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INTRODUCTION: No bowel preparation (BP) for colonoscopy achieves optimal efficacy and tolerability. Combining

polyethylene glycol plus ascorbic acid (PEG-Asc) with adjuvants has been explored to enhance 
cleansing efficacy and reduce the required volume. The aim of this study was to evaluate whether 
adding 0.5 mg linaclotide to 1 L PEG-Asc (1 L-PEG/AL) improves superior cleansing compared with 
adding 24 mg senna (1 L-PEG/AS), which we previously reported to be noninferior to the standard 
regimen of 2 L PEG-Asc.

METHODS: A multicenter, endoscopist-blinded, randomized controlled trial was conducted at 5 centers in Japan 
with outpatients scheduled for colonoscopy. The primary outcome was adequate BP, evaluated using 
the Boston Bowel Preparation Scale. Analyses were stratified based on low-risk and high-risk groups for 
inadequate BP.

RESULTS: Between April 2022 and April 2023, 1,464 patients were randomized to the 1L-PEG/AL (n 5 731) or 
1L-PEG/AS (n 5 733). The 1L-PEG/AL demonstrated higher adequate BP rates (92% vs 86%, P 5 
0.001) compared with 1L-PEG/AS. Both groups experienced similar adverse events and expressed high 
willingness for repeat BP (83% vs 81%, P 5 0.49). In high-risk patients (n 5 892), 1L-PEG/AL had 
significantly higher adequate BP rates (94% vs 86%, P < 0.001), whereas rates were comparably high 
in low-risk patients (n 5 539) (94% vs 94%, P 5 0.66).

DISCUSSION: The linaclotide regimen was superior to the senna regimen reagrding BP efficacy without reducing 
tolerability. It can be a promising new option for BP, especially in patients at a high risk of 
inadequate BP.
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INTRODUCTION
Bowel preparation (BP) is essential for high-quality colonos-
copies (1–5). To achieve adequate BP, sufficient volume of BP 
solution must be administered; however, low tolerance to its 
volume remains an issue (6). Polyethylene glycol (PEG)-based 
solutions are commonly used for BP (1,7). Recently, 2 L PEG 
containing ascorbic acid (PEG-Asc) has been established as an 
effective alternative to traditional 4 L PEG, improving patient 
tolerance (8–10). However, the dosage of 2 L still poses a burden. 
Therefore, several studies have reported the use of adjuvants to 
reduce the volume of PEG-Asc required to 1 L, thereby im-
proving patient acceptability (11–16). We previously reported 
that 1 L PEG-Asc combined with senna regimen was non-
inferior to 2 L PEG-Asc (17). However, the appropriate type and 
combination of adjunctive agents with 1 L PEG-Asc remain 
unknown.

Linaclotide, a guanylate cyclase C receptor agonist approved 
for chronic constipation, can enhance luminal fluid secretion 
and mediate visceral analgesia, resulting in laxative effects and 
improved abdominal symptoms (18–21). Recent studies have 
explored the efficacy of linaclotide as an adjunct to BP before 
capsule endoscopy and colonoscopy (22–25). We also found 
that adding linaclotide to 1 L PEG-Asc yielded superior BP 
results in constipated patients (26) and hypothesized that add-
ing linaclotide to 1 L PEG-Asc would improve cleansing in all 
patients.

The aim of this study was to evaluate bowel cleansing efficacy, 
adverse events, and tolerability in the 1 L PEG-Asc with 0.5 mg 
linaclotide (1 L-PEG/AL) group compared with those in the 1 L 
PEG-Asc with 24 mg senna (1 L-PEG/AS) group.

METHODS

Study design
This multicenter, endoscopist-blinded, randomized controlled 
trial was conducted at 5 centers in Japan between April 2022 and 
April 2023. The study protocol was approved by the Osaka City 
University Hospital Certified Review Board (OCU0035) and 
was registered with the Japan Registry of Clinical Trials
(jRCTs051210162).

Eligible outpatients (20–85 years) undergoing elective after-
noon colonoscopy were enrolled. Exclusion criteria were as fol-
lows: (i) severe heart failure (New York Heart Association class III
or IV); (ii) severe liver failure (Child-Pugh classification Grade C);
(iii) active inflammatory bowel disease; (iv) patients with de-
mentia who had difficulty following instructions; (v) allergy to 
PEG-Asc, senna, or linaclotide; (vi) suspected bowel obstruction; 
and (vii) prior colectomy. After screening the patients according 
to the exclusion criteria, written informed consent was obtained 
from all patients.

