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Abstract
Background We aim to report the latest pooled analyses to evaluate the additive efficacy and safety of probiotics in the 
treatment of ulcerative colitis (UC).
Methods We systematically searched the relevant literature investigating the efficacy and/or safety of probiotics in patients 
with UC from PubMed, Embase and Web of Science up to January 2023. Two researchers independently screened the lit-
erature, extracted data, and evaluated the quality of the included studies according to the inclusion and exclusion criteria. 
Any discrepancies throughout these processes were solved by consensus. All statistical analyses were performed by Review 
Manager version 5.4 and Stata version 15.0.
Results A total of 13 articles were included in the pooled analyses, and the studies were all randomized controlled trials 
with a total of 930 patients. There were no significant differences between the probiotics and placebo groups concerning 
demographic and baseline characteristics. For patients with active UC, the probiotic group boosted the remission rate by 87% 
compared to the placebo group, but failed to reach a statistical difference (OR: 1.87; 95% CI 0.98, 3.57; P = 0.06, I2 = 67%); 
furthermore, there were no statistical differences in maintenance of clinical remission, clinical response, change in UCDAI 
scores, or mucosal healing outcomes in the probiotic group compared to the placebo group. For patients in clinical remission, 
the clinical relapse rates were significantly lower in the probiotic group than in the placebo group (OR: 0.34; 95% CI 0.14, 
0.79; P = 0.01). Moreover, this study did not observe a significant difference between the two groups for general adverse 
events rate (OR: 1.98; 95% CI 0.69, 5.68; P = 0.20).
Conclusion Probiotic-assisted therapy may be effective in inhibiting UC recurrence in patients in clinical remission without 
increasing the risk of treatment-related adverse events; furthermore, probiotics may increase the rate of clinical remission 
in patients with active UC. However, caution is needed when interpreting the clinical efficacy of probiotics in improving the 
clinical outcome of patients with active UC.
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Introduction

Ulcerative colitis (UC) is a common disease of the diges-
tive system. As an idiopathic, chronic disease characterized 
by diffuse mucosal inflammation and mainly affecting the 

rectum and sigmoid colon, its typical clinical symptoms are 
chronic or subacute bloody diarrhea and abdominal pain 
[1]. UC is a subtype of inflammatory bowel disease (IBD). 
The extensively accepted hypothesis for the pathogenesis 
of IBD is complicated interactions between genetic and 
environmental factors and the host immune system, result-
ing in excessive immune responses and chronic intestinal 
mucosal inflammation. Progress in next-generation sequenc-
ing technology has identified changes in the composition 
and function of the gut microbiome in IBD patients [2, 3]. 
For instance, microbiome samples from IBD patients are 
detected with less overall diversity and abundance of anti-
inflammatory groups than those from healthy subjects. Intes-
tinal flora is strongly associated with IBD and is significantly 
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altered and less diverse in patients with IBD compared to 
healthy individuals. Analyses of IBD cohort data from 
France, the United States, Israel, and Germany suggest that 
patients with CD and UC have a lower diversity of gut flora 
and significantly different gut flora than healthy individuals. 
In addition, there were differences in the gut flora of patients 
in the outbreak and remission phases [4].

Treatment with certain probiotic strains, such as VSL#3 
and E. coli Nissle 1917, is an effective form of therapy that 
can induce remission in patients with mild to moderate UC. 
To date, the effectiveness of probiotics, prebiotics and syn-
biotics in inducing or maintaining remission in patients with 
CD has not been proven. Fecal microbiota transplantation 
(FMT) has also been reported to be potentially beneficial 
in the course of IBD, especially UC [5]. Some studies have 
shown that probiotics can alter the mucosal immune sys-
tem, improve intestinal barrier function, increase bacterial 
diversity, and inhibit the growth of potential pathogenic bac-
teria. However, these results lack consistency in patients, 
and the outcomes of studies on the effectiveness of probiot-
ics for ulcerative colitis are different [6, 7]. Therefore, we 
conducted a meta-analysis of those studies on the use of 
probiotics in ulcerative colitis to provide more persuasive 
evidence for evidence-based medicine and to explore more 
effective and safe therapies for patients with UC.

