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[HE] BB HREHEIANNIIRERRT (post-stroke cognitive impairment, PSCI) 8 5 {4 738 T E45 4
EZ5, T EREM SRR Ak EH4f] B EAE I PSCIZ, [RIH T B 2351 I 0o ik I 45 53 5 174 e
NBEVE N XTRELL . ALY RBEFEARAR, 2R FH 187 20 K5 #iUR A KA (Mini-Mental State Examination, MMSE ) FI 54 F R A
P42 (Montreal Cognitive Assessment, MoCA)ITINFIDIRETAL . SR A 16S rRNAZKE KN 34 R FEA T8 o 18 . ket
N2 LT, B RDA/CCASHT 25 7 A FIAFHIPE A OAHOEME . R W2 —RESORL i Ml 1B TR Alpha 2 e 22
FEGHFE XL (P>0.05) . ZHIAWIFI M0 OB R B RETE T TR K SE A AT 28 S, EBEN IR RETR ] AT BT AN
JE D RN AR TR TR T AR X & 4 . PSCIZL R BE TR [T/ Intestinibacter bartlettii, uncultured bacterium Tyzzerella_3 .
Fusicatenibacter saccharivoransf{AHXT = FEALF X1 HEZH (LDA score>2), HiX S4B SIANHITIRERE43 2 1E A0 56, A b im] 77
TEAH A JEREFH T Ruminococcus gnavus, Faecalimonas umbilicata, WK HE T T uncultured bacterium
Prevotellaceae_NK3B31 group(*FHXT = B 5 Xt B4 (LDA score>2), HX S0 5 IANMTIHERE4 52 RO, 40 EE 1% Bt fa) JR
FETEARCHE, B5i8  PSCLEH S IexT Bt L A i T HF S5 M R A TR 22 57, I B S5 A DI RBAFTE — e AR G, S PSCIRY
BEVAERAL T U
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Provincial People’s Hospital, School of Medicine, University of Electronic Science and Technology of China, Chengdu
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[ Abstract] Objective To identify the differences in the composition of gut microbiota of patients with post-
stroke cognitive impairment (PSCI) in comparison with the normal cognition healthy controls (HC), and to study the
potential association between gut microbiota and cognition function. Methods A total of 24 patients were recruited for
the PSCI group, which was matched with 23 healthy subjects with no history of cardiovascular disease recruited over the
same period for the control group. Fecal samples were collected for both groups, and Mini-Mental State Examination
(MMSE) and Montreal Cognitive Assessment (MoCA) were used to evaluate cognitive functions. The abundance,
diversity and group difference of gut bacterial communities were determined with 16S rRNA gene sequencing, and the
correlations between differences in bacterial species of the gut microbiota and cognitive function scores were examined
with redundancy analysis (RDA)/canonical correspondence analysis (CCA). Results  There was no significant difference
in the general data or the alpha diversity of gut microbiota between the two groups (P>0.05). Inter-group comparison of
microbial species composition revealed differences at the phylum and species levels, mainly represented as reduction in
the relative abundance of Firmicutes and Bacteroidetes, and the relative enrichment of Proteobacteria. The relative
abundance of Intestinibacter bartlettii, uncultured bacterium Tyzzerella_3, Lactobacillus gasseri, and Fusicatenibacter
saccharivorans of phylum Firmicutes in the PSCI patients were significantly reduced in comparison to that of the HC
(LDA score>2), and these bacteria were positively correlated with MMSE and MoCA scores. In addition, the
Ruminococcus  gnavus and  Faecalimonas umbilicata of phylum Firmicutes and wuncultured bacterium
Prevotellaceae_NK3B31 group of phylum Bacteroidetes were significantly enriched in comparison with those of the HC
(LDA score>2), and these bacteria were negatively correlated with MMSE and MoCA scores. There were also correlations
among these bacteria. Conclusion In this study, we observed compositional differences between the gut microbiota of
PSCI patients and those of HC, and revealed that the differences were correlated, to some degree, to the cognitive

