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Abstract

Background: Various enhanced patient instructions (EPIs) have been used for bowel preparation (BP) and our previous
meta-analysis also demonstrated the efficacy of EPIs in increasing the colonic polyp and adenoma detection rates; however, the
optimal method for adequate BP has not yet been developed.

Objective: We performed a network meta-analysis to determine the optimal instructions.

Methods: We searched for randomized controlled trials (RCTs) comparing the effectiveness of EPIs with each other or standard
patient instructions (SPIs) for BP. We performed direct and Bayesian network meta-analyses for all instructions and used the
GRADE (Grading of Recommendations Assessment, Development and Evaluation) criteria to appraise the quality of evidence.

Results: We included 23 RCTs (7969 patients) comparing 10 different instructions. In direct meta-analyses, most of the EPIs,
except visual aids and mobile apps, increased the adequate preparation rate (APR). Network meta-analyses showed that additional
explanations were superior to visual aids (odds ratio [OR] 0.35, 95% CI 0.19-0.59), telephone calls (OR 0.62, 95% CI 0.37-0.99),
educational videos (OR 0.79, 95% CI 0.5-0.77), and mobile apps (OR 0.33, 95% CI 0.14-0.68) with low-to-high-quality evidence;
newly designed booklets (OR 3.28, 95% CI 1.59-6.16), SMS text messaging (OR 2.33, 95% CI 1.28-3.91), telephone calls (OR
1.86, 95% CI 1.03-1.78), educational videos (OR 2.33, 95% CI 1.40-3.65), and social media applications (OR 2.42, 95% CI
1.4-3.93) were superior to visual aids and mobile apps with low-to-high-quality evidence. SMS text messaging, telephone calls,
and social media applications increase adherence to and satisfaction with the BP regime. Social media applications reduce the
risk of adverse events (AEs). Telephone calls and social media applications increase the polyp detection rate (PDR).

Conclusions: Newly designed booklets, telephone calls, educational videos, and social media applications can improve the
quality of BP. Telephone calls and social media applications improve adherence to and satisfaction with the BP regime, reduce
the risk of AEs, and increase the PDR.

Trial Registration: INPLASY (International Platform of Registered Systematic Review and Meta-analysis Protocols)
INPLASY2020120103; https://inplasy.com/inplasy-2020-12-0103/

(J Med Internet Res 2021;23(10):e19915) doi: 10.2196/19915
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Introduction

Colorectal cancer ranks third among the most common cancers
and second in terms of the incidence and cause of cancer-related
mortality worldwide, with 1.8 million new cases and 0.88
million deaths in 2018 [1]. Colonoscopy has been regarded as
the criterion standard approach for early detection and safe
removal of colorectal lesions [2-4]. In particular, screening
colonoscopy has been associated with decreased colorectal
cancer incidence and mortality [2,5]. The quality of bowel
preparation (BP) is an important contributor toward successful
and safe colonoscopy [6]. However, approximately 18% to
30.5% inadequate BP has been reported in previous studies
[7-9]. It is discouraging that inadequate BP is associated with
decreased polyp detection rates (PDRs), increased risk of
adverse events (AEs), prolonged working time, and increased
medical expenditure [10,11].

Previous studies have determined several factors that can
influence the quality of BP, such as appropriate dietary
restrictions and proper administration of preparation solutions
[12]. Of all the factors, adequate comprehension of the BP and
colonoscopy details is a critical contributor to adequate BP [13].
Patients usually receive written booklets or verbal instructions
from professionals before colonoscopy for details regarding BP
and dietary restrictions, which are defined as standard patient
instructions (SPIs) [14]. However, the effect of SPIs on
improving the quality of BP is not enough [15]. Therefore,
researchers and practitioners have been developing most of the
enhanced patient instructions (EPIs) by including cartoon
pictures, SMS text messaging, telephone calls, mobile apps,
and social media applications to improve the quality of BP prior
to colonoscopy [14].

Thus far, several traditional pairwise meta-analyses investigating
the comparative efficacy between EPIs and SPIs for the quality
of BP have been published, and they have demonstrated
improved BP [13,14,16-18]. Moreover, our previous
meta-analysis also demonstrated the efficacy of EPIs in
increasing the PDR and adenomas detection rate (ADR) [19].
However, only 2 3-arm randomized controlled trials (RCTs)
investigated the comparative efficacy of telephone calls or
WeChat versus SMS text messaging for BP in patients receiving
outpatient colonoscopy. It is still unclear which EPIs should
preferably be used by decision makers for BP before
colonoscopy. To address those issues that could not be addressed
by traditional pairwise meta-analysis, network meta-analysis,
which can simultaneously assess the comparative efficacy of
multiple interventions, has been developed [20,21]. Therefore,
we performed direct pairwise and Bayesian network
meta-analyses combining direct and indirect evidence comparing
the relative efficacy of all patient instructions to determine the
optimal educational instructions for BP before colonoscopy.
We also used the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) criteria to appraise
the quality of evidence.

Methods

We conducted this systematic review and network meta-analysis
in accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement [22] and
reported all the outcomes according to the International Society
for Pharmacoeconomics and Outcomes Research Task Force
on Indirect Treatment Comparisons Good Research Practices
[23]. No formal protocol for the present study has been
published. We registered our systematic review on the
INSPLAY (International Platform of Registered Systematic
Review and Meta-analysis Protocols) platform, and the trial
registration number is INPLASY2020120103.

Search Strategy
We constructed the search strategy with the assistance of an
experienced medical librarian using full-text words and MeSH
(Medical Subject Headings). We also refined the search strategy
according to the specific requirements of each database. All
potential RCTs comparing EPIs to each other or SPIs for BP
were captured in PubMed, the Cochrane Central Register of
Controlled Trials, and Embase until December 2019. The last
search was updated in February 2020. Details of the search
strategies used for the 3 targeted databases are presented in
Multimedia Appendix 1.

Study Selection
We first excluded duplicate records through running the Finding
Duplicate function embedded in EndNote (version X9, Clarivate
Analytics). Then, we checked the titles and abstracts of the
articles to exclude irrelevant articles. Next, we screened the full
texts to further check the eligibility of all the remaining studies.
The inclusion criteria were as follows: (1) patients: adult patients
who were assigned to receive selective outpatient colonoscopy;
(2) interventions: all EPIs or SPIs for BP; (3) outcomes: the
quality of BP assessed with the adequate preparation rate (APR),
adherence to instruction (AI), satisfaction with the BP solution,
willingness to repeat the same BP solution, PDR, and AEs
including abdominal discomfort, nausea and vomiting, and sleep
disturbance; (4) study design: RCTs. Language restrictions were
not imposed. The exclusion criteria included (1) animal studies
and (2) conference abstracts without sufficient data or
unpublished studies.

The eligibility was checked by 2 investigators (XT and HC)
independently, and any divergences were resolved through the
consensus principle. When no agreement could be reached, a
third investigator (WQC) was consulted for determining the
eligibility.

