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Abstract
Diet restriction is one of the difficult parts of bowel preparation for colonoscopy, andmany patients do not follow instructions properly.
Few studies have evaluated the impact of dietary restriction in real clinical setting. The aim of this study was to study the effect of diet
control on bowel preparation with detailed investigation of unacceptable food list in order to reveal what kind of foods are most
problematic in clinical practice.
Prospective observational study was carried out at a university-affiliated hospital. Around 4 L polyethylene glycol solution was used

for bowel preparation on the day of colonoscopy. Patients were allowed to have regular diet until lunch the day before colonoscopy
and educated to control diet from 3 days before colonoscopy with information regarding an unacceptable foods list. Factors
associated with inadequate bowel preparation were analyzed using univariate statistics and multivariate logistic regression analysis.
Of the 245 patients included in the study, 68 patients (27.8%) followed the diet instructions. Fiber-rich vegetables were the most

commonly taken unacceptable foods (N=143, 58.4%). Inadequate bowel preparation (fair and poor by Aronchick scale) was 47.3%.
In multivariate analysis, diabetes [odds ratio (OR) 2.878, 95% confidence interval (CI) 1.242–6.671], preparation to colonoscopy
interval (OR 1.003, 95% CI 1.000–1.005) and consumption of foods disturbing bowel preparation (OR 2.142, 95% CI 1.108–4.140)
were independent predictors of inadequate bowel preparation.
We could identify substantially low compliance to diet instructions in real clinical practice. Consumption of any foods disturbing

bowel preparation was significant factor predicting inadequate bowel preparation, even though we could not select specific food list
compromising preparation significantly. Favorable bowel preparation was achieved in the subgroup compliant to diet restriction,
suggesting that regular diet avoiding specific kinds of foods can be possible option for diet restriction before colonoscopy.

Abbreviations: ADR = adenoma detection rate, BMI = body mass index, CLD = clear liquid diet, LRD = low-residue diet, PC
interval = preparation-to-colonoscopy interval, PEG = polyethylene glycol, RD = regular diet.
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1. Introduction

Inadequate bowel preparation is known to prolong procedural
time and decreases adenoma detection.[1] Despite of the various
regime for bowel preparation, the rates of inadequate bowel
preparation are reported to be between 20% and 30%.[2,3] Due
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to high rates of inadequate preparation, studies have been
conducted to identify factors associated with inadequate bowel
preparation, revealing several factors such as age, sex, diabetes,
constipation, history of abdominal or gynecological surgery,
compliance with preparation instructions, and time interval
between bowel preparation and the start of colonoscopy.[4–9]

Diet is also important factor and we often encounter food
materials such as grains and fruit seeds during colonoscopy in
patients without any risk factors. Currently, several guidelines
(AGA, ESGE) recommend low-residue or full liquids diet on the
day before colonoscopy.[10,11] But few study focused on the effect
of diet on the bowel preparation in real clinical setting,[12] even
though there are several studies focusing on the comparison of
low-residue diet (LRD) with clear liquid diet (CLD) under
controlled circumstances.[11,13–15] In addition, in most studies of
the risk factors of bowel preparation inadequacy, dietary factor is
often omitted or usually considered as a component of adherence
to the bowel preparation instructions making it difficult to assess
exact impact of diet on the bowel preparation in clinical
practice.[5,7,8,16] Also, the effect of regular diet until lunch on the
day before colonoscopy on the bowel preparation is not well-
known due to the lack of study.[17,18]

In this prospective observational study, we aimed to study
impact of diet control (which is regular diet avoiding unaccept-
able foods) on the bowel preparation for colonoscopy with
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detailed investigation of unacceptable food list in order to reveal
what kind of foods are most problematic in the real clinical
practice, which can be used to optimize diet control in bowel
preparation.
2. Methods

2.1. Subjects

We prospectively enrolled patients between 18 years and 85 years
old who were scheduled for colonoscopy. This study was
conducted at the gastrointestinal endoscopy unit of Korea
University Anam Hospital in Seoul, Korea, between January
2013 and December 2013. Patients with following conditions
were excluded: pregnancy, allergy to polyethylene glycol (PEG)
and refusal to participate in this study. All patients provided
written informed consent. This study was approved by the
institutional review board.
2.2. Bowel preparation protocol

Patients were provided with standard bowel preparation
instructions and educated by nurse to start diet restriction 3
days before colonoscopy with information of foods list to avoid
(fiber-rich vegetables, seaweeds, whole grains, and seedy fruits).
On the day before colonoscopy, patients were allowed to have
regular diet for breakfast and lunch, a soft diet for diner and then
only clear liquids until 2hours before colonoscopy. All patients
ingested 4 L of PEG solution (Colyte, Taejoon pharm Inc., Seoul,
Korea) at least 6hours before colonoscopy.
Table 1

Baseline characteristics of study population.

