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Abstract: The aim of this study was to evaluate the effects of probiotic pretreatment on the alteration
and recovery of gut microbiota after bowel preparation and its correlation with minor complica-
tions. This was a randomized, double-blind, placebo-controlled pilot trial that included participants
40–65 years of age. Participants were randomly provided probiotics (active group) or placebo (placebo
group) for 1 month before the colonoscopy and their feces collected. A total of 51 participants were
included in the present study (26 in the active group and 25 in the placebo group). In the active group,
the microbial diversity, evenness, and distribution were not significantly changed between before
and after bowel preparation, but did change in the placebo group. The number of gut microbiota that
decreased after bowel preparation in the active group was lower than in the placebo group. On the
seventh day after colonoscopy, the gut microbiota in the active group was restored to almost the same
level as before bowel preparation. In addition, we identified that several strains were assumed as key
microbiota in early colonization and some taxa were increased only in the active group after bowel
preparation. In multivariate analysis, taking probiotics before bowel preparation was identified as a
significant factor for decreasing the duration of minor complications (odds ratio 0.13, 95% confidence
interval 0.02–0.60, p = 0.027). Probiotic pretreatment had benefits on the alteration and recovery of
gut microbiota and possible complications after bowel preparation. Probiotics may also aid in the
early colonization of key microbiota.

Keywords: probiotics; gut microbiota; bowel preparation; colonoscopy; complication

1. Introduction

Colonoscopy is an effective screening tool to reduce the incidence of colorectal cancer
by detecting and removing colorectal polyps. However, the adherence rate to screening
colonoscopy remains low; the overall participation rate for screening colonoscopy was
only 38% compared with 67% for a fecal occult blood test [1,2]. Patient-reported barriers
to screening colonoscopy included concerns regarding bowel preparation and fear of
pain [3]. Colonoscopy can be associated with serious complications of perforation and
hemorrhage as well as minor complications including abdominal discomfort, bloating,
nausea/vomiting, diarrhea, and constipation [4,5]. The occurrence of these complications
can affect the patient’s satisfaction and result in their refusal of future colonoscopies. The
incidence of minor complications after colonoscopy is reportedly between 24% and 32%,
occurring within 7 days after colonoscopy [5,6]. In a recent multicenter study of 793 subjects,
361 (45.5%) complained of newly developed symptoms including epigastric/abdominal
bloating, pain, and dyspepsia after colonoscopy. Female sex and history of inflammatory
bowel disease were significantly associated with development of these symptoms [7].

Emerging evidence showed that dysbiosis of the gut microbiome was found in various
conditions, including metabolic diseases, inflammatory diseases, and cancers. In several
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studies, bowel preparation for colonoscopy was shown to change the gut microbial di-
versity, composition, and metabolome, and these effects could last up to 1 month [8–11].
To minimize these effects, bowel preparation using two separate dosages has been pro-
posed, which causes fewer alterations to the intestinal microbiota than the single dose [12].
In our previous study, five of 24 healthy subjects experienced minor complications after
colonoscopy and most were mild and self-limited. In addition, we showed that patients
with minor complications after bowel preparation have a higher Firmicutes/Bacteroidetes
ratio in the initial stool samples collected before bowel preparation, and the ratio decreased
after bowel preparation [13]. Furthermore, we performed a preliminary study with 100 vol-
unteers without age restriction to evaluate the efficacy of 1-month probiotics after bowel
preparation (open-label trial; 50 people received probiotics and 50 people did not). Results
showed that the gut microbial diversity sharply decreased after bowel preparation and the
changed microbiota was almost restored on the 21st day after bowel preparation regardless
of probiotics [14].

Based on these results, we hypothesized that the minor complications after colonoscopy
were associated with an initial gut microbial status of the subject, and that the modifica-
tion of this microbial status before bowel preparation can help reduce the occurrence of
complications after colonoscopy. The aim of this study was to investigate the beneficial
effects of probiotic pretreatment on the alteration and recovery of gut microbiota after
bowel preparation for colonoscopy and its association with minor complications.

