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Purpose: The quality of bowel preparation is a major determinant of the quality of colonoscopy. This study evaluated life-
style factors, including usual dietary style, associated with bowel preparation.  
Methods: This retrospective study evaluated 1,079 consecutive subjects who underwent complete colonoscopy from De-
cember 2012 to April 2014 at National Cancer Center of Korea. Questionnaires on bowel preparation were completed by 
the subjects, with the quality of bowel preparation categorized as optimal (excellent or good) or suboptimal (fair, poor or 
inadequate). Lifestyle factors associated with bowel preparation were analyzed.  
Results: The 1,079 subjects included 680 male (63.0%) and 399 female patietns (37.0%), with a mean age of 49.6 ± 8.32 
years. Bowel preparation was categorized as optimal in 657 subjects (60.9%) and as suboptimal in 422 (39.1%). Univariate 
analyses showed no differences between groups in lifestyle factors, such as regular exercise, alcohol intake, smoking, and 
dietary factor. Body mass index (BMI) > 25 kg/m2 was the only factor associated with suboptimal bowel preparation on 
both the univariate (P = 0.007) and the multivariate (odds ratio, 1.437; 95% confidence interval, 1.104–1.871; P = 0.007) 
analyses.  
Conclusion: Most lifestyle factors, including dietary patterns, exercise, alcohol intake and smoking, were not associated 
with suboptimal bowel preparation in Koreans. However, BMI > 25 kg/m2 was independently associated with suboptimal 
bowel preparation. More intense preparation regimens before colonoscopy can be helpful in subjects with BMI > 25 kg/m2. 
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer and 
the fourth leading cause of cancer-related deaths in Korea [1]. 
Colonoscopy and the associated removal of precancerous lesions 
have been shown to reduce CRC-associated mortality rates [2]. 

Despite its invasiveness, colonoscopy is considered the standard 
diagnostic method for CRC and other colorectal diseases, as well 
as for the removal of precancerous polyps. The efficacy of colo-
noscopy depends on several factors. The presence of adenoma-
tous polyps affects the risk of CRC after screening colonoscopy 
[3]. Detection of adenomas, however, depends on the ability to vi-
sualize the colonic mucosa, emphasizing the importance of bowel 
preparation [4-6]. However, bowel preparation at the time of 
colonoscopy is found to be suboptimal in about 20% of subjects 
[5]. 

Suboptimal bowel preparation has been associated with longer 
intubation time, decreased cecal intubation rate, a higher rate of 
missed lesions, increased patient discomfort and a higher risk of 
complications [7]. Factors associated with suboptimal bowel 
preparation have been found to include in inpatient status, consti-
pation, use of tricyclic antidepressants, later colonoscopy starting 
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time, male sex, and low socioeconomic status [8]. Other factors 
associated with suboptimal bowel preparation include increased 
body mass index (BMI) [9] and a low residue diet [10, 11]. The 
normal Korean diet includes high amounts of fiber and sodium. 
However, dietary patterns in Korea have become more western-
ized with industrialization. This study was designed to evaluate 
the relationship between lifestyle factors, including dietary pat-
terns, and quality of bowel preparation for screening colonoscopy 
in Korean subjects.

 
METHODS

Subjects and data collection
Individuals enrolled in this study underwent self-motivated com-
prehensive cancer screening, including colonoscopy at the Center 
for Cancer Prevention and Detection of the National Cancer Cen-
ter (NCC, Goyang, Korea) between December 2012 and April 
2014. This study was approved by the Institutional Review Board 
of the NCC (NCC2014-0218). All participating subjects provided 
signed informed consent before enrollment. Of the 6,436 consecu-
tive subjects who had undergone screening colonoscopy at our in-
stitution, 5,344 did not respond to the questionnaires and dietary 
surveys. Fifteen subjects could not undergo complete colonos-
copy, and one underwent sigmoidoscopy with Yal enema (Fig. 1). 

