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 Background: Simethicone can improve bowel preparation quality, but the optimal timing of oral simethicone before colo-
noscopy has not been determined. This study aimed to explore the effect of the time interval between oral si-
methicone and the start of colonoscopy (S-C) on bowel preparation quality.

 Material/Methods: A total of 364 patients undergoing colonoscopy at our department from August 1, 2021 to November 30, 2021 
were included in the training cohort, and 420 consecutive patients from December 15, 2021 to January 31, 2022 
comprised the validation cohort. They were classified into short and long S-C groups according to the median 
S-C. Bowel preparation quality evaluated by the Boston Bowel Preparation Scale was compared between the 2 
groups. Logistic regression analyses were performed to explore the correlation between S-C and bowel prep-
aration quality, and we explored the effect of run-way time and time of starting colonoscopy on bowel prepa-
ration quality.

 Results: In the training cohort, 182 and 182 patients were classified into the short and long S-C groups, respectively; 
in the validation cohort, 210 and 210 patients were classified into the 2 groups, respectively. In the 2 cohorts, 
the short S-C group had a significantly higher rate of adequate/excellent bowel preparation than the long S-C 
group. Logistic regression analyses showed that shorter S-C, shorter run-way time, and colonoscopy in the 
morning were all correlated with adequate/excellent bowel preparation.

 Conclusions: Bowel preparation quality may be affected by S-C, run-way time, and time of starting colonoscopy. S-C short-
ening should be given equal importance as run-way time shortening.
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 Abbreviations: CRC – colorectal cancer; S-C – time interval between oral simethicone and the start of  colonoscopy; 
BMI – body mass index; BBPS – Boston Bowel Preparation Scale; OR – odds ratio; CI – confidence 
interval
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Introduction

Colorectal cancer (CRC) is one of the most common cancers 
worldwide, with more than 945 000 new cases each year [1]. 
Early diagnosis and resection of colorectal precancerous lesions 
is fundamental for the prevention of CRC [2,3]. Colonoscopy is 
the criterion standard for detection of colorectal precancerous 
lesions [4], and high-quality bowel preparation during colonos-
copy will improve their detection rate [5,6].

Bowel preparation quality can be influenced by several factors, 
including age, sex, body mass index (BMI), abnormal defecation, 
run-way time (the time interval between the last bowel prepa-
ration and the start of colonoscopy), and time of starting colo-
noscopy [7-14]. Both the European Society of Gastrointestinal 
Endoscopy and the Chinese bowel preparation guidelines rec-
ommend the addition of oral simethicone for improvement of 
mucosal visibility [11,15]. Our recent meta-analysis has also 
confirmed that oral simethicone can improve bowel prepara-
tion quality [16]. However, the optimal time to use simethi-
cone before colonoscopy has not been previously determined.

Several previous studies compared the effects of oral simethi-
cone at different time points before colonoscopy on bowel prep-
aration quality, but their findings were controversial [17-21] 
due to differences in definitions of the time interval between 
oral simethicone and the start of colonoscopy (S-C), and regi-
mens of laxatives given. First, in some studies, the time when 
oral simethicone was given was the day before colonoscopy 
or the day of colonoscopy; by comparison, in others, the time 
when oral simethicone was given was 2 hours, 1 hour, or half an 
hour before colonoscopy [17-21]. Second, single-dose laxative 

regimens were employed in some studies, but split-dose lax-
ative regimens were used in others [17-22].

In this retrospective study we explored the optimal S-C for bow-
el preparation before colonoscopy by adjusting the factors po-
tentially affecting bowel preparation quality. Furthermore, con-
sidering that S-C closely correlates with run-way time and time 
of starting colonoscopy, we further separately determined the 
effect of run-way time and the time of colonoscopy on bowel 
preparation quality by performing logistic regression analyses.

