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Background. Previous studies have suggested that relatively poor bowel preparation in the proximal colon, compared to that in the
distal colon, could decrease the usefulness of colonoscopy. The aim of this study was to determine whether the “ﬁrst defecation
time” after polyethylene glycol (PEG) administration aﬀects the cleansing quality in the proximal colon. Methods. A total of 425
individuals who were scheduled to undergo a screening colonoscopy were enrolled prospectively at the healthcare center of
St. Vincent’s Hospital, Suwon, Korea, between April 2015 and March 2016. Bowel cleansing was performed using 4 L of
PEG. Surveys were conducted to obtain information regarding the “ﬁrst defecation time.” Endoscopists assessed the quality
of bowel preparation in each bowel segment. Results. We investigated 425 consecutive eligible cases. The mean “ﬁrst
defecation time” after PEG administration was 54.35 min. The quality of bowel preparation was poorer in the proximal colon
than that in the distal colon. The adequate (excellent, good) and inadequate (fair, poor) proximal colon preparation groups
comprised 360 (84.7%) and 65 (15.3%) patients, respectively. A multivariate analysis revealed that female gender (P = 0 029),
small waist circumference (P = 0 027), and the long “ﬁrst defecation time” (P = 0 034) were independently associated with
inadequate bowel preparation in the proximal colon. Conclusion. Our data document that the “ﬁrst defecation time,” female
gender, and a small waist circumference aﬀect the quality of preparation in the proximal colon. Inadequate preparation
in the proximal colon was more common in females. Patients with these factors undergoing colonoscopy should be
monitored carefully.

1. Introduction
Colonoscopy is practiced worldwide for early detection of
colon cancer and has lowered the death rate of colorectal
cancer [1, 2]. The eﬀectiveness of colonoscopy depends on
the quality of bowel preparation. Colonoscopy is reportedly
less eﬀective in the proximal colon compared with the distal
colon [3, 4], possibly due to relatively poor bowel preparation
in the proximal colon [5, 6]. Adequate bowel preparation
improves the detection rate of colonic lesions and renders
colonoscopy technically straightforward [7, 8].

The factors associated with inadequate bowel preparation
include old age, constipation, diabetes, dementia, stroke, and
use of tricyclic antidepressants [9, 10]. However, the reported
risk factors vary. Furthermore, few studies have evaluated
proximal colon cleansing or the relationship between right
colon cleansing and bowel movements [11, 12].
To our knowledge, the eﬀect of bowel movement,
particularly the ﬁrst defecation time, on the degree of bowel
preparation has not been investigated. Thus, we investigated
the factors that aﬀect bowel preparation in the proximal
colon and determined whether the ﬁrst defecation time after
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Figure 1: Summary of time intervals after PEG administration including the ﬁrst defecation time.

polyethylene glycol (PEG) administration aﬀects cleansing
quality in the proximal colon.

2. Methods
2.1. Patients and Study Design. This prospective observational study was conducted at the Comprehensive Medical
Examination Center of St. Vincent’s Hospital, Suwon, Korea.
The study was approved by the Institutional Review Board at
The Catholic University of Korea (VC150ISI0011). Written
informed consent was obtained from all patients.
Consecutive patients who were scheduled for screening
colonoscopy at the Comprehensive Medical Examination
Center of St. Vincent’s Hospital were enrolled prospectively.
The exclusion criteria were advanced colon cancer, inﬂammatory bowel disease, previous surgical resection of the colon,
and other comorbidities that can aﬀect bowel movement.
Before the procedure, all patients were educated by
nurses with verbal and printed information regarding the
bowel preparation protocol. Patients were instructed to avoid
eating a high-ﬁber diet for 3 days prior to the colonoscopy
and to consume a clear liquid diet for lunch and dinner on
the day before the examination, with no breakfast on the
day of the exam. The preparation was ingested, beginning
at 6:00 am. Participants were instructed to take 4 L of
PEG (Colyte; Taejoon Pharma, Seoul, Korea) divided into
500 mL volumes, every 30 minutes until completion. All
subjects ingested PEG at the Comprehensive Medical
Examination Center. The coordinator recorded the times
at which PEG ingestion started and ﬁnished, as well as
the ﬁrst defecation time, i.e., the interval between ingestion
and the ﬁrst excretion. After the patients conﬁrmed that they
had excreted cleanly, endoscopy procedures were carried
out by expert endoscopists who had performed more than
1,000 colonoscopies.
The cleanliness of each bowel segment (proximal, cecum,
and ascending colon; transverse, including the hepatic and
splenic ﬂexures; and left, from the descending colon to the
rectum) was assessed by expert endoscopists. Each segment
was assigned a score on a 4-point scale, deﬁned as follows:
3: “Excellent,” entire mucosa of the colon segment seen well,
with no residual staining, small fragments of stool, or opaque
liquid; 2: “Good,” minor amount of residual staining, small
fragments of stool, and/or opaque liquid, but mucosa of the
colon segment is seen well; 1: “Fair,” portion of mucosa of

