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Introduction

Colonoscopy is the gold standard for finding and 
removing precancerous colonic lesions [1]. Quality of 
bowel preparation is related to the rate of detection 
of polyps and adenomas [2, 3]. However, it has been 

reported that approximately 30% of patients fail to 
achieve adequate bowel preparation in many coun-
tries and regions [4–6].

Several strategies have been used to improve the 
bowel preparation by optimizing patient instruction. 
There is strong evidence that a  wide range of ed-
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A b s t r a c t

Introduction: High-quality bowel preparation is an essential precondition for colonoscopy. Few studies have evaluat-
ed the smartphone WeChat application as a means of improving the quality of bowel preparation.
Aim: To assess the effect of patient education by using smartphone WeChat application aids on the quality of bowel 
preparation.
Material and methods: A multicenter prospective, endoscopist-blinded, randomized, controlled study was conducted. Pa-
tients were randomly assigned to three groups. A total of 478 patents in groups A were accepted for smartphone WeChat 
application, 477 in groups B were accepted for conventional education plus smartphone WeChat application while group 
C (473 patients) was a control group. The primary outcome was the quality of the bowel preparation according to the Bos-
ton Bowel Preparation Scale (BBPS). The secondary outcomes included polyp detection rate (PDR), cecal intubation rate, 
insertion and withdrawal time, anxiety score, self-rated sleep quality, and willingness to undergo another colonoscopy.
Results: Total BBPS score was significantly higher in groups B and C than in the control group (7.5 ±1.2, 7.5 ±1.3 vs. 
6.5 ±1.2, p < 0.001). PDR in group A (40.2%, 192/478) and group B (41.7%, 199/477) was higher than that in the 
control group (p = 0.003) and mean number of polyps per patient was higher too (p = 0.015). Moreover, a shorter 
cecal insertion time was recorded in group A and group B than in the control group (8.8 ±3.9, 8.9 ±3.8 vs. 10.5 ±4.2 
min, p < 0.001). Intervention groups showed lower anxiety scores and better quality sleep and were more likely to be 
willing to repeat colonoscopy.
Conclusions: Patient instruction via smartphone WeChat application efficiently improved bowel preparation for colo-
noscopy.
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ucational methods, including booklet [7], telephone 
[8, 9], message reminders [10, 11], and online videos 
[12, 13], have been used to assist patient education 
with different effectiveness. But in fact, the rate of 
patients with adequate bowel preparation remains 
unsatisfactory, based on the small sample size and 
low study reproducibility [14–16].

In recent years, applications of smartphone ap-
plets have become an increasingly popular source 
of communication between users and information 
providers. Applications of artificial intelligence tech-
niques are beginning to emerge in gastrointestinal 
endoscopy [17]. However, to the best of our knowl-
edge, no prospective studies have assessed the role 
of the smartphone WeChat application in patient 
education before colonoscopy. Then, we performed 
a prospective, a multicenter randomized controlled 
study to assess the effectiveness of a  smartphone 
applet for patient instructions of bowel preparation.

Aim

We aimed to assess the effect of patient educa-
tion by using smartphone WeChat application aids 
on the quality of bowel preparation. 

Material and methods

Study design and patients 

A  multicenter prospective, endoscopist-blind-
ed, randomized, controlled study was conducted at 
three hospitals between January 2020 and Novem-
ber 2020. The inclusion criteria of this study were 
as follows: 1) patients aged 18 to 75 years who 
underwent colonoscopy, 2) no prior colonoscopy,  
3) the patient’s signed informed consent. Patients 
who met any of the following criteria were excluded: 
colorectal cancer patients with obvious obstruction, 
patients’ associated conditions such as renal, cardiac, 
or respiratory failure, brain dysfunction, pregnancy 
or lactation, gastrointestinal hemorrhagic diseases, 
unable to use smartphone WeChat application. This 
study was approved by the institutional review board 
of the ethics committee and all authors had access to 
the study data and reviewed and approved the final 
manuscript. Trial identifier: ChiCTR2000028884.

