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[ Abstract] Objective To systematically review the efficacy of oral probiotics on
adults with type 2 diabetes. Methods PubMed, The Cochrane Library, EMbase, WanFang Data,
CNKI and SinoMed databases were electronically searched to collect randomized controlled
trials (RCTs) of oral probiotics in adult patients with type 2 diabetes from the inception to

January 31st, 2022. Two reviewers independently screened the literature, extracted data,
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and assessed the risk of bias of the included studies. Meta-analysis, Egger's test, sensitivity
analysis and meta-regression analysis were performed by RevMan 5.3 and Stata 16.0 softwares,
respectively. Results A total of 30 RCTs involving 2 168 patients were included. The results
of meta-analysis showed that the probiotic group was superior to the control group (placebo
or blank control) in HbA1lc difference (SMD=-0.58, 95%CI -0.77 to -0.39, P<0.00001),
fasting blood glucose difference (SMD=-0.48, 95%CI -0.66 to -0.30, P<0.00001), HOMA-IR
difference (SMD=-0.79, 95%CI -1.20 to -0.39, P<0.0001) before and after treatment. There was
no statistically significant difference in BMI difference before and after treatment (MD=-0.27,
95%CI -0.56 to 0.02, P=0.06). Meta-regression results showed that probiotics dose did not affect
the differences of HbAlc, fasting blood glucose, BMI and HOMA-IR before and after treatment.
Conclusion Oral probiotics contribute to controlling blood glucose and increasing insulin
sensitivity in adult patients with type 2 diabetes. The effect of oral probiotics on BMI in adults
with type 2 diabetes is still unclear and needs to be further explored by more high-quality studies.
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Table 1. Basic characteristics of included studies

