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Abstract

Objective: To analyze the gut microbiota of patients with metabolic syndrome participants and with-
out metabolic syndrome, and explore the association between gut microbiota and metabolic syn-
drome-related clinical indicators, and provide potential microbial markers for the early diagnosis of
metabolic syndrome. Methods: A case-control study was conducted using a 1:1 matching method for
age (+2 years) and sex, enrolling 25 patients with metabolic syndrome and 25 participants without
metabolic syndrome. Fecal samples were collected, and gut microbiota were detected via 16S rRNA
high-throughput sequencing. The Wilcoxon rank-sum test was used to analyze a-diversity of the gut
microbiota between the two groups. -diversity was assessed based on Principal Coordinates Anal-
ysis (PCoA) combined with Permutational Multivariate Analysis of Variance (PERMANOVA). Linear
Discriminant Analysis (LefSE) was employed to identify differential bacterial taxa. Partial correla-
tion analysis was used to investigate the associations between differential microbiota and clinical
factors related to metabolic syndrome. Results No significant differences were observed in the a- or
pB-diversity of gut microbiota between the metabolic syndrome group and the non-metabolic syn-
drome group (P > 0.05). Compared to the non-metabolic syndrome group, the metabolic syndrome
group showed significantly increased abundances of potential pathobionts such as Ruminococcus_tor-
ques_group, Clostridium difficile, and Gemella (P < 0.05). Significant correlations were observed be-
tween Gemella, Bifidobacterium, Hungatella, Eggerthella, Erysipelotrichaceae and clinical factors
(e.g., high-density lipoprotein cholesterol, systolic blood pressure, diastolic blood pressure and to-
tal cholesterol) (P < 0.05). Conclusion The study found a compensatory increase in short-chain fatty
acid-producing bacteria in patients with metabolic syndrome. The identified differential microbi-
ota may provide new insights into the mechanisms linking gut microbiota to metabolic syndrome.
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i R E N AR RIAE RS RS, B 100~150 FREANEEZHARL, Em Sl 1013~10", HAh ERER ]
(Firmicutes)FIH)NTF B [ 1(Bacteroidota) AL H T 1[7]. IR R, MERCEM SIE R 0. Bt 4EFF
iy 18 5 P 32 M 5 22 AR AN e e Dh e B VIR OC (8], FF H., T LUBIE S 5ReEEHL. IR IR
B MBI ERACHS A S R G0 19 55 2 M AR e e 1 MR NR AR 5 2ORE OB [9]. S ARESN I T K I,
Wi R EL S AERE . R RIS SRR AR QR BV E IR 10] [11]. AR RIGERAEY)
(FAAEBE . w4 O AR 7o) Bl B A HE v] LB W I E R RS B, NI e SR G 12]. —TUgh
AT 44 BRI B B L BRI 45 R R, B H IR S B AR WY ZUAF B (L. plantarum), X,
WEFUFF T (L. pentosus), F1ERLTG I AR B (C. marcosianos) B W SR 5835 HO R B =38P Wi At
[13]o FET-LLERFFUIEAY, AL T8 B 2R AL T ROR T A 2R G AE 1) A e R A 15

Rk,  AH 5T X A 25 S A 28 2 0 8 T A AT 0, R BRI ER G AR B R BRI
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2. MR ERE*E
2.1. HFRIR

2023 6 HE 12 H T & K2E5H— B B BE 9 N B DX ARG A Lo - AT A () N PR 388 3 5 U 3R
RIBAE IR, HERSEMR L S IE R E MRS A S 54 . AW REE B KEE M
JBEERAS T A S HE(IE g 5 . 1IT2023-146), FraAW AN S O BMERE .

2.1.1. PANSHEBR R

SRBIZHNNFRE: (1) IRRIZWEN BEE R EEA ML (2) F8 20 % KU E; 3) [FIEIFIZIRER
TERFEAEAREN o FEERARdE: (1) EgRIAZ: 2) 1 MHWIRHPUER . 2RSS (3)
FEAEP L S EEERRDIREA S (4) MM RE ANBE: O) AEMEMEILRFELIN: (6) BEEA G
T H S AREVEROR . HIV &G,

R L SMEHL WikrdE: (1) A EEE(Body Mass Index, BMI) > 25 kg/m?; (2) mlfiihl: 25 H5 b
(Fasting Plasma Glucose, FPG) > 6.1 mmol/L FI(8%) D& H12 MR W 167 % 3) mfifE: ME >130/85
mmHg F(E) D&M A SR IEITE; (4) DI H M =R (Triglyceride, TG) > 1.7 mmol/L; (5) /M
2 i Jig & H 1B [&] B¥ (High-Density Lipoprotein Cholesterol, HDL-C) < 1.04 mmol/L. & UL L= PL LR
Z 5%, W2k gESIERE[14]. 3L 25 BACI S A IE B Ay NI 4 .