Randomization and assignments

After informed consent was obtained, patients 
were randomized to one of three groups (groups A, 

B and C) using a  computer-generated randomiza-
tion table. Patients in group A were accepted for the 
smartphone WeChat application. Patients in group B 
were accepted for conventional education plus the 
smartphone WeChat application, while patients in 
group C (control group) received conventional educa-
tion only. For each group of patients, the randomized 
procedure was performed by operator A. Operator B  
provided education on bowel preparation and use 
of the smartphone WeChat application. Two par-
ticipants in each endoscopy center completed the 
randomization process. In this trial, all endoscopists 
were blinded to the allocation.

Bowel preparation and colonoscopy

All patients received the following dietary instruc-
tions: 1) Follow low fiber diet 2 days before the pro-
cedure. 2) Fasting for 10 h before colonoscopy. Step 1:  
1 l split dose of polyethylene glycol used after dinner 
in the evening before colonoscopy. Step 2: 3  l split 
dose of polyethylene used 5 h before colonoscopy. 
Colonoscopy (GIF Q260, Olympus Optical Co., Ltd, To-
kyo, Japan) was used in three endoscopy centers. All 
colonoscopy examinations were performed by expe-
rienced colonoscopists with more than 1000 proce-
dures. Successful endoscopy was defined as terminal 
ileum intubation confirmed through a photo. 

The intervention: smartphone WeChat 
application

We created a  novel smartphone application to 
try to improve the quality of bowel preparation. The 
smartphone WeChat application account mainly pro-
vides three functions: colonoscopy education, colo-
noscopy drug reminder, bowel preparation automat-
ic score. The examination education is mainly in the 
form of texts, pictures and videos to teach patients 
the knowledge needed before and after colonoscopy, 
remind patients to take medicine according to the 
prescribed medicine plan, regularly send patients ac-
curate information such as taking medicine, and fast-
ing food and water. In bowel preparation, patients can 
upload their own fecal water photos, after which the 
system will evaluate the effect of bowel preparation 
by scoring the fecal water photos (Photo 1).

Definitions

Time was defined as follows. The insertion time 
was defined as the interval between the start of the 
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procedure and arrival at the cecum. Withdrawal time 
was referred to the examination time from cecum to 
anus except the time used for polypectomy, biopsy, or 
any other endoscopic treatment. The quality of bowel 
preparation was evaluated by the Boston bowel prepa-
ration score (BBPS) [18]. Colon regions were roughly di-
vided into three broad regions as follows: the right (ce-
cum and ascending colon), the transverse colon (liver 
curvature, transverse colon and splenic curvature), and 
the left (descending colon, sigmoid colon and rectum). 
The colon regions were rated from 0 to 3. A score of 
0 indicated that the colonic mucosa was not prepared 
and could not be seen due to solid feces. A score of 3 
indicated that the colonic mucosa could be seen clear-
ly, without residual staining, small fragments of stool 
or opaque liquid. The quality of bowel preparation was 
determined to be either “adequate” or “inadequate,” 
and based on previous validation studies, inadequate 
was defined as BBPS < 6 [18, 19]. Anxiety (“How anx-
ious are you?”) on a 5-point Likert scale (very low = 1, 
low = 2, moderate = 3, high = 4, and very high = 5).

Endpoints 

The primary outcome was to assess the quali-
ty of bowel preparation during examination by the 
BBPS. Secondary endpoints included colonoscopy 
outcomes, consisting of polyp detection rate (PDR), 
cecal intubation rate, cecal intubation time, with-
drawal time, self-reported sleep quality, anxiety 

score, and willingness to revisit another colonos-
copy.

Sample size and statistical analysis 

Based on our past experience, we believe the 
rate of adequate bowel preparation in our three en-
doscopic centers is about 75%. To detect the differ-
ence with an α-error of 0.05 and β-error of 0.1, we 
calculated that at least 400 patients in each group 
were needed on the basis of an expected efficien-
cy of 85% in the observation group. To account for 
possible drop out secondary to cancelation of the 
procedure, about 500 patients were planned to be 
enrolled in each group. 

