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	 Background:	 Polyethylene glycol (PEG)-based bowel preparation before colonoscopy can disrupt gut microbiota, particularly 
in patients with ulcerative colitis (UC), who already exhibit baseline dysbiosis and impaired microbial resilience. 
This study evaluated microbiota recovery after bowel preparation and the effects of probiotic supplementation.

	 Material/Methods:	 In this single-center, open-label trial (ChiCTR2200064456), 79 participants (40 healthy controls and 39 patients 
with UC) undergoing colonoscopy were randomized to receive probiotics or no probiotics for 28 days after colo-
noscopy. Fecal samples collected at baseline and on days 2, 14, and 28 were analyzed using 16S rRNA gene se-
quencing to assess microbial diversity, composition, and predicted functional pathways.

	 Results:	 Bowel preparation significantly reduced a diversity and altered b diversity in healthy controls, with gradual re-
covery by day 28. patients with UC exhibited lower baseline diversity and delayed microbiota recovery. Probiotic 
supplementation modestly improved microbial recovery in healthy individuals and more substantially improved 
Shannon diversity and evenness in patients with UC. Probiotics were associated with enrichment of benefi-
cial short-chain fatty acid–producing taxa, including Faecalibacterium, Blautia, and Lachnospiraceae, together 
with reductions in Proteobacteria and Fusobacteria. Predicted functional pathways related to energy metabo-
lism and nucleotide biosynthesis were transiently suppressed after bowel preparation and showed partial re-
covery over time.

	 Conclusions:	 PEG-based bowel preparation induces reversible gut microbiota disruption, with slower recovery in patients 
with UC. Probiotic supplementation after colonoscopy was associated with improved microbial diversity and 
enrichment of beneficial taxa, particularly in patients with UC.
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Introduction

Colonoscopy remains the gold standard for colorectal cancer 
screening and is essential for the detection, diagnosis, and 
surveillance of various intestinal diseases [1]. The success of 
colonoscopy critically depends on effective bowel prepara-
tion, which ensures adequate mucosal visualization for accu-
rate diagnosis and safe therapeutic intervention [2]. Among 
available agents, polyethylene glycol (PEG) electrolyte solu-
tions are widely regarded as the preferred choice due to their 
proven efficacy, safety profile, and ease of administration [3,4]. 
However, emerging evidence suggests that bowel preparation 
may adversely impact the gut microbiota, a factor increasing-
ly recognized for its role in intestinal and systemic health [5].

Several studies have demonstrated significant shifts in the 
composition and diversity of fecal microbiota following large-
volume bowel cleansing [6-8]. These alterations often include a 
reduction in microbial diversity and compositional imbalance. 
Yet, contradictory findings from smaller studies indicate min-
imal changes in diversity, despite reductions in total bacterial 
load [6-9]. Thus, the extent and consistency of bowel prepara-
tion-induced microbiota disruption remain poorly understood.

Ulcerative colitis (UC), a subtype of inflammatory bowel dis-
ease (IBD), is characterized by chronic inflammation and a well-
documented dysbiosis of the gut microbiome [10]. While bow-
el preparation can transiently alter the microbiota in healthy 
individuals, these effects may be more pronounced and pro-
longed in patients with UC. Prior research has reported that 
gut microbiota alterations can persist for up to 4 weeks after 
colonoscopy, with patients with UC showing greater instabil-
ity than non-IBD controls [6-8,11]. Moreover, bowel prepara-
tion in patients with UC may heighten the risk of complica-
tions such as toxic megacolon, gastrointestinal bleeding, and 
perforation [12]. Clinical observations suggest that symptom 
exacerbation after colonoscopy often coincides with delayed 
restoration of the gut microbiota, emphasizing the need to 
better understand this recovery process [7].

Probiotics have emerged as a promising strategy to restore 
gut microbial balance, particularly in the context of IBD and 
post-procedural recovery [10,12,13]. Nevertheless, few stud-
ies have rigorously evaluated their effects on gastrointestinal 
symptoms and microbiome reconstitution following bowel 
preparation in both healthy and diseased populations [12,13]. 
Preliminary findings suggest that probiotic supplementation 
can facilitate the recovery of microbial diversity and compo-
sition, while also improving clinical outcomes [14]. Probiotics 
may facilitate gut microbiota recovery through several com-
plementary mechanisms, including reinforcement of intesti-
nal epithelial barrier integrity, production of beneficial metab-
olites such as short-chain fatty acids, competitive inhibition of 

pathogenic bacteria, and modulation of mucosal immune re-
sponses by reducing pro-inflammatory cytokine signaling and 
promoting immune homeostasis [15].

This study aims to address key gaps in our understanding by 
investigating whether standardized bowel preparation induces 
distinct microbial changes in healthy individuals compared with 
patients with UC. By evaluating gut microbiota profiles before 
and 1 month after colonoscopy, we aim to elucidate the trajec-
tory of microbial restoration in both populations. Additionally, 
the study examines the potential of probiotic supplementation 
to accelerate microbiota recovery and restore microbial met-
abolic functions following bowel preparation. These findings 
could inform optimized bowel preparation protocols and sup-
port the development of targeted interventions to minimize 
gut microbiota disruption, ultimately improving patient safe-
ty and therapeutic outcomes in UC management.

Material and Methods

Ethics Approval

This study was approved by the Ethics Committee of the First 
Affiliated Hospital of Anhui Medical University and was reg-
istered with the Chinese Clinical Trial Registry (registration 
number: ChiCTR2200064456). All procedures performed in 
the study involving human participants were in accordance 
with the Declaration of Helsinki. Prior to enrollment, all par-
ticipants provided written informed consent after being thor-
oughly informed about the study’s purpose and procedures.

Study Design and Participants

This single-center, open-label clinical trial was conducted at the 
First Affiliated Hospital of Anhui Medical University between 
October 2022 and February 2024. The study enrolled healthy 
individuals and patients with mild to moderate UC who were 
scheduled for colonoscopy, either as part of routine preven-
tive screening or follow-up care.

