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ABSTRACT

Introduction: The quality of bowel preparation has a significant impact on the success of colonoscopy. Currently, osmotically
balanced polyethylene glycol electrolyte (PEG-E) solutions are most commonly used for bowel preparation. Recently, lubipros-
tone (LBP) has been considered a potentially effective adjunct to PEG. We conducted a meta-analysis of randomized controlled
trials (RCTs) to evaluate the safety and efficacy of LBP in bowel preparation for colonoscopy.

Methods: Following PRISMA guidelines, we systematically screened PubMed, Embase, Web of Science, and Cochrane Library
for RCTs on LBP as an adjunct to PEG-E for improving bowel preparation quality for colonoscopy. Statistical analysis was per-
formed on RevMan, using a random-effects model with the generic inverse variance method to address clinical heterogeneity;
results were significant at p <0.05. Outcomes were reported as relative risks and standard errors.

Results: This meta-analysis included seven RCTs with 1206 patients. Adding LBP did not increase the likelihood of an excel-
lent bowel preparation [RR=1.28, 95% CI: 0.94-1.74, p=0.12] or contribute to poor preparation [RR=0.61, 95% CI: 0.36-1.04;
p=0.07]. It also did not affect procedure time [MD = —0.74, 95% CI: —2.91-1.43; p=0.50], polyp detection rate [RR =1.07, 95% CI:
0.90-1.26; p=0.45], or adenoma detection rate [RR=1.09, 95% CI: 0.75-1.57; p=0.66].

Conclusion: Our meta-analysis found that LBP, explored as an adjunct to PEG-E solutions for bowel preparation, offers no sig-
nificant additive effect on preparation quality before colonoscopy.

1 | Introduction of the entire colon [1]. Approximately 17 million colonoscopies
are performed annually in the United States (US) [2]. The effi-
Colonoscopy is the standard procedure for screening and mon- cacy of colonoscopy relies heavily on adequate bowel prepara-

itoring colorectal cancer (CRC) as it allows for the visualization tion, which is essential for optimal mucosal visualization and
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the detection of lesions [1]. Inadequate bowel preparation im-
pedes the detection of smaller lesions and increases colonoscopy
time, thereby increasing the likelihood of procedure-related
adverse events and patient dissatisfaction [3, 4]. Additionally,
insufficient bowel preparation necessitates repeat examinations
and a higher frequency of surveillance tests, contributing to a
substantial cost burden [5].

Currently, the most commonly used laxative for bowel
preparation is the osmotically balanced polyethylene glycol-
electrolyte (PEG-E) bowel lavage solution. However, the large
volume of fluid (approximately 4L) is not generally well tol-
erated, leading to nausea, vomiting, and abdominal cramps
[6]. Consequently, split-dose regimens and adjunct therapies
to PEG-E have been sought to improve tolerance and bowel
preparation quality [7].

One emerging adjunct therapy is lubiprostone (LBP), which has
been shown to improve the quality of bowel preparation [8]. LBP
is a selective type 2 chloride channel activator that increases
fluid volume in the intestine, softens stool, and shortens intes-
tinal transit time. It was approved by the US Food and Drug
Administration in 2007 for treating chronic idiopathic consti-
pation and irritable bowel syndrome with constipation (IBS-C)
[9, 10]. While its side effects include nausea and vomiting, it
is generally well tolerated and boasts an excellent safety pro-
file [11, 12].

Existing evidence evaluating LBP's additive effect on bowel
preparation quality before colonoscopy has been inconsistent
and inconclusive. Some studies have reported it to be as ef-
fective as PEG-E therapy alone [13], while others have found
it to be more effective [14, 15]. In addition, a previously con-
ducted meta-analysis by Peng et al. [16] had insufficient evi-
dence, thereby reducing the statistical power of the analysis.
Given the newly available data, we conducted a comprehen-
sive literature search and meta-analysis of randomized con-
trolled trials (RCTs) to assess the safety and efficacy of LBP
in improving bowel preparation among patients undergoing
colonoscopy.

