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Abstract

:

The success of a colonoscopy in detecting and removing pre-cancerous and cancerous lesions depends heavily on the quality of bowel preparation. Despite efforts, 20–44% of colonoscopy participants have an inadequate bowel preparation. We aimed to assess and compare risk factors for inadequate bowel preparation and for the presence of advanced colorectal neoplasms in routine screening practice. In this cross-sectional study, among 8125 participants of screening colonoscopy in Germany with a comprehensive assessment of sociodemographic factors, lifestyle and medical history, we examined factors associated with inadequate bowel preparation and with findings of advanced neoplasms using adjusted log-binomial regression models. Among the identified risk factors assessed, three factors were identified that were significantly associated with inadequate bowel preparation: age ≥ 70 years (adjusted prevalence ratios, aPR, 1.50 95%CI 1.31–1.71), smoking (aPR 1.29 95%CI 1.11–1.50) and abdominal symptoms (aPR 1.14 95%CI 1.02–1.27). The same risk factors were also associated with the prevalence of advanced neoplasms in our study (aPR 1.72, 1.62 and 1.44, respectively). The risk factors associated with inadequate bowel preparation in this study were also associated with a higher risk for advanced neoplasms. Inadequate bowel preparation for colonoscopy might lead to missed colorectal cancer (CRC) precursors and the late diagnosis of CRC. People at high risk of advanced neoplasms are in particular need of enhanced bowel preparation.
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1. Introduction


Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second most common cause of cancer-related death worldwide. In 2018, CRC accounted for over 1.8 million incident cases and almost 900,000 deaths [1].



Colonoscopy, conducted either for primary screening or as a follow-up for fecal occult blood tests, is the gold standard in early detection of CRC. Screening colonoscopy has the potential to prevent a very large share of CRC incidence and mortality by detecting and removing precursors of the disease [2,3,4]. The ability to detect precursors strongly depends on the quality of bowel preparation, which facilitates the clear visualization of the mucosal surface [5]. Despite efforts to facilitate the process, 20–44% of colonoscopy participants have been reported in previous studies to have inadequate bowel preparation [6,7,8].



Inadequate bowel preparation may lead to incomplete colonoscopies [9] and precancerous lesions being missed and may necessitate repeat colonoscopy exams, a burden both to patients and the health system. The ability to identify factors associated with inadequate bowel preparation may help in targeting efforts to increase adequate preparation towards populations at higher risk. Therefore, we aimed to assess factors associated with the quality of bowel preparation for colonoscopy in a large routine screening colonoscopy cohort in Germany.




2. Materials and Methods


Our analysis is based on participants from KolosSal, a large German CRC screening cohort which has been described in detail elsewhere [10]. Briefly, the primary aim of KolosSal was monitoring the long-term reduction in CRC incidence and mortality among participants of screening colonoscopy, which has been offered in Germany since 2002. Overall, 19,177 participants of screening colonoscopy were recruited in gastroenterological practices in the German state of Saarland during 2005–2013 and completed a short questionnaire. Information on the quality of bowel preparation and findings at colonoscopy were extracted from colonoscopy records. The study was approved by the ethics committees of the medical faculty of the Heidelberg University and the Saarland Medical Association, and written informed consent was obtained from each participant.



The current analysis was restricted to 8125 participants with no colonoscopy in the previous year for whom the quality of bowel preparation was explicitly reported in the colonoscopy record (n = 279 participants with a previous colonoscopy in the past year were excluded). Information on bowel preparation and findings at colonoscopy were reported by clinicians as free text and extracted in a standardized manner. Whenever the report included remarks on impaired cleanliness of the bowel, i.e., impaired visibility or obstruction due to stool, or an incomplete colonoscopy due to insufficient bowel cleanliness, bowel preparation was classified as inadequate.



Based on such information, the quality of bowel preparation was classified as adequate or inadequate. Participants with adequate and inadequate bowel preparation were compared with respect to factors known or suspected to be associated with CRC risk: sex, age at colonoscopy, body mass index (BMI), education, smoking, alcohol consumption, red and processed meat consumption, aspirin use, past large bowel endoscopy, hypertension, diabetes and abdominal symptoms prior to colonoscopy. Log-binomial regression was used to quantify the independent association of those factors with (i) the quality of bowel preparation and (ii) the detection of at least one advanced neoplasm (CRC or advanced adenomas; thus, defined if they matched any of the following criteria: size ≥ 1 cm, villous or tubulo-villous architecture or high-grade dysplasia). The analysis of associations with findings of advanced neoplasms was restricted to those with reported adequate bowel preparation to minimize potential bias by missed neoplasms.