Characteristics
Study population
(N=245)

Age, mean±SD, years 58.9±12.7
Sex (Male:Female)—no. (%) 124 (50.6):121 (49.4)
BMI, mean±SD, kg/m2 24.1±3.6
Inpatient status—no. (%) 108 (44.1)
Comorbid disease

∗
—no. (%) 161 (65.7)

Constipation—no. (%) 44 (18.0)
History of abdominal surgery—no. (%) 108 (44.1)
History of past colonoscopy—no. (%) 146 (59.6)
Indication—no. (%)
Screening 106 (43.3)
History of polyp 32 (13.1)
Overt bleeding 10 (4.1)
Anemia 7 (2.9)
Positive stool occult blood 3 (1.2)
2.3. Data collection

Before the procedure, all patients were interviewed by research
assistant using a predetermined questionnaire and data were
collected regarding the start time of PEG dose and the completion
time of the last PEG dose, the amount of preparation solution
taken, adverse events during preparation as well as their
compliance with instructions for bowel preparation. Detailed
answers of diet within 3 days before colonoscopy were acquired
about unacceptable foods list (vegetables, seaweeds, whole
grains, and seedy fruits). We also collected the following
variables: age, gender, body mass index (BMI), hospital status,
performance status, indications for colonoscopy, medical con-
ditions (such as diabetes, hypertension and liver disease), current
medications, constipation, prior history of abdomen and pelvic
surgery, stool form after PEG preparation, and bowel movement
frequency after intake of PEG. Preparation-to-colonoscopy (PC)
interval was calculated, which is interval from the time of last
PEG completion to the start of colonoscopy. Cecal intubation
time, total colonoscopy time, and colonoscopic findings including
polyps were also recorded.
Diarrhea 11 (4.5)
Abdominal pain 9 (3.7)
Personal history of colorectal cancer 25 (10.2)
Others 38 (15.5)

Consumption of food disturbing bowel preparation—no. (%) 177 (72.2)
Fiber-rich vegetables 143 (58.4)
Seaweeds 41 (16.7)
Whole grains 81 (33.1)
Seedy fruits 62 (25.3)

∗
Comorbid disease includes hypertension, diabetes, liver disease, thyroid disease, psychiatric

disease, cardiovascular disease, pulmonary disease, and renal insufficiency.
2.4. Evaluation of adequacy of bowel preparation

Bowel cleansing was evaluated according to the Aronchick Bowel
Preparation Scale as described previously by the colonoscopist
who was unaware of the patients’ dietary information.[19]

Preparations rated with excellent or good were categorized as
‘adequate preparation’, whereas those with fair or poor were
categorized as “inadequate preparation.” All study procedures
were performed by 5 experienced colonoscopists between 9 AM
and 5 PM.
2

2.5. Statistical analysis

For univariable analysis, x2- test was performed for categorical
variables and unpaired t-test for continuous variables. Multivar-
iate logistic regression analysis were performed to assess factors
that predict inadequate bowel preparation. A P-value of < .05
was considered statistically significant. SPSS software (SPSS 18.0
version for Windows, SPSS Inc, Chicago, IL) was used for
statistical analysis.
3. Results

3.1. Patients’ characteristics and bowel preparation
assessment

Totally, 306 patients who met the inclusion criteria were
enrolled, 61 patients were excluded due to denial of participation
or incomplete questionnaires and finally 245 patients were
analyzed. The patient population consisted of 50.6% men and
49.4% women, with mean age 58.9 (range: 19–83) at the time of
colonoscopy. Mean body mass index was 24.1±3.6kg/m2

(range: 15.62–37.39). 161 patients (65.7%) had comorbid
disease, including hypertension (38.8%), diabetes (16.3%), liver
disease (5.7%), thyroid disease (4.5%), psychiatric disease
(2.0%), cardiovascular disease (4.5%), pulmonary disease
(2.0%), and renal insufficiency (2.0%). 108 patients (44.1%)
had previous abdominal or pelvic operation, which includes
appendectomy (8.6%), colorectal resection (11.4%), gastrecto-
my (4.9%), hysterectomy (3.7%), and cholecystectomy (1.6%).
The most common indication of colonoscopy was screening of
malignancy (43.3%). Noncompliance to diet instructions was
72.2% totally, and for each unacceptable food category, fiber-
rich vegetables are the most commonly taken unacceptable foods
(Table 1). Regarding bowel preparation quality by Aronchick



Table 2

Aronchick bowel preparation scale of study population.