Data Extraction
Essential data including the leading author, year of publication,
study design, country where the study was conducted, age and
sex of the patients, details of the BP regime, details of the
instructions used, and outcomes of interest were extracted by
2 independent investigators (LJY and XT) using a data
extraction sheet designed in advance. EPIs were classified as
additional explanations, visual aids, new visual aids, newly
designed booklets, SMS text messages, telephone calls, mobile
apps, social media applications, and educational videos. The
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classification and comparison of EPIs are documented in
Multimedia Appendix 2.

The primary outcome of the present meta-analysis was the
comparative efficacy of EPIs for improving the quality of BP
before colonoscopy, which was assessed with respect to the
APR. The secondary outcome was the comparative efficacy of
EPIs with respect to the AI, satisfaction with the BP solution,
willingness to repeat the same BP solution, PDR, and AEs.

Quality Assessment
We assigned 2 investigators to independently assess the risk of
bias of each eligible study with the Cochrane risk of bias
assessment tool [24]. We labeled each study as having low,
unclear, or high risk of bias according to the match between the
actual information and the following assessment criteria: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases.
A third investigator (WQC) was consulted to solve any
discrepancies.

Statistical Analysis
In traditional pairwise meta-analysis, we calculated the pooled
odds ratio (OR) with 95% CI to express the dichotomous data
[25]. We performed Cochran Q tests to qualitatively assess the

heterogeneity and used the I2 statistic to quantitatively estimate
the level of heterogeneity [26]. All pairwise meta-analyses were
performed based on the random-effect model because this model
simultaneously incorporates within- and between-study
heterogeneities. Publication bias is assessed using a funnel plot
if the accumulated number of eligible studies for individual
outcomes was more than 10 [27], and an asymmetry suggests
the presence of publication bias [28]. Direct meta-analysis was
conducted using Review Manager 5.3 (Cochrane Collaboration).

After completing direct meta-analysis, we conducted
random-effect network meta-analyses to estimate all the relative
effects using Markov chain Monte Carlo methods in OpenBUGS
3.2.3 (MRC Biostatistics Unit) following the methods described
by Lu and Ades [29,30]. We used the initial value that was
automatically generated from the software to fit the model [31].
To achieve convergence, we performed each Markov chain
Monte Carlo method with 50,000 iterations and 20,000 burn-ins.
We drew the comparison-adjusted funnel plot to assess the
small-study effects when the number of studies included in one
comparison pair exceeded 10 [32].

We assessed the probability that each instruction was the most
efficacious one for improving quality of BP, the second best,
the third best, and so on by calculating the OR for each
instruction compared with an arbitrary common control group
and counting the number of iterations of the Markov chain in
which each instruction had the highest OR, the second highest
OR, and so on [33].

Sensitivity Analysis
We designed several sensitivity analyses to evaluate the
robustness of the summarized findings according to the
following principles: (1) BP assessment scale (excluding studies
in which uncommon scales were used except for the Boston
Bowel Preparation Scale [BBPS], Ottawa Bowel Preparation
Scale [OBPS], and Aronchick Bowel Preparation Scale
[ABPS]); (2) risk of bias (excluding studies with high risk); (3)
study design (excluding studies with multicenter design).

Quality of Evidence
We rated the quality of evidence of the primary outcomes with
the GRADE working group approach [34,35]. In this approach,
the quality of direct evidence based on RCTs would be first
rated as high and the level could be reduced to moderate, low,
or very low according to 5 domains, including risk of bias,
indirectness, imprecision, inconsistency, and publication bias
[35]. The quality of indirect evidence was consistent with the
level of the lowest rating of the 2 pairwise estimates that
contribute as first-order loops to the indirect estimates and
imprecision or intransitivity can further reduce the level [35].
If the assumption of coherence between direct and indirect
estimates was confirmed, then the higher one of their levels
would be assigned to the results from network meta-analysis
[35].

Results

Study Selection
Figure 1 presents the schematic flowchart of the study selection
process. From a total of 388 unique studies identified using the
search strategy, we included 23 RCTs in this network
meta-analysis [36-58]. Among these, 1 RCT involving a newly
designed educational booklet was excluded (because of inpatient
enrollment) [59]. Further, 1 RCT comparing modified BP
protocols (multimedia education) to standard BP protocols was
excluded owing to the design implementation using historical
control data [60]. Moreover, 2 RCTs comparing educational
videos or additional explanations with SPIs were excluded
owing to the lack of essential data [61,62].
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Figure 1. Flow diagram showing retrieval and selection of literature. CENTRAL: Cochrane Central Register of Controlled Trials.

Study Characteristics
The basic characteristics of the patients who were included in
all eligible studies are summarized in Table 1. We have also
documented the characteristics of the eligible studies in
Multimedia Appendix 3. The studies were published between
2009 and 2019 [36-56,58]. The sample sizes of the individual
studies ranged from 92 to 1018 with a total of 7969 participants.
Among the 23 studies included, 2 were designed as 3-arm trials
[41,55]; among these, Lee et al [41] compared the efficacy

between SMS text messaging, telephone calls, and SPIs, and
Wang et al compared the efficacy between SMS text messaging,
social media applications and SPIs [55]. All other studies had
2-arm designs [36-40,42-54,56,58]. Further, 2 studies had
multicenter designs [49,54]. All the studies reported the quality
of BP assessed using the BBPS (9 trials) [36,41,45,50,53-57],
OBPS (8 trials) [39,40,42,43,47-49,52], ABPS (4 trials)
[37,38,51,58], Harefield Cleansing Scale (1 trial) [44], and
Universal Preparation Assessment Scale (1 trial) [46].
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Table 1. Basic characteristics of the patients included in studies on educational instructions for bowel preparation before colonoscopy.

OutcomesMale vs fe-
male partici-
pants (%)

Age (years, male vs female
participants), mean (SD)

Sample size (male
vs female partici-
pants)

ComparisonCountryStudy

APRb, AIc, and

SEd

53.4 vs 56.255.4 (12.8) vs 57.6 (13.1)283

(139 vs 144)

Educational videos

vs SPIsa (verbal in-
structions and in-
structional leaflets)

KoreaBack et al 2018 [36]

APR, CITe, WTf,

PDRg, and AEsh

41.5 vs 41.757.3 (8.0) vs 57.1 (7.3)969

(477 vs 492)

Visual aids vs SPIs
(written informa-
tion)

United StatesCalderwood et al
2011 [57]

APR52.9 vs 52n.r.i101

(51 vs 50)

Educational videos
vs SPIs (verbal ed-
ucation)

KoreaCho et al 2015 [58]

APR and WRBPj50.9 vs 58.460.0 (13.0) vs 59.0 (11.0)229

(116 vs 113)

Additional explana-
tions vs SPIs (oral
and written infor-
mation)

PortugalElvas et al 2017 [37]

APR, PDR,

ADRk, CIT, and
WT

43.8 vs 45.759.3 (18.1) vs 57.3 (19.4)94

(48 vs 46)

Educational videos
vs SPIs (verbal ed-
ucation)

United StatesGarg et al 2016 [38]

APR, AI, PDR,
ADR, CIT, WT

AEs, and SDTl

57.1 vs 57.446.7 (9.9) vs 49.9 (9.6)281

(140 vs 141)

