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Introduction

Colonoscopy is one of the most important diagnostic and 
therapeutic methods for colon diseases (1-3). Colonoscopy 
is also widely recommended for colorectal cancer screening 

and surveillance and has been reported to reduce colorectal 

cancer mortality by approximately 60% (4). Adequate bowel 

preparation is essential for colonoscopy. The success of a 

colonoscopy depends on high-quality bowel preparation 
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that enables the clear visualization of the intestinal mucosa, 
facilitates a smooth diagnosis and treatment, and minimizes 
the risk of contamination (5,6). High-quality colonoscopy 
is increasingly associated with a good prognosis in patients 
with colorectal cancer (7).

The fractionated drinking plan of high capacity (4 L) 
polyethylene glycol (PEG) protocol has become the gold 
standard for bowel preparation (8). However, as the patients 
are required to drink a large amount of PEG solution, their 
compliance and acceptance of this method are poor and 
their willingness to reuse the method is low (9-11). Thus, 
the solution for reducing high-volume PEG still needs to 
be improved.

A low-volume PEG bowel preparation was developed 
that halved the original volume of 4 to 2 L, and added some 
bowel preparation aids, such as citrate and simethicone, to 
improve tolerance, acceptability, and compliance (12-14). 
However, there is currently no consensus as to whether the 
addition of adjuvant drugs to low-volume PEG achieves 
good intestinal cleanliness. The fundamental reason for 
this controversy is that different clinical studies often draw 
different or even contradictory conclusions. Some studies 
support the low-volume PEG method and believe that its 
effectiveness is no less than that of traditional methods, 
while others believe that its effectiveness is poor. This 

situation makes clinical doctors confused when actually 
choosing intestinal cleaning methods. Thus, we conducted 
a meta-analysis of relevant articles to evaluate the effects of 
the current intervention methods on intestinal cleanliness 
and patient safety. We present this article in accordance 
with the PRISMA reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-581/rc).

Methods

Document retrieval

The PubMed, EMBASE, and Cochrane Library databases 
were searched to retrieve high-quality articles on low-
volume mixed and high-volume bowel preparation methods 
before colonoscopy published from the inception of the 
databases to October 15, 2022. The search language was 
limited to English, and the search keywords included low-
volume, high-volume, colonoscopy, bowel preparation, 
PEG solutions, adverse effects, drug therapy, patient 
compliance, and patient satisfaction. For example, the 
following searches were conducted in the PubMed 
databases: (I) bowel preparation AND colonoscopy; (II) 
PEG solutions AND low-volume OR high-volume OR 
drug therapy; (III) adverse effects OR patient compliance 
OR patient satisfaction; (IV) I AND II AND III.

Literature inclusion and exclusion criteria

To be eligible for inclusion in this meta-analysis, the articles 
had to meet the following inclusion criteria: (I) research 
design: randomized controlled trial (RCT). The research 
objects were adult patients aged ≥18 years requiring bowel 
preparation. (II) Interventions: in relation to the bowel 
preparation method, in the low-volume PEG mixed group, 
an adjunct drug was added to the 2 L of PEG solution, 
while in the high-volume group, the standard 4 L of PEG 
solution was administered in split doses of 2 L + 2 L or 3 L + 
1 L. Patients with any underlying conditions were included. 
(III) Outcomes in the literature, the seven main outcome 
indicators were: (i) the total score of the Boston Bowel 
Preparation Scale (BBPS) or Ottawa Bowel Preparation 
Scale (OBPS); (ii) the qualified rate of intestinal cleanliness; 
(iii) the repeat willingness rate; (iv) patient compliance; (v) 
nausea; (vi) vomiting; and (vii) abdominal pain.

Articles were excluded from the meta-analysis if they 
met any of the following exclusion criteria: (I) concerned a 
review, news, animal experiment, scoring, dissertations or 
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option. 
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• Some studies support the low-volume PEG method and believe 

that its effectiveness is no less than that of traditional methods, 
while others believe that its effectiveness is poor. This situation 
makes clinical doctors confused when actually choosing intestinal 
cleaning methods.

• We use meta-analysis to analyze the impact of current intervention 
methods on intestinal cleanliness and patient safety, in order to 
find more suitable intestinal cleaning methods. 

