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Abstract 


Introduction:  
Good bowel preparation is essential for a quality colonoscopy. Thus, evaluating the risk factors associated with poor preparation is necessary. This problem has not been widely addressed in Colombia. 



Aim:  
To identify the factors associated with poor intestinal preparation. 



Materials and methods:  
Observational, analytical, cross-sectional, multicenter study in patients > 18 years of age who underwent colonoscopy and attended gastroenterology services between January and June 2020 in Bogotá. A Boston scale > 6 was defined as good preparation, and a Boston scale ≤ 6 was defined as poor preparation. 



Results:  
265 patients were included, of whom 205 (77.4%) were well prepared and 60 (22.6%) had inadequate preparation. Factors associated with poor bowel preparation were age older than 60 years (odds ratio [OR]: 1.359; 95% confidence interval [CI]: 1.059-1.745; p = 0.026); male sex (OR: 1.573; 95% CI: 1.128-2.194; p = 0.012); obesity (BMI > 30 kg/m2; OR: 2.539; 95% CI: 1.388-4.645; p = 0.002); constipation (OR: 1.924; 95% CI: 1.154-3.208; p = 0.014); the use of antidepressants (OR: 2.897; 95% CI: 1.199-6.997; p = 0.014) and calcium antagonists (OR: 2.445; 95% CI: 1.292-4.630; p = 0.005), and having abdominopelvic surgeries (OR: 1.325 95% CI: 1.042-1.684, p = 0.034). Regarding the procedure, there was less polyp detection per patient (p = 0.04) and less minute (p = 0.020) and flat (p = 0.047) polyp detection in the poor bowel preparation group. 



Conclusions:  
This is the first study in Colombia in which the factors associated with poor intestinal preparation are described and include variables not explored in other studies. The results found are similar to those reported in the literature. These studies should be promoted with more patients, establishing a score for predicting poor preparation.



Keywords: Colonoscopy, preparation quality, preparation-related risk factors, preparation scales.
	                            

Resumen 


Introducción: 
 una buena preparación intestinal es fundamental para una colonoscopia de calidad. Por eso es importante evaluar los factores de riesgo asociados a una mala preparación. Este problema no se ha abordado ampliamente en Colombia, por lo cual el objetivo de este estudio es identificar los factores asociados a una mala preparación intestinal. 



Métodos: 
 estudio observacional, analítico, transversal, multicéntrico en pacientes > 18 años sometidos a colonoscopia que asistieron a los servicios de gastroenterología entre enero y junio de 2020 en la ciudad de Bogotá. Se definió como buena preparación una escala de Boston > 6, y como mala preparación una escala de Boston ≤ 6. 



Resultados: 
 se incluyeron a 265 pacientes, de los cuales 205 (77,4%) estaban bien preparados y 60 (22,6%) tenían una preparación inadecuada. Los factores asociados a mala preparación intestinal fueron edad mayor de 60 años (odds ratio [OR]: 1,359; intervalo de confianza [IC] del 95%: 1,059-1,745; p = 0,026); sexo masculino (OR: 1,573; IC 95%: 1,128-2,194; p = 0,012); obesidad (IMC > 30 kg/m2; OR: 2,539; IC 95%: 1,388-4,645; p = 0,002); estreñimiento (OR: 1,924; IC 95%: 1,154-3,208; p = 0,014); el uso de antidepresivos (OR: 2,897; IC 95%: 1,199-6,997; p = 0,014) y antagonistas del calcio (OR: 2,445; IC 95%:1,292-4,630; p = 0,005) y tener cirugías abdominopélvicas (OR: 1,325; IC 95%: 1,042-1,684; p = 0,034). En cuanto al procedimiento, hubo una menor cantidad de detección de pólipos por paciente (p = 0,04) y menor detección de pólipo diminuto (p = 0,020) y plano (p = 0,047) en el grupo de mala preparación intestinal. 



Conclusiones: 
 este es el primer estudio en Colombia en el cual se describen los factores asociados a la mala preparación intestinal e incluye variables no exploradas en otros estudios. Los resultados encontrados son similares a los reportados en la literatura. Se debe impulsar este tipo de estudios con una mayor cantidad de pacientes y plantear un puntaje de predicción de mala preparación.