Educational videos
vs SPIs (written in-
formation)

KoreaJeon et al 2018 [36]

APR, AI, WRBP,
ADR, CIT, WT,

52.2 vs 49.945.5 (13.0) vs 44.4 (13.2)770

(387 vs 383)

Social media appli-
cations vs SPIs
(verbal and written
instructions)

ChinaKang et al 2016 [40]

ICIBPm, AEs,
and SDT

APR, CIRn, AI,
SE, WRBP, PDR,

59.8 vs 62.7
vs 53.3

45.7 (12.4) vs 46.0 (12.2) vs
47.1 (11.8)

390

(127 vs 126 vs
137)

SMS text messag-
ing vs telephone
calls vs SPIs (writ-
ten information)

South KoreaLee et al 2015 [41]

ADR, CIT, WT,
ICIBP, AEs, and
SDT

APR, PDR, CIT,
WT, and ICIBP

61.5 vs 64.955.1 (6.3) vs 54.4 (8.6)281

(239 vs 237)

Educational videos
vs SPIs (written in-
formation)

ChinaLiu et al 2018 [42]

APR, AI, WRBP,
PDR, CIR, CIT,

53.3 vs 48.244.8 (12.5) vs 45.7 (12.6)605 (300 vs 305)Telephone calls vs
SPIs (verbal and

ChinaLiu et al 2014 [43]

WT, AEs, and
SDT

written instruc-
tions)

APR, AI, SE, and
WRBP

44.4 vs 40.148.3 (13.5) vs 52.5 (14.0)260

(108 vs 152)

Mobile app vs SPIs
(written informa-
tion)

SpainLorenzo et al 2015
[44]

APR and AIn.r.59.0 (15.7)618

(318 vs 300)

Additional explana-
tions vs SPIs (ver-
bal education)

ChinaMeng 2015 [45]

APR, CIT, and
WT

45.2 vs 33.857.9 (9.1) vs 57.3 (9.1)164

(84 vs 80)

Additional explana-
tions vs SPIs (writ-
ten and verbal in-
structions)

United StatesModi et al 2009 [46]

APR, PDR, CIT,
and WT

62.8 vs 66.349.2 (8.6) vs 47.3 (9.2)502

(250 vs 252)

Educational videos
vs SPIs (oral and
written informa-
tion)

South KoreaPark et al 2016 [47]

APR44.6 vs 50n.r.104

(56 vs 48)

Educational videos
vs SPIs (verbal and
written instruc-
tions)

United StatesPillai et al 2018 [48]
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OutcomesMale vs fe-
male partici-
pants (%)

Age (years, male vs female
participants), mean (SD)

Sample size (male
vs female partici-
pants)

ComparisonCountryStudy

APR and SE52.2 vs 36.4n.r.133

(67 vs 66)

Educational videos
vs SPIs (written in-
formation)

United StatesPrakash et al 2013
[49]

APR and AI60 vs 46.352.0 (13.0) vs 55.0 (12.0)160

(80 vs 80)

Mobile app vs SPIs
(written informa-
tion)

LebanonSharara et al 2017
[51]

APR95.8 vs 97.760.0 (10.7) vs 60.0 (12.3)436

(216 vs 220)

Newly designed
booklet vs SPIs
(written informa-
tion)

United StatesSpiegel et al 2011
[52]

APR, PDR, CIT,
CST, and WT

71.6 vs 68.948.6 (8.8) vs 47.6 (9.2)205

(102 vs 103)

New visual aids vs
SPIs (oral and
written informa-
tion)

KoreaTae et al 2012 [53]

APR, PDR,
ADR, CST, and
WT

50.8 vs 46.947.5 (13.6) vs 47.2 (14.8)495

(248 vs 247)

SMS text messag-
ing vs SPIs (oral
and written infor-
mation)

GermanyWalter et al 2019
[54]

APR, AI, SE,
WRBP, PDR,
ADR, CIR, CIT,
WT, AEs, and
SDT

54.3 vs 61.7
vs 53.5

52.6 (12.7) vs 48.9 (13.0) vs
51.5 (12.1)

384

(129 vs 128 vs
127)

SMS text messag-
ing vs social media
applications vs
SPIs (oral and
written informa-
tion)

ChinaWang et al 2019
[55]

APR, AI, WRBP,
ADR, CIR, CIT,
WT, AEs, and
SDT

52.6 vs 50.151.2 (18.5) vs 50.7 (17.9)1018

(511 vs 507)

Social media appli-
cations vs SPIs
(oral and written
information)

ChinaZhang et al 2018
[56]

APR61.9 vs 50.460.1 (8.8) vs 61.0 (7.9)92

(42 vs 50)

Educational videos
vs SPIs (oral and
written informa-
tion)

United StatesRice et al 2016 [50]

aSPIs: standard patient instructions.
bAPR: adequate preparation rate.
cAI: adherence to instruction.
dSE: satisfaction with the education.
eCIT: cecal intubation time.
fWT: withdrawal time.
gPDR: polyp detection rate.
hAEs: adverse events.
in.r.: not reported.
jWRBP: willingness to repeat the same BP solution.
kADR: adenomas detection rate.
lSDT: sleep disturbance.
mICIBP: incomplete colonoscopy due to inadequate bowel preparation.
nCIR: cecal intubation rate.

Quality Assessment
The overall and study-level quality assessments are outlined in
Figure S1 of Multimedia Appendix 4. Overall, most of the
studies (18/23, 78.3%) appeared to have been at low-to-moderate
risk of bias, with 4 (17.4%) not reporting the details of
generating the random sequence [45,47,49,56] and 8 (34.8%)
not reporting the details for allocation concealment
[36,38,45-48,53,57]. Further, 10 (43.5%) did not report the

details of blinding the outcome assessor
[39-41,43-45,47,51,53,54]. More importantly, 4 studies (17.4%)
did not blind the assessors and were rated to be at high risk of
bias [38,46,48,49]. In addition, 4 (17.4%) were rated to be at
high risk of attrition bias [38,46,49,53]. Other bias sources were
not detected in all studies.
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Direct Treatment Effects

Primary Outcomes
Figure 2 demonstrates the available direct comparisons and
network meta-analyses. Compared to SPIs, additional
explanations (3 RCTs; OR 3.34, 95% CI 1.45-7.69), newly
designed booklets (1 RCT; OR 3.63, 95% CI 2.15-6.12), new
visual aids (1 RCT; OR 3.05, 95% CI 1.21-7.68), SMS text
messaging (3 RCTs; OR 2.77, 95% CI 1.86-4.14), telephone
calls (2 RCTs; OR 2.64, 95% CI 1.03-6.74), educational videos
(8 RCTs; OR 2.82, 95% CI 1.83-4.35), and social media

applications (3 RCTs; OR 2.70, 95% CI 1.75-4.18) adequately
increased the BP rate, but not visual aids (1 RCT; OR 1.18, 95%
CI 0.78-1.8) and mobile apps (2 RCTs; OR 1.85, 95% CI
0.15-23.24). Head-to-head meta-analysis showed that telephone
calls (1 RCT; OR 1.25, 95% CI 0.33-4.77) or social media
applications (1 RCT; OR 1.32, 95% CI 0.63-2.78) were not
superior to SMS messaging. Significant heterogeneity was

observed in trials comparing additional explanations (I2=79%),

telephone calls (I2=60%), educational videos (I2=62%), and

mobile apps (I2=68%). All the pooled results are delineated in
Figure S2 in Multimedia Appendix 4.

