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- Observed OTU 46 46 L 0.53(0.14,0.92)  0.008  31% (-0.19,1.27) 76%  ®®O0
&© -
() 3
Chaol 5% 63 63 Y, N -0.79(1.83,0.25) 0136  86% (-277,1.17) 32%  @®00
PD 5% 51 51 ‘ 0.77 (0.36,1.18)  <0.001 0%  (0.37,1.18)  96%
\
A BB :‘
(W%%ﬁﬁ 54 54 _ADmdB. 176 (0.48,303) 0007 86% (-1.17,470)  78% @@®00
UL 1) 81 81 /\ -1.23(-1.81,-0.64) <0.001 53% (-2.25,-022) 99% (BB®O
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Ket ic Diet y
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Fig. 2 Effects of VLCKD on gut microbiota in obesity
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Fig. 3 Funnel plot of the regulatory effect of dietary pattern intervention on gut microbiota in obesity
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Table 2 Subgroup analysis of the regulatory effect of VLCKD on gut microbiota in obesity

Gy ¢RAR WA n Hedges” g 95%CI P, 1% P,
<30 62 1.29 0.01, 2.56) 0.05 77 0.31
BMI/ (kg m ) 30~35 108 0.14 (-0.59, 0.88) 0.7 71
>35 86 0.52 (=020, 1.24) 0.14 54
<30 76 -0.12 (-0.67, 0.43) 0.68 31 <0.01
Shannon#§ % s % 30~45 148 0.74 0.30, 1.18) <0.01 16
>45 32 1.95 (1.06, 2.83) <0.01 0
<6 72 0.26 (-0.79, 1.30) 0.63 77 0.78
7 /A 6~12 148 0.6 (-0.08, 1.29 0.08 72
>12 36 0.96 (-0.92, 2.83) 0.32 83
30~35 34 2.41 (126, 3.57) <0.01 33 <0.01
BMI/ (kg m ) 35~40 42 0.4 (-021, 1.02) 0.2 90
>40 32 3.36 (224, 4.48) <0.01 ND
o . 40~50 46 2.64 (1.15, 4.12) <0.01 67 0.71
Rif o 2 1 i
>50 20 3.02 (1.66, 4.38) <0.01 0
<6 34 2.41 (126, 3.57) <0.01 33 0.05
T A A 6~12 20 0.61 (-030, 1.5D 0.19 ND
>12 54 1.77 (-130, 4.85 0.26 95
30~35 66 -1.22 (-2.17, -0.26) 0.01 64 0.81
BMI/ (kg m™?)
>35 9 -1.35 (-1.79, -0.90) <0.01 ND
. . 40~50 14 -1.63 (-2.89, -0.36) 0.01 ND 0.76
RUSAT T WS
>50 116 -1.42 (-1.83, -1.0D <0.01 0
<6 66 -1.22 (-217, -026) 0.01 64 0.81
TIE /A
6~12 96 -1.35 (-1.79, -0.90) <0.01 ND

n B 5EHE; Hedges’ gAiitadfbn, Ty MALEAR N 22 5 000/ PR s BTvE i [ 84545, LI kR ; P oG I
ROV PR ;s P oAV 2H A ROV 22 S 1Y PIE
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Fig. 4 Meta-regression of the regulatory effect of dietary pattern intervention on gut microbiota diversity in obesity
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Fig.5 Meta-regression of the regulatory effect of dietary pattern intervention on gut microbiota abundance in obesity
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BAT ) 20 (F4) . KEIRAIF T 100 1
NBEXT UL TS ZAS S . meta [0 TR, B
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o