the colon segment, but other areas of the colon segment are
not well seen because of staining, residual stool, and/or
opaque liquid; and 0: “Poor,” the unprepared colon segment
with mucosa not seen because of solid stool that cannot be
cleared [13, 14].
Demographic features and medical histories were
reported by the patients. The characteristics of polyps and
colonoscopic ﬁndings were obtained from pathology and
colonoscopy reports. We deﬁned the polyp and adenoma
detection rates as the proportions of patients in whom more
than one polyp and adenoma were detected.
2.2. Statistical Analyses. Continuous data are presented as
mean ± SD. The t-test and the chi-square test were used to
evaluate diﬀerences between variables, between the two
groups in the univariate analysis. Variables that were signiﬁcant or showed a tendency to be diﬀerent in the univariate
analysis were included in binary logistic regression for the
multivariate analysis. SPSS software (SPSS Statistics 21 Standard for Medical Service; SPSS Inc., Chicago, IL) was used for
all analyses. A P value of <0.05 was considered indicative of
statistical signiﬁcance.

3. Results
3.1. Patient Demographics and Bowel Movement Kinetics. A
total of 425 consecutive eligible patients were enrolled in
the study; their mean age was 49 1 ± 10 3 years, and 293
(68.9%) were males. Figure 1 shows the average ﬁrst defecation time, time to completion of PEG ingestion, and interval
between PEG ingestion and colonoscopy. The ﬁrst defecation
time after ingestion of PEG ranged from less than 10 min to
more than 120 min; the mean time was 54.35 min (Figure 2).
3.2. Bowel Preparation and Colonoscopy Results. Cecal
intubation was performed for all procedures; the mean cecal
intubation time was 4 1 ± 2 6 min. Polyps were endoscopically discovered in 194 patients, and adenomatous polyps
were pathologically diagnosed in 31 patients. The quality of
bowel preparation in the proximal colon was inferior to that
in the distal colon (Figure 3).
3.3. Factors Associated with Inadequate Preparation in the
Right Colon. The adequate (excellent, good) and inadequate
(fair, poor) proximal colon preparation groups comprised
360 (84.7%) and 65 (15.3%) patients, respectively. The mean
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Figure 3: The degree of bowel preparation in each bowel segment.