Figure 2. Evidence network for adequate preparation rate. The numbers outside and inside parentheses refer to the number of trials and the total number
of participants in these trials, respectively, and the thickness of the connecting lines corresponds to the number of trials between comparators. SPIs:
standard patient instructions.

Secondary Outcomes
Compared to SPIs, additional explanations (1 RCT; OR 8.38,
95% CI 3.73-18.84), SMS text messaging (2 RCTs; OR 7.04,
95% CI 2.79-17.81), telephone calls (2 RCTs; OR 4.54, 95%
CI 2.92-7.05), and social media applications (3 RCTs; OR 3.88,
95% CI 2.05-7.35) are associated with improved AI, but not
educational videos (1 RCT; OR 3.16, 95% CI 0.99-10.06) or
mobile apps (2 RCTs; OR 1.26, 95% CI 0.73-2.18). Head-to
head meta-analysis showed that telephone calls (1 RCT; OR

1.25, 95% CI 0.33-4.77) and social media applications (1 RCT;
OR 0.86, 95% CI 0.3-2.45) were not superior to SMS text
messaging. Significant heterogeneity was observed in trials

comparing social media applications (I2=63%) to SPIs. All the
pooled results are delineated in Figure S3 in Multimedia
Appendix 4.

Compared to SPIs, social media applications (1 RCT; OR 2.56,
95% CI 1.35-4.87) and telephone calls (1 RCT; OR 1.85, 95%
CI 1.01-3.41) indicated improved satisfaction with the
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instructions but not SMS text messaging (2 RCTs; OR 1.92,
95% CI 0.94-4.05) or educational videos (1 RCT; OR 1.47,
95% CI 0.69-3.12). Head-to-head meta-analysis showed that
telephone calls (1 RCT; OR 1.22, 95% CI 0.73-2.06) and social
media applications (1 RCT; OR 0.95, 95% CI 0.52-1.72) were
not superior to SMS text messaging. All the pooled results are
delineated in Figure S4 in Multimedia Appendix 4.

Compared to SPIs, social media applications (3 RCTs; OR 2.16,
95% CI 1.51-3.09) and mobile apps (1 RCT; OR 2.48; 95% CI
1.22-5.04) were associated with improved willingness to repeat
the same BP regime, but not additional explanations (1 RCT;
OR 2.04, 95% CI 0.37-11.35), SMS text messaging (2 RCTs;
OR 1.24, 95% CI 0.57-2.71), or telephone calls (2 RCTs; OR
1.58, 95% CI 0.67-3.69). Head-to-head meta-analysis showed
that telephone calls (1 RCT; OR 1.44, 95% CI 0.61-3.37) and
social media applications (1 RCT; OR 0.99, 95% CI 0.44-2.23)
were not superior to SMS text messaging. Significant
heterogeneity was observed in trials comparing telephone calls

(I2=69%) to SPIs. All the pooled results are delineated in Figure
S5 in Multimedia Appendix 4.

Compared to SPIs, telephone calls (2 RCTs; OR 1.85, 95% CI
1.36-2.5) were associated with an increased PDR, but not visual
aids (1 RCT; OR 0.99, 95% CI 0.76 -1.28), new visual aids (1
RCT; OR 0.99, 95% CI 0.57-1.73), SMS text messaging (3
RCTs; OR 1.07, 95% CI 0.81-1.41), educational videos (5
RCTs; OR 1.05, 95% CI 0.72-1.54), or social media applications
(1 RCT; OR 1.25, 95% CI 0.65-2.41). Head-to-head
meta-analysis showed that telephone calls (1 RCT; OR 1.61,
95% CI 0.97-2.68) were not superior to SMS text messaging.
Significant heterogeneity was observed in the trials comparing

educational videos (I2=52%) to SPIs. All the pooled results are
delineated in Figure S6 in Multimedia Appendix 4.

Compared to SPIs, social media applications were associated
with reduced risk of abdominal discomfort (3 RCTs; OR 0.67,
95% CI 0.5-0.9), but not visual aids (1 RCT; OR 0.9, 95% CI
0.63-1.28), SMS text messaging (2 RCTs; OR 0.67, 95% CI
0.4-1.12), telephone calls (2 RCTs; OR 0.94, 95% CI 0.65-1.35),
or educational videos (1 RCT; OR 1.01, 95% CI 0.37-2.76).
Head-to-head meta-analysis showed that telephone calls (1 RCT;
OR 0.83, 95% CI 0.47-1.48) or social media applications (1
RCT; OR 1.22, 95% CI 0.61-2.45) were not superior to SMS
text messaging. All the pooled results are delineated in Figure
S7 in Multimedia Appendix 4.

Compared to SPIs, social media applications indicated reduced
risk of nausea and vomiting (3 RCTs; OR 0.7, 95% CI
0.55-0.88), but not visual aids (1 RCT; OR 1.27, 95% CI
0.67-2.41), SMS text messaging (2 RCTs; OR 0.64, 95% CI
0.27-1.53), telephone calls (2 RCTs; OR 0.8, 95% CI 0.56-1.13),
or educational videos (1 RCT; OR 0.49, 95% CI 0.14-1.66).
Head-to-head meta-analysis showed that telephone calls (1 RCT;
OR 0.55, 95% CI 0.33-0.91) were superior to SMS text
messaging, but not social media applications (1 RCT; OR 1.19,
95% CI 0.7-2.03). Significant heterogeneity was observed in

the trials comparing SMS text messaging (I2=74%) to SPIs. All
the pooled results are delineated in Figure S8 in Multimedia
Appendix 4.

Compared to SPIs, SMS text messaging (2 RCTs; OR 1.1, 95%
CI 0.71-1.71), telephone calls (2 RCTs; OR 0.69, 95% CI
0.41-1.16), educational videos (1 RCT; OR 2.32, 95% CI
0.78-6.86), and social media applications (3 RCTs; OR 0.62,
95% CI 0.35-1.10) were not associated with increased risk of
sleep disturbance. Head-to-head meta-analysis showed that
telephone calls (1 RCT; OR 1.08, 95% CI 0.65-1.8) and social
media applications (1 RCT; OR 1.08, 95% CI 0.66-1.77) were
not superior to SMS text messaging. Significant heterogeneity

was observed in the trials comparing telephone calls (I2=55%)

and social media applications (I2=85%) to SPIs. All the pooled
results are delineated in Figure S9 in Multimedia Appendix 4.

