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Global hotspots and trends in gut microbiota and metabolic
syndrome research based on Web of Science (2005-2024)

ZHANG Huiyao'?, LI Hao'*, ZHOU Tingting?, WU Wenyu”, HUANG Guodong’, HUANG Zhengqi'?,
HU Haoying’, RAO Xianjun®, CHEN Lei’, WEI Wei**

1 Science and Technology Innovation Center, Guangzhou University of Chinese Medicine, Guangzhou,
Guangdong, China

2 Wangjing Hospital, China Academy of Chinese Medical Sciences, Beijing, China

3 Chengdu University of Traditional Chinese Medicine, Chengdu, Sichuan, China

Abstract: To systematically analyze the current status and research trends and identify the key
research hotspots in the field of gut microbiota and metabolic syndrome (MetS) from 2005 to 2024,
thus providing references for future research and intervention strategies. Relevant literature on gut
microbiota and MetS was retrieved and screened from the Web of Science Core Collection.
Bibliometric tools such as VOSviewer, CiteSpace, and the R package bibliometrix were used to
analyze the publication trends, countries and institutions, research themes, and emerging hotspots.
A total of 4 210 relevant publications were included. The annual number of publications showed an
increasing trend, which was particular rapid after 2010. China and the United States led in
publication output, and major research findings were published in journals such as Nutrients, Gut,
and Nature. Research hotspots primarily covered the fields of nutrition and diet, biochemistry and
molecular biology, and microbiology. Keyword evolution analysis revealed a shift from early
descriptive studies on gut microbiota composition to mechanism investigations focusing on
dysbiosis-related pathways such as energy metabolism, inflammatory responses, and gut-organ
axes. Co-occurrence analysis further indicated that key microbial metabolites (e. g., short-chain
fatty acids and bile acids) and microbiota-targeted interventions (e. g., probiotics and fecal
microbiota transplantation) had become focal points in recent studies. This bibliometric study
comprehensively summarizes the research landscape of gut microbiota and MetS and highlights
emerging trends and directions. Given the limitations of conventional therapies in terms of
targeting specificity, patient adherence, and long-term safety, microbiota-based interventions offer a
promising breakthrough for the prevention and treatment of MetS, providing valuable theoretical
support for future precision medicine.

Keywords: gut microbiota; metabolic syndrome; bibliometrics; visualization analysis
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Figure 2  Publications analysis of the relationship between gut microbiota and MetS from 2005 to 2024. A:
Annual publication volume and cumulative publication volume obtained from WoSCC; B: Annual publication
volume from 2005 to 2024 categorized by country; C: Top 10 countries ranked by total citations; D: Top 10

research fields based on publication quantity.
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Table 1 Top 10 countries/regions ranked by average citations per publication (minimum 100 publications)
Country Documents Citations Average number of citations Total link strength
Netherlands 175 21542 123.10 2984

United Kingdom 292 30027 102.83 3246

France 183 17 627 96.32 2 402
Germany 174 13 472 77.43 1 699

United States 976 72014 73.78 7725

Italy 378 24 262 64.19 3131

Spain 264 15355 58.16 2296

Canada 215 12 502 58.15 1978
Australia 176 9676 54.98 1383

Brazil 112 5508 49.18 930
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Figure 3  Analysis of countries and institutional collaborations. A: Chord diagram of national collaborations; B:
VOSviewer network visualization of the top 100 institutions by publication output in studies of gut microbiota
and metabolic syndrome. Node size represents the number of publications; Edge thickness indicates the

collaboration strength between institutions; Colors denote clusters.
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Table 2 Top 10 authors ranked by publication volume in gut microbiota and metabolic syndrome research

Authors Documents  Citations Total link strength | Authors Documents Citations  Total link strength
Nieuwdorp M 52 6 060 159 Delzenne NM 21 3645 76
Chassaing B 36 4063 78 Gasbarrini A 21 3053 28
De vos WM 29 7510 117 Zhao L 20 3046 68
Cani PD 27 5844 92 Vijay-Kumar M 19 2 839 59
Gewirtz AT 27 5472 79 Herrema H 18 857 35
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Figure 4 Author collaboration and co-citation networks. A: Author collaboration network; B: Author co-citation
network (threshold: 100 co-citations).

R3 BEMEVESKEGRESEN RS S URBH R B0 /EE
Table 3 Top 10 authors ranked by co-citation frequency in the field of gut microbiota and metabolic syndrome

research
Authors Co-citation counts  Total link strength | Authors Co-citation counts  Total link strength
Cani PD 2369 263 862 Gin IJ 677 75 863
Turnbaugh PJ 1786 181 873 Tilg H 458 58 653
Ley RE 1210 122767 Vrieze A 453 47 598
Bickhed F 1024 114 193 Chassaing B 400 36 570
Everard A 707 72 126 Caporaso JG 390 26 307
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Figure 5 Visualization of journal networks. A: Clustered network of the top 100 most-cited journals; B: Journal
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Table 4 Top 10 most-cited journals related to gut microbiota and MetS research

