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The Impact of Patient Education with a Smartphone Application on
the Quality of Bowel Preparation for Screening Colonoscopy

JeongHyeon Cho, SeungHee Lee, Jung A Shin, Jeong Ho Kim and Hong Sub Lee

Department of Gastroenterology, Seonam University College of Medicine, Myongji Hospital, Goyang, Korea

Background/Aims: Few studies have evaluated the use of a smartphone application (app) for educating people undergoing colonoscopy
and optimizing bowel preparation. Therefore, this study was designed to develop a smartphone app for people to use as a preparation
guide and to evaluate the efficacy of this app when used prior to colonoscopy.

Methods: In total, 142 patients (male:female=84:58, mean age=43.5+9.3 years), who were scheduled to undergo a colonoscopy at
Myongji Hospital, were enrolled in this study. Seventy-one patients were asked to use a smartphone app that we had recently developed
to prepare for the colonoscopy, while the 71 patients of the sex and age-matched control group were educated via written and verbal

instructions.

Results: The quality of bowel cleansing, evaluated using the Boston Bowel Preparation Scale, was significantly higher in the smartphone
app group than in the control group (7.70+1.1 vs. 7.24+0.8, respectively, p=0.007 by t-test). No significant differences were found
between the two groups regarding work-up time and the number of patients with polyps.

Conclusions: In this study, targeting young adults (<50 years), the bowel preparation achieved by patients using the smartphone app
showed significantly better quality than that of the control group. Clin Endosc 2017;50:479-485
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INTRODUCTION

Colorectal cancer is the third most commonly diagnosed
cancer worldwide.' Colonoscopy has been one of the most
effective tools used for the detection of colorectal cancer.” A
successful colonoscopy is dependent on the quality of bowel
preparation.’ Inadequate bowel preparation results in negative
consequences for the examination, including missed lesions,*’
procedural difficulties, and increase in overall colonoscopy
cost.’ Despite the importance of bowel preparation, up to 25%
of all bowel preparations are considered as inadequate.” Inad-
equate bowel preparations are associated with old age, high
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degree of physical inactivity, previous failure to adequately
prepare for a colonoscopy, and lack of adherence to instruc-
tions.’ Although many previous researchers have evaluated
interventions such as recommending a low residue diet, coor-
dinating the timing of administration, and combining bowel
cleansing agents, there still exists controversy about effective
ways to educate patients about bowel cleansing.’

It was announced that Koreas smartphone penetration rate
has reached 83 percent, putting the nation in fourth place
when global smartphone use was ranked." Moreover, in the
future, the penetration of the smartphone is expected to ex-
perience a massive increase. Various educational applications
(apps) are being prepared involving a number of health-re-
lated apps. There are many apps for patients suffering from
diseases such as cardiovascular disease' and diabetes, ™" apps
which are effective in some ways for patient education.

However, despite the use of the smartphone as a common
gadget, little information exists regarding the effect of the
smartphone app in bowel preparation. To the best of our
knowledge, there is no smartphone app for colonoscopy-re-
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lated bowel cleansing in Korea. Therefore, the purpose of our
trial is to develop a smartphone app for patients to use as a
preparation guide for this procedure, and to validate the effi-
cacy of bowel preparation when a smartphone app is used.

MATERIALS AND METHODS

Study design
This study consisted of two phases: an app development
phase and a validation study.

Educational app development

To determine the contents of the smartphone app, the au-
thors decided they should carry out an extensive review of
other health-related educational apps and existing educational
brochures and leaflets for colonoscopy. After determining the
app contents, the design phase was implemented to specify
learning objectives, contents, and the methods of educating
patients about bowel preparation. Based on the analysis, an
educational app was designed by Dr. Lee and Dr. Cho. Finally,
Dr. Cho, one of the authors of this article who also works in
the gastroenterology department at Myongji Hospital, devel-
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The learning objectives comprised of the following 4 main
sections: (1) Colonoscopy, (2) An example of poor bowel
preparation, (3) Dietary recommendations, and (4) How to
make and drink the bowel-cleansing agent. These objectives
are shown in Fig. 1. This app was designed with the intention
of informing patients about factors that are key to a successful
colonoscopy (e.g., how to consume a liquid diet and perform
bowel cleansing), according to the directions of the physicians.