Randomization and masking

Patients were randomly assigned (1:1 ratio) to the 1 L-PEG/AL or 
1 L-PEG/AS group through a stratified permuted block design. 
Random assignment was conducted within the stratified sub-
groups based on age (,75 years or not), sex (male or female), and 
institution (5 sites) with a block size of 2 or 4. All randomization 
procedures were performed using the Research Electronic Data 
Capture (27,28). The allocated results were confidentially 
obtained by independent personnel who were not involved in the 
colonoscopy or data analysis, and all patients were instructed not 
to disclose their preparation methods to researchers involved.
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BP method

All patients received verbal and written instructions from the 
medical staff regarding BP and were instructed to consume a low-
fiber diet and stop taking laxatives other than BP solution the day 
before the examination. Patients in the 1 L-PEG/AS group re-
ceived 24 mg senna and those in the 1 L-PEG/AL group received 
0.5 mg linaclotide at 8:00 PM the day before colonoscopy, at the 
prescribed dosage for chronic constipation in Japan. Both groups 
drank 1 L PEG-Asc solution (Movie Prep; EA Pharma Co., Ltd., 
Tokyo, Japan) 4–6 hours before the procedure from 9:00 to 11: 
00 AM, at a rate of 500 mL every 30 minutes, and drank 250 mL of 
water for every 500 mL of PEG-Asc. Patients were instructed to 
complete the procedure at least 2 hours before colonoscopy and 
subsequently drink clear liquids to ensure adequate hydration. 
Patients who did not defecate before the scheduled colonoscopy 
were recorded as having insufficient BP, treated with additional 
PEG-Asc or an enema to allow the colonoscopy to be performed.

Data collection
Demographic and comorbidity data were obtained using ques-
tionnaires. Chronic constipation was diagnosed based on 
evidence-based clinical guidelines for chronic constipation 2023 
(29). The severity of constipation was measured using the Con-
stipation Scoring System (range 0–30) (30). Colonoscopy and BP 
data were obtained through another questionnaire on the day of
colonoscopy.

Colonoscopies were performed under sedation by 15 experi-
enced gastroenterologists (experience of .1,000 procedures) 
using 290 series of high-resolution colonoscopes equipped with 
a water jet pump (Olympus Optical Corporation, Tokyo, Japan). 
A complete colonoscopy was defined as arrival at the cecum. 
Incomplete colonoscopy was attributed to technical difficulty or 
strictures. Patients who canceled the treatment were asked to 
inquire about the reasons.

Study data were collected and managed using Research Elec-
tronic Data Capture, which is a secure web-based platform that 
facilitates data capture for research by offering an intuitive in-
terface, audit trails, automated export procedures, and data in-
tegration capabilities with external sources.

Study outcomes

The primary outcome was the rate of adequate BP evaluated using 
the Boston Bowel Preparation Scale (BBPS) (Appendix S1, http:// 
links.lww.com/AJG/D579), defined as a total score of $6 and 
each segmental score of $2 (31). An unreached segment and 
impossible colonoscopy for insufficient BP were defined as scores 
of 0 (32). All endoscopists completed the BBPS educational 
module before judging the scores, and disparities in the scores 
between the 2 endoscopists during the examination were resolved 
through consensus. In addition, to validate the quality of BP 
evaluated by the endoscopists, 2 investigators reviewed recorded 
withdrawal-phase videos.

Secondary outcomes included patient compliance and BP 
characteristics, adverse events, tolerability, and colonoscopy 
findings. Compliance with purgative instructions was evaluated 
based on the adherence to the intake of the prescribed amount of 
BP solution within the allocated time period. First defecation time 
was measured as the time from taking senna or linaclotide. The 
preparation-to-colonoscopy interval was measured from the end 
of PEG-Asc administration until the start of the examination. The 
severity of abdominal pain was defined based on the Common 
Terminology Criteria for Adverse Events version 5.0. The sleep 
quality on the night before the examination was measured as 
excellent, good, fair, or bad, and fair and bad quality was defined 
as sleep disturbance (33). The procedure time was defined as the 
time required for procedures such as biopsy and polypectomy. 
Lesion detection rates were assessed based on clinicopathological 
features (Appendix S2, http://links.lww.com/AJG/D579). Ische-
mic colitis was diagnosed according to the American College of 
Gastroenterology guidelines (34). Tolerability was evaluated 
based on the willingness to repeat BP.

