
Supplement Table S4. Prebiotics/probiotics/synbiotics and immune and gastrointestinal disease. 

outcome(s) of 

interest 

estimat

ed 

summar

y effect 

(95% 

CI) 

numb

er of 

studie

s / 

total 

studie

s 

number 

of 

interventi

on group 

or total 

participan

ts 

Heterogene

ity (I2, %) 

the first author + 

year of 

publication 

Intervention 

Duration of 

Intervention/follo

w-up 

study 

design 
populations 

outcome 

comparison 

meta-analy

sis metric 

type of 

effect 

model 

publicati

on bias 

Incidence of C. 

difficile-associated 

diarrhea 

0.4 (0.3 

to 0.52)  

31 4525/8672 0.0 GOLDENBERG J 

Z 2017[1] 

probiotics NP All RCTs participants 

taking 

antibiotics 

any versus 

none 

RR rando

m 

No 

serious 

bias 

Antibiotic-associated 

diarrhea 

0.58 

(0.48 to 

0.70)  

33 8870 61.0 

the occurrence of 

diarrhea and 

positive stool C . 

difficile cytotoxin 

assay or culture 

0.38 

(0.22 to 

0.67) 

6 597/1194 39.0 WU Z J 2013[2] Lactobacillus NP All RCTs With or 

without 

antibiotics 

any versus 

none 

RR fixed NA 

0.63(0.3

1 to 

1.28)* 

4 431/861 0.0 Lactobacillus acidophilus 

incidence of CDI 

(diarrhea and either 

positive stool 

cytotoxin, culture, or 

polymerase chain 

reaction testing for C 

difficile)  

0.42(0.3 

to 0.57) 

19 6261 0.0 SHEN N T 

2017[3] 

probiotics NP All RCTs Hospitalize

d adults (18 

years or 

older) 

receiving 

antibiotic 

therapy 

(intravenou

s, oral, or 

both) for 

any reason  

any versus 

none 

RR rando

m 

No 

serious 

bias 

0.32 

(0.22 to 

0.48) 

14 NP 0.0 Timing: study protocol 

specifying maximum 

interval from starting 

antibiotics to starting 

probiotics, 1-2 d 

NP 

0.7 (0.4 

to 1.23)* 

5 NP 0.0 Timing: study protocol 

specifying maximum 

interval from starting 

antibiotics to starting 

probiotics, 3-7 d 

NP 

0.73 

(0.29 to 

1.88)* 

3 NP 0.0 L rhamnosus GG NP 

0.63 

(0.29 to 

1.37)* 

5 NP 0.0 S boulardii NP 



Incidence of 

Clostridium 

difficile–associated 

diarrhea(CDAD) 

0.34(0.2

4 to 

0.49) 

20 40/1974 0.0 JOHNSTON B C 

2012[4] 

any dose of a specified 

probiotic of any strain 

NP All RCTs adult or 

pediatric 

patients 

treated with 

antibiotics  

any versus 

none 

RR rando

m 

No 

serious 

bias 

clinical remission 2.40(1.4

9 to 

3.88) 

3 71/162 29.0 DANG X 2020[5] probiotic VSL#3 as 

induction therapy 

6-12weeks All RCTs patients 

with active 

UC 

any versus 

none 

OR Fixed 1.34 

clinical response 3.09(1.5

3 to 

6.25) 

3 89/162 46.0 Rando

m 

0.47 

Clinical remission 

 

1.73(1.1

9 to 

2.54) 

9 594 55.0 KAUR L 2020[6] Probiotics NP All RCTs People of 

any age 

with active 

ulcerative 

colitis 

previously 

diagnosed 

by clinical, 

endoscopic, 

histologic or 

surgical 

remissionas 

defined by 

study 

authors 

any versus 

placebo 

RR Rando

m 

NP 

2.02(1.3

1 to 

3.12) 

5 374 32.0 probiotics 

with 

multiple 

strains 

versus 

placebo 

1.44(0.7

9 to 

2.63) 

4 220 57.0 probiotics 

with single 

strain versus 

placebo 

improvement in 

colon endoscopic 

scores 

-0.58(-1.