Palabras clave: Colonoscopia, calidad de la preparación, factores de riesgo relacionados con la preparación, escalas de preparación.
                                    






		
			Introduction

			Colon or colorectal cancer (CRC) is the third most common cancer in the world and the second cause of death from cancer
1
. In Colombia, it is the fourth most common neoplasia in men and the second in women, with incidence rates increasing yearly
2
. Many studies conclude that CRC screening is cost-effective in the medium-risk population (without a family history and no medical history showing predisposition)
3
. We know that age (≥50 years), eating habits, and tobacco are risk factors that increase the incidence of suffering from the disease
4

,

5
. In the general population, the risk is 5-6%, and this incidence increases substantially after age 50, so the population aged 50 or over is considered medium risk and should start a screening program
6
.

			Furthermore, the degree of survival in patients with CRC is directly related to the extent of the disease on diagnosis. Individuals diagnosed in an advanced stage have a 5-year survival rate of 7%, while for individuals with CRC detected in an early stage, this rate is 92%
7
. Thus, the early diagnosis of CRC intends to cure it and make preventive interventions that reduce the incidence of the disease and its morbidity and mortality rates. With screening technologies (occult blood, colonoscopy), CRC is highly preventable in more than 90% of cases
8

-

10
, given that in most cases, it is formed from polyps, whose detection and resection prevents the disease effectively
11
. However, a careful colonoscopy and good preparation are essential because the safety and effectiveness of the examination will depend on it. Poor preparation affects an adequate colonoscopy in multiple ways since it unnecessarily prolongs the procedure, increases sedation requirements, results in numerous complications, and forces the suspension of the examination and its premature repetition
5

,

12

-

14
. It is accepted as an indicator of quality in a gastroenterology service that less than 15% of patients have poor preparation
15

,

16
. However, this is not the reality since up to a quarter of colonoscopies can be performed with inadequate bowel preparation.

			Some factors can cause patients not to prepare adequately; some are associated with sociodemographic characteristics, age, sex, and education
12
, and others, such as clinical characteristics, history, diabetes, or neurological diseases such as cerebrovascular disease (CVD) dementia or Parkinson’s
11

,

17
 are associated with the preparation type, as have been described in other studies
18

-

20
.

			Notably, good preparation allows polyps larger than 5 mm in diameter to be detected
6
. Poorly prepared patients are correlated with lower detection of polyps
15

,

21
. A meta-analysis of 27 studies found that inadequate bowel preparation for CRC screening by colonoscopy reduced the detection of small adenomas by 47% (odds ratio [OR]: 0.53; confidence interval [CI]: 0.46-0.62; p < 0.001) versus adequate preparation; This relationship was weak, but still significant for advanced adenomas (OR: 0.74, CI: 0.62-0.87; p < 0.001)
22
. Additionally, poor preparation increases the need to repeat examinations at greater intervals and worsens patient satisfaction
5

,

19
.

			Therefore, it is imperative to know the risk factors to identify which patients who undergo a colonoscopy may prepare poorly and try to prevent or minimize the risk as much as possible
4
. In Colombia, no studies have been conducted that allow us to know these factors, so we decided to carry out this prospective work with previously validated variables in the literature. The objective is to evaluate the risk factors associated with poor preparation for colonoscopy.

		

		
			Materials and methods

			
				Study design and participant selection

				We conducted an observational, analytical, cross-sectional, multicenter study, including all adult patients over 18 who attended gastroenterology services during January and March 2020 in Bogotá. Consecutive patients aged 18 to 90 years who underwent colonoscopy were included. Before the colonoscopy, all patients were told not to stop taking medications for their chronic diseases. Patients with inflammatory bowel disease, history of colon surgery, known colonic stenosis or suspected obstructive tumor, toxic colitis or megacolon, pregnant or breastfeeding, or unable to give informed consent were excluded. The ethics committee of all participating institutions approved the study protocol and the informed consent form. Written informed consent was obtained from all patients.

			

			
				Colonoscopy and data collection

				Colonoscopies were performed by one of the senior endoscopists at each center, who had completed at least 1,000 colonoscopies. High-resolution video colonoscopes for adults (EC-590WM, Fujinon, or CF-Q260, Olympus) were used.