2. Methods
2.1. Study Design and Participants

The present study was a randomized, double-blind, placebo-controlled pilot trial. We
recruited healthy participants aged 40–65 years undergoing colonoscopy for screening or
post-polypectomy surveillance. The exclusion criteria in our study were as follows: history
of cancer, inflammatory bowel disease, lactose intolerance, or obesity (body mass index
(BMI) > 30), and use of antibiotics, laxatives, metoclopramide, tegaserod, erythromycin,
or proton-pump inhibitors within 1 month before colonoscopy. A study investigator ex-
plained in detail the aim and contents of the study to the participants and all subjects
provided written informed consent. Information including age, sex, height, body weight,
BMI, smoking and alcohol history, co-morbidities, the reason for a colonoscopy, previous
colonoscopy experience, symptoms before colonoscopy, dietary habits, the number of defe-
cations per day or week, and Bristol Stool Scale (BSS) were collected using a questionnaire.
The study outline is summarized in Figure 1. All participants collected their feces 4 times
(1 month before, 2 to 3 days before, 1 to 2 days after, and 7 days after colonoscopy) using
a Fecal Swab kit (Noble Biosciences, Gyeonggi-do, Korea) that could be stored at room
temperature. Participants were randomly provided probiotics or placebo 1 month before
the colonoscopy. All patients were provided an educational brochure on bowel preparation
and colonoscopy, including a diet schedule (low-fiber diet for 3 days and soft diet for
dinner the day before the colonoscopy). They ingested 1 L polyethylene glycol solution
with ascorbic acid between 7 and 9 PM the day before the colonoscopy and the remaining
1 L the next morning at least 2 h before the colonoscopy. During the colonoscopy, bowel
preparation scale was assessed and polyps < 1 cm were removed. On the 7th day after
colonoscopy, a questionnaire was administered to participants regarding any complications.
The questionnaire included the type, timing, frequency, and duration of complications and
was used to evaluate the occurrence of minor or severe complications after colonoscopy.
The local institutional review board evaluated and approved the present study protocol
(KUGH 2021-01-025) and this trial was registered with the International Clinical Trials
Registry Platform (no. KCT0006321).
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2.2. Randomization

Participants who met the inclusion criteria were randomly assigned to either the active
or placebo group. Randomization was performed using a computer-generated randomiza-
tion list by a study investigator and the list was placed into sealed opaque envelopes that
were not opened until the end of the study. The active group was given the package of pro-
biotics (1.0 × 1010 colony-forming units/5 g per day) consisting of Lactobacillus. acidophilus
CBT LA1, Lactobacillus rhamnosus CBT LR5, Bifidobacterium lactis CBT BL3, Bifidobacterium
longum CBT BG7, Bifidobacterium bifidum CBT BFs, and Streptococcus thermophilus CBT ST3
for 1 month, and the placebo group was given a package of maltodextrin (same properties,
formulation, weight, and volume as the probiotics) for 1 month. For blind control, these
products were packaged with unprinted paper; therefore, participants did not know which
group they belonged to until the end of the study.

2.3. Endpoints

The primary outcome was to evaluate the effect of probiotic pretreatment on the
alteration and recovery of gut microbiota after bowel preparation for colonoscopy. In
addition, the secondary outcomes were to assess the effect of probiotic pretreatment on the
occurrence of minor complications after colonoscopy and to determine which microbiome
plays an important role in the colonization at the early stage after bowel preparation.