total PEG ingestion time was not diﬀerent between the two
groups (167 7 ± 30 7 vs. 163 8 ± 23 9 min, P = 0 337), but
the mean ﬁrst defecation time was longer in the inadequate
group than in the adequate group (63 2 ± 31 8 vs. 52 8 ±
25 5, P = 0 015). Females were signiﬁcantly more likely to
have inadequate bowel preparation (P = 0 002). The mean
body mass index (BMI) was not diﬀerent between the two
groups (24 0 ± 3 3 vs. 24 2 ± 3 2, P = 0 647); however, the
mean waist circumference was signiﬁcantly smaller in the
inadequate group than in the adequate group (82 4 ± 7 6 vs.
85 6 ± 8 2, P = 0 004). The mean cecal intubation time was
nonsigniﬁcantly longer in the inadequate group versus the
adequate group (4 5 ± 2 9 vs. 4 1 ± 2 6, P = 0 187). The polyp
and adenoma detection rates were not diﬀerent between the
two groups (Table 1).
In a multivariate regression analysis, female gender
(OR, 1.892; 95% CI, 1.07–3.35; P = 0 029), small waist circumference (OR, 0.962; 95% CI, 0.93–0.99; P = 0 027), and
the long ﬁrst defecation time (OR, 1.011; 95% CI, 1.00-1.02;
P = 0 034) were signiﬁcantly associated with inadequate
bowel preparation in the proximal colon (Table 2).

The degree of bowel preparation is the most important factor
impacting the quality of colonoscopy and could be aﬀected
by bowel movements and the interval between bowel preparation and colonoscopy. We aimed to identify factors that
aﬀect bowel preparation in the proximal colon and to assess
the relationship between bowel movement kinetics and
bowel preparation. To our knowledge, there are no data on
the ﬁrst defecation time after starting ingestion of PEG, and
no study of bowel preparation has taken into consideration
the ﬁrst defecation time.
Colonoscopy is less eﬀective in colorectal cancer in the
proximal compared with the distal colon [4, 15, 16], possibly
due to inadequate bowel preparation in the proximal colon.
However, few studies have investigated the factors associated
with poor preparation in the proximal colon.
In this study, the bowel preparation in the right colon was
inferior to that in the distal colon, which was associated with
female gender, small waist, and a longer ﬁrst defecation time.
Half of the patients had a bowel movement within 1 h,
and the mean ﬁrst defecation time was 54.35 min. This ﬁnding is similar to a previous report of bowel preparationinduced bowel movement kinetics [8]. However, that study
used PEG electrolyte lavage solution containing ascorbic acid
(PEG-ELS+asc) (MoviPrep; Salix Pharmaceuticals, Raleigh,
NC). In addition, we did not rely on patient reporting of
the ﬁrst defecation time. Inadequate preparation in the right
colon was associated with a longer ﬁrst defecation time,
possibly due to slow bowel kinetics, e.g., constipation. Constipation is reportedly associated with poor bowel preparation [17, 18]. Although no study has evaluated the ﬁrst
defecation time during bowel preparation in constipated
patients, the ﬁrst defecation is delayed after laxative ingestion
in patients with constipation [19]. Therefore, patients with
slow bowel kinetics likely have a longer delay to the ﬁrst
defecation time and poor bowel preparation, especially in
the right colon. We excluded patients with diseases (e.g.,
diabetes), as well as those taking medications that could aﬀect
bowel movements. We demonstrated that long fecal defecation time suggests inadequate bowel preparation in the
proximal colon. Thus, in these patients with a long ﬁrst
defecation time, we recommend activities that can increase
bowel movement or a long runway time from the last
intake for the purge to the procedure.
Male gender is reportedly a predictor of inadequate bowel
preparation [17, 20–22]. This is in contrast to our ﬁnding
that females were signiﬁcantly more likely to have inadequate
bowel preparation. These gender diﬀerences are usually
explained by diﬀerent attitudes to healthcare and diﬀerences
in the rate of adherence to bowel preparation between males
and females [23]. However, all participants in this study were
educated and performed bowel preparation in the hospital.
In addition, previous studies evaluated the preparation status
of the entire bowel, instead of each segment, and included
patients with comorbidities, as well as those taking medications that could aﬀect bowel kinetics. A recent large cohort
study reported that females had a high rate of missing colorectal cancer after negative colonoscopy, and the missed
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Table 1: Characteristics and univariate analysis of the adequate preparation group and inadequate preparation group in the proximal colon.

