
Supplement Table S1. Prebiotics/probiotics/synbiotics and multiple health outcomes. 

outcome(s) of interest 
estimated summary effect 

(95% CI) 

numbe

r of 

studies 

/ total 

studies 

number of 

intervention 

group or 

total 

participants 

Heterogeneit

y (I2, %) 

the first 

author + year 

of 

publication 

Intervention 

Duratio

n of 

Interven

tion/foll

ow-up 

study 

design 
populations 

outcome 

compariso

n 

meta-a

nalysi

s 

metric 

type of 

effect 

model 

pub

licat

ion 

bias 

Immune and metabolic 

outcomes 

             

total cholesterol (TC) 

concentrations after 

prebiotic supplementation 

-0.25 (-0.48 to -0.02) 9 313 14.4 BESERRA B 

2015[1] 

prebiotic or 

fructo-oligosaccha

ride or 

fructooligosacchar

ide or 

galacto-oligosacch

aride or 

galactooligosaccha

ride or inulin or 

lactulose or FOS 

or GOS or 

Oligofructose or 

synbiotic 

NP All RCTs Overweight 

(body mass 

index ≥ 25 

kg/m²) or obese 

individuals 

any versus 

none 

SMD rando

m 

No 

serio

us 

bias 
LDL-c concentrations after 

prebiotic supplementation 

-0.2 (-0.44 to -0.00) 9 313 0.0 

triglycerides concentrations 

after synbiotics 

supplementation 

-0.43 (-0.70 to 0.15)* 3 148 0.0 

fasting insulin after 

synbiotics supplementation 

-0.39 (-0.75 to -0.02)  3 180 0.0 

Triglycerides (TG) 

concentrations after 

prebiotic supplementation 

-0.72 (-1.20 to -0.23)  9 313/513 32.7 

HDL-c concentrations after 

prebiotic supplementation 

0.49 (0.01 to 0.97)  9 313/513 0.0 

diamine oxidase -0.78(-0.93 to -0.63) 3 147/293 0.0 CHEN X R 

2021[2] 

early enteral 

nutrition (EEN) 

combined with 

probiotics  

≥ 14 

days 

All RCTs 

 

All patients met 

the criteria of 

severe stroke set 

by the fourth 

national 

Cerebrovascular 

Disease 

Conference, and 

were diagnosed 

by head CT and 

MRI; the onset 

was ≤3 days; 

Glasgow Coma 

Scale ≤9 points; 

EEN 

combined 

with 

probiotics 

versus 

EEN  

MD Rando

m 

No 

serio

us 

bias 

D-lactic acid -0.06(-0.07 to -0.05) 4 162/324 0.0 

dysbacteriosis rate 0.17(0.07 to 0.41) 3 132/262 0.0 OR 

albumin 3.38(2.74 to 4.02) 15  637/1271 45.0 MD 

prealbumin 32.20(24.42 to 39.98) 7 302/601 44.0 

total protein 4.91(3.20 to 6.62) 7 336/672 77.0 

hemoglobin 9.62(7.92 to 11.32) 10 437/872 0.0 

immunoglobulin A 0.23(0.12 to 0.34) 4 144/280 20.0 



immunoglobulin G 0.33(0.21 to 0.45) 3 106/208 0.0 gastrointestinal 

function was 

normal or 

basically normal. 

Exclusion 

criteria were: 

patients with 

previous history 

of 

gastrointestinal 

and metabolic 

diseases, 

malignant tumor 

and 

malnutrition; 

patients with 

severe heart, 

liver, and kidney 

failure. 

immunoglobulin M 0.14(0.00 to 0.28) 4 147/290 46.0 

TC concentrations -3.04(-4.88 to -1.21)mg/dL 12 767 45.9 YAN S 

2019[3] 

probiotics 6 weeks 

to 6 

months 

All RCTs overweight or 

obesity was 

defined 

according to 

local standards 

the 

probiotics 

vs. control 

groups 

WMD rando

m 

NP 

LDL concentrations -2.28(-3.60 to -0.96)mg/dL 11 737 36.9 fixed 

HDL concentrations -0.26(-2.39 to 1.87)mg/dL* 12 767 95.5 rando

m 

TG concentrations -0.86(-2.54 to 

0.83)17.0mg/dL* 

11 726 17.0 fixed 

TC concentrations -1.23(-3.52 to 1.06)mg/dL* 5 NP 0.0 single probiotic fixed 

TC concentrations -3.82(-6.14 to -1.50)mg/dL 7 49.8 multiple probiotic fixed 

TG concentrations 9.10(1.38 to 16.81)mg/dL 4 0.0 single probiotic fixed 

TG concentrations -1.36(-3.08 to 0.37)mg/dL* 7 0.0 multiple probiotic fixed 

Effects on Fasting Plasma 

Glucose (FPG) 

-0.35 (-0.67 to -0.02) 6 215/436 64.0 WANG Z 

2019[4] 

 Probiotics NP All RCTs adults (≥18 years 

old) individuals 

with a BMI > 

25 kg m-2 

the 

probiotics 

vs. control 

groups 

SMD rando

m 

0.79

1 

Effects on C-reactive 

protein (CRP)  

-0.45 (-0.99 to 0.08 ) mg/L* 9 314/649 84.0 PONTES K S 

D S 2021 [5] 

probiotics NP All RCTs adults (18 years 

or older) with 

overweight or 

obesity defined 

according tolocal 

standards for 

body mass index 

(BMI) 

Probiotics 

versus 

placebo 

MD rando

m 

No 

serio

us 

bias Effects on tumor necrosis 

factor α 

-0.16 (-0.24 to -0.08 ) pg/ml 4 96/191 11.0 

Effects on interleukin-6 0.05 (-0.28 to 0.39 ) pg/ml* 3 66/142 57.0 

Effects on glucose -0.07 (-0.26 to 0.13 ) 13 418/977 92.0 0.01 



mmol/L* 

Effects on fasting insulin -0.85 (-1.50 to -0.21 ) 

mcU/ml 

10 322/776 30.0 No 

serio

us 

bias Effects on glycated 

hemoglobin (HbA1C)  

-0.03 (-0.14 to 0.09 ) %* 7 246/505 84.0 

adiponectin concentration  -0.04 (-0.28 to 0.19 )* 8 NP 32.5 ROUHANI M 

H 2019[6] 

probiotic 

supplementation 

6-24 

weeks 

All RCTs adults probiotic 

versus 

controls 

Hedge

s's 

adjust

ed g 

rando

m 

0.65 

leptin concentration -0.30 (-0.86 to 0.26 )* 6 81.6 0.81 

fasting plasma glucose -3.45 (-6.03 to -0.88)  5 169/337 84.0 COZZOLINO 

M 2020 [7] 

therapy with 

probiotics or 

synbiotics. 

adminis

tration 

of 

probioti

cs or  

synbioti

cs at 

least for 

8 weeks 

All RCTs women with 

Polycystic ovary 

syndrome 

(PCOS) 

according to 

Rotterdam 

criteria 

undergoing 

therapy with 

probiotics or 

symbiotic 

administra

tion of 

probiotics 

or  

Synbiotics 

versus 

without 

therapy 

with 

probiotics 

or 

synbiotics 

or placebo 

MD rando

m 

NP 

Homeostatic Model 

Assessment of Insulin 

Resistance (HOMA-IR) 

-2.31 (-3.84 to -0.77)  5 169/337 94.0 

Insulin-Sensitivity Check 

Index 

-0.62 (-1.07 to -0.17)  5 169/337 89.0 

TG -23.35 (-35.23 to -11.47)  2 60/120 0.0 

total testosterone serum -0.23 (-0.36 to -0.11)  4 113/226 52.0 

High sensitivity C reactive 

protein  

-1.69 (-2.38 to -1.01)  4 120/240 49.0 

Nitric oxide 2.72 (0.21 to 5.23)  3 90/180 26.0 

Total antioxidant capacity 70.55 (38.84 to 102.25)  3 90/180 46.0 

Total glutathione 22.42 (2.08 to 42.75)  3 90/180 25.0 

fasting plasma glucose 

(FPG) 

-1.35 (-2.22 to -0.49)  8 496 94.6 LI Y L 2021 

[8] 

probiotics, 

prebiotics, 

synbiotics intake 

separately or in 

combination with 

other drugs 

8 weeks 

to 3 

months 

All RCTs women with a 

definite 

diagnosis of 

PCOS  

probiotics, 

prebiotics, 

synbiotics 

intake 

separately 

or in 

combinatio

n with 

other 

drugs 

versus 

placebo 

SMD rando

m 

No 

serio

us 

bias fasting insulin  -0.68 (-1.08 to -0.27)  7 216/434 76.7 

homeostatic model of 

assessment for insulin 

resistance (HOMA-IR) 

-0.73 (-1.15 to -0.31)  7 434 78.1 

quantitative insulin 

sensitivity check index 

(QUICKI) 

2.00 (-0.79 to 3.22)* 6 189/379 96.1 

TG -0.85 (-1.59 to -0.11)  7 428 92.2 

TC -1.09 (-1.98 to -0.21)  7 428 94.3 

HDL-c 0.53 (-0.33 to 1.39) * 7 428 94.3 

low-density lipoprotein -0.84 (-1.64 to -0.03)  7 428 93.4 



cholesterol (LDL-c) 

very-low-density 

lipoprotein cholesterol 

(VLDL-c) 

-0.44 (-0.70 to -0.18)  4 235 0.0 

CRP -0.63 (-1.37 to 0.10)* 9 558 93.9 

total anti-oxidant capacity 

(TAC) 

0.04 (-0.75 to 0.83) * 3 82 83.9 DENG H Y 

2020 [9] 

Probiotic  12 

weeks 

All RCTs Adult human 

participants who 

had a diagnosis 

of AD or MCI 

(aged over 18 y) 

Probiotics 

versus pla- 

cebo 

SMD rando

m 

NP 

total glutathione (GSH) 0.04 (-0.28 to 0.35)  3 82 44.1 fixed 

malondialdehyde (MDA) -0.60 (-0.91 to -0.28)  3 82 0.0 

nitric oxide (NO) -0.16 (-0.47 to 0.15)  3 82 4.4 

high-sensitivity C-reactive 

protein (hs-CRP) 

-0.57(-0.95 to -0.20)  2 57 0.0 

Plasma ammonia 

concentration (at one 

month) 

-5.55 (-10.67 to -0.42) 

µmol/L 

5 179/357 56.0 DALAL R 

2017 [10] 

probiotics at one 

month 

randomis

ed 

clinical 

trials 

people with any 

grade of acute or 

chronic hepatic 

encephalopathy 

probiotics 

in any 

dosage vs. 

placebo or 

no 

interventio

n, or with 

any other 

treatment 

in people 

with 

hepatic 

encephalo

pathy. 

MD rando

m 

NP 

Plasma ammonia 

concentration (at 2 months)  

-5.11 (-14.56 to 4.34) 

µmol/L* 

4 109/211 62.0 at 2 

months 

Plasma ammonia 

concentration 

-8.29 ( -13.17, -3.41) µmol/L 10 357/705 79.0 follow-

up: 1 

month 

to 6 

months 

Effect on plasma ammonia 

levels (week 4)  

-6.86 (-19.01 to 5.30) 

µmol/L* 

5 132/255 98.0 CAO Q 2018 

[11] 

Probiotic 

treatment 

4-12 

weeks 

All RCTs Patients with 

Minimal hepatic 

encephalopathy 

(MHE) 

Probiotic 

treatment 

vs placebo 

or no 

treatment  

MD rando

m 

NP 

Effect on plasma ammonia 

levels (week 4)  

-0.80 (-1.56 to -0.08) µmol/L 4 112/220 0.0 

Reduction in serum 

endotoxin 

-0.12 (-0.23 to -0.02) 3 58/109 10.0 

Effect on plasma ammonia 

levels (week 4)  

-0.33 (-5.39 to 4.74) µmol/L* 4 164/325 0.0 Probiotic 

treatment 

vs 

lactulose 

treatment  

MD 

serum ALT concentrations -8.05 (-13.07 to -3.04) IU/L  16 990 93.0 KHALESI S 

2018[12] 

 Probiotic; 

Synbiotic; 

NP RCT or 

non-rand

omised 

Adults older 

than 18 years of 

probiotics 

vs. control 

MD rando

m 

NP  

serum AST concentrations -7.79 (-13.93 to -1.65)IU/L 16 990 97.7 



serum ALP level -0.27 (-4.00 to 3.47)IU/L* 6 518 70.0 prebiotic controlle

d  

age 

serum GGT levels: 

gamma-glutamyl 

transpeptidase 

-8.40 (-12.61 to -4.20)IU/L 8 438 53.0 

serum levels of albumin -0.29 ( -0.74 to 0.16)* 11 662 40.0 

serum bilirubin level 0.95 (0.48 to 1.42)µmol/L 13 806 4.0 

ALT  -7.31 (-9.89 to -4.74) U/L 27 NP 98.4 HERNANDE

Z-SAAVEDR

A D 2018 [13] 

Any prebiotic or 

probiotic 

treatment, or a 

combination of 

both (synbiotic) 

NP All RCTs Male and female 

patients of any 

age that 

presented at 

least 1 of the 

following: 

NAFLD, 

steatosis, liver 

fibrosis, 

steatohepatitis 

Vs. placebo  MD rando

m 

No 

serio

us 

bias 

AST -4.94 (-6.89 to -2.98) U/L  25 98.8 

γ-GT: gamma-glutamyl 

transferase 

-7.86 (-11.36 to -4.36) U/L 9 94.8 

TNF-α -2.04 (-4.70 to 0.61) ng/mL* 6 99.7 

hepatic cytokine CRP  -0.74 (-1.85 to 0.37) mg/L* 6 99.3 

total serum cholesterol -7.97 (-11.41 to -4.54) mg/dL  15 99.3 

Serum LDL-c  -3.81 (-8.31 to 0.69) mg/dL* 12 97.0 

HDL-c 0.56 (-1.55 to 2.67)* 12 99.8 

Circulating TAG -8.28 (-16.35 to -0.22) 16 97.8 

necrosis factor-α -0.59 (-1.34 to 0.16)* 6 276 88.0 KHAN M Y 

2019[14] 

probiotics and/or 

synbiotics  

NP All RCTs adult patients 

older than 18 

years of age with 

NAFLD or 

NASH 

Vs. placebo  SMD rando

m 

NP 

LDL -0.48 (-1.04 to -0.08) 7 316 82.0 

HDL -0.03 (-0.29 to 0.23)* 7 316 24.0 

total cholesterol level. -0.48 (-0.94 to -0.01) 8 391 79.0 

triglycerides level. -0.23 (-0.48 to 0.03)* 8 391 36.0 

insulin resistance -0.12 (-0.63 to 0.40)* 6 289 93.0 MD 

fasting blood sugar level -0.47 (-1.02 to 0.08)* 6 305 81.0 SMD 

high-sensitivity C-reactive 

protein level 

-0.45 (-0.76 to -0.15) 4 234 25.0 

CRP -0.40 (-0.79 to -0.02) 6 NP SKONIECZN

A-ZYDECKA 

K 2018 [15] 

treatment with 

pro-/pre-/synbioti

cs 

Preoper

ation 

0-15 

days, 

postope

ration 

0-until 

discharg

All RCTs surgical patients Probiotics 

vs. No 

probiotics 

SMD rando

m 

NP 

IL-6 -0.41 (-0.70 o -0.12) 4 

white blood cells (WBC) -0.60 (-1.45 to 0.24)* 6 

lactulose/mannitol (L/M) 

ratio 

-0.28 (-0.82 to 0.27)* 4 



the concentration of 

butyrate ratio 

0.67 (0.37 to 0.97) 4 e 

short chain fatty acids 

(SCFAs)-acetic 

1.78 (0.80 to 2.76) 4 

propionic acids 0.46 (0.18 to 0.73) 4 

hs-CRP -0.39 (-0.50 to -0.28) 31 NP 83.8 MILAJERDI 

A 2020[16] 

probiotic NP All RCTs adult probiotics 

vs. placebo 

SMD fixed NP 

serum IL-6 -0.37 (-0.51 to -0.24) 16 69.7 

serum TNF-a 

concentrations  

-0.21 (-0.34 to -0.08) 18 85.5 

serum Interleukin-10 

(IL-10) 