2 | Materials and Methods
2.1 | Data Sources and Search Strategy

This meta-analysis is performed in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines for updated meta-analysis [17]
and follows the structure laid out by the Cochrane Collaboration
[18]. Two independent reviewers (LA and SM) conducted a
comprehensive electronic search of PubMed, Embase, Web of
Science, and Cochrane CENTRAL from their inception to April
2024 using an extensive search strategy that involved all possi-
ble terms and abbreviations of key terms “LBP,” “colonoscopy,”
“bowel preparation,” “bowel cleansing,” “colon preparation,”
and “colon cleansing” along with MeSH terms and Boolean op-
erators “AND” and “OR”. In addition, the bibliographic sections
of the selected articles and reviews were manually screened for

any other relevant studies. The search strategy is available in
Table S1.

2.2 | Study Selection and Data Extraction

The eligibility criteria for our meta-analysis included all RCTs
assessing the safety and efficacy of LBP as an adjunct therapy
to PEG for bowel preparation before colonoscopy. No language
restriction was applied. The primary outcome was bowel prepa-
ration efficacy, defined as excellent or poor preparation, as well
as the Boston Bowel Preparation Score (BBPS). The secondary
outcomes included Ottawa Bowel Preparation Score (OBPS),
length of colonoscopy, adenoma detection rate, polyp detection
rate, number of adverse events, types of adverse events (nausea,
vomiting, dizziness, abdominal bloating, and cramps), with-
drawal time, patient compliance, and satisfaction.

2.3 | Data Screening and Extraction

The patient demographics and outcomes data from the final-
ized studies were independently assessed and extracted by two
reviewers (LA and SM). Any disagreements between the two
reviewers were resolved through discussion and mutual consen-
sus with the senior investigator (HF).

2.4 | Risk-Of-Bias and Certainty-Of-Evidence
Assessment

Since all the included studies were RCTs, the risk of bias was as-
sessed using the Cochrane Risk of Bias 2 tool [19], which is based
on the following five criteria: randomization process, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective report-
ing, and other biases. Two reviewers (FF and SM) independently
applied the risk assessment tools to all included studies and
classified the risk of bias of each study as low risk, high risk, or
some concerns. Any differences in determining the risk of bias
or justification were resolved through discussion and mutual
consensus with the senior investigator (HF). The Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) approach was then used to rate the certainty of the evi-
dence for each outcome of interest, using a minimally contextual-
ized approach with a threshold of any difference between groups,
based on the following criteria: risk of bias, inconsistency, impre-
cision, indirectness, and other considerations [20].

2.5 | Statistical Analysis

A meta-analysis was performed on RevMan (version 5.4;
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration) using the Mantel-Haenszel random-effects
model with generic inverse variance to account for clinical het-
erogeneity. The heterogeneity in the effect sizes was reported
using Higgin's I? statistic, where I? greater than 50% showed
significance [21]. The results were reported as risk ratios (RRs)
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with 95% confidence intervals (CIs) for dichotomous variables
and mean differences with 95% confidence intervals (CIs) for
continuous variables. A p-value <0.05 was considered signifi-
cant in all cases. As per the Cochrane guidelines, a publication
bias assessment could not be conducted as fewer than 10 studies
were included in the meta-analysis [22].

3 | Results

The initial literature search yielded 203 results, of which 40 du-
plicates were identified and removed, resulting in 163 remain-
ing studies. In the end, seven studies were finalized for data
extraction after excluding reviews, case reports, letters to the
editor, and studies with different controls (Figure 1).

All the included studies involved the use of LBP for bowel prepa-
ration before colonoscopy as an intervention [12-15, 23-25]. The
characteristics of the included studies are presented in Table 1.

The demographic characteristics and patient profiles from the
included studies are summarized as follows: 1206 participants

were included in the analysis, with 595 being administered LBP
and 611 receiving a placebo. The mean ages were 55.6 +£21.04
and 55.2+22.78 for the group administered LBP and placebo,
respectively. Males comprised 53.4% and 51.1% of each group,
respectively. The baseline characteristics of patients from the
included studies are presented in Table 2.

