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Objective: Glucagon-like peptide 1 receptor agonists (GLP-1 RAs) and dipeptidyl peptidase-4 inhibitors (DPP-4i) profoundly affect the gastrointestinal motor system, which may increase the incidence of inadequate bowel cleaning and gastrointestinal symptoms. Hence, this observational study mainly aimed to assess the influence of GLP-1 RAs liraglutide and DPP-4i sitagliptin on bowel preparation in type 2 diabetes (T2DM).
Method: This observational study consecutively enrolled T2DM scheduled for a colonoscopy. Participants were prospectively separated into the liraglutide group (n = 120), sitagliptin group (n = 120), and control group (n = 120) based on the current hypoglycemic regimen. 3L split-dose polyethylene glycol regimens were used for bowel preparation. Experienced gastrointestinal endoscopists conducted colonoscopies. Lawrance Bowel-Preparation Tolerability Questionnaire and Boston Bowel Preparation Scale (BBPS) were conducted to assess bowel cleaning quality, tolerability, and safety.
Results: The incidence of inadequate bowel cleaning was 17.5% in the liraglutide group, 20.5% in the sitagliptin group, and 21.7% in the control group. The difference among the three groups was not statistically significant (p = 0.927). Meanwhile, there were no significant differences in the mean BBPS, cecal intubation time, and polyp-detecting rates among the three groups (all p > 0.0.05). Nausea, vomiting, and bloating scores were increased in the liraglutide group compared with the other two groups (p < 0.05), whereas most were mild or very mild. Subgroup analyses showed that the incidence of inadequate bowel cleaning in T2DM with diabetic peripheral neuropathy (DPN) was increased in the liraglutide group compared with the sitagliptin group (61.3% vs. 32.1%, p = 0.022) and control group (61.3% vs. 32.8%, p = 0.025).
Conclusion: GLP-1RA liraglutide or DPP-4i sitagliptin did not significantly increase the incidence of inadequate bowel cleaning and gastrointestinal symptoms during bowel preparation. Liraglutide may increase the incidence of inadequate bowel preparation in patients with DPN. This study reveal that more attention and aggressive bowel preparation regimens should be given to the T2DM with DPN.
Clinical Trial Registration: (https://www.chictr.org.cn/index.aspx), identifier (ChiCTR2200056148).
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INTRODUCTION
Diabetes mellitus (DM) is a metabolic disease mainly characterized by chronic hyperglycemia and a worldwide public problem threatening human health. According to the International Diabetes FederationDiabetes Atlas (10th edition) (Ogurtsova et al., 2022), the prevalence of DM is 10.5% in adults (20–79 years old) at present, and the majority may increase to 11.43% in 2030% and 12.2% in 2045. DM is closely related to the occurrence and development of digestive tumors that have been reported to be an independent risk factor for malignant colorectal tumors (Aleksandrova et al., 2011). In addition, DM is prone to gastrointestinal dysfunction. Nearly half suffer from gastrointestinal symptoms, including vomiting, nausea, constipation, diarrhea, fecal incontinence, or abdominal pain (Selbuz and Buluş, 2020; Sang et al., 2022). Colonoscopy has been widely used as a valuable tool for screening and treating colorectal diseases in the last 2 decades. Due to the high prevalence of digestive disease in a large number of diabetic populations, colonoscopy has been widely performed in routine clinical diagnosis and treatment of diabetes with gastrointestinal symptoms. Emerging evidence highlighted that some hypoglycemic agents could inhibit intestinal motility, which might affect the quality of bowel preparation and increase gastrointestinal symptoms (Chung et al., 2009; Gandhi et al., 2018).
