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Abstract

Probiotics have gained increasing clinical attention as adjunctive treatment for lower
gastrointestinal disorders. However, evidence supporting their therapeutic efficacy
remains limited, particularly with regard to sex-related differences. This expert review
provides evidence-based insights and practical recommendations for the use of probiotics
in patients with irritable bowel syndrome (IBS), functional constipation (FC), and
Clostridioides difficile infection (CDI), considering possible sex-related differences.
Evidence from randomized controlled trials and meta-analyses indicates that probiotics
can modestly improve global symptoms, abdominal pain, and bloating in IBS and enhance
bowel movement frequency and stool consistency in FC. However, these effects are
strain-specific and heterogeneous. Although clinical studies on probiotics in IBS have not
confirmed significant sex-related differences, experimental animal studies using
stress-induced IBS models have demonstrated sex-dependent responses to specific
probiotic strains, supporting the biological plausibility of such differences. For CDI, the
efficacy of probiotics in preventing primary or recurrent infections remains inconsistent
across large trials, and current guidelines usually do not recommend their routine use.
Sex- and age-related immunological differences may also be relevant to the clinical
course of CDI. Probiotics are generally considered safe for healthy individuals, although
caution is advised in patients who are immunocompromised or critically ill. Clinicians
should select probiotic products based on strain-specific clinical evidence, adequate
viable doses, patient's characteristics; however, current clinical evidence remains
insufficient to guide probiotic selection by sex, and evidence for sex-related differences
is largely derived from preclinical studies. In conclusion, probiotics might play a role as
adjunctive therapy for IBS and FC, with variability in responses influenced by microbial,
host, and potential sex-related factors. Further research is needed to establish optimized
personalized probiotic strategies.
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EALE IHAAE S irritable bowel syndrome, 1BS)Z 7|5
4] ¥H|(functional constipation, FC)2} Z-2 s} A=t Hs}
of &3] AREAN, ZRAEZHRoHA tuiz]
(Clostridioides difficile infection, CDDOA9] ofifa <gkof
o34 ofds] =gto] @2 ZHo] QItHChoi er al, 2025; Ford
et al, 2014; Williams er al, 2010). T3t 7]&0] ofg] HefEy
o&= Bt IBS, FC, Ea= CDIOIA 34 91| A 7H4st
7] 913 283 mEHPo| YA . &7, Fof 7|7 5ol Hisf
et E5A/do] Holglo] 71 AlFS 4= Qla e E T
] =& TAE O E Ak Q)F 1] 9. ol=gt A+
= APol] A3t Aol Alo)iE FESHA aRI]l Ao ol2+=
AR 8 219] JolA 710 & Utk 1BSe}F FCx= o/de
Al o EstA LAk, FrdEe] AE Aot & 4B A
1S o, ZRHo| YA A Eold A& adE Yehd 7}
57301 3itt. 2 Eo] Ed] WSS B3l lviErl o
T2 Rt A2 dEA dtkMarkle er al, 2013). E3H
AEEAN tEEA BF FUnBETol s FIkS =,
E3] §77] o431 i FAollA B-glucuronidase B4 HIBE
o] 9J3t 2-o] FEHAHKim, 2024). © Yo7} AE 2loje}
AUeE 4, WY Aedd, WS ddsks s e
2 B3l 71380] AAEL JtHKim er al, 2020; Kim,
2024; Markle et al, 2013). 131 ZZ2H}O]|QEIAQ] §50] A
ol w2t tREA| o] et Ate A9 gl Aotk o] =zollA
= Z2HPO|QEIAL] KAl JdS Qokstal, shE-ePdTae Skt
oxe] ARE ZAE A T Aol 2E Yol stz
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o] F4Z IBS, FC, CDIo|| thgt ZEH[o] QEJAL] 4]
o] oA QoFsla sfMctiAl FYPEA. A M

Hlo]QEIA T  HAol:=  Probiotics, Saccharomyces,
Lactobacillus, Bifidobacterium™ A H4] goj5 %3k
of FAJoteitt. 1BSY A%, 2023l HiH s Ao T3t
AN AAR FRIEE A vEREAeE AAsIelt
(Goodoory er al., 2023). 3§ HleR=2Alol Z3kH 8249 A
AES JNEFeE  HESICn, 37 ©lo|HHo] oA
"irritable bowel syndrome' ¥+ "IBS'E AMolE %35l
2023 1¥95H 20254 49704 A2 g1 A48 R A

<’fw%
AsHeITh FCofl gt Z=Hlo| €A gatE HESE| 95| 2000
W 195E 20259 497FA] "functional constipation’,
"constipation’, ¥ "FC'E 23] A AMES =33}, CDIO
st Zaulo] 9 EAY] A9 BAMGH| YSiAL St AM A
S AR8sto] 20009 1€5E 20254 8¥ Atoof] HaE A+
£ Moot CDI I FMololl= "Clostridium difficile
infection", "pseudomembranous colitis" & "CDI'E Z3FA
o} AA g2 Gol= Ik =Ro Aot FAeH A
U= YA = FE xR Al¥lrandomized controlled trial,
RCT] ¥ ¥ ), HehtAd S 23t 34 =& 9 9 284
2 ZFoIoT) vH, S8 B 9 A BEAdo] W2 e
AQlsttt. E3h F8 #3319
(manual screening)ste] F712Ql =Ex 3HHSIGIL) o] =E2
AAA Feago] opd Aed FHolng, F T A8 A