2.4. Sample Preparation and Data Analysis

The collected samples were transported to Cell Biotech, Co., Ltd. (Gyeonggi-do, Korea)
and immediately frozen at −80 ◦C. A total of 204 samples were used for microbiome analy-
sis. Microbial DNA was extracted using the FastDNA SPIN Kit for Soil (MP Biochemicals,
Santa Ana, CA, USA) according to the manufacturer’s instructions. The extracted microbial
DNA was purified using DNeasy PowerClean Cleanup Kit (Qiagen, Hilden, Germany) and
then DNA quality was measured using NanoDrop (Thermo Fisher Scientific, Carlsbad, CA,
USA). The purified DNA was measured for DNA concentration using the Qubit™ dsDNA
BR Assay kit (Thermo Fisher Scientific). A sequencing library was prepared according
to the Illumina 16S Metagenomic Sequencing Library Preparation Guide (Illumina, San
Diego, CA, USA). The V4-V5 region of the bacterial 16S rRNA gene was amplified for 16S
rRNA gene sequencing. The forward primer in the v4 region (CCA GCM GCC GCG GTA
ATW C) and the reverse primer in the v5 region (CC GTC AAT TYY TTT RAG TTT) were
used for PCR amplification in this study. The amplified sequencing library was purified
with Agencourt® AMPure XP beads (Beckman Coulter, Brea, CA, USA) and the quality of
the library was confirmed using a 2100 Bio-analyzer (Agilent, Santa Clara, CA, USA). The
library pool was sequenced with 250 bp paired-end reads on the MiSeq platform using the
MiSeq reagent kit V2 (Illumina).

2.5. Statistical Analysis

Raw sequencing data were processed using Quantitative Insight into Microbial Ecology
software package 2 (QIIME 2, v 2021.11, http://qiime2.org (accessed on 6 April 2022)).

http://qiime2.org
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Denoising was performed using DADA2 and a taxonomy table was created using SILVA
database (v138). Normalization to depth of 30,000, the minimum depth of the sample,
was used for alpha and beta diversity analyses. Data visualization was performed using
the ggplot package of R (v4.1.3) and statistical analysis was performed with Wilcoxon
signed rank test, Kruskal–Wallis test, and PERMANOVA using the vegan package. Linear
discriminant analysis (LDA) effect size analysis was performed using Galaxy (https://
huttenhower.sph.harvard.edu/galaxy).

Continuous data with normal distributions are expressed as mean ± standard devia-
tion, and categorical data are presented as the number of subjects (%). Student’s t-test and
the chi-square test were performed for continuous and categorical variables, as appropriate.
To analyze the factors associated with complications after colonoscopy, univariate and
multivariate logistic regression analyses were performed. p values of <0.05 were considered
statistically significant. Statistical analyses were performed using R (v4.1.3).

3. Results
3.1. Baseline Characteristics and Colonoscopy Outcomes

Between May 2021 and February 2022, a total of 52 participants signed written in-
formed consent forms and were randomized to either the active or placebo group. After
randomization, one subject was excluded due to consent withdrawal. Finally, 51 partici-
pants were included in the analysis. The mean age of participants was 53.7 ± 1.1 years
and 32 (62.7%) were female. In both groups, height, weight, BMI, alcohol and smok-
ing history, co-morbidities, dietary habits, stool frequency, stool consistency, reason for
colonoscopy, previous experience of colonoscopy and polypectomy, bowel preparation,
findings of colonoscopy, detected colon polyp size, and resection method of colon polyp
were not significantly different. The baseline characteristics and colonoscopy outcomes are
summarized in Table 1.

Table 1. Baseline characteristics and colonoscopy outcomes.

Overall
(n = 51)

Active
(n = 26)

Placebo
(n = 25) p-Value

Age (years) 53.9 ± 8.0 54.4 ± 7.8 53.1 ± 8.3 0.589
Sex 0.773

Male 19 (37.3) 9 (34.6) 10 (40.0)
Female 32 (62.7) 17 (65.4) 15 (60.0)

Height (cm) 163.1 ± 9.0 162.7 ± 8.9 163.5 ± 9.3 0.771
Weight (kg) 66.6 ± 14.1 66.6 ± 13.1 66.7 ± 15.3 0.989
BMI (kg/m2) 24.9 ± 4.0 25.0 ± 3.7 24.8 ± 4.3 0.798
Alcohol history 15 (29.4) 7 (26.9) 8 (32.0) 0.894
Current smoker 6 (11.8) 4 (15.3) 2 (8.0) 0.674
Co-morbidities 0.450