11 to 

-0.05) 

3 93 85.0 RUFINO M N 

2021[7] 

Synbiotic treatment 4weeks to 1 year All RCTs Human 

patients 

with 

ulcerative 

colitis 

conventional 

plus a 

synbiotic or 

synbiotic 

treatment 

alone versus 

conventional 

plus placebo 

or placebo 

treatment 

alone 

RR Fixed NP 

remission rate 1.40(1.2

7 to 

1.53) 

27 1942 0.0 PENG L J 2019 [8] probiotics in conjunction 

with mesalazine or 

sulfasalazine or 

aminosalicylic acid 

4-12 weeks All RCTs children or 

adults with 

UC 

regardless 

of clinical 

setting 

probiotics in 

conjunction 

with 

mesalazine 

or 

sulfasalazine 

or 

aminosalicyl

ic acid 

versus 

RR Fixed 0.000 

1.33(1.1

6 to 

1.54) 

11 NP 33.4 children or 

adults with 

UC in both 



mild to 

moderate 

stages 

mesalazine 

or 

sulfasalazine 

or 

aminosalyic

ylic acid 

alone 

1.40(1.2

7 to 

1.64) 

16 NP 0.0 children or 

adults with 

UC in active 

stage 

1.36(1.2

0 to 

1.53) 

17 NP 19.5 children or 

adults with 

UC 

regardless 

of clinical 

setting 

probiotics 

combined 

with 

aminosalicyl

ic acid on 

UC in 3 

types of 

protiotics 

1.45(1.2

4 to 

1.70) 

8 NP 0.0 probiotics 

combined 

with 

aminosalicyl

ic acid on 

UC in 2 

types of 

protiotics 

1.40(1.2

7 to 

1.64) 

2 NP 0.0 probiotics 

combined 

with 

aminosalicyl

ic acid on 

UC in 1 

types of 

protiotics 

the efficacy of EcN 

in inducing 

remission for 

ulcerative colitis 

0.92(0.1

5 to 

5.66)* 

3 267 86.0 LOSURDO G 

2015[9] 

Escherichia coli Nissle 

( EcN) 1917  

NP All RCTs Patients 

with UC  

EcN versus 

standard of 

care 

(mesalazine 

or 

ciprofloxacin

)  

Regimen or 

placebo 

OR Fixed No 

serious 

bias 

Maintenance of 

remission 

1.07(0.7

0 to 

1.64)* 

4 442 0.0 EcN versus 

standard of 

care 

(mesalazine) 



Clinical relapse 0.87(0.6

3 to 

1.18)* 

4 361 17.0 IHEOZOR-EJIOF

OR Z 2020[10] 

Probiotics administered 

in any form (drink, 

powder, capsule), orally 

as a single species, or as a 

cocktail of multiple 

species 

12-52 weeks All RCTs People of 

any age 

with 

ulcerative 

colitis in 

remission 

Probiotics 

versus 

placebo 

RR Rando

m 

NP 

Maintenance of 

clinical remission 

1.16(0.9

8 to 

1.37)* 

2 141 0.0 

Clinical relapse 1.01(0.8

4 to 

1.22)* 

2 452 0.0 Probiotics 

versus 5-

aminosalicyl

ic acid (5-

ASA) 

(mesalazine) 

Maintenance of 

clinical remission 

1.06(0.9

0 to 

1.25)* 

1 125 NP 

Clinical relapse 1.11(0.6

6 to 

1.84)* 

2 242 14.7 Probiotic + 

5-ASA 

(mesalazine) 

versus 5-

ASA 

(mesalazine) 

Maintenance of 

clinical remission 

1.05(0.8

9 to 

1.24)* 

1 122 NP 

remission in active 

UC patients, 

assessed with the 

Ulcerative Colitis 

Disease Activity 

Index (UCDAI) and 

Disease Activity 

Index (DAI)/Mayo 

scores 

1.55(1.1

3 to 

2.15) 