Materials and methods

Literature search

The present evidence-based analysis was carried out 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA 2020 statement) [8] 
and was registered in the PROSPERO (CRD42023393294). 
The PRISMA 2020 checklist is shown in Supplementary 
Table 1. We performed a systematic literature search using 

PubMed, Embase, and Web of Science up to January 2023 
for studies investigating the efficacy and/or safety of pro-
biotics in patients with ulcerative colitis and published in 
English. We searched the databases using the following 
terms: “probiotic”, “probiotics”, “ulcerative colitis”, “coli-
tis, ulcerative”, “colitis”, “ulcerative”, and “colitis gravis”. 
The specific search strategies are presented in Table 1. In 
addition, the reference lists of all eligible studies were 
manually reviewed. Two investigators completed this 
process independently. Any divergences in the literature 
search were solved by consensus.

Identification of eligible studies

Studies were eligible if they met the following criteria: (1) 
the study design was randomized controlled trial; (2) stud-
ies compared probiotics with placebo in terms of efficacy 
and/or safety; (3) patients could be active, ranging from 
mild to severe extent or in clinical remission; (4) patients 
received or did not receive conventional UC therapy; (5) 
studies evaluated at least one of the following outcomes: 
clinical remission, clinical remission maintenance, clini-
cal response, clinical relapse, change in various scoring 
scales of UC, such as Mayo scores and UCDAI scores, 
mucosal healing, and laboratory indicators related to UC 
closely, major and general adverse events; and (6) suffi-
cient data to calculate odds ratio (OR) or weighted mean 
difference (WMD). The exclusion criteria were as follows: 
(1) reviews, letters, editorial comments, case reports, con-
ference abstracts, pediatric articles and non-English arti-
cles were excluded. (2) Interventions were not probiotics 
but pre-probiotics, synbiotics, symbiotic therapy or pro-
biotic food. (3) The control groups were not administered 
placebo. Two investigators conducted this process inde-
pendently. Any divergences in opinions were resolved by 
discussion until a consensus was reached.

Table 1  Detailed search strategy in three databases

a We retrieved articles from Embase via the Ovid (https:// ovidsp. ovid. com/)

Database Search strategy

Pubmed ("probiotic s"[All Fields] OR "probiotical"[All Fields] OR "probiotics"[MeSH Terms] OR "probiotics"[All Fields] OR 
"probiotic"[All Fields]) AND ("colitis, ulcerative"[MeSH Terms] OR ("colitis"[All Fields] AND "ulcerative"[All Fields]) 
OR "ulcerative colitis"[All Fields] OR ("ulcerative"[All Fields] AND "colitis"[All Fields]))

Embasea 1 (probiotic or probiotics).af
2 (Colitis, Ulcerative or Idiopathic Proctocolitis or Ulcerative Colitis or Colitis Gravis or Inflammation Bowel Disease, 

Ulcerative Colitis Type).af
3 1 and 2

Web of Science 1 probiotic (Topic) or probiotics (Topic)
2 Colitis, Ulcerative (Topic) or Idiopathic Proctocolitis (Topic) or Ulcerative Colitis (Topic) or Colitis Gravis (Topic) or 

Inflammation Bowel Disease, Ulcerative Colitis Type (Topic)
3 (#1) AND #2

https://ovidsp.ovid.com/
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Quality assessment

Literature quality was independently assessed by two inves-
tigators using the Cochrane Handbook 5.1.0 risk scale for 
bias. The evaluation included the following terms: random 
sequence generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and 
other sources of bias. Three evaluation outcomes including 
low risk, high risk and unclear risk were assigned to every 
study aspect. Studies with more “low risk” bias evaluations 
were regarded as superior. Two authors severally assessed 
the quality of all included studies. Any disagreement during 
this process was discussed.

Data extraction

The data we extracted from studies were as followed, clas-
sified into four: (1) basic information of each study: first 
author, study period, country, follow-up, methods character-
istics; (2) demographic and clinical characteristics: sample 
size, age, gender, body mass index(BMI), smoking, disease 
duration, ulcerative colitis disease activity index (UCDAI) 
scores at entry, clinical activity index (CAI) scores at entry, 
number of previous relapse; (3) intervention measures: type 
and dose of probiotic, concomitant treatment, medication 
time; (4) outcomes: clinical remission, clinical remission 
maintenance, clinical response, clinical relapse, change 
of various scoring scale of UC such as Mayo scores and 
UCDAI scores, mucosal healing, laboratory indices related 
to UC closely, major or any adverse events. We calculated 
the mean ± standard deviation via the validated mathemati-
cal method provided continuous variables in studies were 
reported as median with range or interquartile [9, 10]. When 
data were missing or not reported in the study, we contacted 
the corresponding authors to obtain completed data if avail-
able. This process was completed by two investigators inde-
pendently. In case of disagreement on opinions, a third one 
would join and consult together to reach a consensus.