Diabetes mellitus 3 (5.9) 1 (3.8) 2 (8.0)
Hypertension 11 (21.6) 6 (23.2) 5 (20.0)
Dyslipidemia 3 (5.9) 0 (0.0) 3 (12.0)
Ischemic heart disease 2 (3.9) 1 (3.8) 1 (4.0)

Dietary habits 0.892
Vegetarian 10 (19.6) 6 (23.2) 4 (16.0)
Meat eater † 4 (7.8) 2 (7.7) 2 (8.0)
Eat evenly ¶ 37 (72.6) 18 (69.1) 19 (76.0)

Stool frequency 0.740
Low (≤2 times/week) 2 (3.9) 2 (7.7) 0 (0.0)
Normal (1–2 times/1–2 days) 47 (92.2) 23 (88.5) 24 (96.0)
High (≥3 times/day) 2 (3.9) 1 (3.8) 1 (4.0)

https://huttenhower.sph.harvard.edu/galaxy
https://huttenhower.sph.harvard.edu/galaxy


Nutrients 2023, 15, 1141 5 of 15

Table 1. Cont.

Overall
(n = 51)

Active
(n = 26)

Placebo
(n = 25) p-Value

Stool consistency (Bristol stool scale) 1.0
1–2 2 (3.9) 1 (3.8) 1 (4.0)
3–5 47 (92.2) 24 (92.4) 23 (92.0)
6–7 2 (3.9) 1 (3.8) 1 (4.0)

Reason for colonoscopy 1.0
Screening 48 (94.1) 24 (92.3) 24 (96.0)
Post-polypectomy surveillance 3 (5.9) 2 (7.7) 1 (4.0)

Previous experience of colonoscopy 20 (39.2) 10 (38.5) 10 (40.0) 0.910
Previous experience of polypectomy 43 (84.3) 22 (84.6) 21 (84.0) 1.0
Bowel preparation 1.0

Good/fair 48 (94.1) 24 (92.3) 24 (96.0)
Poor 3 (5.9) 2 (7.7) 1 (4.0)

Findings of colonoscopy 0.902
Normal 12 (23.5) 6 (23.1) 6 (20.0)
Polyp 32 (62.8) 17 (65.4) 15 (60.0)
Cancer 0 (0.0) 0 (0.0) 0 (0.0)
Diverticulosis 2 (3.9) 1 (3.8) 1 (4.0)
Hemorrhoid 5 (9.8) 2 (7.7) 3 (12.0)

Colon polyp
Size (≥1 cm) 2 (3.9) 0 (0.0) 2 (11.8) 0.485
Resection 0.776
Cold forceps polypectomy 23 (45.1) 13 (50.0) 11 (44.0)
Cold snare polypectomy 8 (15.7) 4 (15.4) 4 (16.0)

Data are presented as the mean ± SD or number (percentage), BMI, body mass index. † Person with a meat-based
diet. ¶ Person with a balanced diet of meat and vegetables.