3.1 | Primary Outcomes
3.1.1 | Excellent Preparation

There was no significant improvement in excellent
preparation for colonoscopy observed with the administra-
tion of LBP compared to the use of placebo [RR=1.28 (95%
CI, 0.94-1.74; p=0.12)], as shown in Figure 2. The heteroge-
neity was calculated as I=79%. Upon conducting a sensi-
tivity analysis by removing Banerjee et al. the heterogeneity
dropped to I =0%. However, the difference in excellent prepa-
ration for colonoscopy remained insignificant between the
groups [RR=1.10 (95% CI, 0.99-1.21), p=0.07] as shown in
Figure S1A.

[ Identification of studies via databases and registers ]

= Records identified from:
2
5 Databases (n = 203)
L]
T Registers (n = 0)
-
_
Records screened:
(n=1863)
g Full-text articles assessed for
‘€ I
E eligibility:
o
0 (n=11)
—
—
§ Studies included in review
E (n=7)
—

FIGURE1 | PRISMA flow diagram for included and excluded studies.

Records removed before
screening.

Duplicate records removed (n
=40)

Records excluded on abstract:

(n=152)

Full-text articles excluded with
reason:

Review (n = 2)

Editorial (n=1)

Different control (n = 1)
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| (Continued)

TABLE 1

Adjunct regimen Bowel Modified
preparation

Bowel
preparation

Study

Jadad

Dietary
instructions

score

scale Sedation

Control

regimen Lubiprostone

Duration

Population

Country Type

Study ref.

No Boston bowel Not Low residue TBD
available

placebo

24 mcg
lubiprostone

19months  PEG 4000 plus

Outpatient

RCT

Thailand

Sirinawasatien
et al. [12]

diet

preparation

electrolytes
diluted with
2L plain water

elective
colonoscopy;
18-75years

scale

2h before
PEG on pre-

procedure day

Not
available

Only a clear

Not
available

No Ottawa bowel

placebo

24 mcg
lubiprostone at

RCT  Colonoscopy 13months PEG-ELS,

Thailand

Tangvoraphonkchai

et al. [25]

liquid diet

preparation

Split dose

and had
constipation;
18-75years

scale

2days before
colonoscopy,
subsequent

24 mcg
lubiprostone on

the day before

colonoscopy

Abbreviations: PEG-E, polyethylene glycol-electrolyte; RCT, randomized controlled trial; USA: United States of America.

3.1.2 | Poor Preparation

There was no significant difference in poor preparation for colo-
noscopy observed with the administration of LBP compared
to the use of placebo [RR=0.61 (95% CI, 0.36-1.04; p=0.07)],
as shown in Figure 3. The heterogeneity was calculated as
I?=69%. Upon conducting a sensitivity analysis by removing
the study by Stengel et al. the heterogeneity dropped to I = 49%.
However, no significant difference was observed in poor prepa-
ration for colonoscopy between the two groups [RR =0.75 (95%
CI, 0.46-1.22), p=0.25] as shown in Figure S1B.

4 | Boston Bowel Preparation Score-Total and
Ascending Colon

No significant improvement was observed in the total BBPS
with the administration of LBP compared to the use of placebo
[RR=0.33 (95% CI, —0.98-1.64 p=0.62)], as shown in Figure 4.
The heterogeneity was calculated as I>=94%, indicating high
heterogeneity.

Similarly, there was no statistically significant improvement in
the BBPS of the ascending colon with LBP administration com-
pared to the use of placebo [RR=-0.11 (95% CI, —0.34-0.12;
p=0.36)], as shown in Figure 5. The heterogeneity was calcu-
lated as I=0%, indicating low heterogeneity.

4.1 | Secondary Outcomes
4.1.1 | Ottawa Bowel Preparation Score—Total

There was no significant improvement in the total OBPS ob-
served with the administration of LBP compared to the use of
placebo [RR=0.09 (95% CI, —0.44-0.62; p=0.74)], as shown in
Figure 6. The heterogeneity was calculated as I>=53%, indicat-
ing high heterogeneity.