Unlike other apps used for colonoscopy bowel cleansing,
the alarm time of this app is set at 3 days before the colonos-
copy. To be concrete, each time (07:00, 12:00, 18:00) a patient
eats a meal, the app lets them know the type of diet that is
necessary to improve bowel cleansing. By simply entering the
date of the colonoscopy in the app, the alarm function starts.
In addition, it was thought that providing various examples of
poor bowel preparation using visual animations and pictures
could motivate the patients to effectively clean their bowels.

Main study

The second stage of this study was a prospective, endos-
copist-blinded, matched, controlled study involving patients
scheduled to receive colonoscopy at the gastroenterology de-
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Fig. 1. Amain screen calendar view of a smartphone with 5 sections consisting of the procedure explanation, usage method for the application, an example of areal
case, explanations regarding the use of the oral bowel cleansing solution, and foods to avoid.
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Fig. 2. Quick response code of
the bowel preparation applica-
tion.

partment of Myongji Hospital in Korea. The study protocols
were approved by the Institutional Review Board of Myongji
Hospital, according to the ethical guidelines of the Declaration
of Helsinki (MJH14-015). This trial was registered with the
Clinical Research Information Service (CRIS) at https://cris.
nih.go.kr (KCT0001479).

The patients were asked to use a new smartphone app
that educates the user on colonoscopy preparation, while the
age and sex-matched (at 2-year age intervals) control group
was educated using the existing verbal and written instruc-
tions. The patients in the smartphone group were educated
about how to download the app onto their smartphones. The
smartphone app assisted bowel cleansing by explaining the
colonoscopy procedure, showing pictures of various examples
of preparation quality, and explaining how to make the pur-
gative solution. This app, which was designed for the Android
operating system (OS), can be freely downloaded (Fig. 2).

All the patients were given the same bowel cleansing prod-
uct—2 L of a solution containing polyethylene glycol (PEG)
plus ascorbate (Coolprep”; Taejoon Pharm., Seoul, Korea).
Three days before the colonoscopy, they were instructed to re-
frain from eating high-fiber foods, as well as foods containing
seeds, sea algae, etc. On the day before exam, they were asked
to eat a light dinner, followed by fasting, with the exception
of drinking water. On the day of the procedure, they were
requested to drink the cleansing product between 8 and 4
hours before the exam. All colonoscopies were performed in
the afternoon. All the colonoscopies were performed by two
board-certified, experienced endoscopists (Dr. Hong Sub Lee
and Dr. Jeong Ho Kim), each of whom have performed more
than 5,000 colonoscopies.

Subjects

Patients who were scheduled to receive a colonoscopy at
Myongji Hospital were eligible for participation in the study.
The inclusion criteria were as follows: (1) young adults (<50
years old) who possessed an Android smartphone that they
could skillfully use and (2) patients who signed the informed
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consent. The exclusion criteria were as follows: (1) patients
with severe comorbidities (cardiovascular disease, chronic
renal disease, etc.) who could not tolerate an endoscopic pro-
cedure; (2) patients with mental illness; (3) patients with an
allergy to the PEG solution; (4) patients with a history of col-
orectal surgery; (5) patients with planned endoscopic therapy;
and (6) patients who did not sign the informed consent.

Well-trained nurses employed at the gastroenterology en-
doscopy center provided the patients with education about
bowel preparation. All the patients provided written informed
consent before they participated in the study.

Determination of the sample size

In a previous study that provided patient education using
animation, the average the Boston Bowel Preparation Scale
(BBPS) scores of the control group (those who received stan-
dard education materials) and the study group (those who
received animation-based education) were 6.1 (standard de-
viation [SD]=2.2) and 7.4 (SD=1.9), respectively. The number
of patients in each group of present study was calculated to
determine the results that would reflect a significance level (a)
of 0.05 and a power of 0.90. Therefore, we calculated that 124
patients, including 62 patients in the intervention group and
62 patients in the control group, were needed. We chose to en-
roll more than 140 patients to allow for an approximate drop
of 10%.

