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INTRODUCTION

Colonoscopy is widely considered the gold standard procedure for colorectal cancer (CRC) screening as well as surveillance purposes. Colonoscopy can prevent CRC occurrence by allowing detection and removal of precancerous lesions [START_REF] Winawer | Prevention of Colorectal Cancer by Colonoscopic Polypectomy[END_REF][START_REF] Citarda | Efficacy in standard clinical practice of colonoscopic polypectomy in reducing colorectal cancer incidence[END_REF]. However, the occurrence of interval CRC raises the issue of missed lesions [START_REF] Winawer | Prevention of Colorectal Cancer by Colonoscopic Polypectomy[END_REF]. The adenoma detection rate [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF] and the mean quality of bowel preparation [START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF], which are of paramount importance, varies greatly. The polyp detection rate significantly increases when the bowel is adequately cleansed [START_REF] Borg | Impact of obesity on bowel preparation for colonoscopy[END_REF][START_REF] Lapuelle | 264 Évaluation prospective multicentrique de la qualité de la préparation colique en coloscopie chez 1 019 patients[END_REF].

However, up to 20%-25% of all colonoscopies are inadequately prepared [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF][START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Borg | Impact of obesity on bowel preparation for colonoscopy[END_REF][START_REF] Lapuelle | 264 Évaluation prospective multicentrique de la qualité de la préparation colique en coloscopie chez 1 019 patients[END_REF]. Guidelines recommend the use of the Boston Bowel Preparation Scale (BBPS) to assess the quality of the preparation [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF][START_REF] Kastenberg | Bowel preparation quality scales for colonoscopy[END_REF]. The Société Française d'Endoscopie Digestive (SFED) guidelines consider the preparation to be adequate if the BBPS is ≥ 7, without any colon segment receiving a score of 1 or less [START_REF] Heresbach | Consensus en endoscopie digestive: préparation colique pour la coloscopie totale chez l'adulte[END_REF][START_REF] Lapuelle | Critères de qualité de la coloscopie n[END_REF]. Repeat colonoscopy is otherwise warranted. An estimate 20.000 repeat colonoscopies are performed annually in France due to inadequate bowel preparation, amounting to a cost of nearly 35 million Euros [START_REF] Samaha | Compte-rendu de congrès: la 14es journée de réflexion de la SFED, Paris, le 28 janvier 2012[END_REF]. When a bowel preparation has failed to achieve adequate cleansing, an extended preparation could provide a better quality of preparation, thereby improving the polyp detection rate during the repeat colonoscopy [START_REF] Ibáñez | Usefulness of an Intensive Bowel Cleansing Strategy for Repeat Colonoscopy After Preparation Failure[END_REF]. Several risk factor of inadequate bowel preparation have been identified including chronic constipation, cirrhosis, diabetes, history of abdominal or pelvic surgery, polymedication, use of antidepressants or antalgic as opioids, and immobilization risk factors such as elderly, obesity, neurologic disease, poor physical condition, and hospitalization [START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Mahmood | Predictors of inadequate bowel preparation for colonoscopy: a systematic review and meta-analysis[END_REF][START_REF] Gandhi | Patient Characteristics Associated with Quality of Colonoscopy Preparation: A Systematic Review and Meta-analysis[END_REF][START_REF] Dik | Predicting inadequate bowel preparation for colonoscopy in participants receiving split-dose bowel preparation: development and validation of a prediction score[END_REF][START_REF] Fayad | Association between body mass index and quality of split bowel preparation[END_REF][START_REF] Serper | Patient factors that affect quality of colonoscopy preparation[END_REF][START_REF] Hautefeuille | Factors related to bowel cleansing failure before colonoscopy: Results of the PACOME study[END_REF].

Identification of patients at risk for inadequate bowel preparation could help improve the quality of preparation, by means of enhanced preparation regimens, subsequently preventing costly repeat colonoscopies as well as interval CRCs due to missed pre-cancerous lesions.