				Sociodemographic and clinical variables, product type used in the preparation, risk factors related to the preparation (vomiting, failure to follow the protocol, taste of the preparation, compliance, problems with taking it, associated adverse reactions), variables related to the procedure (time of arrival and removal from the cecum, scales used to evaluate adequate preparation, colon segment reached), adenoma detection rate (polyp type and size, location in the colon), and other endoscopic findings were collected. A univariate analysis was performed, and the absolute and relative frequencies were calculated for the qualitative variables and the measures of central tendency and dispersion for the quantitative variables. We employed the chi-squared test, Student’s T-test, and Fisher’s exact test to compare groups and the Wald chi-squared test for multivariate analysis, with a p-value of less than 0.05 for statistical significance.

			

			
				Stages

				The study was carried out in two stages: initially, a pilot test was performed on ten patients who responded to a survey, which allowed errors to be corrected and final forms to be prepared. Subsequently, the survey was conducted with all patients who attended colonoscopy in two centers, Hospital Universitario Nacional de Colombia and Hospital de Kennedy, in Bogotá between January and June 2020, and signed the informed consent to participate in this study.

			

			
				Statistical analysis

				The information obtained was tabulated on a database in Excel, which was used for a univariate and bivariate descriptive statistical analysis with all the sociodemographic and clinical variables, adherence, comorbidity, and each dimension of the scale of bowel preparation, variables associated with the procedure and adenoma detection rate. Qualitative variables are presented as proportions through relative and absolute frequency. Normality was determined for the numerical variables, and the measures of dispersion and central tendency were expressed as mean and standard deviation or median and interquartile range (IQR). Chi-squared, Student’s T, and Fisher’s exact test were used for comparison between groups. Wald’s chi-squared was used for multivariate analysis, with a p-value of less than 0.05 for statistical significance. All analyses were completed with the statistical package IBM SPSS Statistics 27.0.

			

			
				Ethical aspects

				It was a prospective study with minimal risk for patients according to Section 11 of Resolution 8430/1993 because we used data recording through standard procedures consisting of physical or psychological diagnostic examinations or routine treatments, psychological tests to groups or individuals where the subject’s behavior was not manipulated, and commonly used drugs.

			

		

		
			Results

			A total of 300 patients were surveyed, of which 35 were excluded, 13 had inflammatory bowel disease, nine had a history of colon surgery, five had known or suspected colonic stricture or obstructive tumor, and eight could not give informed consent.

			
				Clinical and sociodemographic variables associated with bowel preparation

				Of the 265 eligible patients, the mean age was 57.54 ± 17.33 years; anthropometric measurements are summarized in Table 1. The proportion of women was 65.2%. The most frequent indications were abdominal pain (28.6%), followed by digestive bleeding (18.1%), constipation (18.1%), and screening (7.9%). Besides, 157 (59.2%) patients had comorbidities, the most common of which were arterial hypertension (33.2%), hypothyroidism (15.8%), and diabetes mellitus (12.6%). Among the pharmacological history, 133 (50.1%) patients used some drug; of the medications that affect gastric emptying, it was found that 4.9% used opioids, 6.7% antidepressants, and 12% calcium antagonists. Regarding the history of abdominopelvic surgery other than colorectal, 136 (51.3%) patients had it, while 11 patients (4.15%) had a personal history of colon cancer and 25 (9.4%) had a family history. Fifty-six (21.1%) patients were hospitalized, 192 (72.4%) used polyethylene glycol with electrolytes (PEG) as preparation, 18 (6.8%) picosulfate, 53 (20%) oral phosphate, and only two (0 .9%) sulfates. The patients were asked about the taste of the preparation; 73 (27.5%) said it was good, 109 (41.1%) tolerable, and 83 (31.3%) unpleasant. The most common adverse effects were nausea or vomiting in 128 (48.3%) patients, abdominal distension in 30 (11.3%), and abdominal pain in 16 (6%). When the patients were asked if they fully followed the preparation instructions, 237 (89.4%) reported following 100% of the instructions, 24 (9.1%) more than 75%, and 4 (1.5%) less than 75%.