Analyses were conducted in R 3.6.1 [11] and ten multiple imputations were performed using the “mice” package to deal with missing values in exposure variables (0–16% missing). Statistical significance was defined by a p-value of p < 0.05 in 2-sided testing.




3. Results


Table 1 shows main characteristics of the study population and their associations with the quality of bowel preparation. Overall, 8125 study participants were eligible for analysis. Women accounted for 49.5% of participants and the mean age was 63.3 ± 6.9 years. Slightly more than half of the participants (52.1%) smoked in the past or were smoking at the time of joining the study and for 70.4% it was their first colonoscopy.



As seen in Table 1, inadequate bowel preparation was significantly more often reported for participants ≥ 70 years of age (22.5%), current smokers (20.4%), regular users of aspirin (19.5%), participants with diabetes (20.5%) and participants who reported abdominal symptoms before colonoscopy (19.9%). In multivariate adjusted analyses, statistically significant prevalence ratios (aPRs, 95% CI) were found for participants ≥ 70 years of age (aPR = 1.50, 95%CI 1.31–1.71), current smokers (aPR = 1.29, 95%CI 1.11–1.50) and those reporting abdominal symptoms before colonoscopy (aPR = 1.14, 95%CI 1.02–1.27).



Table 2 presents the risk factors for advanced neoplasms among study participants with adequate bowel preparation. These same factors, which were found to be associated with inadequate bowel preparation, were also found to be strongly associated with findings of advanced neoplasms among those with adequate bowel preparation, with aPR = 1.72 (95%CI 1.42–2.08), aPR = 1.62 (95%CI 1.31–2.00) and aPR = 1.44 (95%CI 1.24–1.68), for age ≥ 70 years, current smoking and abdominal symptoms, respectively.




4. Discussion


In this study, among more than 8000 participants of screening colonoscopy, some of the strongest risk factors for the presence of CRC, i.e., old age, smoking and abdominal symptoms, were suggested to also be risk factors for inadequate bowel preparation. Since poor bowel preparation goes along with an increased risk of missed relevant colorectal neoplasms [9] these results underline the importance of efforts to ensure the best possible bowel preparation in routine screening practice.



A number of previous, mostly smaller, studies have assessed the prevalence and risk factors of poor bowel preparation in screening and clinical settings as shown in Supplementary Table S1 [8,12,13,14,15]. The association of inadequate bowel preparation with older age may be explained by a worse mental and functional state. In one study, failed colonoscopy among nonagenarians was due to a bad preparation which was inversely associated with the mental and functional state [16]. Abdominal symptoms may be due to anatomical reason or medical disorders that lead to constipation or obstructions in the bowel which were found to be associated with inadequate bowel preparation due to infrequent bowel movements [17].



To our knowledge, ours is the largest study that investigated the role of risk factors for poor bowel preparation exclusively in an outpatient routine screening setting, and the first one to asses several risk factors of inadequate bowel preparation and of advanced colorectal neoplasms side by side in the same study population. In order to minimize bias from missed advanced neoplasms, the latter association was assessed among participants for whom adequate bowel preparation was explicitly documented.



Our results are based on a questionnaire and colonoscopy data collected from participants of a German population-based CRC screening colonoscopy program. With 8125 participants, it is the largest study to date to investigate factors associated with inadequate bowel preparation for colonoscopy conducted solely in a population screening setting. Since adequate bowel cleaning and completed colonoscopy rates differ between inpatient and screening setting [18], our study offers a more accurate view on groups that may need more guidance in preparing for colonoscopies in a population screening setting.



Our study also has limitations. The study included participants who not only chose to attend screening colonoscopy, but also to participate in the study. Most likely populations that tend to have lower participation rates in screening programs such as those with language barriers or from lower socio-economic backgrounds will be underrepresented [19]. Possibly, these groups might also have greater difficulties in performing bowel cleaning properly according to instructions; thus, possibly leading to an even higher rate of inadequate bowel preparation. The information is based on self-administered questionnaires.