Participants were eligible if they were between 20 and 70 years 
old, able and willing to provide informed consent, and were 
instructed to maintain their usual dietary habits and to avoid 
major dietary changes throughout the study period. Healthy 
controls were required to have no prior history of intestinal dis-
eases, while patients with UC needed to meet the diagnostic 
criteria outlined in the “Consensus Opinion on the Diagnosis 
and Treatment of Inflammatory Bowel Disease,” with confirmed 
mild to moderate disease activity. Participants were excluded if 
they were pregnant or lactating, had severe systemic or organic 
diseases, were diagnosed with severe UC, or had polyps larger 
than 0.5 cm or complications such as bleeding or perforation 
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detected during colonoscopy. The use of antibiotics, antacids, or 
probiotics within 1 month prior to sampling, as well as recent 
infections within the past 3 months, were also exclusionary.

Demographic and clinical data were collected at baseline, in-
cluding age, sex, body mass index (BMI), lifestyle factors such 
as smoking and alcohol consumption, existing comorbidities, 
colonoscopy indications, and dietary habits.

Randomization and Probiotic Intervention

Participants were randomly assigned into either a probiot-
ic treatment group or a non-probiotic control group using a 
random number table method. The 2 groups were balanced 
in terms of baseline demographic and clinical characteristics, 
with no statistically significant differences observed.

Participants in the probiotic group received oral capsules con-
taining a combination of Bifidobacterium, Lactobacillus, and 
Enterococcus, formulated by Shanghai Xinyi Pharmaceutical 
Co, Ltd. Each 210 mg capsule contained at least 1.0 × 107 col-
ony-forming units of viable bacteria, including Lactobacillus 
plantarum, Lactobacillus acidophilus, and Enterococcus faeca-
lis. Capsules were administered at a dose of 630 mg twice dai-
ly for 28 consecutive days, starting the day after colonosco-
py. Probiotic supplementation was initiated after colonoscopy 
rather than before bowel preparation because the objective 
of this study was to evaluate microbiota recovery following 
PEG-induced perturbation, not to improve bowel cleansing ef-
ficacy. Patients with severe UC or colonoscopy-related com-
plications, including bleeding or perforation, were excluded. 
Therefore, probiotics were administered only after completion 
of colonoscopy in clinically stable participants. Previous stud-
ies have reported the use of probiotics after colonoscopy and 
in patients with UC, supporting the safety and biological ra-
tionale of this approach [16-18].

Bowel Preparation and Colonoscopy Procedure

A standardized 4-L PEG regimen was used for all participants 
to ensure consistency across study groups. Only patients with 
mild to moderate ulcerative colitis were enrolled, and individ-
uals with severe disease or major comorbidities were exclud-
ed. Bowel preparation quality was assessed using the Boston 
Bowel Preparation Scale, and no serious bowel preparation-
related adverse events were observed. Although lower-volume 
PEG regimens have demonstrated good efficacy and tolerabil-
ity in patients with inflammatory bowel disease, the 4-L PEG 
regimen remains a commonly used and well-established prep-
aration protocol. Participants were provided with an instruc-
tional manual outlining the bowel preparation process. The 
preparation protocol began with a low-fiber diet for 3 days, 
followed by a soft diet on the evening before the procedure. 

Bowel cleansing was achieved using a total of 4 L of a PEG 
electrolyte solution. The first 2 L were ingested between 7: 00 
and 9: 00 PM the night before colonoscopy, and the remain-
ing 2 L were consumed at least 4 hours before the procedure.

Colonoscopy procedures were performed under intravenous 
general anesthesia administered by anesthesiologists using a 
combination of propofol, etomidate, and remifentanil. Room 
air was used for insufflation. All procedures were conducted 
by experienced endoscopists, and cecal intubation was suc-
cessfully achieved in all cases. Polyps smaller than 0.5 cm were 
removed using biopsy forceps. The quality of bowel prepara-
tion was evaluated using the Boston Bowel Preparation Scale.

Sample Collection and Processing

Participants were stratified into 4 subgroups: healthy individ-
uals without probiotics (ND group), healthy individuals with 
probiotics (NA group), UC patients without probiotics (UD 
group), and UC patients with probiotics (UA group). The ND 
group included 14 men and 6 women, the NA group included 
10 men and 10 women, the UD group included 9 men and 11 
women, and the UA group included of 9 men and 10 women.

Stool samples were collected at 4 key time points: 3 days be-
fore colonoscopy (day 0), 1 day after colonoscopy (day 2), and 
on day 14 and day 28 after colonoscopy. All participants ad-
hered to a standardized collection protocol using sterile fecal 
DNA stabilization kits provided by Avison Gene Technology 
Co, Ltd. The collected samples were immediately transported 
to the hospital’s digestive endoscopy center, stored at -80 °C, 
and subsequently shipped on dry ice to Novogene Sequencing 
Center (Tianjin, China) for downstream analysis.

Sample Size Estimation

Sample size calculation was based on the Shannon diversity 
index, a key indicator of gut microbiota diversity. The 4 study 
groups—ND, NA, UD, and UA—were assumed to be of equal 
size. Mean and standard deviation estimates for each group 
were drawn from preliminary data (NC: 4.783 ± 0.626; NA: 
5.573 ± 0.252; UD: 4.402 ± 0.370; UA: 4.707 ± 0.431). Using a 
type I error rate of 0.05 and a type II error rate of 0.1, the min-
imum sample size required for each group was calculated to 
be 9. A total of 79 participants were ultimately enrolled: 20 in 
each of the ND, NA, and UD groups, and 19 in the UA group.

16S rRNA Gene Sequencing and Bioinformatics Analysis

Genomic DNA was extracted from stool samples using the 
QIAamp Fast DNA Stool Mini Kit (Qiagen, Germany). The V3-
V4 hypervariable region of the 16S rRNA gene was amplified 
using the primer pair 341F (CCTAYGGGRBGCASCAG) and 806R 
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(GGACTACNNGGGTATCTAAT). Sequencing libraries were con-
structed using the TruSeq DNA PCR-Free Sample Preparation 
Kit and sequenced on an Illumina NovaSeq platform with 
paired-end 2 × 250 bp reads.