				Regarding the variables related to the procedure, sedation was used in 115 (43.3%), and the interval between the completion of the preparation and the start of the colonoscopy was less than 4 hours in 61 (23%) patients and greater than this interval in 204 (77%). The average cecal intubation time was 7.75 ± 5.30 minutes, and the average withdrawal time was 7.45 ± 3.13 minutes, with parametric distribution. A complete exploration was performed, reaching the ileum or cecum in 259 (97.7%) patients. Polyps were detected in 85 (32%) patients, with an average number of polyps per patient of 2.36 ± 1.38. The most common polyp type was sessile, followed by flat and tiny (Table 1).

				
					

Table 1




Study characteristics (n = 265)
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 SD: standard deviation; COPD: chronic obstructive pulmonary disease; CVD: cerebrovascular disease; BMI: body mass index; PEG: polyethylene glycol with electrolytes; HIV human immunodeficiency virus. Table prepared by the authors.






				

			

			
				General population data associated with poor preparation 

				Each of the variables was grouped and analyzed concerning the Boston scale > 6 (adequate intestinal preparation) or 6 or less (inadequate intestinal preparation). At this point, we should clarify that we do not use the traditional poor preparation cut-off point of < 6 on the Boston scale but rather 6 or less, as proposed by Clark et al. (23), given that this cut-off point allows better adherence to the follow-up intervals indicated in the guidelines. Among the clinical and sociodemographic variables, it was found that those over 60 years of age (OR: 1.359; 95% CI: 1.059-1.745; p = 0.026), the male sex (OR: 1.573; 95% CI: 1.128-2.194; p = 0.012), obesity (BMI >30 kg/m2; OR: 2.539; 95% CI: 1.388-4.645; p = 0.002), and constipation as an indication for the procedure (OR: 1.924; 95% CI: 1.154-3.208; p = 0.014) have a statistically significant association with poor preparation. Regarding history, the use of drugs that affect gastric emptying such as antidepressants (OR: 2.897; CI: 1.199-6.997; p = 0.014) and calcium antagonists (OR: 2.445; CI: 1.292-4.630; p = 0.005), and abdominopelvic surgeries other than colon surgery (OR: 1.325; CI: 1.042-1.684; p = 0.034) also have a statistically significant association (Table 2).

				
					

Table 2




General population data associated with poor preparation (n = 60 patients)
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 *Calculated by Student’s T-test. +Calculated by chi-squared test. ^Calculated by Fisher’s exact test (less than five values in any of the cells). Table prepared by the authors.






				

			

			
				Association between poor bowel preparation and lesion detection

				Once the procedure started, the poor preparation group had a shorter withdrawal time without reaching statistically significant differences (7.03 ± 2.07) (p = 0.088). Regarding the detection of colon polyps, poor intestinal preparation decreases the average detection of polyps per patient (2.36 ± 1.38 in the general population and 1.79 ± 1.27 in the poor preparation group) with a statistically significant association (p = 0.04). Similarly, poor preparation decreases the ability to detect tiny (OR: 0.228; 95% CI: 0.056-0.926; p = 0.020) and flat polyp (OR: 0.047; 95% CI: 0.105-1.044; p = 0.047), also with statistical differences (Table 3).

				
					

Table 3




Factors derived from the endoscopic procedure associated with bowel preparation
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 *Calculated by Student’s T-test. +Calculated by chi-squared test. ^Calculated by Fisher’s exact test (less than five values in any of the cells). Table prepared by the authors.






				

			

			
				Multivariate regression analysis

				A multivariate analysis found that the variables mostly retained significance except for obesity, use of antidepressants, and history of abdominal-pelvic surgery, which do not reach statistical significance when their impact is measured based on other variables.

				On the variables that reach significance in the multivariate analysis, the omnibus model coefficient test was performed with a p-value <0.001, which means that they effectively predict poor preparation with these variables. Finally, the Hosmer-Lemeshow test was performed, and it was found that the combination of these variables indicates poor preparation in 78.1% of the patients (Table 4).

				
					

Table 4




Multivariate regression analysis
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 *Calculated by Wald chi-squared. Table prepared by the authors.






				

			

		

		
			Discussion

			This is the first study in Colombia that evaluates the factors associated with poor intestinal preparation, with several clinical variables not described in other studies. Evidence of moderate quality indicates that the patients’ epidemiological and clinical characteristics can predict the colonoscopy preparation’s failure
6

,

12

,

24

,

25
. However, none of these variables have been tested in our population, so creating a clinical prediction score with more patients is the first step.