Network Meta-Analysis and Quality Assessment

Primary Outcomes
For the primary outcome of APR, the results of direct and
indirect comparisons were largely similar with overlapping CIs,
although differences were observed in the effect size and
statistical significance in some cases, as shown in Table 2. In
the network meta-analysis, we calculated the mixed-effect
estimate as the weighted average of the direct (where available)
and indirect treatment effects. In this analysis, when compared
with SPIs, additional explanations (OR 3.56,95% CI 2.46-5;
moderate quality of evidence), newly designed booklets (OR
3.81, 95% CI 2.19-6.3; very low quality of evidence), new visual
aids (OR 3.61, 95% CI 1.29-8.63; very low quality of evidence),
SMS text messaging (OR 2.7, 95% CI 1.85-3.86; high quality
of evidence), telephone calls (OR 2.15, 95% CI 1.49-3.02;
moderate quality of evidence), educational videos (OR 2.7, 95%
CI 2.12-3.41; low quality of evidence), and social media
applications (OR 2.81, 95% CI 2.07-3.73; high quality of
evidence) increased the APR in patients undergoing
colonoscopy, but not visual aids (OR 1.21, 95% CI 0.78-1.81;
moderate quality of evidence) and mobile apps (OR 1.15, 95%
CI 0.53-2.19; very low quality of evidence), as observed in
Table 2.

Network meta-analysis demonstrated that visual aids (OR 0.35,
95% CI 0.19-0.59; high quality of evidence), telephone calls
(OR 0.62, 95% CI 0.37-0.99; high quality of evidence),
educational videos (OR 0.79, 95% CI 0.5-0.77; moderate quality
of evidence), and mobile apps (OR 0.33, 95% CI 0.14-0.68;
low quality of evidence) were inferior to additional explanations;
newly designed booklets (OR 3.28, 95% CI 1.59-6.16; low
quality of evidence), SMS text messaging (OR 2.33, 95% CI
1.28-3.91; high quality of evidence), telephone calls (OR 1.86,
95% CI 1.03-1.78; high quality of evidence), educational videos
(OR 2.33, 95% CI 1.4-3.65; moderate quality of evidence), and
social media applications (OR 2.42, 95% CI 1.4-3.93; high
quality of evidence) were superior to visual aids; mobile apps
were inferior to newly designed booklets (OR 0.32, 95% CI
0.12-0.7; low quality of evidence) or SMS text messaging (OR
0.44, 95% CI 0.18-0.9; low quality of evidence); social media
applications (OR 0.43, 95% CI 0.19-0.85; low quality of
evidence) were inferior to educational videos, and mobile apps
(OR 0.42, 95% CI 0.18-0.83; low quality of evidence) were
inferior to social media applications in increasing the APR.
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Table 2. Pooled summary estimates and quality of evidence derived from direct and indirect estimates and network meta-analysis informing on

comparative efficacy of educational interventions for improving quality of bowel preparation before colonoscopya.

Network meta-analysisIndirect estimateDirect estimateEducational instruction

Quality of
evidence

OR (95% CI)Quality of
evidence

OR (95% CI)Quality of evi-
dence

ORb (95% CI)

Compared with standard patient instructions

Moderate3.56 (2.46-5)N/Aen.e.dModeratec3.34 (1.45-7.69)Additional explanations

Moderate1.21 (0.78-1.81)N/An.e.Moderatef1.18 (0.78-1.8)Visual aids

Very low3.81 (2.19-6.3)N/An.e.Very lowg,h3.63 (2.15-6.12)Newly designed booklets

Very low3.61 (1.29-8.63)N/An.e.Very

lowc,g,i

3.05 (1.21-7.68)New visual aids

High2.7 (1.85-3.86)Very low2.12 (0.96-4.03)High2.77 (1.86-4.14)SMS text messaging

Moderate2.15 (1.49-3.02)Very low2.22 (0.55-8.93)Moderatej2.64 (1.03-6.74)Telephone calls

Low2.7 (2.12-3.41)N/An.e.Lowk2.82 (1.83-4.35)Educational videos

High2.81 (2.07-3.73)Low1.03 (0.57-1.85)High2.7 (1.75-4.18)Social media applications

Very low1.15 (0.53-2.19)N/An.e.Very lowj,h1.85 (0.15-23.24)Mobile apps

Compared with additional explanations

High0.35 (0.19-0.59)Moderate0.34 (0.14-0.87)N/AN/AVisual aids

Very low1.11 (0.56-2)Very low1.05 (0.39-2.83)N/AN/ANewly designed booklets

Very low1.05 (0.34-2.61)Very low0.89 (0.26-3.08)N/AN/ANew visual aids

Moderate0.79 (0.45-1.26)Moderate0.81 (0.32-2.03)N/AN/ASMS text messaging

High0.62 (0.37-0.99)Moderate0.77 (0.22-2.7)N/AN/ATelephone calls

Moderate0.79 (0.5-0.77)Low0.82 (0.32-2.1)N/AN/AEducational videos

Moderate0.81 (0.5-1.26)Moderate0.79 (0.31-2.01)N/AN/ASocial media applications

Low0.33 (0.14-0.68)Very low0.54 (0.04-7.66)N/AN/AMobile apps

Compared with visual aids

Low3.28 (1.59-6.16)Very low3.08 (1.58-6.01)N/AN/ANewly designed booklets

Very low3.12 (0.98-7.96)Very low2.59 (0.94-7.13)N/AN/ANew visual aids

High2.33 (1.28-3.91)Moderate2.35 (1.32-4.19)N/AN/ASMS text messaging

High1.86 (1.03-1.78)Moderate2.24 (0.8-6.26)N/AN/ATelephone calls

Moderate2.33 (1.4-3.65)Low2.39 (1.31-4.36)N/AN/AEducational videos

High2.42 (1.4-3.93)Moderate2.29 (1.25-4.18)N/AN/ASocial media applications

Very low0.99 (0.4-2.05)Very low1.57 (0.86-2.87)N/AN/AMobile apps

Compared with newly designed booklets

Very low1.02 (0.3-2.68)Very low0.84 (0.29-2.43)N/AN/ANew visual aids

Very low0.76 (0.38-1.37)Very low0.76 (0.4-1.47)N/AN/ASMS text messaging

Very low0.61 (0.3-1.09)Very low0.73 (0.25-2.13)N/AN/ATelephone calls

Very low0.76 (0.41-1.3)Very low0.78 (0.39-1.53)N/AN/AEducational videos

Very low0.79 (0.41-1.37)Very low0.74 (0.38-1.47)N/AN/ASocial media applications

Low0.32 (0.12-0.7)Very low0.51 (0.04-6.69)N/AN/AMobile apps

Compared with new visual aids

Very low0.94 (0.29-2.24)Very low0.91 (0.33-2.49)N/AN/ASMS text messaging

Very low0.75 (0.23-1.76)Very low0.87 (0.23-3.23)N/AN/ATelephone calls
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Network meta-analysisIndirect estimateDirect estimateEducational instruction

Quality of
evidence

OR (95% CI)Quality of
evidence

OR (95% CI)Quality of evi-
dence

ORb (95% CI)