3

%\
g/

& AR A, A HHER AA4, TEHo|QEA] 4
9 Zjo] BIE ofdfoh= Hl 7|ojsk= AEE AAREe] 4FoR
o WA= FF A7t AsHAY ==to] = B9, I Y
£ S84 0E bFoth A4E A+ § JyE AnE ErE B
I5HAY /g Bold SHlEAE ATt s HER ERTE
Stal, 7heT Y BT S¥E A=kt A T
olgst] WFRI uY
(random-effects mode)2& £85It o2y ZAil=
Mantel-Haenszel HO & &H|(risk ratio)s, &3 e J&
AHinverse-variance) HOE HFAZ AE3]0H, oAAL 2
EAFo 2 H71519KFig. 1~Fig. 3). & =%9] Fig. 1~Fig. 4 4
Table 1~Table 32 ¥ =% (Kim YS 5, / Neurogastroentero!
Motil 2026;32:198-216)°114 A{1-&3t AHolck

review  manager(RevMan)S

2 1

WNEHESH XM HUDYE St
OZHI0|QEAL| UMM 2

BS= &9 7kt 7144 st A3t glo] B8} vy ol
Sache S% - S AofotKdisorders  of
brain-gut interaction, DGBI) (Choi et a/, 2025). IBSY A
AA FHES 11.2%2 85, THES 1.35%14 1.5% A
olo]tiMearin er al, 2016). IBS= E3] o] W E {HE A}
0|5 Holu FAHT} ojXofM(Lovell and Ford, 2012), 1183
Hr} g2 ZoA t Eo1A yeRdthLovell and Ford, 2012).
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IBS9] Hejel= ok KA o =yt ofsfi=|al 3l om(Holtmann
et al,, 2016), A%9] F71HQl AA HHE HIK|7|= AR
P5H N2 oby gitt. T3 A< A7t 71E A5 gk
o gAY A= Ade] TESHA] Edtthjohanson and
Kralstein, 2007; Olafsdottir er al,, 2012). AAIE ojg] 7}
FOIAE FuFES] o]io] IBSY A 7]7of o] Hoisl=
Aoz IHAHA(Attaluri er al, 2010; Kassinen et al,
2007), AHrET 2do] Y AgHos Bt
LZHo|QE A= IBS S|4 FHYSHA AFESleH, 4
A5} Bik= 2 A AIEY HEREAS B JERE G
(Dale et al,, 2019; Goodoory et al., 2023; Lacy et al, 2021;
Moayyedi er al, 2010; Vasant er a/, 2021). H]Z 7|32 &
5] FHEA] Lok, TfRHAHshort chain fatty acid, SCFA)
37h A5 ARIEZIRI 7Ha, A 7)s TR 22 A Hiol
ue KA BA A surrogates)ofl EXSHAIRE, TRHO] QB
= IBS 34 ¥l 20| & 4 JHCremon er al, 2018;
Laterza et al, 2025; Parkes et al, 2010).

2023\ Goodoory 5°] A3t HERE oA = B IBS oF S}
o] mZHlo]QE|IA] §55 It Goodoory er al, 2023).
o] FAojli= ZgHo| QYA Fojt 173373} TR 1,6308= £
SRE 31719] RCT7F 2=t HleRtA] 23, &2 old/dol= &
TokaL AHEARl SRR = 0.78; 95% CI, 0.71-0.87), B5(RR =
0.72: 95% CI, 0.64-0.82), &% WUARR = 0.75; 95% CI,
0.64-0.88)0llA1 o]0l U2 7Fs/d= AT

Ty #E B3ke IA 9RAL, ZRHO|QHA] E 85,
A& 717k, B7t A3 SolA AT 7 ool HTt. Escherichia
E(spp.)Z A9EARIl 34 7HAe] Qo] Sk Al SAE
BTk L plantarum 299V (Ducrotte et al,, 2012; Niedzielin
et al, 2001; Nobaek er al, 2000; Simren er al, 2006;
Stevenson et al, 20145 XSt Lactobacillus TFEE
Bifidobacterium #5553 TRPVIAZ W2 AFTE HY oL, B
infantis 35624= BX 8FolA LR LR
(Ringel-Kulka et a/, 2017; Whorwell er al, 2006). &3} 45
9 Bacillus 4 E3 F2 AFEE HYoL, IR 232 Ajkd
9] AN 7hsE BAT Saccharomyces, 3] S
cerevisiae 1-38560 A £ 7HA0f| lo] B2 41| =o] AL A
o] AT EZH IBS ofgol| wheh AnE BARE ke v Algt
Ao, thEE9] HEHEA2 o 24 glo] Axg Hursiyltt
(Dale et al, 2019; Goodoory et al,, 2023). ZH o= o|Zst
A2 S5t ol dut 5= Bold = 5] iAol o7t
s, ol AAY W X=AKoA 1 ofgol WE HLL

=1 O
85=
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7} 9= Q9lo] FA Ut Choi er al, 2025; Lacy et al., 2021;
Markowiak-Kopec and Slizewska, 2020; Vasant er al, 2021).
ZH [BS Aol ZEHPO|QEIAY] A5 AJHd e A& ¥
39] AJoo] #H o7 HistUtTable 1) (Chang er al, 2024;
Enck er al, 2008; Enck et al, 2009; Ludidi er al, 2014;
Mack et al, 2022; Preston er al, 2018; Quigley et al,
2023). HZEZ o7 379 A Enck er al, 2008; Mack et al,
2022; Quigley er al, 2023)7} HEREAo| Adotom, 1 Av}t
+ Fig. 190 AAISISIEE. 24 23} o /g [BS SAollA] Z2Hlo]Q
gA0 N7 337t B FS6kA Ueon, o= T Mullish
Y E thE ¢tof] sl ST UtKMullish er al, 2024). ©]
ATollits o/ BEpellA IBS B4 47t RelokAl Ao,
v &3 714 BEo] ERL 92 9 IBS ¥ B0l TAaE
o ey A 7] SAA foldolls mEehA Zolqith HEe
Ao e F T ool SATH SHY OF A B3 Bk
Stk o]t 272 K5 IBS A g0] Qlo] ZEHlo|QElA F
59 JE Eol4 Alolof gt Ao RS AARITH

Tis4 HH| SRS FUTNYS ST D208
AgE SEsls ANE I

FC 3exs FUvdE  Ed3ol IEHD, o
Bifidobacterium spp., Lactobacillus spp., Prevotella spp. 2
REEA A Hgenera)?]  FAot
Ruminococcus spp., Akkermansia, Clostridium spp.9] 7}
£ Eo7 tHLi et al, 2023; Tian et al, 2020). Hu|9] &
Fol wet AU 23 vlE 0] thE 4 1oy, gEbAoR
FC SHAloflt= frolet 2t 3 RE| 24 Adete] S5} 45t
= S, wE B8 Tk STk S ERItKSekirov er al,
2010). §Fd A9HAQ] vE TS Attt GAIsHA] =],
o= IBSHY A5 AS 22 HE TSl HdFFH e
& ol Aas= Adke tdixAoltiHuang er al, 2018).
I ZHP] QB A= Ao Fa S 53] SCFAS AJ4J5HH, SCFA