What is the implication, and what should change now? 
• Although the high-volume PEG and low-volume PEG mixed 

solution have similar effects on intestinal cleanliness, considering 
that the low dose combination scheme is more favored by patients 
and has a lower incidence of adverse reactions, it is recommended 
to prioritize the low-volume PEG mixed solution in clinical 
practice.

https://jgo.amegroups.com/article/view/10.21037/jgo-23-581/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-581/rc


Journal of Gastrointestinal Oncology, Vol 14, No 4 August 2023 1761

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2023;14(4):1759-1769 | https://dx.doi.org/10.21037/jgo-23-581

meta-analysis; (II) used interventions that did not meet the 
set standards; (III) contained incomplete data or data that 
could not be extracted; and/or (IV) were duplicate articles 
or repeat publications by the same author/s.

Literature screening and data extraction

According to the inclusion and exclusion criteria, the two 
authors independently searched the above-mentioned 
databases and extracted the data according to the search 
formula. The data mainly included general information 
(e.g., the author, publication year, country, and intervention 
measures) and the seven main outcome indicators.

Literature quality evaluation

The Cochrane Handbook for Systematic Reviews of 
Interventions (https://china.cochrane.org/) was used to 
evaluate the quality of the final included studies, and 
the two researchers reviewed the full text of the articles 
to evaluate the quality of the articles. Two researchers 
evaluated the randomization methods,  al location 
concealment, double blinding, data integrity, selection 
reports, and other possible biases for each study based on 
the recommendations in the manual, and determined them 
to be “low risk”, “unclear risk”, or “high risk”. If all items 
are low risk, it means low bias of risk, if some are uncertain 
risk, it means unclear risk of bias, and if all items are high 
risk, it means high bias of risk.

Statistical analysis

R 4.2.1 software (Lucent Technologies, USA) was used for 
the meta-analysis. The binary variables are expressed as the 
risk ratio (RR) with a 95% confidence interval (CI). The 
continuous variables are expressed as the weighted mean 
difference (WMD) and 95% CI. I2 was used to test for 
heterogeneity. If I2≥50%, there was obvious heterogeneity 
among the included studies, and a random-effects model 
was used. If I2<50%, the heterogeneity among included 
studies was relatively small and acceptable, and a fixed-
effects model was used. A funnel plot test was used for 
publication bias analysis, and a bilateral P<0.05 was 
considered statistically significant.

Results

Literature search results

Using the above-mentioned search method, a total of  
2,635 eligible articles were initially retrieved. After 
excluding duplicates and articles with incomplete 
information, 2,103 articles remained. After reading the titles 
and abstracts and removing articles that did not match the 
theme, or were reviews, news, etc., 120 articles remained. 
The full text of these articles was then downloaded. After 
the full-text review, 15 articles were included in the meta-
analysis. The literature screening process is shown in  
Figure 1, and the basic characteristics of the included articles 
are shown in Table 1.

Records (n=2,635) identified from:
• PubMed/EMBASE/Cochrane 

Library databases

Records screened (n=2,103)

Reports sought for retrieval (n=120)

Reports of included studies (n=15)

Records removed before screening:
• Duplicate records removed (n=532)

Records excluded after reading abstract (n=1,983) 

Reports excluded (n=105):
• Republish (n=9)
• Non-randomized controlled trial (n=49)
• Missing data (n=36)
• Animal experiment (n=6)
• No primary outcome measure (n=5)

Identification of studies via databases 

Id
en

tif
ic

at
io

n
In

cl
ud

ed
S

cr
ee

ni
ng

Figure 1 Flow chart of the literature screening process.

https://china.cochrane.org/
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Table 1 Basic information of the included articles

Study (author year) Country Participants
Age (years), 
mean ± SD

High-volume Low-volume Conclusions

Barkun 2022 (15) Canada 2,314 56.3±13.0 2 L + 2 L of PEG 1 L + 1 L of PEG +  
bisacodyl (15 mg)

1, 2, 3, 4, 5, 6, 7

Cesaro 2013 (12) Italy 101 57.7±9.4 3 L + 1 L of PEG 2 L of PEG + bisacodyl  
(2–4 tablets) 