We sought to establish a predictive model, formulated as a score, allowing identification of patients at increased risk of inadequate bowel preparation.

METHODS

Study design

In this single center study (Angers Teaching hospital, France), consecutive patients with indication for colonoscopy were prospectively enrolled between May 2015 and February 2016. . Inclusion criteria were the following: over 18 years-old, and informed written consent. Exclusion criteria were the prescription of an extended bowel preparation regimen after initial consultation, prior inclusion in a different study, inability to give consent, pregnancy, not fluent in French or illiteracy, and lack of health care insurance. A short, simple questionnaire regarding 12 known poor bowel preparation risk factors was submitted to each included patient.

The bowel preparation regimen was administered according to guidelines. The choice of the type of preparation was left at the discretion of the physician.

The following variables were collected via the questionnaire: age, sex, body mass index (BMI), physical activity (number of days per week with at least 30 min of moderate-intensity activity), constipation (assessed by a stool frequency scale and Bristol's scale), antidepressant, neuroleptic and opiate medication, history of abdominal surgery, diabetes and cirrhosis, history of inadequate bowel preparation, type of prescribed regimen, and scheduled time of colonoscopy. Irregular physical activity was defined as less than one day per week with at least 30 min of exercise. The Boston Bowel Preparation Scale (BBPS), American Society of Anesthesiologists Physical Status Classification System score (ASA score), type of prescribed regimen, and colonoscopy indication (gastrointestinal (GI) symptoms, suspicion of lower GI bleeding, anemia, CRC screening, Inflammatory Bowel Disease (IBD) evaluation and other) were assessed by the physician after each colonoscopy procedure. The rate of polyp occurrence and resection, as well as pathology analysis, were also collected. The missing data were retrieved by consulting the patient's record. Prior to the study, investigators received a training session on the use of the BBPS. The primary outcome was inadequate bowel preparation defined as a BBPS score < 7 or a score ≤ 1 in any of the 3 colonic segments.

The study was conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the local ethics committee (May 13 th , 2015; N°2015/44) and the "Commission Nationale de l'Informatique et des Libertés" (CNIL -N°915334). Informed consent was obtained from each patient included in the study.

The study was listed in the http://www.clinicaltrials.gov registry (NCT02712073).

Statistical analysis

The sample size was estimated a priori, using the rule of thumb whereby 10 patients with event occurrence (i.e. outcome of interest) are required for each variable tested in the model, taking into account the dichotomization of categorical variables [START_REF] Bouwmeester | Reporting and methods in clinical prediction research: a systematic review[END_REF][START_REF] Peduzzi | A simulation study of the number of events per variable in logistic regression analysis[END_REF][START_REF] Moons | Prognosis and prognostic research: what, why, and how?[END_REF]. Therefore, we established that 560 patients would be necessary to establish this predictive score (14 variables tested in the model and rate of inadequate bowel preparation of 25%) [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF][START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Borg | Impact of obesity on bowel preparation for colonoscopy[END_REF][START_REF] Lapuelle | 264 Évaluation prospective multicentrique de la qualité de la préparation colique en coloscopie chez 1 019 patients[END_REF].

Characteristics of patients were expressed as mean ± standard deviation or frequency (%). In univariate analysis, comparisons between patients with adequate and inadequate bowel preparation were performed using the non-parametric Wilcoxon-Mann-Whitney test for continuous variables and the non-parametric Fisher's exact test for categorical variables. A p-value < 0.05 was considered to be statistically significant.

A conventional Least Absolute Shrinkage and Selection Operator (LASSO) penalized logistic regression was performed to build the multivariable prediction model [START_REF] Collins | Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD Statement[END_REF][START_REF] Guo | Improved Variable Selection Algorithm Using a LASSO-Type Penalty, with an Application to Assessing Hepatitis B Infection Relevant Factors in Community Residents[END_REF]. We fitted a LASSO model to the study data using the R package glmnet for binary outcome and the optimal LASSO penalty parameter value was determined by 10-fold cross validation. The odd-ratios derived from coefficients of each predictive factor selected in the multivariable model were calculated and rounded to integer. The sum of the points of all independent predictive factors corresponded to the risk score for prediction of inadequate bowel preparation.