v Fota L A0 :
AT FEARR PIAERY M BMI_2 ‘ A — bigi s
(T/C) %) (MF) (kg m) ik (CFUA) prilEir (d)
Asemi 2013 2727 516 15/39  30.6 ZEMELS 39x10"° W EH 8 O2B®
Chaiyasut 2021°"  36/36  56.9 - 295 AW+ EER 1x10" B ek 2 23
Ebrahimi 2017""  35/35 587 42/28 277 MAER+AER - JiEE vER 9 066
Ejtahed 2012""" 30/30 509 23/37  29.0 HAEWRY  4x10° BRI ESRY 6 ©F)
Feizollahzadeh 2020  55.1 1921 266 fe AR EL 2x 10" EI fEEED 8 @
2017"
Firouzi 2016 68/68  53.6 71/65 293 ZWMES 6x10° HOR w12 O0®
Hosseinzadeh 42/42 462 21/63 299 235 1800mg F# 2R 12 DO2O@
2013
Hove 2015" 23/18 59.6 - 28.5 FLER RS - Ry AL 12 OQ0W
Jiang 2021 42134 56.0 27/49  27.0 ZWMESR  32x107 #ON @R 12 OO
Kanazawa 2021""  44/42 585 65/21 293 ZWMES  6x10°  HON ZRF 24 DB
Khalili 2019"" 2020 445 14/26 307 Fatasti| 1x10°  JdE FZEWIKE 8 DOOB@
Kobyliak 2018 31722 547 - 352 ZWEME G 1x10%  HOGR @R 8 OB®@
Madempudi 2019%" 40/39 524 62117 - ZWMES  6x10°  #E wRE 12 OQ@
Mazloom 20132 16/18 53.6 - 27.6 i TR 3000mg  JRHE MEIRIREE 6 Q@
Mobini 20177 14+15/15 65.0 34/10 312 PHIRAFE 1x10°  BF ZH 12 OO0
Mohamadshahi 22022 510 - 28.8 5k RS LIx 10" MRS (L5 8 0e)e)
2014™)
Ostadrahimi 2015*" 30/30 - 32/28 282 A R - Wy kmEEL 8 ©e)
Razmpoosh 2019% 30/30  60.0 3327 275 ZERELS  49x10° P EF 6 20®
Sabico 2019 3130 473 26/35 298 ZWFES 1x10"°  HOF ZRE 24 QO@
Sato 2017 34/34 645 49/19 244 FEFAE  4x 10" @y EkEE 16 OO
Shakeri 20142 26+26/26 52.6 15/63 303 GrEREH 12x 10" THfl L4k 8 @3
5k AL
Tajabadi-Ebrahimi  30/30  64.1 - 31.0 ZHMES 6x100 ¥ LEF 12 Q0®@
2017%"
Tajadadi-Ebrahimi  27+27/27 52.2 15/66  30.4 SR 12x10° W fE4m 8 Q@
2014% A A TR
Toejing 2021"°"! 18/18 626 828  23.1 BITEEFUATE 5% 10" By fek 2 O
Tonucci 2017 2322 514 26/19 277 te AR R 1x10" 2B fE5E0 6 O2®
1o 20228 51/51 545 61/41 252 ZWMEE - g 2 8 ©0)
¥4, 2018 60/60  60.0 66/54 - ZWMES - Fil ZsA 6 ©e)
25T 20175 46/46 42,0 51/41 285 ZWMES - WA 25 2 O3
o 20200 46/46 502 55/37 - ZWMES - Fil ZsA 8 ©e)
g g 2021 100/100  64.6 96/104 24.9 ZWFES - R S| 6 e
F: T: AAMM, C: MMM M: % F: Jk; CFU: AR BMEL; —: ARA; %A OHbAIC; QFPG; BBMI;
DHOMA—-IR.
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Table 2. Risk of bias in the included studies
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Tajabadi-Ebrahimi 2017%" {1 EHLEEHL  AHIRIZMNIL = 2= P & T
Tajadadi-Ebrahimi 2014 J1EHLEEHL ARSI b = JEHE 75 H
Toejing 2021 THAHLRENL AN b b e 4k g o
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REFHA A Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Asemi 2013 03 037 27 048 031 27  40% -1.39[-1.98,-0.79] —
Ebrahimi 2017 03 046 35 026 06 35 45% -1.04[154,-0.54] I
Ejtahed 2012 012 123 30 03 075 30 45% -041[0.920.10] T
Firouzi 2016 014 062 68 002 05 68 55% -0.27[-061,007] -]
Hosseinzadeh 2013 155 42 04 171 42 49% -0.55[-0.98,-0.11] i
Hove 2015 03 056 23 04 079 18 39% -0.15[-0.76,047] T
Jiang 2021 087 144 42 033 177 34  48% -033[079,0.12 T
Kanazawa 2021 02 089 44 01 08 42 50% 0.12[-0.31,0.54] I
Khalili 2019 046 087 20 026 097 20  38% -0.77[-141,-0.12] —_—
Kobyliak 2018 023 012 31 009 01 22  40% -1.23[1.83,-063] I
Madempudi 2019 05 075 40 04 117 39 AT% -0.91[-1.37,-0.44] i
Mobini 2017 005 076 29 005 15 39%  0.07[-0.55069] T
Mohamadshahi 2014~ -1.15 151 22 -024 152 22 40% -059[-1.19,0.02] -
Ostadrahimi 2015 121 168 30 002 183 30 44% -0.69[1.21,-0.17] e
Sato 2017 02 062 34 01 05 34 47%  0.18[-0.30,0.65] -+
Toejing 2021 059 17 18 009 137 18  37% -043[-1.09,0.23] I
Tonucci 2017 067 164 23 031 117 22 40% -0.67[1.28,-0.07] I
B 2022 218 073 51 -1.03 108 51  50% -1.24[-1.66,-0.81] —_—
Kt 2021 34 221 100 -24 219 100  57% -045[0.73,-0.17) -
200 2017 05 129 46 022 164 46  51% -0.19[-0.60,0.22] -
#K 2018 32 148 60 -23 166 60  53% -0.57[-0.93-0.20] -
HE 2020 299 097 46 -154 101 46  48% -1.45[-1.91,-0.99] —_
Total (95% Cl) 861 821 100.0% -0.58[-0.77,-0.39] ¢
Heterogeneity: Tau? = 0.15; Chi2 = 75.30, df = 21 (P < 0.00001); 2= 72% é % 3 15 é
Test for overall effect: Z = 5.93 (P < 0.00001) RFREEA TR

E2 mAERASRARTAEHbAICEE LK IMetas 1
Figure 2. Forest plot of HbA1c difference before and after treatment comparing probiotics group and
control group