4.1.2 | Length of Colonoscopy

There was no statistically significant difference in the length of
colonoscopy observed with the administration of LBP compared
to the use of placebo [RR =—0.74 (95% CI, —2.91-1.43; p=0.50)], as
shown in Figure 7. The heterogeneity was calculated as p=0.12;
I>=53%, indicating high heterogeneity. Upon conducting sen-
sitivity analysis by removing Hjelkrem et al. the heterogeneity
dropped to I =0%. Additionally, pooled analysis showed that the
administration of LBP significantly decreased the length of colo-
noscopy compared to the administration of placebo [RR=-1.85
(95% CI, —3.36-0.35), p=0.02] as shown in Figure S1C.

4.1.3 | Cecal Intubation Rate

There was no statistically significant improvement in the cecal
intubation rate seen with the administration of LBP compared
to the use of placebo [RR=1.00 (95% CI, 0.98-1.02; p=0.73)], as
shown in Figure 8. The heterogeneity was calculated as I>=0%,
indicating low heterogeneity.
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Total (95% CI) 100.0% 1.28 [0.94, 1.74]
Heterogeneity: Tau? = 0.07; Chi? = 19.05, df = 4 (P = 0.0008); I> = 79%

TABLE 2 | Baseline characteristics of patients from included studies.
Sample size Mean age (years) Males (fractions) (%)
Study ref. Lubiprostone  Control Lubiprostone Control Lubiprostone Control
Stengel and Jones [15] 95 96 55.4+5.2 55.9+4.8 46/95 (48.4) 51/96 (53.1)
Grigg et al. [14] 17 24 Not available Not available Not available Not available
Hijelkrem et al. [24] 101 100 55.4+5.7 541453 48/101 (47.5) 49/100 (49.0)
Sofi et al. [13] 57 66 56.1+9.4 55.8+9.1 29/57 (50.9) 32/66 (48.5)
Banerjee et al. [23] 221 221 459+15.2 45.8+14.7 160/221 (72.4) 154/221 (69.7)
Sirinawasatien et al. [12] 70 70 58.8+10.8 58.5+11.2 44/70 (62.9) 40/70 (57.1)
Tangvoraphonkchai et al. [25] 34 34 61.7+3.10 61.3+13.2 13/34 (38.2) 10/34 (29.4)
Risk Ratio Risk Ratio

Study or Subgroup log[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI

1.1.1 New Subgroup

Grigg 2010 0.7503 0.8561 3.1% 2.12[0.40, 11.34] N

Hjelkrem 2011 0.2264 0.3153 14.4% 1.25[0.68 , 2.33] I

Banerjee 2016 0.5596 0.0983 30.2% 1.75[1.44,2.12] -

Sirinawasatien 2022 0.0938 0.0524 33.0% 1.10[0.99, 1.22]

Tangvoraphonkchai 2023 -0.0572 0.2357 19.4% 0.94 [0.60, 1.50]

Subtotal (95% CI) 100.0% 1.28 [0.94, 1.74]

Heterogeneity: Tau? = 0.07; Chi? = 19.05, df = 4 (P = 0.0008); I> = 79%

Test for overall effect: Z = 1.55 (P = 0.12)

1

Test for overall effect: Z = 1.55 (P = 0.12)
Test for subgroup differences: Not applicable

005 02
Favours [PEG Alone]

FIGURE 2 | Forest plot showing excellent preparation for colonoscopy observed with the administration of Lubiprostone compared to the use of

5 20

placebo.
Risk Ratio Risk Ratio

Study or Subgroup log[RR] SE Weight 1V, Random, 95% CI IV, Random, 95% CI

Stengel 2008 -1.1622 0.2825 20.8% 0.31[0.18 , 0.54] e

Grigg 2010 -0.9079 0.7365  9.0% 0.40[0.10, 1.71] [

Hjelkrem 2011 0.3955 0.4341 15.9% 1.49[0.63, 3.48] J

Banerjee 2016 -0.5664 0.2561 21.7% 0.57[0.34, 0.94] — .

Sirinawasatien 2022 -1.0986 0.6449 10.6% 0.33[0.09, 1.18] P —

Tangvoraphonkchai 2023 0.0606 025 21.9% 1.06 [0.65, 1.73] .