Outcome measures

The primary endpoint of this study was the quality of bow-
el cleansing. The quality of bowel preparation was evaluated
using the BBPS."” Using this scale, the quality of bowel prepa-
ration was given a score of 0 to 3 for each of the three colonic
segments (that is, left, transverse, and right). Finally, the total
score was calculated, which ranged from 0 to 9 (higher scores
mean better bowel preparation). The BBPS score was validated
in Korea."” In such studies, it was reported that the polyp de-
tection rate is higher in people with higher BBPS scores than
in those with lower BBPS scores.

The secondary outcomes included cecal intubation time,
withdrawal time, and the number of patients with polyps.
The third outcome was the degree of satisfaction with the
smartphone app for bowel preparation. The patients’ satis-
faction was assessed with a questionnaire, which included
the question, “Are you satistied with the education delivery
method for the preparation of a colonoscopy?”. The answer to
the question was evaluated based on thelO-point Likert scale (a
0 to 10 scale in which 0="extremely dissatisfied” and 10="ex-
tremely satisfied”), a scale commonly used to assess responses
to survey questionnaires.” The 10-point scale in this study can
detect subtle changes than a 7-point or 5-point scale. In addi-
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tion, The Likert scale using the response points and markers is
easier to understand, compared with the typical comprehen-
sion of a visual analogue scale.

Statistical analyses

Primary and secondary outcomes were assessed using Stu-
dent’s t-test. Questionnaire responses were evaluated with the
chi-square test. Analyses were performed with SPSS software
V.14.0 (SPSS Inc., Chicago, IL, USA) for Windows. A p-value
of less than 0.05 was considered statistically significant. To
minimize selection bias from lack of randomization, sub-
group analysis by one-to-one propensity matching was per-
formed using R Statistical Software 3.3.3 (The R Foundation
for Statistical Computing, Vienna, Austria). The covariates for
matching estimation were age, gender, body mass index (BMI),
previous abdominal surgery, history of hypertension, diabetes,
and hypothyroidism.

RESULTS

Patients’ characteristics

From July 2014 through September 2015, 899 potential
study participants were considered for this study. Among
them, 757 patients were excluded for the following reasons:
they failed to meet the inclusion criteria, they did not keep
their procedure appointment, or they withdrew their consent
for the procedure. Finally, 142 patients with a scheduled elec-
tive colonoscopy were enrolled. Seventy-one patients used a
smartphone app that we recently developed, and the 71 pa-
tients of the sex and age-matched control group was educated
using the existing verbal and written instructions.

Table 1. Demographic Data of 142 Participants

Smart group  Control group

Clinical feature p-value

(n=71) (n=71)
Age 42.3+10.3 44.8+5.4 0.107
Sex (Male/Female) 42/29 42/29
Hypertension 3 9 0.028”
Diabetes 4 1 0.260
Hypothyroidism 1 3 0.220
BMI 23.8+3.8 24.3+3.8 0.447
Operation 12 5 0.146
(abdomen)
Previous 34 19 0.009"
colonoscopy

Concerning the basic characteristics of the two groups (Ta-
ble 1), mean age (app group: 42.3+10.3 years vs. control group:
44.8+54 years, p=0.107) and BMI (app group: 23.8+3.8 kg/m’
vs. control group: 24.3+3.8 kg/m’, p=0.447) were similar, but
the number of patients with a history of a previous colonos-
copy were significantly higher in the app group.

Outcomes of bowel cleansing

The mean BBPS scores in the smartphone app group were
significantly higher compared to those of the control group
(app group: 7.70%1.1 vs. control group: 7.24+0.8, p=0.007)
(Table 2). Although the scores of the BBPS for the transverse
colon were similar in both the groups, the scores for the left
and right colons were significantly higher in the app group
compared to those of control group.