Subjects who had undergone screening colonoscopy were pro-
spectively given questionnaires on environmental, lifestyle and 
host factors associated with the risk of cancer. Questionnaires 
were mailed to the subjects one week before colonoscopy. Ques-
tionnaires included a 3-day food record (1 weekend day and 
2-week-days) and questions on family history, surgical or medical 
history, lifestyle, and education level. The questionnaires were re-

turned to the hospital at the time of colonoscopy. During the 
scheduled visit, subjects’ food records were reviewed by trained 
nutritionists who used aids such as food models to improve re-
porting accuracy. Daily energy and macro- and micronutrient in-
takes were calculated using the Korean Nutrition Society’s nutri-
ent database (Can-Pro 3.0, The Korean Nutrition Society, Seoul, 
Korea) [12]. Nutrient density was calculated by standardizing nu-
trient intake per 1,000 kcal based on everyone’s intake. Personal 
data (age, sex, alcohol consumption, smoking status, personal 
medical history, and medication history) were collected prior to 
colonoscopy. Smoking status was classified as current smoker 
(daily or occasionally), former smoker (quit at least 1 year before), 
or nonsmoker (lifetime abstainer). Alcohol consumption status 
was similarly classified. Weight and height measurements were 
automated (InBody, Biospace Co., Ltd, Seoul, Korea). BMI was 
calculated as weight in kg divided by height in m2 and categorized 
as normal or abnormal, as described previously and according to 
World Health Organization expert consultation [13]. 

Before colonoscopy, all subjects were advised on proper meth-
ods of bowel preparation, including (1) a low fiber diet for the 72 
hours before colonoscopy, (2) a liquid diet on the day before colo-
noscopy, (3) 2 tablets of 5-mg bisacodyl at 7 PM on the day before 
colonoscopy, (4) 2 L of polyethylene glycol plus ascorbic acid, one 
liter at 6 and the other at 9 PM on the day before colonoscopy. All 
subjects underwent colonoscopy during the morning using video 
colonoscopes (Olympus CF-Q240, CF-Q260 or CF-H260, Olym-
pus, Tokyo, Japan). 

The adequacy of bowel preparation was assessed by the endos-
copists on withdrawal of the colonoscope, by using the Aronchick 
score as excellent, good, fair or poor [14]. Colonoscopy findings 
included the presence of polyps, their numbers and sizes, Paris 

Fig. 1. Flow chart of study.

6,436 Subjects undergoing screening 
colonoscopy

1,079 Subjects underwent complete 
colonoscopy and submitted question 

naires and dietary surveys

657 Optimal
  17 Excellent
640 Good

422 Suboptimal
371 Fair
    4 Poor
  47 Inadequate

Exclusion
3,274 Nonrespondents to questionnaires
2,067 Nonrespondents to the dietary survey
     15 Incomplete colonoscopy
       1 Sigmoidoscopy
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classification and methods of polypectomy. Subjects were catego-
rized into 2 group, those with optimal (excellent or good based on 
the Aronchick score) and suboptimal (fair, poor, or inadequate) 
bowel preparation.  

Statistical analyses
The study was designed to assess the association between lifestyle 
factors and bowel preparation. The characteristics of subjects with 
optimal and suboptimal bowel preparation were compared using 
Student t-tests for continuous variables and chi-square tests for 
categorical variables. Daily nutrition and food intake were catego-
rized by quartiles. Regression models were used to assess associa-
tions of daily nutrition with food intake and bowel preparation 
quality. Odds ratios (ORs) and 95% confidence intervals (CI) 
were estimated using logistic regression, both in the crude model 
and in the multivariate model. The multivariate model was ad-
justed for age, sex, smoking status, and alcohol consumption. 
Tests for trends were derived from logistic regression with a single 
term representing the medians of each quartile. A 2-sided P-value 
less than 0.05 was regarded as statistically significant. All statisti-
cal analyses were performed using SAS 9.3 (SAS Institute Inc., 
Cary, NC, USA) and SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS

A total of 1,079 subjects underwent complete colonoscopy and 
completed questionnaires and dietary surveys. These 1,079 sub-
jects included 680 male (63.0%) and 399 female patients (37.0%), 
with a mean age 49.6 ± 8.3 years. Bowel preparation was catego-
rized as optimal for 657 subjects (60.9%) and as suboptimal for 
422 subjects (39.1%). Preparation quality was characterized as ex-
cellent for 17 (1.6%), good for 640 (59.3%), fair for 371 (34.4%), 
poor for four (0.4%) and inadequate for 47 subjects (4.3%) (Fig. 
1). The 1,079 included subjects had a mean BMI of 24.1 ± 2.9 and 
a mean waist-to-hip ratio of 0.89 ± 0.08. All subjects underwent 
colonoscopy for surveillance; of these, 682 (63.2%) had previously 
undergone surveillance colonoscopy, and 293 (27.2%) had a his-
tory of abdominal surgery (Table 1). Polyps were detected in 
41.4% of the subjects and adenomatous polyps in 28.0%.

Table 2 shows the characteristics of the optimal and the subopti-
mal bowel preparation groups. The percentage of subjects with 
BMI > 25 kg/m2 was significantly higher in subjects with subopti-
mal bowel preparation than in subjects with optimal bowel prepa-
ration (P = 0.005). In contrast, the mean waist-to-hip ratios were 
similar (0.89 ± 0.07 vs. 0.89 ± 0.08, P = 0.365). Other variables, 
such as history of abdominal surgery, comorbidities (e.g., hyper-
tension, diabetes, constipation), and social habits (e.g., alcohol 
use, smoking) did not differ significantly between these two 
groups. Mean red meat intake was significantly higher in subjects 
with suboptimal bowel preparation than in those with optimal 
bowel preparation (73.73 ± 76.62 g/day vs. 64.67 ± 62.20 g/day, P 
= 0.042). Other dietary factors did not differ significantly between 

these 2 groups. 
Table 3 shows the association between BMI and suboptimal 

bowel preparation. Subjects with higher BMI were at significantly 
higher risk for suboptimal bowel preparation. BMI > 30 kg/m2 
was significantly associated with suboptimal bowel preparation 
on both the univariate (OR, 3.20; 95% CI, 0.92–11.15; P = 0.041) 
and the multivariate (OR, 3.75; 95% CI, 1.00–14.16; P = 0.042) lo-
gistic regression analyses. In contrast, no factor associated with 
the level of nutrition of food intake was significantly associated 
with adequacy of bowel preparation on either the univariate or 
the multivariate logistic regression analyses (Table 4).

DISCUSSION

This study found that obesity was an independent risk factor for 
suboptimal bowel preparation quality in subjects undergoing sur-
veillance colonoscopy. Although dietary factors associated with 
bowel preparation were also analyzed because we expected sub-
optimal bowel preparation to be associated with ingestion of a 
higher amount of dietary fiber, we found no association between 
dietary patterns and the adequacy of bowel preparation. 

In Korea, traditional diets contain higher amounts of fiber and 
rice and lower amounts of red meat than Western diets. Industri-
alization, however, has caused Korean diets to become more west-
ernized. Nevertheless, vegetable intake remains higher in Korean 
than in Western diets. We hypothesized that dietary patterns and 
lifestyle factors would have an impact on bowel preparation. 
However, we found that dietary patterns and lifestyle factors were 
not associated with the quality of bowel preparation. 