XTHR AN AE: MRPRAFEUS A ZE 0 %5, PR — B0 121 ULEE 7732, fER—H S S e 6 E s 5
o (1) WKIZW AR BRMEREMES 5 (2) Fk 20 & & LLE; (3) R IFZ IR EOR 58 SR ACK
NG FERRARAE: (1) HRME L 2) 1 DMHWIRASIAE R fAERSMAESHIR: 3) fAE™EL,
i B ERERS DIREA A (4) MM SRR AR (5) AEMEHI RGN (6) BRAEAGMEME. B & %%
PEBR  HIV Y,

2.1.2. R SHEERWE

BT RIHZ 0 E WA, AR, SIS s ZSEREAR . LM E R, RGBS
W RIS AFRE . B S RIS GG TR SR OIS RS B AR MR S AR E A
SEEG A SRS Rk, A2 B MAEFPG). Hil —=E8(TG). & H[E EE(Total Cholesterol, TCH)+
% A 8 A RE[E BE(HDL-C) %% & A5 55 1 B [E i (Low-Density Lipoprotein, LDL) 43 %54 % i (Aspartate
Aminotransferase, AST). 2 N #4%& E#(Alanine Aminotransferase, ALT). FEFEAKE: REFEIEIHEAL
2g, BTHERRIWTIRAT, 24 /D NIE R0 IFE T-80CIR IR, HT REmE sl
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2.2. [HEEE AN

2.2.1. DNA 5 FREKR N

B ) S FEAE ] FastPure Stool DNA Isolation Kit 177 & #2 BUFS(FFL K20 DNA, il 1% 351
JIEHRE I L VRS DNA [ Bt & S 5 8 4%, [ 4 B 2& [ Thermo Scientific 22 ] ¥] Nanodrop 75510019
M52 DNA KR 54065 (A260/A280 LL1H 1.8~2.0 &%)

2.2.2. PCR ¥ 8 53 EEME

PLA RS (3L R 2 DNA B, 10405 16S IRNA JE[H V3~V4 AI 25 X #E4T PCR §738, 5145510
N: 338F (5°-ACTCCTACGGGAGGCAGCAG-3"), Fll 806R (5’-GGACTACHVGGGTWTCTAAT-3"). Hi#E
PCR P B BT ER FEIRAE, 78 /MR A1 5 18 2% Hig MiE I [l Ui PCR 724, I FH PCR clean up Kit %
IR G AT = atif, HAEH Synergy HTX 7 & 47 & AN . F£1% 8 NEXTFLEX Rapid DNA-Seq
Kit {285 440 )5 1) PCR P84T SC 2R, FIIH Tllumina Nextseq 2000 PE300 ~F & #E4T_EHLIFF o

2.2.3. EEIBALTE
JRAEEHE K F FASTP #0443 R 4l 77 Bt 3847 4%, {8 H FLASH B 4-8t47 7 51 $f % . 181 QIIME2
BAFHATY 1 T 28 e e, JE T Silva JE RIEOE FE AT WA 20 210 R

23. £EMERFENZEIF S

K mothurl.3 B THEENEAR a ZHEMETEE(Chao. Shannon #1 Shannoneven), Chao 38R
TEREMFE R, Shannon FRECERRIE B EFY) P 2 714, Shannoneven FREER R iE B AFI 51 R . SRH
Wilcoxon £ 5 REFIGIG AT o ZHFEVEFRECC A1 22 R 70 i B ZFEIEIREE T bray-curtis PH B A £
ALFR 3 BT (PCOA) 73 AT KL I FEAS R Al A W eV 45 R IR AR ABAAYE , IR 455 B 4 2 7077 2(ERMANOVA) Z 4k B
S MTREARLE R A VIR I A 22 S e B 35 o R mAE SCHE i, BRI R R, 7 i il g i 5 A
CEO ARG AR IR T 2B o SR FH 2Rk 150 43 MT (LE£Se) 73 M1 19 2HL AN 117K S 210 Jg 7K - ) 5 38 222 Sk 1 i
g