The Cochran-Armitage test was used to assess the increased rate of inadequately prepared colonoscopies with increasing values of risk score. Afterwards, the discriminative ability of the score was assessed by calculating the area under the ROC curve (AUROC). To avoid overoptimistic results due to overfitting, we also tested the performance of our model by internal bootstrap cross validation (R package ModelGood). The rate of correctly classified patients, the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were also determined (threshold defined by the maximum value of the Youden index).

All statistical analyses were conducted using SAS software version 9.3 (SAS Institute Inc., Cary NC, USA) and R statistical software version 3.2 (Vienna, Austria, available from: http://www.R-project.org/).

RESULTS

Study Population and primary outcome

A total of 561 patients were prospectively included between May 2015 and February 2016 (Figure 1). The mean age was 56.7 ± 14.4 years-old (Table 1). Three hundred and thirteen patients (55.8%) were male. Six endoscopists performed the colonoscopies. The main colonoscopy indication was CRC screening and/or surveillance (300 patients -53.5%). Four hundred and ninety two patients (87.7%) took the preparation as outpatients. Bowel preparation was administered in a single dose the day before the procedure in 413 patients (73.6%). The bowel preparation regimen was based on magnesium citrate in 263 patients (46.9%).

Colonoscopy procedures were scheduled before 12pm in 440 patients (78.4%) and after 12pm in 91 patients (16.2%). Four hundred and forty polyps were detected and removed, 242 (55.5%) of which were adenomas.

The adenoma detection rate was 28.5%.

For each item of the questionnaire, the response rate was higher than 93%. The two questions with the highest rates of missing data were the ones regarding the stool characterization using the Bristol scale (32 patients, 5.7%) and the presence of a history of inadequate bowel preparation (38, 6.7%). Missing data on the stool characterization by the Bristol scale was dealt with via two other questions on constipation and stool frequency. The mean BBPS score was 7.6 ± 1.7. One hundred and forty (25.0%) colonoscopies were inadequately prepared.

Univariate and multivariate analysis

Univariate analysis results are shown in Table 1. Factors significantly associated with inadequate bowel preparation were: BMI ≥ 30 kg/m² (p=0.025), diabetes (p=0.004), history of inadequate bowel preparation (p=0.001), irregular physical activity (p=0.031), ASA score ≥ 3 (p<0.001), opioid use (p=0.049) and type of bowel preparation regimen (p=0.042). Due to a significant interaction and in order to simplify the score, BMI ≥ 30 kg/m² and diabetes were included as a unique variable in the multivariate analysis.

Table 2 shows the β-coefficients of the 7 factors selected in the predictive model using the LASSO variable selection approach: diabetes and/or BMI≥30kg/m², irregular physical activity, cirrhosis, antidepressant or neuroleptic use, opioid use, history of abdominal and/or pelvic surgery and history of prior inadequate bowel preparation. The number of points assigned to each factor was determined based on the odds-ratio derived from β-coefficient value in the Lasso's binary logistic regression model (Table 2). The predictive score, named PREPA-CO ranged between 0 and 8. The Cochran-Armitage test showed that the proportion of patients with inadequate bowel preparation raised significantly as the predictive score increased (p< 0.001) (Figure 2).

The AUROC of the risk score for the study sample was 0.622 (Figure 3). Using bootstrap cross validation (100 bootstrap samples), the mean AUROC [95%CI] was 0.621 [0.558-0.689]. At the maximum value of Youden's index, the value of the risk score was 2 (Figure 4). All factors were evaluable in 561 patients, a predictive score ≥ 2 was found in 166 patients (29.6%) (Table 3). The performance characteristics using this cut-off value were as follows: correctly classified rate of 68.3%, sensitivity [95%CI] of 45.7 [43.9-47.5], specificity [95%CI] of 75.8 [74.9-76.7], PPV of 38.6%, and NPV of 80.8%.