Material and Methods

Study Design

In the training cohort, we retrospectively screened all consec-
utive patients who underwent unsedated colonoscopy by the 
same endoscopist (XQ) at the Department of Gastroenterology 
of the General Hospital of Northern Theater Command between 
August 1, 2021 and November 30, 2021. Exclusion criteria were: 
(1) the failure and inability of cecal intubation during colonos-
copy due to various reasons (colonic lumen stenosis caused by 
colorectal occupation; only polypectomy is performed, but ce-
cal intubation is unnecessary; and the patient’s poor compli-
ance compromises cecal intubation); (2) a history of colorec-
tal resection; (3) lack of data on time when colonoscopy was 
started; (4) lack of data on time when oral simethicone was 
taken; (5) poor adherence to PEG or simethicone according 
to our instructions; (6) colonoscopy was not completed inde-
pendently by the endoscopist; and (7) the relevant data were 
missing or insufficiently recorded.

Consecutive patients undergoing unsedated colonoscopy performed by XQ at
our department from August 1, 2021 to Novemer 30, 2021 

(N=445) 

Short S-C group
(N=182) 

Excluded (N= 81): 
• The failure and inability of cecal intubation during colonoscopy (N=17)
• A history of colorectal resection (N=7)
• Lack of data on time when colonoscopy was started (N=5)
• Lack of data on time when oral simethicone was taken (N=7)
• Poor adherence to polyethylene glycol or simethicone according to our instructions (N=30)
• Colonoscopy was not completed independently by the endoscopist (N=14)
• The relevant data were missing or insu�ciently recorded (N=1)

Long S-C group
(N=182) 

Figure 1.  Flowchart of patients’ enrollment in the training cohort. (The figure was created by Microsoft Office PowerPoint 2019).
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Variables

Overall 
(N=364)

Short S-C group 
(N=182)

Long S-C group 
(N=182)

P value
Median (range) or 

Frequency (percentage)
Median (range) or 

Frequency (percentage)
Median (range) or 

Frequency (percentage)

Age (years)  53.00 (17.00-85.00)  54.00 (18.00-85.00)  53.00 (17.00-77.00) 0.777

Female  172 (47.3%)  76 (41.8%)  96 (52.7%) 0.036

BMI (kg/m2)  24.20 (14.90-47.80)  24.20 (16.70-33.50)  23.90 (14.90-47.80) 0.628

 Weight (kg)  67.50 (40.00-130.00)  68.00 (46.50-110.00)  67.25 (40.00-130.00) 0.216

 Height (m)  1.67 (1.46-1.88)  1.68 (1.50-1.85)  1.66 (1.46-1.88) 0.141

History of colonoscopy  189 (51.9%)  108 (59.3%)  81 (44.5%) 0.005

History of abdominal surgery  102 (28.0%)  50 (27.5%)  52 (28.6%) 0.815

Indications for colonoscopy

 Abdominal pain/discomfort  116 (31.9%)  53 (29.1%)  63 (34.6%) 0.261

 Bloating  22 (6.0%)  8 (4.4%)  14 (7.7%) 0.187

 Abnormal defecation  261 (71.7%)  121 (66.5%)  140 (76.9%) 0.027

 Polyp  59 (16.2%)  39 (21.4%)  20 (11.0%) 0.007

 Health checkup  50 (13.7%)  31 (17.0%)  19 (10.4%) 0.068

 Others  12 (3.3%)  6 (3.3%)  6 (3.3%) 1.000

Colonoscopy started in the morning  199 (54.7%)  156 (85.7%)  43 (23.6%) <0.001

Significant bubbles  6 (1.6%)  1 (0.5%)  5 (2.7%) 0.217

Adverse event

 Nausea  23 (6.3%)  11 (6.0%)  12 (6.6%) 0.829

 Vomiting  5 (1.4%)  2 (1.1%)  3 (1.6%) 1.000

 Abdominal pain  1 (0.3%)  1 (0.3%)  0 (0%) 1.000

 Bloating  3 (0.8%)  2 (1.1%)  1 (0.5%) 1.000

Table 1. Baseline characteristics of included patients in the training cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; BMI – body mass index.