Factors shown to be important in the quality of bowel prepara-
tion include dietary restrictions and timing of colonoscopy [15-
17]. For example, a low residue diet for 2 days before colonoscopy 
was found to improve the quality of bowel preparation [18], sug-
gesting that a low residue diet before colonoscopy is essential for 
optimizing the quality of bowel preparation. However, a clear liq-

Table 1. Demographic and clinical characteristics of the study popu-
lation (n = 1,079)

Characteristic Value

Age (yr) 49.6 ± 8.32

Male sex 680 (63.0)

Body mass index (kg/m2) 24.0 ± 2.9

Waist-to-hip ratio 0.89 ± 0.08

Experience of colonoscopy 682 (63.2)

History of abdominal surgery 293 (27.2)

Cecal intubation time (min) 6.95 ± 4.69

Polyp detection rate 446 (41.3)

Adenoma detection rate 302 (28.0)

Values are presented as mean ± standard deviation or number (%). 
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Table 2. Characteristics of subjects with optimal and suboptimal preparation quality

Variable All subjects (n = 1,079) Optimal preparation (n = 657) Suboptimal preparation (n = 422) P-value

Age (yr) 49.6 ± 8.3 53.0 ±8.4 54.1 ± 21.7 0.347

Sex

   Male 680 (63.0) 419 (63.8) 261 (61.8) 0.561

   Female 399 (37.0) 238 (36.2) 161 (38.2)

Body mass indexa (kg/m2) 24.0 ± 2.9 23.9 ± 2.8 24.3 ± 3.0 0.030

   ≤25 707 (65.5) 452 (68.8) 255 (60.4) 0.005

   >25 372 (34.5) 205 (31.2) 167 (39.6)

Waist circumference 85.4 ± 8.4 85.3 ± 8.3 85.5 ± 8.6 0.700

   <90 cm for males, <80 cm for females 574 (53.2) 358 (54.5) 216 (51.2) 0.317

   ≥90 cm for males, ≥80 cm for females 503 (46.6) 298 (45.4) 205 (48.6)

   Missing 2 (0.2) 1 (0.1) 1 (0.2)

Waste-to-hip ratio 0.89 ± 0.08 0.89 ± 0.07 0.89 ± 0.08 0.365

Colonoscopy Hx 

   Yes 682 (63.2) 411 (62.6) 271 (64.2) 0.668

   No 321 (29.7) 198 (30.1) 123 (29.2)

   Missing 76 (7.1) 48 (7.3) 28 (6.6)

Abdominal surgery

   Yes 293 (27.2) 181 (27.6) 112 (26.5) 0.779

   No 684 (63.4) 416 (63.3) 268 (63.5)

   Missing 102 (9.4) 60 (9.1) 42 (10.0)

Hypertension

   Present 212 (19.6) 128 (19.5) 84 (19.9) 0.865

   Absent 867 (80.4) 529 (80.5) 338 (80.1)

Diabetes

   Present 71 (6.6) 38 (5.8) 33 (7.8) 0.188

   Absent 1,008 (93.4) 619 (94.2) 389 (92.2)

Constipation

   Present 91 (8.4) 55 (8.4) 36 (8.5) 0.841

   Absent 701 (65.0) 416 (63.3) 285 (67.5)

   Missing 287 (26.6) 186 (28.3) 101 (24.0)

Education level

   High school or less 446 (41.3) 266 (40.5) 180 (42.7) 0.460

   College or more 588 (54.5) 364 (55.4) 224 (53.1)

   Missing 45 (4.2) 27 (4.1) 18 (4.2)

Regular exercise

   No 481 (44.6) 302 (46.0) 179 (42.4) 0.197

   Yes 316 (29.3) 184 (28.0) 132 (31.3)

   Missing 282 (26.1) 171 (26.0) 111 (26.3)

Alcohol consumption

   Nondrinker 286 (26.5) 170 (25.9) 116 (27.5) 0.817

   Former drinker 64 (5.9) 40 (6.1) 24 (5.7)

   Current drinker 718 (66.5) 441 (67.1) 277 (65.6)

   Missing 11 (1.1) 6 (0.9) 5 (1.2)

(Continued to the next page)
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Table 2. Continued

Variable All subjects (n = 1,079) Optimal preparation (n = 657) Suboptimal preparation (n = 422) P-value