			Two hundred sixty-five patients from two quaternary care hospitals in Bogotá were included. Regarding age, the data reported in the literature are consistent with the fact that older age is associated with poor preparation
5

,

26
. Male sex is a variable related to constant poor intestinal preparation in most series reported in other countries
6

,

27

,

28
, data consistent with our study, in which the male sex had a rate of inadequate preparation of 48.3%, significantly higher than in women. No explicit or organic cause explains these findings. Still, it is possibly justified by social conditions, which have shown that men generally have lower adherence rates to medical treatments and recommendations. Anthropometric measurements have been studied in other series, suggesting that obesity
26

,

29
 may be related to poor preparation. This agrees with our study and is probably explained because, in these patients, some diseases cause more slow intestinal transit, such as diabetes or constipation.

			There are different indications for performing a colonoscopy. As in reports worldwide, abdominal pain was the most frequent in our population
12

,

29
. Digestive bleeding and constipation occurred more frequently in the poor preparation group, but only constipation had a statistically significant association. This has happened in other series and is related to a poor laxative response to the means used in the preparation
6

,

30
. There was a high prevalence of comorbidities in this population, of which hypertension, diabetes mellitus, and hypothyroidism are the most frequently reported pathologies, probably because most patients were obese, which impacts the prevalence of cardiovascular disease. No differences were found in comorbidities and intestinal preparation, although in some series, it has been found that diabetes mellitus is associated with poor preparation
29

,

31
. It would be interesting to determine if the time of evolution of the disease or the documentation of micro- or macrovascular complications is related to these findings.

			Most patients used drugs chronically; antidepressants and calcium antagonists were associated with poor intestinal preparation, consistent with other series
14

,

31
 since they affect gastric emptying. Similarly, a history of abdominopelvic surgery was related to poor intestinal preparation, possibly due to flanges and adhesions, which makes intestinal transit difficult and leads to trapping debris in the intestinal lumen, as mentioned in other studies
27

,

30

,

32
.

			As in other studies, PEG with electrolytes is the most used preparation
27

,

33
. However, no differences were found regarding the preparation type, taste, adverse effects, and compliance. It would be essential to study these variables in a larger population, specify the number of doses and quantity, and objectively assess non-compliance.

			Regarding the lead time (last dose of the preparation and the start of the colonoscopy), no statistically significant differences were found, which is incongruent with the literature, in which a statistical association is reported
12
. However, in these series, the cut-off point is 5 hours.

			Concerning the variables derived from colonoscopy, we found that poor preparation is associated with a lower number of polyp detection per patient and a lower detection of tiny and flat polyps, consistent with other studies
6

,

11

,

34
. A multicenter prospective study identified that inadequate preparation is associated with lower detection of polyps of any size
26
. Another retrospective database showed that adequate preparation resulted in the identification of advanced lesions (>9 mm)
35
.

			Finally, it should be noted that our results are similar to recent meta-analyses
6

,

22

,

33
 that included 67 and 24 studies with more than 75,000 and almost 50,000 participants, in which they evaluated the risk factors for poor preparation. Baseline patient characteristics (increasing age and male sex), clinical conditions (constipation, diabetes mellitus, hypertension, cirrhosis, stroke, and dementia), and drug use (narcotics and tricyclic antidepressants) were identified as predictors of preparation failure. Moreover, neither of the two meta-analyses managed to identify obesity or previous abdominal surgery as a predictor, which was done in our study but had inconsistent results in the history of colon preparation failures.

		

		
			Limitations

			The endoscopists were blinded to our research questions and recorded the data on Google Drive. However, some limitations must be addressed. Firstly, socioeconomic status, education, or rural or urban origin were not evaluated. Second, this study allows for inferences regarding associations but not causality due to its observational nature. These follow-up procedures could be considered in future studies.

		

		
			Conclusions

			To our knowledge, this is the first study in Colombia that describes the factors associated with poor intestinal preparation. The results are similar to those reported in the literature, allowing us to identify this subgroup of patients (poorly prepared) to perform a quality colonoscopy. Given that some factors were not significant (although a trend was present) due to the small sample size, this type of study should be promoted with a more substantial number of patients in different centers and the possibility of a score to predict poor preparation.
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