Bioinformatic processing included merging paired-end reads 
with FLASH (v1.2.11), primer trimming using Cutadapt (v1.18), 
and quality filtering with fastp (v0.23.1). Chimera sequences 
were identified and removed using VSEARCH (v2.16.0). Amplicon 
sequence variants (ASVs) were denoised and identified using 
the DADA2 pipeline in QIIME2 (v2022.02), resulting in 7207 
unique ASVs across 316 samples, with a minimum read count 
of 31 455 per sample. Taxonomic classification was performed 
against the SILVA 138 database, and ASVs contributing less 
than 0.001% of total sequences were excluded from analysis.

Alpha diversity metrics, including Shannon, Chao1, and Evenness 
indices, were calculated from rarefied ASV tables. Beta diversity 
was assessed using UniFrac distances and visualized through prin-
cipal coordinate analysis. Taxonomic compositions at the phylum 

and genus levels were analyzed using the R package Vegan (v2.6-
6.1). Differences in microbial community structure were assessed 
using PERMANOVA, and group comparisons of alpha diversity 
were conducted using the Wilcoxon test. Differentially abundant 
taxa were identified with linear discriminant analysis effect size 
(LEfSe), as implemented in the R package microbiomeMarker, us-
ing an LDA threshold of 2.0 and a significance level of P < 0.05. 
Functional profiling of microbial communities was predicted using 
PICRUSt2 (v2.5.2) with MetaCyc pathway annotation. Functional 
differences were determined using ANOVA (P < 0.01, prevalence 
> 10%) and visualized as heatmaps comparing day 2 to days 0, 
14, and 28 within each group. These analyses provide predictions 
of microbial functional potential based on 16S rRNA gene data 
and do not represent direct measurements of gene expression 
or metabolite abundance.

Histological Evaluation

Distal colonic tissue biopsies were collected during colonosco-
py and immediately rinsed 3 times with phosphate-buffered 

ND group (n = 20) NA group (n = 20) P value

Male, n(%) 	 14	 (70) 	 10	 (50) 0.197

Age, y (mean ± SD) 42.05 ± 12.47 46.30 ± 11.68 0.273

BMI, kg/m2 (mean ± SD) 23.13 ± 3.21 23.18 ± 3.38 0.959

Comorbidities 0.597

	 Hypertension 	 2	 (10) 	 4	 (20)

	 Dyslipidemia 	 2	 (10) 	 1	 (5)

	 Alcohol history 	 7	 (35) 	 11	 (55) 0.204

	 Current smoker 	 7	 (35) 	 5	 (25) 0.49

Indication of colonoscopy 0.376

	 Screening 	 18	 (90) 	 16	 (80)

	 Post-polypectomy surveillance 	 2	 (10) 	 4	 (20)

Bowel preparation 1

	 Good 	 13	 (65) 	 13	 (65)

	 Poor 	 7	 (35) 	 7	 (35)

Findings of colonoscopy 1

	 Normal 	 12	 (60) 	 12	 (60)

	 Polyp 	 8	 (40) 	 8	 (40)

Post-colonoscopy complications

	 Abdominal pain 	 3	 (15) 	 1	 (5) 0.292

	 Bloating 	 4	 (20) 	 3	 (15) 0.677

	 Diarrhea 	 4	 (20) 	 3	 (15) 0.677

Table 1. Baseline characteristics of healthy control cohort: healthy probiotics (NA group) and healthy control (ND group).

4
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Ma X. et al: 
Gut microbiota recovery after bowel preparation

© Med Sci Monit, 2026; 32: e953589
CLINICAL RESEARCH

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



saline. The tissues were fixed overnight in 4% paraformal-
dehyde, embedded in paraffin, and sectioned at a thickness 
of 4 μm. Sections were processed through an ethanol gradi-
ent, stained with hematoxylin and eosin (H&E), and evaluat-
ed under a light microscope (Leica, Germany) at 200 × mag-
nification to assess mucosal structure and inflammation. 
Histological assessment was performed for descriptive pur-
poses only, and no standardized scoring system, such as the 
Nancy Index, was applied.

Statistical Analysis

All statistical analyses were performed using R software (v4.3.2). 
Comparisons between 2 groups were conducted using the 
Wilcoxon rank-sum test. For comparisons among more than 
2 groups, the Kruskal–Wallis test was used when data did not 
meet assumptions of normality, followed by Dunn’s post hoc 
test with Benjamini-Hochberg false discovery rate correction 
for multiple comparisons. Analysis of variance (ANOVA) was ap-
plied only when data were approximately normally distributed 

and exhibited homogeneity of variance. Microbial community 
differences were assessed using PERMANOVA based on dis-
tance matrices. Statistical significance was defined as P < 0.05 
unless otherwise specified.

Results

Participant Enrollment and Baseline Characteristics

Between October 2022 and February 2024, a total of 97 par-
ticipants were screened for enrollment. Following the exclu-
sion of 7 individuals who declined participation and 11 who 
did not meet eligibility criteria, 79 participants were includ-
ed in the final analysis. These included 40 healthy volunteers 
and 39 patients diagnosed with UC. Each group was random-
ly assigned to receive either standard care (non-probiotic) or 
probiotic supplementation.

UD (n = 20) UA (n = 19) P value

Male, n(%) 	 9	 (45) 	 9	 (47.37) 0.882

Age, y (mean ± SD) 	 43.65 ± 13.57 	 47.84 ± 11.81 0.311

BMI, kg/m2 (mean ± SD) 	 22.22 ± 2.48 	 21.76 ± 2.56 0.575

Time since diagnosis (y) 	 4	 (6.5) 	 8	 (12) 0.174

Hypertension 	 0	 (0) 	 2	 (10.53) 0.136

Maximal disease extent 0.733

	 Ulcerative protitis (E1) 	 9	 (45) 	 7	 (36.84)

	 Left-sided (E2) 	 6	 (30) 	 8	 (42.11)

	 Pancolitis (E3) 	 5	 (25) 	 4	 (21.05)

Disease activity 0.238

	 Mayo < 3 (remission) 	 6	 (30) 	 2	 (10.53)

	 3  Mayo < 6 (mild) 	 8	 (40) 	 12	 (63.16)

	 6  Mayo  10 (moderate) 	 6	 (30) 	 5	 (26.32)

Medications 0.97

	 Oral 5-ASA 	 19	 (95) 	 18	 (94.74)

	 TNF inhibitors 	 1	 (5) 	 1	 (5.26)

Bowel preparation 0.517

	 Good 	 19	 (95) 	 17	 (89.47)

	 Poor 	 1	 (5) 	 2	 (10.53)

Table 2. Baseline characteristics of ulcerative colitis cohort: ulcerative colitis (UD group) and ulcerative colitis probiotics (UA group).