Smoking status

   Nonsmoker 455 (42.2) 282 (42.9) 173 (41.0) 0.804

   Former smoker 330 (30.6) 199 (30.3) 131 (31.0)

   Current smoker 278 (25.8) 166 (25.3) 112 (26.5)

   Missing 16 (1.4) 10 (1.5) 6 (1.5)

Energy intake (kcal/day) 1,836.58 ± 510.26 1,820.15 ± 483.51 1,862.17 ± 548.94 0.199

Fiber (g/day) 20.22 ± 7.34 20.27 ± 7.48 20.14 ± 7.11 0.790

Red meat (g/day) 68.21 ± 68.31 64.67 ± 62.20 73.73 ± 76.62 0.042

Vegetable & Fruit (g/day) 526.84 ± 272.43 533.47 ± 269.77 516.52 ± 276.54 0.319

Carbohydrate (g/day) 279.53 ± 79.23 279.82 ± 77.84 279.09 ± 81.45 0.883

Protein (g/day) 71.31 ± 22.82 71.16 ± 22.58 71.56 ± 23.21 0.778

Fat (g/day) 42.50 ± 19.42 41.54 ± 18.33 44.00 ± 20.93 0.049

Calcium (mg/day) 498.82 ± 216.25 500.45 ± 227.38 496.28 ± 197.92 0.750

Cholesterol (mg/day) 300.80 ± 179.76 301.40 ± 175.30 299.88 ± 186.69 0.893

Sodium (mg/day) 4,273.66 ± 1,805.84 4,328.07 ± 1,785.62 4,188.95 ± 1,835.79 0.217

Folic acid (μg/day) 521.11 ± 190.90 520.62 ± 194.22 521.86 ± 185.83 0.917

Values are presented as number (%) or mean ± standard deviation.
aBMI criteria are based on ≤25 kg/m2: normal, >25 kg/m2: overweight + obesity.

Table 3. Association between body mass index and suboptimal 
bowel preparation

Variable
No. of optimal/

suboptimal
Crude OR 
(95% CI)

Multivariate ORa 
(95% CI)

BMI (kg/m2)a,b

   ≤25 452/255 1.00 1.00

   >25 205/167 1.44 (1.12–1.86) 1.42 (1.11–1.85)

   P-value 0.005 0.007

BMI (kg/m2)a,c

   ≤18.5 16/5 1.00 1.00

   18.5–24.9 428/248 1.85 (0.67–5.12) 2.18 (0.72–6.65)

   25.0–29.9 199/155 2.49 (0.89–6.95) 2.89 (0.94–8.90)

   ≥30 14/14 3.20 (0.92–11.15) 3.75 (1.00–14.16)

   P-value 0.041 0.042

BMI, body mass index; OR, odds ratio; CI, confidential interval.
aAdjusted for age, sex, smoking status, and alcohol consumption. bBMI criteria are 
based on (1) ≤25 kg/m2: normal, >25 kg/m2: overweight + obesity. cWorld Health 
Organization expert consultation, Lancet 2004;363(9403):157-63 [13].

uid diet was not mandatory for bowel preparation [19, 20].
The dietary survey in this study included questions about usual 

dietary patterns, not those 2 or 3 days before colonoscopy. We 
found no association between subjects’ usual dietary patterns and 
the quality of bowel preparation. However, dietary patterns for 
several days immediately before colonoscopy were found to be 

important for optimizing the quality of bowel preparation.
Our results are consistent with those of previous studies, show-

ing that obesity was a risk factor for suboptimal preparation qual-
ity. For example, 2 studies reported that BMI ≥ 30 kg/m2 was an 
independent predictors of inadequate bowel preparation at colo-
noscopy (OR, 1.35; 95% CI, 1.09–1.68; P = 0.006) [9, 21]. How-
ever, the reason for the association between obesity and subopti-
mal bowel preparation is not clear. Adequate bowel preparation 
has been found to be particularly important in obese subjects due 
to their increased incidence of colonic adenomas [22, 23]. Thus, 
suboptimal preparation in obese subjects may result in a higher 
rate of missed adenomas than in subjects whose BMI ≤ 25 kg/m2. 
A more intensive preparation regimen may therefore benefit sub-
jects with higher BMI. Preparation quality in obese subjects may 
be improved by a higher dose of current preparation regimens, 
the addition of another cathartic, a longer period of dietary re-
striction (low-residue diet and clear-liquid diet), and education to 
optimize understanding and compliance.