Very low0.95 (0.3-2.15)Very low0.93 (0.33-2.57)N/AN/AEducational videos

Very low0.98 (0.31-2.27)Very low0.89 (0.32-2.46)N/AN/ASocial media applications

Very low0.4 (0.1-1.05)Very low0.61 (0.04-8.9)N/AN/AMobile apps

Compared with SMS text messaging

Moderate0.82 (0.48-1.31)Moderate0.95 (0.34-2.65)Very lowf,i1.25 (0.33-4.77)Telephone calls

Low1.04 (0.65-1.56)Low1.02 (0.57-1.84)N/AN/AEducational videos

High1.07 (0.67-1.62)High0.98 (0.54-1.76)Lowl1.32 (0.63-2.78)Social media applications

Low0.44 (0.18-0.9)Very low0.67 (0.05-8.58)N/AN/AMobile apps

Compared with telephone calls

Low1.3 (0.83-1.95)Low1.07 (0.38-3.01)N/AN/AEducational videos

Moderate1.35 (0.82-2.07)Moderate1.02 (0.36-2.88)N/AN/ASocial media applications

Very low0.55 (0.23-1.13)Very low0.70 (0.05-10.33)N/AN/AMobile apps

Compared with educational videos

Low1.05 (0.71-1.51)Low0.96 (0.52-1.77)N/AN/ASocial media applications

Low0.43 (0.19-0.85)Very low0.66 (0.05-8.47)N/AN/AMobile apps

Compared with social media applications

Low0.42 (0.18-0.83)Very low0.69 (0.05-8.85)N/AN/AMobile apps

aThe italicized values indicate statistically significant differences.
bOR: odds ratio.
cOne was rated with high risk.
dn.e.: not estimable.
eN/A: not applicable.
fOnly one was captured.
gPoint estimates between two studies were conflicting.
hOne with only 266 participants was included.
iOne with only 200 participants was included.
jA wide 95% CI was generated.
kTwo were rated with high risk.
lOne with only 257 participants was included.

For the primary outcome of APR, newly designed booklets had
the highest probability of being ranked the best (85.8%),
followed by additional explanations (80.6%), new visual aids
(71.6%), social media applications (64.6%), educational videos
(61.0%), SMS text messaging (60.4%), telephone calls (40.9%),
visual aids (15.9), mobile apps (12%), and SPIs (7.2%), as
shown in Figure S10 in Multimedia Appendix 4.

Secondary Outcomes
Network meta-analysis showed that when compared to SPIs,
additional explanations (OR 9.84, 95% CI 4.13-21.78), SMS
text messaging (OR 6.99, 95% CI 3.57-12.92), telephone calls

(OR 8.48, 95% CI 3.08-7.42), educational videos (OR 4.24,
95% CI 1.12-12.61), and social media applications (OR 3.76,
95% CI 2.7-5.13) increased adherence to the preparation regime,
but not mobile apps (OR 1.33, 95% CI 0.74-2.2), as shown in
Table 3. Additional explanations significantly increased
adherence to the preparation regime when compared to social
media applications (OR 0.46, 95% CI 0.16-0.96) or mobile apps
(OR 0.16, 95% CI 0.05-0.37). Moreover, SMS messaging (OR
0.21, 95% CI 0.08-0.44), telephone calls (OR 0.29, 95% CI
0.13-0.54), and social media applications (OR 0.36, 95% CI
0.18-0.65) significantly increased adherence to the preparation
regime compared to mobile apps.
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Table 3. Pooled relative risks of secondary outcomes based on combined direct and indirect evidence from Bayesian network meta-analysis with

different educational instructions in patients undergoing colonoscopya.

Polyp
detec-
tion rate

Sleep disturbanceNausea
and
vomit-
ing

Abdomi-
nal dis-
comfort

Willingness to re-
peat

Satisfaction
with BPb

Adherence to instruc-
tion

Education instruction

Compared with standard patient instructions

N/AN/AN/AN/A1.02 (0.19-3.24)N/Ac9.84 (4.13-21.78)Additional explanations

1 (0.76-
1.28)

N/A1.35
(0.67-
2.46)

0.91
(0.62-
1.27)

N/AN/AN/AVisual aids

1.03
(0.56-
1.74)

N/AN/AN/AN/AN/AN/ANew visual aids

1.1
(0.85-
1.41)

0.8 (0.58-1.1)0.66
(0.46-
0.9)

0.71
(0.46-
1.03)

1.44 (0.86-2.32)1.79 (1.22-
2.55)

6.99 (3.57-12.92)SMS text messaging

1.86
(1.4-
2.44)

0.69 (0.51-0.91)0.92
(0.67-
1.25)

0.95
(0.67-
1.31)

1.36 (0.95-1.89)1.97 (1.19-
3.12)

4.84 (3.08-7.42)Telephone calls

0.81
(0.6-
1.07)

2.88 (0.84-7.93)2.77
(0.65-
8.51)

1.18
(0.36-
2.93)

N/A1.6 (0.7-
3.18)

4.24 (1.12-12.61)Educational videos

1.37
(0.87-
2.01)

0.53 (0.44-0.65)0.69
(0.54-
0.85)

0.69
(0.52-
0.9)

2.22 (1.77-2.75)2.03 (1.17-
3.34)

3.76 (2.7-5.13)Social media applications

N/AN/AN/AN/A2.73 (1.27-5.34)N/A1.33 (0.74-2.2)Mobile apps

Compared with additional explanations

N/AN/AN/AN/A2.39 (0.4-8.14)N/A0.85 (0.25-2.07)SMS text messaging

N/AN/AN/AN/A2.25 (0.4-7.44)N/A0.59 (0.2-1.29)Telephone calls

N/AN/AN/AN/AN/AN/A0.52 (0.09-1.74)Educational videos

N/AN/AN/AN/A3.68 (0.66-12.1)N/A0.46 (0.16-0.96)Social media applications

N/AN/AN/AN/A4.53 (0.67-16.48)N/A0.16 (0.05-0.37)Mobile apps

Compared with visual aids

1.05
(0.54-
1.87)

N/AN/AN/AN/AN/AN/ANew visual aids

1.13
(0.77-
1.59)

N/A0.54
(0.24-
1.05)

0.8
(0.46-
1.32)

N/AN/AN/ASMS text messaging

1.90
(1.28-
2.72)

N/A0.76
(0.35-
1.45)

1.08
(0.64-
1.7)

N/AN/AN/ATelephone calls

0.82
(0.55-
1.19)

N/A2.28
(0.43-
7.59)

1.34
(0.37-
3.47)

N/AN/AN/AEducational videos

1.39
(0.82-
2.2)

N/A0.57
(0.27-
1.05)

0.79
(0.49-
1.2)

N/AN/AN/ASocial media applications

Compared with new visual aids

1.16
(0.6-
2.04)

N/AN/AN/AN/AN/AN/ASMS text messaging

J Med Internet Res 2021 | vol. 23 | iss. 10 | e19915 | p. 11https://www.jmir.org/2021/10/e19915
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Polyp
detec-
tion rate

Sleep disturbanceNausea
and
vomit-
ing

Abdomi-
nal dis-
comfort

Willingness to re-
peat

Satisfaction
with BPb

Adherence to instruc-
tion

Education instruction

1.96 (1-
3.46)