Aronchick bowel preparation scale No. (%)

Excellent 25 (10.2)
Good 104 (42.4)
Fair 71 (29.0)
Poor 45 (18.4)
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scale, “Excellent,” “Good,” “Fair,” and “Poor” were 10.2%,
42.4%, 29.0%, and 18.4%, respectively, of the study population
(Table 2). No serious adverse event was occurred from the bowel
preparation or colonoscopic procedure.
3.2. Factors associated with inadequate bowel preparation
and impact of diet restrictions on bowel preparation

Factors affecting Aronchick bowel preparation scale were
evaluated. We divided bowel preparation status into two groups:
adequate bowel preparation (Excellent and Good) and inade-
quate bowel preparation (Fair and Poor). In univariate analysis,
age, diabetes, PC interval, and consumption of foods disturbing
bowel preparation were significantly associated with bowel
preparation adequacy (Table 3). Among unacceptable food
categories, only whole grains uptake was differed statistically
significantly, and other food categories did not show significant
difference between adequate and inadequate bowel preparation
group (Table 3).
Figure 1 shows the distribution of bowel preparation scale

according to the consumption status of unacceptable foods
category. Figure 1A illustrates the increasing tendency of portion
of inadequate bowel preparation when subjects consume any
foods disturbing bowel preparation. Generally, consumption of
each category of unacceptable food tends to disturb bowel
preparation, but statistically, only consumption of whole grains
showed significant difference in the distribution of Aronchick
scale (Fig. 1B).
Inmultivariable analysis, consumption of fooddisturbing bowel

preparation was significant risk factor for inadequate bowel
preparation after controlling variables used in univariable analysis
(age, sex, BMI, inpatient status, comorbidity, constipation, history
Table 3

Univariate analysis of factors associated with inadequate bowel prep

Adequate bowel pre

Age, years 57.4±
Male sex—no. (%) 66 (51
Body mass index, kg/m2 24.0±
Inpatient status—no. (%) 54 (41
Any comorbid disease—no. (%) 78 (60
Diabetes

∗
—no. (%) 13 (10

Constipation—no. (%) 24 (18
History of abdominal pelvic surgery—no. (%) 56 (45
PC interval, min 272.4±
Consumption of foods disturbing bowel preparation—no. (%) 84 (65
Fiber-rich vegetables 69 (53
Seaweeds 21 (16
Whole grains 34 (26
Seedy fruits 27 (20

Values are mean± standard deviation or number (%).
∗
Among various comorbidities, only diabetes differed significantly between adequate and inadequate p

PC=preparation to colonoscopy
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of abdominopelvic surgery, PC interval) (Table 4). But each food
category (i.e., fiber-rich vegetables, seaweeds, whole grains and
seedy fruits) did not show statistical significance in multivariable
analysis (data not shown).
3.3. Adverse events, tolerability and clinical outcomes
according to the diet restriction

As secondary outcomes, we assessed the adverse events, bowel
preparation tolerability and clinical outcomes according to the
diet restriction status. Adverse events during bowel preparation
were not different between the group compliant to diet
instructions and noncompliant group (Table 5). The proportion
of subjects who ingested more than 3L PEG solution was not
different between two groups (Table 6). Cecal insertion was
achieved in nearly all patients with success rate of 98% and this
was not different between two groups. Cecal insertion time
(minute) was longer in noncompliant group (9.08±5.69 vs 11.23
±8.30). Polyp detection rate was about 40% and was not
different between the 2 groups. Aronchick bowel preparation
scale was different significantly between the 2 groups (Table 6
and Fig. 1A).
4. Discussion