Baseline characteristics were evaluated by inten-
tion-to-treat (ITT) analysis. Primary outcomes and 
secondary outcomes were analyzed on a per-proto-
col basis. The c2 test was used to assess categorical 
variables when appropriate. Continuous variables 
were described as means with SD and analyzed 
with one-way ANOVA. A p-value of < 0.05 indicated 
statistical significance. SPSS software, version 18.0, 
was used for data processing. 

Results

Patient characteristics

A total of 2196 patients underwent colonoscopy. 
Of these, 345 met exclusion criteria and 322 refused 

Photo 1. Educational tools provided to patients with the smartphone WeChat application. A – Process of 
taking medication, B – time alerts, C – upload fecal water photos, D – evaluation of fecal water image scores

A B C D
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to participate. 1529 patients were randomized to 
three groups. A total of 29 individuals canceled colo-
noscopy appointments or did not take any purgatives, 
so no arrangements were made. ITT analysis of other 
patients included in the study: 498 in group A (smart-
phone WeChat application group), 497 in group B 
(conventional education plus smartphone WeChat 
application), and 505 in the control group (Figure 1). 
There was no significant difference in baseline char-
acteristics among the three groups (Table I). 

Outcomes

Excluding incomplete colonoscopy, a total of 478 
patients in group A, 477 in group B and 473 in group 
C had colonoscopy and underwent PP analysis. The 
technical difficulty of incomplete colonoscopy for 
one reason did not differ significantly, but poor bow-
el preparation for the other reason did differ signifi-
cantly among the three groups (p = 0.043) (Table II).  
The success rate of cecal intubation was 96.0% 
(478/498) of patients in group A, 96.0% (477/497) in 
group B, and 93.7% (473/505) in the control group, 
with no significant differences between them (p = 
0.140). Among patients with successful insertion, 
the rate of adequate bowel preparation (BBPS ≥ 6) 
was significantly different among the three groups, 

with a mean BBPS score of 7.5 ±1.2 in group A, 7.5 
±1.3 in group B, and 6.5 ±1.2 in group C (p < 0.001). 

BBPS scores of patients with cecal intubation 
were compared as shown in Figure 2. Compared with 
the control group, group A and group B showed sig-
nificantly better bowel preparations at each segment 
(2.6 ±0.5, 2.4 ±0.6 vs. 2.2 ±0.6, p < 0.001 for left colon; 
2.4 ±0.6, 2.6 ±0.6 vs. 2.2 ±0.5, p < 0.001 for trans-
verse; 2.5 ±0.6, 2.5 ±0.7 vs. 2.2 ±0.6, p < 0.001 for 
right colon). There was no significant difference in to-
tal BBPS score and right colon BBPS score between 
group A and group B, but there was a significant dif-
ference in left colon and transverse colon BBPS score.

The cecal insertion time in group A and group B 
was shorter than that in the control group (8.8 ±3.9, 
8.9 ±3.8 vs. 10.5 ±4.2 min, p < 0.001). The mean 
withdrawal times were similar among the three 
groups. PDR in group A (40.2%, 192/478) and group 
B (41.7%, 199/477) was higher than that in the con-
trol group (p = 0.003) and mean polyp rate per case 
was higher too (p = 0.015).

Patient compliance and tolerance

As shown in Table III, significantly higher propor-
tions of patients in group A and group B rated sleep 
quality as excellent or good (58.6%, 56.0% vs. 50.6%, 

Figure 1. Flow chart of study design
ITT – intention-to-treat analysis, PP – per-protocol analysis.