Journal Documents Citations  Average Country IF JIF
citations quartile

Nutrients 268 10 741 40.1 Switzerland 4.8 Q1
Gut 28 8949 319.6 United Kingdom 23.0  Ql
Nature 7 7 655 1093.6 United States 50.5 Q1
Cell 5372 596.9 United States 455 Ql
PLoS One 66 4 848 73.5 United States 29 Q1
Gastroenterology 15 4349 289.9 United States 25.7 Ql
International Journal of Molecular Sciences 119 4152 349 Switzerland 4.9 Q1
Scientific Reports 81 3892 48.0 United Kingdom 3.8 Q1
British Journal of Nutrition 22 3414 155.2 United Kingdom 3.0 Q2
World Journal of Gastroenterology 43 3248 75.5 China 43 Q1
®S MEMEVRSRHESEMRPRIEESIEAT S5
Table 5 Co-citation analysis of journals in the field of gut microbiota and MetS

Journal Citations Total link strength Country IF JIF quartile
Nature 10 476 1267 003 United States 50.5 Q1

PLoS One 8708 1151077 United States 29 Q1
Nutrients 6 811 957 109 Switzerland 4.8 Ql

PNAS 6376 825421 United States 9.4 Q1
Gastroenterology 6157 832 617 United States 25.7 Q1

Gut 6148 812 447 United Kingdom 23.0 Q1
Science 5197 682 143 United States 44.7 Q1
Scientific Reports 4 668 667 014 United Kingdom 3.8 Q1
Hepatology 4 667 661 139 United States 12.9 Q1
Diabetes 4267 539 096 United States 6.2 Q1

FAH0 10 PRI, A 6 AT BE 5 R EE i
6 000 . i, Nature MIL5 1 B, 5
10 476 & ; H K JE PLoS One (8 708 ¥K) Fil
Nutrients (6 811 1K), BLAL, Nature W52 K+
iz 15 (impact factor, IF=50.5), 74 & 345 51 X
2RI S T SRS R 1000 Y 1A .
A 5B ff7~, Nature 5 PLoS One 5 1F [n] L5
KFR o XA T K SR A DS 2 7 1 T
APIRES MetS G HA = 15 A R 2R
EApANS

CiteSpace X &l & fill 43 A1 i W Hb 45 7= 1 i
WAV S MetS 058 10 85 22 BHRHR R S E 20 -

P4 actamicro@im.ac.cn, 7 010-64807516

Pl 22 AR 3 5 | Sk e 76 119 24 B IX 5 (citing
region), A7 4% 2 Bk 51 SCHk AT JE B9 F R X 5k
(cited region) (&l 5C). H] iyt 4 FRom A [A]=# R}
ZIP SR, LKABEACTA R A [E] By
Brof bt B, AU RIR 5 R
A ULA 5 Akt s SR, BoRIRE
Bl ez B e | TR Y L
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W SCEkEI . FIEE, SN 2% E SR,
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WA H #i IS, WP 98 BB A2 SR,
S et 5 = RS FIIT 50 32 AR 5 1 2% ST T
FE A A
2.4 IR S

BT | R BGE W B i i BT CR 2 AR5
M) g A AR bR . A SORHX 4 210 J AH DG SCHR Y
BV TEBLEEST T aeit iR, S55R Bossis ik

BeHE44 110 10 19 3CHRSY T3 6 th . Tremaroli %11
TE Nature I &R M) SCEHE G IREUR (3 141 1K),
ZSCER VT T W 8 T 2 PR o) RE 1 A A8 52 i) S
HAENEREFPER . 55 2 55 S Vrieze %M
T 2012 4E & KA Gastroenterology, #%5 | IKEGA
2021 K, WFIE Ik A 8 A A Y 3 R RS A
(fecal microbiota transplantation, FMT)RENS I35 3%
PRIV RS 2 U . 5 3 RiSCH i Buzzetti %)
T 2016 4F K& £ 1F Metabolism, #% 5] K F ik
1915 ¥k, Btge4 it 1 AEWRG PR 7 M 0 (non-
alcoholic fatty liver disease, NAFLD) f*) “ % & §]

*6 1L RAEREMESKBESIEMNRIM 210E XE BB E P 5 R B & 289105 308
Table 6 The 10 most frequently cited publications from a dataset of 4 210 publications concerning gut

microbiota and MetS research

Rank Title First author Journal Year Citations DOI

1 Functional interactions between the gut ~ Tremaroli V Nature 2012 3141 10.1038/nature11552
microbiota and host metabolism!'!

2 Transfer of intestinal microbiota from Vrieze A Gastroenterology 2012 2021 10.1053/.
lean donors increases insulin sensitivity gastro.2012.06.031
in individuals with metabolic
syndrome!'¥

3 The multiple-hit pathogenesis of non- Buzzetti E Metabolism 2016 1915 10.1016/.
alcoholic fatty liver disease (NAFLD)!'! metabol.2015.12.012

4 Inflammasome-mediated dysbiosis Henao-Mejial]  Nature 2012 1808 10.1038/nature10809
regulates progression of NAFLD and
obesity!®!

5 What is the healthy gut microbiota Rinninella E Microorganisms 2019 1720 10.3390/
composition? A changing ecosystem microorganisms7010014
across age, environment, diet, and
diseases!'”