Sample size and statistical analysis
For sample size determination, we assumed the rate of adequate 
BP as 95% in the 1L-PEG/AL group and 90% in the 1L-PEG/AS 
group, based on our preliminary study (17). When evaluated 
using the Pearson x 2 test with continuity correction, the mini-
mum sample size required to achieve a power of .90% at a 2-
sided significance level of 5% was 622 participants per group.

Figure 1. Flow chart of the study. The study flowchart shows the allocation of participants in the study. 1L-PEG/AL, 1 L PEG-Asc plus 0.5 mg linaclotide; 1L-
PEG/AS, 1 L PEG-Asc plus 24 mg senna; ITT, intention-to-treat; PEG-Asc, polyethylene glycol plus ascorbic acid; PPS, per-protocol set.
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Considering a dropout rate of 15% postrandomization, a final 
enrollment of 732 participants per group was necessary.

All the randomized patients were included in a full-analysis 
set, and the patients who did not cancel their colonoscopies were 
included in a per-protocol set (PPS). All analyses were conducted 
based on the intention-to-treat (ITT) principle. All missing values 
were imputed using a multiple imputation approach with 5 
iterations, implemented through the rms::aregImpute function. 
Imputations were performed using predictive mean matching—a 
nonparametric method that selects observed values from other 
subjects with similar covariate profiles to generate the imputed 
values.

We compared the odds of the primary end point between the 
allocated groups using multivariable logistic regression analysis. 
This analysis simultaneously considered the following stratifica-
tion factors: enrollment center (5 centers), sex (binary), and age 
(continuous variable). Furthermore, we conducted similar anal-
yses among the subgroups based on the predictors of inadequate 
BP and between the low-risk and high-risk groups for inadequate 
BP. Patients were considered at high risk for inadequate BP if they 
met at least one of the following criteria: age .75 years, body mass 
index .25, chronic constipation, diabetes mellitus, stroke, Par-
kinson disease, or use of tricyclic antidepressants (35–37). In 
addition, we evaluated whether the effect of treatment differed 
significantly between the subgroups. To validate the results of the 
BBPS evaluation by endoscopists, we assessed the agreement 
between endoscopists and investigators as measured by the k 
coefficients.

We used R version 4.4.0 (https://cran.r-project.org/) and SPSS 
version 22.0 for Windows (IBM Corporation, Armonk, NY) for 
all analyses with 2-sided significance level.

RESULTS
Study population and patients’ baseline characteristics
Figure 1 shows the study flowchart. A total of 1,464 patients 
scheduled to undergo colonoscopy were randomized to the
1 L-PEG/AL group (n 5 731) or the 1 L-PEG/AS group (n 5 733). 
After randomization, 11 patients in the 1 L-PEG/AL group and 22 
in the 1 L-PEG/AS group withdrew from the study. Nine patients 
in the 1 L-PEG/AL group and 22 in the 1 L-PEG/AS group can-
celed their colonoscopies for personal reasons; 2 patients in the 1 
L-PEG/AL group canceled their colonoscopies because they had 
forgotten to take any of the trial drugs. Ultimately, 720 patients in 
the 1 L-PEG/AL group and 711 patients from the 1 L-PEG/AS 
group were included in the PPS. Table 1 presents the baseline 
patient characteristics.

Quality of BP
Table 2 presents BP outcomes. In the ITT analysis using full-
analysis set, the 1 L-PEG/AL group showed higher adequate 
BP rates compared with the 1 L-PEG/AS group (92% vs 86%, 
adjusted odds ratio [OR]: 1.97, 95% confidence interval [CI]: 
1.33–2.85, P 5 0.001). Similar trends were observed in the PPS 
(94% vs 89%, adjusted OR: 1.96, 95% CI: 1.33 to 2.86, P 5 0.001). 
The overall BBPS was 7.6 6 1.5 and 7.4 6 1.6, respectively (P 5 
0.002). In a separate analysis of the mean BBPS scores for each 
segment, the 1 L-PEG/AL group exhibited significantly higher 
scores.