1, 2, 3, 4, 5, 6, 7

Corporaal 2010 (13) Netherlands 307 54±14 2 L + 2 L of PEG 2 L of PEG + 200 g of Asc 2, 5, 6, 7

Gimeno-García  
2017 (16)

Spain 256 64.3±13.63 2 L + 2 L of PEG 2 L of PEG + 4 sachets  
of Asc

1, 3

Jansen 2011 (9) Netherlands 370 58.6±14.2 2 L + 2 L of PEG 2 L of PEG + Asc 2, 4, 7

Jung 2016 (14) Korea 130 71.15±4.5 2 L + 2 L of PEG  
(250 mL every 15 min)

1 L of PEGA + 1 L of PEGA  
(250 mL every 15 min)

1, 2, 3, 5, 6, 7

Kim 2016 (10) Korea 319 46.5±9.75 2 L + 2 L of PEG  
(250 mL every 15 min)

2 L of PEG + 250 mL  
of Asc

3, 4

Marmo 2010 (17) Italy 435 58.3±14.8 2 L + 2 L of PEG 2 L of PEG + Asc 2, 5, 6

Mathus-Vliegen  
2013 (18)

UK 188 59.6±13.1 2 L + 2 L of PEG 2 L of PEG + Asc 1, 3, 5, 6, 7

Moon 2014 (11) Korea 327 53.1±11.7 2 L + 2 L of PEG 2 L of PEG + Asc 4, 5, 6, 7

Mussetto 2015 (19) Italy 120 66.9±9.8 2 L + 2 L of PEG 2 L of PEG + 15 mg  
of bisacodyl 

1, 2

Parente 2015 (20) Italy 382 59.5±13.5 2 L + 2 L of PEG 2 L of PEG + 15 mg  
of bisacodyl 

1,2

Rodríguez 2015 (21) Spain 194 62.25±5.4 2 L + 2 L of PEG 2 L of PEG + Asc 1, 3, 4, 5, 6, 7

Sirinawasatien  
2022 (22)

Thailand 140 58.7±10.8 2 L + 2 L of PEG  
(250 mL)

2 L of PEG + 24 µg  
of lubiprostone

1, 2, 3, 4, 5, 6, 7

Valiante 2013 (23) Italy 264 62.4±7.4 3 L + 1 L 2 L of PEG + 15 mg  
of bisacodyl 

2, 3, 4, 5, 7

Conclusions: 1. BBPS or OBPS total score; 2. bowel cleanliness pass rate; 3. patient willingness to repeat; 4. patient compliance;  
5. nausea; 6. vomiting; 7. abdominal pain. SD, standard deviation; PEG, polyethylene glycol; Asc, ascorbic acid; BBPS, Boston Bowel 
Preparation Scale; OBPS, Ottawa bowel preparation scale.

The results of the quality evaluation of the included literature

The 15 included articles all concerned RCTs. The quality of 
the literature was evaluated using the method recommended 
by the Cochrane manual (https://training.cochrane.org/
handbook/current). If ≥1 of the seven items was rated as 
unclear and/or high risk, the literature had unclear risk of 
bias. If all seven items are low risk, then the literature has a 
low risk of bias. The results are shown in Figure 2.

Bowel cleanliness BBPS/OBPS scores

A meta-analysis of the BBPS/OBPS scores of bowel 

cleanliness was performed using data from 9 of the included 
RCTs. Based on the heterogeneity results (I2=96%), there was 
high heterogeneity among the included studies. The source 
of heterogeneity was analyzed and found to be the study of 
Mathus-Vliegen et al. (18). The meta-analysis showed that the 
high-volume PEG group had a higher intestinal cleanliness 
score than the low-volume PEG mixed solution group [mean 
difference (MD) =0.09, 95% CI: –0.29 to 0.46, P=0.65], and 
the difference was not statistically significant (Figure 3).