Hypoglycemic agents such as sulfonylureas, thiazolidinediones, and insulin have rarely been reported to affect gastrointestinal motility. Few studies found that metformin and α-glucosidase inhibitors might affect gastrointestinal motility, but these effects are weak and easily affected by other intestinal hormones (Jalleh et al., 2022). Glucagon-like peptide 1 (GLP-1) is a kind of hormone secreted predominantly by the proximal small intestine that can reduce blood glucose by stimulating insulin release, decreasing gastric emptying, inhibiting food intake, glucagon secretion, and modulating rodent β-cell proliferation (Drucker, 2018). GLP-1 receptor agonists (GLP-1 RAs) are analogs of human native GLP-1 hormone that can increase plasma GLP-1 half-life and has widely used as hypoglycemic agents in T2DM (Wang et al., 2023). Besides the well-known hypoglycemic effect of GLP-1 RAs, increasing evidence showed that GLP-1 RAs also profoundly affect the gastrointestinal motor system (Marathe et al., 2011). In contrast, the impact of GLP-1 RAs on gut motility may vary with the change in intestinal segments (Nauck et al., 1997; Thazhath et al., 2016; Wegeberg et al., 2020). Endogenous GLP-1 is rapidly degraded by the dipeptidyl peptidase-4 (DPP-4), resulting in a short half-life. DPP-4 inhibitors (DPP-4i) can also reduce blood glucose by increasing endogenous GLP-1 concentrations that can also influence gastrointestinal motility (Deacon, 2020). Good diagnostic performance and fewer complication rates depend on good bowel cleaning quality. More studies have focused on the effects of GLP-1 RAs and DPP-4i on gastrointestinal motility at pharmacological concentrations and the motor actions of incretin-based therapies. In contrast, few studies have put insights into the potential effects of these agents on bowel cleaning quality and gastrointestinal discomfort during bowel preparation. Current guidelines did not address the recommendations of GLP-1 receptor agonists and DPP-4 inhibitors on bowel preparation. Hence, we established an observational study to assess the effects of GLP-1 RAs liraglutide and DPP-4i sitagliptin on bowel cleaning quality, tolerability, and safety.
MATERIALS AND METHODS
Patients and study design
This prospective observational study enrolled T2DM from the Department of Endocrinology at the Longyan First Affiliated Hospital of Fujian Medical University, who screened for polyp requiring colonoscopy between January 2020 and December 2022. The study inclusion criteria were as follows: 1) poor glycemic control (HbA1c>7.0%) requires the addition of hypoglycemic drugs such as liraglutide or sitagliptin. 2) currently, with the treatment of liraglutide or sitagliptin (within 4 weeks). T2DM were excluded if they were as follows:1) Accompanied by severe chronic renal failure (CKD 3–5), heart failure (New York Heart Association Class II–IV), unstable angina, acute or chronic pancreatitis, serum electrolyte disturbances, and pregnancy. 2)History of gastrointestinal or other abdominal surgery. 3)Suspected gastrointestinal perforation, obstruction, and bleeding. 4) Long-term use of the laxative or prokinetic drug. 5) Currently using liraglutide or sitagliptin for more than 4 weeks. 6) Currently using other kinds of GLP-1 RAs or DPP-4i. 7) With fasting blood glucose≥ 11.1 mmol/L or acute diabetic complications like hyperglycemia, hyperosmolar syndrome, or diabetic ketoacidosis during bowel preparation. All procedures were conducted in compliance with the Declaration of Helsinki. All procedures were performed in compliance with the Declaration of Helsinki. This study was approved by the Ethical Committee of Longyan First Affiliated Hospital of Fujian Medical University (LY-2020–072). All patients gave written informed consent. We assumed that the incidence of adequate bowel cleaning in control group might range from 80% to 85%, and the liraglutide group may have a 5%–10% reduction. Based on the statistical results of SASS software, the study population consisted of the liraglutide group (n = 120), sitagliptin group (n = 120), and control group (n = 120). The flowchart describing the selection process of the study population is summarized in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart describing the selection process of the study population in this study.