N/AN/AN/AN/AN/AN/ATelephone calls

0.85
(0.43-
1.52)

N/AN/AN/AN/AN/AN/AEducational videos

1.44
(0.67-
2.71)

N/AN/AN/AN/AN/AN/ASocial media applications

Compared with SMS text messaging

1.71
(1.2-
2.36)

0.88 (0.59-1.27)1.44
(0.95-
2.1)

1.39
(0.86-
2.14)

0.99 (0.55-1.65)1.12 (0.66-
1.79)

0.77 (0.33-1.49)Telephone calls

0.74
(0.49-
1.07)

3.68 (1.01-10.24)4.34
(0.95-
13.54)

1.74
(0.48-
4.55)

N/A0.93 (0.36-
1.95)

0.67 (0.14-2.19)Educational videos

1.25
(0.79-
1.88)

0.68 (0.47-0.95)1.07
(0.73-
1.52)

1.02
(0.63-
1.57)

1.64 (0.93-2.65)1.16 (0.65-
1.92)

0.59 (0.28-1.09)Social media applications

N/AN/AN/AN/A2.02 (0.77-4.42)N/A0.21 (0.08-0.44)Mobile apps

Compared with telephone calls

0.44
(0.29-
0.65)

4.24 (1.17-11.87)3.07
(0.69-
9.65)

1.28
(0.37-
3.32)

N/A0.86 (0.32-
1.89)

0.92 (0.22-2.87)Educational videos

0.75
(0.44-
1.17)

0.79 (0.55-1.1)0.76
(0.51-
1.09)

0.75
(0.48-
1.12)

1.69 (1.1-2.48)1.09 (0.52-
2.01)

0.82 (0.45-1.34)Social media applications

N/AN/AN/AN/A2.08 (0.88-4.29)N/A0.29 (0.13-0.54)Mobile apps

Compared with educational videos

1.73
(1.01-
2.77)

0.26 (0.07-0.64)0.38
(0.08-
1.08)

0.78
(0.48-
1.97)

N/A1.48 (0.53-
3.3)

1.31 (0.28-3.5)Social media applications

N/AN/AN/AN/AN/AN/A0.46 (0.09-1.32)Mobile apps

Compared with social media applications

N/AN/AN/AN/A1.25 (0.56-2.5)N/A0.36 (0.18-0.65)Mobile apps

aThe italicized values indicate statistically significant differences.
bBP: bowel preparation.
cN/A: not applicable.

The analysis also demonstrated that besides educational videos,
SMS text messaging (OR 1.79, 95% CI 1.22-2.55), telephone
calls (OR 1.97, 95% CI 1.19-3.12), and social media applications
(OR 2.03, 95% CI 1.17-3.34) indicated satisfaction with the BP
regime when compared to SPIs.

Network meta-analysis also showed that when compared to
SPIs, social media applications (OR 2.22, 95% CI 1.77-2.75)
or mobile apps (OR 2.73, 95% CI 1.27-5.34) were associated
with increased willingness to repeat the same BP regime. Social
media applications (OR 1.69, 95% CI 1.1-2.48) significantly
increased the willingness to repeat the same BP regime when
compared to telephone calls.

Furthermore, telephone calls significantly increased the PDR
when compared to SPIs (OR 1.86, 95% CI 1.4-2.44) and SMS
messaging (OR 1.71, 95% CI 1.2-2.36). Social media
applications (OR 1.73, 95% CI 1.01-2.77) were associated with
an increased PDR compared to educational videos.

The analysis also showed that besides social media applications
(OR 0.69, 95% CI 0.54-0.85), no other instructions were
associated with decreased abdominal discomfort, when
compared to SPIs. SMS text messaging (OR 0.66, 95% CI
0.46-0.9) or social media applications (OR 0.69, 95% CI
0.54-0.85) were superior to SPIs in reducing the risk of nausea
and vomiting. Telephone calls or social media applications were
associated with reduced risk of sleep disturbance but not SMS
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text messaging or educational videos, when compared to SPIs.
Moreover, SMS text messaging (OR 3.68, 95% CI 1.01-10.24)
or telephone calls (OR 4.24, 95% CI 1.17-11.87) were also
superior to educational videos in improving sleep disturbance.
Social media applications were also superior to SMS text
messaging (OR 0.68, 95% CI 0.47-0.95) or educational videos
(OR 0.26, 95% CI 0.07-0.64) in reducing the risk of sleep
disturbance

Sensitivity Analysis
Results from multiple prespecified sensitivity analyses are
presented in Multimedia Appendix 5. Overall, for the primary
outcome, the results were largely similar to the main analysis
in the sensitivity analyses based on the (1) BP assessment scale
(excluding studies in which uncommon scales were used except
for BBPS, OBPS, and ABPS), (2) risk of bias (excluding studies
with high risk), and (3) study design (excluding studies with
multicenter designs). After excluding the studies using
uncommon BP assessment scales, new visual aids (OR 3.16,
95% CI 1.02-8.01) were statistically superior to visual aids or
mobile apps (OR 0.27, 95% CI 0.06-0.75) in increasing the
APR; the difference (OR 0.49, 95% CI 0.2-1.03) between mobile
apps and social media applications was not significant in

increasing adherence to the BP regime. Excluding the studies
with high risk also showed that telephone calls (OR 0.63, 95%
CI 0.37-1.01) and educational videos (OR 0.79, 95% CI
0.5-1.19) were not inferior to additional explanations in
increasing the APR. Excluding studies using uncommon
preparation assessment scales showed that social media
applications were not superior to mobile apps (OR 0.49, 95%
CI 0.2-1.03) in increasing adherence to the BP regime.
Furthermore, excluding the studies with high risk revealed that
the difference (OR 1.59, 95% CI 0.88-2.66) between mobile
apps and social media applications in increasing the PDR was
not significant.

Publication Bias and Network Coherence
We did not find evidence of publication bias based on the funnel
plot asymmetry in Figure 3, although the number of studies
included in each comparison was very small, thereby making
the available methods for evaluating publication bias somewhat
unreliable. There were no significant differences between direct
and indirect estimates where both were available, and the 2
methods had overlapping CIs for all interventions, as observed
in Table 2.

Figure 3. Comparison-adjusted funnel plot for adequate preparation rate. The vertical axis represents the standard error of the effect size. The horizontal
axis indicates the effect size centered at the comparison-specific pooled effect. The symmetrical funnel plot indicates the absence of publication bias.
PDR: polyp detection rate; EPI: enhanced patient instruction; SPI: standard patient instruction; APR: adequate preparation rate; A: additional explanation;
B: visual aid; C: newly designed booklet; D: new visual aids; E: SMS text messaging; F: telephone call; G: educational video; H: social media application;
I: mobile app.
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Discussion

Several meta-analyses [13,14,16-18] examined the quality of
BP, colonic outcomes, and AEs including abdominal discomfort,
nausea and vomiting, and sleep disturbance by comparing EPIs
and SPIs. They concluded that EPIs are more effective and safer
techniques for improving the quality of BP before colonoscopy.
However, they did not completely explain which instruction is
superior among the various EPIs because their analyses were
based solely on direct comparisons between 2 given techniques.
Our network meta-analysis of 23 RCTs involving 7969 patients
is the first study that comprehensively analyzes direct and
indirect evidence in EPIs for BP prior to colonoscopy.