Others existing predictive scores for inadequate bowel preparation were tested in our population, based on BBPS score < 7 or a score ≤ 1 in any of the 3 colonic segments (Supplementary Table 4). The performance characteristics of the PREPA-CO score were also analyzed in patients with predicted BBPS score < 7 (Supplementary Table 4).

DISCUSSION

Adequate bowel preparation allowing optimal visualization of the colonic mucosa is of paramount importance in the setting of colonoscopy. CRC screening and surveillance effectiveness rely on the quality of the bowel preparation. In this prospective study, the rate of inadequate bowel preparation was 25.0% (140 patients). We present herein the first prospectively established predictive model of inadequate bowel preparation, based on a self-administered questionnaire. We identified several independent risk factors of inadequate bowel preparation: diabetes or obesity (BMI ≥ 30kg/m2), irregular physical activity (< 1 day per week with at least 30 min of moderate-intensity activity), cirrhosis, antidepressants or neuroleptics use, opioid use, history of abdominal and/or pelvic surgery and history of inadequate bowel preparation. These simple, clinical factors were significantly associated with a high risk of inadequate preparation.

However, age and constipation were not independent risk factor of inadequate bowel preparation in this study.

The choice of bowel preparation regimen varied depending on the age of the patient. In patients > 70 yearsold, 42% were prescribed PEG versus 21.7% in patients between 50 and 70 years-old and 17.0% in patients younger than 50 years-old. The type of regimen may be a confounding factor here. The widespread use of PEG in the population over 70 years-old might constitute a protective factor against inadequate bowel preparation.

The association between these confounding factors could explain the discrepancies between our results and what has been described so far in previous studies. Malhotra and al. showed in a previously published study that Bristol's scale is an independent risk factor of inadequate bowel preparation [START_REF] Malhotra | Use of Bristol Stool Form Scale to predict the adequacy of bowel preparation -a prospective study[END_REF]. The bowel preparation quality was not assessed by the BBPS in this study, but rather by a subjective grading scale (i.e. good, fair or poor quality of bowel preparation). This may explain why constipation was a risk factor, contrary to the results of this study.

The ASA score reflects patient's comorbidities(elderly, medication, physical condition…). This study shows that the ASA score strongly correlates with the risk of inadequate bowel preparation, which concurs with published data [START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Dik | Predicting inadequate bowel preparation for colonoscopy in participants receiving split-dose bowel preparation: development and validation of a prediction score[END_REF][START_REF] Yadlapati | Predictors of Inadequate Inpatient Colonoscopy Preparation and Its Association with Hospital Length of Stay and Costs[END_REF]. The ASA score thus constitutes a confounding factor, alongside other independent risk factors. Furthermore, the ASA score was originally developed for anesthetic and intensive care purposes, and is therefore not used in GI clinical practice. Given the aim of this study, which was to develop a predictive score of inadequate bowel preparation, using a short and simple questionnaire completed by patients, we decided to rule out the ASA score of our predictive model.

To date, three studies have established a predictive model of inadequate bowel preparation [START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Dik | Predicting inadequate bowel preparation for colonoscopy in participants receiving split-dose bowel preparation: development and validation of a prediction score[END_REF][START_REF] Yadlapati | Predictors of Inadequate Inpatient Colonoscopy Preparation and Its Association with Hospital Length of Stay and Costs[END_REF]. Two studies were based on objective criteria and used the reproductive BBPS as the primary outcome. Identified risk factors in these models were ASA score ≥ 3, antidepressant, neuroleptic, and opiate medication, history of diabetes, abdominal or pelvic surgery, chronic constipation, history of prior inadequate bowel preparation and inpatient bowel preparation. Our study identified fewer risk factors. However, comparison between different studies is difficult. In the aforementioned study, the model was created retrospectively by consulting patients' medical records. In our study, the model was developed using simple clinical variables collected by a selfadministered questionnaire. Performances of the previously published scores were lower than that of the PREPA-CO score in our study population. Assessment of the risk of inadequate bowel preparation prior to colonoscopy might help to anticipate and optimize the preparation regimen in patients presenting with a high risk. For instance, Juan and al. showed in a previously published article that combined application of lactulose oral solution is superior to the conventional method for colonoscopy bowel preparation in constipated patients [START_REF] Lu | Application of Oral Lactulose in Combination With Polyethylene Glycol Electrolyte Powder for Colonoscopy Bowel Preparation in Patients With Constipation[END_REF]. This type of management may reduce the rate of inadequately prepared colonoscopies. Further, our predictive score uses a small number of simple clinical variables, easy to assess and is formulated as a userfriendly questionnaire.