Outcomes

Short S-C group 
(N=182)

Long S-C group 
(N=182) P value

Median (range) Median (range)

BBPS score

 Total 8.00 (4.00-9.00) 7.00 (3.00-9.00) <0.001

 Right-side colon 2.00 (1.00-3.00) 2.00 (0.00-3.00) <0.001

 Transverse colon 3.00 (2.00-3.00) 3.00 (1.00-3.00) 0.001

 Left-side colon 3.00 (1.00-3.00) 2.00 (1.00-3.00) <0.001

Table 2. Comparison of bowel preparation quality between short and long S-C groups in the training cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; BBPS – Boston Bowel Preparation Scale.
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In the validation cohort, we retrospectively analyzed all con-
secutive patients who underwent unsedated colonoscopy per-
formed by 3 endoscopists (XQ, FM, and CL) at our department 
between December 15, 2021 and January 31, 2022. We also 
excluded patients with missing data on the time of the last 
bowel preparation.

This study was performed following the Declaration of Helsinki 
guidelines.

The study protocol was approved by the medical ethics com-
mittee of our hospital, with an approval number Y (2022) 089 
on August 2, 2022. The requirement for informed consent was 
waived, and all the data were de-identified.

Data Collection

The following data were collected: age, sex, height, weight, 
history of colonoscopy and abdominal surgery, indications for 
colonoscopy (eg, abdominal pain/discomfort, bloating, abnor-
mal defecation, polyp, health checkup), time of starting colo-
noscopy, and time and dose of PEG and oral simethicone. BMI, 
run-way time, and S-C were calculated.

Groups and Definitions

Patients were divided into the short and long S-C groups ac-
cording to the median S-C.

Bowel preparation quality was evaluated using the Boston 
bowel preparation scale (BBPS) [23]. The BBPS score for each 
colon segment, including right-side, transverse, and left-side 
colon, was rated from 0 to 3. The right-side colon included 
the cecum and ascending colon; the transverse colon includ-
ed the hepatic flexure, transverse colon, and splenic flexure; 
and the left-side colon included the descending colon, sig-
moid colon, and rectum. The total BBPS score was the sum of 
the BBPS scores for the 3 colon segments, ranging from 0 to 
9. Adequate bowel preparation was defined as a total BBPS 

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Short S-C group
Long S-C group

P<0.001

Excellent Adequate

P=0.002

Figure 2.  Comparison of bowel preparation quality between the 
short and long S-C groups in the training cohort. (The 
figure was created by Microsoft Office PowerPoint 2019). 
S-C – time interval between oral simethicone and the 
start of colonoscopy.

Outcomes OR 95% CI P value

Effect of shorter S-C on adequate bowel preparation

 Univariate logistic regression 4.884 (1.619, 14.731) 0.005

 Multivariate logistic regression 5.112 (1.676, 15.586) 0.004

Effect of shorter S-C on excellent bowel preparation

 Univariate logistic regression 2.532 (1.646, 3.896) <0.001

 Multivariate logistic regression 2.888 (1.843, 4.527) <0.001

Effect of colonoscopy in the morning on adequate bowel preparation

 Univariate logistic regression 5.969 (1.978, 18.011) 0.002

 Multivariate logistic regression 5.723 (1.877, 17.448) 0.002

Effect of colonoscopy in the morning on excellent bowel preparation

 Univariate logistic regression 2.344 (1.518, 3.619) <0.001

 Multivariate logistic regression 2.487 (1.589, 3.893) <0.001

Table 3.  Logistic regression analyses regarding the effect of shorter S-C and colonoscopy in the morning on bowel preparation quality 
in the training cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; OR – odd ratio; CI – confidence interval; BBPS – Boston 
Bowel Preparation Scale. Multivariate logistic regression analyses were performed by adjusting for age, gender, BMI, and abnormal 
defecation for exploring the effect of shorter S-C and colonoscopy in the morning on bowel preparation quality, respectively.
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score of ³6 with a BBPS score of ³2 for each colon segment. 
Excellent bowel preparation was defined as a total BBPS score 
of ³8. BBPS scores were recorded in endoscopic reports by en-
doscopists who were unaware of the S-C.

The presence of significant bubbles would be recorded ac-
cording to the findings of colonoscopy. Adverse events were 
defined as the occurrence of gastrointestinal symptoms after 
the use of oral simethicone, including nausea, vomiting, ab-
dominal pain, and bloating.