Subgroup analysis of those without a history of previous
colonoscopy was done, because previous experience of colo-
noscopy can be a serious bias. After one-to-one propensity
matching for subgroup analysis, there were 37 patients in each
group. Based on the previously discussed subgroup analysis,
the mean BBPS scores in the app group were significantly
higher compared to those of the control group (app group:
7.73£1.3 vs. control group: 7.16+0.8, p=0.031) (Table 3). How-
ever, the baseline characteristics including age, sex, history of
abdominal operations, and BMI were significantly different
between the two groups.

Procedure time and the polyp detection rate

There was no significant difference between the two groups
with respect to the number of patients with polyps (app
group: 23/71 vs. control group: 15/71, p=0.129) and there
were no significant differences in the detection of a tubular
adenoma between the two groups. In addition, there were no
significant differences in the duration of work-up time (app
group: 16.36+7.5 minutes vs. control group: 15.54+6.6 minutes,
p=0.493), including the cecal intubation time, between the
two groups.

Table 2. Bowel Cleansing Scores Assessed by Boston Bowel Preparation
Scale

Smart group Control group

(n=71) (n=71)  Pvalue

BBPS, whole colon 7.70+1.1 7.24+0.8 0.007"

Right colon 2.4240.5 2.18+0.4 0.007"
Transverse colon 2.61+0.5 2.61+0.4 1.000

Left colon 2.68+0.5 2.45+0.5 0.012"

Values are presented as meantstandard deviation or numbers.
BMI, body mass index.
YStatistically significant.
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Table 3. Subgroup Analysis Propensity Score Matching Using R Studio in
Participants without Previous Colonoscopy

Smart group Control group

(n=37) (ne37)  Ppvalue
Age 38.81+9.7 45.30+7.2 0.002"
Sex (Male/Female) 17/20 30/7 0.002"
Hypertension 1 5 0.088
Diabetes 1 1 1.000
Hypothyroidism 0 2 0.152
Operation 7 1 0.025”

(abdomen)

BMI 22.8143.6 254438 0.003"
BBPS, whole colon ~ 7.73+1.3 7.16£0.8 0.031"
Right colon 2.35+0.6 2.19+0.3 0.192
Transverse colon 2.65+0.5 2.62+0.4 0.831

Left colon 2.7320.6 2.35+0.4 0.004"

Values are presented as meantstandard deviation or numbers.
BMI, body mass index; BBPS, Boston bowel preparation scale.
YStatistically significant.

Satisfaction

The patients’ satisfaction with the bowel preparation ad-
ministered in both the groups was evaluated through a ques-
tionnaire. The mean score of the questionnaire was signifi-
cantly higher in the app group than that of the control group
(app group: 7.62+2.2 vs. control group: 5.97+2.2, p<0.001).

DISCUSSION

The purpose of this study was to develop a smartphone app
for bowel cleansing and to validate the efficacy of the app.
This is the first study to report the development and use of a
smartphone app for bowel cleansing in the Korean language.
In the present study, BBPS scores were significantly higher in
the app group compared to those of the control group (app
group: 7.70+1.1 vs. control group: 7.24+0.8, p=0.007), and the
patients’ satisfaction scores was higher in the app group com-
pared to those of the control group. A smartphone app can
assist with bowel preparation by displaying text instructions,
visual aids, and alerting the patients of time. Through the
smartphone app, the patients can learn when the diet restric-
tions should start and they can be repeatedly reminded of the
foods they should avoid. These could be possible explanations
of how bowel preparation improved using the smartphone
app.

Results of this study correspond well with those of an earli-
er study which reported that the use of a smartphone app, as
a means of education, was associated with improved quality
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of bowel preparation. That study reported improved bowel
preparation and patient satisfaction with the use of a smart-
phone app, compared with that of the control group.