Inadequate bowel preparation has also been associated with de-
layed colonoscopy starting time; failure to follow preparation in-
structions; inpatient status; procedural indications of constipation, 
use of tricyclic antidepressants, male sex, a history of cirrhosis, 
stroke, or dementia, and a history of abdominal surgery, such as, 
an appendectomy, colorectal resection, or hysterectomy [24, 25]. 
This study found that other factors tested, including a history of 
abdominal surgery, older age, history of underlying disease, and 
usual dietary pattern, were not associated with quality of bowel 
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Table 4. Association between the level of nutrition and food intake and suboptimal bowel preparation

Variable Optimal (n = 657) Suboptimal (n = 422) Crude OR (95% CI) Multivariate ORa (95% CI)

Energy intake (kcal/day)

   <1,461 159 105 1.00 1.00

   1,461–1,800 178 97 0.83 (0.58–1.17) 0.85 (0.60–1.22)

   1,800–2,129 160 109 1.03 (0.73–1.46) 1.10 (0.76–1.58)

   >2,129 160 111 1.05 (0.74–1.48) 1.13 (0.78–1.65)

   P for trendb 0.491 0.299

Fiber (g/day)

   <15 188 119 1.00 1.00

   15–19 119 68 0.90 (0.62–1.32) 0.91 (0.62–1.32)

   19–24   160 108 1.07 (0.76–1.49) 1.08 (0.77–1.52)

   >24 190 127 1.06 (0.77–1.46) 1.09 (0.78–1.52)

   P for trend 0.591 0.496

Red meat (g/day)

   <18 162 109 1.00 1.00

   18–48 173 91 0.78 (0.55–1.11) 0.78 (0.55–1.12)

   48–102 170 103 0.90 (0.64–1.27) 0.92 (0.65–1.30)

   >102 152 119 1.16 (0.83–1.64) 1.20 (0.84–1.71)

   P for trend 0.138 0.110

Vegetable & Fruit (g/day)

   <333 155 115 1.00 1.00

   333–480 169 100 0.80 (0.57–1.13) 0.79 (0.56–1.12)

   480–675   170 100 0.79 (0.56–1.12) 0.79 (0.56–1.13)

   >675 163 107 0.89 (0.63–1.25) 0.89 (0.62–1.27)

   P for trend 0.618 0.681

Carbohydrate (g/day)

   <224 157 113 1.00 1.00

   224–272 176 92 0.73 (0.51–1.03) 0.74 (0.52–1.06)

   272–330   162 105 0.90 (0.64–1.27) 0.93 (0.65–1.33)

   >330 162 112 0.96 (0.68–1.35) 1.01 (0.70–1.44)

   P for trend 0.820 0.624

Protein (g/day)

   <55 162 113 1.00 1.00

   55–68 155 93 0.86 (0.61–1.22) 0.90 (0.63–1.29)

   68–84   170 110 0.93 (0.66–1.30) 0.94 (0.66–1.33)

   >84 170 106 0.89 (0.64–1.26) 0.93 (0.65–1.33)

   P for trend 0.629 0.756

Fat (g/day)

   <28 175 97 1.00 1.00

   28–39 147 101 1.24 (0.87–1.77) 1.25 (0.87–1.78)

   39–53 180 107 1.07 (0.76–1.51) 1.07 (0.76–1.53)

