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Evaluation of a risk score based on dietary and lifestyle factors to target a population at risk in colorectal cancer screening
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INTRODUCTION

In France, colorectal cancer (CRC) ranks 3 rd in men and 2 nd in women for incidence, and 2 nd mortality cause for both sexes [START_REF]Projection de l'incidence et de la mortalité par cancer en France métropolitaine en 2015 / 2015 / Maladies chroniques et traumatismes / Rapports et synthèses[END_REF]. The European 5-year relative survival rate was 57% for the colon and 56% for the rectum in the EUROCARE-5 study [START_REF] Holleczek | On-going improvement and persistent differences in the survival for patients with colon and rectum cancer across Europe 1999-2007 -Results from the EUROCARE-5 study[END_REF]. Because of its incidence, social consequences and cost related to its medical care, it represents a public health challenge. It has been clearly demonstrated that CRC screening campaigns can detect precancerous polyps that can be removed during a colonoscopy and therefore drastically reduces mortality due to this cancer [START_REF] Faivre | Reduction in colorectal cancer mortality by fecal occult blood screening in a French controlled study[END_REF][START_REF] Hewitson | Cochrane systematic review of colorectal cancer screening using the fecal occult blood test (hemoccult): an update[END_REF][START_REF] Zauber | The impact of screening on colorectal cancer mortality and incidence: has it really made a difference?[END_REF]. In France, since end of 2008, adults aged 50 to 74 years old, considered as at average risk of CRC are invited to perform a fecal occult blood test (FOBT) every two years, followed by colonoscopy when this FOBT is positive. The nationwide participation rate was only 32.1% for the 2015-2016 campaign, exceeding 45% in only 3 of the 101 French geographic area [START_REF]Participation rate in the organized colorectal cancer screening program 2015-2016 / Evaluation indicators / Evaluation of the colorectal cancer screening program[END_REF]. This remains lower than the acceptable minimum rate of at least 45% and far from the desired target of at least 65% [START_REF] Navarro | Colorectal cancer population screening programs worldwide in 2016: An update[END_REF]. It is therefore necessary to develop strategies to sensitize the target population and enhance participation.

A large body of literature shows that, apart from hereditary factors and age, CRC risk is mainly induced by lifestyle [START_REF] Huxley | The impact of dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the epidemiological evidence[END_REF][9][START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. According to the last report of World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) expert panel, there is convincing evidence that physical activity and foods containing dietary fiber are related to a lower CRC risk [START_REF]Diet, nutrition, physical activity and colorectal cancer[END_REF]. Garlic [START_REF] Ngo | Does garlic reduce risk of colorectal cancer? A systematic review[END_REF] and dairy products (including milk) [START_REF] Aune | Dairy products and colorectal cancer risk: a systematic review and meta-analysis of cohort studies[END_REF] intakes also probably reduce CRC risk whereas tobacco smoking, alcohol drinks, high intakes of red or processed meat, have all been associated with an increased risk [START_REF]Diet, nutrition, physical activity and colorectal cancer[END_REF][START_REF] Botteri | Smoking and colorectal cancer: a meta-analysis[END_REF][START_REF] Bernstein | Processed and Unprocessed Red Meat and Risk of Colorectal Cancer: Analysis by Tumor Location and Modification by Time[END_REF][START_REF] Johnson | Meta-analyses of colorectal cancer risk factors[END_REF][START_REF] Bouvard | Carcinogenicity of consumption of red and processed meat[END_REF][START_REF] Fedirko | Alcohol drinking and colorectal cancer risk: an overall and dose-response meta-analysis of published studies[END_REF], just as diabetes [START_REF] Dehal | Impact of diabetes mellitus and insulin use on survival after colorectal cancer diagnosis: the Cancer Prevention Study-II Nutrition Cohort[END_REF], overweight and obesity [START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF][START_REF] Okabayashi | Body mass index category as a risk factor for colorectal adenomas: a systematic review and meta-analysis[END_REF] which are strongly linked to Western dietary pattern and insufficient physical activity, as reported by meta-analysis of Huxley and al [START_REF] Huxley | The impact of dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the epidemiological evidence[END_REF].