Abbreviations: BMI, body mass index; ASA, aminosalicylic acid; TNF, tumor necrosis factor.
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In the healthy cohort, the non-probiotic group (ND) consisted 
of 14 men and 6 women, with a mean age of 42.05 ± 12.47 
years. The probiotic group (NA) included 10 men and 10 wom-
en, with a mean age of 46.30 ± 11.68 years. No statistically sig-
nificant differences were observed between these 2 groups in 
baseline characteristics such as BMI, smoking and alcohol his-
tory, comorbidities, indications for colonoscopy, bowel prep-
aration method, colonoscopic findings, or procedure-related 
complications (Table 1).

Among patients with UC, the non-probiotic group (UD) includ-
ed 9 men and 11 women, with a mean age of 43.65 ± 13.57 
years and a median disease duration of 4 (6.5) years. The pro-
biotic group (UA) consisted of 9 men and 10 women, with a 
mean age of 47.84 ± 11.81 years and a median disease dura-
tion of 8 (12) years. Baseline variables, including BMI, smok-
ing/alcohol history, disease extent and severity, bowel prepara-
tion regimen, and medical therapy, were comparable between 
the UC subgroups. Notably, the baseline modified Mayo scores 
showed no statistically significant difference between the 2 
UC patient groups (P > 0.05), indicating balanced group allo-
cation (Table 2).

A visual summary of the study design and participant flow 
is provided in Figure 1. Representative colonoscopy images 
and descriptive histological sections using H&E staining illus-
trate the mucosal damage, inflammatory infiltrate, and crypt 

architectural distortion typical of UC, contrasting with the in-
tact mucosa in healthy controls (Figure 2A, 2B).

Bowel Preparation Alters Gut Microbiota Diversity in 
Healthy Individuals but Less So in UC Patients

Gut microbiota diversity was assessed using alpha (a) and 
beta (b) diversity metrics at 4 time points: day 0 (3 days before 
colonoscopy), day 2 (1 day after colonoscopy), day 14 (14 days 
after colonoscopy), and day 28 (28 days after colonoscopy).

In healthy individuals without probiotic supplementation (ND 
group), bowel preparation led to a significant reduction in a 
diversity on day 2, as reflected in decreased Chao1, Shannon, 
and evenness indices (Figure 2C-2E). These metrics gradually 
recovered by day 14 and returned near baseline by day 28. Beta 
diversity analysis using unweighted UniFrac distances revealed 
a clear disruption in microbial community structure on day 2, 
which largely normalized by day 14 and day 28 (Figure 2F).

In contrast, the UC non-probiotic group (UD group) showed no 
significant changes in a-diversity indices over the same pe-
riod (Figure 2G-2I). Although microbial composition shifted 
slightly on day 2, as shown by unweighted UniFrac analysis, 
the changes were not statistically significant and appeared to 
resolve by day 28 (Figure 2J).

Participants enrolled
(n=97)

1st sampling: T1 (three days prior to colonoscopy)

2nd sampling: T2 (one day post-colonoscopy)

3rd sampling: T3 (fourteen days post-colonoscopy)

4th sampling: T4 (twenty-eight days post-colonoscopy)

Bowel preparation Colonoscopy

Healthy group
(n=52)

Probiotic group
(n=20)

Control group
(n=20)

Probiotic group
(n=19)

Control group
(n=20)

Refused participate (n=5)
Exclued (n=7)

Refused participate (n=2)
Exclued (n=4)

UC group
(n=45)

Randomized
(n=40)

Randomized
(n=38)

Figure 1. �Flowchart illustrating the study design, participant enrollment, group allocation, intervention, and follow-up time points.

6
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Ma X. et al: 
Gut microbiota recovery after bowel preparation

© Med Sci Monit, 2026; 32: e953589
CLINICAL RESEARCH

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



At baseline, patients with UC had significantly reduced micro-
bial richness and diversity compared with healthy controls, ev-
idenced by lower Chao1 and Shannon indices (Figure 2K-2M). 
This baseline dysbiosis persisted throughout the study peri-
od. Beta diversity remained consistently distinct between UC 
and healthy participants, suggesting a stable but altered mi-
crobial ecosystem in UC (Figure 2N).

Probiotic Supplementation Enhances Microbial Recovery 
Following Bowel Preparation

To assess the impact of probiotics on microbiota recovery, di-
versity indices in the probiotic-treated groups (NA and UA) 
were compared with their respective controls (ND and UD) 
on days 14 and 28.

A

C

G

K

D

H

L

E

I

M

F

J

N

B

Figure 2. �Comparisons of gut microbiota diversity in healthy control (ND) and ulcerative colitis (UD) groups. (A) Representative 
colonoscopy images of healthy volunteers and patients with UC. (B) Histopathological evaluation of colonic mucosa using 
hematoxylin and eosin (H&E) staining; scale bar = 50 μm. (C-E) Chao1, Shannon, and evenness indices for ND group at 4 
time points. (F) Unweighted UniFrac distances for ND group over time. (G-I) Chao1, Shannon, and evenness indices for UD 
group at 4 time points. (J) Unweighted UniFrac distances for UD group over time. (K-M) Comparisons of Chao1, Shannon, and 
evenness indices between ND and UD groups. (N) Unweighted UniFrac distances between ND and UD groups at each time 
point. Abbreviations: ND, healthy control group; UD, ulcerative colitis group.
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In healthy individuals, probiotic supplementation did not sig-
nificantly alter the trajectory of a-diversity recovery compared 
with the ND group (Figure 3A-3C). Both groups experienced 
similar diversity reductions following bowel cleansing and 
recovered over time. Beta diversity analysis mirrored these 

findings, with significant disruption at day 2 and gradual nor-
malization by day 28 (Figure 3D).