Statistical analysis

Review Manager version 5.4 (Cochrane Collaboration, 
Oxford, UK) was applied for statistical analysis. The odds 
ratio (OR) and weight mean difference (WMD) were used as 
effect indices for dichotomous and continuous data, respec-
tively. All metrics were reported with 95% confidential inter-
vals (CIs). The heterogeneity in studies was evaluated by 
the chi-squared (χ2) test (Cochran’s Q) and inconsistency 
index  (I2) (38). I2 > 50% or  Chi2 p-value < 0.1 was consid-
ered significant heterogeneity. A random-effects model was 
adopted; otherwise, a fixed-effects model was used. In addi-
tion, we performed one-way sensitivity analyses to evaluate 

the stability of outcomes with significant heterogeneity. Pub-
lication bias was rated by funnel plots using Review Man-
ager 5.4 version (Cochrane Collaboration, Oxford, UK) and 
Egger’s regression tests using Stata 15.0 version (Stata Corp, 
College Station, TX, USA) for outcomes with 10 or more 
included studies. A p-value < 0.05 was considered statisti-
cally significant publication bias.

Results

Literature search

The specific flowchart of the search and selection process 
is presented in Fig. 1. A total of 6497 relevant articles in 
PubMed (n = 1032), Embase (n = 2722), and Web of Science 
(n = 2733) were systematically obtained through a literature 
search. After removing duplicate articles, 4341 titles and 
abstracts were reviewed. Finally, 13 full-text articles involv-
ing 930 patients (496 probiotic versus 434 placebo) were 
included in the pooled analysis, of which studies were all 
random controlled trials [11–23]. Table 2 shows the basic 
information and characteristics of each study. The bias risk 
assessment of each study is shown in Figs. 2 and 3.

Demographic and baseline characteristics

There were no significant differences among the two 
groups concerning age (WMD: −0.06; 95% CI −1.15, 1.39; 
P = 0.94), gender (male/total, OR: 0.93; 95% CI 0.69, 1.25; 
P = 0.62), BMI (WMD: 0.99; 95% CI 0.01,1.96; P = 0.05), 
smoking (OR: 1.02; 95% CI0 .36,2.87; P = 0.98), disease 
duration (WMD: 0.23; 95% CI −0.45,0.91; P = 0.67), num-
ber of previous relapse (WMD: −0.09; 95% CI −0.33, 0.14; 
P = 0.44), UCADI score at entry (WMD: −0.00; 95% CI 
−0.27,0.27; P = 0.98), CAI score at entry (WMD: −0.86; 
95% CI −3.42, 1.52; P = 0.48), disease location: pancolitis 
(OR: 0.91; 95% CI 0.63,1.30; P = 0.59); left-sided colitis 
(OR:0.99; 95% CI 0.71,1.37; P = 0.94); proctosigmoiditis 
(OR:1.16; 95% CI 0.81, 1.66; P = 0.43) (Table 3).

Clinical remission

In the outcome of achieving clinical remission, a total of 10 
studies enrolled 695 patients (376 patients in the probiotic 
group and 319 in the placebo group). Meta-analysis found 
that the probiotic group boosted the remission rate by 87% 
compared to the placebo group, but failed to reach a sta-
tistical difference (OR: 1.87; 95% CI 0.98, 3.57; P = 0.06, 
I2 = 67%) (Fig. 4).
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Clinical remission maintenance

Two studies analyzed the maintenance of clinical remission, 
comprising 78 patients (43 in the probiotic group versus 35 
in the placebo group). Meta-analysis showed that the pro-
biotic group was no better than the placebo group in the 
maintenance of clinical remission (OR: 2.42; 95% CI 0.84, 
6.96; P = 0.10; I2 = 0%) (Fig. 5).

Clinical relapse

The clinical relapse outcome included 3 studies comprising 
104 patients (51 in the probiotic group versus 53 in the pla-
cebo group). Meta-analysis showed a lower rate of clinical 
recurrence in the probiotic group than in the placebo group 
(OR: 0.34; 95% CI 0.14, 0.79; P = 0.01, I2 = 28%) (Fig. 6).