0.21 (0.04 to0.38) 11 48.5 

serum interleukin-1 beta 

(IL-1β) 

-0.17 (-0.37 to 0.02)* 9 80.7 

serum IL-12 -0.47 (-0.67 to -0.27) 8 85.2 

serum IL-8  -0.01 (-0.30 to 0.28)* 5 73.0 

Interferon-gama (IFN-γ)  -0.08 (-0.31 to 0.15)* 5 0.0 

IL-17 006 (-0.34 to 0.46)* 3 0.0 

IL-4  -0.48 (-0.76 to -0.20) 3 0.0 

CRP  -0.77 (-1.48 to -0.05) mg/L 4 153 75.0 PAN H D 

2017[17] 

probiotic Follow 

up: 8-48 

weeks 

All RCTs patients with a 

clear diagnosis 

of RA and stable 

treatment of 

disease-modifyi

ng 

anti-rheumatic 

drugs 

(DMARDs) 

probiotics 

vs. Placebo 

or no 

probiotics 

SMD rando

m 

NP 

TNF-α -1.35 (-1.99 to -0.71) 3 118 25.0 MD 

IL-6 -8.69 (-27.32 to 9.94)* 3 118 62.0 

IL-1β -6.13 (-11.41 to -0.86) 3 118 50.0 

IL-10. 0.63 (-0.05 to 1.31)* 3 118 45.0 

CD4 counts 3.86 (-24.72 to 32.45) * 16 1025 55.7 FU Y S 

2020[18] 

probiotics, 

prebiotics, or 

synbiotics 

NP All RCTs HIV-1-infected 

adults over 18 

years of age 

Vs. placebo 

or control 

groups 

WMD rando

m 

0.93

6 

CD4 counts 21.24 (-12.95 to 55.39)* 10 385 0.0 ZHANG X L 

2021[19] 

probiotic 2-48 

weeks 

RCTs, 

clinical 

cohort 

studies, 

pilot 

study 

with 

controls, 

or other 

clinical 

HIV/AIDS 

patients and 

patients 

diagnosed with 

similar 

recognized 

criteria based on 

laboratory 

evidence or 

methods of HIV 

Probiotic 

vs. No 

probiotic 

MD fixed No 

serio

us 

bias 



studies infection 

lymphocyte T cell count 0.00 (-0.03 to 0.02) 

cells*109/L* 

4 NP 83.8 TAVAKOLY 

R 2021[20] 

probiotics 

(supplement or 

fortified food) 

4-20 

weeks 

All RCTs adult athletes placebo or 

non-fortifie

d food 

WMD rando

m 

0.00

5 

T helper 0.00 (-0.07 to 0.07) 

cells*109/L* 

5 0.0 0.08

9 

T cytotoxic -0.08 (-0.15 to -0.01) 

cells*109/L 

5 59.1 0.53 

lymphocyte B 0.01 (-0.07 to 0.09)* 9 0.0 0.32 

Lymphocyte 0.01 (-0.05 to 0.08)* 5 27.0 0.84 

NK cells 0.04 (-0.01 to 0.08)* 4 3.2 0.67

9 

leukocyte 0.23 (-0.09 to 0.55)* 10 49.0 0.44

6 

monocyte -0.00 (-0.03 to 0.02)* 8 3.8 0.57

7 

neutrophil cells count 0.14 (-0.06 to 0.33)* 7 0.0 0.46

0 

IgM -0.22 (-0.63 to 0.19)* 3 0.0 0.88

5 

IgA 0.24 (-0.09 to 0.57)* 4 14.0 0.72

9 

IgA secretion rate 4.21 (-8.35 to16.77)* 3 13.8 0.20

8 

The efficacy of syn and 

probiotics on hs-CRP  

-0.58 (-0.79 to-0.37) 8 359 0.0 ASKARI G 

2021[21] 

Synbiotic or 

probiotics 

NP  clinical 

trials 

age >12 years old 

and disease 

duration 

between 2 and 

20 years  

Vs. Control 

group 

SMD rando

m 

0.19

5 

IL-10 -0.12 (-2.11 to 1.87) pg/ml* 5 184 93.9 WMD 0.66

0 

IL-6 -7.79 (-13.81 to -1.77) pg/ml 6 214 91.9 0.19

1 

TNF-α -1.05 (-2.01 to -0.10) pg/ml 5 184 85.2 0.10

2 

ESR: Erythrocyte 

Sedimentation Rate 

3.05 (-7.60 to 13.7) mm/h* 3 90 71.5 0.45

0 

GSH: Glutathione 1311 (-55.68 to 81.91) 

µmol/L 

4 222 88.8 0.09

9 

MDA: Malondialdehyde -0.36 (-0.68 to -0.04) 5 268 41.0 SMD 0.05



8 

TAC 0.08 (-0.16 to -0.32) 5 268 0.0 0.28

6 

HOMA-IR -0.71 (-1.05 to -0.37) 4 222 0.0 WMD 0.13

3 

HOMA-β -15.18 (-22.08 to -8.28) 3 174 0.0  0.09

6 

serum creatinine 0.08 (-0.13 to 0.28) mg/dL* 5 126 0.0 JIA L P 

2018[22] 

probiotics 1-6 

momths 

All RCTs adult chronic 

kidney disease 

(CKD) patients 

probiotics 

vs controls 

MD rando

m 

NP 

blood urea -1.38 (-9.26 to 6.50)* 3 164 0.0 

p-cresyl sulfate -0.57 (-0.99 to -0.14) 3 125 25.0 SMD 

hemoglobin 0.21 (-0.48 to 0.91)* 3 93 20.0 MD 

IL-6 0.37 (0.03 to 0.72)* 3 134 0.0 SMD 

CRP 0.49 (-6.45 to 3.11)* 3 NP 28.0 MD 

urea -8.17 (-24.57 to 8.23)* 6 259 73.0 TAO S 2019 

[23] 

probiotics 

(specified 

probiotic or 

probiotic mixes) in 

any form (e.g., 

capsule, tablet or 

other food 

supplements or 

components), the 

probiotics could 

be administered at 

any 

dose and for any 

duration 

Follow 

up: 6 

weeks - 

6 

months 

All RCTs the participants 

were diagnosed 

with CKD, 

whether 

undergoing 

dialysis or not 

probiotics 

vs placebo 

MD rando

m 

0.29

3 

uric acid -0.43 (-1.19 to 0.33)* 3 131 67.0 0.65

9 

C-reactive protein -0.48 (-1.29 to 0.33)* 6 227 52.0 0.77

0 

creatinine -0.18 (-0.82 to 0.47) 6 259 69.0 0.68

6 

serum C-reactive protein  -0.37 (-0.72 to 0.03)* 7 178 0.0 THONGPRA

YOON C 

2019[24] 

probiotic NP clinical 

trials 

end-stage renal 

disease (ESRD) 

patients 

Vs. Control 

group 

SMD rando

m 

0.09 

total cholesterol -0.25 (-0.46 to -0.04) 7 NP 0.0 BAKHTIARY 

M 2021 [25] 

probiotic, 

prebiotic, or 

synbiotic  

Follow 

up: 4-12 

weeks 

All RCTs chronic kidney 

disease (CKD) 

patients 

Vs. usual 

care or 

placebo 

SMD rando

m 

NP 

HDL levels -0.01 (-0.62 to 0.60)* 6 84.6 

LDL -0.19 (-0.49 to 0.10)* 6 45.8 

triglyceride -0.10 (-0.33 to 0.12)* 7 6.1 

VLDL -0.21 (-0.47 to 0.05)* 4 0.0 

Fasting blood glucose -0.41 (-0.65 to -0.17) 5 0.0 



(FBG ) 

homeostatic model 

assessment of insulin 

resistance (HOMA-IR) 

-0.63 (-0.95 to -0.30) 5 43.3 

insulin levels  -0.49 (-0.90 to -0.08) 5 65.2 

quantitative insulin 

sensitivity check index 

(QUICKI)  

0.78 (0.51 to 1.05 ) 4 0.0 

hs-CRP  -0.52 (-0.81 to -0.22) 8 52.7 

CRP 0.21 (-0.17 to 0.59)* 4 0.0 

IL-6  -0.30 (-0.84 to 0.23)* 4 55.8 

Malondialdehyde -0.79 (-1.22 to -0.37) 6 69.8 

glutathione 0.52 (0.19 to 0.86) 4 37.0 

nitric oxide 0.06 (-0.20 to 0.32)* 4 1.0 

serum urea -0.30 (-2.20 to 1.61) 

mmol/L* 

9 345 53.0 MCFARLAN

E C 2019[26] 

prebiotics, 

probiotics, or 

synbiotics for a 

duration of at 

least 1 week 

NP RCT 

including 

crossover

, cluster, 

or 

quasi-RC

T designs 

participants with 

CKD as defined 

by the Kidney 

Disease 

Outcome 

Quality Initiative 

Guidelines 

Vs. 

compariso

n groups 

MD rando

m 

NP 

Serum indoxyl sulfate -0.02 (-0.09 to 0.05) mg/dL* 4 144 0.0 

serum PCS: p-cresyl sulfate -0.13 (-0.41 to 0.15) mg/dL* 4 144 0.0 

HbA1c -2.17 (-4.37 to 0.03) 

mmol/mol* 

12 717 66.0 BOCK P M 

2021[27] 

any probiotic, 

prebiotic or 

synbiotic 

supplementation 

or combination of 

interventions with 

the aim of 

adjusting the gut 

microbiota 

Follow 

up: 4-12 

weeks 

clinical 

trials 

adult 

participants with 

type 1 or 2 

diabetes 

diagnosis 

Vs. Control 

group 

MD Rando

m 

No 

serio

us 

bias fasting blood glucose -0.58 (-0.86 to -0.30) mmol/l 36 1982 60.0 

insulinemia -10.51 (-16.68 to -4.33) 

pmol/l 

21 1194 74.0 

total cholesterol  -0.14 (-0.26 to -0.02) mmol/l 27 1524 39.0 

triacylglycerol  -0.11 (-0.20 to -0.02) mmol/l 29 1619 21.0 

HDL-cholesterol 0.04 (0.01 to 0.07) mmol/l 29 1619 24.0 

LDL-cholesterol  -0.05 (-0.14 to 0.05) mmol/l* 27 1531 37.0 

hs-CRP -0.38 (-0.51 to -0.24) 13 NP 43.0 ZHENG H J 

2019[28] 

probiotics or 

synbiotics 

6-12 

weeks 

All RCTs diabetic patients 

(defined as age > 

18 years) 

Vs. placebo SMD fixed 0.3 

TAC 0.31 (0.09 to 0.52) 13 58.9 0.10 

MDA -0.61 (-0.89 to -0.32) 10 66.7 0.03 

NO 0.62 (0.25 to 0.99) 8 76.3 rando 0.03



m 5 

GSH 0.41 (0.26 to 0.55) 11 26.8 fixed 0.53

3 

HbA1c -0.24 (-0.44 to -0.04) % 8 489 27.0 TAO Y 

2020[29] 

probiotic 6-12 

weeks 

All RCTs T2DM patients probiotics 

vs placebo 

MD rando

m 

0.29 

FBG -0.44 (-0.74 to -0.15) 

mmol/L  

14 842 0.0 0.86 

HOMA-IR -1.07 (-1.58 to -0.56) 8 524 18.0 0.07 

blood glucose -0.18 (-0.30 to -0.05) 4 186 0.0 CHI C 

2020[30] 

Probiotics 3-24 

weeks 

All RCTs hypertension 

patients 

probiotics 

vs placebo 

MD rando

m 

0.24 

FBS -2.28 (-7.37 to 2.80) mg/dL* 8 NP 81.0 HADI A 2021 

[31] 

probiotics or 

synbiotics 

3-28 

weeks 

All RCTs adults with 

metabolic 

syndrome  

probiotics 

vs placebo 

MD rando

m 

0.30 

HOMA-IR -0.07 (-0.63 to 0.49)* 6 73.6 0.74 

Insulin -0.25 (-0.56 to 0.07)* 7 42.7 probiotics 

vs control 

group 

0.36 

TC -6.66 (-13.25 to 0.07) 

mg/dL* 

7 28.8 0.83 

TG -3.15 (-24.59 to 

18.29)mg/dL* 

7 68.5 0.22 

LDL-c -6.60 (-14.41 to 1.21) 

mg/dL* 

7 52.7 0.69 

HDL-c 0.27 (-2.80 to 3.34) mg/dL * 7 75.7 0.89 

cortisol -0.28 (-0.65 to 0.09)* 3 NP 0.0 AS'HABI A 

2020 [32] 

probiotics 

(supplement or 

food) 

2-20 

weeks 

All RCTs athletes Vs. control SMD rando

m 

0.20 

HDL- C  2.51 (1.04 to 6.05) mg/dL 6 50.3 0.25 

LDL-C -4.06 (-14.70 to 6.58) 

mg/dL* 

3 0.0 0.98 

TC -5.99 (-10.83 to -6.04) mg/dL 6 67.5 0.70 

TG  -32.26 (-60.44 to -4.08) 

mg/dL 

6 93.0 0.48 

serum calcium levels 3.82 (1.05 to 6.59) 4 NP 98.0 EJTAHED H 

2021[33] 

probiotic  NP clinical 

trial 

adults Vs. control 

diets 

SMD Rando

m 

No 

serio

us 

bias 

serum phosphorus levels 1.14 (-0.44 to 2.73)* 4 96.1 

parathyroid hormone 

(PTH) 