= AEY gut2 g Z7HA7] 1 A4173 A (enteric nervous

Coprococcus,

o
Jo
ne 0

olN

system, ENSE Aol 95252 ZASHChen er al,
2024). E3] SCFA % F-E]2ARS Aol LA (integrity)S -
O_O

Aokl Alatd Wsd 2 A9 WAsH, & 54 AsE
AAAZIHZhuang et al, 2019). AR LubHog
JEt} ool B Aa(Barberio e al, 2021), %4 HH] E
St Ao AlA o HIdeHA HaHch wg A4 oY= A
TREE AP #H] AN FoeHA o =1, He |4
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A Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl Year M-H, random, 95% CI
2.1.1 Female
Enck 2009 61 72 73 75 24.1% 0.87[0.78, 0.97] 2009 — =
Mack 2022 108 131 117 134  25.3% 0.94 [0.85, 1.05] 2022 —=
Quigley 2023 91 123 115 138 16.7% 0.89[0.78, 1.01] 2023 —=
Subtotal (95% Cl) 326 347  66.1% 0.90[0.85, 0.96] <&
Total events 260 305
Heterogeneity: Tau’=0.00; Chi’=1.28, df=2 (p=0.53); [’=0%
Test for overall effect: Z=3.15 (p=0.002)
2.1.2 Male
Enck 2009 59 76 70 75 15.3% 0.83[0.73, 0.95] 2009 e
Mack 2022 47 56 53 63 11.5% 1.00[0.85, 1.17] 2022 —_—
Quigley 2023 38 47 36 45 7.1% 1.01[0.83, 1.24] 2023 _—
Subtotal (95% Cl) 179 183  33.9% 0.93[0.82, 1.06] <
Total events 144 159
Heterogeneity: Tau’=0.01; Chi’=4.02, df=2 (p=0.13); I’=50%
Test for overall effect: Z=1.04 (p=0.30)
Total (95% ClI) 505 530 100.0% 0.911[0.86, 0.96] <>
Total events 404 464
Heterogeneity: Tau’=0.00; Chi’=5.42, df=5 (p=0.37); ’=8% [ = = |
Test for overall effect: Z=3.42 (p=0.0006) 05 07 1 15 2
Test for subgroup differences: Chi’=0.18, df=1 (p=0.67); I’=0% Favours Favours
probiotics control
B i )
Male Female Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Enck 2009 59 76 61 72 41.2% 0.63 [0.27, 1.45] ——
Mack 2022 47 56 105 128 30.2% 1.14 [0.49, 2.66] ——
Quigley 2023 38 47 94 127 28.6% 1.48 [0.65, 3.39] —1—
Total (95% ClI) 179 327  100.0% 1.03 [0.64, 1.65]
Total events ) 144 ) 260 . . T . )
Heterogeneity: Chi'=2.16, df=2 (p=0.34); I'=7% - : . y :
Test for overall effect: Z=0.11 (p=0.91) Q1 0.1 1 10 1080
Favours Favours
male female

Fig.1. Meta-analysis of studies reporting sex differences in the efficacy of probiotics in irritable bowel syndrome. (A) total population.
(B) according to sex (in probiotics group). Cl, confidence interval; M-H, Mantel-Haenszel; df, degrees of freedom.

=

9] HFY $5Z Aolele] deis SE AAARIT
(Attaluri er al, 2010; Ghoshal et al, 2011). Y Z=Z2H}o]Q
A AURBE S SEAIL e BEd Aes A4
A F Qe o]EEt 7|HE2 ZRHto] QE AT o] TERIoA
o & A& 835 Yefles 2A7 He o= Helth

nZHPo| QEIA g JUieHd, A HARkS, & 5 9 24
D59 ARUEHA Alojg 24dd] ¥H] 4L ASfol= ois 7]
AL 7HtKlancu et al, 2023; Raskov er al, 2016). &3] Ak
|5 #5+= Bifidobacterium™ Lactobacillus %)X, FC
o] 7F¢ antAQl w5 obF] =%to] QItKSimren and Tack,
2018). Table 2] FC SAlojlA ZzHlo|QEA GIE BTt
RCT 25W2 995199tk Botelho er al, 2020; Cheng er al,
2024; Cudmore et al., 2017; Del Piano et al, 2010; Dimidi