Clinical response

Six studies containing patients (248 in the probiotic group 
versus 247 in the placebo group) were included in the 
analysis. Pooled results revealed a similar clinical response 
between the two groups (OR: 2.25; 95% CI 0.79, 6.42; 
P = 0.13), but heterogeneity existed (I2 = 79%, P = 0.0003) 
(Fig. 7).

UCDAI score changes

Two articles reported data on UCDAI score changes, includ-
ing 194 patients (101 probiotic versus 93 placebo). No 

significant difference was detected between the two groups 
(WMD: −0.95; 95% CI  − 3.04, 1.13; P = 0.37), but statis-
tically significant heterogeneity was observed (I2 = 96%, 
p < 0.00001) (Fig. 8).

Mucosal healing

There were three studies reporting data on mucosal heal-
ing, including 224 patients (113 probiotic versus 111 pla-
cebo). No significant difference was detected between the 
two groups in terms of mucosal healing (OR: 1.14; 95% CI 
0.26, 4.96; P = 0.86), but statistically significant heterogene-
ity was observed (I2 = 77%, p < 0.01) (Fig. 9).

Mean change in hemoglobin

Two studies were available for hemoglobin data with 105 
patients (52 probiotic versus 53 placebo). No significant 
difference was observed between the two groups in the 
mean change in hemoglobin (WMD: 0.32; 95% CI −0.49, 
1.14; P = 0.43), but significant heterogeneity was detected 
(I2 = 66%, P = 0.08) (Fig. 10).

Mean change in hematocrit

A total of 2 studies with 105 patients (52 probiotic versus 53 
placebo) were included in the analysis for mean change of 
hematocrit. No significant difference was observed between 
the two groups for the mean change in hematocrit (WMD: 

Fig. 1  Flowchart of literature 
search and selection process
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Table 2  Basic information of each study

Authors Study period Country Patients (n) Blind method Medication time
Probiotic group/placebo group

Park et al. 2017 Korea 67/66 Double blind 8 weeks
Bjarnason et al. 2010–2014 England 40/41 Double blind 4 weeks
Vejdani et al. – – 17/17(in the active phase)

14/15(in the remission phase)
Double blind 2 months/6 months

Tamaki et al. 2007–2009 Japan 28/28 Double blind 8 weeks
Yoshimatsu et al. – Japan 23/23 Double blind 12 mohths
Peterson et al. 2011 Denmark 25/25 Double blind 8 weeks
Oliva et al. 2008–2011 Rome, Italy 16/15 Not mentioned 8 weeks
Tursi et al. – – 71/73 Double blind 8 weeks
Matthes et al. 1999–2002 Germany 68/20 Double blind 4 and/or 8 weeks
Sood et al. 2005–2007 North India 77/70 Double blind 12 weeks
Miele et al. - Naples, Italy 14/15 Double blind 12 months
Agraib et al. 2020–2022 Amman, Jordan 16/14 Double blind 6 weeks
Wildt et al. 2004–2006 Denmark 20/12 Double blind 52 weeks
Author Disease sever-

ity
Disease duration Type of probiotics Dose of probiotics Medication time Concomitant treat-

ments

Park et al. Mild-to-moder-
ate active

5.4 ± 6.4 (year) 4.4 ± 5.3 (year) Escherichia coli Nissle 
1917(EcN)

One capsule/
day(from day 
1 to day 4),two 
capsules/ day 
(from day 5)

8 weeks 5-ASA

Bjarnason 
et al.

In remission/
inactive/
asymptomatic

– – Probiotic product 
"Symprove"(Lactobacillus 
rhamnosus NCIMB 30174, 
Lactobacillus plantarum 
NCIMB 30173, Lactobacil-
lus acidophilus NCIMB 
30175, Enterococcus fae-
cium NCIMB 30176)

1 mL/kg each 
morning 
on a fasting 
stomach(each 
50 ml/dose con-
taining about 
10 billion live 
bacteria)

4 weeks 5-ASA/azathioprine

Vejdani 
et al.

Mild-to-moder-
ate active(in 
the active 
phase)

– – L. casei strain ATCC PTA-
3945

2 capsule(twice 
aday, 1capsule 
each time)

2 months/6 months Mesalazine/sulfasala-
zine/prednisolone(in 
the active phase) 
mesalazine/
sulfasalazine(in the 
remission phase)

Tamaki 
et al.

Mild-to-moder-
ate active

– – Bifidobacterium longum 
536(BB536)

Three times a 
day(2–3 ×  1011 
freeze-dried 
viable)

8 weeks Mesalamine/azathio-
prine/prednisolone

Yoshimatsu 
et al.