-5.35 (-9.83 to -0.86) 3 98.2 

urinary calcium 4.85 (1.16 to 8.53) 3 97.6 



CRP -0.60 (-0.98 to -0.23) 7 342 64.0 MCLOUGHL

IN R F 

2017[34] 

prebiotics, 

delivered orally, 

intravenously, or 

perrectum 

(enema)  

2-12 

weeks 

All RCTs human 

participants of 

any age and sex 

vs. placebo 

or control 

SMD rando

m 

NP 

IL-6 0.35 (-0.84 to 0.13)* 6 313 75.0 

TNF-α -0.49 (-1.20 to 0.22)* 4 219 84.0 

postprandial ghrelin -71.66 (-148.83 to 5.50) 

pg/ml* 

3 NP 84.6 DA SILVA 

BORGES D 

2020[35] 

prebiotic or 

synbiotic 

NP clinical 

trials  

overweight or 

obesity 

diagnosis (BMI ≥ 

25 kg/m2), (3) 

adults and older 

adults (≥ 18 y) 

Vs. control WMD rando

m 

NP 

levels of TNF-α  -0.24 (-0.69 to 0.21)* 7 NP 82.7 QU H 

2019[36] 

microbiota-driven 

therapy (probiotic, 

prebiotic or 

symbiotic) 

14-180 

days 

the study 

described 

a 

randomiz

ed, 

controlle

d, 

parallel 

or 

crossover 

trial 

healthy elderly 

individuals with 

age>60 years 

vs. placebo SMD rando

m 

0.37 

IL-6 -0.13 (-0.74 to 0.49)* 6 90.7 0.26 

IL-10 1.00 (-0.15 to 2.15)* 6 96.3 0.20 

CRP -1.28 (-2.62 to 0.06)* 4 96.2 NP 

IL-8 -0.03 (-0.67 to 0.61)* 4 88.0 

CRP 0.02 (-0.32 to 0.36)* 3 135 0.0 ZHU H F 

2020[37] 

treated with 

microecological 

preparations 

(probiotics, 

prebiotics, 

synbiotics, or a 

combination of 

two preparations) 

15 days 

to 

6months 

All RCTs obese adults (age 

≥18 years) who 

had undergone 

bariatric surgery 

(a type of 

surgery was not 

restricted) 

Vs. placebo 

or 

convention

al 

treatment 

SMD Rando

m 

NP 

IL-6 -0.10 (-0.81 to 0.61)* 3 135 0.0 rando

m 

TNF-α -0.29 (-0.64 to 0.05)* 3 135 0.0 fixed 

              

              

Gastrointestinal outcome              

Incidence of C. 

difficile-associated diarrhea 

0.4 (0.3 to 0.52)  31 4525/8672 0.0 GOLDENBE

RG J Z 

2017[38] 

probiotics NP All RCTs participants 

taking 

antibiotics 

any versus 

none 

RR rando

m 

No 

serio

us 

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[39] 

Lactobacillus NP All RCTs With or without 

antibiotics 

any versus 

none 

RR fixed NA 

0.63(0.31 to 1.28)* 4 431/861 0.0 Lactobacillus 

acidophilus 

incidence of CDI (diarrhea 

and either positive stool 

0.42(0.3 to 0.57) 19 6261 0.0 SHEN N T probiotics NP All RCTs Hospitalized 

adults (18 years 

any versus RR rando No 

serio



cytotoxin, culture, or 

polymerase chain reaction 

testing for C difficile)  

2017[40] or older) 

receiving 

antibiotic 

therapy 

(intravenous, 

oral, or both) for 

any reason  

none m us 

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(0.24 to 0.49) 20 40/1974 0.0 JOHNSTON 

B C 2012[41] 

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 

serio

us 

bias 

clinical remission 2.40(1.49 to 3.88) 3 71/162 29.0 DANG X 

2020[42] 

probiotic VSL#3 as 

induction therapy 

6-12wee

ks 

All RCTs patients with 

active UC 

any versus 

none 

OR Fixed 1.34 

clinical response 3.09(1.53 to 6.25) 3 89/162 46.0 Rando

m 

0.47 

Clinical remission 

 

1.73(1.19 to 2.54) 9 594 55.0 KAUR L 

2020[43] 

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(1.31 to 3.12) 5 374 32.0 probiotics 

with 

multiple 

strains 

versus 

placebo 

1.44(0.79 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[44] 

Synbiotic 

treatment 

4weeks 

to 1 year 

All RCTs Human patients 

with ulcerative 

convention

al plus a 

synbiotic 

RR Fixed NP 



colitis or 

synbiotic 

treatment 

alone 

versus 

convention

al plus 

placebo or 

placebo 

treatment 

alone 

remission rate 1.40(1.27 to 1.53) 27 1942 0.0 PENG L J 

2019 [45] 

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 

conjunctio

n with 

mesalazine 

or 

sulfasalazi

ne or 

aminosalic

ylic acid 

versus 

mesalazine 

or 

sulfasalazi

ne or 

aminosalyi

cylic acid 

alone 

RR Fixed 0.00

0 

1.33(1.16 to 1.54) 11 NP 33.4 children or 

adults with UC 

in both mild to 

moderate stages 

1.40(1.27 to 1.64) 16 NP 0.0 children or 

adults with UC 

in active stage 

1.36(1.20 to 1.53) 17 NP 19.5 children or 

adults with UC 

regardless of 

clinical setting 

probiotics 

combined 

with 

aminosalic

ylic acid on 

UC in 3 

types of 

protiotics 

1.45(1.24 to 1.70) 8 NP 0.0 probiotics 

combined 

with 

aminosalic

ylic acid on 

UC in 2 

types of 

protiotics 

1.40(1.27 to 1.64) 2 NP 0.0 probiotics 

combined 

with 



aminosalic

ylic acid on 

UC in 1 

types of 

protiotics 

the efficacy of EcN in 

inducing remission for 

ulcerative colitis 

0.92(0.15 to 5.66)* 3 267 86.0 LOSURDO G 

2015[46] 

Escherichia coli 

Nissle ( EcN) 1917  

NP All RCTs Patients with UC  EcN versus 

standard of 

care 

(mesalazin

e or 

ciprofloxac

in)  

Regimen 

or placebo 

OR Fixed No 

serio

us 

bias 

Maintenance of remission 1.07(0.70 to 1.64)* 4 442 0.0 EcN versus 

standard of 

care 

(mesalazin

e) 

Clinical relapse 0.87(0.63 to 1.18)* 4 361 17.0 IHEOZOR-EJ

IOFOR Z 

2020[47] 

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(0.98 to 1.37)* 2 141 0.0 

Clinical relapse 1.01(0.84 to 1.22)* 2 452 0.0 Probiotics 

versus 5-

aminosalic

ylic acid (5-

ASA) 

(mesalazin

e) 

Maintenance of clinical 

remission 

1.06(0.90 to 1.25)* 1 125 NP 

Clinical relapse 1.11(0.66 to 1.84)* 2 242 14.7 Probiotic + 

5-ASA 

(mesalazin

e) versus 5-

ASA 

(mesalazin

e) 

Maintenance of clinical 

remission 

1.05(0.89 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(1.13 to 2.15) 6 503 29.0 ASTO E 

2019[48] 

probiotic, 

prebiotic, inulin, 

fructo-oligosaccha

rides, FOS, and 

synbiotic  

NP All RCTs adults or 

children with 

active  UC 

administra

tion (oral 

or rectal) 

of 

probiotics 

versus 

placebo or 

active 

RR rando

m 

NP 

Efficacy of 1.73(1.23 to 2.43) 6 424 35.0 bifidobacteria-con



inducing/maintaining 

remission  

taining probiotics  treatment 

of UC to 

induce 

remission 

or to 

maintain 

remission  

1.04(0.35 to 3.06)* 3 168 78.0 Probiotics without 

bifidobacteria 

1.99(1.25 to 3.15) 4 348 49.0 VSL#3 

1.38(0.86 to 2.21)* 4 313 56.0 probiotic, 

prebiotic, inulin, 

fructo-oligosaccha

rides, FOS, and 

synbiotic 

adults or 

children with 

inactive UC 

Efficacy of Probiotics at 

Maintaining Remission  

0.92(0.82 to 1.04)* 3 513 0.0 the probiotic 

Mutaflor 

adults or 

children with 

active  UC or 

inactive UC 

the 

probiotic 

Mutaflor 

with 

mesalazine 

the incidence of abdorminal 

distension 

0.27(0.17 to 0.43) 11 493/981 0.0 CHEN X R 

2021[2] 

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 

serio

us 

bias the incidence of diarrhea 0.20(0.12 to 0.32) 14 604/1205 0.0 

the incidence of vomiting 0.20(0.12 to 0.32) 8 301/602 0.0 

the incidence of gastric 

retention 

0.25(0.11 to 0.55) 3 148/296 0.0 

the incidence of 

constipation 

0.20(0.12 to 0.32) 14 590/1177 0.0 

the incidence of reflux 0.47(0.21 to 1.02)* 7 316/632 19.0 

the incidence of digestive 

tract hemorrhage 

0.31(0.18 to 0.52) 12 537/1072 0.0 

the incidence of stress ulcer 0.64(0.21 to 1.92)* 3 118/236 0.0 

the incidence of 

gastrointestinal 

complications 

0.29(0.24 to 0.36) 17 3169/6352 0.0 

incidence of 

antibiotic-associated 

diarrhoea 

0.63 (0.54 to 0.73) 42 5985/11305 60.0 GOODMAN 

C 2021 [49] 

probiotic NP All RCTs adult population 

to whom 

antibiotics were 

administered 

probiotics 

versus any 

control 

RR Rando

m 

No 

serio

us 

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 

[50] 

specific, identified 

probiotic in any 

form (e.g. capsule, 

sachet, yogurt). 

5 days 

to 12 

weeks 

All RCTs children (0 to 18 

years) receiving 

antibiotics 

Probiotic 

Versus 

Control 

(placebo or 

RR Rando

m 

No 

serio

us 



Trials 

investigating non-

specific probiotic 

or yogurt agents 

(e.g. products that 

do not label the 

probiotic strain 

and dose) were 

not considered 

non-active 

control) 

bias 

0.37 (0.30 to 0.46) 20 4038 NP Probiotic 

dose (≥5 

billion 

CFUs of 

probiotics/

day) 

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 JAFARNEJA

D S 2016[51] 

oral probiotic 

intake (in either 

supplements or 

foods) 

NP All RCTs individuals 

aged >18 

Probiotic 

Versus 

Control 

RR rando

m 

No 

serio

us 

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[52] 

Probiotics NA All RCTs outpatients 

taking oral 

antibiotics 

probiotics 

vs. Placebo 

or no 

treatment 

RR rando

m 

No 

serio

us 

bias 

0.49 (0.36 to 0.66)  4 590/1139 0.0 S. boulardii  NP 

Incidence of 

Antibiotic-Associated 

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 

differe

nce)  

0.42 (-0.23 to 0.77)  9 975/1936 47.0 outpatients 

taking oral 

antibiotics, 

adults (>15 years 

of age) 

inducing/maintaining IBD 

remission 

1.13 (1.02 to 1.26) 21 918/1816 55.1 ZHANG X 

2021 [53] 

probiotics, 

prebiotics or 

NP All RCTs Patient with 

Inflammatory 

probiotics, 

prebiotics 

RR rando

m 

0.33

6 



UC disease activity index 1.00 (0.27 to 1.73) 10 1026 0.0 synbiotics bowel disease 

(IBD) 

and 

synbiotics 

vs. Control 

group 

SMD 0.46

3 

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 0.03

4 

preventing relapse in active 

UC 

1.02 (0.85 to 1.23)* 3 277/555 0.0 DERWA Y 

2017 [54] 

probiotics NP All RCTs Adults (>90% of 

patients 

aged >16 years) 

with 

inflammatory 

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-CAR

RASCO M 

2020 [55] 

probiotics 0.5-12 

months  

All RCTs Adult with 

inflammatory 

bowel 

disease 

probiotics 

vs. placebo 

RR fixed No 

serio

us 

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 

Crohn’s Disease 

0.90 (0.77 to 1.06)* 5 253/494 37.0 

effect on persistence of 

symptoms 

0.79 (0.68 to 0.91) 21 1931 72.0 FORD A C 

2018[56] 

Combination 

probiotics  

Minimu

m 

treatme

nt 

duration 

of 7 

days 

Minimu

m 

follow-

up 

duration 

All RCTs Adults 

(participants 

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 of 7 

days 

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[57] 

Probiotics or 

prebiotics 

2-24 

weeks 

All RCTs adult IBS 

patients (aged 

≥18 years)  

Probiotics 

or 

prebiotics 

vs. Control 

group 

SMD rando

m 

NP 

abdominal pain scores -0.18 (-0.43 to 0.07)* 29 3688 92.0 Probiotics or 

prebiotics or 

synbiotics 

-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 

[58] 

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[59] 

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[60] 

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 0.49)* 5 666 ≥ 50% B. Infantis only or 

composite 

probiotic 

rando

m 



Including B. 