In contrast, probiotic supplementation in patients with UC (UA 
group) significantly improved microbial evenness by days 14 

A

E

B

F

C

G

D

H

Figure 3. �Changes in gut microbiota diversity in healthy probiotics (NA) and ulcerative colitis probiotics (UA) groups. (A-C) Chao1, 
Shannon, and evenness indices for NA group at 4 time points. (D) Unweighted UniFrac distances for NA group over time. 
(E-G) Chao1, Shannon, and evenness indices for UA group at 4 time points. (H) Unweighted UniFrac distances for UA group 
over time. Abbreviations: NA, healthy probiotics group; UA, ulcerative colitis probiotics group.
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and 28 compared with day 2 (Figure 3E-3G). Although beta 
diversity differences over time within the UA group were not 
statistically significant, trends suggested a more stable recov-
ery pattern (Figure 3H).

Comparative analysis between the NA and ND groups on day 
14 revealed significantly higher evenness in the probiotic group, 
and by day 28, both the Shannon and evenness indices were 
significantly improved in the NA group (Figure 4A-4C). These 
shifts were accompanied by notable differences in microbial 
community structure (Figure 4D).

In patients with UC, probiotic supplementation significantly 
increased Shannon and evenness indices at days 14 and 28 
compared with UD (Figure 4A-4C). By day 14, microbial diver-
sity in the UA group approached that of healthy ND controls, 
although it remained distinct from the NA group. By day 28, 
UA diversity levels were comparable to ND and approaching 

NA levels. However, beta diversity analysis indicated that mi-
crobial community structure in UA remained distinct from both 
the ND and NA groups (Figure 4E-4G).

Taxonomic Shifts Induced by Bowel Preparation and 
Modulated by Probiotics

Taxonomic composition was analyzed at both the phylum and 
genus levels across all groups and time points. At the phylum 
level, Firmicutes decreased after bowel preparation, whereas 
Proteobacteria transiently increased. In the UD group, bowel 
preparation was associated with a more pronounced transient 
increase in Proteobacteria on day 2 compared with the oth-
er groups (Figure 5A). At the genus level, Escherichia-Shigella 
also transiently increased in the UD group after bowel prep-
aration, whereas this pattern was not evident in healthy par-
ticipants. These findings suggest greater susceptibility of 
the UC microbiota to expansion of facultative anaerobic and 

D

F

E

G

Figure 4. �Effects of probiotic supplementation on gut microbiota diversity. (A-C) Chao1, Shannon, and evenness indices at days 14 and 
28 in ND, NA, UD, and UA groups. (D-G) Unweighted UniFrac distance comparisons: (D) ND vs NA, (E) UD vs UA, (F) ND vs UA, 
(G) NA vs UA over time. Abbreviations: ND, healthy control group; UD, ulcerative colitis group; NA, healthy probiotics group; 
UA, ulcerative colitis probiotics group; PCoA, principal coordinates analysis.
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potentially pro-inflammatory taxa following ecological distur-
bance (Figure 5B).

In the ND group, bowel preparation triggered a temporary 
increase in Proteobacteria and Fusobacteria, alongside a re-
duction in Firmicutes by day 2. These changes normalized by 
day 14 (Figure 6A). Genera such as Escherichia-Shigella and 
Fusobacterium rose sharply, while beneficial taxa including 
Blautia, Lachnospira, and Faecalibacterium declined before re-
covering (Figure 7A).

The NA group showed similar overall patterns; however, pro-
biotic supplementation was associated with an increase in 
Firmicutes at the phylum level and enhanced recovery of ben-
eficial taxa, including Faecalibacterium and members of the 
Lachnospiraceae family, by day 14 (Figures 6B, 7B).

In the UC group, bowel preparation caused increases in 
Proteobacteria and Fusobacteria and decreases in Firmicutes 
and Actinobacteria, although these shifts were not statistically 
significant. By day 28, Actinobacteria abundance had increased, 
whereas Firmicutes showed a trend toward recovery that did 
not reach statistical significance (Figure 6C). At the genus lev-
el, key beneficial bacteria such as Blautia and Faecalibacterium 
declined initially and showed a non-significant trend toward 
increased abundance by day 14 (Figure 7C).

In the UA group, probiotic treatment significantly increased 
Firmicutes abundance on days 14 and 28 compared with UD 
(Figure 6D). In the UA group, probiotic supplementation was 
associated with significant increases in the abundances of 
Blautia and Faecalibacterium at day 28 compared with day 2, 
suggesting recovery of beneficial short-chain fatty acid–pro-
ducing taxa (Figure 7D).

A

B

Figure 5. �Taxonomic composition of gut microbiota. (A) Relative abundance at the phylum level in ND, NA, UD, and UA groups. 
(B) Relative abundance at the genus level in ND, NA, UD, and UA groups. Abbreviations: ND, healthy control group; 
UD, ulcerative colitis group; NA, healthy probiotics group; UA, ulcerative colitis probiotics group.
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A

B

C

D

Figure 6. �Temporal changes in phylum-level taxonomy. (A-D) Relative abundance of major phyla at 4 time points in (A) ND, (B) NA, 
(C) UD, and (D) UA groups. Abbreviations: ND, healthy control group; UD, ulcerative colitis group; NA, healthy probiotics 
group; UA, ulcerative colitis probiotics group.
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D

Figure 7. �Temporal changes in genus-level taxonomy. (A-D) Relative abundance of key genera at 4 time points in (A) ND, (B) NA, 
(C) UD, and (D) UA groups. Abbreviations: ND, healthy control group; UD, ulcerative colitis group; NA, healthy probiotics 
group; UA, ulcerative colitis probiotics group.
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Identification of Key Bacterial Genera and Their 
Correlation with Microbial Diversity

To better understand probiotic-driven shifts in gut microbi-
ota, LEfSe analysis was performed. In the UA group, probi-
otic supplementation enriched several taxa that are com-
monly regarded as beneficial in ulcerative colitis, including 
Blautia, Faecalibacterium, Lactobacillus, and members of the 
Lachnospiraceae family (Figure 8), as well as Butyricicoccus, 
Oscillibacter, Coprococcus, and Eubacterium ventriosum 
(Figure 9). Many of these taxa are short-chain fatty acid–pro-
ducing commensals associated with maintenance of epithe-
lial barrier integrity, immune regulation, and reduced intesti-
nal inflammation.