In remission 8.0 ± 6.3 (year) 6.7 ± 5.9 (year) A live microbial preparation 
"Bio-Three tablets"(Each 
tablet contains 2 mg of 
lactomin (Streptococcus 
faecalis T-110), 10 mg of 
Clostridium (Clostridium 
butyricum TO-A), and 
10 mg of Bacillus (Bacillus 
mesentericus TO-A))

9 Bio-Three 
tablets/day

12 mohths Mesalazine/salazosul-
fapyridine

Petersen 
et al.

Not mention 6.1 ± 6.1(year) 8.7 ± 9.7(year) Escherichia coli Nissle 
1917(EcN)

100 mg for 4 days 
followed by 
100 mg × 2 
daily for 
45 days

(100 mg/capsule 
containing 
2.5–25 ×  109 
bacteria)

8 weeks 5-ASA/azathioprine/ 
6-mercaptopurine/
topical prednisolone
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0.92; 95% CI −1.33, 3.17; P = 0.42), but significant hetero-
geneity was detected (I2 = 75%, P = 0.05) (Fig. 11).

Mean change in WBC count

Two articles were included in the analysis of WBC 
changes, containing 105 patients (52 probiotic versus 
53 placebo). There was no significant difference in the 
change in WBCs between the two groups (WMD: 0.01; 
95% CI −0.77, 0.79; P = 0.97), and the pooled results 
were not heterogeneous (I2 = 0%, P = 0.96) (Fig. 12).

Mean change in CRP

The data on the mean change in CRP were extracted from two 
studies involving 105 patients (52 probiotic versus 53 placebo). 

The combined results showed no significant difference in the 
change in CRP between the two groups (WMD: −0.26; 95% 
CI −0.65, 0.12; P = 0.18) as well as heterogeneity (I2 = 0%, 
P = 0.49) (Fig. 13).

Major adverse events

Twelve studies reported major adverse events involving 869 
patients (462 probiotic versus 407 placebo). Only 1 patient in the 
probiotic group of one study had a major adverse event (Fig. 14).

General adverse events

Data on general adverse events were attained from twelve 
studies consisting of 869 patients (462 probiotic versus 407 
placebo). There was no statistically significant difference 

Table 2  (continued)

Author Disease sever-
ity

Disease duration Type of probiotics Dose of probiotics Medication time Concomitant treat-
ments

Oliva et al. Distal mild-
to-moderate 
active

2.2 ± 1.1(year) 2.2 ± 1.1(year) Lactobacillus (L) reuteri 
ATCC 55730 (rectal enema)

Each received an 
enema solution 
containing 
 1010 CFU of L. 
reuteri ATCC 
55730 before 
bedtime

8 weeks Mesalazine (orally)

Tursi et al. Relapsing mild-
to-moderate 
active(showing 
symptomatic 
recurrence 
aft er at least 
6 months of 
remission)

– – VSL # 3 3,600 billion CFU 
/ day

8 weeks 5-ASA/azathioprine/6-
mercapropurine

Matthes 
et al.

Distal mild-
to-moderate 
active

– – Escherichia coli Nissle 1917 
(EcN) (rectal enema)

10/20/40 ml 
enemas contain-
ing 10E8 EcN/
ml

4 and/or 8 weeks 5-ASA/steroids/
acetylsalicylic acid/
paracetamol(orally)

Sood et al. Mild-to-moder-
ate active

– – VSL#3 3.6 ×  1012 CFU/
day

12 weeks Mesalamine (orally)/
azathioprine/6-
mercaptopurine

Miele et al. Moderate-
to-severe 
active(newly 
diagnosed)

6.8 ± 5.6(month) 4.2 ± 3.2(month) VSL#3 Weight-based 
dose, range: 
450–1800 
billion bacteria 
/ day

12 months Oral methylpredniso-
lon and mesalazine 
(induction of remis-
sion) oral mesalazine 
(maintenance of 
remission)

Agraib 
et al.