Total (95% Cl) 100.0% 0.61[0.36, 1.04] ’

Heterogeneity: Tau? = 0.27; Chi? = 15.92, df = 5 (P = 0.007); I = 69%

Test for overall effect: Z = 1.81 (P = 0.07) 005 02 5 20

Test for subgroup differences: Not applicable Favours [Lubiprostone + PEG] Favours [PEG Alone]
FIGURE 3 | Forest plot showing poor preparation for colonoscopy observed with the administration of Lubiprostone compared to the use of
placebo.

4.1.4 | Polyp Detection Rate 41.5 |

Adenoma Detection Rate

Favours [Lubiprostone + PEG]

There was no statistically significant increase in the polyp de-
tection rate observed with the administration of LBP compared
to the use of placebo [RR=1.07 (95% CI, 0.90-1.26; p=0.45)], as
shown in Figure 9. The heterogeneity was calculated as I>=20%,
indicating low heterogeneity.

No statistically significant increase in the adenoma detection
rate was observed with the administration of LBP compared to
the use of placebo [RR=1.09 (95% CI, 0.75-1.57; p=0.66)], as
shown in Figure 10. The heterogeneity was calculated as I>=0%,
indicating low heterogeneity.
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Mean Difference Mean Difference

Study or Subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Stengel 2008 -1.4 2.939032 47%  -1.40[-7.16, 4.36]

Banerjee 2016 1.08  0.0143 49.2% 1.08 [1.05, 1.11] =
Sirinawasatien 2022 -0.3  0.2452 46.1%  -0.30[-0.78,0.18]

Total (95% ClI) 100.0% 0.33 [-0.98 , 1.64]

Heterogeneity: Tau? = 0.91; Chi? = 32.28, df = 2 (P < 0.00001); I> = 94%

Test for overall effect: Z = 0.49 (P = 0.62) 4 2 0 2 4

Test for subgroup differences: Not applicable

FIGURE 4 |
pared to the use of placebo.

Favours [PEG Alone] Favours [Lubiprostone + PEG]

Forest plot showing Total Boston Bowel Preparation Score for colonoscopy observed with the administration of Lubiprostone com-

Mean Difference Mean Difference

Study or Subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Stengel 2008 -0.4 0.794317 2.2% -0.40[-1.96, 1.16]
Sirinawasatien 2022 -0.1 0.118322 97.8% -0.10 [-0.33, 0.13]
Total (95% Cl) 100.0%  -0.11[-0.34, 0.12]

Heterogeneity: Tau? = 0.00; Chi? = 0.14, df =1 (P = 0.71); I? = 0%
Test for overall effect: Z = 0.91 (P = 0.36)
Test for subgroup differences: Not applicable

2
Favours [Lubiprostone + PEG]

-2 0

Favours [PEG Alone]

FIGURES5 |
pared to the use of placebo.

Forest plot showing Boston Bowel Preparation Score of the ascending colon observed with the administration of Lubiprostone com-

Mean Difference Mean Difference

Study or Subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% CI

Grigg 2010 -0.53 2.178656 15%  -0.53[-4.80, 3.74] -

Sofi 2015 -0.14 0.098716 61.7%  -0.14[-0.33, 0.05] [}

Tangvoraphonkchai 2023 0.5 0.297122 36.9% 0.50 [-0.08, 1.08] lm

Total (95% ClI) 100.0% 0.09 [-0.44 , 0.62]

Heterogeneity: Tau? = 0.11; Chi2=4.22, df =2 (P = 0.12); 1= 53%

Test for overall effect: Z = 0.34 (P = 0.74) 4 2 0 2 4

Test for subgroup differences: Not applicable Favours [PEG Alone] Favours [Lubiprostone + PEG]

FIGURE 6
compared to the use of placebo.

| Forest plot showing the total Ottawa Bowel Preparation Score in colonoscopy observed with the administration of Lubiprostone

Mean Difference Mean Difference

Study or Subgroup MD SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Stengel 2008 -2 0841 46.0% -2.00[-3.65,-0.35] -

Hjelkrem 2011 1.3 1.3565 32.3% 1.30[-1.36, 3.96] Am—
Sirinawasatien 2022 -1.1 19185 21.7%  -1.10[-4.86, 2.66] —

Total (95% Cl) 100.0%  -0.74 [-2.91, 1.43]