WEEH *HEA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Asemi 2013 16 6 27 288 85 27 21% -3.64[4.53,-2.75] -
Chaiyasut 2021 279 684 3% 85 683 36  32% -1.63[-2.17,-1.10] -
Ebrahimi 2017 41022 2979 35 -251 3597 35  35% -0.23[-0.70,0.24] -T
Ejtahed 2012 124 245 30 018 13 30 33% -0.71[1.24,-0.19] -
Feizollahzadeh 2017 1154 20 40163 20 3.0% 0.00 [-0.62, 0.62] T
Firouzi 2016 0.1 15 68 03 21 68 40% -0.22[-0.56,0.12] -
Hosseinzadeh 2013 127 576 42 138 429 42 36% -0.52[-0.95,-0.08] -
Hove 2015 01 175 23 08 3 18 29% -0.37[-0.99,0.25 -
Jiang 2021 287 303 42 105 354 34  35% -0.55[-1.01,-0.09] ]
Kanazawa 2021 62 379 44 35 267 42 3% 0.08 -0.34, 0.50] T
Khalili 2019 2836  45.1 20 119 368 20 29% -0.70[-1.34,-0.06] -
Kobyliak 2018 037 042 31 027 052 22 32% 0.21[-0.34, 0.76] T
Madempudi 2019 213 42 40 -29 474 39 36% -041[-0.850.04] ]
Mazloom 2013 011 609 16 1284 652 18  28% -0.20(-0.87,0.48) -
Mobini 2017 046 322 29 0 34 15 29% -0.14[-0.76,049] -1
Mohamadshahi 2014 -1796 452 22 -223 598 22 3.0% -0.29[-0.89,0.30] -
Ostadrahimi 2015 2241 531 30 126 743 30  34% -0.32[-0.83,0.19 ]
Razmpoosh 2019 -138 369 30 -04 344 30 33% -0.37[0.88,0.14] T
Sabico 2019 45 514 31 11 376 30 32% -1.22[-1.77,-0.67] -
Sato 2017 46 166 34 76 208 34  35% -0.16[-0.63,0.32 -T
Shakeri 2014 -108 457 52 03 764 26 35% -0.19[-0.66,0.28] -T
Tajabadi-Ebrahimi 2017 196 746 30 192 669 30 33% -0.54[-1.06,-0.02] ]
Tajadadi-Ebrahimi 2014 75 478 54 02 724 21 35% -0.13[-0.60,0.33] -T
Toejing 2021 -1983 299 18 983 486 18  28% -0.72[-1.40,-0.04] -]
Tonucci 2017 052 235 23 016 244 22 31% 0.15[-0.44,0.73] T
BiE 2022 304 14 51 19 14 51 3.7% -0.81[-1.21,-0.40] -
K 2021 22 115 100 15 161 100 4.1% -0.50[-0.78,-0.22] -
Zf 2017 -1.05 23 46 029 104 46 37% -0.10[-0.51,0.31] T
¥R 2018 36 18 60 -27 202 60 3.9% -0.46[-0.83,-0.10] -
HEHE 2020 321 118 46 216 122 46 3.6% -0.87[1.30,-0.44] -
Total (95% Cl) 1130 1038 100.0% -0.48 [-0.66, -0.30] [
Heterogeneity: Tau? = 0.18; Chi? = 114.70, df = 29 (P < 0.00001); I* = 75% i é 5 25 i
Test for overall effect: Z=5.31 (P < 0.00001) RFSEEA TR
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Figure 3. Forest plot of FPG difference before and after treatment comparing probiotics group and
control group
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HAEEA papibil Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Asemi 2013 065 638 27 -026 425 27 0.9% -0.39[-3.28,2.50]
Chaiyasut 2021 039 076 36 012 054 36 141% -051[-0.81,-0.21] -
Ebrahimi 2017 003 378 35 008 381 3B 23% -0.11[1.89,1.67] I —
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Mobini 2017 006 409 29 01 41 15  12% -0.04[-259,2.51] —
Mohamadshahi 2014 012 412 22 -004 34 22 15% -0.08[-2.31,2.15] T
Razmpoosh 2019 03 42 30 01 42 30 17% -0.20[-233,1.93] I —
Sabico 2019 0 52 31 -04 5 30 12% 040[-2.16,2.96] . E—
Sato 2017 0 26 34 -06 26 34 41% 0.60[-0.64,1.84] -T—
Shakeri 2014 001 07 52 -002 06 26 142% 0.01[-0.29,0.31] T
Tajabadi-Ebrahimi 2017 001 05 30 01 06 30 145% -0.11[-0.39,0.17] ki
Tajadadi-Ebrahimi 2014 058 5 -01 41 27 16% 010[-2.09 229 —
200 2017 079 28 46 -1.25 314 46  41% 046[-0.77,1.69] -T—

Total (95% CI)

654

570 100.0% -0.27[-0.56, 0.02]
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Test for overall effect: Z = 1.85 (P = 0.06) ®F %ﬁ-’tﬁéﬂ TR
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