6 Personalized nutrition by prediction of ~ Zeevi D Cell 2015 1561 10.1016/.
glycemic responses!'®! cell.2015.11.001

7 Metabolic syndrome and altered gut Vijay-Kumar M Science 2010 1556 10.1126/
microbiota in mice lacking Toll-like science.1179721
receptor 57

8 The gut microbiota and host health: a Marchesi JR Gut 2016 1513 10.1136/gutjnl-2015-
new clinical frontier!"! 309990

9 Influence of diet on the gut microbiome Journal of 2017 1494 10.1186/s12967-017-
and implications for human health®” Singh RK Translational 1175-y

Medicine

10  Prebiotic effects: metabolic and health ~ Roberfroid M British Journal of 2010 1439 10.1017/

benefits!*'! Nutrition S0007114510003363
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i B, SRR i T A A TR R A
gk, HE4 58 5 (90T i Rinninella %17
T 2019 4F K& FKAE Microorganisms, #5351 KEIA
1720 ¥, WFFE R PR AR 1 D SR A M i A0 I

AR SR

2.5 JCRRILAR S| FNZR ML oA
FERL B 4 210 f Sck b, SRS T

200 378 = SCHR . FESCHRITHEE v, W

SEIR] 51 4 SRR 7F 52 U0 A% 0 S i

Cani PD 2009

Zhu LX 2013

Karlsson Fh 2013 Eckburg PB 2005

David LA 2014 —
Depommier C 2019 Callahan BJ 2016
Larsen N 2010 -

Everard A 2013 = 7/
i iy

Tremaroli V 2012
Koh A 2016

/

i 1 3 s ALYl 51 SCER B, T LR R s 1
UEYIRES MetS WFFEAY AR FEAIAARIK R
Kl 6A &R T i A Ve S MetS BF9E 1Y ek
CIICES mva\‘?%f;z‘a‘leﬁﬁmaé LA AN
FoRILPEBIERIE . AP A T AR AR
mﬁ%ﬁéli@t, Iiﬂﬂé,ﬂwz U A RFLE R T
7 HIH T IS ORI T 10 RS %5
fk. &l 6B fran, A5 FIH CiteSpace Xfix
Se G 5| B2 % SCERIEAT T R T, s
R, AR LR (O (H) M 0.717, 4

Caporaso JG 2010

Bickhed F 2005 Ley RE 2006

Ridaura VK 2013
Mwlemog-

[Zhang HS 2009

="

" Shin NR 2014
Schwiertz A 2010

4 Kootte RS 2017
Tumbaugh P 2008 EfRMEHGIR0IZ  Wa GD 2011

#13 Non-Digestible Food Ingredionts

il
#10 16S rDNA gene sl i
: #8 Fecal Microbiota Transplantation

#6Bifidobacterium

#14 Gastromtestmal Motility

#3 #16Ad1pogenes1s
#4
#5

#6 #17 Graft—Versus-Host Disease
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#11 Microbial Interference Therapy 'g

#4 Microflora

* #5 Motabollic Syndrome

#15 Pu-Erh Tea

#3 Diabetes #1 ngh
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i
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#20 Microbiome
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Figure 6  Visualization of references and keywords. A: Reference co-citation network; B: Keyword
co-occurrence clustering analysis; C: Clustering of high-frequency keywords; D: Word cloud of the 100 most
frequently used keywords in this field (Panels A and D generated by the R package bibliometrix, Panel B by
CiteSpace, and Panel C by VOSviewer).
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®T AESTEN4 210FAAE R E YR AR B ER SR 53R 24K 5 DR EHF R BT 1089238 S0k

Table 7 Top 10 references ranked by co-citation frequency from 4 210 articles on gut microbiota and MetS

Rank Title First author ~ Journal Year Citations DOI

1 Diet rapidly and reproducibly alters the David LA Nature 2013 170 10.1038/nature12820
human gut microbiome!??

2 Supplementation with Akkermansia Depommier C Nature Medicine 2019 146 10.1038/541591-019-
muciniphila in overweight and obese 0495-2
human volunteers: a proof-of-concept
exploratory study!**!

3 Improvement of insulin sensitivity after Kootte RS Cell Metabolism 2017 143 10.1016/.
lean donor feces in metabolic syndrome is cmet.2017.09.008
driven by baseline intestinal microbiota
composition®*

4 Cross-talk between Akkermansia Everard A PNAS 2013 130 10.1073/
muciniphila and intestinal epithelium pnas.1219451110
controls diet-induced obesity>!

5 Transfer of intestinal microbiota from lean ~ Vrieze A Gastroenterology 2012 125 10.1053/.
donors increases insulin sensitivity in gastro.2012.06.031
individuals with metabolic syndrome!'*!

6 Gut microbiota in human metabolic health Fan'Y Nature Reviews 2021 124 10.1038/s41579-020-
and disease!”! Microbiology 0433-9

7 Akkermansia muciniphila and improved Dao MC Gut 2016 119 10.1136/gutjnl-2014-
metabolic health during a dietary 308778
intervention in obesity: relationship with
gut microbiome richness and ecology®*®

8 Richness of human gut microbiome Le Nature 2013 113 10.1038/nature12506
correlates with metabolic markers!?” Chatelier E

9 Reproducible, interactive, scalable and Bolyen E Nature 2019 113 10.1038/s41587-019-
extensible microbiome data science using Biotechnology 0209-9
QIIME 218

10 Gut microbiota from twins discordant for =~ Ridaura VK Science 2013 112 10.1126/

obesity modulate metabolism in mice®”!