functions, which will provide new perspectives for the clinical diagnosis and treatment of PSCI.
[Key words] Gut microbiota Stroke Cognitive impairment Mini-Mental State Examination
(MMSE) Montreal Cognitive Assessment (MoCA)
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] — 0 LAk XA A ) A AR 9T SR, PSCIFERR 4 HH i
SRR 516 80.97% " . NI Z AU BPSCLIE #
H A= 15 R AL 23S 58 07 B, AR T B s FEAIR, 1 HLid 25
SR AT 1 Bl AR M, T 7 e ARG Bl )
RER TR THREE Y, B A v £ 35 B 2 B AR S FIAE T
KW, PSCUEMRHLHIYE A 1 A, B RIGIR LA TCA 3L
RIBIRTF-BE ., BRI, 38 DRI ) B R PSCIIY &
AAIL, A PSCIR B VAT 0B TR TS . ARk, 6T
I T - M - i P i 2 e 8 B 9 8 W A R AR
Mo ZHLEI R 1 B A TT A A G | R 4RI LA
Kk TE M AE R a5 5 5 TP & R T 5 B
ST, FEMAE AT RE, SET AT Y, B
AR B 3 T M A v ) R A R X T
PIASEE M, LIUZE"F20204F 1 Y4 H PSCIS izl i 1
SAR 7= 4 A S, $ 7 g T B A o] BEZE PSCIRY & 2E
KRR EEAER, 1 H RIS 2>, PSCLERE
AR AL T 2 Z B S E . BT I, A S
i 13 5 e R R AT L, WS PSCLIR 2 it pf A A8 1k
FHIE, DR 22 s Ah SN A D RE A DG, B 7E WA TE B
E AR BE R R PSCINY & AEHL, S PSCIRYA Ry ik $ 0T
A “PIAR S

1 #REHE

L1 ANFOHERRRAE

LL1 safIashnAmg  OFF S KL 12 Wibr s
QH KT, 40~80%, Fift <1 ; @KIGHTICIAHFEAT,
K G 16 5 K MR S K & (Mini-Mental State
Examination, MMSE ) F152 45 F| /R AN HIPEA % (Montreal
Cognitive Assessment MoCA ) T2 £ A A HI B A 1),
@ AT R RRUE , 76 USR] > 34, H A= 1& B ]
>10 7 /4F; @R B Z5 AR, TTRRR IR . ©fk
R F5 %0 (bodymass index, BMI) 417.5 ~ 30.0 kg/m?*; (DIt
WA BRI @11 A MIEhiAE R | t52E7of (80 #5
AR QT e B AiE . R IS T L R G
WRFITFAR L OB F SRR A 2.

112 *RAMAIAE  [FIRYG AR I A 51 T e
I 1L/ Sl 14 ft i A RREAE SRy ko B2 . CORE AT e A v
e L B PRS e L e i I S B s QER ik
PRI T REER; BTCIAFN D RE RS ; @i 14~ H A MRk
MPUAER . #AJCRN(80) 26 4 1 ; O TCIBHERE TS | (R
I

113 Hearg OIS ks il 1k 5 300 fix 2 v (an
e . BhlkIe 2 O IRPEA T B TOASTIEAY) &

s QBRAEA Mg A i N 5 4 s ORRAEA B
T o, sl HA DR PR (A B AT | i 2459055 Ir Bk
HIRERS; DA I 2SS T B s . bR |
5 SR PRSI | S BB 25 G AR | ™ EOR P
OB I RIETEE . MRS | 1B MEMERL . W ALE A I
SRR Ak © 4 I 7™ 3 Wi A A 1) EE s CAan i T g
I ONEREE  PFIR AR ) ; OF T E AL W )RR
15 BORPERG A, TOILAC A WD RE AL ; @BETE 457 5
[ iE e AR
1.2 —fEH

AT 2 B B AC B2 51 23 e (AL HE S AR (BF)
20204F55384%5 ), A IR/t &34 ih B sl LR R & %
SRS PEE20204E2-12 A FEFR B AR e HATA Bk
FRIERIPSCLE 25 VE I PSCIZH (24151 ) At R A4k A A Xof
RRAT(2301)) o WCEE PRI A8 — WOk, AR AR IS . P
BMI., Z#H M MR s | IR ahiAe , HEE R 0AE, gl
B — R R R TG4 L (P>0.05) (1)
1.3 #&ilAE