TERGRE T, FFE IE&R A RS B IR A £ WRHEZE(X 5B, AFEIESHANIR
AL ORI DY 4 AL TR FE(M A IQR)R R, & PE TR USRI AL il e (n F1%) &R K THCXS Student’s t
frds . Wilcoxon FF&RRAKLS . BRARSEG LA S -ROT RS 0B 2R SR 5 Ol SR S 1ES 538 2 1A) &
AR ) 22 3047 1 LOBU T . IR SEit i, WK a %08 0.05 CUUINIETER), 1% STATA 15.0 &
R B & WAAT ST o .

3. &%
3.1. IERZERIENR

%1 MR AN RREAN . 5HEAMGEIES 5F M, SR EEEFE KR ERE.
Hh =R SRR WS EFSKE . A PR E B KO B T, T I AR I KT R 2
BEAR, HIHRAGHEZREP <0.05).

3.2. HEE#SHEMESR

3.2.1. o ZHME SR
T ASV KV, ARG TR AR FH A S TR EMES S5 EHWERET o 2R
Bl REY RS 3 E B (Chao F6%0) . £ #E1%(Shannon $i8 50 F114) 2] & (Shannoneven FE%7). 45 F-4n4 1
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Pios, WA, SN EILERZER LS5 (P > 0.05).

B}

Table 1. Comparison of demographic and clinical features between participants with and without metabolic syndrome (X + s ,
n=>50)
1. RFEEUESTRRESESSENERFRLE(X £5,n=750)

T H U7 IE R TRWLEEIES S5 E Pl
AN# 25 25

(R 52.9 (9.8) 53.1(10.1) 0.950
B%(%) 12 (48.0) 12 (48.0) >0.999
WA (%) 2(8) 2(8) >0.999
i (%) 1(4) 2(8) >0.999
R E FE 4 (kg/m?) 26.6 (2.5) 23.9 (2.0) <0.001
1512 J2 i A 1 B B (mmol/L) 1.1 (0.9~1.2) 1.3 (1.2~1.5) <0.001
{12 52 R B A RE 3] B (mmol/L) 3.1 (2.6~3.5) 2.6 (2.3~3.3) 0.220
“H- 7 =B (mmol/L) 2.1(2.0~2.5) 1.3 (0.9~1.2) <0.001

S0 H [ B (mmol/L) 5.2 (4.7~5.8) 4.8 (4.5~5.5) 0.320

2% Ji 1A (mmol/L) 5.5 (4.8~6.4) 5.0 (4.7~5.3) 0.036
K46 e (mmHg) 137.0 (132.0~149.0) 115.0 (110.0~129.0) <0.001
#75k  (mmHg) 82.0 (76.0~93.0) 67.0 (65.0~76.0) <0.001

B (U/L) 21.0 (19.1~25.4) 22.0 (19.1~24.0) 0.890

B EE(UL) 23.9 (18.9~36.0) 18.0 (16.0~26.0) 0.026
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Figure 1. Analysis of richness, diversity and evenness of gut microbiota in the two groups
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2.2.2. f BHM SR

T Bray-curtis 5B f{] PCoA 20 M7 45 2o 2), ARBILE A AFLL 5 TR S5 & HE2E 10 i 1 B BE R O
SERITE oS A e I R 2543 . PERMANOVA RG4S IR, W4LIRBEVE 45 2 R LS04 o
PR 2EL P T B R AR T IR S M R IR Ak
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Figure 2. Principal coordinate analysis (PCoA) of gut microbiota in participants with and without metabolic syndrome

Bl 2. KBGAIEREESTRBERAMSSENHEREMAE PCoA 7

2.3. [HEEFEAR S

23.1. EEBNBEER ST

N7 R SR AR B 5 SR SIS 5 il R R i 22 7 1, SR 16S rRNA il
FF o i ABERIZE M8 . Q] 3 From, AEIFEART ISP ARG = BEHT 14 (78 WA S5 A, RN
FIEBARIF IRy “HAR” o Horr, PSS LUERERT1(69.8%) AT R 171(19.9%) HIAZ T 1# 1]
(6.7%) 93, 2915 IiE S BRI 96.4% . th4h, 5 TSR A AEALAR LG, AR EE G E4H JEEEH | ](Firmicutes).
IR AT 1T (Fusobacteriota) ARG =F BEB &7, T HMT 1 [ ] (Bacteroidota) A2 % B[] (Proteobacteria) FH S £k i
I"](Actinobacteriota) X F= FERZ AR . HIFRKIMAFER Gt F 2R H (P > 0.05).