A

C

B

D

Figure 8. �Comparisons of differential taxonomic features based on results of LEfSe analysis among different time points. 
(A) Comparisons of differential taxonomic features based on results of LEfSe analysis among different time points of healthy 
control group (ND). (B) Comparisons of differential taxonomic features based on results of LEfSe analysis among different 
time points of healthy probiotics group (NA). (C) Comparisons of differential taxonomic features based on results of LEfSe 
analysis among different time points of ulcerative colitis group (UD). (D) Comparisons of differential taxonomic features 
based on results of LEfSe analysis among different time points of ulcerative colitis probiotics group (UA). Abbreviations: 
ND, healthy control group; UD, ulcerative colitis group; NA, healthy probiotics group; UA, ulcerative colitis probiotics group.

Comparisons between the ND and NA groups revealed that pro-
biotic supplementation was associated with enrichment of key 
butyrate-producing taxa, including Roseburia, Eubacterium hallii, 
and Lachnospira, together with a reduction in opportunistic taxa 
such as Fusobacterium (Figure 10A). In patients with UC, probi-
otic supplementation was associated with a trend toward en-
richment of beneficial commensal taxa. Sutterella demonstrat-
ed a non-significant enrichment trend at day 14 (Figure 10A), 
whereas unidentified_Ruminococcaceae, a representative op-
erational taxonomic unit within the Ruminococcaceae fami-
ly, met our predefined LEfSe significance criteria at day 28 
(Figure 10C).

13
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Ma X. et al: 
Gut microbiota recovery after bowel preparation
© Med Sci Monit, 2026; 32: e953589

CLINICAL RESEARCH

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



A

B

C

D

Figure 9. �Relative abundances of differential taxonomic features based on results of LEfSe analysis. (A) Relative abundances of 
differential taxonomic features based on results of LEfSe analysis of healthy control group (ND). (B) Relative abundances 
of differential taxonomic features based on results of LEfSe analysis of healthy probiotics group (NA). (C) Relative 
abundances of differential taxonomic features based on results of LEfSe analysis of ulcerative colitis group (UD). (D) Relative 
abundances of differential taxonomic features based on results of LEfSe analysis of ulcerative colitis probiotics group (UA) 
at different time points. Abbreviations: ND, healthy control group; UD, ulcerative colitis group; NA, healthy probiotics group; 
UA, ulcerative colitis probiotics group.
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Correlation analysis identified weak positive associations 
between a diversity and several beneficial taxa, including 
Faecalibacterium, Roseburia, Blautia, and members of the 
Lachnospiraceae family. These findings suggest an association 
with overall microbial diversity but do not imply a direct or caus-
al effect. Inversely, Fusobacterium and Erysipelatoclostridium, 
negatively associated with diversity, were reduced in the NA 
and UA groups (Figure 10B, 10D).

Predicted Functional Recovery of Microbial Metabolic 
Pathways

Prediction of microbial functional pathways using PICRUSt2 
suggested that bowel preparation was associated with a tran-
sient reduction in several metabolic pathways, including the 
non-oxidative branch of the pentose phosphate pathway and 

purine biosynthesis pathways such as 5-aminoimidazole ri-
bonucleotide biosynthesis (Figure 11A-11D). These predicted 
functional impairments became less pronounced by day 14 and 
day 28, but many pathways remained below baseline levels, 
indicating only partial and incomplete restoration of microbi-
al functional potential after bowel preparation.

Discussion

This study offers a comprehensive evaluation of how bow-
el preparation influences gut microbiota dynamics and inves-
tigates the potential of probiotic supplementation to accel-
erate microbial recovery in healthy individuals and patients 
with UC. Our findings indicate that bowel cleansing induces 
transient but significant disruptions in microbiota diversity, 

A C
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composition, and metabolic function, with recovery trajecto-
ries differing markedly between healthy participants and those 
with UC. Notably, probiotic supplementation enhanced micro-
biota restoration, particularly in the UC cohort.

In healthy participants, bowel preparation led to a marked re-
duction in a-diversity indices, including Chao1, Shannon, and 
evenness, accompanied by significant alterations in b diversi-
ty and microbial community composition. These effects were 
most pronounced on day 2 after the procedure, with partial 
recovery evident by day 14, and near-baseline levels restored 
by day 28. These observations align with prior studies high-
lighting the resilience of the gut microbiota following tran-
sient perturbations, such as colonoscopy preparation [9,11,19]. 
Unlike studies evaluating probiotics before colonoscopy to im-
prove bowel preparation, our study focused on post-colonos-
copy microbial restoration. Although PEG-based bowel prepa-
ration may cause transient mucosal irritation, probiotics were 
started only after colonoscopy in patients without severe UC 
or procedure-related complications. This design was intend-
ed to minimize safety concerns while targeting the early re-
covery phase of the intestinal microbiota [16].

In contrast, patients with UC exhibited an already dysbiotic 
microbial baseline, which was further destabilized by bowel 
preparation. While b-diversity changes were not statistically 

significant, likely due to high interindividual variability and 
baseline dysbiosis, taxonomic analyses revealed reductions in 
beneficial phyla such as Firmicutes and increases in potentially 
pathogenic groups including Proteobacteria and Fusobacteria. 
At the genus level, patients with UC showed decreased abun-
dances of key commensals—Blautia, Faecalibacterium, and 
Lachnospira—and an increase in Escherichia-Shigella, a ge-
nus associated with intestinal inflammation. These disrup-
tions resolved more slowly than in healthy individuals, sug-
gesting impaired microbial resilience in the context of chronic 
inflammation.