Heterogeneity: Tau? = 1.95; Chi? = 4.28, df = 2 (P = 0.12); I = 53%

Test for overall effect: Z = 0.67 (P = 0.50) 20 -10 0 20

10
Test for subgroup differences: Not applicable Favours [Lubiprostone + PEG] Favours [PEG Alone]

FIGURE 7 | Forest plot showing length of colonoscopy observed with the administration of Lubiprostone compared to the use of placebo.

the administration of LBP compared to the use of pla-
cebo [RR=1.02 (95% CI, 0.65-1.58; p=0.94)], as shown in

4.1.6 | Any Adverse Effects or Complications

There was no statistically significant change in the total
number of adverse effects or complications observed with

Figure 11. The heterogeneity was calculated as I>=0%, indi-
cating low heterogeneity.
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Risk Ratio
IV, Random, 95% CI

Study or Subgroup log[RR] SE Weight

Risk Ratio
IV, Random, 95% CI

0 0.0104 88.7%
-0.0294 0.0291 11.3%

Stengel 2008
Sirinawasatien 2022

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 0.91, df = 1 (P = 0.34);
Test for overall effect: Z =0.34 (P =0.73)

Test for subgroup differences: Not applicable

1.00[0.98 , 1.02]
0.97 [0.92, 1.03]

1.00 [0.98 , 1.02]

2=0%

0.850.9
Favours [Lubiprostone + PEG]

11 12
Favours [PEG Alone]

1

FIGURE 8 | Forest plot showing cecal intubation rate observed with the administration of Lubiprostone compared to the use of placebo.
Risk Ratio Risk Ratio

Study or Subgroup log[RR] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Stengel 2008 0.0975 0.1504 32.9% 1.10[0.82, 1.48]

Hjelkrem 2011 0.2003 0.1364 40.0% 1.22[0.94, 1.60]

Sirinawasatien 2022 -0.4055 0.3321 6.8% 0.67[0.35, 1.28]

Tangvoraphonkchai 2023 -0.0953 0.1914 20.3% 0.91[0.62, 1.32]

Total (95% Cl) 100.0% 1.07 [0.90 , 1.26]

Heterogeneity: Chi? = 3.74, df = 3 (P = 0.29); I = 20%

Test for overall effect: Z = 0.76 (P = 0.45) 0.01 0.1 1 10 100
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FIGURE9 | Forest plot showing polyp detection rate observed with the administration of Lubiprostone compared to the use of placebo.
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Sirinawasatien 2022 0.0426 0.2379 62.9% 1.04 [0.65, 1.66]

Tangvoraphonkchai 2023 0.1542 0.3097 37.1% 1.17 [0.64 , 2.14]

Total (95% Cl) 100.0% 1.09 [0.75, 1.57]
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Test for overall effect: Z = 0.45 (P = 0.66) 005 02 1 0

Test for subgroup differences: Not applicable Favours [PEG Alone] Favours [Lubiprostone + PEG]
FIGURE 10 | Forest plot showing adenoma detection rate observed with the administration of Lubiprostone compared to the use of placebo.

Risk Ratio Risk Ratio

Study or Subgroup log[RR] SE Weight [V, Random, 95% CI IV, Random, 95% CI

Stengel 2008 -0.2772 0.5203 18.6% 0.76 [0.27 , 2.10] N

Grigg 2010 0 0 Not estimable

Hjelkrem 2011 -0.01 0.5599 16.1% 0.99[0.33, 2.97] N

Sirinawasatien 2022 0.1054 0.2775 65.4% 1.11[0.65, 1.91]

Total (95% Cl) 100.0% 1.02 [0.65, 1.58]

Heterogeneity: Tau? = 0.00; Chi*=0.42, df =2 (P =0.81); I?= 0%

Test for overall effect: Z = 0.07 (P = 0.94) 0.01 01 1 10 100

Test for subgroup differences: Not applicable Favours [Lubiprostone + PEG] Favours [PEG Alone]
FIGURE 11 | Forest plot showing any adverse effects or complications of colonoscopy observed with the administration of Lubiprostone com-

pared to the use of placebo.