Several studies have assessed risk score to predict CRC or precursors as advanced adenoma (adenomas ≥ 10mm, high-grade dysplasia or in situ carcinoma, villous component) or advanced neoplasia (CRC and highrisk adenomas) [21][START_REF] Kaminski | A score to estimate the likelihood of detecting advanced colorectal neoplasia at colonoscopy[END_REF][START_REF] Betés | Use of colonoscopy as a primary screening test for colorectal cancer in average risk people[END_REF][START_REF] Usher-Smith | Risk Prediction Models for Colorectal Cancer: A Systematic Review[END_REF]. Betés et al [START_REF] Betés | Use of colonoscopy as a primary screening test for colorectal cancer in average risk people[END_REF] have developed a risk score in a population at average risk of CRC aged 40 years and over associated with advanced adenoma and based on age, gender and body mass index (BMI). In a similar way, Aleksandrova et al. [21] have recently developed a healthy lifestyle index (HLI) composed of dietary and lifestyle factors (body mass index, physical activity, smoking status, limited alcohol consumption, healthy diet) having convincing or probable link to CRC according to WCRF/AICR. In this study, HLI was shown to be strongly associated with the incidence of CRC in a large European cohort of adults aged between 25 and 70 years [21]. Finally, Kaminski et al [START_REF] Kaminski | A score to estimate the likelihood of detecting advanced colorectal neoplasia at colonoscopy[END_REF] developed a risk score to predict advanced neoplasia in population 40 to 66 years old based on age, gender, familial history of CRC, BMI and smoking status. None of these factors are however currently taken into account in defining national CRC screening strategies [START_REF] Inadomi | Screening for Colorectal Neoplasia[END_REF].

The objective of the present study entitled Impact of DietarY and LIfestyle risk factors on Colorectal cancer screening (IDYLIC) was to identify participants in national CRC screening campaign with higher risk of screened-detected lesions, advanced neoplasia (high-risk adenomas and CRC) and CRC thanks to a questionnaire-based risk score. We assess the discriminative value of three 'a priori' risk scores; the adapted-HLI, Kaminski's score and Betés' score and compare their performance to predict high-risk adenomas, advanced neoplasia and CRC.

METHODS

Study population

This cross-sectional study was conducted during 4 years (2013)(2014)(2015)(2016) 

Construction of the questionnaire

The study questionnaire was divided into several parts: socio-demographic characteristics, anthropometric data, medical history and medication, smoking status, alcohol consumption, usual diet and physical activity.

The dietary questionnaire was derived from a reproducible and validated semi-quantitative food frequency questionnaire (FFQ) adapted to dietary patterns of the French population [START_REF] Kesse-Guyot | Relative validity and reproducibility of a food frequency questionnaire designed for French adults[END_REF]. We have selected from the original FFQ only those sections concerning food groups with a "convincing", "probable" or "suggestive" link with the risk of CRC according to the current scientific knowledge: red meat, processed meat, milk and other dairy products, foods containing dietary fiber, garlic, fruits and vegetables [START_REF] Huxley | The impact of dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the epidemiological evidence[END_REF][9][START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. For some categories of foods, the questionnaire additionally included sets of color photographs showing different portion sizes, which have been previously validated [START_REF] Le Moullec | Validation of the Photo-Manual used for the food survey of the SU.VI.MAX study[END_REF]. For the other food items, subjects were asked to report their consumption frequency on the basis of how many times they ate the standard portion size proposed.

The physical activity questionnaire was an adapted version (tabular form) of the International Physical Activity Questionnaire (IPAQ) [START_REF] Craig | International physical activity questionnaire: 12-country reliability and validity[END_REF]. Data processing and classification by physical activity category were strictly performed as recommended by the IPAQ group [START_REF] Fan | Guidelines for data processing and analysis of the International Physical Activity Questionnaire (IPAQ).2005. Zhonghua Liu Xing Bing Xue Za Zhi[END_REF].