The delayed recovery of the gut microbiota observed in pa-
tients with UC likely reflects impaired ecological resilience re-
sulting from complex host-microbe interactions. The tran-
sient enrichment of Proteobacteria and Escherichia-Shigella 
observed predominantly in the UD group may reflect the im-
paired ecological resilience characteristic of ulcerative coli-
tis. Facultative anaerobic and inflammation-associated taxa 
are better adapted to the oxidative and inflammatory intesti-
nal environment associated with UC and may rapidly expand 
following bowel preparation–induced perturbation. In con-
trast, the microbiota of healthy individuals appeared more 
resistant to this transient dysbiotic shift, suggesting great-
er microbial stability and recovery capacity. First, chronic in-
testinal inflammation creates a self-reinforcing cycle in which 

Figure 10. �Differential taxa and their association with microbial diversity. (A) LEfSe analysis of differential taxa: intergroup 
comparisons of ND, NA, UD, UA, paired comparisons of ND vs NA and UD vs UA at day 14. (B) Correlation between 
a-diversity indices and relative abundance of differential genera at day 14. (C) LEfSe analysis of differential taxa: 
intergroup comparisons of ND, NA, UD, UA, paired comparisons of ND vs NA and UD vs UA at day 28. (D) Correlation 
between a-diversity indices and relative abundance. Abbreviations: ND, healthy control group; UD, ulcerative colitis group; 
NA, healthy probiotics group; UA, ulcerative colitis probiotics group.
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Figure 11. �Predicted microbial metabolic pathways affected by bowel preparation and probiotics. (A-D) Significantly altered MetaCyc 
pathways at different time points in (A) ND, (B) NA, (C) UD, and (D) UA groups. Abbreviations: ND, healthy control group; 
UD, ulcerative colitis group; NA, healthy probiotics group; UA, ulcerative colitis probiotics group.

elevated reactive oxygen species and antimicrobial peptides 
selectively suppress obligate anaerobic commensals, such as 
Faecalibacterium prausnitzii, while favoring facultative anaer-
obes, including Escherichia-Shigella, that are more tolerant to 
oxidative stress. This inflammatory environment promotes 
persistent dysbiosis and limits the capacity of the microbio-
ta to return to its pre-perturbation state. Second, disruption 
of the intestinal mucus barrier may contribute to delayed re-
covery. PEG bowel preparation can mechanically disturb the 
mucus layer, and this effect may be amplified in UC, in which 

MUC2 production and mucin glycosylation are frequently al-
tered. Loss of this protective interface may hinder recoloniza-
tion by beneficial mucosa-associated microorganisms. Third, 
the UC microbiota is characterized by reduced diversity and 
weaker interspecies interactions, resulting in lower ecological 
complexity and diminished functional redundancy. According 
to ecological stability theory, such simplified microbial net-
works are more vulnerable to perturbations and less able to 
recover efficiently after disturbances such as bowel prepara-
tion. Together, these mechanisms may explain the slower and 
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less complete restoration of the gut microbiota in patients 
with UC compared with healthy individuals. One of the key 
strengths of this study is the investigation of probiotic sup-
plementation as a strategy to facilitate microbial recovery af-
ter bowel preparation. In healthy individuals, while probiotics 
did not substantially alter the overall community structure at 
the phylum level, they were associated with increased abun-
dance of beneficial, short-chain fatty acid–producing genera 
such as Faecalibacterium, Roseburia, and Eubacterium. These 
taxa are known to contribute to mucosal integrity, immuno-
modulation, and anti-inflammatory effects [20-22].

In patients with UC, probiotic supplementation exerted a 
more pronounced effect. It not only enhanced a diversity 
but also shifted the microbial composition toward a healthi-
er profile, characterized by increased Firmicutes and reduced 
Proteobacteria and Fusobacteria. Many of the taxa enriched 
after probiotic supplementation have been linked to favor-
able outcomes in ulcerative colitis. Faecalibacterium, Blautia, 
Butyricicoccus, Coprococcus, and Eubacterium ventriosum are 
important producers of short-chain fatty acids, particularly bu-
tyrate, which supports epithelial barrier function and suppress-
es mucosal inflammation [23]. Members of the Lachnospiraceae 
family and Oscillibacter are also associated with microbial ho-
meostasis and anti-inflammatory activity [24,25]. Lactobacillus 
is a well-established probiotic genus with documented ef-
fects on mucosal immune regulation and barrier integrity 
[26]. Reduced abundance of these taxa has frequently been 
reported in active UC, suggesting that their restoration may 
reflect a shift toward a healthier microbial ecosystem [27]. At 
the genus level, there was a notable enrichment of Sutterella 
and Blautia, and members of the Ruminococcaceae family, all 
of which have been linked to reduced inflammation and im-
proved disease outcomes in IBD [28-31]. By day 28, the mi-
crobial diversity of patients with UC receiving probiotics ap-
proached that of healthy controls, underscoring the potential 
role of targeted microbial therapies in promoting gut homeo-
stasis. Although our study demonstrates associations be-
tween probiotic supplementation and accelerated microbiota 
recovery, the underlying mechanisms are likely multifactori-
al and cannot be directly established from the current data. 
Probiotics may exert direct and indirect effects on the intesti-
nal ecosystem. Direct mechanisms include competitive exclu-
sion of pathobionts, reduction of luminal pH, and production 
of antimicrobial compounds such as bacteriocins, which can 
suppress opportunistic bacteria. Indirectly, probiotics may en-
hance epithelial barrier integrity by upregulating tight junction 
proteins and modulate mucosal immune responses, including 
the promotion of regulatory T-cell differentiation and attenu-
ation of pro-inflammatory cytokine signaling [32]. In addition, 
probiotic strains such as Bifidobacterium and Lactobacillus may 
function as metabolic initiators by fermenting complex carbo-
hydrates into acetate and lactate. These metabolites can serve 

as substrates for secondary fermenters, including butyrate-
producing commensals such as Faecalibacterium, Roseburia, 
and Blautia, thereby promoting metabolic cross-feeding and 
restoring a more stable and health-associated microbial net-
work. These mechanisms provide a plausible explanation for 
the enrichment of short-chain fatty acid–producing taxa ob-
served after probiotic supplementation, particularly in patients 
with UC [33]. Because this study was observational at the mi-
crobiome level, these mechanistic interpretations remain hy-
pothetical and require validation through targeted experimen-
tal and metabolomic studies.

Beyond taxonomic alterations, predicted functional analysis 
suggested that bowel preparation was associated with suppres-
sion of several microbial pathways related to energy metabo-
lism and nucleotide biosynthesis, including the non-oxidative 
pentose phosphate pathway and purine nucleotide biosynthe-
sis. Because similar temporal patterns were observed across 
multiple groups, these alterations likely reflect generalized 
microbial stress responses following bowel preparation rath-
er than pathways specifically linked to UC progression. Such 
predicted functional suppression may nevertheless contribute 
to impaired microbial resilience and delayed restoration of in-
testinal homeostasis [34-38]. Encouragingly, these pathways 
showed gradual recovery over the study period, with probiot-
ic supplementation likely playing a supportive role in restor-
ing functional microbial capacity.