W 4A) BN, FERKE b, AT EEEHEA ET 10 B0 75500 & T A 553K B B H(Peptostreptococcaceae)
E MR Bl (Lachnospiraceae)~ J8 B BR # £ (Ruminococcaceae) % 75 ik 7\ E £l (Prevotellaceae) T HF B Fl
(Bacteroidaceae) 1R & Fl(Clostridiaceae) Mt B FL(Enterobacteriaceae) SIS AT B FH(Bifidobacteriaceae)-
HIE B Bl (Selenomonadaceae) F 1 8; 22 B BH Erysipelotrichaceae) . i3t — 30 5%F 1 4 N7 38 B 1 =£ FE
BEAT Z R HTRIL, Wl 4B) R, ML T EAMLGEEES 58 H, RELEEE 10 & E R KRER
(Veillonellaceae) BEf i £l (Rikenellaceae) ] TR ER I FBH(Butyricicoccaceae) 5l 1 Bl (Pseudomonadaceae)
MZEA: B RN Gemellaceae) F-FER& 51, HEA G # 2 7(P < 0.05).

W S(A) R AE @K b, HEZA T 10 05073 32 AT K 15 J& (Romboutsia) « fUH B J& (Bacteroides)
VK R J8 (Prevotella) 35F W J& (Faecalibacterium) 457w I J& (Blautia)~ X% X AR J@ 1 BI85 —
(Clostridium_sensu_stricto 1)~ i [QH — E5% [CH J& (Escherichia-Shigella) XA J& (Bifidobacterium) B
HL 0 B R (Megamonas) F1 % BT I HA & (Roseburia) . 33E— 30 X6 20N E 11008 B B (1) =F BE AT 22 S At o T 30
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Figure 3. Community difference analysis at the phylum level
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Figure 4. Community difference analysis at the family level
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wE 5B, M T ERBLEREMESSEH, KRG RHHRA RE - B KE 8 (Escherichia-
Shigella)~ )\ 9. 1 J&(Comamonas), WHFFEFERAR, HZER BA 4R (P <0.05); 1% 17 K5 & (Rose-
buria)~ FLJE B BB J&(Ruminococcus_torques_group) EMR B J&(Lachnoclostridium)~ T IS EAT 1§ JB (Eubacte-
rium_hallii_group)~ /MY B8 (Dialister) ¥ & (Alistipes) T BREKE )& (Butyricicoccus) 1 H T 5. i &
(Sellimonas)FEX FFEM 7y, HZESFBBAAGH=E (P <0.05).
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Figure 5. Community difference analysis at the genus level
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2.3.2. BHEEFHNERESH

WP ARG IE R E 5 AWML E MRS 585 LA WEBEE R Z RN, RSN 73 1 (LEfSe)
HTRANBEE R . 45 R Eor, SR SREIEEE AM L, NEHMEE(Comamonas) (LDA =4.14).
B H (o Pseudomonadales) (LDA = 2.53)1E LAV LR B 1ES 538 4 'S € HAFAE B3 I 40 1R) 22 = 1t (P
<0.05). MELARWLEAMESEH M, 7 B EKEE(Ruminococcus_torques_group) (LDA =4.06). %
i [IC 1 JB (Roseburia) (LDA = 3.77)« & IREAT 1 J& (Eubacterium_hallii_group) (LDA = 3.60). SRAMEF B &
(Mogibacterium) (LDA = 3.18). | BRER 1 J& (Butyricicoccus) (LDA =3.13). TR B RS _Butyricicoccaceae)
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Figure 6. Community composition of gut microbiota at different taxonomic levels between the two groups
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Figure 7. Correlation heatmap of clinical factors and gut microbiota
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