2196 patients undergoing  
colonoscopy

1529 patients undergoing  
randomization

9 canceled colonoscopy
3 purgatives not used

8 canceled colonoscopy
2 purgatives not used

6 canceled colonoscopy
1 purgative not used

20 incomplete  
colonoscopy

20 incomplete  
colonoscopy

32 incomplete  
colonoscopy

510 allocated to group A 507 allocated to group B 512 allocated to group C

345 meeting exclusion criteria
322 declining to participate

498 allocated to undergoing  
colonoscopy

497 allocated to undergoing  
colonoscopy

505 allocated to undergoing  
colonoscopy

ITT ITT

N = 478 N = 477 N = 473PP PP
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respectively, p = 0.039). We found a significant dif-
ference in the 5-point Likert anxiety scores (1.6 ±0.9, 
1.7 ±0.9 vs. 2.2 ±1.0, p < 0.001) between groups. 
Compared with the control group, patients in both in-

tervention groups (p = 0.021) were more likely to be 
willing to repeat the bowel preparation. In addition to 
the general bowel preparation for colonoscopy, there 
were no expected adverse events in this study.

Table I. Baseline data of three groups

Parameter Group A  
(n = 498)

Group B
(n = 497)

Group C
(Control group) 

(n = 505)

P-value

Sex (male/female) 348/150 330/167 346/159 0.490

Age [years] mean ± SD 46.7 ±13.5 47.1 ±14.1 47.4 ±13.2 0.681

BMI [kg/m2] mean ± SD 24.0 ±3.3 24.1 ±3.4 23.9 ±3.4 0.681

History of abdominopelvic surgery, n (%) 81 (16.3) 96 (19.3) 86 (17.0) 0.420

Constipation, n (%) 74 (14.9) 71 (14.3) 76 (15.0) 0.939

Co-morbidity, n (%):

Hypertension 45 (9.0) 44 (8.9) 49 (9.7) 0.887

Coronary artery disease 10 (2.0) 11 (2.2) 9 (1.8) 0.888

Diabetes 12 (2.4) 13 (2.6) 12 (2.4) 0.966

Others 7 (1.4) 6 (1.2) 6 (1.2) 0.944

Colonoscopy, n (%): 0.168

Ordinary colonoscopy 119 (23.9) 120 (24.1) 144 (28.5)

Painless colonoscopy 379 (76.1) 377 (75.9) 361 (71.5)

Interval from appointment to colonoscopy [days] 7.0 ±0.9 7.0 ±0.8 7.1 ±0.9 0.878

Incomplete colonoscopy, n (%):

Technical difficulty 11 (2.2) 11 (2.2) 12 (2.4) 0.98

Very poor preparation 9 (1.8) 9 (1.8) 20 (4.0) 0.043

SD – standard deviation.

Table II. Comparison of colonoscopy outcomes

Parameter Group A  
(n = 478)

Group B
(n = 477)

Group C
(control group) 

(n = 473)

P-value

Cecal intubation rate, n (%) 478 (96.0) 477 (96.0) 473 (93.7) 0.140

Cecal intubation time, mean ± SD [min] 8.8 ±3.9 8.9 ±3.8 10.5 ±4.2 < 0.001

Withdrawal time, mean ± SD [min] 8.3 ±3.9 8.4 ±3.8 8.5 ±4.2 0.672

Rate of adequate bowel preparation, n (%)  
(BBPS 6 or higher)

426 (89.1) 424 (88.9) 397 (83.9) 0.025

BBPS score, mean ± SD:

Total 7.5 ±1.2 7.5 ±1.3 6.5 ±1.2 < 0.001

Right colon 2.5 ±0.6 2.5 ±0.7 2.2 ±0.6 < 0.001

Transverse colon 2.4 ±0.6 2.6 ±0.6 2.2 ±0.5 < 0.001

Left colon 2.6 ±0.5 2.4 ±0.6 2.2 ±0.6 < 0.001

PDR findings, n (%) 192 (40.2) 199 (41.7) 150 (31.7) 0.003

Mean polyp per patient, mean ± SD 0.6 ±1.0 0.6 ±0.9 0.5 ±0.8 0.015

BBPS – Boston Bowel Preparation Scale, SD – standard deviation, PDR – polyp detection rate.
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Discussion

Colonoscopy is crucial to diagnosis and treatment 
of precancerous colonic lesions [20]. Proper bowel 
preparation is crucial to the efficacy of colonosco-
py. Adequate bowel cleansing can increase the polyp 
detection rate and reduce complications [7, 21]. In-
adequate bowel preparation can lead to prolonged 
procedure time, incomplete examination, increased 
cost, possibly complications and patient anxiety, but 
the most important is misdiagnosis [22, 23]. Current 
studies focus on different types of interventions to 
improve the quality of patient education and bowel 
preparation before colonoscopy [8, 24–26]. Although 
some interventions are effective ways to transmit 
information related to bowel preparation, they are 
not intuitive, cannot be used as a  reference, are 
easy to forget, need to be reminded repeatedly, and 
require multiple communication. Then the medical 

staff need to spend extra time to communicate with 
patients, thus increasing the cost and working time.