FRbRRFAE AR WEIES A
25 4RbR K MD CON it L8 A5 7Y Hedge's g (95%C1) i o ommxmE geiksha uEdE SR
Jo i A 2 REAE
(Shannon Bt q 17 414 410 AA 0.37 (0.14, 0.61) 0.002 39% (-0.22,1.00) 88% @®®0
Simpson 153 3 630 630 /i 0.01(-0.10, 0.12) 0.909 0% (-0.10,0.12) 5% @000
-
Observed OTU 3 180 214 A 0.15 (-0.13, 0.43) 0.306  44% (-0.28,0.58) 18% (@00
o
Chaol 5% 6 733 733 /L 0.08 (-0.10, 0.27) 0.394  60% (-0.30,0.46) 14% @00
£=
\oP £t 3 97 105 y ¢ & 0:54(-0.24,1.32) 0174  82% (-0.89,2.01) 28%  ®®O0
EHE B RE S 5 :
(Bl i ) 9 425 414 /LA 0.60 (0.11, 1.08) 0.015 91% (-0.82,2.00) 70% ®®00
‘ BB i 8 486 394 /L 0.24 (0.10, 0.38) <0.001 0% (0.09,0.39) 92%  @®®0
%J’ o) VAT IR I ) 4 237 235 /il 0.01(-0.17, 0.19) 0.903 0% (-0.17,0.19) 5% ®000
Mediterranean ‘
Dist @ JELRER I 5 86 85 /_':A -0.46 (-0.81,-0.12)  0.009 9% (-0.92,0.01) 74%  @®00
TUFFET 1 235 234 /e‘ 0.51(0.17, 0.86) 0.004 68% (-0.47,1.51) 83% @0
sttt{a 12 332 330 /dZXA -0.46 (-0.85,-0.07)  0.020 63% (-1.47,0.57) 62% @®00
Hedge's g — 2 1 0 1 2 3
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Fig. 6 Effects of MD on gut microbiota in obesity
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FRARRFAIE AR UPIRAE ST
a5 Jadaks K IF  CON B L2 S ASE AR Hedge's g (95%Cl)  Pfii N 16U 11 R 238 s T 1 4
Jo a0 VA IR 2 R :
(" Shannon 14 15 264 252 A -0.04(-0.33,0.25) 0802 61% (-0.96,088) 6% 000
. Simpson $ 3 53 57 & 0.21(-0.42,083) 0521 59% (-0.84,1.26) 10% 000
Intermittent Observed OTU 4 83 7 A 0.11(-0.56,0.34) 0622 47% (087,065 8% @®®00
Fasting —
Chaol % 2 5 21 § 042(1.23,207) 0618 86% (-230,3.15 8% ®®00
\_PD i 3 64 54 /_(\_L -0.45(-0.89,-0.00)  0.049 27% (-1.04,0.15 51% @®®0O0
FEAEE R
e 5 235 215 A 1.50(0.97,2.02)  <0.001 91% (0.33,267) 99% HBRO
JRRER T 4 51 54 /_\A 0.75(-1.49,-0.01) 0.046 9% (0.57,1.18) 22% @000
Rt U] 3 65 68 /h 0.27(0.49,1.03) 0480  68% (-2.04,053) 52% @®0O0
SCFA 4 68 58 /jL 0.04 (-0.32,0.39)  0.843 63% (-0.32,0.39) 5% m
Hedge's g ’— 2.4 o0 oL 2 3
1 0 1 2 Hedge's g (95%Cl) GEADE % Low
Moderate High
Fig. 7 Effects of IF on gut microbiota in obesity
B7  TFXYARRE A BERRE ME IR
%3 MDX{AERE A BER7E E A= /E AR A5 #
Table 3 Subgroup analysis of the regulatory effect of MDD on gut microbiota in obesity
o AR B WA n Hedges™ g 95%Cl P, 1% P,
<30 73 0.80 (0.18, 1.52) 0.03 65 0.13
BMI/ (kg m™?)
30~35 337 0.23 (0.08, 0.33) 0.01 0
o A 40~50 133 0.65 (0.14, 1.16) 0.01 65 0.09
Shannon?i %1 R
>50 286 0.19 (0.02, 035 0.02 0
. <6 583 0.26 (0.01, 0.52) 0.04 57 0.86
T-HUE A
6~12 252 0.23 (0.06, 0.41) 0.01 0
<30 101 0.05 (-023, 034 0.73 0 0.03
BMI/ (kg m™?)
>30 324 0.87 (0.19, 1.56) 0.01 94
e w 30~50 128 1.22 (0.04, 241 0.04 94 0.11
BT 3., 2 4 J LG
>50 297 0.23 (-0.06, 0.52) 0.13 63
. <6 155 1.08 037, 1.79) <<0.01 88 <<0.01
+Fi 1 H
6~12 270 0.04 (-0.14, 02D 0.69 6
<30 160 0.32 (0.09, 0.55) <<0.01 0 0.03
BMI/ (kg m™%)
>30 174 -0.02 (-0.23, 019 0.87 0
. 40~50 220 0.32 (0.12, 0.52) <<0.01 0 0.25
KB b EE%
>50 298 0.16 (-0.03, 0.35 0.10 0
<6 90 0.40 (-0.02, 0.82) 0.06 0 0.43
THENH
6~12 441 0.22 (0.07, 0.36) <<0.01 0