The interobserver agreement among endoscopists and inves-
tigators was almost perfect (a weighted k coefficient, 0.975), and 
validation analyses using BBPS from the evaluators yielded

similar results (Supplementary Table 1, http://links.lww.com/ 
AJG/D579).

BP characteristics, adverse events, and tolerability
Table 3 presents BP characteristics. No significant differences 
were found in compliance with purgatives or dietary instructions 
between the 2 groups. First defecation time was significantly 
shorter, and the mean number of defecations before the intake of 
PEG-Asc was higher in the linaclotide group. No significant 
differences were found in number of defecations after the intake 
of PEG-Asc. Both groups underwent colonoscopy within 6 hours 
of the PEG-Asc solution intake. Amounts of PEG-Asc and ad-
ditional clear liquid intake were comparable in the 2 groups.

Table 1. Baseline characteristics

1L-PEG/AL 1L-PEG/AS

n 5 731 n 5 733

Age 68 (57–74) 67 (57–74)

.75 yr 176 (24%) 177 (24%)

#75 yr 555 (76%) 556 (76%)

Male/Female 370/361 371/362

BMI 23 (21–26) 23 (21–26)

.25 kg/m 2 214 (29%) 224 (31%)

#25 kg/m 2 517 (71%) 509 (69%)

Low education level 131 (18%) 121 (17%)

Comorbidities

None 319 (44%) 319 (44%)

Diabetes mellitus 114 (16%) 127 (17%)

Hypertension 264 (36%) 274 (37%)

Coronary artery disease 48 (7%) 43 (6%)

Liver cirrhosis 7 (1%) 6 (1%)

Stroke 7 (1%) 8 (1%)

Insomnia 39 (5%) 35 (5%)

Parkinson disease 2 (0.3%) 0 (0%)

Chronic constipation 121 (17%) 138 (19%)

CSS Score 2 (1–5) 2 (1–5)

Use of medications

Tricyclic antidepressants 2 (0.3%) 2 (0.3%)

Oral iron supplement 7 (1%) 10 (1%)

Antacid 184 (25%) 185 (25%)

History of colonoscopy 578 (79%) 571 (78%)

Previous abdominal or pelvic surgery 250 (34%) 226 (31%)

Indication for colonoscopy

Screening 224 (31%) 231 (32%)

Postpolypectomy surveillance 294 (40%) 269 (37%)

Diagnosis 213 (29%) 233 (32%)

Canceling colonoscopy for personal reasons 11 (2%) 22 (3%)

1 L PEG-Asc plus linaclotide (1L-PEG/AL) or 1 L PEG-Asc plus senna (1L-PEG/ 
AS) group. Data are n (%) or median (IQR).
BMI, body mass index; CSS, Constipation Scoring System.
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Table 4 presents adverse events and tolerability. Nausea and 
vomiting, abdominal pain, and sleep disturbance were compa-
rable between the 2 groups. No patients experienced moderate-
to-severe abdominal pain or ischemic colitis. All patients with 
adverse events recovered without any management. When ex-
amined separately before and after the intake of PEG-Asc, no 
significant difference was found in the frequency of adverse 
events between the 2 groups (Supplementary Table 2, http:// 
links.lww.com/AJG/D579). The rate of patients willing to un-
dergo a repeat colonoscopy did not differ significantly between 
the 2 groups. No patients reported return visit within 24 hours 
after colonoscopy.

Colonoscopy parameters

The rate of complete colonoscopy was 99% in both groups. In-
complete colonoscopy was due to inadequate preparation (1% vs 
1%) and technical difficulty or stricture (1% vs 0%). The mean 
cecal insertion, withdrawal times, and procedure time were 
comparable between the 2 groups. No significant differences were 
found between the 2 groups in the parameters related to lesion 
detection rates, including polyp detection rate, adenoma de-
tection rate, serrated polyp detection rate, and cancer detection 
rate (Table 5).