6 503 29.0 ASTO E 2019[11] probiotic, prebiotic, 

inulin, 

fructo-oligosaccharides, 

FOS, and synbiotic  

NP All RCTs adults or 

children 

with active  

UC 

administrati

on (oral or 

rectal) of 

probiotics 

versus 

placebo or 

active 

treatment of 

UC to 

induce 

remission or 

to maintain 

remission  

RR rando

m 

NP 

Efficacy of 

inducing/maintainin

g remission  

1.73(1.2

3 to 

2.43) 

6 424 35.0 bifidobacteria-containing 

probiotics  

1.04(0.3

5 to 

3.06)* 

3 168 78.0 Probiotics without 

bifidobacteria 

1.99(1.2

5 to 

3.15) 

4 348 49.0 VSL#3 

1.38(0.8

6 to 

2.21)* 

4 313 56.0 probiotic, prebiotic, 

inulin, 

fructo-oligosaccharides, 

FOS, and synbiotic 

adults or 

children 

with 

inactive UC 

Efficacy of 

Probiotics at 

Maintaining 

0.92(0.8

2 to 

3 513 0.0 the probiotic Mutaflor adults or 

children 

with active  

the probiotic 

Mutaflor 

with 



Remission  1.04)* UC or 

inactive UC 

mesalazine 

the incidence of 

abdorminal 

distension 

0.27(0.1

7 to 

0.43) 

11 493/981 0.0 CHEN X R 

2021[12] 

early enteral nutrition 

(EEN) combined with 

probiotics  

≥ 14 days All RCTs 

 

All patients 

met the 

criteria of 

severe 

stroke  

early enteral 

nutrition 

(EEN) 

combined 

with 

probiotics 

versus EEN  

OR Rando

m 

No 

serious 

bias 

the incidence of 

diarrhea 

0.20(0.1

2 to 

0.32) 

14 604/1205 0.0 

the incidence of 

vomiting 

0.20(0.1

2 to 

0.32) 

8 301/602 0.0 

the incidence of 

gastric retention 

0.25(0.1

1 to 

0.55) 

3 148/296 0.0 

the incidence of 

constipation 

0.20(0.1

2 to 

0.32) 

14 590/1177 0.0 

the incidence of 

reflux 

0.47(0.2

1 to 

1.02)* 

7 316/632 19.0 

the incidence of 

digestive tract 

hemorrhage 

0.31(0.1

8 to 

0.52) 

12 537/1072 0.0 

the incidence of 

stress ulcer 

0.64(0.2

1 to 

1.92)* 

3 118/236 0.0 

the incidence of 

gastrointestinal 

complications 

0.29(0.2

4 to 

0.36) 

17 3169/6352 0.0 

incidence of 

antibiotic-associated 

diarrhoea 

0.63 

(0.54 to 

0.73) 

42 5985/1130

5 

60.0 GOODMAN C 

2021 [13] 

probiotic NP All RCTs adult 

population 

to whom 

antibiotics 

were 

administere

d 

probiotics 

versus any 

control 

RR Rando

m 

No 

serious 

bias 

0.54 

(0.38 to 

0.76) 

4 324/651 0.0 High dose vs 

low dose 

incidence of 

antibiotic-associated 

diarrhoea 

0.45 

(0.36 to 

0.56) 

33 6352 57.0 GUO Q 2019 [14] specific, identified 

probiotic in any form 

(e.g. capsule, sachet, 

yogurt). Trials 

investigating non-

specific probiotic or 

5 days to 12 weeks All RCTs children (0 

to 18 years) 

receiving 

antibiotics 

Probiotic 

Versus 

Control 

(placebo or 

non-active 

control) 

RR Rando

m 

No 

serious 

bias 



0.37 

(0.30 to 

0.46) 

20 4038 NP yogurt agents (e.g. 

products that do not 

label the probiotic strain 

and dose) were not 

considered 

Probiotic 

dose (≥5 

billion CFUs 

of 

probiotics/d

ay) Versus 

Control  

Duration of diarrhea 

(days) 

-0.91 

(-1.38 to 

-0.44 ) 