Anthropometric and laboratory assessments
The clinical data were collected by a trained interviewer through a standard questionnaire that consisted of age, duration of diabetes, history of diseases that could interfere with bowel cleaning quality, current or prior use of drugs, smoking, drinking, and gastrointestinal symptoms. Information was also obtained through a review of medical records and laboratory data. Height and weight were measured to the nearest 0.1 cm and 0.1 kg. Patients wear hospital gowns and bare feet. BMI was calculated as the weight divided by the square of height (kg/m2). The following laboratory assessments were measured by standard methods using fasting venous blood samples, which were taken between 8 and 9 a.m. after fasting overnight. Creatinine, alanine aminotransferase, and electrolyte were measured by an auto-biochemical analyzer (Roche Diagnostics Corporation). Glycosylated hemoglobin (HbA1c) was evaluated by high-performance liquid chromatography with a D10 set (Bio-RAD). In addition, retinal photography, electromyography, and urinary microalbumin to creatinine ratio (ACR) were also performed to screen diabetes-related complications.
Bowel preparation
All participants received the same bowel preparation regimens and were instructed to eat a semi-fluid low-fiber diet 2 days before the colonoscopy. During bowel preparation and colonoscopy, all participants were not allowed to take hypoglycemic drugs until they were asked to have a meal after the colonoscopy. The bowel preparation regimens were 3-L split-dose sulfate-free polyethylene glycol (SF-PEG, Beijing Pharmaceutical Co,164.4g/bag). Patients received three bags of SF-PEG and mixed it with 3L normal-temperature mineral water in graduated bottles. The drinking rate is 250 mL every 10–15 min. Patients were instructed to drink 1 L of SF-PEG solutions at 22:00 before the day of the colonoscopy, and the remaining 2 L of SF-PEG solutions were drunk at 4–6 h before the colonoscopy.
Quality and tolerability assessment
Colonoscopy was conducted by experienced gastrointestinal endoscopists blinded to the study grouping. The experienced endoscopists assessed the bowel cleaning quality according to Boston Bowel Preparation Scale (BBPS) (Calderwood and Jacobson, 2010). Cleanliness was evaluated for the right colon (cecum, ascending), transverse (hepatic and splenic flexures), and left colon (descending colon, sigmoid, and rectum) separately. Each colon score from 0 to 3 is defined as follows: 0) Unprepared colon segment with mucosa not seen because of solid stool that cannot be cleared; (1)Portion of the mucosa of the colon segment seen, but other areas of the colon segment not well seen because of staining, residual stool, or opaque liquid; 2) Minor amount of residual staining, small fragments of stool or opaque liquid, but mucosa of colon segment seen well; 3) Entire mucosa of colon segment seen well with no residual staining, small fragments of stool, or opaque liquid. The total score was calculated by adding the cleanliness scores of 3 segments. The total BBPS scores <6 or any segment of colon scores <2 was considered inadequate bowel cleaning. Total BBPS scores ranging from 6 to 7 were considered good bowel cleaning. Total BBPS scores ranging from 8 to 9 were considered excellent bowel cleaning.
A validated colonoscopy preparation tolerability scale (Lawrance Bowel-Preparation Tolerability Questionnaire) was used to evaluate the tolerability. All participants need complete the Lawrance questionnaire, including 9 symptoms (unpleasant taste, excessive thirst, nausea, vomiting, bloating, abdominal pain, headache, dizziness, and sleep disturbance) during bowel preparation in 5 grades. Grades for individual items are none 0), very mild 1), mild 2), moderate 3), and severe 4). Total scores are the sum of the individual item scores (Lawrance et al., 2013). In addition,7-point self-measured blood glucose (SMBG) was also conducted to assess the occurrence of hypoglycemia from administering PEG solutions to the end of the endoscopy procedure. Hypoglycemia was defined as patients’ measured blood glucose meter recording less than 3.9 mmol/L with or without low sugar symptoms and classified into 3 grades. The first-grade blood glucose ranges from 3.0 to 3.9 mmol/L. Second grade is blood glucose less than 3.0 mmol/L. Third grade is severe hypoglycemia with changes in mental status or the need for assistance to restore blood glucose.