Predefined stratified analysis between low-risk and high-risk 
groups for inadequate BP
In risk-stratified analysis, the rate of adequate BP was significantly 
higher in the 1L-PEG/AL group of high-risk patients (94% vs 
86%, P , 0.001), whereas comparably high rates of adequate BP 
rates were found between 2 regimens in low-risk patients (94% vs 
94%, P 5 0.66). The difference in the treatment effect between the 
low-risk and high-risk groups was statistically significant (P for 
interaction 5 0.01) (Table 6). Separate exploratory analyses of 
adequate BP based on each predictor of inadequate BP are shown 
in Supplementary Figure 1 (http://links.lww.com/AJG/D579).

DISCUSSION
Linaclotide with 1 L PEG-Asc significantly improved BP quality 
compared with the senna regimen without reducing tolerability. 
Furthermore, the linaclotide regimen demonstrated efficacy even 
in the high-risk group with inadequate BP. To the best of our 
knowledge, this is the first multicenter randomized controlled 
trial to investigate the efficacy of linaclotide as an adjunct laxative 
to 1 L PEG-Asc.

The demand for low-volume regimens with high tolerability is 
increasing (38). Although several low-volume agents (#1-L) such 
as sodium picosulfate with magnesium citrate, PEG with a high

Table 2. Outcomes of bowel preparation

1L-PEG/AL 1LPEG/AS

Adjusted odds ratio (95% CI) P valuen 5 731 n 5 733

Adequate BP

ITT 675/731 (92%) 632/733 (86%) 1.97 (1.33–2.85) 0.001

PPS 675/720 (94%) 632/711 (89%) 1.96 (1.33–2.86) 0.001

BBPS 7.6 6 1.5 7.4 6 1.6 1.35 (1.12–1.63) 0.002

Right colon 2.4 6 0.6 2.3 6 0.6 1.45 (1.16–1.75) 0.001

Transverse colon 2.7 6 0.6 2.6 6 0.6 1.29 (1.04–1.61) 0.02

Left colon 2.6 6 0.6 2.5 6 0.6 1.38 (1.12–1.71) 0.006

1 L PEG-Asc plus linaclotide (1L-PEG/AL) or 1 L PEG-Asc plus senna (1L-PEG/AS) group. Data are n (%) or mean 6 SD.
BBPS, Boston Bowel Preparation Scale; BP, bowel preparation; CI, confidence interval; ITT, intention to treat; PPS, per-protocol set.

Table 3. Patient compliance and bowel preparation characteristics

1L-PEG/AL 1L-PEG/AS

P valuen 5 731 n 5 733

Compliance with purgative instructions 701/720 (97%) 679/711 (96%) 0.06

Compliance with dietary instructions 675/720 (94%) 669/711 (94%) 0.83

First defecation time, hr 2.8 (1.5–11) 9.8 (8.5–11) ,0.001

Number of defecations before the intake of 

PEG-Asc

2 (1–3) 1 (1–2) ,0.001

Number of defecations after the intake of 

PEG-Asc

7 (5–10) 7 (5–10) 0.10

Preparation-to-colonoscopy interval $6h 0/720 (0%) 0/711 (0%) 1.00

PEG-Asc intake, L 1.0 6 0.1 1.0 6 0.1 0.68

Additional clear liquid intake, L 0.4 6 0.3 0.4 6 0.3 0.56

1 L PEG-Asc plus linaclotide (1L-PEG/AL) or 1 L PEG-Asc plus senna (1L-PEG/AS) group. Data are n (%) or mean 6 SD or median (IQR). 
PEG-Asc, polyethylene glycol plus ascorbic acid.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

C
O
LO

N

Efficacy of 1 L PEG-Asc With Linaclotide vs Senna 2683

http://links.lww.com/AJG/D579
http://links.lww.com/AJG/D579
http://links.lww.com/AJG/D579


concentration of ascorbate, sodium phosphate solution, or oral 
sulfate solution were developed, these regimens except for oral 
sulfate solution failed to meet the European Society of Gastro-
intestinal Endoscopy’s quality standard of 90% (39). In addition, 
these hyperosmotic and stimulant agents have been reported to 
increase risks such as colonic ischemia, renal impairment, and 
electrolyte disturbance, and the European Society of Gastroin-
testinal Endoscopy does not recommend the routine use of these 
agents owing to their safety profile (8). Moreover, most of these 
low-volume regimens do not eliminate the need for patients to 
ingest large amounts of fluids along with laxatives to maintain 
hydration, amounting to 3–4 L of fluids. Therefore, various 
adjuvants combined with PEG-based solutions have been ex-
plored to enhance BP quality and minimize its volume and risks 
(40). In this study, the 1L-PEG/AL demonstrated higher efficacy