Construction of risk scores

The first scoring system was derived from Betés et al [START_REF] Betés | Use of colonoscopy as a primary screening test for colorectal cancer in average risk people[END_REF]. This score was based on gender (0 point for women and 2 for men), age (1 point from 51 to 60, 2 points from 61 to 70 and 3 points from 71 years old) and BMI (0 point < 25 kg/m 2 , 1 point for 26 to 35 kg/m 2 and 2 points for > 35 kg/m 2 ). The second 'a priori' risk score was derived from the HLI recently proposed by Aleksandrova et al. [21], the adapted HLI. The data collected through our study questionnaire did not allow us to calculate the original version of the HLI. Our HLI-based risk score combined 5 lifestyle-related factors: overweight or obesity, smoking status, excessive alcohol consumption, low level of physical activity, and a low quality diet index based on 7 dietary factors presumably related to CRC (red meat, processed meat, milk and dairy products, fruits, vegetables, garlic, foods rich in dietary fiber). The global risk score was calculated by summing the binary score (0/1) for each lifestyle factors and thus ranges from 0 to 5. The third scoring system was derived from Kaminski et al [START_REF] Kaminski | A score to estimate the likelihood of detecting advanced colorectal neoplasia at colonoscopy[END_REF].

The score comprised age (1 point from 50 to 54, 2 points from 55 to 59 and 3 points from 60 years old), gender (0 point for women and 2 for men), BMI (0 point < 29 kg/m 2 , 1 point for ≥30 kg/m 2 ), smoking status (0 point for no smoker and 1 for current smoker) and we attributed 0 point for familial history of CRC.

Study outcomes

The primary endpoint was advanced neoplasia and CRC diagnosed by colonoscopy after a positive screening test. Only the three worst histological samples were collected for the present study and participants were classified according to the most high-risk histological lesion at screening colonoscopy: participants without adenoma or CRC, participants with CRC, participants with adenoma and participants with high-risk adenoma.

Participants with negative screening result were classified as having no CRC or adenoma. The detection rates were defined as the number of screened CRC, adenoma or high-risk adenomas per 1000 study participants.

In order to reduce this bias, the results of the FIT were taken into account in the following screening campaigns. Scores were calculated taking into account these data.

Statistical analysis

Participant characteristics were expressed as median (interquartile range) or frequency (%). Comparisons between groups (screen-detected CRC, screened-detected colorectal adenoma and high-risk adenoma, controls with no neoplasia at screening) were conducted using the non-parametric Wilcoxon-Mann-Whitney test for continuous variables and the non-parametric Fisher's exact test for categorical variables. The Cochran-Armitage trend test was used to assess whether or not there was an increase in the detection rate of CRC, colorectal adenoma and high-risk adenoma with increasing value of the developed lifestyle risk scores. The discriminatory power of each score was assessed using the area under the Receiver Operating Characteristic (AUROC) curve. The correctly classified patients, sensitivity, and specificity rates were also determined using the threshold defined by the maximum value of the Youden index with the best sensitivity.

Differences in diagnostic accuracies were assessed using the paired McNemar test. All statistical analyses were conducted using SAS software version 9.4 (SAS Institute Inc., Cary NC, USA).

RESULTS

The flow chart for the study population is presented in Figure 1. Of the 12,041 participants to the study questionnaire, 335 (2.8%) were excluded because they did not belong to the average-risk population targeted by the French organized CRC screening program. Among the remaining 11,706 participants, 716 (6.1.%) had a positive screening test and 696 (97.2%) underwent colonoscopy. 20 participants were excluded (12 with positive test who have not realized colonoscopy and 8 with inconclusive colonoscopy) (11686 participants were included in our study). At initial collection (combined risk factor collection), 368 positive tests with 348 conclusive colonoscopies performed. In the successive campaigns carried out until December 2018 with FIT: 348 new positive FIT with 348 colonoscopies (Figure 1). CRC was diagnosed in 50 participants, i.e. a detection rate of 4.3‰ (among the 11,706 study participants), 151 had screen-detected colorectal adenoma without cancer (detection rate = 12.9‰) and 203 had high-risk adenoma (detection rate = 17.3‰).