Statistical analysis
Data were analyzed using the SPSS 23.0 software (SPSS Inc. IBM). Descriptive data are expressed as means ± standard deviation (SD) or median (interquartile range). Discrete variables were summarized in frequency tables (N, %). Statistical differences among groups were performed with a one-way analysis of variance (ANOVA) followed by the Turkey test for multiple comparisons. The Wilcoxon rank-sum test was used for ordinal data. The chi-squared (χ2) test or Fisher exact test was used to compare categorical variables. A two-tailed value ofP< 0.05 was considered statistically significant.
RESULTS
Baseline demographic and clinical characteristics
The study population consisted of the liraglutide group (n = 120), sitagliptin group (n = 120), and control group (n = 120). The baseline demographic and clinical characteristics of participants were summarized in Table 1. Overall, 221 (61.4%) of them were male. The mean age and diabetic duration were 56.8 ± 8.1 years old and 7.4 ± 5.2 years, respectively. The baseline characteristics were similar among the three groups. There were no significant differences in age, gender, BMI, diabetic duration, HbA1c, hypertension, diabetes complications, number of other OADs or insulin, and bad habits like smoking and drinking among the three groups (all p > 0.05).
TABLE 1 | Baseline demographic and clinical characteristics.
[image: Table 1]Effects of liraglutide or sitagliptin on bowel preparation quality
The BBPS of the participants in the control, sitagliptin, and liraglutide groups were summarized in Table 2. The mean BBPS was 7(6–7), 2(2–2), 2(2–2), and 2 (2–3) in total, left colon, transverse colon, and right colon, respectively. There were no significant differences in any segments among the three groups (all p > 0.05). Figures 2A–C shows the three groups’ bowel cleaning quality, polyp detecting rate, and cecal intubation time. The incidence of adequate bowel cleaning (good and excellent) were 82.5%, 79.5%, and 78.3% in the control, sitagliptin, and liraglutide groups, respectively (Figure 2A), and the difference among the three groups was not statistically significant (p = 0.927). In addition, liraglutide or sitagliptin did not significantly influence the polyp-detecting rates (p = 0.860). The polyp-detecting rates were 38.3%,41.7%, and 39.2% (Figure 2B). Meanwhile, as shown in Figure 2C, there was no significant difference in cecal intubation time among the three groups (p = 0.672).
TABLE 2 | The BBPS of the participants in the control, sitagliptin, and liraglutide groups.
[image: Table 2][image: Figure 2]FIGURE 2 | The incidence of inadequate bowel cleaning (A), polyp-detecting rates (B), and cecal intubation time (C) among the three groups.
Subgroup analyses for adequate bowel preparation
We also performed subgroup analyses to evaluate the impacts of liraglutide or sitagliptin on bowel preparation quality. As shown in Table 3, liraglutide and sitagliptin did not significantly influence the adequate bowel preparation rate in subgroups of sex, age, diabetes duration, hypertension, DR, DN, and ASCVD (all P > 0.05). However, in participants with DPN, the incidence of adequate bowel cleaning in the liraglutide group was significantly decreased than in the other two groups (Figure 3A). On the contrary, there were no significant differences in the polyp-detecting rates (Figure 3B) and cecal intubation time (Figure 3C). Furthermore, the mean BBPS in the liraglutide group also significantly decreased than in the other two groups (Figure 4).
TABLE 3 | Subgroup analyses for adequate bowel preparation.
[image: Table 3][image: Figure 3]FIGURE 3 | The incidence of inadequate bowel cleaning (A), polyp-detecting rates (B), and cecal intubation time (C) in T2DM with DPN among the three groups.
[image: Figure 4]FIGURE 4 | The distribution of BBPS in T2DM with DPN among the three groups.
Effects of liraglutide or sitagliptin on bowel preparation tolerability and safety
Lawrance tolerability scores were conducted to assess gastrointestinal symptoms during bowel preparation. All participants completed the bowel preparation and colonoscopy. Table 4 shows that no serious adverse events happened among the three groups. Most adverse events were adjudicated as scores 1 or 2. In addition, no significant differences were observed in unpleasant taste, excessive thirst, abdominal pain, headache, dizziness, and sleep disturbance scores among the three groups (all p > 0.05). On the contrary, nausea, vomiting, and bloating scores increased in the liraglutide group compared with the other two groups (p < 0.05). Furthermore, few hypoglycemic events occurred in the three groups, and the differences among the three groups were not statistically significant (p > 0.05).