8 1263 84.0 10 days to 12 weeks Probiotic 

Versus 

Control 

MD 

incidence of 

antibiotic-associated 

diarrhoea 

0.58 

(0.48 to 

0.71) 

30 3805/7023 58.0 JAFARNEJAD S 

2016[15] 

oral probiotic intake (in 

either supplements or 

foods) 

NP All RCTs individuals 

aged >18 

Probiotic 

Versus 

Control 

RR rando

m 

No 

serious 

bias 

0.47 

(0.40 to 

0.56) 

25 20873826 43.0 adults (18–

64  

years) 

0.94 

(0.76 to 

1.15)* 

5 1718/3434 65.0  the elderly 

(>65 years) 

the incidence of 

AAD 

0.49 

(0.36 to 

0.66)  

17 1832/3611 58.0 BLAABJERG S 

2017[16] 

Probiotics NA All RCTs outpatients 

taking oral 

antibiotics 

probiotics 

vs. Placebo 

or no 

treatment 

RR rando

m 

No 

serious 

bias 

0.49 

(0.36 to 

0.66)  

4 590/1139 0.0 S. boulardii  NP 

Incidence of 

Antibiotic-Associate

d Diarrhea Using the 

Criteria Defined by 

WHO 

0.54 

(0.36 to 

0.82)  

7 876/1724 27.0 Probiotics NP 

the incidence of 

AAD 

0.42 

(-0.23 to 

0.77)  

7 726/1446 76.0 outpatients 

taking oral 

antibiotics, 

children 

(<15 years 

of age)  

RD (risk 

difference)  

0.42 

(-0.23 to 

0.77)  

9 975/1936 47.0 outpatients 

taking oral 

antibiotics, 

adults (>15 

years of 

age) 



inducing/maintainin

g IBD remission 

1.13 

(1.02 to 

1.26) 

21 918/1816 55.1 ZHANG X 2021 

[17] 

probiotics, prebiotics or 

synbiotics 

NP All RCTs Patient with 

Inflammato

ry bowel 

disease 

(IBD) 

probiotics, 

prebiotics 

and 

synbiotics 

vs. Control 

group 

RR rando

m 

0.336 

UC disease activity 

index 

1.00 

(0.27 to 

1.73) 

10 1026 0.0 SMD 0.463 

CD disease activity 

index 

-0.33 

(-1.05 to 

0.38)* 

4 206 79.9 SMD NP 

IBD recurrence 0.48 

(0.65 to 

1.08)* 

13 1372 52.7 RR 0.034 

preventing relapse 

in active UC 

1.02 

(0.85 to 

1.23)* 

3 277/555 0.0 DERWA Y 2017 

[18] 

probiotics NP All RCTs Adults 

(>90% of 

patients 

aged >16 

years) with 

inflammator

y bowel 

disease 

probiotics 

vs. placebo 

RR rando

m 

NA 

preventing relapse 

in CD in remission 

following a surgical 

resection 

1.06 

(0.59 to 

1.92)* 

4 105/213 37.0 Probiotics 

vs. 5-ASA 

prevention of 

endoscopic relapse 

of disease activity 

(Rutgeerts score 1 or 

more) 

1.09 

(0.92 to 

1.29)* 

4 163/233 53.0 probiotics 

vs. placebo 

Endoscopic relapse 

of disease activity 

(Rutgeerts score 2 or 

more) 

1.04 

(0.82 to 

1.31)* 

4 163/233 32.0 

Endoscopic relapse 

of disease activity 

(Rutgeerts score 3 or 

more) 

1.13 

(0.84 to 

1.52)* 

4 163/233 0.0 

Efficacy of 

probiotics in 

inducing remission 

in active UC 

0.81 

(0.72 to 

0.91) 

9 362/759 32.0 PABON-CARRAS

CO M 2020 [19] 

probiotics 0.5-12 months  All RCTs Adult with 

inflammator

y bowel 

disease 

probiotics 

vs. placebo 

RR fixed No 

serious 

bias 

Efficacy of 

probiotics in 

preventing relapse 

in quiescent UC 

0.89 

(0.68 to 

1.15)* 

3 147/284 0.0 

Efficacy of the 

Probiotics for the 

Remission of 

0.90 

(0.77 to 

5 253/494 37.0 



Crohn’s Disease 1.06)* 

effect on persistence 

of symptoms 

0.79 

(0.68 to 

0.91) 