AT B T AL )5 48 hA SR ZABFR A, IF TR
BEFE R A TINAINREVTAE o
1.3.1 kfmFhete HIAGIKERFE&ENREED R

1 PSCIASRAIGKIERD TR
Table 1 Analysis of the clinical data of PSCI patients and healthy

controls
Clinical characteristic HC group PSCl group p
(n=23) (n=24)
Agelyr. 58.13+8.25  63.17+12.58 0.113
Sex (male/female)/case 10/13 16/8 0.055
BMI/(kg/mZ) 23.86%2.10 24.73x1.67  0.119
Education/yr. 9.39+2.08 9.75+2.38  0.586
Smoke (yes/no)/case 7/16 13/11 0.100
Alcohol (yes/no)/case 5/18 11/13 0.081
Dietary habit 10/13 1717 0.058
(meat/vegetable)/case
Staple food proportion 8/15 11/13 0.440
(=50%/<50%)/case
Fried/preserved food 8/15 7117 0.680
(yes/no)/case
Defecation 16/7 12/12 0.172
(=once a day/< once a
day)/case
Fecal character (soft/hard)/case 18/5 13/11 0.081
MMSE/score 28.83x1.67 14.00+2.83 <0.001
MoCA/score 29.09+1.20 13.25+3.47 <0.001

HC: Healthy control; PSCI: Post-stroke cognitive impairment; Dietary
habit: Meat means meat (meat, eggs) ratio=50%, vegetarian means meat
(meat, eggs) ratio<50%; Fried/preserved food: Yes indicates the total

frequency of fried or preserved food =3 times per week, otherwise no.
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AEYE FIRE IR FIMMSEFIMoCABEATPEE . MMSEZR
Rk B RRAS, 5533055, SCALRR EE A rh ) D) B35 =
2457 INFEF =2047 . SCHH =175 HIEH . MoCAR
LR, B3 R3057, ZHE AR < 1248 S0y, L
FRIEHERE N2 . By =265 MINAITHBEIEH, <26
SIFAEIN AT RE

132 ERAFARE BEEFRAREHIZEZ T
BHRAESR I N B8 . SRAEFTEERY . h G B Y
FEEREAR, T JC P A IR, B PR AR ~ 6 g, A
TR h, BURESEHE Jm S B 35 1 36 7 e %, IS B4
FE 2 —80°CUKA, IRAF I V)R S B2 VRl o ARGl B 2
FUKAKIRAZ % .

1.3.3 #12 S DNAJIR. PCRY AN 5 K
3 AR AR A A TR W) 2 B 4K 16S rRNAT
J¥. 2T BMN NucleoSpin 96 Soiist il &1 AF i e di
WA GDNA, ARG HRE16S 2 KT W27F(5'-AG
RGTTTGATYNTGGCTCAG-3") f11492R(5'-TAS
GGHTACCTTGTTASGACTT -3'), & )il A BarcodellJ 5
S319, EATPCRY S . XS MG Wi AT AL A
—ALIEJSMRT Bellill 37 SC P22, Xof a4 1) SC P S A 7 SO
JRHE, S 4 14 S I PacBio Sequelill /¥ F & (32
PacBio/AH]) 47T LEHLINF . PacBio Sequel FAHLEHE 1y
bam#& 2, 1# i smrtlink 44 (version8.0) 5 Hi N FHTE—FL
P31 (CCS, Circular Consensus Sequencing) 314