Adequate bowel preparation is essential to find out significant
lesions and perform safe procedures in colonoscopy. Several
predictors of poor bowel preparation have been reported so far
including age, sex, diabetes, constipation, history of abdominal
surgery, and compliance with instructions.[4,5,7–9] Diet control is
important component for adequate bowel preparation and
current guidelines recommend low residue or full liquids diet on
the day before colonoscopy.[10,11] Several studies have evaluated
the efficacy of diet liberalization to LRD on the bowel
preparation compared to CLD.[14,18,20,21] In these studies, diet
liberalization did not adversely affect bowel preparations and
improved patient willingness to repeat the bowel preparation and
tolerability of preparation solutions. Still, data regarding the
effect of regular diet (RD) on the bowel preparation is lacking and
RD on the day before colonoscopy is not recommended yet.[10,17]

In actual clinical practice, patients are very reluctant to follow
diet restriction of LRD or CLD,[12] so RD avoiding some
aration.

paration (n=129) Inadequate bowel preparation (n=116) P value

12.7 60.7±12.6 .039
.2) 58 (50.0) .898
3.5 24.2±3.8 .601
.9%) 54 (46.6%) .520
.5) 83 (71.6) .080
.1) 27 (23.3) .006
,8) 20 (17.9) .869
.5) 52 (47.7) .792
113.2 323.5±169.7 .007
.1) 93 (80.2) .010
.5) 74 (63.8) .120
.3) 20 (17.2) .865
.4) 47 (40.5) .021
.9) 35 (30.2) .107

reparation group.
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[17,18,23] [17]

A

B

Figure 1. Bowel preparation status according to the consumption status of unacceptable food category. Distribution of Aronchick scale was different according to
the consumption status of unacceptable foods (A), especially for consumption of whole grains (B). P-value for each graph is assessed by Fisher’s exact test (2�4).
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unacceptable food lists is often recommended instead of strict diet
restriction in Korea.[17]

In this prospective observational study, we recommended RD
until lunch of the day before colonoscopy, and figured out the
effect of RD avoiding unacceptable foods on bowel preparation
while controlling other factors associated with inadequate bowel
preparation. Consumption of foods disturbing bowel prepara-
tion was significant factor affecting adequacy of bowel prepara-
tion in both univariable and multivariable analysis. Specifically,
whole grains uptake was significantly associated with inadequate
bowel preparation among forbidden food categories (fiber-rich
vegetables, seaweeds, whole grains, and seedy fruits), even
though statistical significance was disappeared in multivariable
analysis. In literature review, data showing comparable outcome
of LRD on the bowel preparation with CLD are easily
available,[14,15,21,22] but studies evaluating the effect of RD are
Table 4

Multivariable analysis of risk factors for inadequate bowel
preparation.

Odds ratio (95% CI) P value

Age 1.012 (0.988–1.037) .322
Diabetes 2.878 (1.242–6.671) .014
PC interval 1.003 (1.000–1.005) .022
Consumption of foods

disturbing bowel preparation
2.142 (1.108–4.140) .023

Adjusted for age, sex, and all variables used in univariable analysis.
CI= confidence interval, PC=preparation to colonoscopy
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very limited. Jung et al showed similar rate of
adequate bowel preparation between RD and CLD (83.3% vs
83.5%) in healthy outpatients, recommending RD avoiding fiber-
rich foods as possible diet instructions prior to colonoscopy. Even
though the consumption of unacceptable foods in RD group was
not evaluated in this study, compliance of diet instruction seems
to be high considering high rate of adequate bowel prepara-
tion.[17] Surprisingly, the compliance of diet restriction was very
low (27.8%) in this study. This rate of compliance is significantly
lower than reported compliance rate (70–80%) of previous
studies which are performed under controlled circumstances (i.e.,
randomized controlled trials).[13,20] It was difficult to figure out
the compliance rate of diet restriction in real clinical situation due
to the lack of data, but two studies revealed similar low rate of
compliance (27.8% and 44.2%) of the diet restriction.[12,24] This
high rate of noncompliance in diet restriction may contribute to
Table 5

Adverse events.

Compliance to
diet instructions

Noncompliance to
diet instructions P value

Abdominal bloating 28 (42.4%) 74 (41.8%) 1.000
Abdominal pain (cramping) 13 (19.7%) 27 (15.3%) .440
Nausea 34 (50.7%) 94 (53.1%) .775
Vomiting 20 (30.3%) 52 (29.4%) .876
Global discomfort 46 (68.7%) 104 (58.8%) .185

Values are number (%).