Sex
Male (%)
Female (%)
Age (mean ± SD, years)
BMI (kg/m2)

Total
(n = 425)

Adequate group
(n = 360)

Inadequate group
(n = 65)

P value

293 (68.9)
132 (31.1)
49 1 ± 10 34

259 (71.9)
101 (28.1)
49 2 ± 10 4

34 (52.3)
31 (47.7)
48 0 ± 10 3

0.002

24 2 ± 3 2

24 2 ± 3 2

24 0 ± 3 3

0.647
0.004

0.392

Waist circumference (cm)

85 1 ± 8 2

85 6 ± 8 2

82 4 ± 7 6

First defecation time (min)

54 4 ± 26 7

52 8 ± 25 5

63 2 ± 31 8

0.015

Time of PEG ingestion (min)

164 4 ± 25 0

163 8 ± 23 9

167 7 ± 30 7

0.337

Time interval between completion of PEG
ingestion and colonoscopy (min)

123 1 ± 30 8

123 3 ± 30 6

122 0 ± 31 7

0.765

4 1±2 6

4 1±2 6

4 5±2 9

0.187

7.5
46.4

6.1
41.5

0.701
0.470

Cecal intubation time (min)
Adenoma detection rate (%)
Polyp detection rate (%)

Table 2: Independent factors associated with inadequate preparation of the proximal colon on multivariate analysis.

Sex
Waist circumference
First defecation time
Cecal intubation time

Estimated value

Standard error

Odds ratio

95% CI∗

P value

0.638
-0.039
0.011
0.016

0.291
0.018
0.005
0.052

1.892
0.962
1.011
1.016

1.07-3.35
0.93-0.99
1.00-1.02
0.92-1.12

0.029
0.027
0.034
0.763

colorectal cancer was most frequently in the proximal colon
[24]. Our ﬁnding that inadequate preparation in the right
colon is more common in females may explain this result.
Interestingly, inadequate bowel preparation in the right
colon was related to a small waist, but not to BMI. A smaller
waist circumference is associated with a longer cecal insertion time [25]. This may in turn be related to a smaller
abdominal cavity, which leads to an acute bended colon,
constipation, and delayed PEG excretion. Therefore, individuals with a small waist are more likely to exhibit inadequate
bowel preparation in the right colon. This ﬁnding is in
contrast to the results of Rotondano et al. [22] who found
that male gender, higher BMI, chronic constipation, and
runway time > 6 hours were associated with inadequate
bowel cleansing of the right colon. However, the patients
enrolled in that study were very heterogeneous, which means
diverse indications, inpatients or outpatients, and variable
comorbidities. These heterogeneities may have aﬀected the
outcome of the study, so further studies are needed.
Considering the results of this study, that women with a
thin waist had an inadequate bowel preparation in the proximal colon, clinicians should recommend activities that can
increase bowel movement or long runway times from the last
intake for the purge to the procedure.
The strength of this study was that all subjects ingested
PEG at the Comprehensive Medical Examination Center
and all indicators, including the ﬁrst defecation time,
were determined by researchers. Furthermore, we excluded
patients taking medications, as well as those with conditions

that could aﬀect bowel kinetics. This study also had several
limitations. First, relatively few female subjects were enrolled.
Second, the subjects were younger, and the ADR was lower,
than in previous reports. Compared with a recent study
[26], the subjects enrolled in our study were younger by 10
years and their indication for colonoscopy was screening.
Therefore, the adenoma and polyp detection rates would be
low and there would be no diﬀerence between the two
groups. Third, we did not survey the bowel habits of the
subjects, which could lead to selection bias.
In conclusion, female gender, small waist, and a long ﬁrst
defecation time were associated with inadequate bowel preparation in the right colon. Clinicians should be aware of this
before colonoscopy and should check the clarity of the rectal
eﬄuent of females with a small waist and a longer ﬁrst defecation time. However, further studies of the eﬀect of controlling the ﬁrst defecation time on bowel cleansing are needed.
Moreover, methods of improving bowel clearance in patients
with slow bowel movements should be developed.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.