Infantis 

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 

[61] 

Any 

species/strains/dos

e/treatment 

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 

0.18

3 

Effect of probiotics on stool 

consistency for IBS-C 

0.55 (0.27 to 0.82) 9 NP 80.0 SMD 0.58

3 

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/dos

e/treatment 

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 

[62] 

prophylactic 

probiotics in 

combination with 

antibiotics 

preoperatively 

Preoper

ation 

1-14 

days, 

postope

ration 

0-14 

days 

All RCTs adult patients 

who undergo 

colorectal 

surgery 

Vs. placebo 

or other 

base 

ingredients 

in 

combinatio

n with 

antibiotics 

preoperati

vely 

RR rando

m 

No 

serio

us 

bias abdominal distention 0.63 (0.48 to 0.83) 5 394 0.0 

stool frequency -0.09 (-0.47 to 0.29)* 4 NP 0.0 ZHONG C Q 

2017[63] 

Probiotic NP RCTs, 

crossover 

trials, 

prospecti

ve 

single-ar

m trials 

and  

Human Probiotics 

vs. No 

probiotics 

WMD rando

m 

NP 



retrospect

ive 

studies 

AIDS-related diarrhea 0.60 (0.44 to 0.82) 6 360 0.0 ZHANG X L 

2021[19] 

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 

serio

us 

bias 

Stool frequency  0.98 (0.39 to 1.56) 15 1189 87.0 ZHANG C 

2020[64] 

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[65] 

Any type of 

culture/strain/dos

e/therapy regimen 

of probiotics 

(include 

synbiotics) 

3-12 

weeks 

All RCTs children aged ≤ 

18 years with 

constipation 

identified by 

relative clinical 

symptoms, 

pediatric 

physicians, or 

the Rome I, II, or 

III criteria 

probiotics 

vs control 

group 

MD rando

m 

No 

serio

us 

bias 

stool consistency -0.07 (-0.21 to 0.06)* 3 267 92.0 

eradication of H. pylori 7.91 (2.97 to 21.05) 6 352 0.0 LOSURDO G 

2018[66] 

probiotic 

supplementation 

NP All RCTs H. 

pylori-infected 

patients 

Vs. placebo OR fixed 0.02 

oropharyngeal colonization 0.87 (0.76 to 0.99) 6 915 0.0 JI T 2020[67] 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 [32] 

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[68] 

combination of 

prebiotics and 

probiotics vs 

controls 

NP All RCTs full-term 

neonates 

formula 

had 

different 

compositio

n vs. the 

control 

formula 

(apart from 

prebiotics) 

WMD fixed No 

serio

us 

bias 

Diarrheal episodes  0.71 (0.35 to 1.43)* 3 606 99.0 LOHNER S 

2014[69] 

prebiotics 

(prebiotics added 

to food in the 

manufacturing 

process or as a 

separate 

supplement) 

a 

supplem

entation 

time of 

at least 2 

months 

and an 

observat

ion time 

of at 

least 4 

months 

All RCTs healthy infants 

or children, aged 

0–18 years 

Vs. control 

(placebo or 

no 

supplemen

- 

tation) 

RR rando

m 

NP 

overall symptom response 

to treatment 

0.62 (0.07 to 5.69)* 3 191 91.0 WILSON B 

2019[70] 

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 

serio

us 

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[71] 

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[72] 

probiotic 

Medilac-S 

4-96 

weeks 

All RCTs human Vs. control RR fixed No 

serio

us 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 bias 

incidence of 

Hirschsprung-associated 

entero-colitis (HAEC) 

0.72 (0.37 to 1.39)* 5 93/198 37.0 NAKAMUR

A H 2018 [73] 

probiotics NP NP premature 

infants 

Probiotics 

vs. control 

OR fixed NP 

intestinal transit time (ITT) 0.38 (0.23 to 0.53) 17 NP 20.0 MILLER L E 

2016[74] 

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[75] 

 probiotics 

of any type and 

dose, 

administered 

orally in any form 

(drink/powder/ca

psule) 

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[76] 

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[77] 

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 

              



              

              

Other outcomes              

Detection of C. difficile in 

stool 

0.86 (0.67 to 1.10)* 15 1214 0.0 GOLDENBE

RG J Z 

2017[38] 

probiotics NP All RCTs participants 

taking 

antibiotics 

any versus 

none 

RR rando

m 

No 

serio

us 

bias Length of hospital stay -0.17 (-1.03 to 0.68)* 4 NP 0 MD 

the incidence of infection 0.27(0.21 to 0.36) 16 1243/2483 0.0 CHEN X R 

2021[2] 

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 

serio

us 

bias 

the incidence of pulmonary 

infection 

0.28(0.20 to 0.39) 16 698/1391 0.0 

the incidence of urinary 

tract infection 

0.23(0.13 to 0.43) 9 384/768 0.0 

the incidence of 

gastrointestinal infection 

0.30(0.14to 0.66) 4 161/324 0.0 

the enteral nutrition target 

time 

-2.18(-2.56 to -1.80) 4 163/324 84.0 MD 

the length of hospital stay -8.70(-13.24 to -4.16) 3 131/260 98.0 

Effects on Body Weight -0.55 (-0.91 to -0.19) kg 10 315/641 64.0 WANG Z 

2019[4] 

 Probiotics NP All RCTs adults (≥18 years 

old) individuals 

with a BMI > 

25 kg m-2 

the 

probiotics 

vs. control 

groups 

MD rando

m 

0.44

6 

Effects on Body Mass Index 

(BMI) 

-0.30 (-0.43 to -0.18) kg/m^2 11 357/717 59.0 0.00

6 

-0.29 (-0.46 to -0.12) kg m-2 6 213 66.6 Probiotics 

dosage ≥ 

1010 CFU 

vs. control 

groups 

NP 

 

-0.18 (-0.48 to 0.12) kg m-2* 4 119 46.9 Probiotics 

dosage < 

1010 CFU 

vs. control 

groups 

-0.36 (-0.52 to 0.20) kg m-2* 4 138 56.8 Single 

probiotics 

species vs. 

control 

groups 

-0.15 (-0.39 to 0.10) kg m-2* 6 194 55.5 Multiple 

probiotics 

species vs. 

control 



groups 

Effects on Waist 

Circumference 

-1.20  (-2.21 to -0.19) cm 8 281/573 90.0 the 

probiotics 

vs. control 

groups 

0.40

3 

-1.53  (-2.64 to -0.41) cm 6 212 86.9 Probiotics 

dosage ≥ 

1010 CFU 

vs. control 

groups 

NP 

-0.32  (-0.84 to 0.20) cm* 2 69 0.0 Probiotics 

dosage < 

1010 CFU 

vs. control 

groups 

-1.69  (-3.04 to 0.33) cm 4 168 91.6 Single 

probiotics 

species vs. 

control 

groups 

-0.42  (-0.91 to 0.07) cm* 4 113 0.0 Multiple 

probiotics 

species vs. 

control 

groups 

-1.34  (-2.76 to 0.08) cm* 6 187 92.3 Form of 

probiotics: 

Capsule or 

powder vs. 

control 

groups 

-1.11  (-1.64 to -0.59) cm 2 94 0.0 Form of 

probiotics: 

Food vs. 

control 

groups 

Effects on Fat Mass -0.91 (-1.19 to -0.63) kg 11 311/632 43.0 the 

probiotics 

vs. control 

groups 

0.33

5 

Effects on Fat Percentage -0.92 (-1.27 to -0.56) % 6 224/450 57.0 the 

probiotics 

vs. control 

0.06

8 



groups 

the effect on body weight -0.54 (-1.09 to 0.01) kg* 18 660/1239 0.0 SUZUMURA 

E A 2019 [78] 

Oral 

supplementation 

with probiotics or 

synbiotics as an 

isolated 

intervention or as 

part of a dietary 

plan  

3-24wee

ks 

Randomi

zed or 

quasi-ran

domized 

controlle

d trials 

Overweight or 

obese adults 

(BMI ≥ 25 kg/m2 

and age ≥ 18 y) 

with no health 

conditions that 

potentially affect 

metabolism or 

body weigh 

probiotics 

or 

synbiotics 

oersus 

Control 

MD rando

m 

No 

serio

us 

bias 

the effect on BMI -0.19 (-0.43 to 0.04) kg/m^2* 15 447/895 51.0 

the effect on waist 

circumference 

-0.82 (-1.43 to -0.21) cm 12 455/864 46.0 

the effect on body weight -1.24 (-2.57 to 0.01) kg* 4 147/301 0.0 synbiotics 

vs control 

NP 

the effect on BMI -0.33 (-1.22 to 0.57) kg/m^2* 2 50/100 0.0 

the effect on waist 

circumference 

-3.39 (-5.07 to -1.72) cm 2 72/148 34.0 

effect of the PFMP on body 

weight 

-0.91 (-1.59 to -0.22) kg 16 NP 67.3 MOHAMMA

DI H 2021 

[79] 

Probiotics 

fermented milk 

products (PFMP) 

2-12wee

ks 

All RCTs adult 

individuals >18 

years old 

PFMP 

versus 

placebo 

WMD rando

m 

0.55

5 

effect of the PFMP on BMI -0.33 (-0.48 to 0.18) kg/m^2* 15 0.0 0.40

4 

effect of the PFMP on waist 

circumference 

-0.59 (-1.55 to 0.36) cm* 6 0.0 0.34

8 

effect of the PFMP on body 

fat percentage 

-3.75 (-9.39 to 1.90)* 5 90.3 0.40

2 

The effects of synbiotic 

supplementation on BMI 

-0.12 (-0.40 to 0.16) kg/m^2* 22 NP 0.0 HADI A 2020 

[80] 

synbiotic 

supplements 

≥4 

weeks 

All 

randomiz

ed 

clinical 

trials  

participants 

over18 years 

synbiotic 

versus 

placebo 

WMD rando

m 

0.21 

The effects of synbiotic 

supplementation on WC 

-2.07 (-3.11 to -1.03) cm 12 0.0 synbiotic 

versus 

placebo 

0.68 

-1.72 (-3.49 to 0.05) cm* 7 0.0 Baseline 

BMI ≥ 30 

versus 

placebo  

NP 

-2.25 (-3.53 to -0.97) cm 5 0.0 Baseline 

BMI 

25-30 

versus 

placebo  

-1.30 (-3.44 to 0.83) cm* 6 0.0 Duration ≥ 

12 Weeks 

versus 

placebo 

-2.31 (-3.49 to -1.12) cm 6 0.0 Duration < 

12 Weeks 



versus 

placebo 

-1.97 (-3.06 to -0.86) cm 9 0.0 Number of 

used 

strain: 

Multi 

versus 

placebo 

-2.70 (-5.54 to 0.15) cm* 3 0.0 Number of 

used 

strain: 

Single 

versus 

placebo 

-2.269(-4.76 to 0.37) cm* 3 0.0 Probiotic 

Dose > 

2×108 CFU 

versus 

placebo 

-1.69 (-3.23 to -0.16) cm 8 0.0 Probiotic 

Dose ≤ 

2×108 CFU 

versus 

placebo 

The effects of synbiotic 

supplementation on weight 

-0.80 (-1.56 to -0.03) kg 20 0.0 synbiotic 

versus 

placebo 

0.37 

-0.54 (-2.93 to 1.85 ) kg* 9 0.0 Duration ≥ 

12 Weeks 

versus 

placebo  

NP 

-0.83 (-1.63 to -0.02 ) kg 11 0.0 Duration < 

12 Weeks 

versus 

placebo  

-1.48 (-2.68 to -0.28 ) kg 14 0.0 Number of 

used 

strain: 

Multi 

versus 

placebo 

-0.33 (-1.32 to 0.67 ) kg* 6 0.0 Number of 

used 



strain: 

Single 

versus 

placebo 

The effects of synbiotic 

supplementation on body 

fat 

0.02 (-1.27 to 1.87) %* 6 67.3 synbiotic 

versus 

placebo 

0.38 

Effects on waist-to-hip ratio -0.01 (-0.01 to -0.01) 5 192/395 24.0 PONTES K S 

D S 2021 [5] 

probiotics NP All RCTs adults (18 years 

or older) with 

overweight or 

obesity defined 

according to 

local standards 

for body mass 

index (BMI) 

Probiotics 

versus 

placebo 

MD rando

m 

No 

serio

us 

bias 

Effects on total abdominal 

fat area 

-9.69 (-14.47 to -4.91 ) cm2 4 350 0.0 

Effects on subcutaneous 

abdominal fat area 

-6.24 (-8.94 to -3.54 ) cm2 5 445 0.0 

Effects on visceral 

abdominal fatarea 

-3.46 (-6.55 to 0.38 ) cm2* 4 350 41.0 

Effects on Homeostasis 

Model of Assessment for 

Insulin Resistance Index 

(HOMA-IR) 

-0.08 (-0.34 to 0.18 ) * 9 322/765 47.0 

Effects of probiotics on 

systolic blood pressure 

-0.23 (-0.57 to 0.12 )mmHg* 7 318/641 0.0 

Effects of probiotics on 

diastolic blood pressure  

-0.35 (-0.76 to 0.06 )mmHg* 7 318/641 0.0 

the risk of atopic 

sensitization 

0.89 (0.77 to 1.03)* 17 2974 9.0 ZHANG G 

2016 [81] 

probiotics/synbioti

cs 

Follow-

up:1y - 

2y of 

age 

All RCTs children in 

whom outcome 

assessment 

performed 

during infancy 

or childhood (ie, 

up to 12 years of 

age), without 

atopic diseases 

at the time of 

probiotic 

administration 

any 

species/str

ains/doses 

regimen of 

live 

probiotics 

administer

ed 

prenatally 

and/or 

postnatally 

within the 

first year of 

life versus 

placebo or 

no 

probiotics 

RR rando

m 

0.98

8 

0.78 (0.66 to 0.92) 12 1159/2085 0.0 probiotics 

were 

administer

ed both 

NP 



prenatally 

and 

postnatally 

versus 

placebo or 

no 

probiotics 

Food Sensitization 0.92 (0.75 to 1.12)* 9 1506 7.0 any 

species/str

ains/doses 

regimen of 

live 

probiotics 

administer

ed 

prenatally 

and/or 

postnatally 

within the 

first year of 

life versus 

placebo or 

no 

probiotics 

0.80

6 

0.77 (0.61 to 0.98) 5 477/807 0.0 probiotics 

were 

administer

ed both 

prenatally 

and 

postnatally 

versus 

placebo or 

no 

probiotics 

NP 

number of pulmonary 

exacerbations 

-0.32 (-0.68 to 0.03) episodes 

per participant* 

4 113/225 41.0 COFFEY M J 

2020 [82] 

oral probiotic 

formulation 

4-12 

mont

hs 

All RCTs participants who 

fulfil consensus 

diagnostic 

criteria for CF 

(Cystic fibrosis)  

Any oral 

probiotic 

formulatio

n (any 

strain(s), 

dose or 

formulatio

n, with or 

without a 

prebiotic) 

compared 

to any 

other 

probiotic 

MD rando

m 

NP 

intestinal i. calprotectin -47.41 (-93.28 to -1.54) µg/g  4 88/177 0.0 

FEV1 (% predicted)  1.36 (-1.20 to 3.91)% * 5 143/284 0.0 



formulatio

n, placebo 

or no 

treatment 

control 

body mass index -0.25 (-0.48 to -0.03) kg/m2 7 208/416 97.0 COZZOLINO 

M 2020 [7] 

therapy with 

probiotics or 

synbiotics. 