3.2. Alteration and Restoration of Gut Microbiota after Bowel Preparation

As shown in Figure 1, the feces were collected four times from participants and
the microbial diversity was compared between the probiotics and placebo groups. At
first, we evaluated the alpha and beta diversity at each time point (visit 1 (v1), 1 month
before colonoscopy; v2, 2 to 3 days before; v3, 1 to 2 days after; v4, 7 days after) in both
groups. The observed operational taxonomy units (OTUs) and Shannon diversity were
significantly decreased after bowel preparation (v3) compared to the baseline (v1) in both
groups. These measures significantly decreased after bowel preparation (v3) compared to 2
or 3 days before bowel preparation (v2) only in the placebo group (Figure 2A,B). Evenness
also significantly decreased after bowel preparation (v2–v3) only in the placebo group
(Figure 2C). In the Bray–Curtis analysis, the microbial distribution showed a different
tendency before and after bowel preparation (v2–v3) in the placebo group (Figure 2D),
although it was not statistically significant. In the assessment of taxonomy composition, an
increase or decrease was observed in certain microbiota at the family and genus levels after
bowel preparation in both groups (Figure 3A,B).
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Figure 2. Alpha- and beta-diversity comparisons of the gut microbiomes of each group. (A) Boxplot
of the Observed OTUs of each group. (B) Boxplot of the Shannon diversity of each group. (C) Boxplot
of the Pielou’s evenness of each group. (D) Bray–Curtis distances within each group. The color of
the boxplots and dots represents the different groups analyzed based on the legend (v1, visit1; v2,
visit2; v3, visit3; v4, visit4). * p < 0.05, ** p < 0.01, *** p < 0.001 (Wilcoxon test). OTUs, operational
taxonomic units.
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Figure 3. Taxonomy composition of each group. Bar plots on relative abundances of OTUs annotated
at the (A) family and (B) genus level. An average <1% is labeled as others. Each bar represents the
different group (v1, visit1; v2, visit2; v3, visit3; v4, visit4). OTUs, operational taxonomic units.

We conducted a heatmap analysis to identify the overall change of microbiota at each
time point in both groups and identified that more taxa decreased after bowel preparation
(placebo v3) and remained in decreased status on the 7th day after colonoscopy (placebo
v4) in the placebo group compared to the active group (active v3 and v4) (Figure 4).
Subsequently, the change in specific gut microbiota before and after bowel preparation was
assessed using LDA effect size analysis. As shown in Figures 5A and S1A, the number
of increased gut microbiota after bowel preparation was similar in both groups (placebo
v3 and active v3) at the genus and family levels. However, gut microbiota was abundant
before bowel preparation (v2), and the decrease in microbiota after bowel preparation
was larger in the placebo group than in the active group (placebo v2 and active v2). In
addition, all decreases in microbiota in the active group (active v2) also were observed
in the placebo group (placebo v2). On the 7th day after colonoscopy, the number of gut
microbiota was higher in the placebo group (placebo v4) than in the active group (active
v4) (Figures 6A and S1B). In addition, the gut microbiota in the active group was restored
to almost the same level as before bowel preparation. However, a few taxa including
Gastranaerophilales and Clostridia_UCG_014 remained decreased in the placebo group on the
7th day after colonoscopy (Figures S1C and S2).
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Figure 4. Heatmap analysis via relative abundance at the genus level. Heatmap on relative abun-
dances of annotated OTUs at the genus level. Genus with an average < 0.01% were excluded. Ranges
were applied to the analysis by logarithmic scale. OTUs, operational taxonomic units.
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Figure 5. Comparative analysis of the 2nd and 3rd visit groups. (A) Microbiome analysis via linear
discriminant analysis (LDA) effect size (LEfSe) at the genus level. The bar size represents the effect
of specific taxa number in the particular group at the genus level. The alpha value for the factorial
Kruskal–Wallis test was <0.05 and the threshold on the logarithmic LDA score for discriminative
feature was >2.0. (B) Heatmaps indicate positive (red) and negative (blue) correlations between the
alpha diversity and the taxa sorting in the results of LEfSe. The figure is drawn by sorting the taxa
based on the result in (A). * p < 0.05 (Spearman’s correlation).



Nutrients 2023, 15, 1141 10 of 15
Nutrients 2023, 15, x FOR PEER REVIEW 10 of 16 
 

 

 

Figure 6. Comparative analysis of the 3rd and 4th visit groups. (A) Microbiome analysis via linear 

discriminant analysis (LDA) effect size (LefSe) at the genus level. The bar size represents the effect 

of specific taxa number in the particular group at the genus level. The alpha value for the factorial 

Kruskal–Wallis test was <0.05 and the threshold on the logarithmic LDA score for discriminative 

feature was >2.0. (B) Heatmaps indicate positive (red) and negative (blue) correlations between the 

alpha diversity and the taxa sorting in the results of LEfSe. The figure was drawn by sorting the taxa 

based on the result in (A). * p < 0.05 (Spearman’s correlation). 