In this era of information technology with inter-
net integration, the smartphone WeChat application 
is favored by people due to being free, mobile, con-
venient, and efficient, with ubiquitously accessible 
internet. They can also quickly send voice messages, 
videos, pictures and texts through the internet, so it 
becomes an important source of health information.

Here we conducted a  prospective, randomized, 
controlled trial at three centers. To our knowledge, 
this is the first study to confirm that the smartphone 
WeChat application can improve the quality of colo-
noscopy bowel preparation. Using the smartphone 
WeChat application also shortened cecal insertion 
time and increased the polyp detection rate. Patients 
with colonoscopy experience were excluded from 
this study because they may raise the likelihood of 
trial bias. 

Figure 2. The quality of bowel preparation was assessed using the Boston Bowel Preparation Scale (BBPS). 
A – The total score of BBPS in three groups. B – BBPS scores according to each segment of the colon
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Table III. Comparison of patients’ subjective feelings and tolerance during bowel preparation

Parameter Group A 
(n = 478)

Group B
(n = 477)

Group C 
(Control group) 

(n = 473)

P-value

Quality of sleep, n (%): 0.039

Excellent or good 280 (58.6) 267 (56.0) 239 (50.5)

Fair or bad 198 (41.4) 210 (44.0) 234 (49.5)

Patient’s willingness to repeat bowel prepara-
tion, n (%)

340 (72.1) 347 (72.7) 307 (64.9) 0.021

Anxiety score, mean ± SD  
(1 = very low, 5 = very high)

1.6 ±0.9 1.7 ±0.9 2.2 ±1.0 < 0.001

SD – standard deviation.
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Our study has several strengths. First, it is the 
multicenter design randomized controlled trial with 
a  large sample size to evaluate an educational in-
tervention. Second, the smartphone WeChat appli-
cation seems to provide a relatively economical and 
convenient channel to deliver bowel preparation in-
structions. After entering the small program identity 
verification, one can obtain the related information 
on colonoscopy for free, such as the precautions be-
fore and after painless colonoscopy examination, the 
dietary notes before colonoscopy, how to take bow-
el-clearing drugs, etc. Moreover, the small program 
will regularly send a medication alarm at regular in-
tervals to remind patients to avoid forgetting. Last but 
not least, the app can also upload pictures of patients 
taking their own photos to evaluate their stools, and 
give them a score, so as to help patients to contrast 
their bowel preparation, which was not available in 
previous studies on smartphone applications [27–30]. 
In the present study, the proportion of patients with 
successful bowel cleansing was significantly higher in 
the intervention group than in the control group.

Our study has some limitations. First, only the 
detection rate of polyps was reported and no specif-
ic pathological classification was made. So, the ad-
enoma detection rate was not obtained. All kinds of 
colonoscopic findings should be recorded in future 
studies. Second, some factors, such as salary levels 
and education level, which can influence the quality 
of bowel preparation, were not reported. Third, only 
one assessment method of quality of bowel prepa-
ration, the BBPS, which is simple and lacks accuracy, 
was used in this study. Other scales should be used 
in future studies to confirm our results.

In summary, our study demonstrates that 
a smartphone WeChat application on bowel prepa-
ration successfully improves the quality of patient 
colonoscopy bowel preparation. This intervention is 
very  effective,  easy  to  manage  and  especially eco-
nomical, and hence may be worth popularizing.

Conclusions

Patient instruction via the smartphone WeChat 
application efficiently improved bowel preparation 
for colonoscopy. 
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