nAZ5ERE; Hedges’ hliitditn, M Tt PIAEURMI2ZE MO0, PABISRISR BRI R, LA tRn; PRI
BN IPIE ;P A B SON 22 5 ) PIEL
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Table 4 Subgroup analysis of the regulatory effect of IF on gut microbiota in obesity
AR lj n Hedges” g 95%CI P, Fl% P,
T
<30 88 0.65 (0.21, 1.08) <0.01 0 <<0.01
BMI/ (kg- m™%)
>30 217 -0.19 (-048, 0.10) 0.20 53
§ <40 200 -0.40 (-0.82, 0.02) 0.06 55 <<0.01
Shannon#f £{ sy
>40 144 0.49 (0.16, 0.83) <<0.01 0
0~4 247 0.09 (-0.16, 0.34) 0.49 0 0.02
T WA
202 -0.50 (-092, -0.09 0.02 49
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Abstract Obesity has become a major global public health concern, affecting more than one billion individuals
worldwide. As a low-grade chronic inflammatory condition, obesity is closely associated with cardiometabolic
disorders and gut microbial dysbiosis. Diet-based interventions are recognized as one of the safest and most
effective strategies for long-term weight management. Increasing evidence indicates that specific dietary patterns
can modulate gut microbiota (GM) composition and metabolic function. However, comparative evidence
regarding the effects of different dietary strategies remains limited and inconsistent. This systematic review and
meta-analysis comprehensively evaluated the effects of the very-low-calorie ketogenic diet (VLCKD),
Mediterranean diet (MD), and intermittent fasting (IF) on gut microbiota in obese populations. Systematic
searches of PubMed, EBSCOhost, Cochrane, and Web of Science were conducted up to September 2025. Meta-
analyses using R software assessed changes in microbial diversity and characteristic taxa abundance, with
subgroup analyses by body mass index (BMI), age, and intervention duration. A total of 42 studies were included.
Random-effects meta-analysis revealed that VLCKD significantly increased the Shannon index, observed OTUs,
and Faith's phylogenetic diversity (PD), promoted Akkermansia abundance and the Firmicutes/Bacteroidetes (F/B)
ratio, but reduced Bifidobacterium abundance, indicating a bidirectional regulatory effect on gut microbial
structure. MD significantly increased the Shannon index as well as the abundance of Akkermansia,

Bifidobacterium, and Bacteroidetes, while decreasing Firmicutes abundance and the F/B ratio, suggesting a
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balanced and sustained improvement in gut microbial composition. In contrast, IF significantly decreased the PD
index while increasing Akkermansia and reducing Firmicutes, reflecting partial structural optimization but limited
enhancement of phylogenetic diversity; long-term interventions were associated with a decline in Shannon
diversity, indicating limited stability. Subgroup analyses revealed distinct moderator effects. Under VLCKD,
improvements in microbial diversity were more pronounced among individuals with BMI<30 kg/m® and those
aged >30 years, and meta-regression confirmed that the magnitude of diversity gains increased with age.
Regarding BMI, increases in Akkermansia abundance were most evident in individuals with BMI 30 - 35 kg/m’,
whereas Bifidobacterium abundance significantly decreased in the same range, suggesting a threshold-dependent
microbial response to adiposity. With respect to age, both Akkermansia (increase) and Bifidobacterium (decrease)
exhibited significant changes in individuals aged >40 years. In terms of intervention duration, Akkermansia
increased significantly within 6 weeks, while Bifidobacterium decreased within 12 weeks. For MD, increases in
Shannon diversity were consistently observed across all BMI, age, and duration subgroups; notably, Akkermansia
abundance increased significantly among participants with BM/>30 kg/m’, aged 30 = 50 years, and during
interventions <6 months, while Bifidobacterium abundance rose markedly in participants with BMI<30 kg/m’,
aged 40 - 50 years, and during interventions of 6 - 12 months. Under IF, Shannon diversity increased
significantly in individuals with BMI<30 kg/m* and aged >40 years but declined when the intervention exceeded 4
weeks, suggesting reduced long-term stability. In conclusion, VLCKD, MD, and IF all modulate gut microbiota in
obesity but differ in magnitude, direction, and durability. VLCKD exerts strong yet dual effects—enhancing
diversity while reducing beneficial taxa; MD shows stable, sustained modulation; whereas IF offers selective
improvements but lowers phylogenetic diversity with limited persistence. Future studies should conduct large,
multicenter randomized controlled trials to determine optimal intervention duration, confirm the moderating roles
of age and BMI, and develop personalized microbiota-based dietary strategies for obesity management and gut

health improvement.

Key words dietary pattern, obese population, gut microbiota, meta-analysis, systematic review
DOI: 10.3724/j.pibb.2025.0327 CSTR: 32369.14.pibb.20250327

* This work was supported by a grant from The National Social Science Foundation of China (25BTY032).
#:# These authors contributed equally to this work.

w4 Corresponding author.

WANG Xun-Ling. Tel: 0561-3802328, E-mail: 382219666(@qq.com

LIU Feng-Hu. Tel: 0531-89665095, E-mail: 67839417@qq.com

Received: July 11, 2025 Accepted: October 14, 2025