Lifestyle risk factors associated with lesions

The median age (IQR) of the study participants was 60.0 (54.0-65.0) years, and 47.2% were men. Table 1 presented lifestyle risk factors associated with screen detected adenoma, high-risk adenomas and CRC in comparison with no screen detected lesion in univariate analysis.

In forward multivariate analysis, screen detected lesions (adenomas, high-risk adenomas and CRC) were associated with male sex (OR=2.03 [1.60-2.58], p<0.0001), BMI ≥ 25 kg/m2 (OR=1. [START_REF] Johnson | Meta-analyses of colorectal cancer risk factors[END_REF] The Betés score was available for 10161 participants and had an AUROC of 0.63 (95% CI, [0.61-0.66]) for lesions, 0.65 (95% CI, [0.61-0.68]) for advanced neoplasia and 0.65 (95% CI, [0.58-0.72]) for predicting screendetected CRC. Higher risk score values were associated with higher rates of lesions (p<0.0001), advanced neoplasia (p<0.0001) and screen-detected CRC (p=0.005) (Tableau 2A). Using a cut-off of 4, sensitivity and specificity were respectively 63.0% and 59.4% for lesions prediction; 65.9% and 59.1% for advanced neoplasia and 68.0% and 58.7% for CRC.

The adapted HLI score was available for 8647 participants and had an AUROC of 0.61 (95% CI, [0.58-0.65]) for lesions, 0.61 (95% CI, [0.56-0.65]) for advanced neoplasia and 0.55 (95% CI, [0.45-0.65]) for predicting screendetected CRC. Higher risk score values were associated with higher rates of lesions (p<0.0001) and advanced neoplasia (p<0.0001) but not with higher rates of screen-detected CRC (p=0.278) (Tableau 2B). Using a cutoff of 2, sensitivity and specificity were respectively 68.5% and 49.9% for lesions prediction, 67.9% and 49.7% for advanced neoplasia and 63.9% and 43.9% for CRC.

The Kaminski score was available for 10848 participants and had an AUROC of 0.65 (95% CI, [0.63-0.68]) for lesions, 0.65 (95% CI, [0.61-0.68]) for advanced neoplasia and 0.69 (95% CI, [0.62-0.76]) for predicting screendetected CRC. Higher risk score values were associated with higher rates of lesions (p<0.0001), advanced neoplasia (p<0.0001) and higher rates of screen-detected CRC (p<0.0001) (Tableau 2C). Using a cut-off of 4, sensitivity and specificity were respectively 66.8% and 56.2 % for lesions prediction, 66.5% and 55.9% for advanced neoplasia and 75.0% and 55.6% for CRC.

Comparison of performance of the three scores

Overall, the rate of well-classified subjects for advanced neoplasia was 59% with Betes score with cut-off of 4, 50.0% with HLI with cut-off of 2 and 56.3% with Kaminski score with cut-off of 4 and was significantly higher for Betés score than the two others (p<0.0001). 7413 participants had available data for the three scores: the AUROC for screen detected lesions was 0.67 [0.59-0.75] for Betés score, 0.55 [0.45 to 0.65] for adapted HLI score and 0.67 [0.59 to 0.75] for Kaminski score (Figure 2A). For screen detected advanced neoplasia, the AUROC was 0.67 [0.59-0.75] for Betés score, 0.55 [0.45 to 0.65] for adapted HLI score and 0.67 [0.59 to 0.75] for Kaminski score (Figure 2B). For screen detected CRC, the AUROC was 0.67 [0.59-0.75] for Betés score, 0.55 [0.45 to 0.65] for adapted HLI score and 0.67 [0.59 to 0.75] for Kaminski score (Figure 2C).