science.1241214
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#0. #1. #4. #10. #13 F#20 BT T id ik
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#10, #14. #16, #18 FI#19 W58 T i k9
HES MetS B9 &M HLEN; SERE#2. #3. #5. #7.
#9 17 H55 T i MAYIRES MetS A ICE
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i Top 25 references with the strongest citation bursts
References Year Strength Begin End 2005-2024
Vijay-Kumar M, 2010, SCIENCE, V328, P228, DOI 10.1126/science.1179721, DOI 2010 49.47 2010 2015 AS—
Qin JJ, 2010, NATURE, V464, P59, DOI 10.1038/nature08821, DOIL 2010 4043 2010 2015 E—
Turnbaugh PJ, 2009, NATURE, V457, P480, DOI 10.1038/nature07540, DOI 2009 37.99 2010 2014 —
Schwiertz A, 2010, OBESITY, V18, P190, DOI 10.1038/0by.2009.167, DOI 2010 30.41 2010 2015 —
Cani PD, 2008, DIABETES, V57, P1470, DOI 10.2337/db07-1403, DOI 2008 29.81 2010 2013 —
Cani PD, 2009, GUT, V58, P1091, DOI 10.1136/gut.2008.165886, DOI 2009 26.94 2010 2014 —
Arumugam M, 2011, NATURE, V473, P174, DOI 10.1038/nature09944, DOI 2011 37.16 2011 2016 —
Wu GD, 2011, SCIENCE, V334, P105, DOI 10.1126/science.1208344, DOI 2011 34.76 2012 2016 S—
Vrieze A, 2012, GASTROENTEROLOGY, V143, P913, DOI 10.1053/j.gastr0.2012.06.031, DOI 2012 49.85 2013 2017 —
Qin JJ, 2012, NATURE, V490, P55, DOI 10.1038/nature11450, DOI 2012 43.03 2013 2017 —
Tremaroli V, 2012, NATURE, V489, P242, DOI 10.1038/nature11552, DOI 2012 40.62 2013 2017 —
Henao-Mejia J, 2012, NATURE, V482, P179, DOI 10.1038/nature10809, DOI 2012 33.81 2013 2017 —
Le Chatelier E, 2013, NATURE, V500, P541, DOI 10.1038/nature12506, DOI 2013 4147 2014 2018 —
Ridaura VK, 2013, SCIENCE, V341, P1079, DOI 10.1126/science.1241214, DOI 2013 41.10 2014 2018 —
Karlsson FH, 2013, NATURE, V498, P99, DOI 10.1038/nature12198, DOI 2013 31.51 2014 2018 _
David LA, 2014, NATURE, V505, P559, DOI 10.1038/nature12820, DOI 2014 49.26 2015 2019 —
Everard A, 2013, PNATL ACAD SCI USA, V110, P9066, DOI 10.1073/pnas.1219451110, DOI 2013 45.64 2015 2018 —
Shin NR, 2014, GUT, V63, P727, DOI 10.1136/gutjnl-2012-303839, DOI 2014 26.99 2015 2019 —
Wang JJ, 2015, ISME J, V9, P1, DOI 10.1038/ismej.2014.99, DOI 2015 2525 2016 2019 —
Koh A, 2016, CELL, V165, P1332, DOI 10.1016/j.cell.2016.05.041, DOI 2016 2522 2018 2021 —
Kootte RS, 2017, CELL METAB, V26, P611, DOI 10.1016/j.cmet.2017.09.008, DOI 2017 27.82 2019 2022 —
Saklayen MG, 2018, CURR HYPERTENS REP, V20, PO, DOI 10.1007/s11906-018-0812-z, DOI 2018 28.28 2020 2024 —
Depommier C, 2019, NAT MED, V25, P1096, DOI 10.1038/s41591-019-0495-2, DOI 2019 2933 2021 2024 —
Bolyen E, 2019, NAT BIOTECHNOL, V37, P852, DOI 10.1038/s41587-019-0209-9, DOI 2019 28.73 2021 2024 —
FanY, 2021, NAT REV MICROBIOL, V19, P55, DOI 10.1038/s41579-020-0433-9, DOI 2021 39.10 2022 2024 —
B Top 38 keywords with the strongest citation bursts
Keywords Year Strength Begin End 2005-2024
Microflora 2005 7.68 2005 2018
Bacterial overgrowth 2005 6.44 2005 2016
C reactive protein 2006 5.67 2006 2015
Ulcerative colitis 2007 8.17 2007 2016
Irritable bowel syndrome 2007 7.84 2007 2014 ————
Crohns disease 2007 7.76 2007 2017
16S ribosomal RNA 2009 5.83 2009 2013 —
Endotoxemia 2010 9.68 2010 2018 ——————
Intestinal bacterial overgrowth 2010 7.96 2010 2016 —
Necrosis factor alpha 2010 6.77 2010 2017 N
Adipose tissue 2006 5.18 2010 2017 ——
Inflammatory bowel disease 2011 8.82 2011 2016 —
NFfapen B o s o a0 —
Nonalcoholic steatohepatitis e——
Diet induced obesity P 2008 18.16 2012 2017 ——
B¢ 53 mE o —
g{?:g}‘?;‘r‘;‘ui‘ifsc‘le infection 2013 8.68 2013 2016 —
Weight loss 2010 7.62 2013 2016 ———
B . 2013 7.44 2013 2019 ——
Esoheriolnaeols 2013 5.80 2013 2014 —
Ficology 2013 5.09 2013 2016 s—
Bacteriotherapy 2014 10.47 2014 2019 e
Lactobacjl]lus:ga&y?rl SBT2055 2014 8.17 2014 2018 E———
Inducgd msulm' resistance 2006 5.47 2014 2015 =
Hepatic steatosis 2011 8.99 2015 2018 —_—
Rats 2015 7.26 2015 2018 [
Community 2015 6.59 2015 2019 o
Low grade inflammation 2015 4.97 2015 2017 —
Natural history 2016 5.61 2016 2018 =
Abdominal adiposity randomized 2007 7.42 2017 2018 —
Controlled trial extract 2019 5.61 2020 2022 —
Metabolic diseases 2021 5.51 2021 2024 —
Gut microbiota dysbiosis 2021 5.06 2021 2022 —
Western diet 2021 4.99 2021 2024 ——
Pathophysiology 2022 533 2022 2024 —
Non-alcoholic fatty liver disease 2016 5.27 2022 2024 —