adminis

tration 

of 

probioti

cs or  

synbioti

cs at 

least for 

8 weeks 

All RCTs women with 

Polycystic ovary 

syndrome 

(PCOS) 

according to 

Rotterdam 

criteria 

undergoing 

therapy with 

probiotics or 

symbiotic 

administra

tion of 

probiotics 

or 

Synbiotics 

versus 

without 

therapy 

with  

probiotics 

or 

synbiotics 

or placebo 

MD rando

m 

NP 

body weight -0.75 (-1.45 to -0.05) kg 7 208/416 98.0 

the modified Ferriman–

Gallway score 

-1.00 (-1.75 to -0.26)  3 90/180 83.0 

Body Weight -0.11 (-0.34 to 0.13)* 12 731 61.5 LI Y L 2021 

[8] 

probiotics, 

prebiotics, 

synbiotics intake 

separ- 

ately or in 

combination with 

other drugs 

8 weeks 

to 3 

months 

All RCTs women with a 

definite 

diagnosis of 

Polycystic ovary 

syndrome 

(PCOS)  

probiotics, 

prebiotics, 

synbiotics 

intake 

separately 

or in 

combinatio

n with 

other 

drugs 

versus 

placebo 

SMD rando

m 

0.32

1 

BMI -0.10 (-0.30 to 0.09)* 13 791 47.3 0.15

0 

Waist circumference (WC) 0.37 (-0.78 to 1.53)* 5 316 95.5 No 

serio

us 

bias 

hip circumference (HC) -0.25 (-0.78 to 0.27)* 4 NP 76.9 

polymorphonuclear 

phagocytic capacity  

0.74 (0.38 to 1.11) 3 NP NP MILLER L E 

2017 [83] 

Bifidobacterium 

(B.) animalis ssp. 

lactis HN019 

3-6 

weeks 

randomiz

ed or 

non-rand

omized 

controlle

d studies 

healthy, elderly 

(≥60 years) 

adults 

consumpti

on of B. 

lactis 

HN019 vs. 

control 

SMD rando

m 

NP 

natural killer (NK) cell 

tumoricidal activity 

0.43 (0.08 to 0.78)  3 NP NP 

Polymorphonuclear cell 

phagocytic capacity 

1.37 (0.86 to 1.88) 9 NP 80.0 Miller LE 

2019[84] 

probiotic 

consumption 

3-12 

weeks 

prospecti

ve 

controlle

d studies 

healthy older 

adults (mean 

age ≥ 60 years) 

consumpti

on of 

probiotic 

vs control 

SMD rando

m 

0.38 

natural killer (NK) cell 

tumoricidal activity 

0.55 (0.37 to 0.73) 15 43.0 0.51 

No-recovery (incomplete 

resolution of clinical 

symptoms) 

0.67(0.56 to 0.79) 10 574 48.0 DALAL R 

2017 [10] 

probiotics follow-

up: 1 

month 

to 3 

months 

randomis

ed 

clinical 

trials 

people with any 

grade of acute or 

chronic hepatic 

encephalopathy 

probiotics 

in any 

dosage vs. 

placebo or 

no 

interventio

RR rando

m 

NP 



n, or with 

any other 

treatment 

in people 

with 

hepatic 

encephalo

pathy. 

Effects of Probiotics on 

Late-Onset Sepsis 

0.88 (0.80 to 0.97)  28 4304/8535 23.0 DERMYSHI E 

2017 [85] 

enteral adminis- 

tration of 

probiotics 

NP All RCTs very low birth 

weight (VLBW) 

(<1,500 g) 

preterm (<34 

weeks 

gestational age) 

infants with 

enteral 

administration 

of probiotics 

initiated within 

10 days 

enteral 

administra

tion of 

probiotics 

vs. Control 

group 

RR  fixed 0.24

2 

incidence of Late onset 

sepsis (LOS) 

0.79 (0.71 to 0.88) 25 2934/5868 0.0 ACETI A 

2017 [86] 

any probiotic  NP Randomi

zed and 

quasi-ran

domized 

controlle

d trials 

preterm infants 

(gestational age 

(GA) <37 weeks) 

received within 

one month of 

age any 

probiotic  

any 

probiotic 

vs. placebo 

or no 

treatment 

RR fixed No 

serio

us 

bias 

0.75 (0.65 to 0.86)  20 1705/3402 0.0 preterm infants 

(gestational age 

(GA) <37 weeks) 

(exclusively 

human-milk 

-fed) 

0.77 (0.51 to 1.17)* 16 398/800 1.0 preterm infants 

(gestational age 

(GA) <37 weeks) 

(mixed feeding) 

Effect on body mass index -0.39 ( -0.49 to -0.29) kg/m2 20 NP 97.9 HERNANDE

Z-SAAVEDR

A D 2018 [13] 

Any prebiotic or 

probiotic 

treatment, or a 

combination of 

both (synbiotic) 

NP All RCTs Male and female 

patients of any 

age that 

presented at 

least 1 of the 

following: 

NAFLD, 

steatosis, liver 

fibrosis, 

Vs. placebo  MD rando

m 

No 

serio

us 

bias 



steatohepatitis 

Liver stiffness as measured 

by the fibro scan  

-0.62 (-0.89 to -0.35) 4 217 83.0 KHAN M Y 

2019[14] 

probiotics and/or 

synbiotics  

NP All RCTs adult patients 

older than 18 

years of age with 

NAFLD or 

NASH 

Vs. placebo  MD rando

m 

NP 

Infections Rate 0.21 (0.11 to 0.41) 4 246 1.0 SAWAS T 

2015 [87] 

probiotics NP controlle

d studies  

Liver 

transplantation 

Vs. placebo  RR fixed NP 

urinary tract infection (UTI) 0.14 (0.04 to 0.47) 4 246 0.0 

intra-abdominal infection 0.27 (0.09 to 0.78) 4 246 0.0 

length of hospital stay -1.41 (-1.97 to -0.86) days 3 196 0.0 MD 

duration of antibiotic use -3.89 (-4.17 to -3.60) days 3 196 80.0 

Acute graft rejection 0.73 (0.44 to 1.22)* 3 179 0.0 RR 

postoperative infection rate 0.35 (0.24 to 0.50) 23 1696 47.0 YANG Z 2017 

[88] 

Probiotic or   

synbiotic 

NP All RCTs perioperative  

patient 

Vs. placebo 

or no 

probiotic 

inter- 

vention. 

OR rando

m 

0.00

6 

pneumonia  0.44 (0.28 to 0.68) 16 1276 0.0 0.23

8 

 urinary tract infection 0.30 (0.16 to 0.55) 13 1151 0.0 0.66

6 

wound infection 0.58 (0.42 to 0.80) 18 1723 0.0 0.09

7 

intra-abdominal abscess 0.65 (0.28 to 1.55) 10 495 0.0 0.74

4 

Postoperative mortality 1.19 (0.52 to 2.74) 8 1648 21.0 0.17

9 

lengths of hospital stay -3.20 (-4.87 to -1.54) days 12 807 89.0 MD 0.09

4 

antibiotic therapy -3.40 (-4.67 to -2.13) 11 922 92.0 0.95

4 

ICU stay -0.46 (-1.07 to 0.14)* 7 453 70.0 0.15

1 

the incidence of surgical 

site infections (SSI) 

0.72 (0.56 to 0.92) 13 1374 0.0 WU X D 2018 

[62] 

prophylactic 

probiotics in 

combination with 

antibiotics 

preoperatively 

Preoper

ation 

1-14 

days, 

postope

ration 

All RCTs adult patients 

who undergo 

colorectal 

surgery 

Vs. placebo 

or other 

base 

ingredients 

in 

combinatio

RR rando

m 

No 

serio

us 

bias pneumonia 0.50 (0.29 to 0.84) 10 807 0.0 



urinary tract infection 0.50 (025 to 0.98) 8 705 0.0 0-14 

days 

n with 

antibiotics 

preoperati

vely cumulative duration of 

antibiotic therapy 

-1.24 (-1.61 to -0.86) days 5 504 0.0 

length of stay -1.16 (-1.91 to -0.41) days 7 514 0.0 MD 

prevention of bacterial 

translocation 

0.75 (0.46 to 1.21)* 7 NP NP SKONIECZN

A-ZYDECKA 

K 2018 [15] 

treatment with 

pro-/pre-/synbioti

cs 

Preoper

ation 

0-15 

days, 

postope

ration 

0-until 

discharg

e 

All RCTs surgical patients Probiotics 

vs. No 

probiotics 

SMD rando

m 

NP 

pneumonia 0.55 (0.38 to 0.80) 21 0.0 RR 

surgical site infection 0.55 (0.39 to 0.78) 10 7.89 

Abdominal distention 0.64 (0.47 to 0.86) 4 0.0 

Anastomotic leakage 0.73 (0.43 to 1.24)* 9 3.69 

Deep organ space 0.62 (0.31 to 1.25)* 5 0.0 

Diarrhea 0.49 (0.37, 0.67) 7 0.0 

Intraabdominal abscess 0.69 (0.35 to 1.37)* 8 0.0 

MRSA infection 0.34 (0.11 to 1.06)* 4 0.0 

Peritonitis 0.34 (0.09 to 1.32)* 4 0.0 

Reoperation 0.43 (0.14 to 1.29)* 3 0.0 

Sepsis 0.69 (0.58, 0.81) 7 0.0 

Superficial incisional 0.53 (0.38 to 0.74) 15 0.0 

UTI 0.32 (0.18 to 0.57) 13 0.0 

Blood loss 0.004 (-0.120 to 0.128)* 7 0.0 

Duration of antibiotic 

therapy 

-0.60 (-1.09 to -0.10) 10 91.0 SMD 

Duration of postoperative 

pyrexia 

-0.44 (-0.68 to -0.192） 4 38.1 

Fluid diet -0.35 (-0.58 to -0.12) 3 0.0 

Hospital stay -0.48 (-0.66, -0.30) 10 45.7 

ICU stay -0.10 (-0.36, 0.16)* 4 0.0 

Operating time 0.02 (-0.14 to 0.18)* 11 49.0 

Solid diet -0.31 (-0.50, -0.12) 4 0.0 



the incidence of small 

intestinal bacterial 

overgrowth (SIBO) 

0.54 (0.19 to 1.52)* 3 NP 83.7 ZHONG C Q 

2017[63] 

Probiotic NP RCTs, 

crossover 

trials, 

prospecti

ve 

single-ar

m trials 

and  

retrospect

ive 

studies 

Human Probiotics 

vs. No 

probiotics 

RR rando

m 

NP 

SIBO Decontamination Rate 1.61 (1.19 to 2.17)* 5 25.7 RR 

H2 Volume in HBT -36.35 (-44.23 to -28.47) 

ppm 

4 0.0 WMD 

disease activity score in 28 

joints (DAS28) 

-0.11 (-0.47 to 0.24)* 3 132 87.0 PAN H D 

2017[17] 

probiotic Follow 

up: 8-48 

weeks 

All RCTs patients with a 

clear diagnosis 

of RA and stable 

treatment of 

disease-modifyi

ng 

anti-rheumatic 

drugs 

(DMARDs) 

probiotics 

vs. Placebo 

or no 

probiotics 

MD rando

m 

NP 

quality-of-life (QoL)  0.36 (0.07 to 0.64) 11 1501 86.0 Le Morvan 

De Sequeira 

2021[89] 

probiotic 4 

weeks-6 

months 

All RCTs adults of both 

sexes and of all 

ages with IBS 

probiotics 

vs. Placebo 

SMD rando

m 

NP 

seroprotection rate of H1N1 

strain 

1.83 (1.19 to 2.82) 6 386 0.0 LEI W T 

2017[90] 

probiotics, 

prebiotics, or 

synbiotics 

NP All RCTs human adults Probiotic 

vs. Control 

group 

OR rando

m 

0.37 

seroconversion rate of 

H1N1 strain 

0.52 (0.75 to 3.09)* 6 553 51.0 0.95 

seroprotection rate of H3N2 

strain 

2.85 (1.59 to 5.10) 7 388 0.0 0.86 

seroconversion rate of 

H3N2 strain 

2.54 (0.93 to 6.91)* 6 553 83.0 0.76 

seroprotection rate of B 

strain 

0.99 (0.65 to 1.52)* 7 389 0.0 0.61 

seroconversion rate of B 

strain 

2.11 (1.38 to 3.21) 6 553 0.0 0.47 

hemagglutination 

inhibition titers of A/H1N1 

strain after influenza 

vaccination 

7.14 (2.73 to 11.55)  12 688 96.0 YEH T L 

2018[91] 

probiotics or 

prebiotics 

NP Control 

trials 

adults probiotics 

or 

prebiotics 

vs. placebo 

MD rando

m 

No 

serio

us 

bias 

hemagglutination 

inhibition titers of A/H3N2 

strain after influenza 

vaccination 

17.19 (3.39 to 30.99) 12 688 100.0 



hemagglutination 

inhibition titers of B strain 

after influenza vaccination 

4.17 (0.37 to 7.96) 12 688 94.0 

estimated glomerular 

filtration rate preservation 

2.10 (-1.31 to 5.52)* 4 212 68.0 TAO S 2019 

[23] 

probiotics 

(specified 

probiotic or 

probiotic mixes) in 

any form (e.g., 

capsule, tablet or 

other food 

supplements or 

components), the 

probiotics could 

be administered at 

any dose and for 

any duration 

Follow 

up: 6 

weeks - 

6 

months 

All RCTs the participants 

were diagnosed 

with CKD, 

whether 

undergoing 

dialysis or not 

probiotics 

vs placebo 

MD rando

m 

0.05

1 

total antioxidant capacity 0.42 (0.18 to 0.66) 5 NP 0.0 BAKHTIARY 

M 2021 [25] 

probiotic, 

prebiotic, or 

synbiotic  

Follow 

up: 4-12 

weeks 

All RCTs chronic kidney 

disease (CKD) 

patients 

Vs. usual 

care or 

placebo 

SMD rando

m 

NP 

BMI  0.05 (-0.17 to 0.27)* 6 0.0 

eGFR, estimated 

glomerular filtration rate 

0.34 (-2.20 to 2.89 

mL/min/1.73 m2* 

3 132 0.0 MCFARLAN

E C 2019[26] 

prebiotics, 

probiotics, or 

synbiotics for a 

duration of at 

least 1 week 

NP RCT 

including 

crossover

, cluster, 

or 

quasi-RC

T designs 

participants with 

CKD as defined 

by the Kidney 

Disease 

Outcome 

Quality Initiative 

Guidelines 

Vs. 

compariso

n groups 

MD rando

m 

NP 

weight 0.40 (-0.95 to 1.74) kg* 7 357 0.0 

BMI -0.06(-0.53 to 0.41) kg/m2* NP NP 0.0 BOCK P M 

2021[27] 

any probiotic, 

prebiotic or 

synbiotic 

supplementation 

or combination of 

interventions with 

the aim of 

adjusting the gut 

microbiota 

Follow 

up: 4-12 

weeks 

clinical 

trials 

adult 

participants with 

type 1 or 2 

diabetes 

diagnosis 

Vs. Control 

group 

MD Rando

m 

No 

serio

us 

bias 

Systolic blood pressure  -0.93 (-1.58 to -0.27) 6 NP 89.6 HENDIJANI 

F 2018[92] 

probiotics in the 

form of any 

pharmaceutical 

formulations or 

dairy 15  

 products 

NP (all) 10 

randomiz

ed 

controlle

d trials 

(RCTs) 

and 1 

single 

blinded  

 trial and 

2 

adult diabetic 

patients 

Vs. placebo SMD rando

m 

No 

serio

us 

bias 

Diastolic blood pressure -0.88 (-1.76 to -0.01) 7 94.0 



crossover 

trials 

the risk of developing 

asthma  

0.86 (0.73 to 1.01)* 14 4138 0.0 DU X Z 

2019[93] 