1.3.4 A1 8F oM

1.3.4.1 FIEFHALFE B PacBio FHLEHE Sk CCS
SCHRJG X D s A R 3 T BB DCCS
A # Flima(v1.7.0) 4, i barcodeXf CCS#EATiH
51, 15 2 i Raw-CCS T F 8di; @CCSit §: {8 F cutadapt
L9 VERPEHEAT 51907 40 (18U 5 25 B ot HL kA 74K B 3t
€, 1B ANEL 55 | M5 51 i Clean-CCSIF 1) ; @R &
{A: i FHUCHIME (version8.1) ¥k £, %5 3 b & 1A 7
5, 3 5| Effective-CCSITH™ . SR J5 i FH A 1 & B= 2=k
Y ZREH T & (www.biocloud.net) HEAT B8 734 o
1.34.2 OUTEIE K[FEJFH Z I8 A AHWUHE & T
97% M 3E LA —AF#AE 5325 T (operational taxonomic
unit, OTU), HA-OTUR N —F X F F 51, ffi H Usearch
(version10.0) FRAE X AN 7 S 4E97.0% AU K
HATHRIE, FRIFOTUS,

1.3.4.3 WFPERE RIS KISILVA IS %5
0 A AN R DL I Hr 402 25 B LU A O 3 X AR A I 41
HEAT O3 282 TR, AR B RAAE R N A 43 2545 2,
HE T AE A K- Ge 45 K S B E P 4 A, FILH QIIME 4144

(version 1.8.0) 2E AR 4328 /K - b By Hfh 4= B2 3%, #H]
FHRIE 5 T HZ RS 25 0 22O T R 251 1A
1.3.4.4 AlphaZ M HT  AlphaZREpk e B
i Rl R R R 2R . A Z M AT R4 BR: Chaol .
Ace, Shannon, Simpson%$. ChaolFlAceds £ 2 ) Ff
FERYFEERZ /0, ShannonFlSimpson &£ H T
YT Z R, R REE Th YRR B R ) Y
oA, ARE AR IE LT, fE s i & W R B BOR
XY RE, WA RV BAT ORI ZFE4E, Shannonfi 4L
{ERK, SimpsongEUME /)N, 15 BHAEE 5 (10 P Fob 22 P
el A R I Mothur B4RV 7R AN FE G
AlphaZ FEVEREEGHATITA,, OB H] 1) 2 HEMEFE 2L
1.3.45 A2 REEHT BHLESeR Lk
050534775 25 (linear discriminant analysis, LDA)#47
2H 8] 738 B AE 2 5 F (Biomarker) i %, BLLDA>2.0 )
PR, A GE 2 25 R

1.3.4.6 HIXMEDHT  RHRDA(redundancy analysis)/
CCA(Canonical Correspondence analysis)"53#/7 i B AE
FIAEE A 1 GARZREPE 43 ) Z R AR G

1.3.5 —AREIELIF 4T RAISPSS 24.0%F i FREG bx
AT F 0T, ITEGORER Fl K5, 115 BORHE
Shapiro-Wilke 46 (WAL ) 734 IE A, P>0.058 7R 1EA&
S3 A, FHERLBG 93BT 7 2555 1, P>0.0537R 7 254055, 2411
JEIEA ST B 22405, SRl x+s 3R, (il Tk 57 A AR
. P<0.05 HZERA G FE L.

2 #R
2.1 IREKRIEHR
PSCIZ 5% B4 — e Bl b i 22 7 B 11248 L

(P>0.05) . MMSE, MoCAPT-/rPSCIZHAIL T4 FRZH, 22 5
A GeiERE L (P<0.001), W1,

22 MEREMHEMFESTER

2.2.1 Alpha% #H 4541 WL A 78 ¥ Alpha Z A1
i Chaol . Ace, Shannon, Simpson¥g% tb #5252 7 ¥4 o4t
TR L (P>0.05) , R W2 W] 17 1 B HF Alpha Z FEPE IR
ZEF(FR2).

2.2.2 MR A A AT R AT

2.2.2.1 [JKF BRI R IEES DA AR 5 4y
oS AR AR, 20 591 DA i AR AR AR 1T K - b 3 A AT AR 8
(1) . P EEH IR ] (Firmicutes) . AL ]
(Proteobacteria) . FUAFF 1] (Bacteroidetes) . Yeih ]
(Verrucomicrobiota) . N4 %11 (Actinobacteria) % ¥4 AY,,
o3 BIAERT B AL PR IR 5 53.54% . 15.49% . 14.69% .
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*2 FABAlphaZHEIEHLLE (X£5)
Table 2 Alpha diversity comparison of the PSCI group and the HC
group (X% §)

Diversity index HC group (n=23) PSCI group (n=24) ¢ P

Chaol 98.12+25.86 92.53£27.23 0.721 0.475
Ace 100.96£27.95 93.37+26.91 0.948 0.348
Shannon 3.44+1.10 3.34+1.20 0.305 0.762
Simpson 0.77£0.18 0.75£0.21 0.457 0.650

HC: Healthy control; PSCI: Post-stroke cognitive impairment.