El7 SIERIMEREIARI . A RIGREHAF2500Z%53CHK: B: Ik BEHEA R38R S Il .
Figure 7 Citation bursts and keyword bursts. A: Top 25 references with the strongest burst intensity; B: Top 38
keywords with the strongest burst intensity.
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E8 REEFEMXBIAETSM. A: RERR T80 FEER . SO MICERIEES; B:
F AR R R T BFIEAE 4 AR B B i R AL 3 g A AN [R5 A 2R S BRI A R A AR AL
LR ARLAN R SR A S22, oML A 2 J R R ] Y SCIBR PR it . s PR GS G R oh R TR
bibliometrix 14 ).

Figure 8 Sankey diagram and keyword evolution. A: The Sankey diagram illustrates the main countries,
keywords, and distinguished authors in the field; B: The theme evolution chart depicts the development of
research in this field over three phases. It shows the shift in research focus through lines connecting different

nodes. The thickness of these lines represents the frequency of shared keywords, with thicker lines indicating

higher importance of the themes (This visualization was created using the R package bibliometrix).
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FHI7 AT K i PR AR . AR ST [, e
ECE YIS MetS BF 5% b 56 [ R0 v 2 5 26
20 A 2 R E K, R HOR SRECR )
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3.2 AEFARESE
32.1 BEMEMEHLSASKHSEE

J T T A S AR IA A & MetS & i (1)
BEWRIKEN I 2R o HAZ O RRIE R IH B RE Y 3
WA T RS R AT, BVA #3 W
I FNEOH BN, PTBEPL AL A 3 py R A
S fa S XA A A R H 5 R IR
. PR AT SR RN R %)
HHOEIA L2001 72 35 [N A 2 AR 5T R T AR AR 5 1
W Z MR R AR TR . B, —3iE
X 2 RUBE DR BB 1 R SR 2 R,
TE R L S 3 1R 8 (Roseburia) HANGRIN T R
FEA TR D, [ AR RSO A X 2P
T3 — T BRI JE e A %) RS o i 7 56 P 4 =
A, WRERNEE RIS RS R
BT, Mg H KRG RIS VI, HR
i LB WG 2EAT 2 (Faecalibacterium) FNUEFT T &
(Bifidobacterium) 545 35 IR/ BOFFAERT AL,
M HUNT KHLBEBASN B s, 16 T 1 ok
B (Ruminococcus gnavus)=FFE T+ 55 5 B K i w48
. MR ST HR —ERAKCOF-5F MetS I R Y
SEIEAREPO FEMUEZ 8, T R O R
Al 3E I 22 Al AL e EARRR S, Hk, g
U S R R LT Z — . Turnbaugh
SECTVR IR, < Rk Y A A T 0 e R B R A R
R, I ) 2 TR AR AE TG TR/ B A2 A e
SRR, Fei 2508 HE—E3E B M RE A0 B
14 BA ¥4 1% T 1 (Enterobacter cloacae) B29 T #E1E
e B R 25 R AT 5] e TE R /DN BRI JRE AR 5 22
BT, R FLLEHUR A R EURA HIEEBURTERE .
Hyk, e B R fig B fig S 3R Ge AR 9 0 B
IR MetS & JEMISEHEIRTT . Cani S5 k4
AR N B R IE S, R SRR E R
Ul i Z ki (lipopolysaccharide, LPS):F4E T &,
n] 38 1 4> 1k 7% 14 (cluster of differentiation 14,
CD14)-Toll #£5Z 14 4 (Toll-like receptor 4, TLR4)-
1% A kB (nuclear factor kB, NF-«B)if [ il & 4>
Pk JRAE S 10 (08 1k 1B 5 2R AL Vijay-Kumar
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SRS R, TLRS JEPI B /INERAT [ &9
B MetS FERAY,  HAZRAA] i o FE A A AL
IR/, R s - S 2 [A]I &R
PRt 7 Si b . AL, N E A YR R e AT
VYRR DT L LR, R A E G s
{Edt MetS e, 7ENERRIRET, Wi EYRE
SR AT e 2 LR AE i M1 Ak K o B SR BE R 1
(tumor necrosis factor-o, TNF-a). 4 i /) &
(interleukin, IL)-6 2R F IR, TR R =
PRI Y) (insulin receptor substrate, IRS)@ElZ 1L, M
1A 355 R B AR 1 B R LPS W ATl
1F TS TLR4-NOD # 52 /R #4811 45 44 Sl AH G
5 I 3 (NOD-likereceptorthermalprotein domain
associated protein3, NLRP3)i i, N 554!
fiE 5 Z A BEERIIRIRA, Wa-m i
VELHIE W MetS WFFE B 2510 o iR
77 A A P ) S AR I A Bt Rl A I VAT P
P55 ARG T, W [RD R A S A R 22
oA Thae, #— POk BRI ERL.
FER -1, B BRI LPS 280 TR kI
FFIN Kupffer 4l fifl TLR4-NF-xB/NLRP3 ifiji, i
il 5 5 2 2 AR H -1 (insulin receptor substrate-1,
IRS-1)/%5 13 B (protein kinase B, Akt)Jf I+ 1
& B R 7Y O 1k 45 & 5 M -1c (sterol regulatory
element-binding protein-1c, SREBP-1c), 5 Z{ i
IS/ I I o ORI s P o | NN /B Ga oL
30 AT A IR A, Sk e X 32
A& (farnesoid X receptor, FXR) 5 it G & 1 1
Ik 5Z {&K 5 (Takeda G protein-coupled receptor 5,
TGRS)AZAKMES, IS 5 R
5 5 AR (EAR RS, -
AR AZ B )T e . ST SR B TR R SR TR Y
SCFAs mlil i sk E M 2 AE T ik 2k Y
(neuropeptide Y, NPY)/#| i #1 ¢ & H (agouti-
related protein, AgRP)fi 570, T B ShHeE
AT T AR 4 100 G R AR 4 s -3
N IR (indole-3-propionic acid) A] # A 1§ ¥ I 2] ik
T Fe b SR AR XS, B I F T i S AR
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KPS PRI F 3 (signal transducer and activator of
transcription 3, STAT3), & 5RERCIHHERE,
322 FEHERRAER S RIERE1E