Probiotics were 

supplemented 

since the pre- 

and/or postnatal 

periods, with ? 3 

months of 

intervention 

duration 

Follow 

up: 1-15 

y 

All RCTs healthy children, 

with or without 

a high risk of 

developing 

allergic diseases 

and without 

concurrent 

treatments 

probiotics 

vs placebo 

RR fixed No 

serio

us 

bias Allergic rhinitis 1.03 (0.77 to 1.39)* 5 1897 68.0 rando

m 

Wheeze 0.94 (0.81 to 1.08)* 8 1957 20.0 fixed 

Positive aeroallergen 

skin-prick test (SPT) result 

0.74 (0.50 to 1.09)* 4 870 0.0 

systolic blood pressure  -2.05 (-3.87 to -0.24) 11 628 10.0 CHI C 

2020[30] 

Probiotics 3-24 

weeks 

All RCTs hypertension 

patients 

probiotics 

vs placebo 

MD rando

m 

0.68 

diastolic blood pressure -1.26 (-2.51 to -0.00) 12 688 0.0 0.44 

BMI -1.03 (-1.28 to -0.79) 8 398 0.0 0.27 

Weight -1.54 (-4.83 to 1.75) kg* 5 NP 0.0 HADI A 2021 

[31] 

probiotics or 

synbiotics 

3-28 

weeks 

All RCTs adults with 

metabolic 

syndrome  

probiotics 

vs control 

group 

MD rando

m 

0.53 

BMI -0.06 (-0.56 to 0.44) kg/m2* 7 0.0 probiotics 

vs placebo 

0.31 

WC -1.33 (-3.30 to 0.64) cm* 6 28.9 0.92 

eczema 0.59 (0.45 to 0.78)  17 4011 69.0 SUN S Y 

2021[94] 

Probiotic started 

during pregnancy 

or within 12 

months of age 

NP All RCTs participants 

should be high 

risk, defined as 

at least one 

parent or older 

sibling of the 

enrolling infants 

who had 

doctor-diagnose

d allergic disease 

Vs. placebo OR rando

m 

NP 

atopic eczema 0.66 (0.48 to 0.91) 6 1193 8.0 

asthma 0.88 (0.69 to 1.10)* 12 3209 15.0 

rhinitis 0.83 (0.55 to 1.24)* 5 1214 42.0 

wheeze 0.82 (0.67 to 1.01)* 8 1922 0.0 

allergic disease 0.83 (0.58 to 1.17)* 5 1556 44.0 

sensation 0.99 (0.75 to 1.30)* 7 1174 10.0 

Self-assessed eczema 

symptoms on a 20-point 

visual analogue scale of 

itch and sleep disturbance 

(SCORAD part C 

-0.90 (-2.84 to 1.04)* 5 309 79.0 BOYLE R J 

2009[95] 

live orally 

ingested 

microorganisms, 

including bacteria, 

fungi or yeasts, 

ingested singly or 

in 

combination-orga

nisms were 

presumed to be 

live unless the 

authors specified 

NP All RCTs participants of 

any age with 

doctor-diagnose

d eczema 

Vs. control 

group 

received 

no 

treatment, 

placebo or 

another 

non-micro

bial 

interventio

n 

MD rando

m 

NP 

nvestigator-rated eczema 

severity (total SCORAD) at 

the end of treatment 

-2.46 (-7.45 to 2.53)* 7 588 76.0 



that they were 

killed 

Ventilator-associated 

pneumonia (VAP) 

Incidence 

0.67 (0.59 to 0.77) 20 2428 11.3 JI T 2020[67] probiotic  NP All RCTs adults who 

received 

mechanical 

ventilation (MV) 

therapy in 

hospitals 

Vs. control RR fixed 0.27

3 

length of ICU stay -1.42 (-2.52 to -0.31) 15 1895 90.7 WMD rando

m 

0.89

1 

length of hospital stay  -1.79 (-3.89 to -0.31) 8 1161 86.3 WMD NA 

mortality rates 0.83 (0.70 to 1.02)* 15 1959 0.0 RR 0.30

1 

days of MV -1.06 (-2.54 to 0.43)* 12 1563 96.9 WMD 0.55

8 

Days of using antibiotics -2.28 (-4.02 to -0.55) 5 664 72.7 NP 

the onset of VAP following 

intubation 

2.09 (-0.15 to 4.32)* 4 265 92.7 

incidence of bacteremia 0.51 (0.35 to 0.76) 6 688 39.8 RR Rando

m 

rate of multidrug resistant 

(MDR) infections 

0.64 (0.52 to 0.79) 9 1487 45.3 fixed 

Symptom scores -0.09 (-0.44 to 0.26)* 3 251 46.0 WANG F Y 

2021[96] 

probiotics or 

prebiotics 

NP All RCTs human Vs. placebo SMD rando

m 

NP 

Infection rate 0.80 (0.64 to 1.01)* 5 286 73.0 RR rando

m 

the number of subjects 

having at least 1 RTI 

episode 

0.89 (0.82 to 0.96) 17 4513 82.0 WANG Y Z 

2016[97] 

probiotic  5 days 

to 

2years 

All RCTs healthy children 

(from birth to 18 

years), who 

developed upper 

respiratory tract 

infections 

(URTIs) or lower 

respiratory tract 

infections 

(LRTIs) at some 

point during the 

study 

Vs. placebo RR rando

m 

NP 

the duration of RTI illness 

episodes 

-0.60 (-1.49 to 0.30)* 9 2817 88.0 MD rando

m 

the number of days of RTI 

illness 

-0.16 (-0.29 to -0.02) 6 2067 0.0 

the days absent from day 

care/school 

-0.94 (-1.72 to -0.15) 8 1499 87.0 

ΔPittsburgh Sleep Quality 

Index (PSQI) score 

0.78 (0.40 to 1.17)* 11 452 0.0 IRWIN C 

2020 [98] 

administered live 

bacteria 

(probiotics) or 

heat-inactivated/ki

lled probiotic 

bacteria 

NP randomiz

ed 

controlle

d trials or 

quasi-exp

erimental 

adults >18 years 

of age 

Vs. placebo MD rando

m 

NP 

sleep efficiency 0.02 (-1.21 to 1.24)* 6 453 0.0 change 

from 

MD 

sleep latency 0.69 (-1.36 to 0.51)* 7 467 0.0 MD 



score derived from other 

subjective ratings scales 

0.08 (-0.14 to 0.30)* 8 549 36.0 (paraprobiotics) as 

a daily oral 

supplement (e.g., 

capsules/tablets, 

fermented milk, 

yoghurt,powder 

sachets) 

(nonrand

omized 

controlle

d trials) 

baseline SMD 

EDSS scores -1.22 (-2.40 to -0.03) 3 173 92.0 JIANG J 

2021[99] 

probiotic  NP All RCTs Adult human 

participants with 

ages between 18 

and 55 with 

clinically 

definite 

relapsing-remitti

ng multiple 

sclerosis 

(RRMS), 

diagnosed 

according to 

McDonald 

criteria and an 

expanded 

disability status 

scale (EDSS) 

score ≤4.5 

probiotics 

vs. 

placebos 

SMD rando

m 

NP 

BDI total scores -1.58 (-3.03 to -0.12) 3 173 94.0 

GHQ scores -0.71 (-1.02 to -0.40) 3 173 0.0 

Physical Growth During 

the First Year of Life 

1.07 (0.14 to 1.99) g 4 436 0.0 RAO S 

2009[68] 

combination of 

prebiotics and 

probiotics vs 

controls 

NP All RCTs full-term 

neonates 

formula 

had 

different 

compositio

n vs. the 

control 

formula 

(apart from 

prebiotics) 

WMD fixed No 

serio

us 

bias 

Incidence of infections 

requiring antibiotic therapy 

0.68 (0.61 to 0.77) 3 1122 0.0 LOHNER S 

2014[69] 

prebiotics 

(prebiotics added 

to food in the 

manufacturing 

process or as a 

separate 

supplement) 

a 

supplem

entation 

time of 

at least 2 

months 

and an 

observat

ion time 

of at 

least 4 

months 

All RCTs healthy infants 

or children, aged 

0–18 years 

Vs. control 

(placebo or 

no 

supplemen

- 

tation) 

RR rando

m 

NP 



QoL, quality of life 0.06 (-0.14 to 0.25)  4 322 0.0 WILSON B 

2019[70] 

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 SMD rando

m 

No 

serio

us 

bias 

Effects on sepsis 0.64 (0.51 to 0.78) 11 1106 0.0 CHI C 

2019[71] 

prebiotics 7-57 

days 

All RCTs low birth weight 

infants (<2500 g) 

or preterm 

infants (<36 

weeks) 

vs. placebo RR rando

m 

0.80 

length of hospital stay -5.18 (-8.94 to -1.41) 8 733 83.0 0.08 

BMI -0.49 (-0.86 to -0.13) 4 NP 41.3 STACHOWS

KA E 

2020[100] 

treatment with 

prebiotic (soluble 

fiber or insoluble 

fiber) in the form 

of a supplement, 

e.g., pills, powder, 

etc. 

NP All RCTs patients with 

confirmed 

non-alcoholic 

steatohepatitis 

(NASH) 

Vs. control SMD rando

m 

0.83 

liver stiffness measurement 

(LSM) 

-0.70 (-1.00 to -0.40) kpa 4 235 93.4 SHARPTON 

S R 2019[101] 

interventions in 

any of the 

following 4 

categories: 

antibiotics, 

probiotics, 

synbiotics, or fecal 

microbiota 

transplantation  

NP All RCTs patients with 

nonalcoholic 

fatty liver 

disease 

(NAFLD) 

Vs. 

placebo, 

usual care, 

or no 

interventio

n in 

patients 

with 

NAFLD 

WMD rando

m 

NP 

improvement in hepatic 

steatosis, as graded by 

ultrasound 

2.40 (1.50 to 3.84) 6 384 22.4 OR 

SCORAD values at 8 weeks -6.56 (-11.43 to -1.68) 6 NP 77.1 CHANG Y 

2016[102] 

synbiotics NP All RCTs patients with 

atopic dermatitis 

(AD)  

Vs. control WMD rando

m 

NP 

Quality of Life -0.14(-0.45 to 0.17)* 3 159 0.0 ZHU H F 

2020[37] 

treated with 

microecological 

preparations 

(probiotics, 

prebiotics, 

synbiotics, or a 

combination of 

two preparations) 

15 days 

to 

6months 

All RCTs obese adults (age 

≥18 years) who 

had undergone 

bariatric surgery 

(a type of 

surgery was not 

restricted) 

Vs. placebo 

or 

convention

al 

treatment 

SMD fixed NP 

Excess Weight Loss 0.45 (-0.16 to 1.05)* 4 154 68.0 rando

m 

Infection Rates 0.46 (0.31 to 0.67) 11 913 43.0 KAHN J 

2020[103] 

pro-/synbiotics 

perioperatively  

NP Randomi

zed and 

non-rand

omized 

control 

studies 

Patients 

accepted liver 

resection (LR) or 

liver 

transplantation 

(LT). 

vs. controls RR rando

m 

NP 



the number of participants 

who experienced ≥1 

Respiratory Tract Infections 

(RTI) episode 

0.84 (0.73 to 0.96) 9 2845 43.8 CHAN C K Y 

2020[104] 

Synbiotics were all 

administered 

through oral 

ingestion and 

composed of ≥1 

probiotic bacterial 

strain plus ≥1 type 

of prebiotics in 

different forms, 

such as powdered 

milk, yogurt, or 

capsules 

7 days 

to 12 

months 

randomiz

ed 

controlle

d trials 

(RCTs) 

and 

placebo-c

ontrolled 

trials 

individuals of 

any age 

(including 

full-term infants) 

with no pretrial 

symptoms 

Vs. 

without 

Synbiotics  

Rate 

ratio 

rando

m 

0.20 

the proportion of 

participants experiencing 

RTIs 

0.84 (0.74 to 0.95) 7 7273 47.7 Risk 

ratio 

0.55 

the proportion of infants 

who had infections  

0.35 (0.19 to 0.67) 3 NP 0.0 SORENSEN 

K 2021[77] 

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 

OR fixed NP 

septic complications 0.42 (0.23 to 0.75) 5 NP NP Kinross JM 

2013[105] 

prebiotic,  NP All RCTs patients 

underwent 

abdominal 

surgery with the 

use of a prebi- 

otic, probiotic, or 

a synbiotic agent 

Vs. either 

received a 

placebo or 

received 

no 

therapy 

OR rando

m 

0.25 

0.25 (0.10 to 0.60) 9 synbiotic  0.08 

Postoperative Pneumonia 0.38 (0.07 to 2.03) 3 prebiotic,  NA 

0.89 (0.31 to 2.55) 7 synbiotic  0.14 

Wound Infection 0.73 (0.29 to 1.81) 3 prebiotic,  NA 

0.48 (0.19 to 1.20) 7 synbiotic  0.14 

Urinary Tract Infection 0.54 (0.03 to 10.73) 3 prebiotic,  NA 

0.29 (0.07 to1.16) 6 synbiotic  0.14 

Length of Hospital Stay -0.07(-0.55 to 0.42) 7 synbiotic WMD 0.15 

Length of Antibiotic -1.71(-3.2 to-0.21) 4 synbiotic 0.02 



Treatment 

Effect of probiotics on 

development of overt HE 

(week 4)  

0.22 (0.07 to 0.67)  3 95/191 0.0 CAO Q 2018 

[11] 

Probiotic 

treatment 

4-12 

weeks 

All RCTs Patients with 

Minimal hepatic 

encephalopathy 

(MHE) 

Probiotic 

treatment 

vs placebo 

or no 

treatment  

OR rando

m 

NP 

Effect of probiotics on 

development of overt HE 

(week 12) 

0.48 (0.21 to 1.12) * 3 104/205 0.0 

Improvement in Minimal 

hepatic encephalopathy 

(MHE) (week 12) 

0.15 (0.07 to 0.32)  3 104/205 0.0 

Spinal bone mineral 

density (BMD) 

0.65 (-0.18 to 1.47)* 4 NP 90.3 EJTAHED H 

2021[33] 

probiotic  NP clinical 

trial 

adults Vs. control 

diets 

SMD Rando

m 

No 

serio

us 

bias total hip bone mineral 

density (BMD) 

1.45 (-0.38 to 3.28)* 3 96.3 

              

              

              

              

Mortality              

All-cause mortality 0.58(0.23 to 1.44)* 7 404 0.0 DALAL R 

2017 [10] 

probiotics follow-

up: 2 

weeks to 

3 

months) 

randomis

ed 

clinical 

trials 

people with any 

grade of acute or 

chronic hepatic 

encephalopathy 

probiotics 

in any 

dosage vs. 

placebo or 

no 

interventio

n, or with 

any other 

treatment 

in people 

with 

hepatic 

encephalo

pathy. 