100 m Synergistota

o Desulfobacterota

m Patescibacteria

80 m Fusobacteriota

m Tenericutes

m Actinobacteria

60 m Verrucomicrobiota
m Bacteroidetes

m Proteobacteria

m Firmicutes
40

Relative abundance/%

20

A B
Group

Bl AAREFRHKFENFESHBEKE (A: RA; B:
PSCIA )
Fig 1 Bar chart of the relative abundance of the gut microbiota of the two

groups at the phylum level (A: HC group; B: PSCI group)

6.76%. 5.24%; TEPSCIZH H KK 550.28% . 24.17%.
12.37%. 6.55%. 5.31%. 5Xf B4 HLE, PSCIZA R RE B
U1 SRR T T Bl 28T BT 1A BT n, et 1 TR0
TR 1A B i

2.2.2.2 MUKSE ERR LIRS P2 LUIRIRE 7 ik il
100
@ Others
80l @ Romboutsia timonensis

@ Klebsiella pneumoniae

B Faecalibacterium prausnitzii

B Uncultured bacterium
Subdoligranulum

601 W Enterococcus faecium
W Blautia sp
B Bacteroides vulgatus
40 | B Streptococcus salivarius

B Akkermansia muciniphila
B Escherichia coli
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Fig 2 Bar chart of the relative abundance of the gut microbiota of the two

groups at the species level (A: HC group; B: PSCI group)

YEFRACF-Hp A o3 A AR IR o &b R 9 S PR AR
JEHEZ Hir 10 5 R, AE XS B2 TP SCIA rh 43 i) 4t
51.86%11149.36% . X LE A A HIRS 2 LA AT, AH EE
Xt RRZH, PSCURIX 4= B e 2R R B AR B T 1 TR R
[T B8 (Escherichia coli); JERE B | HMEVREEER 2 ( Streptococcus
salivarius) . Blautia sptH . K (Enterococcus
faecium) . uncultured bacterium Subdoligranulumps |
Faecalibacterium prausnitziigf F17A8JE W [ 1B 58 52 T A1
W (Klebsiella pneumoniae) , 53 5| 7E X BEUZH Hh ARk 5
14.41%. 6.39%. 6.44%. 1.52%. 4.70%. 3.72%. 0.86%; 1E
PSCIZH KR 1518.82%. 3.03%. 1.04%. 5.72%. 1.37%.
2.07%. 4.80%. iE— L fli FILEfSe /M M i LEL 1) AR = 2
ZESAT G SR TR A (I3 A E4), 2527 7R PSCIAL
A R R T IR 1A O B R, Y TR EE T ]
(FI3FIE 4 LRI FR ) ; PSCIZH B E hF = T
X HRZH BT 9T, 74N I8 TR RE B T T, R T TR
AT 125 3 1A (B3R 4 SR AR TE R TR
223 EZF A Hikde A s XA R
RDA/CCAZIHT K- 22 5 B -5 AR 5r (MMSEA
MoCA) AR (1&]5) . PSCIZH AR B I % HR 41
BYBA . JEEREDE ] 1 Intestinibacter bartlettiil . uncultured
bacterium Tyzzerellul_3E;ElP . Fusicatenibacter
saccharivoransi# 5 INHINBEWE /> S IEAC, X SE iR Fh
[i) £ EAH OG5 53 ANEERE B T/ H 3845 57 ¢ [C & ( Blautia
massiliensis) 5INFIDIREV- > 2 AHIC . PSCIZL P AHXS =
JE TR IR ALY T R JEEBE TR 1) A R IR R E KA
(Ruminococcus gnavus) . Faecalimonas umbilicatal# . $UFT
Bl 1M uncultured bacterium Prevotellaceae. NK3B31
group R S INFIDIRE S HAH DG, Hook 21 3 i ] 522 TE AR OC;
FIHNERETR T AR [CFLAF I (Lactobacillus gasseri) . 34/
¥ 1 ( Clostridium symbiosum) . /INF 52 [RERHE ( Veillonella
parvula) FUHZTE T /N BTFE S [CTE (Atopobium
parvulum) FGINFIYIBE R A G, HiX SLp 2 [F] 5 1
A
3 it