4.1.7 | Abdominal Cramps/Pain

There was no statistically significant difference in the number
of patients experiencing abdominal pain with the administra-
tion of LBP compared to the use of placebo [RR=0.90 (95% CI,
0.29-2.78; p=0.85)], as shown in Figure 12. The heterogeneity
was calculated as I>=0%, indicating low heterogeneity.

4.1.8 | Abdominal Bloating

There was no statistically significant difference in the number of
patients experiencing abdominal bloating with the administra-
tion of LBP compared to the use of placebo [RR=0.79 (95% CI,
0.45-1.38; p=0.41)], as shown in Figure 13. The heterogeneity
was calculated as I?=0%, indicating low heterogeneity.
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Stengel 2008 -0.6827 1.2162 22.5% 0.51[0.05, 5.48] - el
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Heterogeneity: Tau? = 0.00; Chi? = 2.36, df = 3 (P = 0.50); I? = 0%

Test for overall effect: Z = 0.19 (P = 0.85)
Test for subgroup differences: Not applicable

0005 01 1 10 200
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FIGURE 12 | Forest plot showing incidence of abdominal cramps/pain after colonoscopy observed with the administration of Lubiprostone com-

pared to the use of placebo.
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Sofi 2015 -0.2211  0.3941 52.2% 0.80[0.37, 1.74] -
Sirinawasatien 2022 -0.4055 0.8971 10.1% 0.67 [0.11, 3.87] P
Tangvoraphonkchai 2023 0 0.7796 13.3% 1.00 [0.22, 4.61] S
Total (95% ClI) 100.0% 0.79 [0.45, 1.38]
Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 4 (P = 0.99); I = 0% ?
Test for overall effect: Z = 0.83 (P = 0.41) 001 01 1 0 100
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FIGURE 13 | Forest plot showing the incidence of abdominal bloating after colonoscopy observed with the administration of Lubiprostone com-

pared to the use of placebo.
4.2 | Other Outcomes

There was no significant improvement in the incidence of nau-
sea [RR=1.03 (95% CI, 0.73-1.44; p=0.89)], vomiting [RR=0.63
(95% CI, 0.08-4.99; p=0.66)], and dizziness [RR=1.77 (95% CI,
0.54-5.81; p=0.34)] observed with the administration of LBP
compared to the use of placebo as seen in Figures S2A-C, re-
spectively. No significant difference was observed in the rate of
compliance [RR=1.01 (95% CI, 0.96-1.07; p=0.74)], satisfaction
[RR=1.00 (95% CI, 0.88-1.13; p=0.99)] or the withdrawal time
[RR=-0.20(95% CI, —2.17-1.78; p =0.85)]| between LBP and the
control as seen in Figures S2D-F, respectively.

5 | Risk of Bias Assessment

The risk of bias assessment was applicable in all seven studies.
All studies showed a low risk of bias (Table S2).

6 | GRADE Assessment

The GRADE assessment was made in all the outcome studies.
All outcomes showed high certainty (Table S3).

7 | Discussion

This updated meta-analysis of RCTs examines the addition
of LBP to PEG bowel preparation before colonoscopy. Our

findings reveal no significant differences in bowel preparation
quality, bowel preparation scores, or pathology detection rates.
Secondary outcomes, including parameters influencing the
duration of the colonoscopy, the proportion of patients experi-
encing adverse events, and patients' subjective assessments of
compliance and satisfaction, also showed no statistically signif-
icant changes. These results contrast with those of the previous
meta-analysis, which, while reporting no difference in proce-
dure time, pathology detection rates, and number of adverse
events between the two groups, did highlight significantly im-
proved preparation quality in the LBP group [16].

