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Abstract

Under the combined effects of multiple pathological factors such as gut microbiota dysbiosis, diar-
rhea-predominant irritable bowel syndrome frequently presents with chronic mucosal hypersen-
sitivity and prolonged clinical symptoms. Colonoscopy is an essential procedure to rule out organic
lesions in this population. However, studies have confirmed that the acute physical flushing and
chemical hyperosmotic stress induced by mechanical bowel preparation prior to the examination
are significantly associated with an abnormal rebound of gastrointestinal symptoms post-proce-
dure. Furthermore, there remains a lack of in-depth research on the differential destructive effects
of distinct laxatives on the extremely fragile microbial co-occurrence network and underlying met-
abolic pathways in IBS-D patients. By utilizing longitudinal mixed-effects models and multi-dimen-
sional network topology mining, this study demonstrates that, compared to the physical detach-
ment caused by polyethylene glycol, sulfate induces a decentralized collapse of the ecological skel-
eton and a complete paralysis of the fermentation metabolic flow, thereby constituting a “second
hit” to the patients’ gut microbiome. This article systematically evaluates the specific destructive
mechanisms of different bowel preparation regimens on the gut microbiota of IBS-D patients, with
the aim of providing clinical practitioners with references to formulate precise and individualized
bowel preparation strategies before colonoscopy, and laying a solid theoretical foundation for fu-
ture research on targeted peri-endoscopic microbiome interventions.
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GRS, 7™ PR T B AT RS A SR B AR M 1]-[3].
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Figure 1. Perturbations of two bowel preparation regimens on the gut microbial macro-community structure in patients with
IBS-D. (a) Inter-group stacked bar charts showing the relative abundance of dominant phyla across different time points in the
PEG and Sulfate groups. (b) Longitudinal paired Principal Coordinate Analysis (PCoA) spatial trajectory plot based on Bray-
Curtis distance matrices; gray line segments represent individual shifts from Baseline to Post-intervention
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Figure 2. Abundance trajectories of the top 10 core signature taxa screened by the MaAsLin2 mixed-effects model pre- and
post-bowel preparation. Green represents Baseline, orange represents Post-intervention, and gray line segments denote intra-
individual paired longitudinal trajectories
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Figure 3. Topological comparison of genus-level gut microbial co-occurrence networks following PEG and Sulfate bowel
preparations. (a) The PEG group preserves a complex and centralized interaction network. (b) The Sulfate group network
undergoes decentralized collapse, fragmenting into isolated ecological micro-modules
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Figure 4. LEfSe differential analysis of core metabolic pathways post-bowel preparation based on the FAPROTAX engine.
LDA Score: Represents the differential effect size of distinct bowel preparation regimens on microbial functional modules.
Green bars: Represent functional pathways that are relatively enriched or preserved following PEG intervention. Orange bars:
Represent functional pathways that are significantly depleted and lost following Sulfate intervention
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Figure 5. Cross-Cohort dual-axis mapping of Sulfate-induced iatrogenic perturbations against the IBS-D microbial patholog-
ical baseline. Bottom axis & Bar chart: Represent changes in taxon relative abundance calculated by the MaAsLin2 model.
Leftward red bars indicate severe depletion and washout by Sulfate, whereas rightward yellow bars indicate abnormal post-
intervention enrichment. Top axis & Blue dots: Map the true mean relative abundance (%) of the corresponding core genera
at the baseline of IBS-D patients
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