TABLE 4 | Lawrance Tolerability Scores and hypoglycemic.
[image: Table 4]DISCUSSION
Colonoscopy has been widely used as a valuable tool for screening and treating colorectal disease in T2DM, often accompanied by gastrointestinal discomfort and an increased risk of malignant colorectal tumors. Successful colonoscopy depends on good bowel preparation. Emerging evidence highlighted that GLP-1 RAs and DPP-4i profoundly affect the gastrointestinal motor system, which may influence the bowel cleaning quality. Hence, this observation study mainly assessed the effects of GLP-1RA liraglutide and DPP-4i sitagliptin on bowel cleaning quality, tolerability, and safety. The results revealed that the incidence of adequate bowel cleaning was similar among the three groups. Subgroup analyses showed that the incidence of adequate bowel cleaning in the liraglutide group was significantly decreased compared with the other two groups. Furthermore, nausea, vomiting, and bloating scores were increased in the liraglutide group than in the other two groups.
Polyethylene glycol (PEG) is widely used for bowel cleaning and is recommended as a first-line drug in Chinese bowel preparation guidelines for colonoscopy (Cancer Endoscopy Committee of China Anti-Cancer Association, 2019). Although bowel preparation strategies are the subject of many studies, the optimal PEG dose for diabetes remains uncertain. Increasing studies reported that a higher volume of solution could achieve better bowel cleansing efficacy. Meanwhile, the increased volume of solution can also influence bowel cleaning tolerability (Enestvedt et al., 2012). T2DM is often accompanied by several diabetic-related complications and poor basic status. In addition, 4-L Split-dose PEG is usually not tolerated by diabetes in clinical practice. Thus, we adopted a 3-L Split-dose PEG for bowel preparation, which was reported to be superior to 2-L PEG in bowel cleansing quality among the Chinese population in a multi-center, randomized, controlled trial (Zhang et al., 2015). T2DM was well-recognized as a risk factor for inadequate bowel cleaning and a potential reason for a repeat colonoscopy. The latest epidemiological data from a meta-analysis showed that the odds ratio (95CI) of T2DM for inadequate bowel cleaning is 1.79 (1.54–2.09). In our study, the percentage of T2DM achieved inadequate bowel cleaning is 20.0%, which was approximately two times than the previous study that used the same 3-L Split-dose PEG for bowel preparation in the healthy population (Kim et al., 2017). Among the potential mechanism of inadequate bowel preparation in diabetes, decreased intestinal transit and slowed gastric emptying may play crucial roles (Horváth et al., 2015).
Liraglutide is an analog of the human native GLP-1 hormone released from the proximal small intestinal L cells with an increased plasma half-life compared with the natural hormone. The ADA and CDS guidelines have recommended it as the first-line hypoglycemic agent for T2DM with a high risk of ASCD, chronic kidney disease, and obesity. It has been well established that GLP-1 RAs have an additional glycemic control effect beyond the pancreas by influencing gastrointestinal motility (Smits et al., 2016; Dong et al., 2021). Nakatani. Y et al. demonstrated by capsule endoscopy that GLP-1 RAs liraglutide could delay gastric emptying in T2DM and inhibit duodenal and small intestinal motility (Nakatani et al., 2017). Furthermore, another GLP-1 RAs exenatide was also reported to have a slowing effect on gastric emptying (DeFronzo et al., 2008) and small intestine motility (Thazhath et al., 2016). In contrast, the impact of GLP-1 on colonic motility was opposite compared with other intestinal segments. A recent randomized and placebo-controlled trial confirmed that liraglutide could accelerate large bowel transit and decreases the motility index in type 1 diabetes and polyneuropathy, which may indicate better coordination of propulsive motility (Wegeberg et al., 2020). Endogenous GLP-1 has a modest effect on gastric emptying. Sitagliptin is a hypoglycemic agent that can increase endogenous GLP-1 concentrations. Since they only slightly increased endogenous GLP-1 concentrations, evidence from clinical trials confirmed