Another limitation of our study is that the quality of bowel preparation was reported in approximately half of the colonoscopy reports only and was not rated by an established score. The latter may have led to an imperfect classification of the quality of bowel preparation and, as a result, to some underestimation of associations. On the other hand, our results may well reflect routine screening practice outside academic centers where most screening colonoscopies are conducted and standardized documentation of the quality of bowel preparation is not established.



In conclusion, our study suggests that risk factors for advanced neoplasms such as older age, smoking and having ongoing abdominal symptoms are also risk factors for inadequate bowel preparation for colonoscopy, possibly leading to missed CRC precursors during screening colonoscopy. More efforts should be made to better identify and prepare these higher risk populations adequately for screening colonoscopies.
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Table 1. Characteristics of the study population, association with inadequate bowel preparation and risk of advanced neoplasms.






Table 1. Characteristics of the study population, association with inadequate bowel preparation and risk of advanced neoplasms.





	
Characteristics

	

	
Prevalence Ratio (95% CI)




	
Total

	
Inadequate Bowel Preparation

	
Risk Factors for Inadequate Bowel Preparation

	
Advanced Neoplasms

	
Risk Factors for Advanced Neoplasms




	
n

	
n (Row %)

	
Crude

	
Adjusted *

	
n (Row %)

	
Crude

	
Adjusted *






	
Sex




	
Women

	
4023

	
687 (17.1)

	
Reference

	
Reference

	
317 (7.9)

	
Reference

	
Reference




	
Men

	
4102

	
726 (17.7)

	
1.04 (0.94–1.14)

	
1.03 (0.93–1.15)

	
595 (14.5)

	
1.84 (1.62–2.09)

	
1.66 (1.45–1.91)




	
Age at colonoscopy (years)




	
<60

	
3128

	
477 (15.2)

	
Reference

	
Reference

	
288 (9.2)

	
Reference

	
Reference




	
60–64

	
1706

	
296 (17.4)

	
1.14 (1.00–1.30)

	
1.14 (1.00–1.30)

	
177 (10.4)

	
1.13 (0.94–1.35)

	
1.14 (0.95–1.36)




	
65–69

	
1639

	
268 (16.4)

	
1.07 (0.93–1.23)

	
1.08 (0.94–1.24)

	
197 (12.0)

	
1.31 (1.10–1.55)

	
1.35 (1.14–1.61)




	
≥70

	
1652

	
372 (22.5)

	
1.48 (1.31–1.67)

	
1.50 (1.31–1.71)

	
250 (15.1)

	
1.64 (1.40–1.93)

	
1.77 (1.50–2.09)




	
Body Mass Index (BMI) (kg/m2)




	
<25

	
2427

	
420 (17.3)

	
Reference

	
Reference

	
229 (9.4)

	
Reference

	
Reference




	
25–29.9

	
3567

	
585 (16.4)

	
0.94 (0.84–1.06)

	
0.94 (0.84–1.06)

	
402 (11.3)

	
1.19 (1.02–1.38)

	
1.05 (0.90–1.23)




	
30+

	
1832

	
353 (19.3)

	
1.11 (0.98–1.26)

	
1.12 (0.97–1.28)

	
237 (12.9)

	
1.37 (1.15–1.62)

	
1.23 (1.03–1.47)




	
Education (years)




	
≤9

	
5085

	
929 (18.3)

	
Reference

	
Reference

	
929 (18.3)

	
Reference

	
Reference




	
10–11

	
1399

	
218 (15.6)

	
0.86 (0.75–0.98)

	
0.91 (0.79–1.04)

	
218 (15.6)

	
0.78 (0.65–0.94)

	
0.89 (0.74–1.07)




	
12+

	
1371

	
220 (16)

	
0.87 (0.76–1.00)

	
0.93 (0.81–1.07)

	
220 (16.0)

	
0.94 (0.79–1.11)

	
0.94 (0.79–1.12)




	
Smoking




	
Never

	
3792

	
623 (16.4)

	
Reference

	
Reference

	
344 (9.1)

	
Reference

	
Reference




	
Past

	
3218

	
567 (17.6)

	
1.07 (0.96–1.18)

	
1.07 (0.96–1.19)