with a safety profile similar to that of 1L-PEG/AS, which we 
previously reported to have noninferior efficacy and greater tol-
erability compared with the standard 2 L PEG-Asc regimen (17). 
Although a direct comparison between the linaclotide and stan-
dard regimen has not been made, the former may demonstrate 
noninferiority or even superiority to the standard regimen. In 
addition, the mean total volume in the 1 L-PEG/AL regimen 
was ,2 L, representing a significant step toward a real reduction 
of total liquids, potentially enhancing patient acceptability.

Several risk factors have been identified as predictors of inadequate 
BP (35,36).A few recent studies have demonstrated the efficacy of low-
volume regimens for low-risk patients who do not have potential risks 
for inadequate BP (22,32). However, limited information exists re-
garding the optimal BP regimen for high-risk patients (8). Our pro-
posed 1L-PEG/AL regimen was highly efficacious, achieving adequate 
BP greater than the quality standard of 90% in both low-risk and high-
risk patients. The use of linaclotide shortened the first defection time 
and increased the mean number of defecations before starting PEG-
Asc without increasing the adverse events compared with the senna 
regimen. Moreover, these first-acting and strong defecation effects 
remained robust in high-risk patients with inadequate BP (3.0 
[1.5–11] h vs 9.8 [8.5–11] h, P , 0.01), which may contribute to 
adequate BP in the 1 L-PEG/AL group in both low-risk and high-risk 
patients and may lead to a new promising option of a low-volume 
regimen for high-risk patients with inadequate BP.

Contrary to expectations for the analgesic effect of linaclotide, the 
linaclotide regimen did not relieve abdominal symptoms or improve 
patient tolerance compared with the senna regimen. In a study ex-
amining the effects of linaclotide in patients with irritable bowel 
syndrome with constipation, linaclotide improved spontaneous 
bowel movements within 24 hours of the first dose, whereas signif-
icant improvement in abdominal pain and bowel symptoms re-
quired at least 3 months (41). This may explain why high-quality 
bowel cleansing without improvement in abdominal discomfort was 
observed in the 1 L-PEG/AL group. Moreover, the amount of senna

Table 5. Parameters associated with the procedure of colonoscopy

1L-PEG/AL 1L-PEG/AS

P valuen 5 731 n 5 733

Cecal intubation rate 714/720 (99%) 709/711 (99%) 0.29

Cecal insertion time, min 5.5 6 3.3 5.5 6 3.4 0.99

Withdrawal time, min 10 6 4.9 11 6 4.9 0.20

Procedure time, min 1.0 6 0.1 0.9 6 0.1 0.90

Impossible colonoscopy for insufficient BP 5/720 (1%) 2/711 (0.3%) 0.28

Incomplete colonoscopy for technical 

difficulty or stricture

1/720 (0.1%) 0/711 (0%) 0.51

Colonoscopy findings

PDR 425/720 (59%) 422/711 (59%) 0.91

ADR 290/720 (40%) 297/711 (42%) 0.59

SDR 74/720 (10%) 65/711 (9%) 0.48

Early cancer 17/720 (2%) 22/711 (3%) 0.42

Advanced cancer 3/720 (0.4%) 6/711 (0.8%) 0.34

Colonic diverticula 322/720 (45%) 326/711 (46%) 0.67

1 L PEG-Asc plus linaclotide (1L-PEG/AL) or 1 L PEG-Asc plus senna (1L-PEG/AS) group. Data are n (%) or mean 6 SD. 
ADR, adenoma detection rate; BP, bowel preparation; PDR, polyp detection rate; SDR, serrated polyp detection rate.

