased bowel movement (< 3 times/week) 43.7 3

Increased bowel movement (> 15 times/week) 43.7 3

Last bowel movement ≥ 3 days before colonoscopy 72.7 5

Bristol stool scale (Type n) 8-n

 Type 1 100 7

 Type 2 85.7 6

 Type 3 71.4 5

 Type 4 57.1 4

 Type 5 42.9 3

 Type 6 28.6 2

 Type 7 14.3 1

PEG volume (3 L) -53.5 -4

PEG volume (4 L) -81.3 -6

Table 2.  A simplified scoring system developed from a nomogram of the training set. PEG polyethylene glycol.
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96.3%. The calibration curves for the scoring system in the derivation cohort (Fig. 4c) and the validation cohort 
(Fig. 4d) demonstrated strong agreement between predicted and observed probabilities, confirming the model’s 
stability and reliability.

Discussion
This study developed and validated a predictive model and simplified scoring system to assess the adequacy 
of bowel preparation for colonoscopy, integrating gut motility parameters and preparation regimens. Key 
predictors of inadequate bowel preparation included decreased (< 3 times/week) and increased (> 15 times/
week) bowel movement frequency, stool consistency (Bristol Stool Scale), smaller PEG volumes, and intervals of 
≥ 3 days since the last bowel movement before colonoscopy. The diagnostic nomogram demonstrated excellent 
calibration and discrimination, with robust performance across both the training and validation cohorts. 
The simplified scoring system derived from the nomogram provides a practical and clinically applicable tool, 
enabling personalized preparation strategies. These findings address the limitations of the empirical dosing 
strategy, offering an evidence-based framework to optimize preparation quality, enhance colonoscopy outcomes, 
and reduce the risk of procedure failures.

Our findings align with and expand upon prior research identifying critical factors influencing bowel 
preparation quality. Consistent with previous studies, we confirmed that constipation, characterized by reduced 
bowel movement frequency and hard stool consistency, is a significant predictor of inadequate preparation. 
Zhang Y et al.5 highlighted the association between low bowel motility and poor preparation quality, and our 
results further quantified this relationship by incorporating the Bristol Stool Scale into a predictive model. 
Additionally, consistent with Fuccio L et al.17, our results demonstrated that preparation quality significantly 
improved with increased PEG volume, showing the protective effects of 3 L and 4 L regimens. While previous 
studies have primarily focused on demographic and clinical risk factors, such as age and comorbidities, this 
study emphasizes the dynamic relationship between bowel motility and preparation quality. Our study had 
several novel findings. First, we identified a non-linear relationship between bowel movement frequency and 
preparation quality. While decreased bowel movement frequency is a well-established risk factor, we found that 
increased bowel movement frequency also exerts negative effects on bowel preparation. It may be due to intestinal 
dysmotility, which presents impaired coordination of bowel movement and ineffective excretion. Second, we 
stratified constipation severity, demonstrating that patients who had no bowel movements within two days 
before a colonoscopy showed a significantly higher likelihood of inadequate bowel preparation. In contrast, a 
colonoscopy shortly after a recent bowel movement substantially reduced this risk. Third, we incorporated the 
Bristol Stool Scale in our model, where it performed effectively as a continuous variable. Low stool water content, 
as seen with type 1 and type 2 stools, reduces the effectiveness of bowel preparation agents, as insufficient water 
prevents stool softening and complete evacuation. Hard stools also correlate with reduced gut motility, resulting 
in prolonged stool transit time, causing excessive water absorption in the colon and drier stools, which are more 
challenging to clear.