SCFAs FEAUFELIR . WIRFI TR, &
T 50 W B Ay i I 1 47 2 R K A & 9 72 A2 1Y
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il 1E EAUH DI RE SR EThie, AR UCE
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1 B2 18 M R e SCFAs MK N 79 A 1EAE 22
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P R [ 5 B A G 5 TR R 2 A T v AR
WOVE M AR Y s T B W 2 A5 )=
AR, JE M b R A0 Y T AR R PR
P4 FHLI A TH , SCFAs 7] 3l i #4006 M if L 41
Ji - B Ui 2 Mg I R A2 4 2 (free fatty acid receptor
2, FFAR2) Fl iiE 25 i 105 R 52 & 3 (free fatty acid
receptor 3, FFAR3) & #4EH . M FFAR2 F %
It Gq & /8 s B C-45 2 F 15 5 18 % (Gq
protein/phospholipase C-calcium ion signaling
pathway, Gq/PLC-Ca®* {55 i ), e iF B i 1
W ZFERK-1 (glucagon-like peptide-1, GLP-1)5 Jik
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T Gi/o {55 i@ B, AR FHARXTEE S5 Bk
E IR VAR NI CIE R S G ol 50 g
FEAEIERR B A oAb, TR R T 3 A
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GPCR), HiufiziE et ReI R R e, &
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NBERFFE A, ok F A [R] Bl DX AT Rk — 2k
K W] SCFAs HAHHME R IAIOC . — Tl g
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TR AT FRKF-55 2 BB bl 1) £8 s 36 22 B 3 1R

M, HAERERUE S B E- R b e R, R H:
TERE IR I 50 A i R4 7 YL, 5 — 3k 5%
KL, NERELHEZEE  SCFAs KT TR, S
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FLHRAERE . 165 ZAKPUR NAFLDSY ) g it
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BRI NAT PRI A IR BN R . HAKIN
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(deoxycholic acid, DCA), #& Jii % A f&
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(lithocholic acid, LCA)®!, i — i B B 3= 3 194
YA K T T I IR b 0 Ak 24 4 IR
BT IREAS S RME S 0, M T ImiE
FE-RE ARt 2 1 =AY HEl . X ST hE
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2 55 Z2 R AR 5 1 A A A B R te o)
Hrp, CDCA 1ENESRAL R IR FXR BLfk, H
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SREBP-1c¢ K H N iR Bt G BURH DG KL A IR 5% 5
U0 A H I = BRI, AT, il
AR = A IR SR TR (A0 LCA T DCA)
J& TGRS B A &L sh . TGRS M T e
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W GLP-1 S5 e 2%, DT 4 58 e 5 2% 73 6
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VR FE OBV, Y P R A E R IR S L
HAE AN b TR R R A, wl
RESA I8 T pe , BRI iE ek, JF 5| AR
PR SAE , o I AR AR I 15 b 0 52 40U £
@ A, IR AR TR B,
454 AgRP/NPY #fiZ:7t [ 1Y TGRS 3244, il il
B IR, WA EATh, dERriE
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il 71 AT i 2 5 BSH A Ta- 52 364005 14, 12
#E CA Fl CDCA [m] IR AT R Ak, K AT IR
WSR2 A 7, % FXR 55 TGRS %%
G S, S 5MT AR RRE K
SRR, st AR, LR
AN 77BTE Nz h i SR R AW R R AW e (T =y i
HHRAEETHME, eI KR A 25
IR T ER AR S AT )
324 WEMHEIFISRHEEME