et al., 2019; Ding et al, 2016; Fateh er al., 2011, Favretto

et al, 2013; Ibarra et al, 2018; Jin et al, 2025; Kang et
al., 2021; Lai et al,, 2023; Lim er al, 2018; Ma er al, 2023;
Madempudi et al, 2020; Martoni et al, 2019; Mazlyn et
al., 2013; Mitelmao et al., 2022; Ojetti et al, 2014; Roos
et al, 2025; Salo et al, 2024, Takeda er al, 2023;
Waitzberg er al, 2013; Wang er al, 2021; Wang et al.,
2022). TrFet w52} At 4¥(colony forming unit, CFU)E A
SoH, 7 Aol xokE St = A Al 7MY wol
AE dF= BifidobacteriunPl™, 1 ©20| Lactobacillus
k. Aubzog ITZHO|QEA 45 B8 § AU Wit A
v 31571 0.673](95% CI 0.22-1.12) S23HA S7M AT
(Fig. 2). I3y A7 7t o] AL g EH=E(1’=96%), o=
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI Year 1V, random, 95% ClI
6.1.1 Bifidobacterium
del Piano 2010 114 201 110 0.2 212 80 4.6% 0.94 [0.34, 1.54] 2010 ——
Favretto 2013 45 15 15 1 2 15  3.6% 3.50 [2.23, 4.77] 2013 ———
Ibarra 2018 0.67 1.69 76 0.41 1.18 76 4.7% 0.26 [-0.20, 0.72] 2018 T—
Dimidi 2019 09 1.6 37 07 25 38 4.1% 0.20 [-0.75, 1.15] 2019 =
Takeda 2022 -0.42 0091 39 -0.01 0.72 41 4.8% -0.41[-0.77, -0.05] 2022 ——
Wang 2022 074 15 53 036145 50 46% 0.38[-0.19,0.95] 2022 T
Cheng 2024 047 141 112 044 15 M7 4.8% 0.03 [-0.35, 0.41] 2024 -
Salo 2024 0.04 2.84 23 043 2.33 23  32% -0.39[-1.89,1.11] 2024 —_—
Subtotal (95% ClI) 465 440 34.2%  0.46[-0.08, 0.99] et
Heterogeneity: Tau’=0.45; Chi*=44.64, df=7 (p<0.00001); P=84%
Test for overall effect: Z=1.68 (p=0.09)
6.1.2 Lactobacillus
Mazlyn 2013 072 188 50 092209 50 4.3% -0.20[-0.98,0.58] 2013 —
Ojetti 2014 26 112 20 1 1 20  4.5% 1.60[0.94, 2.26] 2014 ——
Ma 2023 094 194 78 0.7 2.01 85 4.5%  0.24[-0.37,0.85] 2023 -+
Roos 2025 44 139 20 33062 20 45% 1.10[0.43, 1.77] 2025 —
Subtotal (95% ClI) 168 175 17.8%  0.70[-0.08, 1.47] >
Heterogeneity: Tau’=0.51; Chi’=15.88, df=3 (p=0.001); I’=81%
Test for overall effect: Z=1.76 (p=0.08)
6.1.3 Bacillus
Madempudi 2020 508 136 50 218 1.06 50 4.7% 2.90 [2.42, 3.38] 2020 —_
Kang 2021 087 025 39 088028 34 49% -0.01[-0.13,0.11] 2021 A
Subtotal (95% ClI) 89 84 9.6% 1.44[-1.42, 4.29] e —
Heterogeneity: Tau’=4.20; Chi’=133.62, df=1 (p<0.00001); I’=99%
Test for overall effect: Z=0.99 (p=0.32)
6.1.4 Combination
Martoni 2019 2 341 48 09 29 46 3.6% 1.10 [-0.11, 2.31] 2019 T
Botelho 2020 0.62 0.93 21 096 0.8 14  4.6% -0.34[-0.92,0.24] 2020 —
Wang 2021 351205 23 305 212 21 3.9% 0.45[-0.58, 1.48] 2021 o
Mitelmao 2022 33 174 51 38202 40 4.3% -0.50[-1.29,0.29] 2022 ——r
Lai 2023 202 24 50 226 27 50 4.0% -0.24[-1.24,0.76] 2023 e
Jin 2025 144 1.92 33 0.32 1.93 37 41% 1.12[0.22, 2.02] 2025 —_—
Subtotal (95% CI) 226 208 245%  0.19[-0.39, 0.76] <>
Heterogeneity: Tau’=0.31; Chi’=12.79, df=5 (p=0.03); I’=61%
Test for overall effect: Z=0.64 (p=0.52)
6.1.5 Synbiotics
Fateh 2011 3.16 1.84 31 1.69 1.67 29  41% 1.47 [0.58, 2.36] 2011 —
Waitzberg 2013 242 0.52 49 0.37 05 50 4.9% 2.05[1.85, 2.25] 2013 B
Cudmore 2017 229 07 35 1.95 0.73 34 4.8% 0.34 [0.00, 0.68] 2017 R
Subtotal (95% CI) 115 113 13.9% 1.28 [-0.01, 2.58] —
Heterogeneity: Tau’=1.24; Chi’=72.84, df=2 (p<0.00001); I’=97%
Test for overall effect: Z=1.94 (p=0.05)
Total (95% CI) 1,063 1,020 100.0% 0.67 [0.22, 1.12] <&
Heterogeneity: Tau’=1.06; Chi’=490.80, df=22 (p<0.00001); [’=96%
Test for overall effect: 2=2.92 (p=0.004) , — . _’2 : ; !
Test for subgroup differences: Chi"=3.20, df=4 (p=0.53); I'=0%
Favours Favours
control probiotics

Fig. 2. Change of spontaneous bowel movement by species. SD, standard deviation; IV, inverse variance; Cl, confidence interval; df, degrees

of freedom.

w5, &%, S S5 WA B4 Ao] teos Helr 5
SHY B4 21l dFY @ A5 (spontaneous bowel
movement, SBM)Q] 903t $71= TAEA] pokoH, % 7t
o] 7z} Ao] Ee FAHOE GolslA ket TevloloElaL
43210 BYAE o FE HFE(BSFS) AS4E 0.31(95% CI
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Probiotics Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI Year 1V, random, 95% CI
6.2.1 Bifidobacterium
del Piano 2010 23 061 110 1.89 0.63 80 6.8% 0.411[0.23, 0.59] 2010 -
Favretto 2013 45 0.75 15 1 1 15 5.3% 3.50[2.87, 4.13] 2013 —
Ibarra 2018 3.46 1.1 76 3.56 0.96 76  6.4% -0.10[-0.43,0.23] 2018 —r
Dimidi 2019 29 1 36 39 141 37 5.9% -1.00[-1.48, -0.52] 2019 =
Wang 2022 0.93 1.16 53 0.2 1.03 50 6.1% 0.73[0.31, 1.15] 2022 ——
Salo 2024 041 0.82 23 0.29 0.81 23 6.0% 0.12[-0.35, 0.59] 2024 -
Cheng 2024 0.23 1.04 112 0.61 1.06 117 6.6% -0.38[-0.65, -0.11] 2024 -
Subtotal (95% CI) 425 398 43.2% 0.44 [-0.23, 1.11] o
Heterogeneity: Tau’=0.77; Chi’=160.27, df=6 (p<0.00001); I’=96%
Test for overall effect: Z=1.28 (p=0.20)
6.2.2 Lactobacillus
Mazlyn 2013 297 0.64 47 2.86 0.51 43  6.7% 0.11[-0.13,0,35] 2013 1
Ma 2023 0.29 0.99 78 0.26 1.01 85 6.5% 0.03[-0.28, 0.34] 2023 s o
Subtotal (95% Cl) 125 128 13.2%  0.08 [-0.11, 0.27] 9
Heterogeneity: Tau’=0.00; Chi*=0.16, df=1 (p=0.69); I’=0%
Test for overall effect: Z=0.83 (p=0.40)
6.2.3 Combination
Martoni 2019 297 0.74 48 3.11 0.72 46 6.5% -0.14[-0.44,0.16] 2019 —=r
Mitelmao 2022 1.5 0.85 51 1.6 0.92 40 6.3% -0.10[-0.47,0.27] 2022 i
Lai 2023 1.04 1.33 50 036 14 50 5.7% 0.68 [0.14, 1.22] 2023 —_
Jin 2025 0.92 0.92 33 0.4 092 37 6.1% 0.52[0.09, 0.95] 2025 ——
Subtotal (95% Cl) 182 173 24.7%  0.20[-0.19, 0.59] »>
Heterogeneity: Tau’=0.12; Chi’=11.82, df=3 (p=0.008); I’=75%
Test for overall effect: Z=1.01 (p=0.31)
6.2.4 Synbiotics
Ding 2016 35 11 48 24 0.8 45  6.2% 1.10[0.71, 1.49] 2016 —
Cudmore 2017 1.84 0.44 35 1.55 0.44 34  6.8% 0.29 [0.08, 0.50] 2017 *
Lim 2018 23 09 42 26 13 42 59% -0.30[-0.78,0.18] 2018 —t
Subtotal (95% ClI) 125 121 18.9% 0.37 [-0.29, 1.04] <<
Heterogeneity: Tau’=0.31; Chi’=21.63, df=2 (p<0.0001); I’=91%
Test for overall effect: Z=1.10 (p=0.27)
Total (95% ClI) 857 820 100.0% 0.31[0.01, 0.61] 4
Heterogeneity: Tau’=0.33; Chi’=200.41, df=15 (p<0.00001); I’=93% , , 1 ‘
Test for overall effect: Z=2.03 (p=0.04) -4 =2 0 2 4
Test for subgroup differences: Chi2=1.72, df=3 (p=0.63); 1’=0% Favours Favours