We developed a comprehensive diagnostic nomogram with exceptional calibration and discrimination, 
complemented by a simplified scoring system derived from the nomogram. This scoring system was constructed 
and validated, enabling clinicians to implement evidence-based, personalized preparation regimens easily. 
Moreover, the DCA demonstrated the clinical net benefit of our scoring system, offering a practical framework 
to guide preparation strategies. Importantly, external validation demonstrated its applicability across diverse 
populations, further validating the model’s robustness and reliability. Our scoring system achieved an AUC 
of 0.774 in external validation, surpassing most existing models, whose AUCs range from 0.621 to 0.7713–19. 
Notably, our system is streamlined and highly user-friendly, requiring patients to ask only four questions: bowel 
movement frequency, stool consistency, preparation regimen volume, and timing of the last bowel movement. 
This simplicity differentiates it from most existing models, which typically require at least five parameters17,19. 
For instance, Chen et al. developed a model with an AUC of 0.80, significantly improving over previous 
models12. However, their study exclusively included patients using a 4 L split-dose PEG regimen, limiting its 
generalizability to real-world scenarios where 2–3 L regimens are more common. Our scoring system is simple, 
efficient, and broadly applicable, bridging the gap between theoretical predictors and practical implementation.

Besides a well-performed scoring system, this study provides numerous valuable insights that warrant 
further exploration. First, improving motility has the potential to be an effective strategy for enhancing bowel 
cleansing, especially in patients with slow-transit constipation. Second, optimizing the timing of colonoscopy 
relative to bowel movements may significantly improve outcomes. Scheduling a colonoscopy within two days of 
a spontaneous bowel movement could improve preparation adequacy. When a colonoscopy is already scheduled, 
it could work that using adjunctive measures such as laxatives to induce bowel movements or increasing the dose 
of PEG given if no bowel movements within two days before colonoscopy. Integrating such timing strategies into 
clinical practice, especially for constipated patients, represents a simple yet impactful approach to optimizing 
bowel preparation and improving the overall success of colonoscopy. Water-assisted colonoscopy techniques 
such as water exchange may enhance bowel cleanliness in select patients. Future studies are warranted to evaluate 
whether such techniques may improve preparation adequacy in high-risk patients.

Although all colonoscopies in this study were performed using standard intra-procedural cleaning 
maneuvers—including water flushing, irrigation, and suctioning—water-assisted colonoscopy techniques such 
as water immersion and water exchange were not employed. These methods have been reported to enhance 
mucosal visualization, particularly in patients with residual debris or suboptimal preparation22. While our 
observed bowel preparation adequacy rate of approximately 90% suggests the effectiveness of conventional 
cleaning approaches, it remains possible that a subset of patients may have achieved improved BBPS scores 
with water-assisted techniques. We acknowledge this as a methodological limitation. Future prospective studies 

Scientific Reports |        (2025) 15:28265 7| https://doi.org/10.1038/s41598-025-13739-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


incorporating water-assisted techniques may be warranted to determine their additional value in improving 
bowel cleanliness, especially among patients identified as high-risk by predictive models.

Despite the strengths of this study, several limitations must be acknowledged. First, the data collection relied 
on self-reported information regarding bowel habits and stool consistency, which may have introduced recall 
bias or subjective variability. Second, while our scoring system was validated in an external cohort, the validation 
sample size was relatively small and derived from a single medical center, potentially limiting its generalizability. 
To address these limitations, future research should focus on expanding the external validation cohort to include 
larger and more diverse populations, ensuring broader applicability of the predictive model. Incorporating 
objective measures of bowel habits, such as motility tests or electronic stool diaries, could reduce the reliance 
on subjective, self-reported data and enhance the accuracy of predictions. These advancements would improve 
bowel preparation models’ predictive accuracy and clinical utility, ultimately enhancing colonoscopy outcomes 
and patient care.

In conclusion, this study developed a predictive model and simplified scoring system that enhanced the 
precision and practicality of bowel preparation for colonoscopy. The model offers a significant step toward 
individualized care in gastrointestinal diagnostics by focusing on patient-specific factors, such as gut motility 
and preparation regimens. Its external validation underscores its reliability and potential for application across 
various clinical settings. The system can be pivotal in optimizing colonoscopy effectiveness, enhancing patient 
care, and reducing the burden of repeat procedures.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity and are 
available from the corresponding author upon reasonable request.
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