	
405 (12.6)

	
1.39 (1.22–1.59)

	
1.21 (1.05–1.39)




	
Current

	
912

	
186 (20.4)

	
1.24 (1.07–1.43)

	
1.29 (1.11–1.50)

	
134 (14.7)

	
1.63 (1.35–1.96)

	
1.58 (1.30–1.91)




	
High alcohol consumption +




	
No

	
5562

	
961 (17.3)

	
Reference

	
Reference

	
586 (10.5)

	
Reference

	
Reference




	
Yes

	
1249

	
212 (17)

	
0.98 (0.85–1.13)

	
0.97 (0.84–1.12)

	
182 (14.6)

	
1.38 (1.17–1.63)

	
1.21 (1.02–1.43)




	
High red and processed meat consumption ++




	
No

	
7101

	
1218 (17.2)

	
Reference

	
Reference

	
767 (10.8)

	
Reference

	
Reference




	
Yes

	
760

	
136 (17.9)

	
1.04 (0.88–1.22)

	
1.02 (0.86–1.20)

	
112 (14.7)

	
1.36 (1.13–1.63)

	
1.17 (0.97–1.41)




	
Current regular aspirin use




	
No

	
6499

	
1098 (16.9)

	
Reference

	
Reference

	
728 (11.2)

	
Reference

	
Reference




	
Yes

	
1383

	
269 (19.5)

	
1.15 (1.02–1.30)

	
1.05 (0.93–1.19)

	
156 (11.3)

	
1.00 (0.85–1.18)

	
0.78 (0.66–0.92)




	
Past endoscopy




	
No

	
5591

	
956 (17.1)

	
Reference

	
Reference

	
710 (12.7)

	
Reference

	
Reference




	
Yes

	
2353

	
428 (18.2)

	
1.06 (0.96–1.18)

	
1.01 (0.91–1.12)

	
177 (7.5)

	
0.59 (0.51–0.70)

	
0.56 (0.47–0.65)




	
Hypertension




	
No

	
4125

	
727 (17.6)

	
Reference

	
Reference

	
427 (10.4)

	
Reference

	
Reference




	
Yes

	
3741

	
639 (17.1)

	
0.97 (0.88–1.07)

	
0.88 (0.80–0.98)

	
451 (12.1)

	
1.16 (1.03–1.31)

	
1.04 (0.91–1.18)




	
Diabetes




	
No

	
6820

	
1151 (16.9)

	
Reference

	
Reference

	
725 (10.6)

	
Reference

	
Reference




	
Yes

	
1058

	
217 (20.5)

	
1.21 (1.06–1.38)

	
1.13 (0.98–1.29)

	
154 (14.6)

	
1.37 (1.16–1.61)

	
1.14 (0.96–1.34)




	
Abdominal symptoms before colonoscopy




	
No

	
5922

	
979 (16.5)

	
Reference

	
Reference

	
606 (10.2)

	
Reference

	
Reference




	
Yes

	
1954

	
388 (19.9)

	
1.20 (1.07–1.33)

	
1.14 (1.02–1.27)

	
268 (13.7)

	
1.34 (1.18–1.54)

	
1.40 (1.23–1.61)








* Adjusted for all other covariates listed in the column; + High alcohol consumption: regular intake of alcohol on ≥5 days a week with one standard alcoholic beverage equaling 0.33 L beer, 0.25 L wine or 2 cL hard liquor. ++ Defined as high if the participant consumed red and processed meat at least once per day. Abbreviations: CI—confidence interval; col%—column percent, e.g., 4023/(4023 + 4102) = 49.5% for women in variable “sex”; Row%—row percent, e.g., 687/4023 = 17.1% for inadequate bowel preparation among women.
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Table 2. Characteristics of the study population and association with prevalence of advanced neoplasms among participants with adequate bowel preparation.
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Characteristics

	
Participants

	
Prevalence Ratio (95% CI)




	
Adequate Bowel Preparation

	
Advanced Neoplasms

	
Crude

	
Adjusted *




	
n

	
Col %

	
n

	
Row %






	
Sex




	
Women

	
3336

	
49.7

	
260

	
7.8

	
Reference

	
Reference




	
Men

	
3376

	
50.3

	
481

	
14.2

	
1.83 (1.58–2.11)