Bowel Preparation Procedure

A split-dose laxative regimen has been regularly recommend-
ed for bowel preparation at our department. Patients were in-
structed to drink 1000 mL water with 1 bag of PEG (68.56 g, 
Wanhe Pharmaceutical Co. Ltd., China) the night before the 
colonoscopy, and then to drink another 2000 mL water with 
2 bags of PEG on the morning of the colonoscopy. A bottle of 
oral simethicone (40 mg/mL, 30 mL, Berlin-Chemie AG, Berlin, 
Germany) with 100 mL water was recommended to be tak-
en before colonoscopy, but the time point was not specified.

Statistical Analyses

All statistical analyses were performed by using IBM SPSS 
version 22.0 statistical software (IBM Corp., Armonk, NY). 
Continuous variables were expressed in terms of median 
(range) and compared by the non-parametric Mann-Whitney 
U test. Categorical variables were expressed in terms of fre-
quency (percentage) and compared by the chi-square test or 
Fisher’s exact test. In the training cohort, logistic regression 
analyses were performed to explore the impact of S-C and 

time of starting colonoscopy on bowel preparation quality by 
adjusting for age, sex, BMI, and abnormal defecation. In the 
validation cohort, an additional factor (run-way time) was fur-
ther explored. Odds ratios (ORs) with 95% confidence inter-
vals (CIs) were calculated. A two-tailed P<0.05 was considered 
statistically significant.

Results

Training Cohort

Patients

Overall, 364 patients were included. Their median age was 53 
(range 17-85) years and 47.3% (172/364) were female. Of them, 
94.0% (342/364) and 40.7% (148/364) had adequate and excel-
lent bowel preparation, respectively; 1.6% (6/364) had signifi-
cant bubbles in the colon; 6.3% (23/364), 1.4% (5/364), 0.3% 
(1/364), and 0.8% (3/364) had nausea, vomiting, abdominal 
pain, and bloating, respectively. The time of oral simethicone 
ranged from 0: 00 am to 1: 00 pm on the day of colonoscopy.

Groups

The median S-C was 6.20 hours. Thus, 182 and 182 patients 
were divided into the short (£6.20 hours) and long (>6.20 hours) 
S-C groups, respectively (Figure 1). There was no statistically 
significant difference between the 2 groups in terms of age, 
weight, height, BMI, history of abdominal surgery, or most in-
dications for colonoscopy. The characteristics of included pa-
tients are described in Table 1.

Consecutive patients undergoing unsedated colonoscopy performed by CL, FM, 
and XQ at our department from December 15, 2021 and January 31, 2022 

(N=537)

Short S-C group
(N=210) 

Excluded (N=117): 
• The failure and inability of cecal intubation during colonoscopy (N=17)
• A history of colorectal resection (N=4)
• Lack of data on time when colonoscopy was started (N=20)
• Lack of data on time when oral simethicone was taken (N=5)
• Lack of data on time when the last bowel preparation was performed (N=1)
• Poor adherence to polyethylene glycol or simethicone according to our instructions (N=29)
• Colonoscopy was not completed independently by one endoscopist (N=1)
• The relevant data were missing or insu�ciently recorded (N=40)

Long S-C group
(N=210) 

Figure 3.  Flowchart of patients’ enrollment in the validation cohort. (The figure was created by Microsoft Office PowerPoint 2019).
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Bowel Preparation Quality

Regarding the BBPS score, the short S-C group had a signifi-
cantly higher total BBPS score than the long S-C group [8.00 
(4.00-9.00) vs 7.00 (3.00-9.00); P<0.001]. The right-side colon, 
transverse colon, and left-side colon BBPS scores were also sig-
nificantly higher in the short S-C group than in the long S-C 
group (Table 2). As for the grade of bowel preparation quality, 
the short S-C group had significantly higher bowel preparation 

quality than the long S-C group [Adequate: 178/182 (97.8%) 
vs 164/182 (90.1%), P=0.002; Excellent: 94/182 (51.6%) vs 
54/182 (29.7%), P<0.001] (Figure 2).