RR rando

m 

NP 

Effects of Probiotics on 

Mortality  

0.77 (0.65 to 0.92)  27 4117/8156 16.0 DERMYSHI E 

2017 [85] 

enteral 

administration of 

probiotics 

NP All RCTs very low birth 

weight 

(VLBW)(<1,500 

g) preterm (<34 

weeks 

gestational age) 

infants with 

enteral 

administration 

enteral 

administra

tion of 

probiotics 

vs. Control 

group 

RR  fixed 0.01

2 



of probiotics 

initiated within 

10 days 

Mortality (all-cause before 

hospital discharge) 

0.76 (0.65 to 0.89) 51 10170 0.0 SHARIF S 

2020 [106] 

any probiotic or 

probiotic 

combination for at 

least one week 

at least 

one 

week 

RCTs and 

quasi-

RCTs 

very preterm (< 

32 weeks' 

gestation) or 

very low birth 

weight (< 1500 g) 

infants 

any 

probiotic 

or 

probiotic 

combinatio

n vs. 

placebo or 

no 

treatment. 

RR fixed 0.11 

Mortality (all-cause before 

hospital discharge) 

0.91 (0.71 to 1.16)* 6 1661 0.0 extremely 

preterm (< 28 

weeks' gestation) 

or extremely low 

birth weight (< 

1000 g) infants 

NP 

mortality  0.58 (0.46 to 0.75) 14 1789/3583 4.5 YANG Y 2014 

[107] 

enteral 

administration of 

any probiotic 

started within the 

first 10 days of life 

at least 7 

days 

All RCTs preterm infants 

(without 

consideration of 

birth weight) 

probiotic 

vs. Placebo 

group 

RR fixed No 

obvi

ous 

bias 

The effect of probiotics in 

decreasing death rate  

 

0.69 (0.55 to 0.87) 27 4399/8717 36.2 JIANG T L 

2020 [108] 

probiotics NP All RCTs preterm infants < 

37 weeks and/or 

birth weight < 

2500 g  

Probiotics 

vs. control 

RR rando

m 

No 

obvi

ous 

bias 

0.52 (0.34 to 0.80) 12 1635/3175 42.7 mixed probiotics 

Incidence of death. 0.48 (0.36 to 0.64) 20 4286 0.0 LIU D P 

2020[109] 

administration of 

Lactobacillus for 

preventing 

NEC 

NP All RCTs neonates of 

gestational 

age < 37 weeks 

Lactobacill

us with 

placebo 

RR fixed No 

obvi

ous 

bias 

Incidence of death. 0.74 (0.60 to 0.92) 15 2579/5053 29.0 ZHU X L 

2019[110] 

bifidobacteria 

treatment for 

preventing 

NEC 

NP All RCTs neonates with 

gestational age 

(GA) < 37 weeks 

Bifidobacte

ria vs. 

control 

RR fixed NP 

Mortality 1.17 (0.54 to 2.57 )* 7 NP 20.4 SKONIECZN

A-ZYDECKA 

K 2018 [15] 

treatment with 

pro-/pre-/synbioti

cs 

Preoper

ation 

0-15 

days, 

postope

ration 

0-until 

discharg

e 

All RCTs surgical patients Probiotics 

vs. No 

probiotics 

SMD rando

m 

NP 

mortality 0.58 (0.36 to 0.94) 9 924 0.0 CHI C 

2019[71] 

prebiotics 7-57 

days 

All RCTs low birth weight 

infants (<2500 g) 

vs. placebo RR rando

m 

0.73 



or preterm 

infants (<36 

weeks) 

operative mortality 1.39 (0.57 to 3.44)* 5 NP NP Kinross JM 

2013[105] 

prebiotic NP All RCTs patients 

underwent 

abdominal 

surgery with the 

use of a 

prebiotic, 

probiotic, or a 

synbiotic agent 

Vs. either 

received a 

placebo or 

received 

no 

therapy 

WMD rando

m 

NA 

              

              

Neurological and 

psychiatric outcomes 

             

effect of probiotics on 

cognition 

0.24 (0.05 to 0.42)  7 NP 0.0 LV T 

2021[111] 

probiotics 

intervention (any 

dose, strain, or 

administration 

method)  

8-12 

weeks 

All RCTs adults age ≥18 

years 

probiotics 

interventio

n (any 

dose, 

strain, or 

administra

tion 

method) 

versus 

control  

SMD Rando

m 

NP 

cognitive function in 

individuals with 

Alzheimer’s disease 

0.56 (-0.06 to 1.18)* 3 82/161 73.0 KRÜGER J F 

2021[112] 

Probiotic or 

synbiotic, orally or 

enterally 

administered, 

with no restriction 

on strains, doses, 

and frequency and 

duration of 

administration, 

provided 

information was 

reported 

NP All RCTs individuals with 

dementia who 

underwent an 

intervention 

with probiotics 

or 

synbiotics 

probiotics 

or 

synbiotics 

interventio

n versus 

control or 

placebo 

group 

SMD Rando

m 

NP 

cognitive enhancement 0.37 (0.14 to 0.61)  5 154/297 24.0 DENG H Y 

2020 [9] 

Probiotic  12 

weeks 

All RCTs Adult human 

participants who 

had a diagnosis 

of AD or MCI 

(aged over 18 y) 

Probiotics 

versus 

placebo 

SMD fixed 0.54 

alleviating anxiety  -0.12 (-0.28 to 0.04)* 12 1551 51.0 LIU B 2018 

[113] 

probiotics 4-24 

weeks 

All RCTs Adult (≥ 18 y)  probiotics 

vs. placebo 

SMD rando

m 

0.13

9 



Preclinical psychological 

symptoms of anxiety, 

depression, and stress 

0.34 (0.07 to 0.61) 9 785 67.0 MCKEAN J 

2017[114] 

probiotics 21-56 

days 

All RCTs adult healthy 

volunteers 

(aged ≥ 18 years) 

probiotics 

vs. placebo 

SMD rando

m 

NP 

depressive symptoms -0.31 (-0.56 to -0.07) 19 1901 82.0 GOH K K 

2019 [115] 

probiotics 4-20 

weeks 

All RCTs general 

population or 

clinical 

population 

probiotics 

vs. placebo 

SMD rando

m 

No 

serio

us 

bias 

-0.75 (-1.09 to -0.41) 3 144 0.0 patients with 

major depressive 

disorder 

-0.26 (-0.70 to -0.17) 7 722 84.0 Other clinical 

diagnosis 

population  

-0.25 (-0.60 to 0.11)* 12 1035 82.0 Health 

population 

-0.01 (-0.30 to 0.27)* 11 1070 71.0 Single strain 

probiotics 

general 

population or 

clinical 

population -0.57 (-0.96 to -0.18) 13 831 85.0 multiple strain 

probiotics 

schizophrenia symptoms 

(total PANSS score)  

-0.09 (-0.38 to 0.20)* 3 172 0.0 NG Q X 

2019[116] 

probiotic NP All RCTs patients with at 

least moderately 

severe psychotic 

symptoms, aged 

18–65 years 

probiotics 

vs. Placebo 

SMD fixed NA 

Subjective stress level  -0.14 (-0.27 to -0.01) 6 1043 0.0 ZHANG N 

2020[117] 

Probiotics 30 days 

to 24 

weeks 

All RCTs participants 

were in a 

healthy state, 

without known 

major health 

problems 

probiotics 

vs placebo 

SMD fixed NA 

Stress-related subthreshold 

anxiety/depression level  

-0.13 (-0.26 to -0.00) 9 940 11.0 

Anxiety  -0.23 (-0.54 to 0.08)* 3 171 0.0 WILSON B 

2019[70] 

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 SMD rando

m 

No 

serio

us 

bias 

continuous anxiety 

outcomes 

-0.03(-0.21 to 0.14)* 5 617 12.0 COHEN 

KADOSH K 

2021[118] 

pro- or prebiotic 

administration 

(any form) 

8-84 

days 

Controlle

d trials 

Mean age in the 

range of 10–24 

years old 

vs. controls SMD  rando

m 

NP 



depression -0.08 (-0.30 to 0.15)* 5 NP NP Liu RT 

2019[119] 

prebiotic four 

hours to 

four 

weeks 

controlle

d clinical 

trial 

Patient with 

depression or 

anxiety 

Vs. placebo SMD rando

m 

NP 

anxiety 0.12 (-0.03 to 0.27)* 4 

depression -0.24 (-0.36 to -0.12) 23 48.2 probiotic eight 

days to 

45 

weeks 

0.08 

anxiety -0.10 (-0.19 to -0.01) 22 5.0 0.49 

              

              

Maternal and infant 

outcomes 

             

Occurrence of new cases of 

colic at study end, as 

defined by the Wessel 

criteria. 

0.46 (0.18 to 1.19 )* 3 571/1148 72.0 ONG T G 

2019 [120] 

any probiotic, 

alone or in 

combination with 

a prebiotic (also 

known as 

synbiotics) 

NP All RCTs newborn infants 

less than one 

month of age 

without the 

diagnosis of 

infantile colic 

any 

probiotic, 

alone or in 

combinatio

n with a 

prebiotic 

(also 

known as 

synbiotics), 

versus no 

interventio

n, another 

interventio

n(s) or 

placebo 

RR rando

m 

NA 

Adverse effects, including 

parental depression and 

mental illness, choking, 

bacterial infection or 

apparent life-

threatening/serious events 

(dichotomous outcome) 

1.02 (0.14 to 7.21 )* 6 ( only 

one 

trial 

got 

estimat

ed)  

1851( 1014) - 

Duration of crying -32.57 (-55.60 to -9.54 ) min 

per day 

3 355/707 93.0 MD 

-20.65 (-47.23 to -5.92 ) min 

per day 

2 345/687 89.0 term babies only 

Effects on Crying Duration -2.01 (-2.76 to -1.26 ) 12 NP 95.2 SKONIECZN

A-ŻYDECKA 

K 2020 [121] 

probiotics/synbioti

cs 

21-90 

days 

All RCTs An infant who is 

less than 5 

months of age 

when the 

symptoms start 

and finish 

newborns 

taking 

probiotics 

vs. 

placebos 

(controls) 

SMD rando

m 

0.00

21 

Response (The probability 

of at least a 50% reduction 

in crying duration) to 

Probiotic Intervention 

1.98 (1.50 to 2.62 ) 9 68.9 0.5 

mean cognitive  0.20 (-1.42 to 1.83)* 4 1388 0.0 UPADHYAY 

R P 2020 [122] 

probiotic and/or 

prebiotic 

supplementation  

NP All RCTs preterm infants 

(<37 weeks 

gestation and/or 

birth weight 

<1500 g) with 

intervention 

being probiotic 

and/or prebiotic 

supplementation 

probiotic 

vs. Control 

group 

WMD rando

m 

No 

serio

us 

bias 

motor scores in children 

under 5 years of age 

1.04 (-0.43 to 2.50)* 4 1388 0.0 

the risk of cognitive 

impairment 

0.98 (0.75 to 1.27)* 4 1388 0.0 RR 

the risk of motor 

impairment  

1.06 (0.79 to 1.42)* 4 1388 0.0 



the risk of 

neurodevelopment 

impairment (NDI)  

0.90 (0.75 to 1.09)* 5 1637 9.9 

the risk of cerebral palsy  1.33 (0.84 to 2.11)* 4 1388 0.0 

the risk of hearing 

impairment  

0.38 (0.14 to 1.07)* 3 1139 37.5 

Necrotising enterocolitis 

(before hospital discharge) 

0.54 (0.45 to 0.65) 54 10604 17.0 SHARIF S 

2020 [106] 

any probiotic or 

probiotic 

combination for at 

least one week 

at least 

one 

week 

RCTs and 

quasi-

RCTs 

very preterm (< 

32 weeks' 

gestation) or 

very low birth 

weight (< 1500 g) 

infants 

any 

probiotic 

or 

probiotic 

combinatio

n vs. 

placebo or 

no 

treatment. 

RR fixed 0.04 

Invasive infection (before 

hospital discharge) 

0.89 (0.82 to 0.97) 47 9762 19.0 0.86 

Duration of birth 

hospitalisation 

-1.93 (-3.78 to -0.08) days 22 5458 26.0 MD No 

serio

us 

bias 

neurodevelopmental 

impairment  

1.03 (0.84 to 1.26)* 5 1518 0.0 RR NP 

Cerebral palsy 1.13 (0.74 to 1.72)* 5 1512 18.0 

Visual impairment 0.50 (0.14 to 1.80)* 4 1356 0.0 

Hearing impairment 0.46 (0.18 to 1.17)* 4 1356 32.0 

Necrotising enterocolitis 

(before hospital discharge) 

0.90 (0.68 to 1.21)* 8 1712 0.0 extremely 

preterm (< 28 

weeks' gestation) 

or extremely low 

birth weight (< 

1000 g) infants 

Invasive infection (before 

hospital discharge) 

0.90 (0.76 to 1.06)* 6 1471 0.0 

Effect of probiotics on Stage 

I or higher necrotizing 

enterocolitis (NEC) (Bell 

stage ≥I; gestational age <37 

weeks) 

0.35 (0.27 to 0.44)  27 3298/6655 0.0 YANG Y 2014 

[107] 

enteral 

administration of 

any probiotic 

started within the 

first 10 days of life 

at least 7 

days 

All RCTs preterm infants 

(without 

consideration of 

birth weight) 

probiotic 

vs. Placebo 

group 

RR fixed No 

obvi

ous 

bias 

the effect of probiotics on 

Stage II or higher NEC(Bell 

Stage ≥II; gestational age 

<37 weeks)  

0.34 (0.25 to 0.48)  17 2042/4198 0.0 

the influence on NEC in 

early preterm infants (Bell 

Stage ≥I; gestational age <34 

weeks) 