Disclosure
The study was presented as a poster presentation at the
Digestive Disease Week at Chicago, USA, in May 2017.

Gastroenterology Research and Practice

Conflicts of Interest
The authors declare no conﬂicts of interest concerning
this article.

Acknowledgments
The authors acknowledge the ﬁnancial support of the
Catholic Medical Center Research Foundation for the
program year 2013.

References
[1] S. J. Winawer, A. G. Zauber, R. H. Fletcher et al., “Guidelines
for colonoscopy surveillance after polypectomy: a consensus
update by the US Multi-Society Task Force on Colorectal
Cancer and the American Cancer Society,” Gastroenterology,
vol. 130, no. 6, pp. 1872–1885, 2006.
[2] A. G. Zauber, S. J. Winawer, M. J. O'Brien et al., “Colonoscopic
polypectomy and long-term prevention of colorectal-cancer
deaths,” The New England Journal of Medicine, vol. 366,
no. 8, pp. 687–696, 2012.
[3] A. K. Shergill, E. E. Conners, K. R. McQuaid et al., “Protective
association of colonoscopy against proximal and distal colon
cancer and patterns in interval cancer,” Gastrointestinal
Endoscopy, vol. 82, no. 3, pp. 529–537.e1, 2015.
[4] H. Singh, Z. Nugent, A. A. Demers, E. V. Kliewer, S. M.
Mahmud, and C. N. Bernstein, “The reduction in colorectal
cancer mortality after colonoscopy varies by site of the cancer,”
Gastroenterology, vol. 139, no. 4, pp. 1128–1137, 2010.
[5] B. T. Clark, N. D. Parikh, and L. Laine, “Yield of repeat
forward-view examination of the right side of the colon in
screening and surveillance colonoscopy,” Gastrointestinal
Endoscopy, vol. 84, no. 1, pp. 126–132, 2016.
[6] D. G. Hewett and D. K. Rex, “Miss rate of right-sided colon
examination during colonoscopy deﬁned by retroﬂexion: an
observational study,” Gastrointestinal Endoscopy, vol. 74,
no. 2, pp. 246–252, 2011.
[7] F. Froehlich, V. Wietlisbach, J. J. Gonvers, B. Burnand, and
J. P. Vader, “Impact of colonic cleansing on quality and
diagnostic yield of colonoscopy: the European Panel of
Appropriateness of Gastrointestinal Endoscopy European
multicenter study,” Gastrointestinal Endoscopy, vol. 61,
no. 3, pp. 378–384, 2005.
[8] N. Horton, A. Garber, H. Hasson, R. Lopez, and C. A. Burke,
“Impact of single- vs. split-dose low-volume bowel preparations on bowel movement kinetics, patient inconvenience,
and polyp detection: a prospective trial,” The American Journal of Gastroenterology, vol. 111, no. 9, pp. 1330–1337, 2016.
[9] C. L. Cheng, N. J. Liu, J. H. Tang et al., “Predictors of suboptimal bowel preparation using 3-l of polyethylene glycol
for an outpatient colonoscopy: a prospective observational
study,” Digestive Diseases and Sciences, vol. 62, no. 2,
pp. 345–351, 2017.
[10] A. Z. Gimeno-García, J. Baute, G. Hernandez et al., “Risk
factors for inadequate bowel preparation: a validated predictive score,” Endoscopy, vol. 49, no. 6, pp. 536–543, 2017.
[11] S. Y. Park, D. I. Kim, H. S. Kim et al., “Subjective taste
to polyethylene glycol is associated with eﬃcacy of right
colon preparation,” Scandinavian Journal of Gastroenterology,
vol. 52, no. 4, pp. 373–376, 2017.