Logistic Regression Analyses

Univariate logistic regression analyses showed that both shorter 
S-C and colonoscopy in the morning were significantly associ-
ated with adequate/excellent bowel preparation. Multivariate 

Variables

Overall 
(N=420)

Short S-C group 
(N=210)

Long S-C group 
(N=210)

P value
Median (range) or 

Frequency (percentage)
Median (range) or 

Frequency (percentage)
Median (range) or 

Frequency (percentage)

Age (years)  52.00 (16.00-82.00)  53.50 (16.00-81.00)  52.00 (18.00-82.00) 0.140

Female  180 (42.9%)  90 (42.9%)  90 (42.9%) 1.000

BMI (kg/m2)  24.25 (16.00-51.40)  24.20 (16.00-33.00)  24.70 (16.10-51.40) 0.223

 Weight (kg)  67.50 (40.00-143.00)  67.75 (40.00-101.00)  67.50 (40.00-143.00) 0.499

 Height (m)  1.70 (1.44-1.90)  1.70 (1.50-1.90)  1.70 (1.44-1.90) 0.772

History of colonoscopy  187 (44.5%)  103 (49.0%)  84 (40.0%) 0.062

History of abdominal surgery  121 (28.8%)  50 (23.8%)  71 (33.8%) 0.024

Indications for colonoscopy

 Abdominal pain/discomfort  127 (30.2%)  55 (26.2%)  72 (34.3%) 0.071

 Bloating  19 (4.5%)  10 (4.8%)  9 (4.3%) 0.814

 Abnormal defecation  258 (61.4%)  121 (57.6%)  137 (65.2%) 0.109

 Polyp  32 (7.6%)  27 (12.9%)  5 (2.4%) <0.001

 Health checkup  68 (16.2%)  39 (18.6%)  29 (13.8%) 0.185

 Others  8 (1.9%)  4 (1.9%)  4 (1.9%) 1.000

Run-way time  6.68 (3.15-12.27)  5.58 (3.15-10.29)  8.55 (6.10-12.27) <0.001

Colonoscopy started in the morning  295 (70.2%)  203 (96.7%)  92 (43.8%) <0.001

Significant bubbles  2 (0.5%)  1 (0.5%)  1 (0.5%) 1.000

Adverse event     

 Nausea  16 (3.8%)  10 (4.8%)  6 (2.9%) 0.308

 Vomiting  3 (0.7%)  3 (1.4%)  0 (0%) 0.247

 Abdominal pain  0 (0%)  0 (0%)  0 (0%) –

 Bloating  0 (0%)  0 (0%)  0 (0%) –

Table 4. Baseline characteristics of included patients in the validation cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; BMI – body mass index.
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logistic regression analyses showed that both shorter S-C and 
colonoscopy in the morning were independent risk factors of 
adequate/excellent bowel preparation (Table 3).

Validation Cohort

Patients

Overall, 420 patients were included. Their median age was 52 
(range 16-82) years and 42.9% (180/420) were female. Of them, 
91.2% (383/420) and 48.6% (204/408) had adequate and ex-
cellent bowel preparation, respectively; 0.5% (2/420) had sig-
nificant bubbles in the colon; 3.8% (16/420), 0.7% (3/420), 
0% (0/420), and 0% (0/420) had nausea, vomiting, abdomi-
nal pain, and bloating, respectively. The time of oral simeth-
icone ranged from 9: 00 pm the night before colonoscopy to 
11: 00 am on the day of colonoscopy, and the time of the last 
bowel preparation ranged from 1: 00 am to 9: 30 am on the 
day of colonoscopy.

Groups

The median S-C was 5.50 hours. Thus, 210 and 210 patients 
were divided into the short (£5.50 hours) and long (>5.50 hours) 
S-C groups, respectively (Figure 3). There was no statistically 
significant difference between the 2 groups in terms of age, 
weight, height, BMI, and most indications for colonoscopy. The 
characteristics of included patients are described in Table 4.