B R B A S R G B ARG, 25
AR T AL SAE Sty A 2 UL BRI RE Y IR T
IEHAEBLREST, BB AL TP AR, X A MAfd e &
FEAE BRI 452 BN DRI, e . RO
B3, 259 B BRAR IR 2R 45, P T 9 Tl T Bl AR
JEE, TG A A5 PG SO S . ARk, I 1 TR A
KA 5 A pi 28 2R G5 1 06 R B Wi A B 4
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Red indicates that the relative abundance in the HC group was higher than that in the PSCI group. Green indicates that relative abundance in PSCI group was higher

than that in the HC group.
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a: Atopobium parvulum

b: Uncultured bacterium Prevotellaceae_NK3B31 group
c: Holdemania filiformis

d: Abiotrophia defectiva

e: Lactobacillus gasseri

f: Lactobacillus salivarius

g: Clostridium symbiosum

h: Faecalimonas umbilicata

i: Uncultured bacterium Lachnospiraceae_ UCG 001

j: Uncultured bacterium Tyzzerella_3

k: Uncultured bacterium Ruminococcaceae NK4A214 group
1: Eubacterium hallii

m: Blautia massiliensis

n: Fusicatenibacter saccharivorans

o: Ruminococcus gnavus

p: Intestinibacter bartlettii

q: Romboutsia timonensis

1: Veillonella parvula

4 Tk FLEfSes Tt 57 2 B
Fig 4 Evolutionary branching of LEfSe analysis at the species level

A: HC group; B: PSCI group. The circles radiating from the inside to the outside represent the taxonomic levels from phylum to species. Each small circle at different

taxonomic levels represents a taxon at that level, and the diameter of the circle is proportional to the relative abundance. Yellow nodes denote the species with no

significant difference between the groups, red nodes denote the species with higher abundance in the HC group than that in the PSCI group, and green nodes denote the

species with higher abundance in the PSCI group than that in the HC group.
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Fig 5 CCA correlation analysis of the gut microbiota and cognition scores at the species level

The scales on the horizontal and vertical coordinates are the values generated by the regression analysis of each sample or species with environmental factors. The red

dots indicate species with statistical differences between the two groups, and the gree

between rays is represented by an included Angle, obtuse representing a negative correla

JV 1 RS IA RN H) B2 UOAE G . LIUAE R I
BE L BURRER B A A D) BE 5 (amnestic mild cognitive
impairment, aMCI) Fl B[ /K 7% 65 R ( Alzheimer’s disease,
AD) (B E W1 18 TR 2R DA WA A A 22 5, Herh Il fT
IR IE R AR B 2, HF K5 ADREIN
HIE Sy BAT AR OCHE, AT DL T XA e A BE . aMCIFI
AD. LEBLHUBER %5 "**/i@ it BEHL XSS X BRBIF 5T 4 30, A
Fo g A WA B T HGEADEE 1A RE . HAG, M iE
HESPSCIMHMERI BT FEIF A Z UL o 202044 KAk iE
PSCLE # 54 5 TN A 28 3 LU, B i i 2 4
PEN B, TR RS I S AR AR P R A2 Ak, A5
RE R B P2 BEAATE AR SCHE, 4275 I i TR A m] RETEPSCIRY &
R ERRETERY, ZHUEPTFR LB AR
B IE R ) = W E-N-42 464 (trimethylamine
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n arrows represent environmental factors (MoCA and MMSE). The relationship

tion and acute representing a positive correlation.
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