Adequate bowel preparation is paramount for a successful colo-
noscopy, significantly impacting safety, diagnostic accuracy,
and examination efficiency [1]. Consequently, evaluating bowel
preparation quality is essential when assessing any preparation
regimen. Our meta-analysis demonstrates no significant dif-
ferences in preparation quality, classified as excellent or poor,
between the LBP and the standard PEG groups. Similarly, as-
sessments using the Ottawa and Boston Bowel Preparation
Scores indicate that there is no benefit from adding LBP to the
PEG regimen. These findings are consistent with the majority of
individual studies included in the analysis, except for the studies
by Banerjee et al. [23] and a previous meta-analysis [16], which
suggested that combining PEG with LBP improved bowel prepa-
ration. This improvement was attributed to accelerated colonic
transit time and increased frequency of bowel movements [16]. It
is essential to consider several limitations of the studies, includ-
ing the lack of standardization of the bowel preparation scales
and significant heterogeneity among the trials included in prior
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meta-analyses. Our analysis, however, carefully categorized
the outcome data to align with all trials, enabling us to report
the findings confidently and address the limitations of previous
studies. Although LBP has been effective in treating chronic
constipation [26], it has not been proven to be efficacious for
bowel preparation when combined with PEG. The consistent re-
sults across all bowel preparation parameters confirm the non-
superiority of adding LBP to the PEG regimen over the standard
PEG regimen.

Chang et al. identified that suboptimal bowel preparation during
the initial colonoscopy and high-risk adenomas are significant
predictors of missed advanced adenomas. Additionally, both the
adenoma detection rate and the rate of missed adenomas are as-
sociated with interval CRC [27, 28]. LBP, recognized for its laxa-
tive effects [11], was hypothesized to enhance bowel preparation
regimens. However, our analysis showed no improvement in ad-
enoma or polyp detection rates. Suboptimal bowel preparation
has also been found to affect procedural time, thereby impacting
both the cecal intubation rate and withdrawal time [27, 28]. In
our study, the LBP group showed no significant differences from
the PEG group in reducing the cecal intubation rate or with-
drawal time, indicating no superiority of the LBP group over the
PEG-only group.

Patient tolerability is a critical concern, as bowel preparation
regimens often lead to adverse gastrointestinal symptoms, sleep
disturbances, and dietary issues [29]. These challenges can di-
minish regimen adherence, resulting in poor preparation qual-
ity, reduced compliance with screening colonoscopy, and lower
post-procedure satisfaction. Although new regimens aim to al-
leviate these adverse events, our analysis did not demonstrate
any additional benefit from adding LBP to the PEG regimen.
This finding aligns with previous reports associating LBP with
several gastrointestinal side effects, with nausea being the most
prominent, along with other dyspeptic symptoms, including de-
layed gastric emptying [26, 30]. Therefore, including LBP does
not improve the tolerance of bowel preparation regimens.

Our meta-analysis had certain limitations. Various PEG regi-
mens, including PEG-E and PEG with Gatorade, were adminis-
tered in different dosing regimens, such as single and split doses.
Additionally, the volume of PEG used varied across regimens,
ranging from 2 to 4L. Differences in dietary instructions also
contributed to the observed heterogeneity. Moreover, the study
populations varied, encompassing the general population un-
dergoing outpatient elective screening colonoscopy, except for
Tangvoraphonkchai et al. which included patients with chronic
constipation [25]. This variation in study populations could
introduce further heterogeneity. Therefore, the interpretation
of results should be approached cautiously considering these
limitations.

It is crucial to prioritize advancements that enhance early detec-
tion rates of colorectal carcinoma, minimize adverse events, and
improve patient compliance and comfort during colonoscopy
procedures. A recent network meta-analysis assessing different
bowel preparation regimens demonstrated that incorporating
ascorbic acid and simethicone can effectively cleanse the bowel
and alleviate abdominal bloating. Additionally, combining PEG
with sodium picosulfate/magnesium citrate improved cecal

intubation rates and increased patient satisfaction, particularly
in the ease of undergoing repeat colonoscopy screenings [31].
Future advancements will be instrumental in identifying su-
perior regimens that improve patient comfort and enhance the
diagnostic accuracy of colonoscopy.

8 | Conclusion

In conclusion, our updated meta-analysis reveals no significant
benefits of adding LBP to PEG regimens for bowel preparation.
The data indicate no improvement in bowel preparation quality,
pathology detection rates, or patient satisfaction. These findings
align with most individual studies and suggest that LBP, despite
its efficacy in treating chronic constipation, does not offer supe-
rior outcomes in bowel preparation for colonoscopy. Future re-
search should continue to explore optimal regimens to improve
CRC screening and patient compliance.
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