Table 6

Clinical outcomes according to the diet restriction.

Compliance to
diet instructions
(N=68)

Noncompliance to
diet instructions
(N=177) P value

PEG ≥3 L 66 (97.1%) 173 (97.7%) .671
Successful cecal intubation 67 (98.5%) 172 (98.3%) 1.000
Cecal insertion time, minutes 9.08±5.69 11.23±8.30 .022
Total colonoscopy time, minutes 26.39±20.47 31.28±42.74 .370
Polyp detection rate 28 (41.2%) 80 (45.2%) .667
Bowel cleansing .044
Excellent 10 (14.7%) 15 (8.5%)
Good 35 (51.5%) 69 (39.0%)
Fair 16 (23.5%) 55 (31.1%)
Poor 7 (10.3%) 38 (21.5%)

Values are number (%) or mean±SD.
PEG=polyethylene glycol.
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the high rate of inadequate bowel preparation rate in this study
(47.4%, Table 2). The rate of inadequate bowel preparation is
lowered to 33.8% when we analyzed subjects who followed the
diet restriction (Table 6), which is similar to previous reports (20–
30%).[2,25–27] High proportion of inpatient subjects (44.1%),
high proportion of comorbidity, and nonsplit dosage regimen
may also contribute to poor bowel preparation state.
In multivariable analysis, diabetes and PC interval were

significant factors predicting inadequate bowel preparation in
addition to the consumption of foods disturbing bowel
preparation. These are consistent with previous findings of
factors affecting bowel preparation,[4,7] but other factors such as
BMI, inpatient status and constipation showed inconsistent result
to previous studies.[9,12,28] These inconsistency can be due to the
difference of study population and bowel preparation method
but ethnic and cultural difference including food intake can be
important another confounder. Even though various factors have
been proposed as predictors of bowel preparations so far, there
are still conflicting results, which need to be validatedmore.[7,8,29]

We also evaluated adverse events during ingestion of PEG
solution and clinical outcomes of colonoscopy. There was no
difference in adverse events between the group compliant to diet
instructions and noncompliant group. High proportion of
subjects (97%) could ingest PEG solution more than 3L in both
groups, similar to previous reports which is about 90–95%.[17,30]

Cecal insertion time was prolonged in noncompliant group, and
this can be due to poorer bowel preparation in this group.[31]

Polyp detection rate was not different between two groups.
Several factors are known to be associated with adenoma
detection rate (ADR) including quality of bowel preparation, but
there is still controversy and some studies have shown no
relationship between quality of bowel preparation and
ADR.[32,33] In this study, we did not calculated ADR but we
assume polyp detection rate will show similar results.[12]

This study has several limitations. First, this is prospective
observational study. We could not randomly assigned subjects to
diet restriction and nonrestriction group due to ethical problem,
but due to its uncontrolled nature, we could represent real-life
clinical situation of diet restriction. Second, food intake was
assessed on the day of colonoscopy right before the procedure
which is based on the patients’memory, possibly leading to recall
bias. Third, we collected data for unacceptable food categories
but did not measure the amount of foods consumed. We could
confirm the importance of avoiding unacceptable foods for
5

adequate bowel preparation in this study, but could not select
specific food categories affecting bowel preparation. Evaluating
the combination of category and amount of foods consumed
may give more specific results regarding the diet restrictions.
Fourth, this study was performed in single center of tertiary care
hospital. Large proportion of study subjects had one or more
comorbidity and were inpatient state, making it difficult to
generalize these findings to healthy subjects for screening
colonoscopy performed in primary care hospital or out-patient
department.[17]

This study focused on the effect of diet restriction on the bowel
preparation state in real clinical practice. We could identify
surprisingly low compliance to diet instructions, even though we
have recommended RD. Consumption of foods disturbing bowel
preparation was significant factor predicting inadequate bowel
preparation and the only factor controllable in clinical setting
except PC interval. We could not select any specific food category
compromising bowel preparation significantly, but could achieve
adequate bowel preparation comparable to previous studies in
the group compliant to diet restriction even they consumed RD.
In consideration of high impact but low compliance of diet
restrictions, diet education should be emphasized more, and we
need to develop effective way to improve diet restriction, for
example, by using pre-packaged low residual meals or telephone-
based re-education.[20,25,34] In addition, RD avoiding some
unacceptable foods can be acceptable diet restriction before
colonoscopy.
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