Qualified rate of intestinal cleanliness

In total, 10 studies examined the pass bowel cleansing rate 

https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
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Figure 2 Summary plot of Cochrane risk of bias.
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Figure 3 Forest plot of gut cleanliness BBPS/OBPS scores. SD, standard deviation; MD, mean difference; CI, confidence interval; BBPS, 
Boston Bowel Preparation Scale; OBPS, Ottawa bowel preparation scale.

in the high-volume PEG and low-volume PEG mixed 
solution groups. Based on the heterogeneity test results 
(I2=75%), there was moderate heterogeneity among 
the included studies. Thus, the random-effects model 
was used to analyze the source of heterogeneity, which 
appeared to be the study of Cesaro et al. (12). The meta-
analysis showed that the high-volume PEG group had a 
higher qualified bowel cleansing rate than the low-volume 
PEG mixed solution group (RR =1.02, 95% CI: 0.94–1.11, 
P=0.59), and the difference was not statistically significant 

(Figure 4).

Repeat willingness rate among patients

In total, 9 studies compared the patients’ willingness 
to repeat the bowel cleansing methods in the high-
volume PEG and low-volume PEG groups. Based on the 
heterogeneity test results (I2=89%), the random-effects 
model was used. The source of heterogeneity appeared to 
be the study of Cesaro et al. (12). The meta-analysis showed 
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Figure 4 Forest plot of bowel cleansing pass rates. RR, risk ratio; CI, confidence interval.

Figure 5 Forest plot of patients’ repeat willingness rates. RR, risk ratio; CI, confidence interval.

that patients in the low-volume PEG mixed solution group 
had a higher repeat willingness of bowel cleansing rate than 
those in the high-volume PEG group (RR =0.71, 95% CI: 
0.60–0.84, P<0.01) (Figure 5).

Patient compliance

In total, 8 studies compared the compliance of patients with 
the bowel cleansing methods in the high- and low-volume 
PEG groups. The heterogeneity test results were as follows: 
I2=90%. Again, the source of heterogeneity appeared to be 
the study of Cesaro et al. The meta-analysis results showed 

that the compliance with the bowel cleansing method of 
patients in the low-volume PEG mixed solution group was 
significantly higher compared to the high-volume PEG 
group (RR =0.91, 95% CI: 0.80–1.02, P=0.12), and the 
difference was not statistically significant (Figure 6).

Incidence of nausea

In relation to the adverse reactions, 10 studies compared 
the incidence of nausea in the patients who used the 
bowel cleansing methods in the high-volume PEG group 
and the low-volume PEG mixed solution group. A fixed-
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effects model was used. The meta-analysis showed that 
the incidence of nausea in the high-volume PEG group 
was significantly higher compared to the low-volume PEG 
mixed solution group (RR =1.38, 95% CI: 1.22–1.56, 
P<0.01) (Figure 7).

Incidence of vomiting

In total, 9 studies compared the incidence of vomiting in the 
high- and low-volume PEG groups. The heterogeneity test 
results were as follows: I2=9%. The meta-analysis showed 
that the incidence of vomiting in the high-volume PEG 

group was significantly higher compared to the low-volume 
PEG mixed solution group (RR =1.79, 95% CI: 1.41–2.27, 
P<0.01) (Figure 8).

Incidence of abdominal pain

In total, 10 studies compared the incidence of abdominal 
pain in the high- and low-volume PEG groups. The 
heterogeneity test results were as follows: I2=22%. The 
meta-analysis showed that the incidence of nausea in the 
high-volume PEG group was significantly higher compared 
to the low-volume PEG mixed solution group (RR =1.05, 

Figure 6 Forest plot of patient compliance. RR, risk ratio; CI, confidence interval.

Figure 7 Forest plot of the incidence of nausea in patients. RR, risk ratio; CI, confidence interval.
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Figure 8 Forest plot of the incidence of vomiting in patients. RR, risk ratio; CI, confidence interval.

Figure 9 Forest plot of the incidence of abdominal pain in patients. RR, risk ratio; CI, confidence interval.

95% CI: 1.01–1.08, P<0.01) (Figure 9).