control probiotics

Fig. 3. Change of stool consistency (Bristol stool form scale) by species. SD, standard deviation; IV, inverse variance; Cl, confidence

interval; df, degrees of freedom.
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3152 Q0514 Z7HA171A4 £3HDeng et al,

2024). oE AAls] AW EH 379] A7} o4 SARES 2
2 Y= QicFavretto er al, 2013; Roos et al, 2025;
Waitzberg et al,, 2013). Rome 111 7|50 u}g} At #HH] of
3 10098 o= 3F AtollA], il 6g9] AlHlC|REYAE HE
SF SRS ool s B =2 i Sl59t o 27] HSE
71Z5I e Waitzberg et al, 2013). 40789 o4 ¥H] A5 &
At E t2 AN E L. gasseri T97-2] SBMo] 5.0£0.99]
A 9.4+1.6°2 J7IoL Yokt 4.2+0.5004] 7.5+0.73]2

37kt 14 9Jv]9le= Aol EtHRoos et al, 2025). o
ke tifo R o AFES BT A3 Jh BFE 23St A
FEo] w3} SBM & HeRKFY 2.063] Z7D¥) o 27] Wl
(BSFS 3.54 Z7hollAl golulsHA| v 2 7hd adks Hoick

C. difficile M Z2HIO|QEIA ARZ: 2dxf ZAH

CDI= 9& ¥4 A4 AA] 8 ¥j1e g, 53] 704 ool
A A AIAR g Fo] F7IstaL ItkXia er al., 2025). CDI
oo glo] ZEHlo] QEIAY] ofHFA A Fsty] {3t the
9] Ayt £3E vF 9JOoW(Supplementary Table S1)
(Allegretti et al, 2025; Allen er al, 2013; Barker et al,
2017; Can et al, 2006; Chitapanarux er a/, 2025; Hickson
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et al, 2007; Louie er al, 2023; McFarland et al, 1994;
Plummer et al, 2004; Pozzoni et al., 2012; Rajkumar et
al,, 2020; Safdar et al, 2008; Wullt et al., 2003; Zhang et
al, 2017), o] & "®d YAPeEE= 12 S gt
PLACIDE @7HAllen et al,, 2013)2} 22} & 3t PICO
T7F AckBarker er a, 2017). 184 o]5 dA7t= F& CDIY
w2 ghgEoLAllen er al, 2013) & 7+ &o]7t Qlol(Barker
et al, 2017) fvIgt 35 Sk o Avfeilct. 3 o
A 9 | A4S 2R 5 FATFE0A I A I3
A A=A L1 JrHHeil et al, 2021; Shah er al, 2023).
20179 3% 2l5Goldenberg er al, 2017)2+ HEREA(Shen
et al., 2017) Z2Hpo] QE AT} CDI ] F2lgt a3b7} 9}
== Hojgloyy, 2 7] Agkde] A7|EQit 20179 2
B0 W2 Clostridium difficile Q3 AL EA3&0] 60% 2
SHlom, HAA SR 55 4]0F A7} ofd Ao A A
-85k ©7| ZEHO|QEA Foj= QPska aXbA]l Ao
ZAZAJHGoldenberg er al, 2017). 13y} Z3HE A4 o
7ol =2 WY A¥S 7ML AR St B4 A 71A
CDI IRR=7} 5% 2ol thd=tollARt 1 oFo] T=
o, ERF 29k A T GRoARE R Al 2t 5
Ao & 83t} F7HH0E HERA HYoA AR HE &
(genera)Z ohe] W FAFO RN 53 YETH 71HS
713 At HEke zdcitkes AlBdE o)

ol w} o] 7lol=ekele CDI ofikE: st Z2Hlo|eEA0] I
A AREE dalsHA] 9 itk 1L o= A, mEHpo|egA
853 vlgayo] st gaol d¥E A F=olth WA AF
Sk 12 9 27} o VA B FOfR oS YSSHA Z3lTh
A, ZEHo| YA AIES Foit ARt oA  ESHA0] 5
8 BHoE thFE Sl AR ARE 2hd JEee] EY
A d H2L, #0 QIR QA QBT T Y A, 09,
83 7153 EA Ao} 50| ZeEKKelly er al, 2021). o3t
ESMYO R Qlsf EA 7lolEeRIES TEHPO|QEAS AAFA
ARgo] gl AlEsHA W Johnson er al, 2021), A1A]o] Hiish=
QIS FHotal UcHKelly er al, 2021; van Prehn er al, 2021).
TS P BAIE A7|=l=d], CDI Yol &ok= SV 55
o] A Ho] A5lE|o] Qlo] LEH[o]QEA Foj7} Kadet
= Q7] WiZo|cKJohnson er al, 2021; Kelly et al, 2021; van
Prehn er al, 2021). oJ2i3t 92= YA == T DEH[0|QEIA
7t e AdrdE AEE Q5lE AT & e ARk
AT dasol ofel e R KKelly er al, 2021).