Figure 6. Comparative analysis of the 3rd and 4th visit groups. (A) Microbiome analysis via linear
discriminant analysis (LDA) effect size (LefSe) at the genus level. The bar size represents the effect
of specific taxa number in the particular group at the genus level. The alpha value for the factorial
Kruskal–Wallis test was <0.05 and the threshold on the logarithmic LDA score for discriminative
feature was >2.0. (B) Heatmaps indicate positive (red) and negative (blue) correlations between the
alpha diversity and the taxa sorting in the results of LEfSe. The figure was drawn by sorting the taxa
based on the result in (A). * p < 0.05 (Spearman’s correlation).
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3.3. Complications after Bowel Preparation and Factors Associated with Complications

On the 7th day after colonoscopy, a total of 17 participants answered that they had
experienced non-serious complications. As shown in Table 2, the number of participants
who had any complication after colonoscopy was similar in both groups; nine in the
active group and eight in the placebo group. The type, onset timing, and frequency of
complications were not different between the two groups. The duration of complications
was typically ≤30 min in the active group; however, complications persisted for 1–2 h
in three participants and >24 h in four participants in the placebo group (p = 0.025). The
severity score of complications using the visual analogue scale in the placebo group was
higher than in the active group but without statistical significance (4.1 ± 2.6 vs. 3.1 ± 1.6,
p = 0.349).

3.4. Specific Gut Microbiota Observed in the Early Stage after Bowel Preparation and Correlation
with Microbial Diversity

After bowel preparation (v3), several taxa including Ruminococcus_torques_group,
Ruminococcus_gnavus_group, Escherichia_Shigella, Clostridium_innocuum_group, and Gemella
were equally increased in both groups (blue highlight in Figure 5A) and then decreased on
the 7th day after colonoscopy (v3 in Figure 6A). In addition, some taxa, including Veillonella,
Fusobacterium, Enterococcus, Eisenbergiella, Oribacterium, Parvimonas, Pepstreptococcus, and
Holdemania, were increased only in the active group after bowel preparation (green highlight
in Figure 5A).

Table 2. Post-colonoscopy complications.

Overall
(n = 51)

Active
(n = 26)

Placebo
(n = 25) p-Value

Decreased body weight after bowel
preparation (≥2 kg) 11 (21.6) 7 (26.9) 4 (16.0) 0.499

Post-colonoscopy complications 17 (33.3) 9 (34.6) 8 (32.0) 0.843
Type 0.783

Abdominal pain 4 (7.8) 2 (7.7) 2 (8.0)
Abdominal pain/Bloating 2 (3.9) 1 (3.8) 1 (4.0)
Bloating 8 (15.7) 5 (19.2) 3 (12.0)
Bloating/Constipation 1 (2.0) 1 (3.8) 0 (0.0)
Constipation 0 (3.9) 0 (0.0) 2 (8.0)
Hemorrhage 0 (0.0) 0 (0.0) 0 (0.0)
Perforation 0 (0.0) 0 (0.0) 0 (0.0)

Onset timing 0.694
Day of colonoscopy 12 (23.5) 6 (23.1) 6 (24.0)
1st day after colonoscopy 4 (7.8) 3 (11.5) 1 (4.0)
2nd day after colonoscopy 0 (0.0) 0 (0.0) 0 (0.0)
3rd day after colonoscopy 1 (2.0) 0 (0.0) 1 (4.0)

Frequency 0.835
1 time/day 6 (11.8) 3 (11.5) 3 (12.0)
2 times/day 6 (11.8) 4 (15.4) 2 (8.0)
≥3 times/day 5 (9.8) 2 (7.7) 3 (12.0)

Duration 0.025
<30 min 8 (15.7) 7 (26.9) 1 (4.0)
1–2 h 4 (7.8) 1 (3.8) 3 (12.0)
≥24 h 5 (9.8) 1 (3.8) 4 (16.0)