Table 4. Adverse events and tolerability

1L-PEG/AL 1L-PEG/AS P
valuen 5 731 n 5 733

Nausea and vomiting 33/720 (5%) 29/711 (4%) 0.64

Abdominal pain (mild) 20/720 (3%) 23/711 (3%) 0.66

Abdominal pain (moderate-

severe)

0/720 (0%) 0/711 (0%) 1.00

Sleep disturbance 30/720 (4%) 23/711 (3%) 0.40

Ischemic colitis 0/720 (0%) 0/711 (0%) 1.00

Willing to repeat BP 595/720 (83%) 577/711 (81%) 0.49

Return-visit within 24 hr after 

colonoscopy

0/720 (0%) 0/711 (0%) 1.00

1 L PEG-Asc plus linaclotide (1L-PEG/AL) or 1 L PEG-Asc plus senna (1L-PEG/ 
AS) group. Data are n (%).
BP, bowel preparation.
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used in the comparative regimen was already small (24 mg), which 
has been reported to be the smallest dose for use as an adjunct 
(16,17,42). In addition, the senna regimen has previously been 
reported to have high tolerability compared with the standard regi-
men, 2 L PEG-Asc. The low incidence of abdominal symptoms in the 
senna group may have influenced the results of this study.

Our results have significant clinical implications. Linaclotide, 
which is minimally absorbed into the body and acts on the in-
testinal mucosa, can be administered regardless of renal or liver 
function. Furthermore, this low-volume linaclotide regimen, 
which provides high-quality cleansing effects regardless of the 
patient’s risk status for inadequate BP, has the potential to benefit 
many patients. Moreover, this study used the BBPS, which is the 
most validated scale with high interobserver agreement for 
evaluating BP quality. The consistency of the ITT and PPS 
analyses, along with the analyses using BBPS by the evaluators, 
further supports the validity of our results.

Our study had several limitations. First, our proposed linaclotide 
regimen was not directly compared with high-volume standard regi-
mens or other adjuvants. The appropriate type of adjuvant remains 
unknown, and further studies are required to compare it with other 
adjuvants and combinations. Furthermore, as linaclotide is more ex-
pensive than senna, the choice of regimen may need to consider cost-
effectiveness based on the patient’s risk of inadequate BP. Second, 
uniform criteria for low-risk and high-risk populations were lacking. 
We used predictors related to inadequate BP as risk criteria based on 
high-quality randomized controlled trials, meta-analyses, and guide-
lines. Third, several factors might have influenced for this study, in-
cluding additional patient guidance, strict dietary requirements, and 
high compliance, and the influence of race also cannot be ruled out 
(43–45). A high rate of prior experience with BP may have also con-
tributed to the high tolerability. Moreover, patients in this study had 
a relatively low bodymass index, so the resultsmay not be applicable to 
the Western population. Fourth, we did not assess dehydration or 
preparation-induced electrolyte imbalance. Previous studies have 
reported that both PEG-Asc and linaclotide or senna are less likely to 
elicit biochemical or hematological changes (25,43,46), and no adverse 
events related to these agents were observed. Fifth, the amount of 
washing during colonoscopy was not monitored, which might have 
affected BP quality. Sixth, this linaclotide regimen did not increase the 
lesion detection rate. However, focusing on lesions #5 mm, the 1 
L-PEG/AL group showed a higher detection rate than the 1 L-PEG/AS 
group (Supplementary Table 3, http://links.lww.com/AJG/D579). This 
resultmay contribute to the higher detection rate of smaller, harder-to-
detect lesions, which may have clinical significance (47).

Linaclotide plus 1 L PEG-Asc significantly increased BP effi- 
cacy compared with senna, without reducing tolerability in all 
patients. It presents a promising option for BP, especially in 
patients at high risk of inadequate BP.
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Study Highlights

WHAT IS KNOWN

3 Two liters of Polyethylene glycol (PEG) containing ascorbic 
acid (PEG-Asc) is an effective alternative to the traditional 4-L 
PEG for bowel preparation but still poses a burden.

3 Adjuvants, such as senna, can reduce PEG-Asc volume to 1-
L, thereby improving patient tolerability. However, an 
appropriate adjuvant for PEG-Asc remains unknown.

3 Linaclotide, a guanylate cyclase C receptor agonist, has 
shown potential as an adjuvant for bowel preparation during 
capsule endoscopy and colonoscopy.

WHAT IS NEW HERE

3 Adding linaclotide to 1-L of PEG-Asc significantly increased 
the efficacy of bowel preparation than adding senna without 
reducing tolerability.

3 This finding remained robust even in high-risk patients for 
inadequate bowel preparation.
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