Bowel Preparation Quality

As for the BBPS score, the short S-C group had a significantly 
higher total BBPS score than the long S-C group [8.00 (4.00-
9.00) vs 7.00 (1.00-9.00); P<0.001]. The right-side colon, trans-
verse colon, and left-side colon BBPS scores were also signifi-
cantly higher in the short S-C group than in the long S-C group 
(Table 5). As for the grade of bowel preparation quality, the 
short S-C group had significantly higher bowel preparation 
quality than the long S-C group [Adequate: 199/210 (94.8%) 
vs 184/210 (87.6%), P=0.010; Excellent: 125/210 (59.5%) vs 
79/210 (37.6%), P<0.001] (Figure 4).

Logistic regression analyses

Univariate logistic regression analyses showed that short-
er S-C, shorter run-way time, and colonoscopy in the morn-
ing were all significantly associated with adequate/excellent 
bowel preparation. Multivariate logistic regression analyses 
showed that shorter S-C, shorter run-way time, and colonos-
copy in the morning were all independent risk factors of ade-
quate/excellent bowel preparation (Table 6).

Discussion

Based on the current study, bowel preparation quality may 
be improved by shortening S-C. There are some potential 
explanations for this finding, as follows. First, during bowel 

Outcomes

Short S-C group 
(N=210)

Long S-C group 
(N=210) P value

Median (range) Median (range)

BBPS score

 Total 8.00 (4.00-9.00) 7.00 (1.00-9.00) <0.001

 Right-side colon 2.00 (1.00-3.00) 2.00 (0.00-3.00) <0.001

 Transverse colon 3.00 (2.00-3.00) 3.00 (1.00-3.00) 0.006

 Left-side colon 3.00 (1.00-3.00) 3.00 (0.00-3.00) 0.001

Table 5. Comparison of bowel preparation quality between short and long S-C groups in the validation cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; BBPS – Boston Bowel Preparation Scale.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Short S-C group
Long S-C group

P<0.001

Excellent Adequate

P=0.01

Figure 4.  Comparison of bowel preparation quality between the 
short and long S-C groups in the validation cohort. (The 
figure was created by Microsoft Office PowerPoint 2019). 
S-C – time interval between oral simethicone and the 
start of colonoscopy.
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preparation period, the intake of oral simethicone eliminates 
most of the bubbles in the colon [24]. Then, the gas in bubbles 
are released, further accelerating the transit of colonic gas [25], 
which stimulates colonic peristalsis and distal translocation 
of remaining stool or mucus [26]. In this case, if colonoscopy 
was performed immediately, bowel preparation quality might 
be acceptable. By contrast, if colonoscopy was performed af-
ter a long S-C, bowel preparation quality might be poor, prob-
ably because mucus and bile from the small intestine flows 
continuously to the colon, further generating new bubbles and 
cloudy fluid that affect the exposure of the mucosa [27,28]. 
Therefore, oral simethicone can not only eliminate the bub-
bles, but also further promotes the excretion of small intes-
tinal fluid. Notably, in the current study, there was no signifi-
cant difference in term of bubbles between short and long S-C 
groups. In this case, the benefit of shortening S-C on bowel 
preparation quality might be mainly attributed to the reduced 
volume of small intestinal fluid. Second, the time of oral si-
methicone is often close to that of the last bowel preparation 

Outcomes OR 95% CI P value

Effect of shorter S-C on adequate bowel preparation

 Univariate logistic regression 2.556 (1.228, 5.320) 0.012

 Multivariate logistic regression 2.973 (1.399, 6.319) <0.001

Effect of shorter S-C on excellent bowel preparation

 Univariate logistic regression 2.439 (1.647, 3.610) <0.001

 Multivariate logistic regression 2.558 (1.715, 3.817) <0.001

Effect of shorter run-way time on adequate bowel preparation

 Univariate logistic regression 2.951 (1.390, 6.264) 0.005

 Multivariate logistic regression 3.344 (1.546, 7.233) 0.002

Effect of shorter run-way time on excellent bowel preparation

 Univariate logistic regression 3.112 (2.090, 4.635) <0.001

 Multivariate logistic regression 3.229 (2.152, 4.845) <0.001

Effect of colonoscopy in the morning on adequate bowel preparation

 Univariate logistic regression 3.115 (1.571, 6.176) 0.001

 Multivariate logistic regression 3.874 (1.870, 8.029) <0.001

Effect of colonoscopy in the morning on excellent bowel preparation

 Univariate logistic regression 2.799 (1.798, 4.358) <0.001

 Multivariate logistic regression 3.025 (1.916, 4.775) <0.001

Table 6.  Logistic regression analyses regarding the effect of shorter S-C, shorter run-way time, and colonoscopy in the morning on 
bowel preparation quality in the validation cohort.