Mild-to-moder-
ate active

7.0 ± 6.0 (year) 6.0 ± 8.0 (year) Probiotic product “probiotic 
10 billion active cells” 
(Jamieson Laboratories, 
Canada N8W5B5) capsules 
(containing nine Lactobacil-
lus and five Bifidobacterium 
species)

3 capsules/
day(each 
containing 
1 ×  1010 CFU/g)

6 weeks 5-ASA/azathioprine

Wildt et al. In remission 79.4 ± 76.3 
(month)

58.2 ± 58.7 
(month)

Probio-Tec AB-25(a mixture 
of L. acidophilus strain LA-5 
and B. animalis subsp. lactis 
strain BB-12)(Chr. Hansen 
A/S, Hoersholm Denmark)

Two capsules 
three times/
day(total 
delivery of 
1.5 ×  1011 CFU/
day)

52 weeks –
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between the two groups (OR: 1.98; 95% CI 0.69, 5.68; 
P = 0.20). However, heterogeneity existed (I2 = 72%, 
P = 0.002) (Fig. 15).

Publication bias

We conducted a publication bias assessment for clinical 
remission and general adverse events through funnel plots 
and Egger’s test. Funnel plots for the two outcomes all 
indicated that there was slight publication bias (Figs. 16, 
17). Egger’s tests were not statistically significant, and the 
P-values for clinical remission and general adverse events 
were 0.469 and 0.125, respectively.

Sensitivity analysis

We conducted sensitivity analysis for clinical remission, 
general adverse events, clinical response, and mucosal heal-
ing to evaluate the stability of these outcomes with high het-
erogeneity. Clinical remission results included a total of 10 
studies, and the combined results and heterogeneity did not 
change when the data of the other 9 studies were excluded 
one by one except Petersen 2014 (Fig. 18). When the data 
of Petersen 2014 were removed, the pooled result changed 
(OR: 2.23; 95% CI 1.37, 3.65; P = 0.001), and the heteroge-
neity became inapparent (I2 = 38%, P = 0.12), indicating that 
Petersen 2014 was sensitive to the combined results (OR) 
and brought heterogeneity to the results (Fig. 19). Twelve 
studies were included in general adverse events, and the OR 
did not change when the data of each study were excluded 
one by one (Fig. 20), demonstrating that the result was sta-
ble. When the data of Petersen 2014 were removed, het-
erogeneity became unobvious (I2 = 47%, P = 0.09), indicat-
ing that Petersen 2014 brought heterogeneity to the results 

(Fig. 21). In the same way as above, we conducted sensitivity 
analyses for clinical response (Fig. 22) and mucosal healing 
(Fig. 23), which showed that the ORs of the two outcomes 
both changed to be statistically significant after removal of 
Miele 2009 and Petersen 2014, respectively (Figs. 24, 25).

Discussion

Ulcerative colitis, a chronic disease with a variable course 
of remission and recurrence, belongs to inflammatory bowel 
disease (IBD) together with Crohn's disease. Current treat-
ment strategies for IBD involve first induction of remission, 
followed by maintenance of remission. In terms of patients 
with UC, the conventional therapies are topical or systemic 
5-aminosalicylic acids (5-ASA), immunomodulators and cor-
ticosteroids. However, it has been reported that only approxi-
mately 40% of patients achieve clinical remission at the end 
of a year on the basis of current treatment. In addition, there 
are problems such as the high cost of biotherapy, high risk of 
complications and eventual surgical intervention, prompting 
the exploration of new treatment modalities [24, 25]. Since the 
role of the gut microbiota has been confirmed in the etiology 
of UC, the application of probiotics to alleviate inflammation 
and induce intestinal homeostasis seems a promising approach 
with huge potential in the treatment of UC [26].

Several important findings we obtained from the merged 
results are as follows: For patients with mild to moderate clini-
cal activity, first, although the combined results showed that 
compared with conventional UC therapy, probiotics as add-on 
treatment did not induce clinical remission better, there was sig-
nificant heterogeneity in the combined results. We evaluated the 
publication bias by funnel plot and Egger’s test, suggesting no 
publication bias (P = 0.469). Then, we carried out sensitivity 

Fig. 2  The general bias risk assessment



1402 European Journal of Nutrition (2024) 63:1395–1411

analysis. After the data in Petersen 2014 were excluded, the 
OR changed, which indicated that clinical remission improved 
after the addition of probiotics, and the original results lacked 
stability. Moreover, the heterogeneity changed from significant 
to insignificant, indicating that the data of this study brought 
heterogeneity to the results. Notably, the study conducted by 
Petersen et al. is the only study to find that adjunctive probiotic 
therapy significantly reduces the rate of clinical remission for 

patients with UC. The main reason for this contradictory find-
ing may be that patients in the probiotic group received fewer 
azathioprine and/or steroid enemas than those receiving placebo 
[17]. Therefore, caution should be exercised when interpreting 
the ineffectiveness of probiotics for clinical remission rates in 
UC, given the significant heterogeneity and instability of the 
results.