21 1931 72.0 FORD A C 

2018[20] 

Combination probiotics  Minimum 

treatment duration 

of 7 days 

Minimum follow-

up duration of 7 

days 

All RCTs Adults 

(participant

s aged >16 

years) 

probiotics 

vs. Control 

group 

RR rando

m 

0.06 

0.82 

(0.63 to 

1.06)* 

8 893 83.0 Lactobacillus NP 

0.67 

(0.51 to 

0.87) 

3 314 63.0 Only Lactobacil- 

lus plantarum DSM 9843 

0.70 

(0.48 to 

1.01)* 

3 528 72.0 Bifidobacterium 

effect on global 

symptom or 

abdominal pain 

scores 

-0.31 

(-0.44 to 

-0.17) 

19 1341 24.0 Combination probiotics  SMD 0.06 

-0.09 

(-0.25 to 

0.036) 

9 989 25.0 Lactobacillus NP 

0.12 

(-0.27 to 

0.50)* 

4 388 70.0 Saccharomyces 

-0.46 

(-0.92 to 

0.00) 

3 501 77.0 Bifidobacterium 

bloating scores -0.15 

(-0.31 to 

0.01)* 

17 1155 36.0 Combination probiotics  

-0.30 

(-0.68 to 

0.09)* 

3 501 68.0 Bifidobacterium 

-0.01 

(-0.36 to 

0.34)* 

3 209 40.0 Saccharomyces 

flatulence symptom 

scores  

-0.29 

(-0.51 to 

-0.07) 

8 318 0.0 Combination probiotics 

global symptom 

scores 

-0.23 

(-0.44 to 

-0.02) 

17 2401 72.0 ASHA M Z 

2020[21] 

Probiotics or prebiotics 2-24 weeks All RCTs adult IBS 

patients 

(aged ≥18 

Probiotics or 

prebiotics 

vs. Control 

SMD rando

m 

NP 



abdominal pain 

scores 

-0.18 

(-0.43 to 

0.07)* 

29 3688 92.0 Probiotics or prebiotics 

or synbiotics 

years)  group 

-0.71 

(-1.33 to 

-0.10) 

5 660 NP probiotics containing 

Lactobacillus species 

Abdominal pain 

score 

-1.15 

(-2.05 to 

-0.24)  

7 508 95.0 XU H L 2021 [22] probiotics 4-8 weeks All RCTs Patients 

aged 

between 4 

and 18 years 

with IBS 

met the 

diagnostic 

criteria 

(Rome 

II~IV) 

probiotics 

vs. Control 

group 

SMD rando

m 

NP 

Abdominal pain 

treatment success  

3.44 

(1.73 to 

6.87) 

3 163 0.0 RR 

Abdominal pain 

relief 

1.48 

(0.96 to 

2.28)* 

3 167 40.0 RR 

Frequency of 

abdominal pain 

-0.82 

(-1.57 to 

-0.07)  

3 147 2.0 MD 

Standard abdominal 

pain 

-0.15 

(-0.27 to 

-0.04) 

6 508 94.0 MD 

Abdominal pain 0.03 

(-0.22 to 

0.29)* 

5 243 0.0 CONNELL M 

2018[23] 

VSL#3 4-8 weeks All RCTs IBS patient VSL#3 vs. 

placebo 

SMD fixed NP 

Stool consistency -0.00 

(-0.09 to 

0.08)* 

3 177 0.0 MD 

Overall response 1.39 

(0.98 to 

1.96) * 

3 177 0.0 RR 

Abdominal bloating 0.15 

(-0.11 to 

0.40)* 

5 243 5.0 SMD 

Quality of Life -0.08 

(-0.39 to 

0.22)* 

3 170 0.0 SMD 

Abdominal pain 0.25 

(-0.27 to 

0.77)* 

3 554 ≥ 50% YUAN F Q 

2017[24] 

B. Infantis only 4-8 weeks All RCTs patients 

with IBS, 

age greater 

than 15 

years old 

Probiotics 

Including B. 