S-C – time interval between oral simethicone and the start of colonoscopy; OR – odd ratio; CI – confidence interval; BBPS – Boston 
Bowel Preparation Scale. Multivariate logistic regression analyses were performed by adjusting for age, gender, BMI, and abnormal 
defecation for exploring the effect of shorter S-C, shorter run-way time, and colonoscopy in the morning on bowel preparation quality, 
respectively.

according to the bowel preparation instructions provided by our 
department. Thus, patients in the short S-C group had short-
er run-way time than those in the long S-C group (5.58 hours 
vs 8.55 hours). Previous studies have confirmed that short-
er run-way time was associated with higher bowel prepara-
tion quality [29,30] because the duration of secretion of in-
testinal fluid may be shortened before colonoscopy [7]. Third, 
the last bowel preparation is often performed in the morning 
of colonoscopy according to the bowel preparation instruc-
tions provided at our department. As a result, patients who 
underwent colonoscopy in the morning typically had shorter 
run-way time and thus higher bowel preparation quality than 
those who had colonoscopy in the afternoon. Moreover, pre-
vious studies have demonstrated the benefits of colonosco-
py scheduled in the morning on the improvement of bowel 
preparation quality [9,31]. In the current study, most patients 
in the short S-C group underwent colonoscopy in the morn-
ing (the training cohort: 85.7%; the validation cohort: 96.7%) 
and thus had higher bowel preparation quality.
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As previously reported, some factors, including age, sex, BMI, 
and abnormal defecation can influence bowel preparation quali-
ty [10,13]. Thus, they were selected as adjusted factors in multi-
variate logistic regression analyses, and then we found that S-C, 
run-way time, and colonoscopy in the morning all independently 
improved bowel preparation quality. Notably, among the 3 factors 
mentioned above, S-C and run-way time can be controlled sim-
ply by determining when colonoscopy is performed. In addition, 
if we only focus on shortening run-way time, newly generated 
bubbles might continue to influence the visibility of the colonic 
mucosa. In that situation, endoscopists can repeatedly irrigate 
bubbles to ensure visibility during colonoscopy, but the bubbles 
would only be washed to the surface of nearby mucosa rather 
than burst directly. Therefore, while we emphasize shortening 
run-way time, we should also pay attention to shortening S-C.

Our study had several strengths that make our findings more 
reliable. First, there were 2 cohorts of patients. Considering the 
effect of run-way time and the time of colonoscopy on bowel 
preparation quality, the data from the validation cohort were 
used to validate the results of the training cohort. Second, the 
participants had the same bowel preparation regimen and the 
same group of investigators evaluated the bowel preparation 
quality to minimize the risk of bias in assessing the outcomes 
of interest. Third, linear and logistic regression analyses were 
performed to explore the association between S-C and bow-
el preparation quality.

Our study also had several limitations. First, it was performed 
at a single center. Second, this was a retrospective study, and 

some patients were excluded due to lack of relevant data. 
Third, the median S-C interval was subjectively selected for 
grouping to balance the number of patients assigned between 
the 2 groups. Fourth, all 3 endoscopists were trained in eval-
uation of bowel preparation quality, but they may have per-
formed the evaluation differently.

Conclusions

Bowel preparation quality may be affected by S-C, run-way 
time, and the time of colonoscopy performed. S-C shortening 
should be given equal importance as run-way time shortening. 
In addition, at the time of the colonoscopy appointment, the 
time of colonoscopy should be determined as much as possi-
ble to facilitate the control of S-C and run-way time. The cur-
rent findings need to be verified by large-scale prospective 
studies in the future.
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