DISCUSSION

This cross-sectional study on participants in the French CRC organized screening program from 2013 to 2016 demonstrates that a high proportion of individuals with screen-detected CRC could be identified prior to screening using a questionnaire-based risk score on dietary and other lifestyle-related factors. The three risk scores also showed some ability, although in a lower extent, for stratifying average-risk individuals according to their risk of significant lesions detection.

A number of scoring tools have been proposed for assessing the risk of CRC or high-risk colorectal neoplasia [START_REF] Usher-Smith | Risk Prediction Models for Colorectal Cancer: A Systematic Review[END_REF][START_REF] Ma | Personalizing colorectal cancer screening: a systematic review of models to predict risk of colorectal neoplasia[END_REF]. Most have been developed within a colonoscopy-based screening program, primarily in studies that did not exclude individuals with higher risk due to a family history of CRC and/or personal predisposing factors. Fewer risk scores have been proposed in average-risk populations [START_REF] Ma | Personalizing colorectal cancer screening: a systematic review of models to predict risk of colorectal neoplasia[END_REF][START_REF] Cai | Derivation and validation of a prediction rule for estimating advanced colorectal neoplasm risk in average-risk Chinese[END_REF][START_REF] Schroy | A Risk Prediction Index for Advanced Colorectal Neoplasia at Screening Colonoscopy[END_REF][START_REF] Knudsen | Favorable lifestyle before diagnosis associated with lower risk of screen-detected advanced colorectal neoplasia[END_REF]. In a recent study within the Bowel Cancer Screening in Norwegians aged 50-74, it has been shown that the probability of having a screen-detected high-risk colorectal neoplasia was inversely associated with a healthy lifestyle score based on body mass index, smoking status, alcohol intake, physical activity, consumption of fruits and vegetables, meat, processed meat, and fatty fish [START_REF] Knudsen | Favorable lifestyle before diagnosis associated with lower risk of screen-detected advanced colorectal neoplasia[END_REF].

The published prediction models and risk scores were designed and evaluated as stratification tools either for CRC only, or for combined CRC and high-risk adenomas [START_REF] Ma | Personalizing colorectal cancer screening: a systematic review of models to predict risk of colorectal neoplasia[END_REF][START_REF] Cai | Derivation and validation of a prediction rule for estimating advanced colorectal neoplasm risk in average-risk Chinese[END_REF][START_REF] Schroy | A Risk Prediction Index for Advanced Colorectal Neoplasia at Screening Colonoscopy[END_REF][START_REF] Knudsen | Favorable lifestyle before diagnosis associated with lower risk of screen-detected advanced colorectal neoplasia[END_REF]. In agreement with our results, a recent case-control study in the United States demonstrated that the risk of colorectal polyps increased progressively with an increasing number of CRC lifestyle risk factors [START_REF] Fu | Lifestyle factors and their combined impact on the risk of colorectal polyps[END_REF]. These findings support a deleterious effect of poor lifestyle habits throughout the continuum from precancerous adenomatous polyps to colorectal cancer. This was confirmed by the last report of WCRF that supports legumes intakes, dietary fibre, dietary vitamin E, calcium, vitamin D, vitamin C and physical activity decrease colorectal adenomas risk whereas alcohol, red or processed meat increase this risk [START_REF]World Cancer Research Fund International Systematic Literature Review The Associations between Food, Nutrition and Physical Activity and the Risk of Colorectal Cancer[END_REF]. Another study have evaluate the association of colorectal polyps and CRC with lifestyle factors in a population with fecal immunochemical test positive and found an association with obesity and smoking with high-risk adenomas and smoking and alcohol with CRC [START_REF] Colussi | Lifestyle factors and risk for colorectal polyps and cancer at index colonoscopy in a FIT-positive screening population[END_REF].