Second, the merged results did not show that the addition of 
probiotics improved the clinical response, but the heterogeneity 
of the results was obvious. Sensitivity analysis revealed that the 
results were not stable, and Miele 2009 brought heterogeneity 
to the results. After the removal of this study, the OR changed 
to significant, and the heterogeneity decreased into unobvious. 
The contradictory results reported by Miele et al. may be due to 
the fact that the vast majority of patients in the probiotic group 
achieved clinical remission, whereas the rate of clinical remis-
sion was lower in the placebo group. Therefore, relatively, the 
clinical response rate of the probiotic group was significantly 
lower than that of the placebo group [22]. So, caution should 
be exercised when interpreting the ineffectiveness of probiot-
ics for clinical response rates in UC. Third, for mucosal heal-
ing, the combined results showed no statistical significance but 
apparent heterogeneity. We excluded studies one by one, and 
after the removal of Petersen 2014, the OR changes showed 
statistical significance, and the heterogeneity disappeared, so 
the original results were unstable. However, due to the small 
number of studies and insufficient sample size, more clinical 
studies are needed to confirm the effect of probiotics as addi-
tional therapy on mucosal healing. For patients in remission, 
probiotics as additional treatment did not have a better effect of 
maintaining clinical remission. However, as there were only two 
included studies with insufficient sample sizes, it was impossible 
to conduct subgroup analysis or explore the source of heteroge-
neity by other means, and this result could not fully explain the 
maintenance effect of probiotics on clinical remission. However, 
probiotics showed a better effect in inhibiting UC relapse. We 
did not find that probiotics had an effect on laboratory indicators, 
but only two studies reported these indicators, among which the 
heterogeneity of hemoglobin and erythrocyte volume was obvi-
ous, and we did not explore the source of the heterogeneity. In 
terms of safety, only one major adverse event was reported in 1 
study and could not be pooled for analysis. For general adverse 
events, there was no publication bias in this result (Egger’s test, 
P = 0.125), and no change in OR occurred after each individual 
study was excluded in sensitivity analysis, so the result was rela-
tively stable.

Previous meta-analyses have scrutinized the effectiveness 
of probiotics in individuals with IBD. Derwa et al. [27] con-
ducted a meta-analysis involving both adult patients with 
UC and CD, comparing probiotics with 5-ASA or a placebo. 
The findings indicated no discernible advantage in inducing 
remission of active ulcerative colitis compared to a placebo. 
Notably, the study included 31 children with a mean age of 

Fig. 3  The bias risk assessment of each study
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12 years, broadening the scope of investigation. The conclu-
sions drawn aligned with previous research. In contrast to 
the present meta-analysis, Derwa et al. [27] encompassed 
a study comparing probiotics with 5-ASA, revealing that 

probiotics were comparable to 5-ASA in preventing the 
recurrence of ulcerative colitis. Additionally, a separate 
study focusing on the VSL#3 strain demonstrated its effi-
cacy in the remission of active ulcers. Mahboube et al. [28] 

Table 3  Demographics and Baseline characteristics of included RCTs

BMI body mass index, UCDAI score UC disease activity index score, CAI score clinical activity index score

Studies No. of patients WMD
or OR

95% CI p-value Heterogeneity

Probiotic group/
placebo group

Chi2 df p-value I2 (%)

Age (years) 10 426/362 −0.06 [−1.51, 1.39] 0.94 12.44 9 0.19 28
Gender (male) 11 425/361 0.93 [0.69, 1.25] 0.62 7.09 10 0.72 0
BMI (kg/m2) 2 83/80 0.99 [0.01, 1.96] 0.05 0.02 1 0.90 0
Smoking 3 113/57 1.02 [0.36, 2.87] 0.98 0.37 2 0.83 0
Disease duration 7 181/170 0.23 [−0.45, 0.91] 0.67 5.56 6 0.47 0
UCDAI score 3 176/171  −0.00 [−0.27, 0.27] 0.98 2.79 2 0.25 28
CAI score 2 41/39  −0.86 [−3.42, 1.52] 0.48 8.07 1 0.005 88
Disease location
 Pancolitis 8 345/341 0.91 [0.63, 1.30] 0.59 3.58 7 0.83 0
 Left-sided colitis 8 345/341 0.99 [0.71,1.37] 0.94 5.74 7 0.57 0
 Proctosigmoiditis 6 253/250 1.16 [0.81,1.66] 0.43 1.69 5 0.89 0