Severity score (VAS) 3.6 ± 2.2 3.1 ± 1.6 4.1 ± 2.6 0.349
Data are presented as the mean ± SD or number (percentage). VAS, visual analogue scale (0: none, 10: very severe).
Because the complications showed a significant difference based on the duration between the two groups, the
duration (≥1–2 h) was set as a dependent variable in the analysis. In multivariate analysis, consuming probiotics
before bowel preparation was identified as a significant factor in lowering the duration of minor complications
(Table 3).
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Table 3. Factors associated with complications (duration ≥ 1–2 h) after colonoscopy.

Univariate Analysis Multivariate Analysis

Factor OR 95% CI p-Value OR 95% CI p-Value

Age
<55 years 1
≥55 years 0.57 0.13–2.43 0.444

Sex
Male 1
Female 1.15 0.25–5.30 0.854

BMI
<25 1
≥25 0.27 0.05–1.47 0.130

Dietary habit
Eat evenly 1
Vegetarian 1.48 0.24–8.92 0.671
Meat eater 1.72 0.15–19.49 0.661

Co-morbidities
None 1
Present 0.30 0.56–1.62 0.162

Polyp removal 0.72 0.17–3.11 0.661
Group

Placebo 1
Active 0.22 0.04–1.21 0.082 0.13 0.02–0.69 0.027

OR, odds ratio; CI, confidence interval; BMI, body mass index.

In addition, the relationship between alpha diversity/evenness and genus was eval-
uated. As shown in Figure 5B, the taxa positively correlated with alpha diversity and
evenness decreased after bowel preparation (common v2–v3). Taxa positively correlated
with greater decreased in alpha diversity in the placebo group (placebo v2–v3) compared
to the active group (active v2–v3). On the 7th day after colonoscopy, the taxa positively
correlated with alpha diversity increased in both groups (active v3–v4 and placebo v3–v4),
and the number of increased taxa was higher in the placebo group than in the active group
(Figure 6B).

4. Discussion

Despite the increasing evidence that gut microbiota are important in health and disease,
the association between alteration of gut microbiota and bowel preparation for colonoscopy
is underinvestigated. The results of the present study provide evidence for the beneficial
effects of probiotic pretreatment on the alteration and recovery of the gut microbiome and
possible complications after colonoscopy.

Probiotics are live microorganisms that are intended to have health benefits when
consumed or applied to the body [15]. Although the mechanisms have not yet been fully
elucidated, probiotics can cause modification of gut microbiota, enhancement of the epithe-
lial barrier, increased adhesion to intestinal mucosa, inhibition of pathogen adhesion, and
modulation of the immune system [16,17]. Probiotics are associated with the maintenance
of healthy gut function, improved tolerance to antibiotics, glucose homeostasis and lipid
metabolism, and overall reduced risk of various chronic diseases [18]. In a systemic re-
view that included 70 studies, specific probiotics reportedly relieved lower gastrointestinal
symptoms in irritable bowel syndrome, prevented diarrhea associated with antibiotics
and Helicobacter pylori eradication therapy, and showed favorable safety [19]. In a recently
updated guideline, probiotics were recommended for prevention of Clostridium difficile
infection, acute infectious gastroenteritis in children, and prevention of necrotizing entero-
colitis in preterm and low-birth-weight infants [20]. A recently published study showed
that treatment of participants with a multispecies probiotic formulation significantly de-
creased the number of days of constipation and reduced abdominal pain/discomfort. In
addition, there were differences in alpha diversity in the probiotic group compared to the
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placebo group [21]. In the present study, the beneficial effects of probiotic pretreatment
on the gut microbiota and possible complications after bowel preparation for colonoscopy
were investigated; results showed consuming probiotics before bowel preparation helped
maintain the microbial diversity and recover the changed microbiota without missing taxa
after bowel preparation. In addition, the duration of complications that occurred after
bowel preparation in the active group was shorter than in the placebo group, and probiotic
pretreatment was a significant factor in lowering the duration of minor complications.
These results indicate that probiotics play an important role in the alteration and restoration
of the gut microbiota after bowel preparation as well as in the minor complications that
occur after colonoscopy.