Infantis 

versus 

placebo 

SMD rando

m 

NP 

0.23 

(-0.03 to 

5 666 ≥ 50% B. Infantis only or 

composite probiotic 

rando



0.49)* Including B. Infantis m 

Bloating/distention  0.20 

(-0.19 to 

0.58)* 

3 554 ≥ 50% B. Infantis only Fixed 

0.21 

(0.07 to 

0.35) 

5 666 ≤ 50% B. Infantis only or 

composite probiotic 

Including B. Infantis 

fixed 

Bowel habit 

satisfaction 

0.66 

(-0.11 to 

1.43)* 

3 554 ≥ 50% B. Infantis only rando

m 

stool frequency 1.29 

(0.69 to 

1.89)* 

10 1039 90.0 WEN Y 2020 [25] Any 

species/strains/dose/treat

ment regimen of live 

probiotics 

2-12 weeks All RCTs Adult 

populations 

aged ≥16 y 

with 

functional 

chronic 

constipation 

defined by 

clinical 

symptoms, 

a 

physician's 

opinion, or 

the Rome I, 

II, or III 

criteria 

probiotics 

vs. placebo 

MD rando

m 

0.183 

Effect of probiotics 

on stool consistency 

for IBS-C 

0.55 

(0.27 to 

0.82) 

9 NP 80.0 SMD 0.583 

0.46 

(0.08 to 

0.85) 

4 NP NP B. lactis NP 

Satisfaction in relief 0.95 

(0.77 to 

1.18)* 

3 315 Any 

species/strains/dose/treat

ment regimen of live 

probiotics 

RR fixed 

Bloating -0.77 

(-1.46 to 

-0.07) 

4 460 SMD rando

m 

Flatulence -0.34 

(-0.70 to 

0.02)* 

3 158 fixed 

Incomplete 

evacuation 

-0.77 

(-1.14 to 

-0.39) 

6 502 rando

m 

Hard stools -0.74 

(-1.19 to 

-0.28) 

5 280 

Ease of expulsion 0.81 

(0.15 to 

1.48) 

4 392 

incidence of 

diarrhea 

0.51 

(0.37 to 

0.70) 

4 404 0.0 WU X D 2018 [26] prophylactic probiotics 

in combination with 

antibiotics preoperatively 

Preoperation 1-14 

days, postoperation 

0-14 days 

All RCTs adult 

patients 

who 

Vs. placebo 

or other base 

ingredients 

RR rando

m 

No 

serious 

bias 



abdominal 

distention 

0.63 

(0.48 to 

0.83) 

5 394 0.0 undergo 

colorectal 

surgery 

in 

combination 

with 

antibiotics 

preoperative

ly 

stool frequency -0.09 

(-0.47 to 

0.29)* 

4 NP 0.0 ZHONG C Q 

2017[27] 

Probiotic NP RCTs, 

crossover 

trials, 

prospectiv

e 

single-arm 

trials and  

retrospecti

ve studies 

Human Probiotics 

vs. No 

probiotics 

WMD rando

m 

NP 

AIDS-related 

diarrhea 

0.60 

(0.44 to 

0.82) 

6 360 0.0 ZHANG X L 

2021[28] 

probiotic 2-48 weeks RCTs, 

clinical 

cohort 

studies, 

pilot study 

with 

controls, 

or other 

clinical 

studies 

HIV/AIDS 

patients and 

patients 

diagnosed 

with similar 

recognized 

criteria 

based on 

laboratory 

evidence or 

methods of 

HIV 

infection 

Probiotic vs. 