0.39 (0.27 to 0.56) 12 1266/2495 0.0 

culture-positive sepsis 0.94 (0.83 to 1.06)* 17 1950/4043 24.2 



age reaching full feeds -1.66 (-3.60 to 0.27)* 9 821/1621 89.9 WMD rando

m 

The effect of probiotics in 

preventing stage II-III 

severe NEC  

0.51 (0.38 to 0.67)  27 4491/8901 28.4 JIANG T L 

2020 [108] 

probiotics NP All RCTs preterm infants < 

37 weeks and/or 

birth weight < 

2500 g  

Probiotics 

vs. control 

RR rando

m 

No 

obvi

ous 

bias 

0.39 (0.26 to 0.57) 11 1590/3083 0.0 mixed probiotics 

The effect of probiotics in 

decreasing death rate  

0.69 (0.55 to 0.87) 27 4399/8717 36.2 probiotics 

0.52 (0.34 to 0.80) 12 1635/3175 42.7 mixed probiotics 

incidence of 

Hirschsprung-associated 

entero-colitis (HAEC) 

0.72 (0.37 to 1.39)* 5 93/198 37.0 NAKAMUR

A H 2018 [73] 

probiotics NP NP premature 

infants 

Probiotics 

vs. control 

OR fixed NP 

Incidence of Bell stage ≥ II 

NEC 

0.34 (0.25 to 0.46) 23 2359/4686 0.0 LIU D P 

2020[109] 

administration of 

Lactobacillus for 

preventing 

NEC 

NP All RCTs neonates of 

gestational 

age < 37 weeks 

Lactobacill

us with 

placebo 

RR fixed No 

obvi

ous 

bias Incidence of sepsis  0.90 (0.72 to 1.12)* 10 2129 41.0 rando

m 

Incidence of death. 0.48 (0.36 to 0.64) 20 4286 0.0 fixed 

Incidence of NEC Stage ≥ II 

(Bell staging criteria) 

0.38 (0.25to 0.58) 20 2836/5568 43.0 ZHU X L 

2019[110] 

bifidobacteria 

treatment for 

preventing 

NEC 

NP All RCTs neonates with 

gestational age 

(GA) < 37 weeks 

Bifidobacte

ria vs. 

control 

RR rando

m 

NP 

Incidence of sepsis  0.87 (0.73 to 1.03)* 17 2075/4034 43.0 

Incidence of death. 0.74 (0.60 to 0.92) 15 2579/5053 29.0 fixed 

infant crying/distress, 

measured as duration or 

the number of episodes 

-65.10 (-85.85 to -44.38)  3 209 55.0 SUNG V 2013 

[123] 

probiotics NP All RCTs infants who 

were younger 

than 3 months 

oral 

probiotic 

supplemen

tation vs. 

placebo or 

standard 

care or no 

care 

 

Media

n 

Differe

nce 

Rando

m 

NP 

-67.72 (-99.79 to -35.64) 3 209 70.0  Mean 

Differe

nce 

Preterm birth < 37 weeks' 

gestation 

0.92(0.32 to 2.67)* 4 518 14.0 GREV J 2018 

[124] 

Before delivery 

(probiotics given 

only prior to 

delivery) 

NP All RCTs pregnant women probiotics 

administer

ed to 

pregnant 

women (< 

36 weeks' 

gestation) 

versus 

placebo or 

no 

interventio

n 

RR fixed NP 

Newborn Birth Weight* -10.27 (-90.17 to 69.63)* 7 1093 34.0 WANG C C probiotic or NP All RCTs Pregnant women probiotic SMD rando 0.60 



2020[125] synbiotic (> 18 years) with 

body mass index 

(BMI) ≥ 25 

kg/m2 or 

diagnosed as 

having GDM, 

gestational age < 

34 weeks 

or 

synbiotic 

vs. placebo 

m 

fasting blood glucose  -0.11 (-0.16 to -0.05)mmol/L 10 1139 71.0 HAN M M 

2019 [126] 

probiotic NP All RCTs pregnant 

women >18 

years-of-age 

with or without 

gestational 

diabetes mellitus 

(GDM) 

probiotic 

vs. placebo 

MD rando

m 

No 

obvi

ous 

bias 

serum insulin -2.06 (-2.98 to -1.15)µU/mL 8 340/682 77.0 

(HOMA-IR) -0.38 (-0.54 to -0.21)µU/mL 8 340/682 64.0 

QUICKI 0.01 (0.00 to 0.03) 4 165/327 85.0 

total cholesterol -0.56 (-1.07 to -0.05) 6 579 89.0 SMD 

triglycerides -0.66 (-1.28 to -0.04)  6 579 92.0 

HDL-C -0.13 (-0.34 to 0.07)* 6 579 33.0 

LDL-C -0.45 (-0.97 to 0.06)* 6 579 89.0 

Diagnosis of gestational 

diabetes mellitus 

0.80 (0.54 to 1.20)* 6 1440 64.0 DAVIDSON S 

2021[127] 

probiotics NP All RCTs pregnant women 

not previously 

diagnosed with 

diabetes mellitus 

Probiotics 

vs. placebo 

RR rando

m 

NP 

Hypertensive disorders of 

pregnancy (including 

pre-eclampsia, 

pregnancy-induced 

hypertension and 

eclampsia) 

1.39 (0.96 to 2.01)* 4 955 0.0 

pre-eclampsia 1.85 (1.04 to 3.29)* 4 955 0.0 

Caesarean section 1.00 (0.86 to 1.17)* 6 1520 0.0 

Large-for-gestational age 0.99 (0.72 to 1.36)* 4 919 0.0 

Perinatal mortality 

(including stillbirth and 

neonatal death) 

0.33 (0.01 to 8.02)* 3 709 0.0 

Maternal weight gain 

during pregnancy 

0.30 (-0.67 to 1.26) kg* 4 853 40.0 MD 

Maternal fasting plasma 

glucose 

-0.14 (-0.12 to 0.05) 

mmol/L* 

7 1519 69.0 

Maternal plasma glucose at 

one hour of a 75 g oral 

glucose tolerance test 

-0.07 (-0.27 to 0.13) 

mmol/L* 

4 1110 0.0 



(OGTT) 

Maternal plasma glucose at 

two hours of a 75 g OGTT 

0.02 (-0.13 to 0.18) mmol/L* 4 1186 0.0 

Infant Stillbirth 0.59 (0.14 to 2.46)* 5 1128 0.0 RR 

Preterm birth (less than 37 

weeks' gestation and less 

than 32 weeks' gestation) 

1.36 (0.82 to 2.01)* 6 1484 0.0 

Infant Macrosomia 1.13 (0.86 to 1.48)* 3 952 20.0 

Small-for-gestational age 0.51 (0.30 to 0.85)* 3 814 0.0 

Birthweight 26.87 (-49.52 to 103.26) g* 6 1524 42.0 MD 

Infant Head circumference -0.04 (-0.27 to 0.18) cm* 3 789 21.0 

Infant Length 0.02 (-0.54 to 0.59) cm* 3 786 59.0 

fasting plasma glucose -3.10 (-5.11 to -1.09) mg / dL 9 594 72.0 HASAIN Z 

2021[128] 

probiotics 

supplementation 

after GDM 

diagnosis, 

regardless of 

gestational age, 

for at least a 

4-week duration 

at least 

4-week 

All RCTs adult pregnant 

women 

regardless of 

weight status 

(normal, 

overweight, or 

obese) 

diagnosed with 

GDM according 

to oral glucose 

tolerance test 

and were not on 

any 

hypoglycemic 

agents 

probiotics 

vs. placebo 

MD rando

m 

NP 

insulin -2.17 (-3.55 to -0.79) 

µIU/mL 

7 450 72.0 

HOMA, homeostasis model 

assessment index 

-0.56 (-0.86 to -0.26) 7 450 64.0 

QUICKI, quantitative 

insulin sensitivity check 

index 

0.01 (0.00 to 0.01) 4 221 60.0 

total cholesterol level -3.60 (-16.26 to 9.07) mg/dL 4 265 39.0 

high-density lipoprotein 

cholesterol 

-1.25 (-5.48 to 2.99) mg/dL 4 265 59.0 

low-density lipoprotein 

cholesterol level 

-6.36 (-14.89 to 2.16) mg/dL 4 265 0.0 

triglycerides levels  -10.40 (-24.68 to 3.89)mg/dL 4 265 0.0 

high-sensitivity C-reactive 

protein (hs-CRP) 

-1.37 (-1.94 to -0.81) mg/L 4 275 24.0 

nitric oxide (NO) 2.42 (0.80 to 4.04) µmol/L 3 165 0.0 

malondialdehyde (MDA)  -0.77 (-0.99 to -0.56) µmol/L 4 221 0.0 

glutathione (GSH) 13.73 (-35.84 to 63.31) 

µmol/L 

3 165 48.0 

total antioxidant capacity 

(TAC) 

93.46 (-7.31 to 194.22) 

mmol/L 

3 165 78.0 



incidence of pre-eclampsia 0.89 (0.32 to 2.46) 3 217 0.0 probiotics 

vs. control 

OR 

gestational age at delivery 0.04 (-0.30 to 0.38) week 4 301 0.0 probiotics 

vs. placebo 

MD 

the likelihood of cesarean 

delivery  

0.66 (0.34 to 1.29)* 4 301 39.0 OR 

macrosomia 0.42 (0.19 to 0.94) 5 361 12.0 

newborns’ hospitalization 0.37 (0.18 to 0.74) 4 301 6.0 

babies with hypoglycemia 

at birth 

0.68 (0.28 to 1.64)* 3 174 0.0 probiotics 

vs. control 

Infant Eczema 0.60 (0.47 to 0.78) 10 2093 67.0 SUN M 

2021[129] 

a mixture of 

Lactobacillus and 

Bifidobacterium 

0.5-2 

years 

All RCTs healthy or 

pregnant women 

and infants 

under three 

years old with a 

family history of 

atopic disease 

Vs. placebo 

interventio

n, and no 

other 

probiotic 

interventio

ns or no 

interventio

n 

RR rando

m 

NP 

Occurrence of Adverse 

Events 

1.09 (0.83 to 1.44)* 6 1309 0.0 

the risk of eczema in 

children 

0.90 (0.67 to 1.21)* 5 778 45.0 Szajewska H 

2018[130] 

Lactobacillus 

rhamnosus GG 

regardless of the 

timing of LGG 

administration 

NP All RCTs healthy (1) 

pregnant women 

at high risk for 

having an 

allergic child; (2) 

breastfeeding 

mothers of 

infants at high 

risk of 

developing 

allergy; or (3) 

healthy term 

infants at high 

risk of 

developing 

allergy 

vs. placebo 

or no 

interventio

n 

RR rando

m 

NA 

              

Side effects              

Incidence of adverse events 0.83 (0.71 to 0.97)  32 4329/8305 49.0 GOLDENBE

RG J Z 

2017[38] 

probiotics NP All RCTs participants 

taking 

antibiotics 

any versus 

none 

RR rando

m 

No 

serio

us 

bias 

Adverse Events 0.97 (0.86 to 1.09)* 15 6431 NP SHEN N T 

2017[40] 

probiotics NP All RCTs Hospitalized 

adults (18 years 

or older) 

any versus 

none 

RR rando

m 

NP 



receiving 

antibiotic 

therapy 

(intravenous, 

oral, or both) for 

any reason  

Incidence of Adverse 

Events 

0.82(0.65 to 1.05)* 17 166/1783 18.0 JOHNSTON 

B C 2012[41] 

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 

serio

us 

bias 

the side effects observed in 

EcN treatment. 

1.44(0.80 to 2.59)* 6 719 48.0 LOSURDO G 

2015[46] 

Escherichia coli 

Nissle ( EcN) 1917  

NP All RCTs Patients with UC  EcN versus 

standard of 

care 

(mesalazin

e or 

ciprofloxac

in)  

Regimen 

or placebo 

OR Rando

m  

No 

serio

us 

bias 

 

Adverse events 0.00 (-0.01 to 0.01)* 24 4415 75.0 GUO Q 2019 

[50] 

specific, identified 

probiotic in any 

form (e.g. capsule, 

sachet, yogurt). 

Trials 

investigating non-

specific probiotic 

or yogurt agents 

(e.g. products that 

do not label the 

probiotic strain 

and dose) were 

not considered 

5 days 

to 4 

weeks 

All RCTs children (0 to 18 

years) receiving 

antibiotics 

Probiotic 

Versus 

Control 

RD(R

D: 

Risk 

differe

nce) 

Rando

m 

No 

serio

us 

bias 

Incidence of Adverse 

Events 

0.00 (-0.02 to 0.02)* 7 1183/2363 66.0 BLAABJERG 

S 2017[52] 

Probiotics NA All RCTs outpatients 

taking oral 

antibiotics 

probiotics 

vs. Placebo 

or no 

treatment 

RD 

(risk 

differe

nce)  

rando

m 

NP 

Adverse events - Overt 

hepatic encephalopathy 

0.29(0.16 to 0.51)* 10 585 0.0 DALAL R 

2017 [10] 

probiotics follow-

up: 2 

weeks to 

3 

months 

randomis

ed 

clinical 

trials 

people with any 

grade of acute or 

chronic hepatic 

encephalopathy 

probiotics 

in any 

dosage vs. 

placebo or 

no 

interventio

n, or with 

any other 

treatment 

in people 

RR rando

m 

NP 

Adverse events - Change 

of/or withdrawal from 

treatment 

0.70(0.46 to 1.07)* 9 551 11.0 follow-

up: 1 

month 

to 3 



months with 

hepatic 

encephalo

pathy. 

any adverse event  1.09 (0.91 to 1.29)* 36 4183 36.0 FORD A C 

2018[56] 

probiotics Minimu

m 

treatme

nt 

duration 

of 7 

days 

Minimu

m 

follow-

up 

duration 

of 7 

days 

All RCTs Adults 

(participants 

aged >16 years) 

probiotics 

vs. Control 

group 

RR rando

m 

0.08 

Adverse events in active 

UC 

1.21 (0.64 to 2.27)* 6 281/507 - DERWA Y 

2017 [54] 

probiotics NP All RCTs Adults (>90% of 

patients 

aged >16 years) 

with 

inflammatory 

bowel disease 

probiotics 

vs. placebo 

RR rando

m 

NA 

Adverse events in quiescent 

UC 

1.09 (0.71 to 1.67)* 3 277/555 - Probiotics 

vs. 5-ASA 

Adverse events in CD in 

remission following a 

surgical resection 

0.81 (0.61 tp 1.08)* 3 129/263 - probiotics 

vs. placebo 

the incidence of adverse 

effect 

0.80 (0.43 to 1.50)* 10 762 0.0 YEH T L 

2018[91] 

probiotics or 

prebiotics 

NP Control 

trials 

adults probiotics 

or 

prebiotics 

vs. placebo 

OR rando

m 

No 

serio

us 

bias 

Number of adverse events, 

dichotomous outcome 

-0.00 (-0.03 to 0.03)* 6 279 0.0 SEILER C L 

2020[75] 

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 

Adverse events  0.77 (0.47 to 1.26)* 4 355 0.0 WILSON B 

2019[70] 

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 

serio

us 

bias 



* 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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