Fig. 4  Forest plot of clinical remission

Fig. 5  Forest plot of clinical remission maintenance
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conducted a meta-analysis inclusive of both children and 
adults, featured not only a probiotic intervention but also a 
probiotic and Biotime intervention study. This study delved 
into the roles of different probiotics and Biotime in achieving 

remission of active UC. Our meta-analysis differs from it, 
encompassing a more extensive array of studies and focusing 
primarily on adult patients with UC. In addition, in terms 
of interventions, we included only studies that compared 

Fig. 6  Forest plot of clinical relapse

Fig. 7  Forest plot of clinical response

Fig. 8  Forest plot of UCDAI scores change

Fig. 9  Forest plot of mucosal healing
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probiotics with placebo and excluded studies that used syn-
thetic probiotics as interventions. This approach helps to 
better assess the effectiveness of probiotics as adjunctive 
therapies for UC and reduces clinical heterogeneity.

Presently, an expanding body of research underscores the 
significance of gut microbiota dysbiosis in the onset and 
progression of IBD. Consequently, approaches like probi-
otics, prebiotics, and fecal microbiota transplantation have 
garnered increased attention for treatment. Studies have 
revealed that probiotics offer therapeutic benefits in IBD 

through diverse mechanisms. Probiotics play a pivotal role 
in modulating immunity and inflammation, improving gut 
microbiota by curtailing lipopolysaccharide levels, boost-
ing mucus secretion, safeguarding tight junction proteins, 
fortifying intestinal barrier function, and fostering T cell dif-
ferentiation towards Th2 cells. This differentiation enhances 
the production of Th2 cell cytokines such as IL-4 and IL-10 
[29]. Additionally, probiotics suppress the excessive activa-
tion of the NF-κB pathway, diminish the production and 
release of pro-inflammatory cytokines, and stimulate the 

Fig. 10  Forest plot of hemoglobin mean change

Fig. 11  Forest plot of hematocrit mean change

Fig. 12  Forest plot of WBC mean change

Fig. 13  Forest plot of CRP mean change
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generation of anti-inflammatory cytokines [30]. Further-
more, by augmenting the production of short-chain fatty 
acids, they lower the pH in the intestinal environment, 
inhibiting the growth of potential pathogenic microorgan-
isms [31].

However, we must acknowledge several limitations of 
this meta-analysis. Firstly, the sample size of the included 
RCT was small, and there may be potential publication bias. 
Secondly, significant heterogeneity and instability were pre-
sent in some outcomes, which reduced the credibility of the 
results. Thirdly, due to the variety of probiotics used in the 
included RCTs, we were unable to conduct subgroup analy-
sis according to the type of probiotics. Fourthly, most of the 
included RCTs were followed up for less than one year, and 

the long-term efficacy of probiotics in adjuvant treatment 
of UC needs further research to be confirmed.

Conclusion

Meta-analysis found that adjuvant probiotic therapy for 
active UC does not seem to significantly improve clinical 
remission and clinical response. But for patients in clinical 
remission, probiotics can effectively inhibit the recurrence 
of UC. In addition, probiotics did not increase the risk of 
treatment-related adverse events compared with placebo. 
Given the significant heterogeneity and instability, caution 

Fig. 14  Forest plot of major adverse events

Fig. 15  Forest plot of general adverse events
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Fig. 16  Funnel plot of clinical 
remission

Fig. 17  Funnel plot of general 
adverse events

Fig. 18  Sensitivity analysis of 
clinical remission
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Fig. 19  Forest plot of clinical remission after removed of Petersen 2014

Fig. 20  Sensitivity analysis of 
general adverse events

Fig. 21  Forest plot of general adverse events after removed of Petersen 2014
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should be exercised in interpreting the ineffectiveness of 
probiotics in improving clinical remission and clinical 
response for patients with active UC. More large-scale, 

multi-center, double-blind RCTs are needed to further 
evaluate the additive efficacy and safety of probiotics in 
the treatment of UC.

Fig. 22  Sensitivity analysis of 
clinical response

Fig. 23  Sensitivity analysis of 
mucosal healing

Fig. 24  Forest plot of clinical response after removed of Miele 2009
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