Publication deviation evaluation

A publication bias analysis was performed on the outcome 
indicators in the included articles (i.e., the pass bowel 
cleansing rate and the incidence of nausea), and a funnel 
plot was drawn using R 4.2.1 software (Figure 10). The 
funnel graph of the qualified rate of intestinal cleaning 
showed that two studies were outside the funnel, but still 
showed symmetry. The funnel graph of the incidence of 
nausea showed that all studies were inside the funnel and 

showed symmetry, indicating that the included literature 
publication bias was relatively small or that there was no 
publication bias.

Discussion

In recent years, the split dosing of the high-volume (4 L) 
PEG solution has been recognized as the standard protocol 
for bowel preparation before colonoscopy. However, 
patients often report that drinking the high-volume PEG 
solution leads to adverse reactions, such as nausea, vomiting, 
abdominal pain, and sleep disturbance (21,24), which in turn 
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leads to a decrease in compliance among many patients. 
The discomfort symptoms of patients lead to interruptions 
in drinking, and the colonoscopies of such patients do not 
progress smoothly (19,25). Such bad experiences also cause 
patients to reject the method and reduce their willingness 
to repeatedly use high volume PEG methods (12,15,16). To 
improve the compliance of patients with this preparation, 
some studies have recommended that other drugs, such as 
linaclotide or prucalopride, be added to a 2 L, low-volume 
PEG enteral formulation to reduce the solution volume 
(15,26) and thus achieve a good bowel cleansing rate and 
increase patient compliance.

In this study, the patients who received the PEG-based 
regimens were divided into the following two groups based 
on their PEG intake and the addition of adjunctive laxatives: 
(I) the low-volume (2 L) PEG mixed solution group (which 
also received additional adjuvant drugs); and (II) the high-
volume (4 L) PEG group. Although the two methods have 
similar results in cleanliness, and there is no difference in 
intestinal cleanliness score and intestinal cleanliness rate 
(P>0.05), which is consistent with the results of some studies 
(9,15), patients have a higher acceptance of low-volume 
PEG mixed regimen. The use of a low-volume PEG mixed 
adjuvant approach can also achieve a good bowel cleansing 
pass rate. Further, the repeat willingness rate with the 
bowel cleansing for patients in the low-volume PEG mixed 
solution group were much higher than those in the high-
volume PEG group (P<0.01); that is, the acceptance of 
patients in the low-volume group was better than that of 
patients in the high-volume group.

In addition, we also observed that the incidence of 
adverse reactions in the high-volume PEG group was 
significantly higher than that in the low-volume PEG 

mixed solution group. Especially, the symptoms of nausea, 
vomiting, and abdominal pain increased significantly 
(P<0.01). These adverse reactions not only affect the 
patient’s experience, but may also further reduce their 
compliance with intestinal preparation. Therefore, in 
addition to considering intestinal cleanliness, reducing the 
occurrence of adverse reactions should also be considered 
a key factor in selecting intestinal preparation methods. 
Thus, the use of the low-volume PEG mixed solution with 
adjuvant drugs as the bowel preparation method for clinical 
colonoscopy appears to improve patients’ medication 
experience and compliance.

This study had some limitations. Notably, there was 
heterogeneity in some of the results. The source of the 
heterogeneity in the analysis may be related to the low 
number of included samples (i.e., only 15 studies were 
included in the meta-analysis) or may be because the 
adjuvant drugs used in the low-volume PEG groups differed 
between the studies. Additionally, the dosages of the drugs 
also differed, but due to the limited number of studies and 
the unknown dosages of the adjuvant drugs in some studies, 
further subgroup analyses could not be performed. Thus, 
the effects of low-volume PEG plus adjuvant drugs on 
the safety of intestinal cleanliness needs to be examined in 
future studies. More articles are needed for a more detailed 
analysis.

Conclusions

Although high-volume PEG and low-volume PEG 
mixed solution regimens have similar effects on intestinal 
cleanliness, considering that low-volume PEG mixed 
solution regimens are more favored by patients and have 

Figure 10 Funnel plots of the pass bowel cleansing rate and the incidence of nausea in 2 groups. The grey circles represented the study 
included in this section.
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a lower incidence of adverse reactions, it is recommended 
to prioritize low-volume PEG mixed solution regimens in 
clinical practice, especially for patients who may be at risk 
of adverse reactions. Considering the limitations of this 
article, more high-quality research should be included for 
verification in the future.
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