The longitudinal design of this study, incorporating serial sam-
pling and 16S rRNA sequencing of 316 fecal samples, provides 
robust temporal insights into the microbiota’s response to 
bowel preparation and probiotic intervention. Furthermore, by 
comparing healthy individuals and patients with UC, this study 
offers novel evidence of differential microbiota resilience and 
recovery in health and disease.

However, several limitations should be considered when in-
terpreting the findings of this study. First, the open-label de-
sign may have introduced performance bias, as participants’ 
awareness of receiving probiotic supplementation could have 
influenced behaviors such as diet and medication adherence. 
However, the primary outcomes were based on objective 16S 
rRNA sequencing data, which are less susceptible to expecta-
tion-related bias. Future studies should adopt double-blind, 
placebo-controlled designs to minimize this potential source 
of bias. Second, predicted functional pathway analysis was 
performed using PICRUSt2, which infers microbial functional 
potential from 16S rRNA gene profiles and reference genomes 
rather than directly measuring metagenomic, transcriptom-
ic, or metabolomic activity. Accordingly, these results should 
be interpreted as hypothesis-generating and require valida-
tion using shotgun metagenomics and targeted metabolomic 
approaches, including short-chain fatty acid measurements. 
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Third, diet is a major determinant of gut microbiota composi-
tion. Although participants were instructed to maintain their 
habitual dietary patterns and avoid substantial dietary chang-
es during the study, detailed dietary records and formal di-
etary monitoring were not performed. Consequently, residual 
dietary confounding cannot be excluded. Future trials should 
incorporate standardized dietary assessment, such as food 
diaries, validated dietary questionnaires, or controlled meal 
protocols. Fourth, although the sample size was calculated 
a priori based on the Shannon diversity index and exceeded 
the minimum required number of participants per group, the 
overall cohort size remains moderate for a microbiome study. 
Statistical power may therefore be limited for subgroup anal-
yses and for detecting subtle changes in low-abundance taxa 
and predicted pathways. Larger multicenter studies are needed 
to validate and extend these findings. Additionally, this study 
did not systematically collect and report quantitative patient 
symptom scores, UC disease activity indices, or standardized 
adverse event data during the 28-day follow-up. While bedside 
assessments using the modified Truelove and Witts classifica-
tion and routine clinical inquiry revealed no serious adverse 
events or clinically significant UC flares, future studies should 
incorporate validated clinical outcome measures to compre-
hensively assess the clinical benefits and safety of probiotic 
supplementation. Therefore, the conclusions of the present 
study are restricted to microbiome and predicted functional 
outcomes rather than direct clinical efficacy.

Interestingly, the glyoxylate bypass pathway remained relatively 
suppressed in the probiotic-treated groups at day 14 and day 
28. The glyoxylate bypass enables microorganisms to utilize 
2-carbon substrates such as acetate and may reflect ongoing 
metabolic adaptation during microbial recovery. One possible 
explanation is that probiotic supplementation promotes met-
abolic cross-feeding interactions within the intestinal ecosys-
tem. Probiotic-associated taxa, including Bifidobacterium and 
Lactobacillus, can generate acetate and lactate through carbo-
hydrate fermentation, which may subsequently serve as sub-
strates for secondary fermenters and butyrate-producing bac-
teria such as Faecalibacterium, Eubacterium, and Anaerostipes 
[39,40]. This trophic interaction may facilitate restoration of 
short-chain fatty acid production and improve the intestinal 
microenvironment after PEG-induced dysbiosis. Similar syner-
gistic cross-feeding mechanisms have been described in stud-
ies involving lactate-utilizing butyrate producers and probiot-
ic co-administration in UC models [40,41].

From a translational perspective, our findings suggest that 
probiotic supplementation may be most relevant for patients 
with UC, particularly those in clinical remission who exhibit 
persistent baseline dysbiosis and reduced microbial resilience. 

In contrast, the benefits in healthy individuals undergoing rou-
tine screening appear to be more modest, reflecting the great-
er intrinsic resilience of the normal gut microbiota. The timing 
of intervention may also be important. Because bowel prep-
aration induces an acute disruption of the intestinal ecosys-
tem, initiation of probiotic supplementation immediately af-
ter colonoscopy may take advantage of a transient “window 
of opportunity” during which microbial communities are more 
susceptible to ecological restructuring. In the present study, 
probiotics were administered for 28 days beginning the day 
after colonoscopy, and this regimen was associated with pro-
gressive restoration of microbial diversity and predicted func-
tional potential. However, the optimal treatment duration and 
strain composition remain to be determined. Future dose-find-
ing and comparative trials should evaluate different treatment 
durations, including 4- to 8-week regimens, and assess pro-
biotic strains with well-characterized immunomodulatory and 
barrier-supportive properties, such as Bifidobacterium longum 
and Lactobacillus rhamnosus GG. These findings provide a ra-
tionale for testing early post-colonoscopy probiotic supple-
mentation as a targeted strategy to promote microbiota re-
covery in patients with UC.

Conclusions

In conclusion, bowel preparation induces significant but revers-
ible disruptions in gut microbiota composition and function, 
with recovery occurring more slowly in patients with UC than 
in healthy individuals. Probiotic supplementation after colonos-
copy promotes the restoration of microbial diversity, enriches 
beneficial taxa, and is associated with the predicted recovery 
of key microbial metabolic pathways—particularly in patients 
with UC. These findings suggest that incorporating probiotic 
interventions into clinical practice may help mitigate bowel 
preparation–induced dysbiosis, ultimately improving safety 
and outcomes in vulnerable populations. Further large-scale, 
multi-center studies are warranted to validate these results 
and refine probiotic strategies for gut microbiota restoration.

Data Availability

The datasets generated during the current study are avail-
able in the NCBI repository [https://www.ncbi.nlm.nih.gov/
bioproject/PRJNA1280500].
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