In a randomized controlled trial in which the effects of preoperative bowel preparation
were evaluated in patients undergoing colorectal surgery, a significant reduction was
observed in the total number of bacteria [22]. In addition, the 16 rRNA gene sequence
analysis of mucosal biopsies during sigmoidoscopy before and after bowel preparation
showed that colonic lavage alters the microbial composition and diversity in the intestinal
lumen and mucosa [23]. In a recent study, bowel preparation was suggested as a risk
factor for postoperative delirium because it alters the gut microbial composition [24]. The
results of the present study showed that the gut microbial diversity decreased after bowel
preparation and similar microbiota reduction was observed in both groups, indicating that
this was due to the bowel preparation. In addition, several taxa were equally increased after
bowel preparation and then decreased in both groups; however, some taxa were increased
only in the active group after bowel preparation, and subsequently, the gut microbiota
were restored to almost the same level as before bowel preparation. Veillonella, an increased
microbiota in the active group after bowel preparation, takes up lactate produced by
Lactobacillus from the growth environment [25]. In addition, the anti-inflammatory species
Oribacterium was increased only in the active group [26]. Although further studies are
needed to confirm the results of this study, the data indicate that the microbiota that equally
increased and decreased after bowel preparation could play a crucial role as key microbiota
in early colonization after bowel preparation, and that probiotics may aid in the early
colonization of key microbiota after bowel preparation.

The strength of the present study was the randomized, double-blind, placebo-controlled
trial design in which the beneficial effects of probiotic pretreatment on the gut microbiota
and the complications after bowel preparation for colonoscopy were investigated. The
present study also had several limitations. First, the number of participants in this study
was small. At the start of this study, we wanted to enroll 100 participants based on a
previous study; however, this was not possible likely due to the age restriction which was
not applied in the previous study. Interim analysis was performed after collecting feces
from 32 participants and the data were nearly similar to the data from 51 participants.
Similar results were expected even if the number of participants was increased; therefore,
we considered that 51 participants were sufficient for analysis. Second, the mean age of
participants in this study was relatively young (53.7 ± 1.1 years) compared to the average
age of people undergoing bowel preparation for colonoscopy. We set the age of participants
to 40–65 years to limit the age factor from acting as a variable, although it should be consid-
ered that complications are more prevalent in older people. Third, the association between
the specific gut microbiota and the occurrence of complications after colonoscopy was not
evaluated. Further studies are needed to confirm the results of this study. Fourth, this trial
included only Korean participants and was conducted in a single institution. Therefore, the
results may not be directly generalized to populations of other institutions and countries.

5. Conclusions

In conclusion, probiotic pretreatment had beneficial effects on the alteration and re-
covery of gut microbiota and possible complications after bowel preparation. Probiotics
reduced the changes in microbial diversity, evenness, and distribution after bowel prepa-
ration and restored the gut microbiota several days after bowel preparation compared to
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the placebo. In addition, the pretreatment helped to decrease the duration of minor com-
plications after bowel preparation. We also identified several strains including Veillonella,
Fusobacterium, Enterococcus, Eisenbergiella, Oribacterium, Parvimonas, Pepstreptococcus, and
Holdemania assumed as key microbiota in early colonization after bowel preparation, and
it is posited that probiotics aid with this early colonization. Although the mechanism of
probiotic effects on the microbial community is unclear, our study provides evidence of the
role of probiotics in human health and disease.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu15051141/s1, Figure S1. Comparative analysis via linear discriminant
analysis (LDA) effect size (LEfSe) of each group at the family level (A, B, C). Figure S2. Comparative
analysis of the 2nd and 4th visit groups via linear discriminant analysis (LDA) effect size (LEfSe) at
the genus level.
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