8 TRoA o2 CDI T4 2 AEo] =1, 98 AFE

Lot o P
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ﬁm% 22M .
%

7 49 7|7to] o ZtHEBeuwik et al, 2024; Young et al,
2022). o= /go] A9] F/dH} oSl JRFS vIA S S
AAFRHE. ol2igt A Aol YRR 9|7t Qi o4
S APEEo] =of o M=) 4 el d & Sl B,
A2 AFTEC] =11 Y 7IXte] Ao B} A=Al A|wef Y
Ejgo] WQadh 4= k. whA AEE Bhdet AIEE Assks 1
AT A} Z2Hlo| QEAE IO UHEY o A8 dE 4
Holl 7]ofg 4= Utk 2 HlolE= AlinET 1 HIAA
5 A T4 8Rlo] IS & 4= heE HolErKVemuri er al,
2019). §9] ojd2 gutHo® FYET FF HIASEEU M
(IgM) k= =AR [gA $4= B2 B4 Hol=H|, ol& C
difficile”] SRt 9 ol ASHA1Z 4= QAL ofdoflA] Tt
+ =2 WYY AEEY HQlo] 2 4= ATHDi Bella er al,
2024; Ter Horst et al, 2016). A Gt A4 2jolE 12
o Z2HP|QEA 855 AEd wet thE 7Rsdo] SIARE EA
THA] /g B0l Gzl It A= ERYsith oA e =
EHO|QEA QUFAIFZ o|2fgt R Zo|E WS AlsHA
AA=]ojof 5}, ol= F=H o F o MRS Fwslstal CDI A
g5 Hoh 7jQl BEE LS 7 & Aot

flo m

2~
T
2~
T

0

rO

S22 x|0|, O0|32H0|2 Ho| & %
UL [BS, BEAAALL Y 5 tlkst

= U3

5 g Ao
71ofok= ZAo= A Qirt. et Bl o] ERgsht, AW
el A 254, G5 2 WYHR3e] viRl= Jel digt SA47F
AR S7F6kL ItHKim er al, 2020; Yoon and Kim, 2021).
olle SPdrasiols g Zjolet ZindEate] /o] A
E2 QITtHKim er af, 2020; Kim, 2022; Kim, 2024; Yoon and
Kim, 2021). %3t oJAERA} QtE2719] tiaph Ajm| et
3t o] ghgo] HarEQlek AgumiEe] A Eme] #H 9
8k 2ol Tefgto] LiAHA, e EEo] UmPEE] vlAl=
AeS Uehfle "mlo] 22 AHE &2&(microgenderome)” 7E0] A
ok B} itk AAEZZT HAEAHES Au e} HINE
A FFE VA= A0R YeRit) p-olAER &2 5
AV M) B AE festo] 1L-12 € IFN-y34<S SXsh
(Gomez er al., 2015). o= A A4 AlPIEZR] H=E &/3%}
Q} oAERH S B Al AES Aol tHEEA B AIXE
BRI Gomez er al, 2015). o|gA 2/3H d5/d 4 ¥
ole & BEapdo AjujEo] 13 lamina propria) & o%
ok Helo] =W, ol oA AFHEE EXITHGomez et al,
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2015). Fol= HAEAHZEO] T NE F41S dAlol= Ziks
Honj o AERA} G| 87|53 HA7|A] P=HGomez er
al, 2015). ZUHPBEE =7 S 7|5 24 d4Ae o
kS SltHAit-Belgnaoui er 4/, 2009; Distrutti et al, 2016;
Kim and Kim, 2018). TA4R 5ol 718 S-83 v[iE
it AR, & 58 AR ARE 20k 35 2EAH
(Tremaroli and Bickhed, 2012). T3t 0|RE-A-%]= Alo]E 9l
= A2 g% HLouis et al, 2014; Riviere er al, 2016;
Yoon and Kim, 2018). vEAE FE|24k A FunlgE9]
A ZJo)|7t BarEl v Itk Vemuri ef al, 2019). 7180=, F
= 7] 29 oligofructose”t E3HH AekS £ off I
7 F9] PRI A=t SR ZEnfelo] Ue
Ut Y S oligofructose E350| Bacteroidetes®] S5
£ S7HIEo, Aol Zlolt qigith ozt 21 i Wi,
T 1gA, 10-6 3 8 [1-6 4= 01 S71RE R, 11-10 <
2= oA o &9kt (Shastri et al, 2015). SUlEAE B2} o}
DRSS Faecalibacterium  prausnitzii,  Clostridium
cluster 1V, Clostridium cluster XIVa2} 22 FE]ZAF A4 vl
goprt @Afs] FHEFOY, ofze}7tA| n|=RIoNE Bacreroides
7 SARHKOu er al, 2013). T3 g zlolE EA HH
PBacteroides-Prevotella 152 dAJolA oA=L o &4 Uit
tHMueller et al, 2006). /o] T Z2HPo| QEIA X 8HESO]
ZHolAE, FFA Bl Ho|l 5% Lactobacillus 45 THEE &
ofgiZ ol o} dxt AMIE FR0IN = A 710l iA=L FAF
TIE ey, BA717E 243 SRl a7t §IitiMu
et al, 2017). Oli= ZEHPO|QEIA Fojo] glo] A AJolE AlAfs}
A9k, thEES] Sk F=olA BE I