This study presents several limitations. First, only 26.7% of the preparations were split-dose even though it has been proven more efficient than single dose preparations and is currently the recommended option [START_REF] Menees | Split-dose bowel preparation improves adequacy of bowel preparation and gastroenterologists' adherence to National Colorectal Cancer Screening and Surveillance Guidelines[END_REF][START_REF] Papanikolaou | Improved bowel preparation increases polyp detection and unmasks significant polyp miss rate[END_REF][START_REF] Hassan | Bowel preparation for colonoscopy: European Society of Gastrointestinal Endoscopy (ESGE) Guideline -Update 2019[END_REF].

During the inclusion period, the split dose regimen had not been validated yet. Second, the impact of bowel preparation compliance was not assessed. Third, the most reliable factor associate with poor bowel outcome was a personal history of inadequate bowel preparation, which is not relevant in patients native of bowel preparation. Personal history of inadequate bowel preparation was an important risk factor in the PREPA-CO score. We decided against the exclusion of these patients, contrary to prior studies, because it was an important factor in clinical practice. Furthermore, for naïve patients, the score will nonetheless be calculated based on the other identified risk factors, albeit being less reliable. Lastly, this was a single center study, which limits the applicability of these results. To avoid overoptimistic results due to overfitting, we tested the performance of our model by internal bootstrap cross validation. A multi-center cross-sectional study would be useful to validate this score, before studies evaluating its clinical usefulness are conducted. Overall, 25.0% colonoscopies were inadequately prepared in this study, coherent with the rates published in prior studies, ranging from 20 to 30% [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF][START_REF] Hassan | A predictive model identifies patients most likely to have inadequate bowel preparation for colonoscopy[END_REF][START_REF] Borg | Impact of obesity on bowel preparation for colonoscopy[END_REF][START_REF] Lapuelle | 264 Évaluation prospective multicentrique de la qualité de la préparation colique en coloscopie chez 1 019 patients[END_REF]. This rate of inadequate bowel preparation underlines the need to identify patients at high risk, in order to anticipate and optimize the preparation regimen. However, there is no consensual cutoff of the BBPS to define an inadequately prepared bowel. Results of previously published studies are conflicting (≥ 6, ≥ 7) [START_REF] Calderwood | Boston Bowel Preparation Scale scores provide a standardized definition of adequate for describing bowel cleanliness[END_REF]33]. A recent study suggests that a score ≥ 2 per segment would be sufficient to detect polyps larger than 5 mm [33]. By using the previously mentioned BBPS cut-off (total score ≤ 7, or any colonic score ≤ 1), the proportion of inadequately prepared colonoscopies in the study population may have been overestimated. Performance characteristics of PREPA-CO are lower than that of previously published scores. This is likely due to different definitions of inadequate bowel preparation, and the variability of prescribed preparation regimens.

CONCLUSION

In this study, we identified several independent clinical risk factors of inadequate bowel preparation in the setting of colonoscopy. Based on these risk factors, an easy to use predictive score named 'Prepa-Co' was developed, allowing the identification of patients at high risk of inadequate bowel preparation. In clinical practice, this tool could help in reducing the number of inadequately prepared colonoscopies., thus decreasing the need for repeat procedures as well as preventing interval colorectal cancers.
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