	
1.65 (1.41–1.92)




	
Age at colonoscopy (years)




	
<60

	
2651

	
39.5

	
244

	
9.2

	
Reference

	
Reference




	
60–64

	
1410

	
21.0

	
152

	
10.8

	
1.17 (0.97–1.42)

	
1.20 (0.99–1.45)




	
65–69

	
1371

	
20.4

	
162

	
11.8

	
1.28 (1.06–1.55)

	
1.34 (1.11–1.62)




	
≥70

	
1280

	
19.1

	
183

	
14.3

	
1.55 (1.30–1.86)

	
1.72 (1.42–2.08)




	
Body Mass Index (BMI) (kg/m2)




	
<25

	
2007

	
31.0

	
187

	
9.3

	
Reference

	
Reference




	
25–29.9

	
2982

	
46.1

	
330

	
11.1

	
1.19 (1.00–1.41)

	
1.06 (0.89–1.26)




	
30+

	
1479

	
22.9

	
186

	
12.6

	
1.36 (1.13–1.65)

	
1.26 (1.03–1.54)




	
Education (years)




	
≤9

	
4156

	
64.1

	
475

	
11.4

	
Reference

	
Reference




	
10–11

	
1181

	
18.2

	
104

	
8.8

	
0.77 (0.63–0.94)

	
0.86 (0.71–1.05)




	
12+

	
1151

	
17.7

	
132

	
11.5

	
0.99 (0.83–1.19)

	
1.00 (0.83–1.20)




	
Smoking




	
Never

	
3169

	
48.4

	
280

	
8.8

	
Reference

	
Reference




	
Past

	
2651

	
40.5

	
326

	
12.3

	
1.39 (1.19–1.61)

	
1.20 (1.03–1.41)




	
Current

	
726

	
11.1

	
109

	
15.0

	
1.70 (1.38–2.09)

	
1.62 (1.31–2.00)




	
High alcohol consumption +




	
No

	
4601

	
81.6

	
473

	
10.3

	
Reference

	
Reference




	
Yes

	
1037

	
18.4

	
151

	
14.6

	
1.42 (1.19–1.69)

	
1.24 (1.04–1.48)




	
Red and processed meat consumption




	
<1 per day

	
5883

	
90.4

	
626

	
10.6

	
Reference

	
Reference




	
≥1 per day

	
624

	
9.6

	
89

	
14.3

	
1.34 (1.09–1.64)

	
1.16 (0.95–1.42)




	
Current regular aspirin use




	
No

	
5401

	
82.9

	
598

	
11.1

	
Reference

	
Reference




	
Yes

	
1114

	
17.1

	
119

	
10.7

	
0.96 (0.80–1.16)

	
0.79 (0.65–0.95)




	
Past endoscopy




	
No

	
4635

	
70.7

	
579

	
12.5

	
Reference

	
Reference




	
Yes

	
1925

	
29.3

	
140

	
7.3

	
0.58 (0.49–0.70)

	
0.55 (0.46–0.65)




	
Hypertension




	
No

	
3398

	
52.3

	
352

	
10.4

	
Reference

	
Reference




	
Yes

	
3102

	
47.7

	
362

	
11.7

	
1.12 (0.97–1.29)

	
1.01 (0.87–1.17)




	
Diabetes




	
No

	
5669

	
87.1

	
598

	
10.5

	
Reference

	
Reference




	
Yes

	
841

	
12.9

	
117

	
13.9

	
1.32 (1.10–1.59)

	
1.10 (0.91–1.33)




	
Abdominal symptoms before colonoscopy




	
No

	
4943

	
75.9

	
496

	
10.0

	
Reference

	
Reference




	
Yes

	
1566

	
24.1

	
212

	
13.5

	
1.36 (1.17–1.58)

	
1.44 (1.24–1.68)








* Adjusted for all other covariates listed in the column; + High alcohol consumption: regular intake of alcohol on ≥5 days a week with one standard alcoholic beverage equaling 0.33 L beer, 0.25 L wine or 2 cL hard liquor. Abbreviations: CI—confidence interval; col%—column percent, e.g., 4023/(4023 + 4102) = 49.5% for women in variable “sex”; Row%—row percent, e.g., 687/4023 = 17.1% for inadequate bowel preparation among women.
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