In our study, the presence of an adenoma was associated with male sex, diabetes, smoking, higher consumption of processed meat and lower consumption of vegetable. The presence of a high-risk adenoma was associated with male sex (p<0.0001), BMI ≥ 25 kg/m 2 (p<0.0001), smoking (p<0.0001), alcohol (p=0.003), lower consummation of garlic (p<0.0001), fruit (p=0.014), and vegetables (p=0.008) and CRC was associated with male sex (p=0.006), age (p=0.044), BMI≥25 kg/m 2 (p=0.014) and alcohol (p=0.010). A similarly study found an association between overweight and smoking with high-risk adenomas but no association with alcohol was reported [START_REF] Colussi | Lifestyle factors and risk for colorectal polyps and cancer at index colonoscopy in a FIT-positive screening population[END_REF]. As reported in this study, we do not find an association between diabetes and high-risk adenomas or CRC but we found this association with colorectal adenomas. In our study, alcohol and overweight seem to be participated to degeneration of adenoma in high-risk adenoma and CRC. The evidence of relation between fruit and vegetable intakes and CRC is only "suggestive" in the 2011 WCRF/AIRC expert report [9] and according to an updated critical review of the literature of the French National Institute of Cancer (INCa) [START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. Despite, the observed inverse significant associations are consistent with a recent meta-analysis conducted by Johnson et al. [START_REF] Johnson | Meta-analyses of colorectal cancer risk factors[END_REF]. Dietary fiber intake was not associated with screen-detected CRC and adenoma in our study. However, we evaluated only consumption of high-rich fiber foods while WCRF/AICR and INCa highlighted an inverse relationship with total dietary fiber intakes [9,[START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. Similarly, no relationship was found with total dairy products. This may be related to the pattern of dairy products consumption in the present study population. Indeed, the association between milk intake and CRC is judged as "probable" [9,10] whereas the relation with cheese intake is more controversial [START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. No relationship was found between physical activity and lesions contrary to a meta-analyses of colorectal cancer risk factors [START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF].

To date, almost all of the proposed risk scores are derived from multivariate outcome regression models in diverse populations, so they rely on heterogeneous combinations of factors. In contrast, the three scoring systems in this study are based on an a priori approach including well-established CRC risk factors according to the most recent scientific knowledge [START_REF] Huxley | The impact of dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the epidemiological evidence[END_REF][9][START_REF] Latino-Martel | Alcoholic beverages, obesity, physical activity and other nutritional factors, and cancer risk: A review of the evidence[END_REF]. We have assessed three different risk scores to predict highrisk adenomas, CRC and advanced neoplasia. Although the three risk scores demonstrated only moderate to good discriminative ability, their AUROCs were comparable with those of previous risk prediction models [START_REF] Ma | Personalizing colorectal cancer screening: a systematic review of models to predict risk of colorectal neoplasia[END_REF][START_REF] Cai | Derivation and validation of a prediction rule for estimating advanced colorectal neoplasm risk in average-risk Chinese[END_REF][START_REF] Schroy | A Risk Prediction Index for Advanced Colorectal Neoplasia at Screening Colonoscopy[END_REF][START_REF] Knudsen | Favorable lifestyle before diagnosis associated with lower risk of screen-detected advanced colorectal neoplasia[END_REF]. The Betés score had a higher rate of correctly classified subjects, but we were only able to evaluate an adapted version of the HLI scoring system. Further studies should evaluate the discriminative ability of HLI as initially designed.