W5 g 3 Tl A P A A A 8 4 b ) SC AR
FHH 25 I8, B TR ST HUAIG ST RIS 2 A
g MetS 5T YTy 1], 4 A= AR — Rk X
A AR R RTE AR YR, REAS
FHOCEE E R TRV, o R R 25 R
B RD T8 AT B TR AR L DN EER A
I I 35 1 5l 1 B P () SE R M L AR RO Y
Y5, MG ARSI ZE i S IR IR
SRR ALT, sh¥) 5258 Ml R BEIE E
S5, g AR ] LU RS MetS J R SGTT &
fiE o BN, #b 7S B2 0E FL AT I (Lactobacillus
rhamnosus) FISYC4-1 F1 % 7+ R [ 25 W FLAT 18
(Limosilactobacillus reuteri) FGSZY33L6 n] D
B R, (e SRR R Y,
FUMIER 500, AT FEIRRE A . 2k
i 1% AU I R A RAE KUY, Lactobacillus
reuteri RERE IR MetS /N IATE | 8/ g
FHER . SRS AL, IR F R,
73 —WREHLACE I R OFSE s, RICIRET R
¥F T (Anaerobutyricum soehngenii) 1] |3 GLP-1
M=, AR P Y 25 2E TR R 2%
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AT R B B R, EEmELIE R B
P R I, RE A% 38 o e PR VR A AT £ T 1 5
7T e A B 5 PR R SR v I 5 4 T BB AT
WAE, EEREYRE, RN REER KT,
IR0 I R AURAET), AN, AR S eE T
WA PYY AT GLP-1 43, JAH4% M3 g il
WFEAE, S ae Rt M TR — T,
HETUE Rt AW S s A o R A, AT R
A RO B i U ST R AR R R R
EABFRUESE, BT R B B
(adlay seed extrusion cooked, ASEC) & 1y & 4k
JU[ T W& FLFF I (Lactobacillus paracasei) F1E
2RI IR 2 [ TR (Weizmannia coagulans)|RE . 35 X
E R IR E SN RS AL A
R W, & A FLAE AT I (Lactiplantibacillus
plantarum) PBS067 . W& 2 . ¥ T4 (Lactobacillus
acidophilus) PBS066 1 % {7 £ [C 26 W FL AT 08
(Limosilactobacillus reuteri) PBS072 f4) & 4= Jo i
Jr AR 52 0] M0 AT MetS BEE 1R A A
A

SR, A% G i A= 28 FATy T i 3 2 Pk K
AR EAT B RR AR S L A AR ) A AR
FRTEZE 5, VLR T il R 7E S 2 DD REAIC T 16 3
HIRTE L P EIXUS o X SRl RERR ] T 1458 45 4
W)z Ak, “JaAIt(postbiotics)”
RN B T A o MR PR 45 AR T RN 25 A TR
2% 1Jp 4= (International Scientific Association for
Probiotics and Prebiotics, ISAPP)AJE X, J5H:JC
T 1 S AR 4 Y e A= A i A ) A EH o3
OBl ENE % F A o I = YA b v =91 s
1 A1 Wi BT i N i T B YN o =T I
P 75 A6 A 25 T TN A TR A 37 1] 23 5 AL
SRR, LAk, ZIHIT IR fE R R A
JCTEREE G AR T F b W FE (B . o, i
PRAREIESE, EL IR S K A. muciniphila
A AMIE L FH Amuc_ 1100 7] 38 o #0015 =38 T
JZ2 70 fifd B9 Toll #f 37 K 2 (Toll-like receptor 2,
TLR2), 4% 8 N5 6 UL B 3- 9 g - 2 H IR B
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(phosphatidylinositol 3-kinase-protein kinase B,
PI3K-AKT)f5 i i, #Emifedt -2 s .
45 fp 18 BE BE ) OBE OF 4 R AR R S
Lactiplantibacillus plantarum ZJ316 3 {5 09 g %%
BE 2 (lipoteichoic acid, LTA)tH n] ¥ [s] TLR2, i
il 44 M A0 A5 5 P8 17 U (extracellular signal-
regulated kinase, ERK)/p38 #£ %4 Jii i Ak 25 11 I i
(p38mitogen-activated protein kinase, p38MAPK)
I % DA S R T30k | sk b R BRI
AT 22 fifp AXCI8 PR PN B 3% I AH 5C 1) i 5t B Bt
W BR T EE KAy, DIRETEARE b fE
AT RS A N, AN, 3B R
(conjugated linoleic acid, CLA) 1 #¥ %2 %5 4= W &
i, EBOIESEAE IR KR S A 2R S AR
AR b 3 e RO o S A R R I G ) T S A y
(peroxisome proliferator-activated receptor 7,
PPARy). PI3K-Akt M B¢ 11 M2 1% 1k & 1 3
(adenosine monophosphate-activated protein kinase,
AMPK)AF {5 S g, AT NR B BlaE e
AT IAMBIRG THEAR,, R 1 7
JRAE 5 A2 ORI AR & Ak 5 W e Dy T B
L PR T a5l = 5 T R R 2 AR RE ) B AR 2SI T T
e, MELLSE BB GG | T 1,