   >53 155 117 1.36 (0.96–1.92) 1.41 (0.98–2.01)

   P for trend 0.134 0.102

(Continued to the next page)
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Variable Optimal (n = 657) Suboptimal (n = 422) Crude OR (95% CI) Multivariate ORa (95% CI)

Calcium (mg/day)

   <349 164 106 1.00 1.00

   349–459 170 98 0.89 (0.63–1.26) 0.90 (0.63–1.28)

   459–601 158 113 1.11 (0.79–1.56) 1.12 (0.79–1.59)

   >601 165 105 0.99 (0.70–1.39) 1.00 (0.70–1.43)

   P for trend 0.829 0.761

Cholesterol (mg/day)

   <174 161 109 1.00 1.00

   174–275 167 101 0.89 (0.63–1.26) 0.89 (0.63–1.26)

   275–390 162 108 0.99 (0.70–1.39) 1.00 (0.71–1.42)

   >390 167 104 0.92 (0.65–1.30) 0.92 (0.65–1.32)

   P for trend 0.769 0.820

Sodium (mg/day)

   <2,980   148 122 1.00 1.00

   2,980–4,020 171 98 0.70 (0.49–0.98) 0.69 (0.49–0.98)

   4,020–5,166 166 104 0.76 (0.54–1.07) 0.76 (0.54–1.07)

   >5,166 172 98 0.69 (0.49–0.98) 0.70 (0.49–0.99)

   P for trend 0.074 0.091

Folic acid (µg/day)

   <389 165 105 1.00 1.00

   389–500 173 96 0.87 (0.62–1.24) 0.87 (0.61–1.24)

   500–629 157 112 1.12 (0.79–1.58) 1.13 (0.80–1.61)

   >629 162 109 1.06 (0.75–1.49) 1.08 (0.75–1.54)

   P for trend 0.487 0.422

OR, odds ratio; CI, confidential interval.
aAdjusted for age, sex, smoking status and alcohol consumption. bTest for trend calculated with median intake of each category of intake as a continuous variable.

Table 4. Continued

preparation. 
Subjects in this study population underwent colonoscopy as 

part of their personal health checkups and paid its costs person-
ally, suggesting that these subjects were more interested in health-
care and more likely to pay attention to bowel preparation than 
other subjects. Surprisingly, however, the overall rate of subopti-
mal bowel preparation was higher in this study than in previous 
studies. Recent results, and the guideline of the European Society 
of Gastrointestinal Endoscopy recommend a split-dose regimen 
for bowel preparation, with time between the last dose of prepara-
tion and colonoscopy being no longer than four hours [26]. This 
protocol was difficult to apply to our study population, as these 
subjects underwent colonoscopy early in the morning. Moreover, 
many individuals underwent colonoscopy more than four hours 
after bowel preparation because they also underwent abdominal 
ultrasound and/or esophagogastroduodenoscopy on the same 
day. This is very common in Korea and Japan, where the inci-
dence rates of stomach and liver cancer are higher than in West-

ern countries.
Our study had several limitations, including its retrospective de-

sign. However, the data were collected prospectively. Another 
limitation was its performance at a single institution, the Center 
for Cancer Prevention and Detection of the National Cancer Cen-
ter in Korea, which may limit generalization of its results to other 
populations. Moreover, the determination of preparation quality 
can vary significantly among endoscopists. The average scores of 
bowel preparation quality were assessed in each segment of the 
colon by using the Aronchick scale and were not routinely docu-
mented based on evaluation before and after lavage. Thus, the as-
sessment of bowel preparation quality likely showed high interob-
server variability. 

In conclusion, this study found that lifestyle factors, especially 
dietary patterns, were not associated with the quality of bowel 
preparation whereas obesity was associated with suboptimal 
bowel preparation. A more intensive preparation regimen and 
more intensive dietary restrictions before colonoscopy may result 
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in better bowel preparation in subjects with a BMI ≥ 25 kg/m2. 
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