D2HO|QEA Suk= H0| M2t CEE7|? Y 22
A
x| oEla0] AEe Hake 0] 43 452200 o)
FFS o=, of7lol= A=, Y 9 npdE 49 A Aol 5
o] ZoFth [BSe} o] et A7t Sl Ao AERke =
Aol w2} 0k 7Rs Aol itk Mazurak er al, 2015). 284 <
A S AT A ol AdE A RE0= <ldf of 4
Jo]A] gict. ¥, SAIE FERdoks ZgH[o| QAo gt
T4 §go] F3t6A Uehgeu, ol Bkl flsl £
| AAE A A9 = ofHs] FE53 Aol (Table 3).
U2 E3)9] AEHA(repeated water avoidance stress,
rWAS) Hdla} 22 AEeA {4 QP Aek HdojlA, P A4
T A0 vl AFH o= AR PRI, HITHAIZ &, o=

i

ox I

9]_,_x4

0

of
Y e

4

<’fw%
3 gut AP|E7RQI HHA-S EX O Sl w2 F oIS UERT:
rWAS  ZETolA
Lactobacillus  farciminis) ¥=  Bifidobacterium longum
BBHO16<2 1097t 7+ Fofohd A FollAlet bl dat o
tlA|gEo] FooH BARAHChoi er al, 2024; Lee et al,
2017). ¥H8, Roseburia faecis BBH0242} R22-12-24% 57 F
oA B £33t FEF BAE UEHH HiHES £011 7154 1
RAE HZE WAFHChoi er al, 2023). °J°t FARH Add oj&
w50l IBS HE= Hol that 2 WY WoflA e kT 1AM
Alo)& st FHolN Clostridium butyricum IDCC 1301 Folof] 9
o7 AT A4t 9 A Tl i adks AEd] wet tEA Vel
ok 385 9 4 Ho 9= SR04 o F3E v, e
HEAh TR} A A Ho|A 55T HIkE BTHChoi er al,
2023). TS C butyricum IDCC 13012 AJEo] wreh Fuju Y&
T HEA AFdsto], fAlolA F2 REEA Y #5557
A7 FRANNE Akkermansia muciniphilaS T @AS] ZH4A]
ZTHChoi er al, 2024). o2t Ak AEARZ FHE 7 7]

Aol e Eold AFH ndE WS s, ol WSS
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(F Lactobacillus reuter)DMSZ 8533 Fol= AT} U Alo]
of T e nE E AflEZIRIY HisE dozitt
(He er al, 2019). E3F, Hjopr]o] opHo| k&8 FHoj|A VSL#3
A7 Aol wet FUn|dE B3Pt 52 wspt o=A A
R, FANAE 55 U ETF S9tE AT dHoA = A
& ZZdo] ZASIEAKSingh er al, 2025). £gs}H, o]t
ZNE2 A BolAQl m2HPo|QEA Ryt AEHA, ThAF H
Boo 2Este vE 9 A7 B IS nRlds A
Rt} S8 AU SASES T2Ho|QgA0 Ryt A
o me} dEth: A2 AAfelH, ol TEF g3, WY E43t
Z AUwE F29] AJoloflA] 7|1 75do] =1 ©]
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e AARHAL QIE. FColAl: & LzHlo] REA gl AlujolQ
271 o Slet 2718 JiAR CDIOAE 13} o 913t
VFH ARG oAIs] =] AAA7F Slont, B ALRollA o]
o] & = Ut T1Ey AT A, o, 87 A= V1] FA
gt oldigoz Qlsf o3t AAE Yol HEste A2 o3|
oftgol itk EZt tiREe] PYAIHNM Mz tE AFS A
SHIL 9lof 5 Bol4] avtE 3| mefsly] of A e, &
FoPe 7hol=RiRle] S ERYsHA Sttt 53] A8 Alolol ¥
sto] AU Aot IAI Alole] =dAVt FEALI:. SAIE
A 9] TErdoie 54 Z=vo] 22 g F3iskL
73t A oEA] Hkgol geld W, ke thde= 3 ¢
AlFoIAE oF2] ofjet et Afol7t Els|R] okt A @
oA frelufet A ol ZA7F FE5% olr= Hif A4 A
o] FERD A T, AR 24, EB @olH o AR A
HEAGOIA 710 wEbA] AR =Als EAbe] Aol 2751
574 ZeHlo| A JFE Addsi=s 244 I Ak
AAB7 I ofFEn I Al 5 79k RCTOllAM e ol 4
HARl BEeHy Wer 9440z T2gof At ofA]

:
¥ W AV B A AelN Aol e ST o
q9]

;O

o gl W

ol oX oX

2
ot
£
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2ol epgele] Zusto] B8 A el Y 2
4 Fislol Ak, AYHOE Yyl A B4l depdol B

Foha BESET QR S RS 919 B4, A, &
A o1y G0le EYet wzvlo]08lA0] A |83} 1 o

QAMol7t TRHIO|QEAS MG T TGO} & A2
StoI7f?

Aol metoloE 2ol Ago] 27 F7RISANE Bt
ABS] by, SERE el 1), Bt A Tlolekl
o) SA)z QIsh YAISS el ofelgel el sl okefe]
A 8 g4, A9 L B a9le Zelel it me
Hlo] QEAE AT o Dol & RASE LofstuA Gk

o K

8 ¥ Mo mE H38F
ik AFAL] FAE B3l ZEHPO]E A {577 FRL ot
78/8%} Bt ~(CFU) 4] o 75 golsfiof gttt /4] olels
A7) HafAe Guteoz A 1.0 x 10° CFU/Q Fofefo] 8+
= WKGibson et al, 2017; Hungin et al, 2013; McFarland,
2000) 74 71&2 S7PEE oErk@s 1.0 x 10° CFU; BU/
ZAYth 1.0 x 10° CFU oA m|=k 1.0 x 108~10" CFU/9).

s )
g ;

%’\@LA@’;J
(Hill et al, 2014; Ministry of Food and Drug Safety, 2021).
B8] HIEA| 85 FHOE o]ojR|= A2 o ER E 8Tk
WHHAEZ Bl d5E d5E IA &F2 wer
(McFarland er al, 2018). AZFAR= SE7571R] AE 4545
HASE7] flef, Algoll FAE §FH B B2 & Fofsto A
Z(overage)oh= -7t BrtkFenster er al, 2019). Al S
A dutdo g i) delEn) Peolut £t 22 113 AA|
7} B &2 o-g4S HoltKSantivarangkna er al, 2007). H
o= ve|32 et 9 Yierledt 2 XHH 7o) Y=o
E4 FRI=9 MY 282 H3}elar ltk(Baral er al, 2021).