Some studies, which employed an education intervention
using simple visual aids'" or additional explanations,” had no
influence on the quality of bowel preparation in patients pri-
or to colonoscopy.” However, other studies using visual aids
such as a booklet™* and an educational video,”** demon-
strated that patient education can have a positive effect on
bowel preparation. The possible reason for the mixed find-
ings among many studies about education regarding bowel
cleansing is just to stimulate temporary anxiety about poor
bowel preparation to motivate bowel preparation compliance.
On the other hand, the results of some studies demonstrated
improvements in bowel preparation with the use of the tele-
phone™ and mobile phone messages™ to reinforce diet instruc-
tions and timetables for ingestion of bowel preparation agents.

These studies suggest that education by more interactive
and intensive methods may be needed to improve bowel
cleansing. Therefore, the app presented in this study of bowel
preparation is a method involving education by visual aids
combined with a reminder function. This current study
proves that a smartphone app can significantly improve bowel
preparation for colonoscopy. This smartphone app is freely
available on the Android OS market and anyone can down-
load it. As of December 24, 2016, the download number had
reached over 1,000.

In this study, the number of detected polyp was higher in
those who used the smartphone app than those receiving writ-
ten explanations, but not significantly different (app group: 23
vs. control group: 15, p=0.129). A higher polyp detection rate
has been found in patients with adequate bowel preparation.”
The reason to fail to show significant difference in current
study may be attributable to a relatively small sample size.
Studies employing other educational methods failed to show
a significant difference in polyp detection rate.” Therefore, a
large number of patients would be needed to discriminate the
difference in the rate of polyp detection.

There are several limitations to this study.

First, a randomized controlled trial could not be done.
The collection of patients was not easy because this app
had not been validated. In addition, some people who were
scheduled to receive a colonoscopy were afraid of using the
smartphone app in place of written explanations. Since most
people thought that a colonoscopy is a once-in-a-lifetime
checkup usually performed for health screening and not
for the evaluation of chronic disease, they were reluctant
to learn how to use our app. Thus, there is a possibility of a
selection bias. Also considering that the study involved pa-
tients with a history of previous colonoscopy, this could also

483



('-e CLINICAL ENDOSCOPY

affect the efficacy of bowel preparation. To reduce selection
bias due to the lack of randomization, subgroup analysis us-
ing one-to-one propensity matching was done. Despite small
differences in the bowel preparation scale scores, results of
the subgroup analysis for patients without a previous colo-
noscopy suggest that bowel preparation by smartphone app
is superior to written instruction. Additionally, further eval-
uation using a randomized controlled trial could be done
safely without the risk of poor bowel preparation. Further
studies using a more revised smartphone app that gathers
feedback from its users could have better results than those
of the current study.

Second, only smartphone users with an Android OS could
participate in this study and other smartphone users could
not participate in this study. An individuals choice of smart-
phone varies based on different factors and may influence
bowel-cleansing.” Therefore, the results of this study may not
be applicable to the general population. However, according
to a report of the International Data Corporation, which
conducts American market research, the Android OS market
share accounts for up to 86.8% of the global smartphone OS
market share.” Furthermore, according to the report from the
Korea Internet & Security Agency, the Android OS accounted
for as much as 85.82% of the smartphone OS market share in
Korea.” Although Android accounts for the majority of the
smartphone market, there is a need to design an app with an
iPhone-based OS in the future.

Third, this study was a single-center study and the number
of people who participated in this study was small. Multi-cen-
ter studies should be done to confirm the efficacy of a smart-
phone app for bowel preparation.

Fourth, an inclusion criterion of this study was that patients
had to be less than 50 years old. Usually, a colonoscopy is rec-
ommended for patients aged 50 years and above and in this
older age group, people are not as familiar with smartphone
apps. Since the polyp detection rate in young people is in-
creasing, tools for diverse education are becoming necessary.

In conclusion, this study reveals that bowel preparation, as
assessed by the BBPS, performed with a smartphone app was
significantly better than the quality of bowel preparation done
by following written paper instructions. In addition, patient
satisfaction with bowel preparation was significantly better in
the group of patients using the smartphone app.
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