In this systematic review and network meta-analysis, we made
several key observations: (1) SMS text messaging and social
media applications increase the APR, with high confidence in
the estimates; additional explanations and telephone calls
improve the APR with moderate confidence in the estimates;
educational videos, newly designed booklets, and new visual
aids also increase the APR but with low-to-very-low confidence
in the estimates. (2) Based on high-to-moderate-quality
evidence, additional explanations offer significant advantages
over visual aids, telephone calls, and educational videos, but
not SMS text messaging and social media applications;
additional explanations are also superior to mobile apps but not
to newly designed booklets and new visual aids, although the
quality of evidence ranges from low to very low. (3) SMS text
messaging, telephone calls, social media applications, and
educational videos offer significant advantages over visual aids
for increasing the APR, based on moderate-to-high-quality
evidence; newly designed booklets also increase the APR with
low-quality evidence. (4) According to low-quality evidence,
newly designed booklets, SMS text messaging, educational
videos, and social media applications significantly increase the
APR but not new visual aids and telephone calls when compared
to mobile apps. Overall, we observed that newly designed
booklets had the highest probability of being ranked the best
(for increasing APR), followed by additional explanations, new
visual aids, social media applications, educational videos, SMS
text messaging, telephone calls, and visual aids. (5) SMS text
messaging, telephone calls, and social media applications
increase adherence to and satisfaction with the BP regime; social
media applications are associated with decreased risk of AEs;
telephone calls or social media applications increase the PDR.
It should be noted that we analyzed an inadequate number of
eligible studies, and additional studies are warranted.

The quality of BP is the metric to determine if colonoscopy is
successful and safe [63]. In this regard, 2 studies investigated
the comparative efficacy of telephone calls and social media
applications (WeChat) compared to SMS text messaging for
BP and colonic outcomes. Lee and colleagues found no
significant difference in the quality of BP between the telephone
call and SMS text messaging groups, which is consistent with
our finding (OR 0.82, 95% CI, 0.48-1.31; moderate quality
evidence). However, the finding of Wang et al conflicts with
the finding in the present study (OR 1.07, 95% CI 0.67-1.62;
high quality of evidence), wherein social media applications
are superior to SMS text messaging in increasing the APR. As

a critically important quality metric of colonoscopy [63,64], the
PDR was also assessed in these 2 studies, where no differences
between the telephone call or social media application, and SMS
text messaging groups were detected. However, our study
demonstrates that telephone calls are associated with an
increased PDR when compared to SMS text messaging (OR
1.71, 95% CI 1.2-2.36). Moreover, only 1 study with a small
sample size was performed to compare telephone calls or social
media applications to SMS text messaging. However, more
studies performing indirect comparisons were included in our
study to calculate the combined estimates. Further, this finding
was supported by moderate- or high-quality evidence in our
study.

The strengths of our analyses include the comprehensive and
simultaneous assessment of the relative efficacy of all EPIs for
BP prior to colonoscopy. Given the limited comparative
effectiveness studies, it remains difficult for patients and
physicians to make informed decisions about which instructions
are most effective for improving the quality of BP. We used the
GRADE methodology [34,35] to assess the quality of evidence
for this network meta-analysis, which can be directly applied
in guideline development.

However, there are certain limitations associated with direct
comparative effectiveness related to network analyses and
individual studies, which merit further discussion. First, there
is a paucity of studies. Second, network meta-analysis may be
vulnerable to misinterpretation. The biggest threat to the validity
of network meta-analysis is conceptual heterogeneity, wherein
there are considerable differences among the participants,
interventions, background treatments, and outcome assessments,
thus limiting the comparability of trials. It assumes that patients
enrolled in all the included studies could have been sampled
from the same theoretical population [20,35]. Although there
were subtle differences in the patients (proportion of patients
having undergone colonoscopy previously and those undergoing
screening colonoscopy, diagnostic colonoscopy, or surveillance
colonoscopy), BP solutions (such as polyethylene glycol [PEG]
alone, PEG plus prokinetic agent, and low or standard doses),
solution administration methods (split or single dose), and
dietary restrictions (low residue, clear liquid, or low fiber), we
tried to minimize this conceptual heterogeneity by performing
multiple sensitivity analyses, including excluding trials using
uncommon preparation assessment scales with high risk or
multicenter design; the overall findings were unchanged,
suggesting the robustness of these analyses. Third, the ranking
probabilities may be challenging to interpret and do not always
imply a clinically important difference. However, instead of
focusing only on the summaries of the effect estimates, we used
GRADE to rate the overall quality of evidence considering the
risk of bias, imprecision, indirectness, inconsistency, and other
biases for rating the confidence in the estimates [35].

There were similar limitations in the individual studies, which
also undermine the strength of the meta-analysis. Most studies
focused on the quality of BP, with a limited number of studies
on colonic outcomes. BP-related AEs were poorly reported,
limiting the assessments regarding the benefits of instructions;
hence, a thorough assessment of risk-benefit profiles could not
be performed. Studies were also at risk of detection bias with
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suboptimal reporting of the blinding to assessor outcomes.
Various dietary restrictions were imposed in different eligible
studies; however, previous meta-analyses have demonstrated
no difference between low residues and clear liquids [12,65],
and thus, sensitivity analysis was not designed according to
these aspects. Although BP solutions with different doses were
used in the included studies, we did not design the subgroup or
sensitivity analysis according to the dose of the BP solution
because no significant difference between low and traditional
doses was confirmed in our meta-analysis [6]. Split doses proved
beneficial compared to single doses for improving BP [66] and
increasing the PDR and ADR [67]; however, the insufficient
number of eligible studies poses limitations for designing further

sensitivity analyses. Moreover, 5 BP assessment scales were
used in all the eligible studies; thus, we performed a sensitivity
analysis to examine the robustness of the pooled results through
excluding studies in which uncommon scales were used and
found that most of the results were unchanged.

Despite these limitations, our network meta-analysis provides
a better understanding regarding the comparative efficacy of
EPIs for BP prior to colonoscopy. Newly designed booklets,
telephone calls, educational videos, and social media
applications can increase the quality of BP. Telephone calls or
social media applications may be associated with improved
adherence to and satisfaction with the BP regime, decreased
risk of AEs, or an increased PDR.
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ABPS: Aronchick Bowel Preparation Scale
AEs: adverse events
AI: adherence to instruction
APR: adequate preparation rate
BBPS: Boston Bowel Preparation Scale
CENTRAL: Cochrane Central Register of Controlled Trials
EPIs: enhanced patient instructions
GRADE: Grading of Recommendations Assessment, Development and Evaluation
OBPS: Ottawa Bowel Preparation Scale
OR: odds ratio
PDR: polyp detection rate
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
SPIs: standard patient instructions
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