No probiotic 

MD fixed No 

serious 

bias 

Stool frequency  0.98 

(0.39 to 

1.56) 

15 1189 87.0 ZHANG C 

2020[29] 

Probiotics administered 

in the form of any 

formulation or dairy 

product 

2-16 weeks All RCTs adults probiotics vs 

placebo 

MD rando

m 

0.32 

Gut transit time  -13.75 

(-21.93 

to -5.56) 

5 325 69.0 0.81 

Stool consistency  1.30 

(0.22 to 

2.38) 

6 386 96.0 0.21 

Bloating  -0.24 

(-0.55 to 

0.07)* 

4 282 27.0 0.77 

stool frequency 0.73 

(0.14 to 

1.31) 

6 444 84.0 HUANG R 

2017[30] 

Any type of 

culture/strain/dose/thera

py regimen of probiotics 

(include synbiotics) 

3-12 weeks All RCTs children 

aged ≤ 18 

years with 

constipation 

identified 

by relative 

probiotics vs 

control 

group 

MD rando

m 

No 

serious 

bias 

stool consistency -0.07 

(-0.21 to 

3 267 92.0 



0.06)* clinical 

symptoms, 

pediatric 

physicians, 

or the Rome 

I, II, or III 

criteria 

eradication of H. 

pylori 

7.91 

(2.97 to 

21.05) 

6 352 0.0 LOSURDO G 

2018[31] 

probiotic 

supplementation 

NP All RCTs H. 

pylori-infect

ed patients 

Vs. placebo OR fixed 0.02 

oropharyngeal 

colonization 

0.87 

(0.76 to 

0.99) 

6 915 0.0 JI T 2020[32] probiotic  NP All RCTs adults who 

received 

mechanical 

ventilation 

(MV) 

therapy in 

hospitals 

Vs. control RR fixed NP 

gastric colonization 0.65 

(0.49 to 

0.84) 

4 519 30.2 fixed 

rate of 

gram-negative (GN) 

bacteria positivity  

0.58 

(0.58 to 

0.86) 

9 1247 60.0 rando

m 

positive rate of 

gram-positive 

bacteria culture  

0.95 

(0.67 to 

1.35)* 

8 1175 31.3 fixed 

positive fungal 

culture rates 

0.98 

(0.67 to 

1.43)* 

7 886 26.5 fixed 

the incidence of 

diarrhea 

0.69 

(0.47 to 

1.02)* 

8 1219 59.4 rando

m 

fecal zonulin -0.63 

(-1.17 to 

-0.08) 

3 NP 79.4 AS'HABI A 2020 

[33] 

probiotics (supplement 

or food) 

2-20 weeks All RCTs athletes Vs. control SMD rando

m 

0.19 

Stool pH -0.65 

(-0.76 to 

-0.54) 

6 470 81.0 RAO S 2009[34] combination of prebiotics 

and probiotics vs 

controls 

NP All RCTs full-term 

neonates 

formula had 

different 

composition 

vs. the 

control 

formula 

(apart from 

prebiotics) 

WMD fixed No 

serious 

bias 

Diarrheal episodes  0.71 

(0.35 to 

1.43)* 

3 606 99.0 LOHNER S 

2014[35] 

prebiotics (prebiotics 

added to food in the 

manufacturing process 

or as a separate 

a supplementation 

time of at least 2 

months and an 

observation time of 

All RCTs healthy 

infants or 

children, 

aged 0–18 

Vs. control 

(placebo or 

no 

RR rando

m 

NP 



supplement) at least 4 months years supplemen- 

tation) 

overall symptom 

response to 

treatment 

0.62 

(0.07 to 

5.69)* 

3 191 91.0 WILSON B 

2019[36] 

prebiotics 2-12 weeks All RCTs Adult 

patients ≥18 

and ≤64 y 

with 

Irritable 

bowel 

syndrome 

(IBS) or 

other 

Functional 

bowel 

disorders 

(FBDs)  

vs. placebo OR rando

m 

No 

serious 

bias 

integrative symptom 

score 

-0.39 

(-1.43 to 

0.64)* 

8 NP 97.0 SMD 

severity of 

abdominal pain 

-0.83 

(-1.84 to 

0.18)* 

10 97.0 

bloating -0.57 

(-1.67 to 

0.52)* 

9 97.0 

flatulence -0.53 

(-2.04 to 

0.98)* 

6 98.0 

necrotizing 

enterocolitis 

0.79 

(0.14 to 

1.44)* 

6 737 21.0 CHI C 2019[37] prebiotics 7-57 days All RCTs low birth 

weight 

infants 

(<2500 g) or 

preterm 

infants (<36 

weeks) 

vs. placebo RR rando

m 

0.73 

feeding intolerance 0.87 

(0.52 to 

1.45)* 

4 413 0.0 NA 

full enteral feeding -0.99 

(-1.15 to 

-0.83) 

