Supplementary Table S1. Detailed intervention characteristics and individual study-
level outcome findings of probiotic and synbiotic interventions included in the meta-

analysis

Abbreviations: BMI, body mass index; WC, waist circumference; FG, fasting glucose; FI, fasting

insulin, HOMA-IR, homeostatic model assessment of insulin resistance; CFU, colony-forming
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Supplementary Table S2. Leave-one-study-out sensitivity analysis for BMI

Excluded study MD (95% CI) P value Effect stability

None (overall analysis) -0.91 (-1.81,—0.01) P <0.05 —

Alisi 2014 —0.92 (-1.92, 0.08) >0.05 Stable

Atazadegan 2023 —0.91 (—1.88, 0.05) >0.05 Stable

Charoensriwattanakul —1.09 (-2.00, —0.18) <0.05 Stable

2026

Chen 2022 —0.91 (—1.88, 0.05) >0.05 Stable

Ipar 2015 —0.77 (-1.73, 0.19) >0.05 Stable

Kilic Yildirim 2022 —0.88 (-2.07, 0.32) >0.05 Stable

Liu 2023 —0.62 (—1.55,0.32) >0.05 Stable

Verma 2021 —0.86 (—1.78, 0.06) >0.05 Stable

Zhang 2024 —0.74 (-1.77, 0.29) >0.05 Stable

Note:Leave-one-study-out sensitivity analyses were performed by sequentially removing each
individual study. The pooled BMI estimates remained consistent in direction and magnitude after
exclusion of individual studies, suggesting that no single study substantially influenced the
overall effect estimate.

Supplementary Table S3. Leave-one-study-out sensitivity analysis for BMI z-score

Excluded study MD (95% CI) P value Effect stability
None (overall analysis) —0.03 (—0.11, 0.05) >0.05 —

Alisi 2014 0.00 (—0.09, 0.10) >0.05 Stable
Charoensriwattanakul 2026 —0.02 (-0.11, 0.06) >0.05 Stable
Gobel 2012 —0.01 (-0.09, 0.07) >0.05 Stable
Kianifar 2018 —0.06 (-0.13, 0.02) >0.05 Stable
Kilic Yildirim 2022 —0.02 (-0.11, 0.07) >0.05 Stable
Rodrigo 2022 —0.02 (-0.11, 0.07) >0.05 Stable
Safavi 2013 —0.03 (-0.12, 0.06) >0.05 Stable
Sanchis-Chorda 2019 —0.02 (—0.11, 0.07) >0.05 Stable
Vajro 2011 —0.02 (-0.10, 0.06) >0.05 Stable
Verma 2021 —0.02 (-0.11, 0.06) >0.05 Stable

Note: Leave-one-study-out sensitivity analyses were performed by sequentially removing each

included study. The pooled estimates remained consistent in direction, magnitude, and statistical



significance after exclusion of individual studies, indicating that no single study substantially

influenced the overall effect estimate.

Supplementary Table S4. Leave-one-study-out sensitivity analysis for fasting
glucose

Excluded study MD (95% CI) P value Effect stability
None (overall analysis) —0.40 (-2.81, 2.00) >0.05 —
Charoensriwattanakul —0.31 (-3.07, 2.46) >0.05 Stable
2026
Chen 2022 0.02 (—2.53,2.58) >0.05 Stable
Gobel 2012 —0.85 (—3.58, 1.88) >0.05 Stable
Kilic Yildirim 2022 0.08 (—2.43,2.59) >0.05 Stable
Rodrigo 2022 —0.52 (-3.20, 2.16) >0.05 Stable
Safavi 2013 0.24 (-2.05, 2.54) >0.05 Stable
Sanchis-Chorda 2019 —0.86 (-3.51, 1.80) >0.05 Stable
Verma 2021 —0.52 (-3.20, 2.16) >0.05 Stable

Note:Leave-one-study-out sensitivity analyses were performed by sequentially removing
each individual study. The pooled fasting glucose estimates remained consistent in
direction, magnitude, and statistical significance after exclusion of individual studies,

indicating that no single study substantially influenced the pooled effect estimate.

Supplementary Table S5. Leave-one-study-out sensitivity analysis for fasting
insulin

Excluded study MD (95% CI) P value Effect stability

None (overall analysis) 0.46 (—1.48, 2.40) >0.05 —

Charoensriwattanakul 0.25 (-1.85,2.34) >0.05 Stable

2026

Chen 2022 0.23 (-2.07,2.52) >0.05 Stable

Gobel 2012 0.47 (-1.75,2.70) >0.05 Stable

Kilic Yildirim 2022 1.13 (=0.99, 3.25) >0.05 Stable

Sanchis-Chorda 2019 0.46 (—1.49, 2.40) >0.05 Stable

Verma 2021 0.46 (—1.49, 2.40) >0.05 Stable

Note:Leave-one-study-out sensitivity analyses were performed by sequentially removing

each individual study. The pooled fasting insulin estimates remained consistent in direction,



magnitude, and statistical significance after exclusion of individual studies, indicating that

no single study substantially influenced the pooled effect estimate.

Supplementary Table S6. Leave-one-study-out sensitivity analysis for HOMA-
IR

Excluded study MD (95% CI) P value Effect stability

None (overall analysis) —0.14 (—0.57, 0.28) >0.05 —

Charoensriwattanakul -0.19 (-0.66, 0.28) >0.05 Stable

2026

Chen 2022 -0.17 (-0.67, 0.33) >0.05 Stable

Gabel 2012 -0.17 (-0.68, 0.34) >0.05 Stable

Kilic Yildirim 2022 0.12 (-0.31, 0.56) >0.05 Stable

Liu 2023 -0.07 (-0.55, 0.42) >0.05 Stable

Sanchis-Chorda 2019 -0.12 (-0.58, 0.33) >0.05 Stable

Verma 2021 -0.07 (-0.55, 0.42) >0.05 Stable

Note:Leave-one-study-out sensitivity analyses were performed by sequentially removing
each individual study. The pooled HOMA-IR estimates remained consistent in direction,
magnitude, and statistical significance after exclusion of individual studies, indicating that

no single study substantially influenced the pooled effect estimate.