5
[12] S. Pontone, R. Angelini, M. Standoli et al., “Low-volume plus
ascorbic acid vs high-volume plus simethicone bowel preparation before colonoscopy,” World Journal of Gastroenterology,
vol. 17, no. 42, pp. 4689–4695, 2011.
[13] E. J. Lai, A. H. Calderwood, G. Doros, O. K. Fix, and B. C.
Jacobson, “The Boston bowel preparation scale: a valid and
reliable instrument for colonoscopy-oriented research,” Gastrointestinal Endoscopy, vol. 69, no. 3, pp. 620–625, 2009.
[14] D. K. Rex, J. L. Petrini, T. H. Baron et al., “Quality indicators
for colonoscopy,” The American Journal of Gastroenterology,
vol. 101, no. 4, pp. 873–885, 2006.
[15] J. Lakoﬀ, L. F. Paszat, R. Saskin, and L. Rabeneck, “Risk of
developing proximal versus distal colorectal cancer after a
negative colonoscopy: a population-based study,” Clinical
Gastroenterology and Hepatology, vol. 6, no. 10, pp. 1117–
1121, 2008.
[16] H. Brenner, M. Hoﬀmeister, V. Arndt, C. Stegmaier,
L. Altenhofen, and U. Haug, “Protection from right- and leftsided colorectal neoplasms after colonoscopy: populationbased study,” Journal of the National Cancer Institute,
vol. 102, no. 2, pp. 89–95, 2010.
[17] R. M. Ness, R. Manam, H. Hoen, and N. Chalasani, “Predictors
of inadequate bowel preparation for colonoscopy,” The
American Journal of Gastroenterology, vol. 96, no. 6,
pp. 1797–1802, 2001.
[18] V. K. Dik, L. M. G. Moons, M. Hüyük et al., “Predicting
inadequate bowel preparation for colonoscopy in participants
receiving split-dose bowel preparation: development and
validation of a prediction score,” Gastrointestinal Endoscopy,
vol. 81, no. 3, pp. 665–672, 2015.
[19] C. Lam, G. Chaddock, L. Marciani et al., “Colonic response to
laxative ingestion as assessed by MRI diﬀers in constipated
irritable bowel syndrome compared to functional constipation,” Neurogastroenterology and Motility, vol. 28, no. 6,
pp. 861–870, 2016.
[20] C. Hassan, L. Fuccio, M. Bruno et al., “A predictive model
identiﬁes patients most likely to have inadequate bowel
preparation for colonoscopy,” Clinical Gastroenterology and
Hepatology, vol. 10, no. 5, pp. 501–506, 2012.
[21] J. S. Sim and J. S. Koo, “Predictors of inadequate bowel
preparation and salvage options on colonoscopy,” Clinical
Endoscopy, vol. 49, no. 4, pp. 346–349, 2016.
[22] G. Rotondano, A. Rispo, M. E. Bottiglieri et al., “Quality of
bowel cleansing in hospitalized patients undergoing colonoscopy: a multicentre prospective regional study,” Digestive and
Liver Disease, vol. 47, no. 8, pp. 669–674, 2015.
[23] R. V. Romero and S. Mahadeva, “Factors inﬂuencing quality of
bowel preparation for colonoscopy,” World Journal of Gastrointestinal Endoscopy, vol. 5, no. 2, pp. 39–46, 2013.
[24] H. Singh, Z. Nugent, S. M. Mahmud, A. A. Demers, and C. N.
Bernstein, “Predictors of colorectal cancer after negative colonoscopy: a population-based study,” The American Journal of
Gastroenterology, vol. 105, no. 3, pp. 663–673, 2010.
[25] Y. H. Hsieh, C. S. Kuo, K. C. Tseng, and H. J. Lin, “Factors that
predict cecal insertion time during sedated colonoscopy: the
role of waist circumference,” Journal of Gastroenterology and
Hepatology, vol. 23, no. 2, pp. 215–217, 2008.
[26] E. S. Boroﬀ, M. Disbrow, M. D. Crowell, and F. C. Ramirez,
“Adenoma and polyp detection rates in colonoscopy according to indication,” Gastroenterology Research and Practice,
vol. 2017, Article ID 7207595, 6 pages, 2017.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