7 576 0.0 0.63 

stool frequency 0.52 

(0.30 to 

0.73) 

6 294 13.0 0.32 

Clinical remission 1.21 

(1.18 to 

1.24) 

45 1816/3624 NP Sohail G 2018[38] probiotic Medilac-S 4-96 weeks All RCTs human Vs. control RR fixed No 

serious 

bias 

Endoscopy scores 0.71 

(0.35 to 

1.07) 

7 270 MD rando

m 

Histological scores 1.07 

(0.92 to 

1.23) 

8 501 MD fixed 

incidence of 

Hirschsprung-associ

0.72 

(0.37 to 

5 93/198 37.0 NAKAMURA H 

2018 [39] 

probiotics NP NP premature 

infants 

Probiotics 

vs. control 

OR fixed NP 



ated entero-colitis 

(HAEC) 

1.39)* 

intestinal transit 

time (ITT) 

0.38 

(0.23 to 

0.53) 

17 NP 20.0 MILLER L E 

2016[40] 

Probiotic or synbiotic 10-56 days All RCTs adult probiotics 

vs. control 

SMD rando

m 

0.44 

gastrointestinal 

symptoms (any 

questionnaire), 

continuous outcome 

-0.48 

(-1.21 to 

0.25)* 

4 197 81.0 SEILER C L 

2020[41] 

 probiotics 

of any type and dose, 

administered orally in 

any form 

(drink/powder/capsule) 

at least 2 weeks All RCTs patients 

With Celiac 

disease 

(CD) 

probiotics vs 

placebo 

MD rando

m 

NP 

Change in 

bifidobacteria 

species (log 

colony-forming 

units per gram 

[CFU/g]) from 

baseline to end of 

study, continuous 

outcome 

0.85 

(0.38 to 

1.32) 

4 224 62.0 

Change in 

lactobacilli species 

(log CFU/g) from 

baseline to end of 

study, continuous 

outcome 

1.13 

(-0.67 to 

2.93)* 

4 224 96.0 

functional dyspepsia 

(FD) symptom 

improvement 

1.15 

(1.01 to 

1.30)* 

5 409 0.0 ZHANG J 

2020[42] 

probiotic or prebiotic ≥ 7 days All RCTs adult 

patients 

(over the 

age of 16 

years) with 

functional 

dyspepsia 

(FD) 

Vs. placebo RR fixed NP 

percentages of 

Bifidobacterium 

species 

31.75 

(26.04 to 

37.45) 

3 NP 49.3 SORENSEN K 

2021[43] 

any amino acid formula 

(AAF) with synbiotics 

(AAF-Syn) or extensively 

hydrolysed formula 

(eHF) with synbiotics 

(eHF-Syn), Studies of 

infant formulae 

containing cow’s milk 

protein, and eHF or AAF 

without synbiotics 

(including those with 

only a prebiotic or a 

probiotic) were excluded 

7 days to 12 months All RCTs infants and 

children 

aged <3 

years with 

IgE or non 

IgE 

mediated 

Cow’s milk 

protein 

allergy 

(CMPA) 

AAF-Syn 

than with 

AAF alone 

MD fixed NP 

percentages of 

Eubacterium rectale 

and Clostridium 

coccoides 

-19.06 

(-23.15 

to 

-14.97) 

3 18.1 



* No statistical significance; CI, confidence interval; RCT, randomized controlled trial; RR, relative risk; HR, hazard ratio; MD, mean 

difference; SMD, standard mean difference; WMD, weighted mean difference; OR, odds ratio; NA, not available; NP, not published.  
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