One of the strengths of our study is that it was conducted on the population currently targeted by the agebased screening strategy in place in France, as in other European countries. Our food assessment tool is derived from the dietary questionnaire of a large French cohort study that has been validated against 24hour dietary records [START_REF] Kesse-Guyot | Relative validity and reproducibility of a food frequency questionnaire designed for French adults[END_REF]. Our physical activity questionnaire was a tabular form version of the IPAQ, a standardized tool for assessing habitual physical activity in populations from different countries and sociocultural contexts [START_REF] Craig | International physical activity questionnaire: 12-country reliability and validity[END_REF]. It is important to note that all study participants completed the lifestyle questionnaire before receiving their screening results. The present study has some limitations though. For practical reasons, the study was conducted within a geographical area limited to the Maine-et-Loire department. An additional concern was the selection bias due to voluntary participation to the study from the whole population targeted by the organized screening program. In our study, the proportion of participants with a positive screening test, as the detection rates for CRC and adenoma, were similar to those reported for the French population overall. In addition, study subjects both with and without complete data for calculating lifestyle scores did not significantly differ in screening outcomes. Moreover selection of the population participating in screening is very different from the general population. It is well known that low socioeconomic status is associated with low participation, while the risk of CRC is higher due to higher risk diet and lifestyle. This could influence predictive scores.

We acknowledge that it could have a misclassification because we consider that subjects with a negative screening test had no CRC or adenoma. To reduce this bias, the FOBT results were collected until December 2018. The colonoscopy results in positive FOBT were recovered.

In conclusion, the present study suggests that risk scores based on well-established lifestyle-related CRC risk factors may accurately stratify patients according to their risk of significant colorectal lesions. Recent studies show that most people are not aware of the relationship between lifestyle factors and colorectal cancer [START_REF] Bittner Fagan | Weight status and perception of colorectal cancer risk[END_REF]39]. With this short questionnaire, health practitioners could have a simple tool to convince those who are reluctant to use the fecal occult blood test and thus increase the participation rate in mass screening for colorectal cancer.
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  and covered the last two CRC screening campaigns in the Maine-et-Loire area (France) managed locally by Cap Santé 49 which is the Maine and Loire screening center In France, individuals at average risk of colorectal cancer aged 50 to 74 are invited by Cap Santé 49 to contact their general practitioners to realize a faecal occult blood test (FOBT) if they are asymptomatic. The guaiac-FOBT (Hemoccult ® ) was used from 2009 to June 2015 then replaced by faecal immunochemical test (OC Sensor ® ). The study questionnaire and an accompanying letter of information were distributed to screening attendees on FOBT test delivery. They were asked to return the questionnaire at the same time as the screening test using the prepaid envelope provided. The study protocol was approved by research and ethics committees (CCTIRS -N°12.144, CNIL -N°912248). If the test was positive individuals must do a colonoscopy. Thanks to Cap Santé 49, we collected data about the results of the test (positive or negative), diagnosis of adenomas, high-risk adenomas or CRC. A high-risk adenoma was defined by adenoma with size ≥10 mm, tubulovillous or villous adenoma, or high grade dysplasia including in situ carcinomas.
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Table 1 :

 1 Participant characteristics according to screening test outcome

			Controls	Adenoma	High-risk adenoma	Cancer	Adenoma	High-risk adenoma	Cancer
							vs control	Vs controls	Vs
			n=11282	n= 151	n= 203	n=50	p-value	P-value	control
									p-value
	Male sex, n		5228	105	142	37	0.0001	0.0001	0.0001
	%		46.3	69.5	70.0	74.0		
	Age (yr), median		60.00	60.00	61.00	63.00	0.667	0.522	0.010
	[IQR]		[54.0-65.0]	[56.0-65.0]	[54.00-66.00]	[57.0-68.00]		
	Overweight and obesity					0.068	0.0001	0.044
	No of subjects with						
	available data		11007	148	201	50		
	BMI>25 kg/m²-no (%)	5470 (49.7)	85 (57.4)	133 (66.2)	32 (64.0)		
	Diabetes						0.014	0.380	0.014
	No of subjects with	11015	146	199	50		
	available data							
	Diabetics-No (%)		707 (6.4)	17 (11.6)	16 (8.0)	8 (16.0)		
	Smoking status						0.000	0.0001	0.514
	No of subjects with	10684	146	196	48		
	available data							
	Current smokers-No (%)	1284 (12.0)	42 (28.8)	44 (22.4)	4 (8.3)		
	Physical activity						0.093	0.305	0.455
	No of subjects with	9615	124	171	42		
	available data							
	Absent/low No (%)	3515 (36.6)	57 (46.0)	65 (38.0)	13 (31.0)		
	Moderate No (%)		3040 (31.6)	32 (25.8)	45 (26.3)	17 (40.5)		
	High No (%)		3060 (31.8)	35 (28.2)	61 (35.7)	12 (28.6)		
	Alcoholic	beverage					0.069	0.0001	0.011
	consumption							
	No of subjects with	11134	148	199	49		
	available data		2372 (21.3)	41 (27.7)	73 (36.7)	18 (36.7)		
	>2 glasses/day (Men)/ >1						
	glass/day (women)						