%\
g/

OZHO|REA ER AI™
T2Ho| QEIAS] AT} 2R AAL AIZE YA 2, 1=l H
& =9 S etk FE AHY it Al AEES
AStA7|BR, ZRHO| QEAE AA} 5 Eim AAF 90 B85}
£ Ao] T FYEE&Z EolH, 59| APo] xetH Adat 3
A% o) ¥ gutzlo|tTompkins er al, 2011). SEAI0]
Ao S5-1E 4oago] 4F7] Wso] WAEA, Q1|
A B4 Aol 582 H1T 383 A $iti(Thaiss er
al, 2016). IBS, @94 AL 954 AES 5ol et HEREA
A= AEet B8 Azt Wi 23t B&o] § FRsit
AABIaL QTDidari er al, 2015; Ford et al, 2014). oFdo|Lt
A9 T & Aol Agle], 5oF ¢3%rt ZEHO|QEA
859 At AISURE 283} A BES AL AHA
HIZASLE WA[6l7] Y8l 2~3A1%F 7HES F= Aol #gHrt

OZHO|QEA &S50 Fes Xl 55
IZHP|QEA A= ofg] 8 Q19| 7l 7+ Holdof 2744
Q1 IS Wh=tt 7t 7i1e] ArBES 71A Hhdat A A
Mol ZEHlo| QEIA0] JFAQl F2HE AA st I a9l
|22 HAHQl IS SttHZmora et al, 2018). AXHY 4=
LA @: toll like receptors, TLRs ¥+ nucleotide-binding
oligomerization domain 2, NOD2)9] S-4A o} &39}
E 7 3SR JRkE HIA e WS 2hoke TeH]o]
QEA 85 WIAZ 4 QItKBlekhman et al, 2015). 9%
T 359 %S vIAH, oty nlds WAL} k91| ko)
H HIA= A% g tEA UehdciHutchinson et al,
2021; Underwood, 2019). E3F A58 42 L A& 9F
< PR, A2 9] 53 A ZEH[O|QEA PEHS 20|11

4842 maulo] 0¥ 71d& A3 (Kovatcheva-Datchary

o
=

ook

[¢]
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et al, 2015). PFAEtO & $Eko] AL QFHgAHE I AA A
(proton pump inhibitor, PPI), BHAAA 2] d2 &8 5
FEL Fojy Zgulo|QEA PZ Ul 7|5 uke-g MY
%> It Derwa er al, 2017; Imhann et al, 2016).

IOZHIO|QEIA OIFN
Z2HPo| QB A= UbH 0 & QPHAdo] Q<o 71 gt Bzt
|42 vt g SHEFET, 7EotHDoron  and

Snydman, 2015; Hempel er a/, 2011). 2124} &4 dlolH
= ARE et Aol weE 2A a2, diEEe] AGAIES

TG Halo] ey 71 AY BUkE AR 4 i RS S
HRHEA S AYIL YitHMerenstein et al, 2023). A4 &

4} HloJE|(FAERS 2005-2023)0ll4+= AlZet F-44-8 W&ol Hj
2 A RuEt Wang er a/, 2025). 184 Ao W& 2o,
Egsiet AE 1), 181 By 228 Al A7 Ao 4

ujo] ojeigt Aurt A4 Bt Aol L413] WS 22
AR ol 2k st 2 el 3o} asisl 3% do

A AP 23 B, e R 3] 9 47149 BUE
K] Z25010F L], FHAL T, SRR SR, 4T B
Aol &2} 5 AL = vBE Hol(translocation)E Q1
% Fuzolt Awds 59 =F d94el naHn ot
(Besselink er a/, 2008; Rannikko er a/, 2021; US Food and
Drug Administration, 2023). PROPATRIA %FLol|A AMSE &
7F 91 m2Hlo] QEA HeldH T B4 AL QAR HEA
THBesselink et al., 2008). E3H AR 4 F-5 oA 2 T

02 95 Qs owolA e He TR w2 &
AcHHempel er al, 2011; Kullar er al, 2023; Merenstein
et al,, 2023; Pace et al, 2020). WEpA| ZEH[O|QEIA AREA|
ks ik Tkt 2 Telolof o, QoA maw)
ooEA A8 T RAR ASE XK Ao Wil
(Hempel et al, 2011; Kullar er a/, 2023; Merenstein et al,
2023; Pace et al, 2020). o, $JollA AF3sH Y=L w4
tEH EA 24 spoxer IR Axd Z80t o

(Bongaerts and Severijnen, 2016).

JIE ate oAl
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menjolog A7t nhx] shte] FAR A=A AN =0l
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Synbiotics Single strain vs.

Strain f-stra
specificity - \mu o
L Probiotics
Dosage Ingredient

Capsule,
sachet, yogurt

Different endpoint
and cutoff value

Primary
endpoint

Secondary
endpoint

Small sample size

Fig. 4. Factors contributing to heterogeneity in probiotic clinical trials.

o] gEHd 4 Sltks A=ty BgdS SRRty Je okt
Arelxe] 71504 A 48] ARt olct. HiFEe] APAd
< vAEY] 715 e, | AE, A Y oA, B o
B2 g Fee] Aot 2 1A HlolenAS
B35 QRS A, 243 7|ute] Anjolat &3l Qirk. T A
= & A AR oftt 714%] BIIARE EIFAOZH,
71279k A Atele] A 1 5L HoF gt

2 o
Z2Hpo] QEIAE 0|85 [BS, FC, CDI A&l Slo] @4 o] 7t
S HoHES 5, &9, T8I AT AAY vl s
23] o] FEotKFig. 4). L L% FAjollA v 5
W 37 =7 AAERNA, SEAEelbE A8 A7t Jrke
HEet ZA7E AN =9I E3] 1BSE FC7F oAdoflAA S-3iaHA
Zo| uehdths A& 13 ), JEy dddE AEsh 713l
iRt Ak A= A=7F BRsith JEo] e ZrHlo|E A9
71314 A ZIE APEsl] A3l HA A o] -
59, o2t ke A= gt AAdeIA H ek SEd Te
Hlo] A g Hshe b A4 71978 Zolth
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