that DPP-4i sitagliptin, vildagliptin, and anagliptin did not influence gastric emptying (Vella et al., 2007; Rhee et al., 2014; Nakagawa et al., 2019). It appeared that the effect of GLP-1 RAs on gastric emptying decreased over time and diminished markedly over the course of 3–4 weeks (Horowitz et al., 2012; Jelsing et al., 2012). Therefore, we mainly enrolled T2DM who received liraglutide or sitagliptin within 4 weeks. Gastrointestinal motility plays an important role in bowel preparation. Decreased gastrointestinal motility is often accompanied by poor bowel cleaning quality and an increased incidence of uncomfortable abdominal symptoms. Our study showed that the percentage of participants who achieved adequate bowel cleaning was similar among the three groups. These findings are consistent with a retrospective study, which found that GLP-1 RAs likely do not contribute to the higher incidence of inadequate bowel preparation in diabetes (Sharma et al., 2017). At the same time, subgroup analyses showed that the incidence of inadequate bowel cleaning in the liraglutide group was significantly higher than in the other two groups in the DPN population. Gastrointestinal autonomic nerve damage was consistent with peripheral nerve damage in diabetes. As the degree of peripheral neuropathy deepens, the gastrointestinal electrical activity becomes more abnormal, resulting in slower gastrointestinal transmission (Farmer et al., 2017). Thus, we can speculate that the effect of liraglutide on gastrointestinal motility may further delay gastrointestinal transmission in T2DM with DPN, leading to inadequate bowel cleaning quality. These findings suggested that more attention and aggressive bowel preparation regimens should be given to this population. Based on the principle of individualized bowel preparation, a 3-L Split-dose PEG regimen combined with prokinetic or laxative agents like magnesium sulfate solution may increase the bowel preparation quality among these populations. Vomiting, nausea, and bloating were common gastrointestinal adverse reactions during liraglutide treatment (Bettge et al., 2017). The present study also revealed that the Lawrance Tolerability Scores like vomiting, nausea, and bloating were increased in liraglutide than in the other 2 groups. In comparison, most of them are mild and tolerable. Hypoglycemia is another potential adverse event to be concerned about during bowel preparation and colonoscopy. This study found that liraglutide or sitagliptin did not increase the incidence of hypoglycemia. Thus, liraglutide or sitagliptin did not influence the safety during bowel preparation and colonoscopy.
LIMITATION
This study evaluated the potential effects of GLP-1 RAs liraglutide and DPP-4i sitagliptin on bowel cleaning quality, tolerability, and safety. Some limitations should be mentioned in this. First, the influence on gastrointestinal motility among GLP-1 receptor agonists may differ, and the results may not apply to other GLP-1 RAs or DPP-4i. Second, this study was designed as an observational study. Although the baseline characteristics were similar among the three groups, more randomized and placebo-controlled trials were needed to confirm these findings further.
CONCLUSION
In conclusion, GLP-1RA liraglutide and DPP-4i sitagliptin did not significantly increase the incidence of inadequate bowel cleaning. Meanwhile, liraglutide and sitagliptin do not affect the tolerability and safety during bowel preparation and colonoscopy. By contrast, liraglutide increase the incidence of inadequate bowel preparation in T2DM with DPN. This study reveal that more attention and aggressive bowel preparation regimens should be given to the T2DM with DPN.
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Lawrance Tolerability Scores: 0 = none, 1 = very mild, 2 = mild, 3 = moderate and 4 = severe. Level 1 hypoglycemia: blood glucose rang from 3.0 to 3.9 mmol/L. Level 2 hypoglycemia: blood
glucose less than 3.0 mmol/L. Level 3 hypoglycemia: severe hypoglycemia with changes in mental status or the need for assistance to restore blood glucose. °P < 0.05: Control group vs.
Liraglutide group. ®P<0.05: Sitagliptin vs. Liraglutide group.
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