Table 2 :

 2 Distribution of the number of subjects with high-risk adenoma, CRC and advanced neoplasia according to the risk score.

	A. Betés score							
	Betés score		1		2		3		4		5	6	7	Total	p
											p
	No adenoma or CRC, n		1582		2093 (21.4)	2143		2252 (23.0)	1392 (14.2)	322 (3.3) 15	9799
			(16.1)				(21.9)				(0.2)
	Lesions, n (%)		22 (6.1)	50 (13.8)	62 (17.1)	116 (32.0)	95 (26.2)	17 (4.7)	0	362	<0.0001
	CRC, n (%)		4 (8.0)		4 (8.0)		8 (16.0)	18 (36.0)	12 (24.0)	4 (8.0)	0	50	0.005
	Advanced neoplasia, n (%)	11 (4.8)	32 (14.0)	35 (15.3)	77 (33.6)	62 (27.1)	12 (5.2)	0	229	<0.0001
	B. Adapted-HLI score					
	Adapted HLI	0		1		2			3	4	5	Total	p
	No adenoma or CRC, n	1412 (16.9)	2760 (33.0)	2517 (30.1)	1327 (15.9)	292 (3.5) 47 (0.6)	8355
	Lesions, n (%)	31 (10.6)	61 (20.9)	100 (34.2)		167 (22.9)	27 (9.2)	6 (2.1)	59	<0.0001
	CRC, n (%)	7 (19.4)		6 (16.7)	14 (38.9)		7 (19.4)	2 (5.6)	0	36	0.278
	Advanced neoplasia, n	23 (12.5)	36 (19.6)	61 (33.2)		43 (23.4)	19 (10.3) 2 (1.1)	184	<0.0001
	C. Kaminski score						
	Kaminski score	1		2		3		4		5	6	7	Total	p
	No adenoma or CRC, n 1143		1293		3449		1688		2251	601 (5.7) 38 (0.4) 10463
		(10.9)	(12 .4)	(33.0)		(16.1)		(21.5)
	Lesions, n (%)	13 (3.4)	23 (6.0)	92 (23.9)	69 (17.9)	115 (29.9) 70 (18.2) 3 (0.8)	385	<0.0001
	CRC, n (%)	0 (0.0)	3 (6.3)	9 (18.8)	11 (22.9)	16 (33.3)	9 (18.8)	0	48	<0.0001
	Advanced neoplasia, n 10 (4.1)	14 (5.8)	57 (23.6)	44 (18.2)	76 (31.4)	39 (16.1) 2 (0.8)	242	<0.0001

CRC: colorectal cancer

ABBREVIATIONS LIST CRC: colorectal cancer HLI: Healthy lifestyle index AUROC: area under the Receiver Operating Characteristic CI: confidence interval FOBT: fecal occult blood test WCRF/AICR: World Cancer Research Fund/American Institute for Cancer Research IDYLIC: Impact of DietarY and LIfestyle risk factors on Colorectal cancer screening FFQ: food frequency questionnaire IPAQ: International Physical Activity Questionnaire IQR: interquartile range INCa: Institut National du cancer