HF I, < —1X 4E 2E B (next-generation
probiotics, NGPs)” 4 ¥ i A i A 25 T T 8T 2%
], AR SR AE ARG TR YT B BT SR s
NGPs £ 24 fif i RS B I C B %0 3 A=
W, AR Y e T R S RN A R 4 e
FE0 0 Hodr AL muciniphila W)l R BTSE 58
TENE AT b FE 12 T8 ] I 25 B AR AR iE 7K - I
R R B AT S B AR A, FRfEA
T 1K [C I (Prevotella copri) Fll7N v, HL 30T i 2% G
(Christensenella minuta) 9% % 815 2035 1 15 &
PO O, Tl G R LT TR (Parabacteroides
goldsteinii). A. muciniphila 1 % J& fl T
(Bacteroides thetaiotaomicron) W) {7~ H 156 5 JE i
FIEE & AP 1111, NGPs A& — A5
H T T4k 5 A= B (engineered probiotics, EPs),

REAIH G A YA HoR BUGE bR, Al H AR IR
P (5 5 I R BT o0, M TR 25
(living therapeutics)”. 4N, i) B T RE
GLP-1 3K H# 5 2 Lactiplantibacillus plantarum
WCFS1, S2L T a] M s 24 19 GLP-1 3377 £
G¢, A& db/db /N I 2% 2 TUBE PR A
FACHZEELPY, MfEsh A . JE 40 ) NGPs
SRR RS AL T, A 2 A2 EOR
CL A GRS Ty ] o R FE R 2 L AR
MG Rl G Z 22 F B, PR E e R G HfR
BB AR 5 e £z R e s e AEALE, A
1T A7 Ty GE A AR 0 0 326 S HL 7 1] 152 T4 L 3
RSB SRR . ASRAEFENL AN NGPs Y
G . A T AR HEAL SR T Ty
IR, WS FEREDFFT ]I AR FH 6945 5%
BRI BeAh, F Rl 58 36 0 WA TR AR
TBE NGPs 264, LR A SRR 7188
325 EEBESKHLEEIE
TR R o i B R AR B 2 U E
MZEZE, DEBHEMAES, FERMEEEE
MG T ORI EORW o e R WS8R 58,
FMT A 036 52 R fR) [ B 2 SORME | DA ol
B, Vrieze ZUHI Kootte 2524V R 31, 4%
Z 3k A EAIEHAR) FMT J5, U S 1E g 1e
BEVT 6 JEI I A0 g 5 2% BURE B e . R
BERYAE, FMT BRI e E R4 0 mT bl 22 14 1 3 45
Jo T8 T AR B e Ak, FMT BEA 42 1K
B S o PRI, a0 — IR I3 E Fi
LG BRI s, FMT 45 S & BEME G & 47 4k
HhFERE 2 0 F R RS O MetS R U
Z K B1 78 %X (homeostatic model assessment of
insulin resistance, HOMA2-IR) #& #51*!, 4R 1M ,
FMT (S5 A7 4. Kootte S52Y7E By
HERE], FMT 100 18 J&Jo Hooh i & s
IR RN R 3, 32 AR B T E R 454
A PIHELLORAS, $os HACH &0 n] fE 2 J
B WA, FMT M7 RLAT B 32 B A G R
TEf 520 . De Groot 254 & i, sk [ AR LE &
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MEBEARAS FMT AOURSGE 2 ARSI, B2
WEFRAR T P R AU, W 55 RS
PRE) FMT SR BEH BR AR, %28 S sl 5 AR
PRAEZEL I ETH R A AE T K i 18 5% 1 I (] 45
WEA K. T ZIZEF TR IESE FMT fig
ROREAR 25 R U . WAL I 2T 2 1 AR B 3R K
(P AR | B AT R A R AR S AR A B4 52
WA XA RO A, WEFEE B FMT (1l
PRESCRAEA AR B 7 A 35 22 5, WIBE S 2
LBUEY Z R LR RR S T BN LA
IR A X, it — 548 T FMT 1 MetS 1AY7
HR G R OB, 4 RIS IE W13 SR e
T et , AL T O RE R B A BRI | b
Mt R T, ISR A m ST T
BerIBRG N o AW Al ik — L85 24
B, QTR AU YRy D) RE Sk 5 XA
TERAEARIE 22 50, KA . 290 K
BEVTRIBEHLX BRBEE , RGN FMT AR T
L, B AR I A AR
SRHEAL R HT .

4 REHFRY

FEART SCHR T i oE b, XFad 25 20 4[]
B W MRS MetS (A ELAE FH M F5E sh A5 ik
77 RGEMERE, R T %80 &5k R
w BHar, Wil SR E g IR Sh
MetS % 5 PN R 2 — . HAEHALH £
B K RE R AR . I B R RE 2 T
W LPS ¥ . S HERS TR S5 0T R S AR S
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Stk B T A AR, JERNE & RS R0E S
[ 5 B AP, Mmin IR EARERAS . 5 L
WHLH, SRS T BURIS N Z A . B4
RO%SAE TR . #84E 0 M FMT st — @ A9 FH
F1, ABHIF RO AR 2 Tk S AR E PERR T
FLG RIS o PR 47 R A BIF 9 £ A0 25 e 1)
HILTHIEE B . 0 IR R B,
JGH:JC. NGPs & EPs %5, X BE i fx b “iG 1Ak 24
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TORBYIT I o SR, KX S 2 R W e Ak ok il
A PR FH AT T 15 2 9. AR R I BiF 5% 1
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